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Abstract  

In this study, PVA/TiO2 films with various titanium dioxide 

concentrations (0, 1, 2, and 3 wt%) were prepared using the spin coating 

process. Then four thin films of PVA/TiO2(3 wt.%) were prepared with 

four different proportions of 1,2,3 and 4 ml of berry, crocus and 

pomegranate dyes, with spin coater 700 rpm for 10 sec  to 774±3nm 

thickness of films.  

The results of the optical microscope showed the construction of a 

net of TiO2 NPs inside polymer that increased the movement of electrons. 

The Fourier transformation-infrared spectroscopy(FTIR) recorded 

vibrational peak for nanocomposites concentrations, but when added 

(TiO2 3wt.%) decreases the FT-IR spectra. The peak of IR-rad 

transmittance denotes a shift in peak locations and the creation of a new 

peak, which is due to the interaction of PVA and dye. Conjugated bonds 

appeared for the anthocyanin, anthocyanid and carotenoid core chains 

observed in berry, pomegranate and  crocus respectively. The 

morphology of PVA/TiO2 agglomerates, as seen by FE-SEM, 

demonstrates porous irregular cauliflower-like characteristics, while the 

morphology of TiO2 shows the creation of tiny clusters of spherical shape 

particles. It was discovered that nanocomposites had spherical shape and 

grain sizes of 47.11 nm. From the images it can be remarked seen that the  

increase in particle size because increase concentration of TiO2. 

      The (PVA/TiO2/berry, crocus and pomegranate dyes) nanocomposites  

show that the absorbance is increasing with increasing concentration of 

natural dyes. Absorbance increases with increasing concentration of 

natural dyes from(1-4)ml. These films absorb visible light according to 

their wavelengths and can be used as a photosensor in solar cells. The 

transmittance decrease with increase concentration of TiO2, and recorded 

highest peak at 81.9% in crocus dye. The absorption coefficient has high 

values (α>10
4
cm

-1
), indicating that the direct transition has a high value. 

The energy gap decreases(3.64-3,58)eV with increase concentration TiO2, 

also the lowest possible energy gap was recorded for Pomegranate dye 

(3.32-3.26)eV. The optical constants increase with increase concentration 

of TiO2, also increase with increase concentration berry crocus and 

pomegranate dyes. 



      The electrical conductivity(σd.c)  at a concentration of 2% was reached 

(4.81 ×10
-6

, 4.9 ×10
-6

 and 6.4 ×10
-6

) (ohm.cm)
-1

 for berry, crocus and 

pomegranate dyes, respectively. The electrical conductivity of 

(PVA/TiO2 berry, crocus and pomegranate dyes) nanocomposites 

increase with increasing temperature. It also shows a high values in 

correlation with the content of natural dyes. The decrease in electrical 

resistivity may be attributed to the homogeneity of (PVA/TiO2) 

nanocomposites (the lack of defects), and this leads to an increase in the 

concentration of free electrons and thus a decrease in the resistance. The 

activation energy show decrease(0.60-0.29) eV with  increasing TiO2 

nanoparticle concentrations. Also the lowest possible activation energy 

was recorded for pomegranate dye (0.54-0.19) eV, when the 

concentration was increased from (1-4)ml. 

       The I-V curves of the SnO2/p-Si heterojunction under both dark and 

light circumstances showed. The photocurrent increases as the bias 

voltage rises. After covering it with (PVA/TiO2/berry, crocus, and 

pomegranate dyes) nanocomposites on the surface SnO2/p-Si, the 

efficiency of the solar cell increase. The efficiency(ƞ) increase from (4.3-

4.75%) was recorded after being coated with(PVA/TiO2/pomegranate 

dye) nanocomposite. Therefore, this film can be used as a covering for 

solar cells. 
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1.1Introduction 

The sun is the essential factor that aids life and its continuation on Earth, 

and it is an endless source of energy. many people expect it participate 

significantly in the future production of energy for human 

activity[1].Solar energy, which is the renewable energy on earth and is 

growing, is used to generate electric power all round the world because of 

its environmental, economic, and strategic advantages[2]. In order to 

harness the sun's power, photovoltaic solar cells PV are important due to 

their ability to directly transform solar radiation into usable electricity. It 

is almost completely pollution-free and has the potential to supply power 

around the clock. There has been an uptick in the production of 

inexpensive flat-panel solar panels thanks to recent advances in 

technology [3]. When an object is exposed to light, a voltage is produced 

at the junction created between an electrode and an electrolyte, as 

discovered by Becquerel in 1839. The main issue for solar cells and the 

efficiency of their power conversion is the photovoltaic impact of 

significant voltage, which was originally observed by Ohi on a silicon p-n 

junction in 1940 [4]. Plants, vegetables, fruits, flowers, and leaves all 

contain pigments that can be used to create natural colours. Successful 

use of natural pigments such as betalains, carotenoids, chlorophyll, and 

flavonoids as photosensitizer in the photovoltaic solar cell [5].  

Large molecules with a complicated structure make up organic dyes, 

which exhibit a broad absorption and fluorescence spectrum in the visible 

and ultraviolet parts of the electromagnetic spectrum [6]. Anthocyanin, 

the component of natural dye, is a type of colour pigment found in many 

plants. In addition to providing plants with their characteristic hues, 

anthocyanin molecules also act as light sponges, soaking up rays in the 

visible spectrum[7].  

Fillers with nanometer-scale dimensions are used to strengthen the 

polymer matrix in a material class called polymer nanocomposites. These 

composites are made by mixing a nanofiller with a polymer to create a 

material with the same or better physical and mechanical qualities as their 

traditionally filled equivalents, but with lower loadings of fillers [8]. 

Composites are made up of at least Both chemical and physical distinct 

stages divided by a sharp boundary[9]. Metal oxide or polymer-metal 

nanocomposite is a novel material class that combines the benefits of 



both polymers and semiconductor oxides. Polymers can be combined 

with other in the form composites to achieve  unique physical, chemical, 

optical, and electrical characteristics not found in component materials, 

and have received a lot of interest for a variety of device applications[10]. 

Composite materials are heterogeneous in composition and mechanically 

anisotropic[11].Reinforcing material is frequently incorporated in a 

continuous phase, also known as the matrix or binder, in composites. 

Incorporating dispersed phases into the matrix, which might be an 

engineered material such as ceramic, metal, or polymer, is a common way 

to boost strength and improve overall qualities[12]. 

There are three characteristics on which the composite depends, the 

matrix, the reinforcement, and the matrix-to-reinforcement adhesion[13]. 

The term "composites" has been around long before humans. Wood is a 

composite substance found in nature, made up of a resinous matrix of 

another polymer, the polysaccharide lignin, and a type of polymer, 

cellulose, with great strength and stiffness[6,7]. 3D net of inorganic 

atoms are typically created on the polymer backbone composite materials 

made from polymers and inorganic particles as a result of the stronger 

contact greater than that between the inorganic particles and the matrix 

polymer [14-16]. Fundamental idea underlying nanocomposites is to 

expose the polymer matrix to extensive interaction with nanoscale 

construction components [17].Polymers (natural and manufactured) and 

nanomaterials (materials with a nanoscale topography or made up of 

nanoscale building components) make up nanocomposites[18]. 

Nanocomposites materials have emerged as viable alternatives to 

microcomposites and homogenitic, but they come with their own set of 

hurdles in terms of elements composition and stoichiometry control in the 

nanocluster phase[19]. The properties of nanocomposite materials are 

dependent not only on the characteristics of their constituent components 

but also on the morphology and interfacial characteristics of the 

composite itself [20]. Biological implant materials, electrical packaging, 

and automobile or aircraft components are all possible applications. 

While certain attributes will be shared throughout the applications, others 

will be highly distinct. To dissipate charge from lightning strikes, a 

digital bundle polymer composites must be non-conductive, however 

some aviation parts may require it[21]. 



1.2-Classification of Polymers 

     Polymers are commonly classified as thermoplastics or thermosets, 

depending on whether they can be melted and reformed using heat and 

pressure. While thermoset polymers and thermoplastics may both be 

recycled, due to their malleability under heat and pressure, thermoplastics 

make for more convenient recycling[22]. The following are the several 

types of polymers [23]. 

1-Polymers are divided into three types based on their structure: linear, 

branched, and network polymers. 

2- Polymerization mode-based classification. 

3-Classification based on molecular forces[23]. 

1.3- Classification Polymers Based on Their Homogeneity 

     Different types of polymers are classified according to the 

homogeneity of repeating units: 

1- Homopolymers 

Homopolymers are materials that are formed from the same 

monomer[24]. 

2- Copolymers 

Copolymers are made up of at least two monomer units with differing 

chemical compositions. 

3-Composite Polymers. 

Polymer composites are made by combining a thermoplastic or thermoset 

polymer matrix with paper, mineral pigments, short fibres, long fibres, 

continuous fibres, and textiles as organic or inorganic fillers to increase 

mechanical strength., physical, and chemical characteristics for specific 

applications[12]. 

1.4  Classification Based on Sources Polymers  

     Polymers come from two basic sources.: 

1-  Natural Polymers  



     Biocompatibility, biodegradability, and low toxicity are some of the 

features that this type of polymer may give. Its constituents are derived 

from plants and animals, including wood, cotton, wool, and silk. Starch, 

protein, and cellulose are natural polymers that are found in food[25]  

2-  Synthetic Polymers 

     Other qualities of synthetic polymers include mechanical and physical 

properties, as well as heat stability. Plastics, synthetic leather, and several 

other colors are examples of polymers, which are made from simple 

chemical components[26]. 

Polymer Structure 

     In the polymerization process, several small molecules of different 

sorts are joined together to form chains or networks, yielding a large 

molecule with hundreds or thousands of atoms [26]. 

Polymers are divided into three classes based on their structure.: 

A. Polymers with a linear structure: 

     These polymers have molecular series of a certain length as their basic 

structural unit, coupled in a linear manner; there are no branches other 

than twisted totals included in the monomer itself. As a fig. 1.1-a . 

B. Branched Polymers:  

     Polyfunctional molecules react to produce structural units that can be 

connected together to construct nonlinear structures. In other situations, 

each polymer chain's side growth is stopped before it has a chance to 

connect up with another chain. Branched polymer molecules are the 

consequence of this process[27]. As a figure (1.1-b). 

C. Cross-Linked Polymers:  

     In other circumstances, expanding polymer chains become chemically 

connected, resulting in a cross-linked structure. Bakelite and melamine 

formaldehyde are two popular polymers that form with Cross Linked 

structures. As a figure (1.1-c)[15,20]. 



 

Figure -1.1: All the various polymeric chains [28]: a. a linear      b. Branch     c. 

Cross-linked 

1.5- Nanomaterial 

One of the most important technologies of the present and future involves 

nanoparticles[29]. The essence of nanotechnology is the production of 

microscopic materials, but nanotechnology is a vital aspect of science and 

technology because it allows scientists to manipulate atoms and 

molecules in materials with sizes ranging from 1 to 100 nanometers. 

Small pieces, including as optical and electrical devices, sensors, and 

other devices, can be used to create gadgets and products with this 

technology. At present, there is a lot of research and initiatives focused at 

creating this technology. Many other fields can benefit from this 

technique, the manufacture of materials with magnetic and optical 

characteristics[18]. Because of their size, form, and chemical structure, 

these materials frequently exhibit unique features[30].The characteristics 

of nanomaterial differ greatly from those of other materials due to two 

main factors: Quantum effects and increasing relative surface area[31]. 

1.6-Polyvinyl Alcohol (PVA)    

PVA (polyvinyl alcohol) is a water-soluble transparent polymer that is 

widely used in industry due to its outstanding chemical and physical 

qualities, as well as its non-toxicity and chemical resilience[32]. PVA is 

an interesting material because it possesses a high dielectric strength, a 

powerful charge storage capacity, and electrical and optical properties 

that change depending on the dopant. Carbon, methane, and hydroxyl 

groups are all linked together over the length of the chain. These 

hydroxyl groups (OH) might be used as a hydrogen bonding resource, 

a b

a 

c 



which is an essential component in the construction of polymer blends 

[33].  

 

Figure (1.2): The structure of PVA synthesized by the hydrolysis of  polyvinyl 

acetate[33]. 

Polyvinyl alcohol, with the formula (C2H4O)n, is commonly utilized in an 

array of different contexts, with semiconductors being one of the most 

common. Due to the creation of hydrogen bonds with hydroxyl groups 

during the polymerization process, in addition to possessing chemical and 

physical properties as shown in Table (1.1). polyvinyl alcohol with polar 

bond shows flexible side groups when the bond rotates, resulting in a 

chemical composition shift of the polymer repeating unit. PVA is utilised 

in many different fields, including as the commercial, food, medical, and 

manufacturing sectors. It has been utilised in the production of surgical 

threads, paper products, and materials for the packaging of food. PVA has 

gotten a lot of attention because of its appealing film-forming properties, 

as well as its processability and biocompatibility. PVA polymers can be 

utilised in photovoltaic and optoelectronic devices as a consequence of 

this conclusion [34]. 

 The polymerization of vinyl acetate to polyvinyl acetate 

(PVAc)polyvinyl alcohol is produced with change of PVAc by hydrolysis 

process[35], as shown in figure (1.2). PVA is a visible light polarizing 

material, allowing it to be utilized as a raw material for polarizer film 

used in LCD panels, lenses, and optical filters[36]. 

Table(1.1):Physical and chemical properties of polyvinyl alcohol [37]. 

Property Value 



 

Exterior 

 

Small, granular, and white to off-white 

Formula for molecules (C2H4O)n 

Density g/cm
3
 

 

1.19 - 1.39 

Specific gravity 

 

1.27-1.31 

Solution PH 

 

5 - 6.5 

Specific heat J/kg . K 

 

1.67  

Refractive index   

 

1.55 

Melting temperature  (Tm)
 o

C 

 

Fully hydrolyzed grades have a ph of 230, whereas 

partially hydrolyzed grades have a ph of 180-190. 

Thermodynamic Stability Color changes gradually over 100 °C; darkens 

quickly above 150 °C; decomposes quickly at 200 

°C. 

Thermodynamic conductivity 

W/(m.K) 

0.2 

Thermodynamics of the glass 

transition (Tg) 
o
C 

85 

Resistivity to electrical 

current  Ω.cm 

(3.1 - 3.8) x 10
7
 

Stability during storage 

(solid) 

unlimited so long as it is kept away from moisture 

1.7 Titanium Dioxide- TiO2 

TiO2 has the chemical formula TiO2 and occurs in nature as titanium 

oxide [38]. Dye White 6 and Pigment White, also known as CI 77891, are 

two names for titanium white. When assigned the E number E171, The 

versatility of this substance is exemplified by the fact that it may be used 

for a variety of purposes, such as those of paint, sunscreen, and food 

colouring. As seen in the figure (1-3), rutile and ilmenite are two 

examples of minerals that contain titanium dioxide in their crystalline 

form, anatase, and brookite,. Ries crater in Bavaria has produced 

monoclinic baddeleyite as well as orthorhombic high-pressure forms, 

were discovered. Rutile is the most frequent and stable form of the 

mineral. Rutile may be produced by heating either anatase or brookite. 

The titanium in rutile, anatase, and brookite is distributed across six 

atomic positions. Because of its high refractive index (n=2.7), titanium 

dioxide is the white pigment. It has a greater refractive index than all but 



a select few other materials. Dyes of TiO2 use exceeds 4 million tons 

annually over the world [39]. 

Each phase's optical characteristics are similar, however there are some 

minor differences. Band gaps in rutile (3.06 eV), anatase (3.29 eV), and 

brookite (2.20 eV) were measured. The Fermi level of the anatase form is 

just a hair higher than that of the rutile (0.1eV), and a little widening of 

the band gap. In thin films, the charge carrier mobility of the anatase 

structure is found to be higher than that of the rutile structure[40]. 

Anatase is the preferred structure for photocatalytic actions, even though 

it has been established that all three are photocatalytic. Small changes in 

electrical structure between brookite and anatase result from the crystal's 

immediate surroundings [30-31]. TiO2's excellent sensitivity and, more 

importantly, its extraordinary stability in hard settings make it a popular 

choice for use in gas sensing applications. TiO2 exists as three different 

polymorph phases: the stable rutile (tetragonal), the intermediate brookite 

(orthorhombic), and the unstable anatase (tetragonal)[41].The physical 

and chemical characteristics of the three TiO2structures are shown in 

Table (1.2). The photocatalytic, photo electrochemical, and gas sensor 

uses of anatase, rutile, and brookite have all been investigated. Different 

pressures and temps exerted by rock formations in the Earth are 

responsible for the differences in these three crystal forms[29,32]. 

Both the anatase and brookite phases may be produced by heating the 

material to very high temperatures around 700°C and 750 °C, 

respectively, both anatase and brookite lose their stability and transform 

into more brittle phases, both will return to the rutile phase[39]. 
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Figure -1.3: Forms that crystalline TiO2 [41].  

A. Rutile   B. Anatase   C. Brookite 

Table -1.2 Comparison of the three TiO2 structures in terms of their physical 

and chemical characteristics [42]. 

Properties Rutile Anatase Brookite 

Formula for 

molecules 

TiO2 TiO2 TiO2 

Molary 

mass(g/mol) 

79.866  79.866 79.866 

Crystalline 

Structure 

Tetragonal Tetragonal Orthorhombic 

Energy gap 

(eV) 

3.06   3.29 3.33 

Color White solid White solid White solid 

Density 

(g/cm
3
) 

4.27  3.90  4.13  

Melting point 

(°C) 

1855 Transformed 

into rutile 

Transformed into 

rutile 

Boiling point 2972   

http://en.wikipedia.org/wiki/Molar_mass
http://en.wikipedia.org/wiki/Molar_mass
http://en.wikipedia.org/wiki/Density
http://en.wikipedia.org/wiki/Melting_point
http://en.wikipedia.org/wiki/Boiling_point


Refractive 

index (nD) 

2.609 2.488 2.583 

Dielectric 

constant (ε) 

110~117 48 78 

Hardness 

(Mohs scale) 

7.0~7.5 5.5~5.6 5.5~5.6 

1.8 The natural dyes 

     Several organic dyes have been utilized to create output that is as good 

as inorganic dyes, however the results tend to waver and fall short of the 

inorganic dyes maximum[43].DSSCs can utilize natural dyes taken from 

flowers, fruits, and leaves. Natural dye-sensitized solar cells have piqued 

scientists' interest due to its low cost, biodegradability, and environmental 

friendliness. The maximal absorption wavelength of a suitable sensitizer 

should be in the visible light spectrum. The dye extraction media is one of 

several parameters that influences dye light absorption[44]. 

A. Berry dye 

The blackberry is a historically farmed fruit, and its benefits to human 

health from vitamins, minerals, and antioxidants, as well as its 

importance in industry and medicines, all contribute to the creation of 

new jobs. In addition, the extracted red berry dye has become the focus of 

researchers' interest because it has a high absorption of light in the visible 

region, it is a photosensitizer and contains anthocyanin, which has a 

chemical composition shown in Figure(1-4). Anthocyanidins are common 

plant pigments that are the sugar-free equivalents of anthocyanins. The 

most important characteristic of the anthocyanin dye. 

1- Attract insects and birds to facilitate pollination and fertilization 

2- play an important role in the resistance of plant diseases. 

3- Aesthetic and attractive aspects of botanical flowers [45]. 

 
Figure (1-4) : Anthocyanin dye[45] 

B. Crocus dye 

http://en.wikipedia.org/wiki/Refractive_index
http://en.wikipedia.org/wiki/Refractive_index


Harvesting the pollen-bearing structures, or stigmas, of the autumn crocus 

(Crocus sativus), which are aromatic and golden in colour, results in the 

production of a spice as well as a dye. The bittersweet, exotic aroma and 

flavour of saffron make it a popular spice for cooking and decorating. 

The primary producers of saffron are Iran and some parts of India. Each 

flower has three stigmas that are picked, set out platters, in order to be 

used as a culinary spice and colouring after being dried over charcoal 

fires. Seventy-five thousand saffron flowers are needed to produce one 

pound of the spice (0.45 kilogram). Saffron essential oil consists mostly 

of picrocrocin, with a concentration of between 0.5 and 1%. Dyeing 

occurs using crocin[46]. Solar cell sensitization using saffron flower 

extract[47].  

The most important uses of saffron dye. 

1-Saffron is one of the medicinal plants used in medicine  

2- Saffron extract is used in the perfume industry[46]. 

 

         Figure (1-5): Crocin dye[46] 

C. Pomegranate dye 

It is known in the scientific community by its botanical name, Punica 

Granatum. In addition to those regions, the Indian subcontinent and North 

Africa are also major producers of these shrubs. Pomegranates are 

classified as berries and have a flower-shaped stem. Some of its selling 

points are its eye-catching crimson hue and tangy flavour. Pomegranates 

have a sweet and sour flavour due to their pH level, which is around 4.4 

[48].The major component of pomegranate coloring is cyanin. 

Pomegranate dye absorption was discovered in the visible area at the 555 

nm peak. So it will act as a light sensitizer[49].  

1.9 Solar Cell 

One of the most promising industries for the future is the solar cell sector 

thin membrane applications, having received remarkable attention over 



the past years due to the low cost of preparation and the possibility of 

manufacturing large areas of it[50]. Becquerel was the first to identify the 

photovoltaic effect in 1939, when he noticed the creation of an electric 

current when light fell on one of two poles submerged in an electronic 

solution, and discovered that the current was proportional to the intensity 

of the falling light. Chapin and his team developed the first solar cell 

connection (p-n) in 1954, which converted around 6% of monocrystal 

silicon into electric power[3]. Heterojunction solar cells combine two 

different technologies into one cell: a crystalline silicon cell sandwiched 

between two layers of amorphous ―thin-film‖ silicon. This allows an 

increase in the efficiency of the panels and more energy to be harvested 

easily when compared to conventional silicon solar panels. The most 

common type of solar panels is made with crystalline silicon - either 

monocrystalline or polycrystalline. Amorphous silicon is thin-film silicon 

unlike crystalline silicon, amorphous silicon does not have a regular 

crystalline structure. Instead, the silicon atoms are randomly ordered. As 

a result, manufacturing this type of solar cell is less expensive[50]. 

Heterojunction solar technology takes advantage of this by building a 

solar panel out of three different layers of photovoltaic material. The top 

and the bottom layer are made up of thin-film amorphous solar cells, the 

middle layer is a crystalline solar cell.  The thin-film silicon on top 

captures some sunlight before it hits the crystalline layer, and it also grabs 

some sunlight that reflects off the layers below. It‘s very thin, so much of 

the sunlight passes right through and the sunlight that passes through the 

middle i.e the crystalline layer is absorbed by the thin amorphous layer 

that is below[3]. 

Tin oxide (SnO2) is an n-type metal oxide that may be made from a pre-

dispersed nanoparticles (NPs) dispersion that has been annealed at 

temperatures below 150°C. It has been extensively investigated as a 

material for electron transport layers in dye-sensitized and perovskite 

solar cells. SnO2 is a high-potential photovoltaic material[51]. When 

compared to other transparent conductive oxides, In comparison to p-Si, 

it has a higher work function, better contact, more thermal stability, 

greater mechanical durability, lower chemical stability, and lower 

toxicity. When it comes to electron transport layers, SnO2 is remarkable 

because it possesses a wide band gap, excellent mobility, remarkable 

optical and chemical stability, high conduction and valence band depth, 



and high transparency. These are only some of the many desirable 

qualities that it possesses, its simple, low     -  temperature preparation [49-

50].Because of its broad band gap and low reflecting index of 2, SnO2 

was chosen to make a solar cell using n-type SnO2 layer and p-type 

silicon wafers[52]. 

1.10 A p-n Heterojunction 

Heterojunction It is a volumetric connection in which two or more 

semiconducting materials differ in energy gap, electronic affinity, work 

function, and dielectric constant. When manufacturing junctions, it must 

be taken into account that the mismatch does not exceed 1%, as well as 

the convergence of the thermal expansion coefficient to the extent of 

avoiding dislocations at the separating surface[45,51]. Because they 

consistently stay, to a very fair approximation, charge neutral even when 

the device is biassed, the n and p regions outside the depletion region are 

known as quasi-neutral regions. All reliable conductors often possess this 

charge-neutral feature. Significant charge concentrations cannot exist 

inside good conductors because if they did, they would produce drift 

currents that would neutralise the charge density by creating electric 

fields. Good conductors are charge neutral on scales longer than the 

screening length and longer than the dielectric relaxation time[51]. 

assumed that the applied potential falls completely across the depletion 

region (i.e. across the junction) and not across the conductive n or p 

regions (quasi-neutral regions) or across the metal contacts. The effect of 

the applied voltage is taken into account by changing the electrostatic 

potential across the depletion region when V  0 (reverse bias). Consider 

the case V  0 (forward bias). that the applied potential falls completely 

across the depletion region (i.e. across the junction) and not across the 

conductive n or p regions (quasi-neutral regions) or across the metal 

contacts. The effect of the applied voltage is taken into account by 

changing the electrostatic potential across the depletion region[15]. as a 

fig. (1-6). 



 

Fig (1-6): A p-n junction[15]. 

 

 

1.11 A p-Si semiconductor 

A particular kind of semiconductor is a p-type one. It is referred to as a p-

type semiconductor when a trivalent impurity (such as boron, aluminium, 

etc.) is added to an intrinsic or pure semiconductor (silicon or 

germanium). Acceptor impurities include trivalent impurities such as 

boron (B), gallium (Ga), indium (In), aluminium (Al), and others. 

Ordinary semiconductors are composed of materials that don't conduct 

electricity well but aren't particularly resistive to it either. They occupy 

the middle ground between insulators and conductors. When electrons 

flow through a material, an electric current is created. The substance must 

have an electron hole for the electron to enter in order for it to move. 

More holes than electrons are present in p-type semiconductors. As a 

result, the current can only travel in one direction as it moves along the 

material from hole to hole[4]. 

Silicon is most frequently used to make semiconductors. An element 

called silicon has four electrons in its outer shell. Additional components, 

like as boron or aluminium, are combined with silicon to create a p-type 

semiconductor. The outer shell of these materials only contains three 

electrons. Where the fourth electron would have been if the 

semiconductor were made entirely of silicon is left empty when the extra 

material partially substitutes some of the silicon[7].  

   The bulk of solar cells on the market today are silicon-based. Research 

on organic and quantum dot solar cells, as well as other types of next-

generation solar cells [3]. By combining n-type and p-type semiconductor 

materials, p-n junctions are created. Electrons diffuse from the n-type side 



to the p-type side because the n-type region has a high electron 

concentration and the p-type region has a high hole concentration. Similar 

to how electrons move from one form of matter to another, holes move by 

diffusion[15]. 

If the electrons and holes were not charged, this diffusion process would 

go on until there was an equal distribution of electrons and holes on both 

sides, just as there is when two gases come in contact. In contrast, when 

the electrons and holes travel to the other side of the junction in a p-n 

junction. In the p-type region, the dominant carrier, holes, have a far 

larger concentration than the minority carrier, electrons[49].Compared to 

the majority, the injected minority carrier density is low. Since the 

depletion zone is uncharged, neither generation nor recombination can 

take place. [51].  

Depending on the polarity and magnitude of the applied potential, the 

depletion area may be reduced or increased. Heterojunction (P-Si/N-Ge) 

diodes are semiconductor devices made of various types of 

semiconductor materials. One of the most basic semiconductor devices 

available is a PN Junction Diode, which only allows current to flow in 

one way. Additionally, the semiconductor's p-side, or positive side, has 

an excess of holes, whereas the n-side, or negative side, has an excess of 

electrons [50]. 

1.12 Literature survey          

Hossein et al. 2014[53] prepared the red-BS dye doped polyvinyl alcohol 

(PVA) thin films are examined as a function of dye concentration. On a 

glass substrate, three thin film samples with varying concentrations of 

red-BS dye were produced using the spin-coating process. The optical 

properties of films, including indices of refraction, absorption rates, and 

dielectric properties, are retrieved using their transmission and reflection 

spectrum, and the influence of dye impurity on these parameters is 

investigated. Band gap energies may be calculated using the Tauc 

method. By raising a concentration of dye impurity in PVA films, the 

band gap energy of samples is reduced. 

Al-Omair et al. 2014[54] prepared the dye-sensitized ZnO 

photoelectrode solar cells' photovoltaic properties were studied in relation 



to photosensitivity can be increased by using organic dyes like Orange IV 

and Eosin Y. (DSSCs). At-home ZnO nanoparticle synthesis allowed for 

the development of ZnO. ZnO nanostructures were studied utilising tools 

including XRD, SEM, and BET. In all assays, the Orange IV 

outperformed the Eosin Y-sensitized cell. Therefore, this occurred 

because orange IV has the largest molar extinction coefficient. the I-V 

curves of the DSSCs with various types of organic dyes under 

illumination. It was found that the cell sensitized with Orange IV dye 

showed the largest area of the current-density curve, indicating that this 

cell generated the highest output power. Meanwhile, the cell utilizing the 

Eosin Y dye showed the smallest area of the current-density curve, 

generating the lowest power.  

Vanja Gilja et al. 2017[55] studied the Aniline (An) was oxidised on-site 

in the presence of TiO2 particles to produce polyaniline/titania 

(PANI/TiO2) composite photocatalysts. This motivated the creation and 

analysis of photocatalysts with various concentrations of PANI polymer. 

In order to determine the conductivity of the synthesised PANI polymer, 

FT-IR spectroscopy and thermogravimetric analysis were used. In order 

to show how the aggregation process changed depending on the amount 

of aniline employed, micrographs of the composites were acquired 

combined TEM/FE-SEM. Due to the homogenization of PANI during its 

development, the photocatalysts containing 15% PANI (15PANI/TiO2) 

showed the lowest aggregate size. 

Vanja Gilja et al. 2018[56] prepared the Aniline (ANI) was chemically 

oxidised in situ in existence of varying concentrations of diethylene 

glycol to yield polyaniline/zinc oxide (PANI/ZnO) composite 

photocatalysts that can be used in neutral conditions (DEG). It was 

determined that PANI/ZnO composite photocatalysts would be the most 

effective at removing organic pigment from the model effluent. they are 

interested in learning more that we can create low-cost varied catalysts 

with excellent catalytic action and durability, they have developed 

PANI/ZnO composite photocatalysts for effective removal of organic 

pigment from wastewater. Using the PANI polymer, a conductive 

polymer, which absorbs Vis irradiation, into the composite photocatalysts 

broadened their applicability beyond that of ZnO, which is selectively 



active in the UV spectrum. The composite photocatalysts were 

characterised using a wide variety of techniques. 

Muhammad et al. 2019[57] studied the light scattering layer is 

accomplished with a coating of TiO2 NPs, (PVA _/_TiO2) nan fibers (LSL). 

photoanode. Since employing PVA/TiO2 nanofibers as LSL decreases 

radiation loss and boosts electron excitation, TiO2 NPs adorned with 

polyvinyl alcohol (PVA) and titanium dioxide (TiO2) nanofibers had a 

high power conversion efficiency (PCE). is 4.06 percent, which is 33 

percent greater than TiO2 nanoparticles without LSL, resulting in a high 

PCE. In comparison to TiO2 nanoparticles without LSL, including 

PVA/TiO2 nanofbers as LSL enhances electron life duration and charge 

collecting efficiency. 

Gerrit Boschloo 2019[58] prepared the during the last three decades, 

dye-sensitized solar cells have been extensively studied. However, there 

are still numerous factors to investigate in order to increase their 

effectiveness. Dye molecules can be tweaked indefinitely to improve 

performance. Steric groups, for example, can be used to slow down 

recombination events and prevent undesirable aggregation. To boost light 

absorption and create a stronger blocking effect, more ideal dye packing 

on the mesoporous TiO2 surface is required. 

Mahsen, et al. 2019 [59] syntheses the natural sensitizers produced from 

plants such as teak, tamarind, and eucalyptus are utilised in dye-sensitized 

solar cells that are based on TiO2 technology. Besides considerable 

adsorption on the semiconductor (TiO2) surface, The dyes were very 

absorbent in the sun's visible spectrum (400-700 nm). These extracted 

dyes were put to use in the construction of DSSCs. There was a wide 

variety of incident photon to current efficiencies (IPCEs; often 

abbreviated as "efficiency"), from 12% to 37%. Of the four colours 

tested, the teak extract's photosensitization effects on cell output were the 

most impressive. 

Onyekachi and Onuegbu2019[60] studied four different extraction 

procedures were used to extract dye from the dried fruit of Rothmannia 

whitfieldii. A colourless supernatant solution was obtained after 45 

minutes of heating in a solvent and an acid. Under the identical 

conditions for extraction, The supernatant solution obtained by the alkali 



process was dark brown, whereas that obtained through the aqueous 

process was black. After analysing FTIR spectroscopy was used to 

analyse the colored solutions, the researchers concluded that only the 

alkali procedure was successful in removing the possible dye, which 

contained tannins. Based on these findings, the supernatant solution of an 

aqueous extraction of Rothmannia whitfieldii fruit contains functional 

groups are identical to those present in the dry pulverised fruit. Due of 

this, the aqueous technique yielded no discernible colour. 

Amone et al. 2020[61] studied the types of dyes used to gather photons 

have a significant impact on the manufacturing costs and energy 

conversion efficiency of DSSCs. Natural dyes derived from various 

sources have emerged as viable alternatives to synthetic photosensitizers 

due to their advantageous qualities such as low cost, full biodegradability, 

availability, and low environmental impact. Researchers have used 

mixing of different dyes, copigmentation of dyes, acidifying of dyes, and 

other ways to increase the energy conversion efficiency of natural 

photosensitizers, resulting in noteworthy performance. This research 

examines the parameters that influence anthocyanin pigment stability as 

well as the solvents required for efficient anthocyanin extraction. 

Furthermore, the possible use of anthocyanin dyes as photosensitizers for 

DSSC is discussed, as well as previous research. 

Jin Kim et al. 2020[62] manufactured cells made of perovskite solar 

atoms (PSCs), As a successor to TiO2 ETL, which is fast nearing the 

maximum power conversion efficiency, It has come to everyone's 

attention that SnO2 ETL has a higher electron extraction rate and is more 

stable. That's why it's so important to create more effective PSCs by 

working out how to increase ETL speed. Consequently, SnO2/MAPbI3 

solar cells perform better than TiO2/MAPbI3, in terms of efficiency. 

According to different orbital hybridization and dipole contact electron 

transfer mechanisms at the MAI- and PbI2-terminations, post-transition 

metallic (sp valence) oxide ETLs will perform better for PSCs than 

transition metallic (d valence) oxide ETLs. 

Alesa et al. 2020[63] prepared the polyvinyl alcohol (PVA) thin films 

containing extract of natural pigment from a local flower were used to 

make solar cell thin films. Thin films were made from polyvinyl alcohol 

solutions of 0.1g/ml in water and plant pigments of varying 



concentrations (0%, 15%, 25%, and 50%) for all four samples. The 

solutions were then used to make varying concentrations of dye in PVA: 

low, medium, and high. The UV-Vis scanner was used to pinpoint the 

spots where absorption was taking place (CECIL 2700). A number of 

optical properties were investigated using UV-Vis spectroscopy. The 

samples were run through an FTIR spectrophotometer for analysis. The 

use of a differential scanning calorimeter. Both the UV and FTIR 

absorption of a PVA thin film were improved when natural colours were 

used in the formulation. 

Chapman et al. 2021[64] prepared the film thickness model  based from 

a well-established equation of state, the spin-coating with toluene of 

extremely low-viscosity poly(methylmethacrylate) films. Spin-coating 

solutions' dynamic viscosity and density are studied in detail as a function 

of concentration. When the film drying rate for a given system was used 

to calibrate the film thickness model, it was found that this metric grows 

proportionally with the square root of spin speed. When it comes to 

managing film thickness, a three-dimensional design space may be 

generated with the help of process mapping.  FTIR were measured on 

both the PMMA starting material and final dried film to verify that no 

chemical changes occurred, Highly similar thermal behavior is observed 

for both samples, which suggests that the bulk chemical properties of the 

polymer were not affected by the spin-coating process. The small 

differences associated with the spin-cast film can be attributed to loss of 

residual solvent. 

Vishwas 2021[65] studied the sol-gel process is used to make titanium 

dioxide (TiO2) thin films and nanoparticles utilizing titanium 

tetraisopropoxide (TTIP) as the precursor ingredient. The solution casting 

process is used to make poly (vinyl alcohol) (PVA) films. TiO2 

nanoparticles are doped into PVA films. UV/VIS spectrophotometers are 

used to investigate the optical characteristics of TiO2 films. Very high 

transmittance in the visible spectrum and strong UV absorption are 

observed. By growing wavelength, refractive index dropped. The 

stretching and bending vibrational modes in TiO2 films and PVA doped 

with TiO2 nanoparticles are studied using an FTIR spectrum. 

Khormali et al. 2021[66] examination the process for highly effective, 

ecologically friendly, and one-of-a-kind Dy2O3/ZnO-Au ternary 



nanocomposites, the extract of pomegranate plant served as a covering 

and plummeting agent. In order to find the optimal combination, we put a 

number of different permutations of basic and plummeting agents, 

sonication intensity, and sonication time through their paces. FT-IR, 

XRD, FE-SEM, TEM, and DRS are only few of the methods that were 

used, were used to examine the manufacturing process. As revealed by 

XRD and TEM analysis, nanocomposites have a spherical shape with 

crystallites of 85–90 nm. The nanocatalyst was evaluated for its ability to 

degrade the anionic dye erythrosine (ES) and the cationic dye basic violet 

10 using UV and visible light irradiation (BV10). 

Askary et al. 2022[67] prepared the (CMC)/polyvinyl alcohol (PVA) 

blends was used to create nanocomposites comprising carboxymethyl 

cellulose with varying tungsten trioxide concentrations. XRD, FT-IR, and 

FESEM are used for physical characterisation. The optical characteristics 

of WO3@CMC/PVA composites were investigated using varied laser 

irradiation times. Similarly, the pure mix has the largest band gap (direct 

5.0 eV and indirect 5.4 eV), which lowers as WO3 inclusion increases. 

The decrease in bandgap also reveals an improvement in crystalline 

ordering, which is confirmed by the XRD diffract graph. The tungsten 

trioxide has a size range of 2.5 to 4.2 m, which decreases as the laser 

irradiation period increases. The graphs of ′′ and ′′′′ exhibit a drop pattern 

when the frequency is increased, then show constant values as the 

frequency is increased. 

Aim of the work 

1-Preparing the (PVA/TiO2/Berry dye), (PVA/TiO2/Crocus dye) and 

(PVA/TiO2/Pomegranate dye )nanocomposites films by spin coating 

method. 

2- Studying the Structural, optical and electrical properties for (PVA/ 

TiO2 /Berry, Crocus and Pomegranate dyes) nanocomposites . 

3- The effect of coating (PVA/ TiO2/Berry, Crocus and Pomegranate 

dyes) nanocomposites on the SnO2/p-Si solar cell. 
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2.1  Introduction 

     In this section, we will go over the study's theoretical studies, 

including a discussion of the nanocomposite crystal structure, the 

underlying physical ideas, laws, and principles employed for inference. 

2.2 Optical Properties  

Study of a material's optical characteristics is crucial for two 

reasons. Before using a material for an optical application, such as an 

interference filter, optical fiber, or reflective coating, It is crucial that 

you are well versed with its optical coefficients across a wide spectrum 

of wavelengths. Furthermore, the optical qualities of every material can 

be linked to its atomic composition, electronic band structure, and 

electrical characteristics [68]. 

2.2.1 Absorbance (A)  

     Absorbance (A) is defined as the amount of light that a material 

retains in relation to the amount of light that strikes it[69]: 

   
  
  

          (   ) 

2.2.2 Transmittance (T) 

       The exponential connection for both absorbance and transmittance 

may be used to calculate transmittance as a function of wavelength [70]: 

     (
 

 
)   (   ) 

2.2.3 Absorption Coefficient (α) 

     Ability to soak up radiation of a specific wavelength is what we 

mean when we talk about a material's "absorption coefficient". 

Absorption coefficient is calculated in the [71]: 

        (    )  ….  (2.3)   

α =2.303×A/t…..(2.4)  

t: the thickness of a film 



2.2.4 The fundamental absorption edge 

     It's a key property of crystalline and amorphous materials' absorption 

spectra.. The increase in ray energy absorption is proportional to the 

energy gap of the absorbing substance. The basic absorption edge is the 

point where energy disproportion between the valence band's peak 

(V.B) and the conduction band's trough (C.B) is minimal at this point 

(C.B)[72]. 

2.2.5  Absorption regions: 

There are three absorption regions 

A- High Absorption Region  

     Figure(2.1) depicts this location. In section (A), the absorption 

coefficient has the value of ( 10
4
 cm

-1
). We can set the width of the 

forbidden optical energy gap(Eg
opt.

) [73]  

B- Exponential Region 

Locating this area, as shown in Figure (2.1). Parcel (B) has an 

absorption coefficient of (1cm
-1

 < α< 10
4
 cm

-1
). It explains how the 

electron energy levels in a semiconductor move from (V.B)to (C.B) and 

back again[74-75].  

C- Low absorption region   

      This area has a tiny α. It's less than 1 cm
-1

. The transition occurs in 

this location due to the density of state in the mobility gap caused by 

structural defects, look in Fig. 2.1- C[76]. 



 

Fig. 2.1:Fundamental absorption edge of crystalline semiconductor[73] 

2.2.6 Electronic transitions: 

    There are two types of changes in electronics: direct and indirect [77]. 

A) Direct transition       

     The energy maximum (the top of  V.B) is superposed on the energy 

minimum (the bottom of the C.B) during this transition (the top of the 

V.B). It's the same wave vector value, i.e., (K=0). According to the 

principles of energy and momentum conservation, there must be a linear 

change. This shift may be divided into two categories. One type 

involves a smooth change from (V.B) maximum to minimum (C.B), 

whereas the second type is a forbidden direct transition between the 

extremes of (V.B) and (V.C) (C.B) as shown in Figure (2.2.a) [78]. For 

a straight transition (K=0) with phonon absorption, the Tauc relation 

provides the absorption coefficient(α) [79]: 

αhυ = B( hυ –   
    

 ) r
   ………(2.5) 

   
    

 : optical energy gap, 

h υ : photon energy, 

    A direct transition with r = 1/2 is allowed, while one with r = 3/2 is 

not; it specifies the kind of electronic transfer. 

B)Indirect transition 



     Distance in the K-direction between the valence and conduction 

bands. is used kind(∆K  0)[80]. The phonon and electron transition 

probabilities are formed by the transition probabilities. The indirect 

transition requires a phonon and a photon because K-space is very large, 

hence the distance between the conduction band and valence band edges 

is large. This shift may be divided into two categories. In the first kind, a 

person can make an indirect transition from the highest (V.B) to lowest 

(C.B), but in the second type, which occurs near to highest (V.B) and 

can lead to destinations other than the bottom of the (C.B), such 

transitions are not possible (C.B), direct transitions are not possible 

(C.B), is known as disallowed indirect transitions, shown figure (2.2.b) 

[72].  

For an indirect transition (∆K ≠0) with phonon absorption, the 

absorption coefficient is [81]. 

αhυ = B( hυ –   
    

 ± Eph )
 r
         …  (2.6)     

Eph : is the energy of a phonon that has been absorbed (+) or released (-

).. 

B:  transitions are consistent based on the type of transitions.  

Indirect transitions are permitted when r = 2, and prohibited when r = 3. 

 

Figure (2.2) : The transition types[80]: 

2.2.7 Refractive index (n) 



     According to the equation, the term "refractive index" refers to the 

relationship between the speed of light in a vacuum and the speed of 

light in a material.  =c/v …………..    (2.7) 

One may calculate the refractive index using the [82-83]: 

n = √
       

(   ) 
 – 

(   )

(   )
 …..    (2.8) 

2.2.8 Extinction coefficient ( ko) 

A complicated refractive index with an imaginary part is known as an 

extinction coefficient(n*)[82,84]: 

                                    (   )  

n; equivalent in terms of the real component of the refractive index 

(c/v). 

Using the following equation below, we can determine the (k) [82]:  

   
   

   
                                    (    )   

2.2.9 Dielectric constant ( ε ): 

      The dielectric constant of a matter is a scale of its capability to 

polarise electric field, and expression of this constant may be found in 

the equation below [82,85]: 

 ε = ε1-i ε2                             (2.11) 

ε =_ (n*) 
2
                                   (2.12)  

(n-i ko )_

2 
 = ε1– i ε2                   (2.13) 

ε = ( n
2
-ko

2
) – i (2nko )    (2.14) 

Complex dielectric coefficients, both real and imaginary, are capable of 

being represented. as in equations (2-11) and (2-14)[86,87]: 

  Ɛr =    –                                 (2.15)   

  Ɛi = 2                                       (2.16) 

2.2.10 Optical conductivity (opt.) : 



     As seen in the equation below, the constant (σop) is directly 

proportional to the two elements of refractive index (n) and absorption 

coefficient (α). [88]: 

σop =  
   

  
   ………..                      (2.17) 

2.3 Electrical Properties   

     Since there is such a wide range of molecular events that can occur in 

polymers in response to an applied electric field, the topic of electrical 

properties of polymers is enormous. Polymers with an electronic 

conduction response to an electrical stimulus, it is far fewer dramatic 

than when the electrical response is one of metals. However, the lack of 

any overwhelming conduction dosage allows for the observation of a 

broader range of electrical effects. Electrical characteristics research will 

also aid in the fundamental knowledge of polymer thermal and optical 

properties[89]. 

2.3.1 Electrical Conductivity in Direct Current ( cd . )  

To determine the electrical resistance of the produced films as a function 

of substrate temperature, a rectangular sample was tested and its value 

(Rdc) was calculated [90]: 

       18.2.......(

















tbt

L
R dcdc  )

 

The surface resistivity is denoted by ρdc. The inverse of the resistivity is 

the surface conductivity. Surface conductivity is so increased[90]:  

   )19.2.....(
btRρ

1
σ

tdcdc

dc
L

     

      Where σdc is the sample's electrical conductivity and L, b, and t are 

the sample's length, width, and thickness, respectively. The activation 

energy (Ea) may be computed using the formula[89,91]. 

)20.2......(exp 






 


kBT

Ea
odc   



     Temperature (T), Activation Energy (Ea), and Thermal Energy (kBT) 

Due to Temperature Fluctuations During the Measurement and oσ  is 

electrical conductivity at absolute zero of temperature[81-82].  

2.3.2 Current-Voltage (I-V) characteristic 

     I-V measurements are used to calculate the photovoltaic efficiency 

for solar cell. Short-circuit current Isc, open-circuit power Voc, efficiency 

ƞ and fill factor F.F are all photovoltaic parameters of solar cells, are 

described by the following equations[92]: 

Isc=Is[exp(qVoc/ kBT)-1]+ Voc/Rsh  ….(2.21) 

Voc= kBT/q ln(Isc/ Is +1)               …..(2.22) 

Where (Is) is saturation current, (kB) is Boltzmann constant and 

kBT/q=0.0259 eV at (T=25C
o
 ), (Voc) open circuit voltage, Rsh is the 

shunt resistant. 

 These measurements were taken in a cell at 25 degrees Celsius, with 

115 mW/cm
2
 of incident solar radiation, using a degussa P25 AM1.5 

photoelectrode with an active area of 0.12 cm
2 

[93]. (Voc) of a solar cell 

would be continuous since typical redox potential for an electrolyte is 

assumed to be fixed. Metal oxides can, however, be improved by the use 

of composites and dopants. and tweaking the flat band (VFB), the Voc of 

a sollar cell may be controlled[94]. To put it another way, Jsc = Isc /A is 

equal to (0) when applied voltage through the solar cell is also at (0). In 

the best lighting circumstances as shown figure (2.3), The value of (Jsc) 

relies heavily on how well charge is injected from the excited pigment 

into the C.B of metallic oxide [93]. 

Most essential characteristic for solar cell is fill factor (F.F). It
‘
s 

defined as the creation of (Isc) and (Voc) and the highest power output 

(ImaxVmax). It may be deduced that for highly desired F.F, it's 

necessary to adopt an I-V curve with a squarer shape. Shunt resistance 

and fill factor can both be improved by decreasing electron loss at the 

FTO/electrolyte interface. Conversely, increased reverse electron 

transfer and charge recombination leads to poor FF. Total power output 

(Pout) relative to solar energy input can be compared to get an idea of 

efficiency (Pin),shown in fig.2.4[92]: 



F.F= V m×I m/ Voc×I sc…..(2.23) 

η= P m/ Pin…….(2.24) 

2.3.3 Electrical measurements for heterojunction. 

A- Measure dark voltage current characteristics: 

 A solar cell was placed in the dark and connected to a power supply, 

and a simple forward bias of 0.1_0.5v was measured As well as 

measuring the reverse bias current for the same voltage mentioned, and 

drawing a relationship between the forward and reverse bias voltages, 

then determining the I_V characteristics in the dark state and for all 

solar cells manufactured under different conditions[4]. 

B-Measure capacity-voltage (C-V) characteristics:  

The purpose of measuring the capacity-voltage characteristics is to 

determine the internal building voltage in addition to determining the 

type of hybrid junction.A reverse bias voltage (LRC) was used to 

determine the type of heterojunction, and with an effort ranging between 

(2to -2)v if the internal final effort was found [7,92]. 

2.3.4 Electro-optical measurements for heterojunction 

1- Measurement of the current(Isc) as a function of the bias voltage when 

illuminated by the white light from a halogen lamp of high 

intensity(115)mW/cm
2
. 

2- The current through the detector is measured in the absence of an 

external voltage as a function of the light intensity. 

3-The open circuit voltage)Voc) measurement represents the amount of 

voltage passing through the detector as a function of the incident light 

intensity 



  

 Fig.(2.3) I-V characteristics of solar cell in dark and illumination[92] 

      

Figure (2.4) (a) Short-circuit current and (b) Open-circuit voltage Circuit 

Diagram 
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3.1Introduction 

     This chapter focuses on using spin coating to prepare and handle 

(PVA/TiO2) nanocomposites with various dyes. (Optical microscopy, 

FT-IR spectroscopy, SEM imaging, electrical characteristics) are 

utilized in this study, which also includes images and schematics of 

various electrical circuits. 

3.2 Materials used 

     The following materials were utilized in this study: 

A. Polyvinyl Alcohol (PVA) 

     Polyvinyl alcohol (PVA) is used as granular form, molecular weight 

between (26,300-30,000) g/mol. Provenance of Polyvinyl alcohol  is 

Shanghai Kaidu Industrial development Co, Ltd, China 

3.2.1 Additive nanomaterial 

A. Titanium dioxide  

The (Nano shel USA) corporation supplied the substance, which were 

discovered in powder form. TiO2 has a small size with 20 nm and high 

parity of 99.9%. 

3.3 Substrate Cleaning  

     The films were prepared on glass slides in a spin coating  

3.3.1Glass substrate  

     Glass slides dimensions (2.5 ×7.5) cm
2
 and a thickness 0.1-0.12 cm 

±0.05 were utilized as substrates. The following procedures were 

applied on these glass slides:  

1- The substrates were cleaned by alcohol.  

2- The substrates were cleansed ultrasonically for 10 minutes after 

being submerged in a clean beaker containing distilled water. 

3-  Finally, the glass substrates were rubbed with soft paper and dried 

with an air-jet. 

3.4 Preparation of natural dyes 



Through Dehydration: The blackberry, pomegranate and crocus was 

extracted using a fruit pulper, and after being filtered, the solution was 

concentrated by heating it to 75°C and removing 20% of the water for 

the preservation of the fruit's aroma. Finally, the dehydration was done 

in oven at 75°C for 7 h, until a dry paste was obtained, which was then 

crushed to create the dye powder. 

 

Figure(3.1) plant natural dyes  

3.5 Preparation of ( PVA/ TiO2) nanocomposites 

one gram of (PVA) was dissolved fully in 20ml distel water in a 

glass beaker for one hour under continual stirring with temperature 

90°C. Then, when the pure sample has been dissolved, amount of TiO2 

NPs are added different ratios (0,1, 2 and 3) wt.%, and then putting a 

glass beaker into ultra-sonic device to disperse of TiO2 for 5 min, As 

shown table (3.1) and (3.2). 

The dye was concentrated by adding 0.01 g per 20 ml of distilled 

water  then mixing with different ratios(1,2,3 and 4) ml of the natural 

dye per 100% (PVA/TiO2)  and diverse samples have been formed. Then 

put drops of the prepared each nanocomposites on glass substrates is 

used for depositing films by vacuum spin coater 700 rpm for 10 sec  to 

774±3nm thickness of films. The glass slides all of (2.5 × 7.5) cm
2
 area 

are employed as substrates with thickness 0.1cm. 

Table (3.1) Weight percentages of (PVA/TiO2) nanocomposites. 



PVA 

g  

TiO2 wt.% PVA/TiO2   g 

1 0 1 

0.99 0.01 1 

0.98 0.02 1 

0.97 0.03 1 

Table (3.2) Mix ratio of nanocomposites with natural dyes  (PVA/TiO2) 

nanocomposites. 

PVA/TiO2   ml Natural dyes   ml PVA/TiO2/ natural 

dyes 

20 1 21 

20 2 22 

20 3 23 

20 4 24 

 

3.6 Spin Coating   

The rotation will accelerate in the second stage, and centrifugal forces 

will eliminate the remaining, unnecessary sol. Here, the volatile solvent 

evaporates to leave behind a dry, thin, metal organic coating. The 

viscosity, sol concentration, and angular speed all affect how thick the 

film is. As the angular speed increases, the film thickness falls. figure 

(3.2) depicts the many phases of the spin coating process 

schematically[53,96]. 

 

Figure (3.2): Spin coating[97]. 



3.7 Materials of solar cell 

A. Tin Dioxide Nanoparticles (SnO2)  

      Tin dioxide obtained as white or light grey powder from Sky Spring 

Nanomaterial. ink  Company, USA, with grain size (35-55)nm and high 

purity (99.9%). 

B. Silicon wafer (p-type)   

     The silicon wafer utilized in (SnO2) is a monocrystalline p-type 

silicon wafer with orientation [111] and resistivity (1-10 Ω.cm) that is 

commercially available. Prior to film deposition, the wafer silicon was 

chopped into little pellets of roughly (1×1) cm in diameter and cleaned. 

Si wafer specimens were washed multiple times with distill water and 

dried with soft paper. 

C. Preparation of solar cell 

A solar cell was prepared in the thin-film laboratory. Where the 

SnO2 material was deposited with a thermal vacuum evaporation 

device on p_Si junction, where we formed a SnO2/p_Si solar cell, 

after which aluminum electrodes were deposited for the cell. 

 

 

 

 

 

 

 

 

 

 

 

PVA/TiO2/Berry dye), (PVA/TiO2/Crocus dye) and (PVA/TiO2/Pomegranate dye) 

nanocomposites  

Characterization 

By spin coating 

Structural Properties  Optical Properties Electrical Properties and I-V measurement 

Adding (1,2,3 and 4) ml blackberry, 

pomegranate and crocus dyes 

PVA 1g  at60
0
C 

PVA+TiO2 (0,1,2 and 3) wt.% 

20 ml distilled water 

 



 

 

 

Figure (3.3): Scheme of Experimental Part. 

3.8  Measurements of Structural Properties  

3.8.1 Optical Microscope  

          Olympus Toup View (Nikon-73346) optical microscopes with 

built-in, light-intensity-automatically-controlled cameras are used to 

observe the surface morphology evolution of PVA/titanium dioxide 

TiO2 and (PVA)/natural-dye nanocomposites. In closeup (10x. This 

instrument is present in the laboratory of advance thin films . 

3.8.2  FTIR Spectral Characterization  

    Fourier Transform Infrared(FTIR) spectrometer spectra can be used 

for quantitative and identification analysis of the wave number range 

from 600 to 4000 cm-1 was used to record nanocomposites from the 

(Shimadzu firm, Japan origin, type IR Affinity-1) . 

3.8.3 FE- SEM Scanning Electron Microscope  

     Scanning Electron Microscopy has a strong device for examining 

materials. It's employed in a variety of fields, including metallurgy, 

geology, biology, and medicine, to mention a few. The user may receive 

high magnification photos with a decent depth of field, allowing them to 

examine individual crystals or other details. In conjunction with the 

related technique of energy-dispersive X-ray microanalysis, a high-

resolution SEM image may reveal fine features as small as 25 A
°
. It is 

possible to analyses the composition of individual crystals or other 

properties. 

After preparation of the  sample took a small part of (1cm
2
) to examine 

the SEM, it provides information for dispersion of particles (TiO2) in 

polymer matrix .The surface morphology of (PVA/TiO2) and 

(PVA/TiO2/Natural dyes) nanocomposites is Figured out utilising 



(German-based business) Bruker Nano GmbH's (type) vertex 5600 LV 

SEM . 

3.9  The Evaluation of Optical Characteristics 

     A double beam spectrophotometer (Shimadzu model UV-1800 oA 

(JAPAN)) was used to record the absorption spectra of 

(PVA/TiO2/Natural dyes) nanocomposites films across the wavelength 

range (190-1100) nm. The absorption spectra were taken at ambient 

temperature.  

A piece of software was used to determine the energy gaps, optical 

constants, α, kº, and n. This piece of equipment may be found in any 

modern thin film research facility. 

3.10  DC Voltage measurements  

     At different temperatures (between 30 and 70 °C), the D.C electrical 

resistance may be measured to provide an approximation of the material's 

electrical conductivity. To achieve reliable findings, after heating the 

sample for 10 minutes at 300 degrees, the electrical resistance was 

measured. The (Keithley electrometer type 2400 source matter) was used 

to collect the temperature readings of the Keithley electrometer, 

Advanced thin film research facilities. typically have access to such 

equipment. 

3.11 The Coating Unit 

     The vacuum system is as follows: 

Edwards Auto 306, evaporates using a tungsten or molybdenum 

filament, with a maximum chamber pressure of 1x10
-7

 mbar and a 

typical filament current of 100–200 A. Uses either visible or infrared 

light to illuminate the substrate; maximum deposit thickness is 1.5 m. 

In order to remove samples from the coating unit, power was cut off 

and they were left in a high vacuum. The substrates are put on a 

spherical holder and elevated to a height of approximately 14 cm above 

the boat for evaporation activities to take place at room temperature 

(RT). When the temperature inside the boat reaches the set point, the 

deposition procedure begins.  All the samples are prepared under 



constant pressure equal 10
-7

mbar,and rate of deposition 0.7 nm. s
-1

 with 

thickness 200±6 nm. After evaporating SnO2 thin film on silicon wafer, 

we have formed p-n junction solar cell and Ohmic contacts for the 

prepared films are produced by evaporating (Al) to formed solar cell 

electrodes. This instrument is present in the laboratory of advance thin 

films . 

3.12 Masking Techniques 

     A thick piece of (Al) foil serves as the mask. On the substrate, 

several forms of masks are utilized to create a suitable shape to fit the 

required electrode measurement. Using a thermal evaporation method 

using unit and electrodes (0.1×0.2) mm, ohmic connections are formed 

between the produced films and the electrodes. 

3.13 Thickness Measurement                                                                    

Film thickness is an important parameter that significantly affects film 

characteristics. Weighting was used as a method for measuring the 

thickness of thin films. 

     The thickness of the deposited layer may be approximated using the 

weighting technique. The equation below determines the film thickness 

(t): 

                    
 

     
       ………………..….   (3.1)                                     

m: calculates the film's actual net weight (g) 

 R: A space between a boat and substrate (cm). and (ρ) is the film's 

density (g/cm
3
). 
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4.1   Introduction 

After the measurements that were reviewed in the preview   

     The chapter contains the consequences and discussion optical 

microscopy FTIR and SEM of (PVA  /TiO2), (PVA /TiO2/Berry dye), 

(PVA/TiO2/Crocus dye) and (PVA/TiO2/Pomegranate dye) 

nanocomposites films which is considered as complementary results and 

tests of the optical characteristics and direct current electrical 

conductivity for (PVA /TiO2),(PVA /TiO2/Berry dye),(PVA/TiO2/Crocus 

dye) and (PVA/TiO2/Pomegranate dye) nanocomposites. In addition to 

this, it will discuss the effects of varying concentrations of additive 

nanoparticles (TiO2) and various natural dyes on optical and electrical 

characteristics of polymers, as well as the effects of varying temperatures 

(30-70)
o
C on the direct current electrical conductivity  of nanocomposites  

films. Added to them, and the results of the electronic properties of 

SnO2/p-Si heterojunction. 

 4.2  The Structural Properties  

4.2.1  The Optical Microscope 

     Figure (4.1) shows images of (PVA/TiO2) nanocomposites films 

collected at different magnification powers(10x) for samples of various 

concentrations. However, as seen in the images (A,B,C, and D), there is a 

noticeable difference between the samples. When the concentration of 

titanium dioxide nanoparticles in films (polyvinyl alcohol) reaches 0.3 

wt.% for (PVA/TiO2)  nanocomposites, there is a continuous network of 

nanoparticles inside the polymers [98]. 

     This image demonstrates homogeneous TiO2 diffusion in the polymer, 

which is made possible by the presence of a network with pathways 

peculiar to nanocomposites    that let charge    transporters to traverse across 

them[99]. Figure (4.2) shown  all samples of different concentrations(1ml, 

2ml, 3ml and 4ml) of berry, crocus and pomegranate dyes gave the same 

images because the ratio of TiO2 with polymer is constant(TiO2 

3wt.%+PVA97wt.%). As for the dyes, it did not show any change in the 

various images because the light has passed from the films and only TiO2 

particles appeared in the picture, and no various color appeared due to the 

low concentration of the dye. 



 

      

 

 

 

   

 

 

 

 

      Figure (4.1) : Photomicrographs (10x) for (PVA/TiO2) nanocomposites  

            

 

 

 

 

 

 

 

 

 

Figure (4.2) : Photomicrographs (10x) for (PVA /TiO2 3%wt.  /berry Dye), (PVA 

/TiO2 3%wt. /Crocus   Dye) and (PVA / TiO2 3%wt. /pomegranate Dye  ) 

nanocomposites. 

4.2.2 Infrared Spectroscopy Testing using Fourier Transforms (FT-

IR) 

     As can be seen in figure(4.3), (FT- IR) is used to take    readings of both 

the spectra of pure (PVA) and doped films. All of the ranges have the 

potential to display pure absorption   bands  . Observable shifts in the 

A-pure (PVA) B- 1%_wt. TiO2 

D- 3   % wt. 

TiO2 

C- 2 % wt. TiO2 

A-PVA/TiO2 B-Berry  

C-pomegranate  D-crocus  



samples' spectral features can be found within the range (1500–500) cm
-1

 

(fingerprint area). The additional bands    might be linked to flaws created 

on the charge transfer process between the polymer    chain and 

nanomaterial [100].  

     The O-H extending sharp and broad peaks at (3352.28,3255.84) cm
-1

 

and the C-H extending, C=O extending, O-H bending, C-O stretching of 

CH2, and CH rocking peaks at (2927.94, 1689.64, 1419.61, 1087.85, and 

9.14.26) cm
-1

 can be shown in fig (4-3) for pure (PVA) and another 

vibrational peak for nanocomposites  concentrations[101]. Furthermore, 

the (1000–500) cm
-1

 vibrational peaks may be ascribed to nanoparticles 

with polymer, indicating that nanoparticles doped in the (PVA) polymer 

matrix. The (O-H) stretching band is by far the most characteristic feature 

of alcohols, it appears in  range (3000-3500) cm
-1

.The vibrational bands 

of the nanocomposites, as well as the intermolecular interaction between 

the mix and the TiO2 nanoparticals, are revealed using the FTIR approach
 

[102].  

     The CH2 rocking vibration is ascribed to the band at 914.26 cm
-1

, 

which has been linked to syndiotactic structure. PVA crystal has a band 

around 1087.85 cm
-1

, while the carbonyl group has a band around 

1689.64 cm
-1

 due to absorption of leftover acetate groups during PVA 

manufacture from polyvinyl acetate hydrolysis. If the OH group is 

involved in the production of hydrogen bonds or complexes with metal 

particles, the group has a broad peak around 3000-3600 cm
-1

, hence the 

broad peak of hydroxyl groups was seen for nanocomposites in this 

range[103] . 

     The band at 2927.94cm
-1

 was assigned to the (CH+OH) group's 

combination frequency. The C=O stretching mode is responsible for the 

peak at 1689.64 cm
-1

[66]. Some polymer chains were disrupted when 

TiO2 nanoparticles were doped, and other chains were produced in their 

place. In this region, nanoparticles have created new bonds. When added 

(TiO2 3 wt.%) decreases the FT-IR spectra   around of (3255.84) cm
-1

 for 

(3236.55) cm
-1

, O-H and C-H stretching   bonds are reflected in the 

resulting polymer     networks. Also shown decreasing surrounding or 

pertaining     to (1087.85 - 1083.99) cm
-1

. It becomes clear when the 

concentration of TiO2 increases, the FT-IR decreases. The fact that the 

transmitted intensity of peaks in the FT-IR spectrum decreased after 



doping suggests that the number of (PVA) chains in the film structure 

increased. Figures (4.4), (4.5) and (4.6) show the bonds regions. For 

PVA/TiO2 films, the bands at about 829 cm
-1

 and 624 cm
-1

 resemble to 

Ti-O widening modes. We also see a drop in the level with peaks as the 

concentration of TiO2 is increased[104] 

 

Figure(4.3): Fourier Transform   Infrared Spectroscopy   for pure (PVA) 

 

Figure(4.4): Fourier Transform   Infrared Spectroscopy   for PVA/ (TiO2) 1 wt.% 



 

Figure(4.5): Fourier Transform  Infrared Spectroscopy   for PVA/ (TiO2) 2 wt.%. 

 

Figure(4.6): Fourier Transform   Infrared Spectroscopy   for PVA/ (TiO2)3 wt.%. 

     Figures (4.7) and (4.8) show the FTIR analysis of (PVA/TiO2) thin 

films with different concentrations of (1ml and 4ml) Berry dye 

concentrations respectively. The bonds between 3550 and 3200 cm
-1

 were 

identified and linked to the intramolecular and intermolecular hydrogen 

bridges' stretching O–H[63]. Stretched C–H of alkyl groups were 

discovered in vibrational groups between 2922 and 3000 cm
-1

. The peak 

of IR-rad transmittance denotes a shift in peak locations and the creation 

of a new peak   at 2854.23cm
-1

  ,which is due to the interaction of PVA and 



dye (anthocyanin). So take note of the peak's   decline from (1083.99- 

1080.14) cm
-1

    due that to increase concentration   for berry dye [105]. 

 

Figure(4.7): Fourier Transform   Infrared Spectroscopy   for (PVA/TiO2/1ml Berry 

dye). 

 

Figure(4.8): Fourier Transform   Infrared Spectroscopy   for (PVA/TiO2/4ml Berry 

dye). 

         Four distinct functional groups    are shown in figures (4.9), (4.10): the 

O-H group at 3325.28 cm
-1

, the C  -  H  strain(   at 2908.94) cm
-1

, the C-C 

strain discovered in the aromatic ring at 1423.46 cm
-1

, also the C-O  group 

(at 1056.)   cm
-1

. Natural dye (anthocyanin and anthocyanidin) have a 

benzene    skelton    , a conjugated    double bond    , a C-H carbonyl group, and a 



hydroxyl     (OH) bond, according to the IR spectrum   , and the appearance 

of the peak     at 2268.28cm
-1

 may
 
indicates the presence of anthocyanide 

dye[106]. 

      Figures (4.11) and (4.12) show the FTIR    spectra of crocus dye. There 

is a band between   3344.57 and 3380 cm1 that indicates the presence of 

alcoholic groups due to the stretching vibration of O-H. Two peaks 

between 2862 and 2905 cm
-1

 are C-H stretching   vibrations, which most 

molecules share. These two   peaks may indicate the presence  of an 

aldehyde group    in the volatile components    of crocus dye (crocin).  

        Crocus was used to find the C=O stretching     vibration, which was 

located at 1647.21 cm
-1

 in its spectrum. Stretching vibration of ester    

(O=C-O) groups, which are components of the crocus, is responsible for 

the bands that can be seen at 1319.31–1419.61  cm
-1

. Highest peak (at 

1080.14) cm
-1

 possible explanation: a mode of vibration induced by a 

stretching of the material of conjugated  C-O bonds of the core     carotenoid 

chains found in crocus these results agree with Lee et al. [107]. the bands 

829 cm
-1

 - 624 cm
-1

 correspond to Ti-O too decreases because increasing 

concentration of all natural dyes.  

 

Figure(4.9): Fourier Transform  Infrared Spectroscopy   for (PVA/TiO2/1ml 

Pomegranate dye). 



 

Figure(4.10): Fourier Transform   Infrared Spectroscopy   for (PVA/TiO2/4ml 

Pomegranate dye). 

Figure(4.11): Fourier Transform   Infrared Spectroscopy   for PVA/TiO2/1ml crocus 

dye).   

 
Figure(4.12): Fourier Transform   Infrared Spectroscopy    for (PVA/TiO2/4ml 

crocus dye). 

4.2.3 (FE-SEM) Microscopy   



     Evaluations by scanning electron microscopy are utilized to examine 

the  distribution and dispersion of particles TiO2 nanoparticles in the 

polymers matrix. Tests also fully investigate the effect of titanium 

dioxide nanoparticles content. Figures (4.13) and (4.14) SEM images of 

characterizing the topography of (PVA) before and after a focus of TiO2 

NPs addition are exposed. 

     Pure polymer (PVA) is found to be softer, homogeneous, and coherent 

in figure (4.13). The addition of titanium dioxide nanoparticles to 

polyvinyl alcohol (PVA) causes alterations in the surface morphology. 

The grain aggregates with increasing TiO2 nanoparticles ratio, as seen in 

the image. On the top surface of the (PVA/TiO2) nanocomposites films, 

there are numerous aggregates or pieces randomly scattered[67]. 

     Images of TiO2 nanostructures generated at various concentrations 

using FE-SEM. TiO2 has a morphology that demonstrates the formation 

of minute groupings of spherical-shaped particles, and the morphology of 

PVA/TiO2 agglomerates has cauliflower-like characteristics that are 

porous and irregular. Both of these morphologies can be seen. It was 

discovered that nanocomposites had spherical shape and grain sizes of 

47.01nm[108] .The (TiO2) particles were well distributed at (PVA/TiO2) 

nanocomposite films, as shown in figure (4.14).  From the images it can 

be remarked seen that the  increase in particle size because increase 

concentration of TiO2. 

 

Fig (4.13): SEM measurement of (PVA) . 



 

Fig (4.14): SEM measurement of (PVA/TiO2 3 wt.%) . 

    In figures (4.15A,B), (4.16 A,B)and (4.17 A,B) the surface 

morphologies and the cluster size of (PVA/TiO2/ berry, crocus and 

pomegranate dyes) films are studied. Agglomeration can be generated by 

Van der Waals forces, which cause filler materials to form bundles. As a 

result, The polymer substrate and the filler components had poor 

interfacial adhesion, and this figures observed. Morphological of the 

(PVA/TiO2/Natural dyes) nanocomposites reveals several collection or 

chucks arbitrarily dispersed for (TiO2) NPs on the films' outermost layer 

when the concentration is increased to 3% by weight [63].   

     They are showed three different one-phase composites according to 

the color of each dye and the grain size(47-55)nm, also no change 

appeared when increasing the concentration of the natural dye, and this 

may be due to the low concentration of the dye in relation to the polymer 

[109]. The granules that appear in the figures appear to be polymer-coated 

TiO2 particles coated with natural dye.  



          

Fig(4.15): FE-SEM measurement of (PVA/TiO2/berry dye) A) 1ml and B)  4ml. 

 

Fig(4.16): FE-SEM measurement of (PVA/TiO2/crocus dye) A) 1ml and B )4ml. 

 

 

Fig(4.17): FE-SEM measurement of (PVA/TiO2/pomegranate dye) A) 1ml and B) 

4ml 

A B 

A 
C 

A B 



4.3  Optical Properties 

      The primary goal of examining the optical characteristics of 

(PVA/TiO2) and (PVA/TiO2/berry dye, crocus dye, and pomegranate dye) 

nanocomposites is to determine the impact of titanium dioxide 

nanoparticles and varied concentrations of natural dyes on the optical 

properties of polymers. At room temperature, the research recorded the 

spectrum of absorbance for the (PVA/TiO2) and (PVA/TiO2/berry dye, 

crocus dye, and pomegranate dye) films, calculating transmittance, 

absorbance, α, k, and identifying the kinds of electronic transitions and 

calculating Eg, as well as other optical coefficients.  

4.3.1 Absorbance (A) 

     At room temperature, the absorbance of (PVA) and (PVA/TiO2) 

nanocomposites with unlike TiO2 focuses (1,2, and 3)wt.% for the 

wavelength (320-1120) nm was measured. The fluctuation of optical 

absorbance with wavelength for PVA and (PVA/TiO2) nanocomposites is 

displayed in figure (4.18). show the samples' optical absorbance versus 

wavelength prepared at thickness774±4. In regards to all tasters, in the 

poorer wavelength range (ultraviolet region), where nanocomposite 

absorbs a lot of light, and then drops as the wavelength increases (VIS & 

NIR regions).  

     The results show that the absorbance is increasing with increasing 

concentration of TiO2. In all nanocomposites films, there is a red shift 

(greater wavelength) in the absorption edge near the lower band gap. 

Each nanocomposites models have a lowest at 400nm, which is attributed 

to the presence of (PVA) and carbonyl groups associated to ethylene 

unsaturation in such materials[101]. 

     In figure (4.19) all nanocomposites samples exhibited broad 

absorption band in the 420-460 nm and top of peak at 440nm ,these 

results are caused by berry dye effect. The results show that the 

absorbance is increasing with increasing concentration of berry dye 

from(1ml-4ml) [110]. In this figure, the lines appeared almost 

overlapping, and this is due to the low concentration of the dye in relation 

to the amount of polymer, so it appeared on this figure. 



     Figures (4.20) and (4.21) also showed the results of the absorbance of 

crocus and pomegranate dyes the same responses, when focus of the dye 

rises, absorbance increases as well as the absorbance increases at short 

lengths (UV) and decreases at long wavelengths in the (VIS and NIR) 

regions[45]. These thin films absorb visible light according to their 

wavelengths and can be used as a photosensor in solar cells. The reason 

for this absorption is to make the natural pomegranate dye as a cover for 

TiO2 nanoparticles, [57]. 

 

Figure (4.18): The absorbance of (PVA/TiO2) nanocomposites 

 

Figure (4.19): The absorbance of (PVA/TiO2/berry dye) nanocomposites 
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Figure (4.20): The absorbance of (PVA/TiO2/crocus dye) nanocomposites. 

 

Figure (4.21): The absorbance of (PVA/TiO2/pomegranate dye) nanocomposites. 

4.3.2 The transmittance (T)    

     Equation(2.2) is used to compute the transmittance T. The 

transmittance T of  polyvinyl alcohol and (polyvinyl alcohol /TiO2) 

nanocomposites versus wavelength is depicted in Figure (4.22). Figure 

indicate that the transmittance for all samples are decreased with 

increasing of wavelength, like this behaviors agree with[111].The UV-

Transmittance Spectrum of all the samples the logarithmic connection 

between absorbance and transmittance, transmittance curvature is shifted 

towards short wavelengths, and see the inverse pattern between 

absorbance and transmittance[77]. 
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     So the transmittance decrease with increase concentration of TiO2, and 

recorded highest peak at 77%. Transmittance is very important for 

devices like solar cells [65]. 

The wavelength-dependent transmittance T for the (PVA/TiO2/berry dye) 

system, (PVA/TiO2/crocus dye), and (PVA/TiO2/pomegranate dye) 

nanocomposites is shown with figs. 4.23, 4.24, and 4.25. The Outcomes 

showed that growing the concentration of the natural dye clues to a 

decline in transmittance, the highest peaks was recorded in berry dye, 

crocus dye and pomegranate dye at (77.6, 81.9, 76)% with a 

concentration of 1ml, respectively. Also the results observed films 

exhibited high transmittance  color yellowish green [112]. It can be said 

these films can serve as a window for solar cells, because it is a material 

with good transmittance in the (VIS and NIR) region.  

 

Figure (4.22): The transmittance (T) of (PVA/ TiO2) nanocomposites 
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Figure (4.23): The transmittance (T) of (PVA/ TiO2/berry dye) nanocomposites. 

 

Figure (4.24): The transmittance (T) of (PVA/ TiO2/crocus dye) nanocomposites 
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Figure (4.25): The transmittance (T) of (PVA/ TiO2/pomegranate dye)    

nanocomposites 

4.3.3   Absorption   coefficient (α) 

     The absorption     coefficient α is computed by using      Eq. (2.4).Figure 

(4.26) as show (α) versus energy for (PVA) and (PVA/TiO2) 

nanocomposites. The film's basic absorption edge is used to determine the 

absorption coefficient. With increasing concentrations of TiO2, the 

modification of absorption     coefficient against energy of incoming 

radiation (hv) of (PVA)[80].It can be detected that at low energy, the 

absorption     coefficient is the least, however, when the concentration of 

TiO2 grows, so does the absorption         coefficient, and so does the energy. 

The absorption  coefficient has high values (α>10
4
cm

-1
), indicating that the 

direct transition has a high likelihood, hence the value of (r) in equation 

(2.5) is equivalent to ½[67-69]. 

     The absorption    coefficient is depicted in figures (4.27), (4.28), and 

(4.29) as a function of       energy for (PVA/TiO2/berry dye), 

(PVA/TiO2/crocus dye) and (PVA/TiO2/pomegranate dye) 

nanocomposites. The results observed the absorption coefficient increase 

with increase concentration of natural berry, crocus and pomegranate 

dyes, the highest absorption coefficient was at 4ml ml[100,108]. This 

might be attributed to an increase in natural dye concentration and 

electronic transit between the bonding and nonbonding molecular orbits. 
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For all testing ranges, the absorption coefficient increases as the 

concentration of berry dye increases. At high energies, when the 

absorption      coefficient is great (α>10
4
 cm

-1
) [109].  

     Natural dyes in general work to increase the absorbance in addition to 

the absorption    coefficient, according to the wavelength that is 

commensurate with the color of that dyes 

 

        Figure    - 4.26 : The absorption     coefficient of (  PVA   /TiO2) nanocomposites 

 

Figure   - 4.27 : The absorption     coefficient of (  PVA  /TiO2/berry dye)     

nanocomposites. 
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Figure    - 4.28: The absorption     coefficient of (   PVA   /TiO2/crocus dye)     

nanocomposites 

 

Figure   - 4.29: The absorption coefficient of (    PVA  /TiO2/pomegranate dye)     

nanocomposites 

4  .3.4   The Optical Energy Gap (Eg
opt

)   

     Optical Energy Eg
opt

 is calculated by using Eq. (2.5).The experimental 

standards of (αhν)
2
 plotted against  photon energy (hν) of (PVA/TiO2) 

nanocomposites, as expression in figure (4.30). The gap in optical energy 

the point when the extended linear graph intersects component line  

connecting the photon energy curve (hν) , [αhν]
2
= 0 yields the value of 

Eg
opt

. indicates that (PVA/TiO2) nanocomposites films are direct 

transition type[113] . This figure indicates to decrease optical energy gap 

(3.43- 3.37)eV. This is due to increase concentration of TiO2. As a result, 
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the decline in the energy  gap of (PVA/TiO2) nanocomposites films is 

caused by a growth in the density of localized situations inside the    band    

gap[114].  

     Adding more titanium dioxide nanoparticles to the polymer makes 

electrical channels there, which makes it easier for electrons to move 

from the (V.B) to the (C.B).This explains why the energy gap narrows as 

the titanium dioxide nanoparticles grow. As observed, the influence of 

numerous elements, including grain size, structural features, transporter    

concentration, the presence of impurities, and deviation from the film's 

stoichiometry, resulting in a narrowing of the energy gap[115].  

     Experimental values for (αhν)
2
 plotted against  photon energy (hν) of 

(PVA/TiO2/berry, crocus and pomegranate dyes) nanocomposites, as 

show in figures (4.31), (4.32) and (4.33), indicates that the energy gap 

decreases 3.44- 3.35 eV, 3.42- 3.31eV & 3.32-3.26 eV with the rise in the 

focus of the berry, crocus and pomegranate dyes, As a result, it may be 

concluded that they absorb a wider spectrum of visible light 

wavelengths[116].The energy gap varied according to the findings. The 

explanation for this is contaminants in natural plant extracts caused by the 

extraction procedure look in tables(4.2), (4.3) and (4.4) [114].  

     The outcome of using a natural dye with the lowest energy band gap is 

that it helps the eager electron from the V.   B to the C.   B with very little 

energy and in a very short period, resulting in high efficiency films that 

may be used in solar cells[117]. The dye operated between the valence 

and conduction beams to capture photons with lower energies than the 

concentrated dye (4ml), in addition to the intensity of the local levels 

created by atoms [118].  



 

Figure (4.30): The Energy Gap (Eg
opt

) of (PVA/TiO2) nanocomposite 

 

Figure (4.31): The Energy Gap (Eg
opt

) of (PVA/TiO2/berry dye) nanocomposites 
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Figure (4.32): The Energy Gap (Eg
opt

) of (PVA/TiO2/crocus dye) nanocomposites 

 

Figure (4.33): The Energy Gap (Eg
opt

) of (PVA/TiO2/pomegranate dye) 

nanocomposites. 

 

 

Table-4.1 : The optical energy    gap values of (PVA/TiO2) nanocomposites. 
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Table-4.2: The optical energy    gap values    of (PVA/TiO2/berry dye) 

nanocomposites. 

 

 

 

 

 

 

Table-4.3: The optical energy    gap values   of (PVA/TiO2/crocus dye) 

nanocomposites. 

 

 

 

 

 

 

 

 

 

Table-4.4: Values for optical energy gap for(PVA/TiO2/ pomegranate dye) 

nanocomposites 

PVA 3.437 

PVA/TiO2(1wt.%) 3.412 

PVA/TiO2(2wt.%) 3.382 

PVA/TiO2(3wt.%) 3.371 

Sample Optical Energy 

Gap(eV) 

PVA/TiO2/Berry  dye(1 ml) 3.44 

PVA/TiO2/Berry  dye(2 ml) 3.42 

PVA/TiO2/Berry  dye(3 ml) 3.40 

PVA/TiO2/Berry  dye(4 ml) 3.35 

Sample Optical Energy 

Gap(eV) 

PVA/TiO2/ Crocus dye  (1 ml) 3.42 

PVA/TiO2/ Crocus dye  (2ml) 3.40 

PVA/TiO2/ Crocus dye  (3 ml) 3.36 

PVA/TiO2/ Crocus dye  (4 ml) 3.31 



 

 

 

 

 

 

From the (4.4) tables it appears that the energy gap of the 

nanocomposite to which the pomegranate dye is added is the lowest 

energy gap, which indicates that the electrons in this case can cross the 

energy gap more and this means that this dye works to increase the 

electronic crossing. 

4.3.5 Refractive index (n) 

     The index of refraction (n) can be calculated using equation: (2.8). 

Nanocomposites of (PVA) & (PVA/TiO2) are displayed Fig. 4.34, where 

the refractive index-n varies with wavelength. To reach its maximum 

values in the regain of the ultraviolet spectrum, the refractive index-n 

growths by wavelength   . The refractive index-n increases at longer 

wavelengths and declines at shorter wavelengths with increasing TiO2 

content throughout the board. There was a correlation between this 

finding and a rise in nanocomposites density, which was caused by a rise 

in TiO2 concentration[119]. 

     Also see high refractive index values in the UV area due to the poor 

transmittance in this region, low values in the IR and visible ranges due to 

high transmittance [22,68]. 

     (n) versus wavelength of (PVA/TiO2/berry), (PVA/TiO2/crocus), and 

(PVA/TiO2/pomegranate) nanocomposites are described Figs. 4.35,  4.36, 

and 4.37. With increasing ultraviolet wavelength, the refractive index(n) 

rises, but it falls with increasing visible and infrared wavelength. Also A 

higher concentration of berry, crocus, or pomegranate dye results in a 

higher refractive index -n. This is because the material's optical density 

has grown, [120]. The refractive index -n is directly related to electronic 

Sample Optical Energy 

Gap(eV) 

PVA/TiO2/  Pomegranate  dye (1 ml)  3.32 

PVA/TiO2/  Pomegranate  dye (2 ml)  3.30 

PVA/TiO2/  Pomegranate  dye (3 ml)  3.28 

PVA/TiO2/  Pomegranate  dye (4 ml)  3.26 



polarisation of ions and the context-specific region inside optical 

materials[123]. 

 

Figure (4.34): The refractive index for (PVA/ TiO2) nanocomposites 

 

Figure (4.35): The refractive index for (PVA/ TiO2/Berry dye) nanocomposites 
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Figure (4.36): The refractive index for (PVA/ TiO2/crocus dye) nanocomposites 

 

Figure(4.37):The refractive index for (PVA/TiO2/pomegranate dye) 

nanocomposites 

4.3.6 Extinction    Coefficient -kº 

     For the purpose of determining the (kº), the following equation is used 

(2.10). The extinction coefficient vs. wavelength for (PVA) and 

(PVA/TiO2) nanocomposites is shown in Figure (4.38), and due to its 

relationship with the equation in the previous paragraph, its behavior is 

analogous to that of the absorption coefficient curve. It should be 

observed that (kº) has a decreasing value at low concentrations, but grows 
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larger with increasing (TiO2) nanoparticle concentration. Reason being, 

higher concentrations of (TiO2) nanoparticles result in a higher absorption 

coefficient[66]. This shows that the atoms of (TiO2) nanoparticles will 

alter the host polymer's structure[66-68]. 

     Figure (4.39), (4.40) and (4.41) show the wavelength dependence of 

the extinction coefficient of (PVA/TiO2/berry, crocus and pomegranate 

dyes) nanocomposites, respectively. The extinction coefficient increases 

in the region of short wavelengths UV and then decreases at the regions 

of long wavelengths VIS and IR. In addition, kº increases with the growth 

in focus of natural dyes berry, crocus and pomegranate, owing to the rise 

in (α) as shown in equation (2.10). This is due to the same reasons that 

caused rise in (kº) as crossover of the molecular orbital's electric wave 

function between its bonding and nonbonding states [7]. 

Figure(4.38):The Extinction coefficient (kº)of (PVA/TiO2) nanocomposites 
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Figure(4.39):The Extinction coefficient (kº)of (PVA/TiO2/berry dye) 

nanocomposites 

 

Figure(4.40):The Extinction coefficient (kº)of (PVA/TiO2/crocus dye) 

nanocomposites 
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Figure(4.41):The Extinction coefficient (kº)of (PVA/TiO2/pomegranate dye) 

nanocomposites 

4.3.7  Dielectric constant( real Ɛr and imaginary Ɛi )  

     Using equation (2.15), we can get values of the dielectric constant for 

both the real and imaginary portions of the equation (2.16). Ɛr and Ɛi  (r & 

I as a function of wavelength are depicted) in Figures 4.42 and 4.43, 

respectively, for polyvinyl alcohol (PVA) and polyvinyl alcohol/titanium 

dioxide (PVA/TiO2) nanocomposites. To express the extent to which an 

electric field can be used to increase the dielectric's absorption capacity. 

as a result of dipole motion, the real portion r is associated with the 

phrase that, and the imaginary part I shows how much the speed of light 

will be slowed down in the material. 

     The Ɛr (the real component) signifies the absorption of radiation 

related with free energy (the imaginary part). Since kº
2
 is less than n

2
 in 

equation (2.15), r behaves same to (n), while i mostly depends on the (k°) 

value[122]. Values of r and i are shown to be on the rise as the 

concentration of (TiO2)[123]. 

     Figures 4.44, 4.46, and 4.48 show The Ɛr as a function of wavelength 

for PVA/TiO2/berry, crocus, and pomegranate dye nanocomposites, 

respectively. Figures (4.45), (4.47) and (4.49) show the Ɛi as a function of 

wavelength for the same nanocomposites. Results showed that as berry, 

crocus, and pomegranate dyes focuses were increased, so were respective 

dielectric constants, both in terms of their real and imaginary parts [126].  

0.00

0.01

0.02

0.03

0.04

0.05

0.06

320 420 520 620 720 820 920 1020 1120

k °
 

l  (nm) 

PVA + TiO2 + Pomgranate dye1ml

PVA + TiO2+ Pomgranate dye 2ml

PVA + TiO2 + Pomgranate dye 3ml

PVA + TiO2 + Pomgranate dye 4ml



 

Figure(4.42): The real Dielectric Constants (Ɛr)of (PVA/TiO2) nanocomposites 

 

Figure(4.43): The imaginary  Dielectric Constants (Ɛi)of (PVA/TiO2) 

nanocomposites 
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Figure(4.44): The real Dielectric Constants (Ɛr)of (PVA/TiO2/berry dye) 

nanocomposites 

 

Figure(4.45): The imaginary  Dielectric Constants (Ɛi)of (PVA/TiO2/berry dye) 

nanocomposites 

3

3.5

4

4.5

5

5.5

6

6.5

7

320 420 520 620 720 820 920 1020 1120

e r
 

l  (nm) 

  PVA/TiO2/ Berry Dye 1ml

  PVA/TiO2/ Berry Dye 2ml

  PVA/TiO2/ Berry Dye 3ml

 PVA/TiO2/ Berry Dye 4ml

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.20

320 420 520 620 720 820 920 1020 1120

e i
 

l  (nm) 

  PVA/TiO2/ Berry Dye 1ml

  PVA/TiO2/ Berry Dye 2ml

  PVA/TiO2/ Berry Dye 3ml

 PVA/TiO2/ Berry Dye 4ml



 

Figure(4.46): The real Dielectric Constants (Ɛr)of (PVA/TiO2/crocus dye) 

nanocomposites 

 

Figure(4.47): The imaginary Dielectric Constants (Ɛi)of (PVA/TiO2/crocus dye) 

nanocomposites 
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Figure(4.48): The real Dielectric Constants (Ɛr)of (PVA/TiO2/pomegranate dye) 

nanocomposites 

 

Figure(4.49): The imaginary Dielectric Constants (Ɛi)of (PVA/TiO2/pomegranate 

dye) nanocomposites 

 

 

4. 3 .8    Optical    Conductivity (σop) 
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     To determine optical conductivity, used Eq.(2.17). Wavelength 

dependence of optical conductivity is depicted in Figure (4.50). It was 

discovered that when the amount of TiO2 in the (PVA) rises, the optical 

conductivity increases (3 wt.%). Creating new bands within The band gap 

facilitates transport of electrons between the (V.B) and (C.B) at these 

discrete energy levels, increasing the material's conductivity. Equation 

(2.17), σop is dependent on the absorption coefficient, demonstrating that 

this decrease in band gap results in improved conductivity [71]. 

     Figures (4.51), (4.52) and (4.53) show Optical  Conductivity as a 

function of wavelength for (PVA/TiO2/berry, crocus and pomegranate 

dyes) nanocomposites, respectively. The results showed the optical 

conductivity(σop) rises in proportion to the elevated concentration of 

berry, crocus and pomegranate dyes. This is because of the growth in 

absorption coefficient[123]. 

 

Figure(4.50): optical conductivity(σop) of (PVA/TiO2) nanocomposites 
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Figure(4.51): optical conductivity(σop) of (PVA/TiO2/berry dye) nanocomposites 

 

Figure(4.52): optical conductivity(σop) of (PVA/TiO2/crocus dye) nanocomposites 

 

Figure(4.53): optical conductivity(σop) of (PVA/TiO2/pomegranate dye) 

nanocomposites 

4.4Characterization of the Direct Current Electrical 

Properties of the (PVA/TiO2) Nanocomposite 
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Equation (2.19) is used to compute the electrical conductivity (σd.c) of the 

produced films. The outcomes of these properties are listed below in 

detail. 

4.4.1   The Direct Current Electrical Conductivity of (PVA/TiO2) 

and(TiO2/Natural Dye) Nanocomposites. 

     The relationship between the concentration of (TiO2) nanoparticles 

and their electrical conductivity, measured in ohm.cm
-1

 and D.C, is 

depicted in fig.4.54. Given the data presented in the graph, concentration 

of nanoparticles of titanium dioxide has a direct correlation with the 

increase in(σd.c). The electrical conductivity value for (PVA/TiO2) 

nanocomposites is (3.5E-6) Ω.cm
-1

 at the focus (1wt.%) (TiO2) 

nanoparticle, the upsurge of the concentration of (TiO2) NPs to (3wt.%) , 

clues to rise of conductivity to (4.5E-6) (Ω.cm)
-1

[124].  

     One way to explain the increase in electrical conductivity is in 

continuation: at low concentrations, (TiO2) NPs are grouped or clustered 

inside the polymers, as mentioned in clause (4.1). When the focus 

nanoparticles in (PVA/ TiO2) nanocomposites approaches 3%. Inside the 

polymers, the nanoparticles connect to each other in a network. The 

nodes in this network will be linked together, and the paths that charge 

transporters take through the network will intersection. The paths taken 

by charge carriers will have reduced electrical resistance [125]. 

     Figures (4.54), (4.55) and (4.56) show the electrical conductivity (σd.c) 

(ohm.cm)
-1

 concentration dependently for berry, crocus and pomegranate 

dyes. It can be seen graphically that as natural dye focus rises, so does 

electrical conductivity. Electrical conductivity at a concentration of 4 ml 

was reached (4.81×10
-6

, 4.9×10
-6

 and 6.4×10
-6

) (ohm.cm)
-1

 for berry, 

crocus and pomegranate dyes, respectively[126]. This might be attributed 

to electronic transit between the bonding. 

     An increase in the electrical conductivity (σd.c) is a result of an 

increase in the concentration of the dye. The previous paragraph, leads to 

a smaller energy gap since more localised states exist within it [57]. The 

conductivity of these composites appears to be highly stable at room 

temperature, but the increase appears to be high and uneven after 50C. 

The best conductivity value for pomegranate dye was 6.4×10
-6

 (ohm.cm)
-

1
. 



 

Figure- 4.54: Changes in the direct current electrical conductivity of ( PVA / 

TiO2 ) films. 

 

Figure -4.55: Changes in the direct current electrical conductivity of 

(PVA/TiO2/berry dye) nanocomposites as a function of berry dye concentration. 
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 Figure-4.56: Changes in the direct current electrical conductivity of ( PVA -

TiO2- Crocus Dye) nanocomposites as function of natural Crocus Dye 

concentration.  

 

      Figure -4.57: Changes in the electrical conductivity of direct current for 

(PVA/TiO2) nanocomposites as a function of the concentration of pomegranate 

dye. 

 

 

4.4.2  Temperature Effect on the Direct Current Electrical 

Conductivity of Polyvinyl Alcohol/Titanium Dioxide and Polyvinyl 

Alcohol/Natural Dye Nanocomposites. 
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     (PVA/TiO2) nanocomposites exhibit a temperature-dependent change 

in their electrical conductivity, as depicted in Figure (4.58), At low 

concentrations, raising temperature rises the electrical conductivity of 

(PVA/TiO2) nanocomposites. For these materials, an increase in 

temperature results in fall in resistance, indicating that their thermal 

coefficient of resistance is negative. Because of the hopping mechanism, 

polymer chains and titanium dioxide nanoparticles operate as reservoirs 

for charge carriers on the move [127]. When the temperature of the 

polymer is raised, portions for polymer begin to migrate, freeing the 

imprisoned charge [98]. Molecular mobility is intricately linked to the 

release of trapped charges [128]. 

     Two primary causes, charge carriers and charge mobility, may account 

for the temperature-dependent rise in conductivity. Carriers' mobility is 

determined by the structure and the temperature[86]. 

     The temperature dependence of electrical conductivity in 

nanocomposites (PVA/TiO2 berry, crocus, and pomegranate dyes) is 

showed in Figures 4.59, 4.60, and 4.61. Electrical conductivity of 

(PVA/TiO2 berry, crocus and pomegranate dyes) nanocomposites rises 

with increasing temperature[129]. It also rises in correlation with the 

content of natural dyes. When subjected to temperatures between 30-

70°C, nanocomposites coloured with PVA/TiO2 berry, crocus, and 

pomegranate dyes showed optimum performance in an exponential or 

linear temperature response. Electrical conductivity was found to increase 

with temperature in PVA/TiO2 berry, crocus, and pomegranate dye 

nanocomposites, according to the study's authors, suggesting that heating 

rates may affect the strength of the electric field or the electrical 

conductivity[130]. 



 

Figure -4.58 : Changes in the DC electrical conductivity of (PVA/TiO2) 

nanocomposites are temperature dependent. 

    

        Figure -4.59  : Conductivity of (PVA/TiO2berry dye) nanocomposites in 

direct current as a function of temperature  
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Figure -4.60 : The change in (PVA/TiO2/crocus dye) nanocomposites' direct 

current electrical conductivity as a function of temperature. 

 

       Figure -4.61 : Changes in the direct current electrical conductivity of 

(polyvinyl alcohol)/(titania oxide)/(pomegranate dye) nanocomposites as a 

function of temperature 

4.4.3  The Temperature Dependence of the Direct Current Electrical 

Resistivity(ρ) of Polyvinyl Alcohol/Titanium Dioxide and Polyvinyl 

Alcohol/Natural Dye Nanocomposites. 

     Electrical resistivity(ρ) of (PVA/TiO2) nanocomposites with relation 

to the temperature range depicted in Fig.(4.62). At low concentrations, 

the electrical resistivity of (PVA/TiO2) nanocomposites drops as the 

temperature rises. Figure (4.62) is the reciprocal of Figure (4.58) and the 

reason for this is that the resistance is the reciprocal of the conductivity 

according to Equation (2.19). The decrease in electrical resistivity may be 
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attributed to the homogeneity of (PVA/TiO2) nanocomposites (the lack of 

defects), and this clues to a growth in the focus of free electrons and thus 

a decrease in the resistance[131]. 

     The Variation of electrical resistivity for (PVA/TiO2/berry, crocus and 

pomegranate dyes) nanocomposites with temperature is shown in Figures 

(4.63), (4.64) and (4.65),respectively. The electrical resistivity of 

(PVA/TiO2/berry, crocus and pomegranate dyes) nanocomposites 

decrease with increasing temperature and decrease with increase 

concentration of natural dyes. This can be attributed to the 

agglomerations that occur in the nanocomposite, as mention clause 

(4.2.3) as well as the synthesis of localized levels that increase the 

conductivity and decrease the resistance[132].  

 

Figure -4.62 : Changing temperature effects on the direct current electrical 

resistivity of (poly(vinyl alcohol)/titanium dioxide) nanocomposites 
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Figure -4.63 : Changes in the direct current (D.C) electrical resistivity of 

(PVA/TiO2/berry dye) nanocomposites as a function of temperature 

 

Figure -4.64 : Changes in the DC electrical resistivity of (PVA/TiO2/crocus dye) 

nanocomposites as a function of temperature 
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Figure -4.65 : Changes in the DC electrical resistivity of (PVA/TiO2/pomegranate 

dye) nanocomposites as a function of temperature. 

4.4.4 The (Polyvinyl alcohol)/Titanium dioxide) Nanocomposites 

Activation Energy.    

     An equation(2.20) is used to determine activation energy, and the 

findings demonstrate that (PVA/TiO2) Nanocomposites have activation 

energies ranging between (0.60-0.29) eV. Fig. (4.66)  shows a 

relationship between lnσ and the negative absolute temperature for 

(PVA/TiO2). When modest quantities of titanium dioxide nanoparticles 

are added to all samples, levels of activation energy go down in contrast 

for high values found in the pure polymer state. On the other hand, the 

figure (4.67) show the  increasing the titanium dioxide nanoparticle 

concentrations, with more local centers, the activation energy drops. 

Charge carriers, which move by hopping between energy levels, are 

trapped when low concentrations are added, thereby closing the forbidden 

energy gap [113,118].  

     Nanocomposites' activation energy is the labor required to create a 

network of titanium dioxide nanoparticles with pathways inside charge 

carrier conveyance polymer matrix, lowering activation energy ,as 

mention (4.2.1)[ 120]. 

      These nanocomposites (PVA/TiO2/berry, crocus, and pomegranate 

dyes) are shown in Figures (4.68), (4.69), and (4.70), which exhibit the 

relationship between lnσ and absolute temperature. Which shows a 

somewhat linear function between them .The calculations showed that the 
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activation energies of the(PVA/TiO2/berry, crocus and pomegranate dyes)  

nanocomposites decreased with the increase in the concentration of 

natural dyes, table (4.5), (4.6), (4.7) and (4.8)  showed variation energy 

activation with berry, crocus and pomegranate dyes dyes . Where the 

energy activation decrease (0.56-0.20) eV, (0.29-0.20) eV and (0.54-0.19) 

eV, when the concentration was increased from 0.5-4ml for berry, crocus 

and pomegranate dyes, respectively, look in figures (4.71), (4.72) and 

(4.73).  

     The natural dyes captured photons with lower energies than the 

concentrated dye (4ml) because they worked between the valence and 

conduction beams, and because atoms formed local levels. This explain 

the low optical energy gap, as mention paragraph(4.3.4) [117]. 

 

Figure -4.66: Changes in the inverse absolute temperature dependence of the 

Lnσ D.C electrical conductivity of (PVA/TiO2) nanocomposites. 

 

-16

-15

-14

-13

-12

2.9 3 3.1 3.2 3.3

L
n


D

.C
 (

W
 . 

cm
)-1

 

1000/T (K-1) 

PVA

PVA/TiO2 1wt.%

PVA/TiO2 2wt.%

PVA/TiO2 3wt.%

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

0 10 20 30

E
a
 (

eV
) 

Con. of TiO2 nanoparticales 



Figure -4.67: Changes in the activation energy for nanoparticle TiO2 and its 

Impact on DC Electrical Conductivity 0.3 wt.% in poly(vinyl alcohol)/titania 

(PVA/TiO2) nanocomposites. 

 

Figure -4.68: Changes in Lnσ D.C plotting electrical conductance versus inverse 

absolute temperature to (PVA/ TiO2 /berry dye) nanocomposites 

 

Figure -4.69: Changes in Lnσ D.C plotting electrical conductance versus inverse 

absolute temperature to (PVA/ TiO2 /crocus dye) nanocomposites. 
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Figure -4.70: Changes in the inverse absolute temperature dependence of the 

Lnσ D.C electrical conductivity of (PVA/TiO2/pomegranate dye) 

nanocomposites. 

 

Figure -4.71: Changes in the activation energy for the direct current (DC) 

conductivity of (PVA/TiO2/berry dye) nanocomposites as a function of berry dye 

concentration. 
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Figure -4.72: Changes in the activation energy for the direct current (DC) 

conductivity of (PVA/TiO2/berry dye) nanocomposites as a function of berry dye 

concentration. 

 

Figure -4.73: Changes in the activation energy for the DC electrical conductivity 

of (PVA/TiO2/pomegranate dye) nanocomposites as a function of crocus dye 

concentration. 

Table -4.5: Variation of activation energy proportional to the concentration of 

nanoparticles of TiO2. 

samples activation energy(Eac) eV 

PVA 0.60 
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E
a
 (

eV
) 

Con. of pomegranate dye 
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E
a
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eV
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PVA/ TiO2 1wt.% 0.37 

PVA/ TiO2 2wt.% 0.33 

PVA /TiO2 3wt.% 0.29 

Table (4.6): Variation of activation energy with concentration of berry dye. 

 

 

Table (4.7): Variation of activation energy with concentration of crocus dye. 

samples activation 

energy(Eac) eV 

PVA/ TiO2/ crocus dye 1ml 0.29 

PVA/ TiO2/ crocus dye 2ml 0.24 

PVA/ TiO2/ crocus dye 3ml 0.23 

PVA/ TiO2/ crocus dye 4ml 0.20 

Table (4.8): Variation of activation energy with concentration of pomegranate 

dye. 

samples activation energy(Eac) eV 

PVA/ TiO2/ pomegranate dye 1ml 0.54 

PVA/ TiO2/ pomegranate dye 2ml 0.36 

PVA/ TiO2/ pomegranate dye 3ml 0.27 

PVA/ TiO2/ pomegranate dye 4ml 0.19 

4.5  Luminous and Nonluminous I-V Behavior of a SnO2/p-

Si  Heterojunction 

samples activation 

energy(Eac) eV 

PVA/ TiO2/ berry dye 1ml 0.56 

PVA/ TiO2/ berry dye 2ml 0.35 

PVA/ TiO2/ berry dye 3ml 0.28 

PVA/ TiO2/ berry dye 4ml 0.20 



     Due to its role in solar cell technology, tin dioxide (SnO2) is one of the 

semiconductors that is now being extensively researched. SnO2 powder is 

used in the vacuum thermal deposition procedure to create the junction 

SnO2/p-Si, which results in experimental I-V curves with a variety of 

behaviors depending on the environment in which the junction is being 

created. SnO2/p-Si will produce anisotype n-p heterojunction (HJ) since 

SnO2 is n-type with200±6 nm thickness and Si is p-type. Figures (4.74), 

(4.76), and (4.78) depict the I-V curves of the SnO2/p-Si heterojunction 

under both dark and light circumstances. Where (Id) represents the current 

in the dark, (It) represents the current in the lit environment, and the 

photocurrent is denoted by (Iph) (Iph=It-Id).  

To design a heterojunction, the energy gap and electronic affinity 

must be taken into account. It was found that the lattice constant of 

silicon and tin dioxide are close. The silicon lattice parameters  a=2.30 Å 

and b=2.55Å, also for lattice parameters  SnO2 a = b = 4.738Å. In 

addition, the coefficient of thermal expansion of the two separator 

materials was found to be close, and this is important to avoid 

dislocations at the interface separating them. 

 For evaluating the importance of each component under reverse and 

forward bias, among other situations, The properties of the current and 

voltage  I-V  curves when the dark very important. SnO2/p-Si HJ I-V 

characteristic at forward bias voltage falls within this region (-2 to 2 

Volt). These charts show how the current behaves in relation to the 

forward and reverse bias voltage. One of the optoelectronic characteristics 

for HJ is the current-voltage characteristic under light. The measurements 

are performed with incident power densities of (115 mW/cm
2
)[133]. 

     It is clear from Figures (4.75), (4.77) and (4.79) that the photocurrent 

increases as the bias voltage rises. An increase in the reverse bias voltage 

causes electron-hole couples to split, expanding the depletion region. 

     After covering it with (PVA/TiO2/berry, crocus, and pomegranate 

dyes) nanocomposites on the surface SnO2/p-Si, the efficiency of the 

solar cell increase. The efficiency(ƞ) increase from (4.7-4.9), (5.7-6) and 

(4.3-4.75) was recorded after being coated with(PVA/TiO2/berry crocus 

and pomegranate  dyes) nanocomposites, respectively as shown in the 

table below(4.9). The improvement in electro-catalytic activity is what is 



responsible for the performance improvement. As a result, the cell's series 

resistance decreases as Isc grows and increase Voc ,this result agree with 

Saad et al.[134].  

     However, it was noticeable that the dye acted as a photosensitive. This 

leads to more electrons being injected from natural dyes IV dye 

molecules to the conduction band of SnO2 upon light illumination, 

resulting in an enhancement of the photovoltaic parameters of the cell 

such as Isc and η. The reason behind the increased efficiency of the solar 

cell is the increased absorption of light by natural dyes, agree with 

Pratiwi et al. [135]. As a result, it has been proven that these films can be 

used as coverings for solar cells.  

Fig.(4.74) show the dark and illuminated (I-V) characteristics for a 

cell. The figure reveals the effect of illumination of the (I-V) plot. The 

decrease in illumination forward current Iph an compared with the dark 

forward current If is due to the generation of minority carriers 

photocurrent which are annihilated by majority carriers dark current . The 

forth quadrat curve in this fig. represent the photovoltaic performer in 

which the power can be existed from the cell. The open circuit voltage 

Voc given from this curve. 

The potential energy landscape at the contact (but inside the active 

layer) dominates the minority carrier current for low-voltage operation 

(diffusion-limited). The effect of the hole-induced space charge on the 

dominant electric field may be disregarded if the hole density at the anode 

contact is not excessive. The anode contact can be thought of as "neutral" 

in this situation because of the low energy level bending there. Is(30 mA) 

and the short circuit current density Isc is (35). A reasonable prediction 

may be obtained from the dark current under reverse bias It is a noticeable 

urination in dark current with reverse bias voltage ,this effect can be 

attributed to the carrier generation inside the depletion region. 

A semi-log (I-V) plot under forward bias is represent . this figure 

shows that forward current consist of the region represent recombination 

current, while the second represents the tunneling current ,i.e SnO2/p-Si 

heterojunction obeys the tunneling recombination model. This results is 

in agreement with results obtained by Saad et al.[134],represent by spray 

chemical analysis. 

      



     

     

 

 

Figure (4.74) I-V behavior for SnO2/p-Si under P=115 mW/cm
2
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Figure (4.75) I-V behavior for SnO2/p-Si under P=115 mW/cm
2
 after being 

coated with PVA/TiO2/  berry dye 4ml

 

Figure (4.76) I-V behavior for SnO2/p-Si under P=115 mW/cm
2
. 

 

Figure (4.77) I-V behavior for SnO2/p-Si under P=115 mW/cm
2
 after coating 

(PVA/TiO2/ crocus dye 4ml).  
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Figure (4.78) I-V behavior for SnO2/p-Si under P=115 mW/cm
2
. 

 

 

Figure (4.79) I-V behavior for SnO2/p-Si under P=115 mW/cm
2
 after coating 

(PVA/TiO2/ pomegranate dye 4ml). 

 

 

Table (4.9): Variation of the I-V for SnO2/Si solar cell before and after coating 

by (PVA/TiO2/ berry, crocus and pomegranate dyes) nanocomposites 

Dye Im Vm Isc Voc F.F Ƞ% 
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(mA) (v) (mA/cm
2
 ) (v) 

Berry dye before 18 0.3 30 0.45 0.40 4.7 

after 31 0.18 35 0.42 0.35 4.9 

Crocus dye before 20 0.33 32 0.44 0.46 5.7 

after 29 0.24 38 0.40 0.45 6 

Pomegranate dye before 17 0.29 23 0.50 0.42 4.3 

after 26 0.21 30 0.48 0.37 4.75 

 

Conclusions 

     From the obtained results and discussions ,the following points are 

concluded:  

1- The Fourier transformation-infrared spectroscopy(FTIR) recorded 

vibrational peak for nanocomposites concentrations, but when added 

(TiO2 3wt.%) decreases the FT-IR spectra. The peak of IR-rad 

transmittance denotes a shift in peak locations and the creation of a new 

peak, which is due to the interaction of PVA and dye. Conjugated bonds 

appeared for the anthocyanin, anthocyanid and carotenoid core chains 

observed in berry, pomegranate and  crocus respectively. 

2-morphology of PVA/TiO2 agglomerates, as seen by FE-SEM, 

demonstrates porous irregular cauliflower-like characteristics, while the 

morphology of TiO2 shows the creation of tiny clusters of spherical shape 

particles. It was discovered that nanocomposites had spherical shape and 

grain sizes of 47.11 nm. From the images it can be remarked seen that the  

increase in particle size because increase concentration of TiO2.  

3-The (PVA/TiO2/berry, crocus and pomegranate dyes) nanocomposites  

show that the absorbance is increasing with increasing concentration of 

natural dyes. Absorbance increases with increasing concentration of 

natural dyes from(1-4)ml. These films absorb visible light according to 

their wavelengths and can be used as a photosensor in solar cells. The 

transmittance decrease with increase concentration of TiO2, and recorded 

highest peak at 81.9% in crocus dye. The absorption coefficient has high 

values (α>10
4
cm

-1
), indicating that the direct transition has a high value. 



The energy gap decreases(3.64-3,58)eV with increase concentration TiO2, 

also the lowest possible energy gap was recorded for Pomegranate dye 

(3.32-3.26)eV 

4-      The electrical conductivity(σd.c)  at a concentration of 2% was 

reached (4.81 ×10
-6

, 4.9 ×10
-6

 and 6.4 ×10
-6

) (ohm.cm)
-1

 for berry, crocus 

and pomegranate dyes, respectively. The electrical conductivity of 

(PVA/TiO2 berry, crocus and pomegranate dyes) nanocomposites 

increase with increasing temperature. It also shows a high values in 

correlation with the content of natural dyes. The activation energy show 

decrease(0.60-0.29) eV with  increasing TiO2 nanoparticle concentrations 

5- An improvement of the conversion efficiency (4.3-4.75%). 

6- SnO2 films were deposited onto n-Si by thermal vacuum evaporation 

to introduce anisotopic heterojunction solar cell.  

Future Work 

1-  Studying the  mechanical and thermal characteristics of 

nanocomposites (PVA/TiO2/chemically produced dyes). 

2- Studying the PVA polymer film with natural colours and the impact of 

nanoparticles like ZnO on their optical and structural qualities. 

3- Study of Spraying the nanocomposite along with the current 

investigation as a comparison. 

4- Comparative study addition of natural and synthetic dyes and their 

effects on the (PVA/TiO2) nanocomposite. 
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 الخلاصت

بئٙ أكغٛذ ُثزشكٛضاد يخزهفخ يٍ ث (PVA/ TiO2) فٙ ْزِ انذساعخ ، رى رحضٛش أؿشٛخ

٪ ثبنٕصٌ( ثبعزخذاو ػًهٛخ انطلاء انذٔسا1َٙ ثى رى رحضٛش أسثؼخ أؿشٛخ 3،  1،  1،  1انزٛزبَٕٛو )

يٍ أطجبؽ انزٕد ٔانضػفشاٌ  يم (1,2,3,4ثأسثغ َغت يخزهفخ ) PVA+ TiO2 ٪ ثبنٕصٌ   يٍ

َبَٕيزش  3±  772ثبَٛخ ثغًك  10نكم  ثبنذقٛقخ دٔسح711ٔانشيبٌ ، ثجٓبص انذٔساٌ انًـضنٙ 

 لاو1فعًك نلأ

انُبَٕٚخ داخم انجٕنًٛش  TiO2 أظٓشد َزبئج انًجٓش انضٕئٙ ركٍٕٚ شجكخ يٍ جضٚئبد

رسٔح  (FTIR) انحًشاءانزٙ صادد يٍ حشكخ الإنكزشَٔبد1 عجم يطٛبف فٕسّٚٛ نلأشؼخ رحذ 

 ٚقهم يٍ أطٛبف TiO2 ٪ ثبنٕص3ٌ اْزضاصٚخ نزشكٛضاد انًزشاكجبد انُبَٕٚخ ، ٔنكٍ ػُذ إضبفزٓب

FT-IR  ، رشٛش رسٔح َفبرٚخ الأشؼخ رحذ انحًشاء إنٗ رحٕل فٙ يٕاقغ انزسٔح ٔخهق رسٔح جذٚذح

الأَثٕعٛبٍَٛ ٔانظجـخ1 ظٓشد انشٔاثظ انًقزشَخ نغلاعم  PVA ٔٚشجغ رنك إنٗ رفبػم

ٔالأَثٕعٛبَٛذ ٔانكبسٔرُٕٛٚذ انزٙ نٕحظذ فٙ انزٕد ٔانشيبٌ ٔانضػفشاٌ ػهٗ انزٕان1ٙ لاحظذ 

 رظُٓش إَشبء يجًٕػبد طـٛشح يٍ جضٚئبد TiO2 انشكم انغطحٙ ل أٌ FE-SEM طٕس

راد انخظبئض انشجٛٓخ  PVA/ TiO2 انكشٔٚخ انشكم ، ثبلإضبفخ إنٗ انشكم انغطحٙ نزكزلاد

ظ انًغبيٛخ1 رى اكزشبف أٌ انًزشاكجبد انُبَٕٚخ نٓب شكم كشٔ٘ ٔأحجبو حجٛجبد رجهؾ ثبنقشَجٛ

 َبَٕيزش1 يٍ انظٕس ًٚكٍ يلاحظخ أٌ انضٚبدح فٙ حجى انجغًٛبد ثغجت صٚبدح رشكٛض 25116

TiO21 

أٌ الايزظبص /PVA/ TiO2) انزٕد ٔانضػفشاٌ ٔانشيبٌ (شاكجبد انُبَٕٚخ زرظٓش انً      

دح رشكٛض الأطجبؽ انطجٛؼٛخ1 أظٓشد انُزبئج أٌ الايزظبص ٚزضاٚذ يغ صٚبدح رشكٛض ٚزضاٚذ يغ صٚب

(1 رًزض ْزِ الأفلاو انضٕء انًشئٙ ٔفقبً لأطٕانٓب انًٕجٛخ 115-2)%الأطجبؽ انطجٛؼٛخ يٍ 

 TiO2 زُبقض انُفبرٚخ يغ صٚبدح رشكٛضرًٔٚكٍ اعزخذايٓب كًغزشؼش ضٕئٙ فٙ انخلاٚب انشًغٛخ1 

 <α) ٪ فٙ طجؾ انضػفشا1ٌ يؼبيم الايزظبص نّ قٛى ػبنٛخ8119، ٔعجهذ أػهٗ رسٔح ػُذ 

10
4
عى  

-1
-3158( ، يًب ٚشٛش إنٗ أٌ الاَزقبل انًجبشش نّ احزًبنٛخ ػبنٛخ1 رقم فجٕح انطبقخ )

-  3156، كًب رى رغجٛم أدَٗ فجٕح طبقخ يًكُخ نظجـخ انشيبٌ ) TiO2 ( يغ صٚبدح رشكٛض3162

، كًب رضداد ثضٚبدح رشكٛض  TiO2 فٕنذ1 رضداد انثٕاثذ انضٕئٛخ ثضٚبدح رشكٛضكزشٌٔ ان( 3166

 .طجـخ انضػفشاٌ ٔانزٕد ٔطجـبد انشيبٌ

10×) %2ثزشكٛض  (σd.c) رى انٕطٕل إنٗ انًٕطهٛخ انكٓشثبئٛخ
-6

2181  ٔ×10
-6

219 

ٔ
6

×10
-

)أٔو1عى(  )612
-1

لأطجبؽ انزٕد ٔانضػفشاٌ ٔانشيبٌ ػهٗ انزٕان1ٙ رشرفغ انًٕطهٛخ  

( يغ صٚبدح دسجخ PVA / TiO2) انكٓشثبئٛخ نًشكجبد انُبَٕ )انزٕد ٔانضػفشاٌ ٔانشيبٌ/

انحشاسح1 كًب أَّ ٚشرجظ اسرجبطًب ٔثٛقبً ثًحزٕٖ الأطجبؽ انطجٛؼٛخ1 ًٚكٍ أٌ ٚؼُضٖ الاَخفبع فٙ 

)ٔجٕد ػٕٛة قهٛهخ( ، ْٔزا ) (PVA / TiO2) َظ انًشكجبد انُبَٕٚخانًقبٔيخ انكٓشثبئٛخ إنٗ رجب

ٚؤد٘ إنٗ صٚبدح رشكٛض الإنكزشَٔبد انحشح ٔثبنزبنٙ اَخفبع انًقبٔيخ1 رظٓش طبقخ انزُشٛظ 

انُبَٕٚخ1 كًب رى رغجٛم  TiO2 (انكزشٌٔ فٕنذ يغ صٚبدح رشاكٛض جضٚئبد1161- 1119اَخفبضًب )

 – 1) (انكزشٌٔ فٕنذ ػُذ صٚبدح انزشكٛض ي0.19ٍ-0.54نشيبٌ )أقم طبقخ رُشٛظ يًكُخ نظجـخ ا

 .( يم2



فٙ ظم ظشٔف انظلاو ٔانضٕءSnO2/ p-Si  1 نهٕطهخ انًزـبٚشح I-V رى ػشع يُحُٛبد       

انزٕد ، انضػفشاٌ ، ٔأطجبؽ  انزٛبس انضٕئٙ يغ اسرفبع جٓذ انزحٛض1 ثؼذ إضبفخ طجقخ يٍ) دادٚض

، رضداد كفبءح انخهٛخ انشًغٛخ1 رى رغجٛم  SnO2/ p-Si ػهٗ عطح / PVA / TiO2)انشيبٌ 

 / PVA)شاكت انُبَٕ٘ )طجـخ انشيبٌ ز( ثؼذ انطلاء ثبن213ً٪ -2175٪(( يٍ ƞصٚبدح انكفبءح )

TiO2 /1 نزنك ، ًٚكٍ اعزخذاو ْزا انفٛهى كـطبء نهخلاٚب انشًغٛخ). 
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