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             In this study, the (CMC-PVA/Mg-Chlorophyll) and (CMC/PVP/Mg-

Chlorophyll) nanocomposite has been prepared by using casting method with 

variant content of Mg-Chlorophyll nanoparticles (2, 4, 6 and 8) wt.%. The 

structural, morphological and optical properties of (CMC-PVA/Mg-Chlorophyll) 

and (CMC-PVP/Mg-Chlorophyll) nanocomposite have been investigated. The 

structural properties include X-ray diffraction (XRD), optical microscope (OM), 

field emission scanning electron microscope (FESEM) and  Fourier transformation 

infrared ray (FTIR). 

      The XRD obtained that the semicrystalline structure of CMC-PVA and CMC-

PVP polymer blend and with added different concentration of Mg-Chlorophyll 

Pigments (2, 4, 6 and 8 wt.%), the intensity increased and there are no peaks 

appears, which due to the low concentration added to the CMC-PVA and CMC-

PVP polymer blend and also due to the broad peaks of the CMC-PVA and CMC-

PVP which disappear all peaks.  

    From the optical microscope and Field Emission Scanning Electron Microscope 

the images showed the Mg-Chlorophyll) form a continuous network inside the 

CMC-PVA and CMC-PVP polymer blend at concentration of 8 wt.%. 

     FTIR spectra shows shift in some bonds and change in the intensities and 

proved that there are no interactions between the CMC-PVA and CMC-PVP 

polymer matrix and Mg-Chlorophyll nanoparticles. 

      The optical properties exhibited that the absorbance, absorption coefficient, 

extinction coefficient, refractive index, real and imaginary parts of dielectric 

constants and optical conductivity are increased with increasing the concentration 
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of Mg-Chlorophyll nanoparticles, while the transmittance and the indirect energy 

gap decreased with the increasing concentration of Mg-Chlorophyll nanoparticles. 

application of the (CMC-PVA/Mg-Chlorophyll) and (CMC-PVP/Mg-Chlorophyll) 

nanocomposite  for  attenuation of electromagnetic waves .  
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1.1 Introduction 

        Since ancient times, polymers have been used on a large scale, and among 

the oldest known polymers at that time are polymers of natural origin 

(cellulose, leather), which consist mainly of polymers[1]. 

In the nineteenth century, contrary to what some believe, the composition of 

polymers was unknown until two centuries ago, when scientists sought to 

determine how these materials were formed, and to seek to establish a way to 

achieve their artificial manufacture [1]. The first time the term “polymers” was 

used was in 1833, thanks to the Swedish chemist Jöns Jacob Berzelius, who 

used it to refer to substances of an organic nature having the same empirical 

formula but different molar masses. After some experiments to obtain synthetic 

polymers from the transformation of natural polymeric species, the study of 

these compounds gained more importance. The purpose of these investigations 

was to optimize the already known properties of these polymers and obtain 

new materials that could fulfill specific purposes in various fields of science 

[2]. In the twentieth century Scientists noticed that the rubber was soluble in a 

solvent of an organic nature, and then the resulting solution showed some 

unusual properties, and the scientists were worried and did not know how to 

explain them. From these observations, they conclude that materials like this 

exhibit very different behavior from smaller particles, as they can see while 

studying rubber and its properties [3]. From these observations, they conclude 

that materials like this exhibit very different behavior from smaller particles, as 

they can see while studying rubber and its properties. They pointed out that 

these phenomena, which were also manifested in some materials such as 

gelatin or cotton, made scientists at the time believe that these types of 

materials were composed of aggregates of small molecular units, linked by 
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intermolecular forces. Although this erroneous thinking lingered for several 

years, the definition that persists to this day is the definition given to it by the 

German chemist and Nobel Prize winner in Chemistry, Hermann Staudinger 

[1]. 

      The twenty-first century the current definition of these structures as 

macromolecular substances bound by covalent bonds was formulated in 1920 

by Staudinge. The development of the so-called "polymer chemistry" began 

and since then has only captured the attention of researchers all over the world. 
Nowadays, polymeric macromolecules are being studied in different scientific 

fields, such as polymer science or biophysics, where materials resulting from 

linking monomers through covalent bonds are investigated in different ways 

and purposes[4]. 
        In general, most polymers were only used to make low-cost items that 

were only used for a few jobs. And due to the rapid technological progress, it 

was necessary to replace some industrial materials with newer materials or to 

reinforce and strengthen the base material with fillers added to the base 

material to obtain superior specifications [5]. 

1.2 Polymer Structure  

       Polymers are large organic molecules (macromolecules) composed of 

small structural components (monomers) linked together in a polymerization 

process. Each molecule is made up of thousands of atoms that are connected by 

covalent chemical bonds, and molecules in polymers are attracted to one 

another by forces that vary depending on the polymer type [6]. 

       Polymerization is the method of creating synthetic polymers by combining 

smaller molecules, called monomers, into a chain held together by covalent 

bonds. The process causes the molecules to bond in a linear, branched, or 
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network structure, resulting in polymers [7]. These chains of monomers are 

also called macromolecule. As in the figure  (1.1) show polymerization 

reaction, a large number of monomers become connected by covalent bonds to 

form a single long molecule [8]. 

 

Figure (1.1) : show  polymerization reaction[8]. 

1.3 Classification of Polymers 

1.3.1 Thermal classification of polymers 

         Polymers are classified according to the effect of temperature into:  

a. Thermoplastic polymers: 

The properties of these polymers are changed by the effect of temperature. 

When the temperature increases, they become flexible and sticky. By lowering 

temperature, these polymers return to their original solid state because the 

molecules in a thermoplastic polymer are connected by relatively weak 

intermolecular forces (Vander Vales forces). When heated, these molecules can 

http://faculty.uscupstate.edu/llever/Polymer%20Resources/IM_Forces.htm
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slide over each other as in polystyrene, polyethylene, polypropylene and polyvinyl 

chloride [9]. 

b. Thermoset Polymers: 

These polymers are chemically changed when heated. Thermosets are 

usually three-dimensional networked polymers in which there is a high degree of 

cross-linking between polymer chains. After being heated, these polymers become 

insoluble, non-conductive of heat and electricity and hard because molecules of 

these polymers are connected by strong covalent chemical. Phenol formaldehyde 

resin and urea-formaldehyde resin are examples of this type of polymers [10].  

1.3.2 Structural classification of polymers 

   Polymers are classified according to their structural composition [11], as 

shown in the figure: 

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

polyethylene and nylon.                                                                                      

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

polymers - lower density.                                                                    

3. Cross-linked polymers: chain is connected by covalent bonds. Often, it is 

achieved by adding atoms or molecules that form covalent links between 

chains. Many rubbers have this structure. 

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

epoxies and phenol-formaldehyde [11]. 

http://faculty.uscupstate.edu/llever/Polymer%20Resources/Topology.htm#network
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Figure (1.2): Polymer Chains (a) Linear polymers  (b) Branched polymers 

(c) Cross-linked  (d) Network polymers [11]. 

1.3.3 Polymers dependent on homogeneity  

        Polymers are classified depending on the homogeneity of repeating units into: 

a. Homo polymers: 

      Where the building blocks of a polymer are of one type in poly therphethals 

ethylene [12]. 

b. Copolymers: 

      Where the building blocks of a polymer are more than one type, as in the 

polymer styrene – butadiene [13]. 

c. Composite Polymers: 

        It is the process of adding some material to homogeneous polymers in order to 

change in some of its characteristics and the entering of new recipes on it [14]. 

1.4 Polymer Blends 

 A polymer blend is a mixture of two or more polymers that have been 

blended together to create a new material with different physical properties. 

Generally, there are five main types of polymer blend: thermoplastic–thermoplastic 
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blends, thermoplastic–rubber blends, thermoplastic–thermosetting blends, rubber–

thermosetting blends, and polymer–filler blends. Polymer blending has attracted 

much attention as an easy and cost-effective method of developing polymeric 

materials that have versatility for commercial applications. In other words, the 

properties of the blends can be manipulated according to their end use by correct 

selection of the component polymers [15]. 

1.5 Biopolymer 

 Biopolymers are renewable, environmentally friendly and biodegradable 

materials, which can be used as an ideal substitute for petroleum-based polymers 

that are synthetic in nature. However, their impact strength, tensile strength, 

permeability, and thermal stability are relatively low [16]. Hence, the best 

approach to improve the properties and commercial importance of biopolymers is 

to incorporate reinforcement material within the micro or nanoregime [17]. The 

resulting materials are called as environment-friendly polymer composites or 

biopolymer composites. These composites have a diverse range of next-generation 

applications in medicine, electronics, construction, packaging and automotive 

sectors [18]. 

1.6 Composite Materials 

       Composite materials are those in which a second component with quite 

different qualities is mixed in with the polymer so that both contribute to the 

product's properties. The added component is thought to reinforce the product by 

increasing its strength or hardness [19]. Composite materials originate in a number 

of shapes and sizes, and they're made in a diversity of ways. Carbon and glass 

fibers are the greatest common, and they can be mixed with a diversity of polymer 

matrices. Their high specific strength, low density, stiffness, excellent fatigue 

endurance, and low thermal coefficient make them ideal for aerospace and military 
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applications (in the fiber direction), advanced composite materials possess seen 

increased use in the aerospace, marine, and automobile industries in recent decades 

[20]. A composite material system is made up of two or more distinct phases that, 

when combined, provide aggregate qualities that are unique from their component 

properties. Composites may be quite useful. Polymer nanocomposites have a wide 

range of uses, including protective coatings and computer chip packing (insulation) 

their high strength, temperature stability, process ability and chemical resistance. 

Improvements in mechanical characteristics and thermal stability [21]. 

The following two levels of classification are often used to classify composite 

materials [22]:  

1- Typically, the initial stage of categorization involves considering the element of 

the matrix. The primary categories of composite materials are Organic Matrix 

Composites (OMCs), Metal Matrix Composites (MMCs), and Ceramic Matrix 

Composites (CMCs). The phrase "organic matrix composite" often encompasses 

two distinct categories of composites: Polymer Matrix Composites (PMCs) and 

carbon matrix composites, sometimes known as carbon composites.  

2- The second tier of categorization pertains to the type of reinforcement employed 

in composite materials, namely fiber reinforced composites, laminar composites, 

and particle composites. 

1.7 Materials Used in The Study 

1.7.1 Polyvinyl Alcohol (PVA) 

 Polyvinyl alcohol (PVA) is in the form of white granules [22]. PVA has 

attractive properties such as the ability to dissolve in water and its resistance to the 

action of solvents and oils and has an exceptional ability to adhere to cellulosic 

materials, so it has wide used. High tensile strength and storage capacity, and 

electrical and optical properties depending on the type of impurities added [23]. It 
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is a non-toxic, biocompatible synthetic polymer, that has good transparency and 

high dielectric strength [24]. PVA is a cheap polymer and is eco-friendly having 

excellent film forming and adhesive properties, good chemical and mechanical 

stability and high potential for chemical cross-linking [25]. It has a carbon chain 

backbone with hydroxyl groups attached to methane carbons/these (OH) groups 

can be a source of hydrogen bonding and hence assist the formation of polymer 

composite, polyvinyl alcohol semi- amorphous [26]. 

 The degree of polymerization of PVA (of formula [CH2CH(OH)]n with « n » 

is the number of monomers in a macromolecule) is related to the degree of 

hydrolysis (each monomer contains one OH groupment) and both affect its 

solubility. It is well known that when the degree of polymerization of PVA 

increases, its molecular weight increases. It has been shown that, at a given 

temperature, the solubility of PVA decreases with increasing molecular weight 

[27]. Figure (1.3) shows the chemical structure of PVA. Table (1-1) explain some 

physical and chemical properties of PVA [27]. 

 

Table (1.1): Physical and Chemical Properties of Polyvinyl Alcohol (PVA) [27]. 

Property Description 

Appearance White to an ivory white granular powder 

Molecular formula (C2H4O)n 

Solution PH 5- 6.5 

Density (g/cm3) 1.3 

Refractive index 1.55 

Glass transition temperature 

Tg(
oC ) 

85 

Melting temperature Tm(oC ) 230 

Molecular Weight MW (g/mol) 18000 
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Fig. (1.3): The chemical structure of Polyvinyl alcohol (PVA) [28] 

 

1.7.2 Carboxymethyl Cellulose (CMC) 

 The most common types of cellulose are the carboxy methyl cellulose 

(CMC). cellulose is a polymer of linear and large molecular weight, and a plant, 

renewable, and biodegradable material. although, due to hydrogen bonds that 

associated with molecular cellulose form does not quickly melt or dissolve in 

specific solvents. nevertheless, its water-soluble variants find different applications 

[29]. The aqueous solubility of CMC compared to insoluble cellulose is 

responsible for the existence of the carboxymethyl groups. CMC is; thus, a low 

polyaciddissociates to form carboxylate anionic functional groups. The 

physicochemical properties of polyelectrolytes like CMC in aqueous solution are 

intimately associated with their conformation. A primary factor affecting the 

conformation of CMC is the degree of substitution[29]. 

 CMC is used in various products, creams, lotions, and formulation of the 

toothpaste with which the strong sealing, thickening and stabilizing qualities are 

included. In fact, because of its polymeric composition, which functions as 

filmforming agent, it is also used to improve moisturizing effects. among 
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numerous other applications. CMC is often used for improvement of paper quality, 

as it inter-bonds between cellulose fibers[30]. The film CMC gel coated on 

cellulose fibers has enhanced the physical properties of paper for printing 

purposes. This is used as a drilling material, in addition to large usage of CMC in 

oil industry. In addition, CMC is applied as a dye thickening in textile industry. 

CMC as detergent and surfactant are used as anti-dirt agent for protection of fibers 

surface . CMC has been synthesized from raw cellulose, wood, paper [31].     

Cotton-linter fibres, banana trees, Lantana camara, and sugar beet pulp. the 

principal stage of carboxymethylation is the production of alkali cellulose, which 

has modified the crystalline structure of cellulose and increased the accessibility of 

fibers to chemicals by swelling [32]. Table (1.2) explains some properties of CMC 

[33]. 

 

Table (1.2): The Properties of CMC Polymer [33] 

Property Description 

Appearance white to fine powder 

Molecular Formula C8H16O8 

Solution PH 6.5–8.5 

Density (g/cm3) 1.6 

Refractive index 1.5-1.7 

Glass Transition Temperature Tg (°C) 135 

Melting Temperature Tm (°C) 274 

Molecular Weight MW (g/mol) 1.7×104 
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1.7.3 Polyvinyl Pyrrolidone (PVP)  

 Polyvinyl pyrrolidone  (PVP), commonly called polyvidone or povidene, is a 

water soluble polymer and other polar solvents [34]. Polyvinyl pyrrolidone (PVP) 

is a synthetic polymer, biocompatible, hemocompatible and has been applied as a 

biomaterial for many years. PVP is remarkable due to its ability to interact with a 

wide variety of hydrophilic and hydrophobic materials and has properties similar to 

those of a protein due to its pyrrolidone structure.  This material exhibits low 

immunogenicity, antigenicity and very low toxicity [35]. PVP has the formula 

(C6H9NO)n [36], as shown in figure (1.4): 

 

Fig. (1.4):The chemical structure of PVP [37] 

 

 

 PVP is synthesized by polymerization of vinylpyrrolidonein water or 

isopropanol, and is available in different grades based on molecular weights [38]. 

Polyvinyl pyrrolidone is a vinyl polymer possessing planar and highly polar side 

groups dueto the peptide bond in the lactam ring. It deserves a special attention 

among the conjugated polymers because of the high environmental stability, easy 

process ability and moderate thermal conductivity [39]. PVP is an amorphous and 

possesses high glass transition temperature (Tg) (109oC) due to the presence of the 
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rigid pyrrolidone group, which is known to form various complexes with inorganic 

salts [40], as shown in table (1.3). 

       Polyvinyl pyrrolidone has excellent characteristics such as highdielectric 

constant, dissolubility, stability and compatibility [41]. Polyvinyl pyrrolidonehas 

good film forming and adhesive behavior on many solid substrates and its formed 

films exhibits good optical quality (high transmission in visible range), and 

mechanical strength (easy processing required for application) [42]. PVP is a 

hydrogel that has been used for a number of biomedical applications. PVP is a 

branched polymer, more complicated than linear polymer [43,44].  

 

 

Table (1.3): Physical and chemical properties of polyvinyl pyrrolidone (PVP) [45,46] 
 

Property Description 

Appearance White to creamy-white 

Molecular formula (C6H9NO)n 

Density (g/cm3) 1.25 

Solution PH 3-7 

Refractive index 1.53 

Glass transition temperature Tg (
oC) 109 

Melting temperature Tm (°C) 150 

Molecular Weight MW (g/mol) 40000 

 

1.7.4 Mg-Chlorophyll Pigments 

 Chlorophyll pigment photosynthesis is done in green plastics of plant cells, 

and begins when chlorophyll A and other chromosomes absorb light. Chlorophyll 

absorbs all visible light colors except green. The colors of the spectrum are 

absorbed in varying proportions. Chlorophyll absorbs red and violet by a high 
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proportion, while it absorbs orange, yellow and blue by a low proportion. The 

absorption of light as such is accompanied by the absorption of the energy 

deposited in the light, which in turn makes chlorophyll charged with more energy 

than before the fall of light, and is called in this case "The light is excited and 

consists of optical particles called photons each containing its energy following the 

excitement of chlorophyll by electrons that then release the joking electrons from 

chlorophyll and loaded with high energy. Chlorophyll photosynthesis phases, 

collectively known as chlorophyll photosynthesis, are defined [47]. 

 The light ionization is that when light induces chlorophyll molecules, 

electrons acquire high energy that helps them release from chlorophyll making it 

positive for charge. Some of these high-energy electrons immediately return to 

chlorophyll and the excess energy soon dissipates in the form of heat or light that 

generates the fluorescent appearance of chlorophyll [48]. Other electrons are also 

received by a specialized type of molecule known as electronic vectors found in 

plastics along with chlorophyll, which carries these electrons from one to the next, 

accompanied by the gradually excessive energy loss used to build the energy 

compound (ATP). When the energy level in electrons reaches the same level as 

that found in chlorophyll before it was aroused by light, it reverts to the 

chlorophyll that is positive for equation and starts the cycle again [49], and the 

figure (1.5) shows the types of chlorophyll tinctures [49]. 
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Fig.(1.5): Types of chlorophyll dyes and chemical composition [49]. 

1.8 Literature Review 

 El Sayed, et al. in (2015) [50] fabricated the (CuO-CMC-PVA) 

nanocomposite films by using sol-gel process . The results showed that CMC film 

transparency of increase about (87 %) after PVA addition, but it’s decreased with 

CuO nanoparticles increases. The absorption increased by increase CuO 

nanoparticles in (CMC-PVA) polymer matrix. The refractive index decreased from 

(1.645) for CMC to (1.576) for (CMC-PVA) blend, but it increased with increase 

CuOnanoparticles where the refractive index becomes (1.852).  The current–

voltage (I–V) features of (CMC-PVA) blend and (CMC-PVA-CuO) 

nanocomposite films display a non-ohmic behavior. At low temperature the 

conduction technique of (CMC-PVA) blend is Schottky emission while at high 

temperatures, the Poole–Frenkel influence area in CuO nanoparticles additive. 
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 Kadhim, et al. in (2016) [51] studied some optical properties of (PVA-

PEG-PVP) blend by the addition of titanium oxide nanoparticles for biological 

application. The experimental results show that the absorbance of increases with 

increasing of the titanium oxide nanoparticles concentration. The energy band gap 

decreasing and also other optical constants of (PVA-PEG-PVP) blend is increased 

with the increasing of the titanium oxide nanoparticles concentration. 

 Bella et al. in (2016) [52] fabricated the (PVA-S-CMC) biopolymer blend 

by using casting method. SEM test showed that (CMC) dispersion thought the 

(PVA/S) blends and it showed cohesion with the blend. Beside that; the addition of 

CMC increases the thermal stability of (PVA-S) blend where thermal property of 

the (PVA-S-CMC) blend improved significantly. 

 Goswami, et al. in (2018) [53] studied the thin films of carboxymethyl 

cellulose (CMC) and PVA through the process of solution casting. The vanadium 

pent oxide (V2O5) was prepared to yield CMC/PVA-V2O5 bio-nanocomposites by 

in situ precipitation. The AC electrical conductivity was measured within the range 

of 500–100-1000 Hz. It was found that the conductivity rises along with the rise in 

frequency at room temperature. T is also responsible for the reduced band gap 

measured through the UV–VIS spectra. The nanocomposites seem to have strong 

electrical behavior. Consequently, after the formation of the CMC-PVA-V2O5 bio-

nanocomposite, the electrical, optical, and mechanical features of CMC films 

witness a significant improvement. Essentially, this improvement allows the bio-

nanocomposites to be applied in various field such as smart windows and storage 

devices. 
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         Al-Attiyah, et al. in (2018) [54] studied the effect of gamma radiation on DC 

electrical conductivity in (CMC–PVP–PVA–PbO2) nano-composites. Bio-

environmental applications are also used, such as gamma radiation sensor with low 

cost, low weight and high sensitivity. The structural and electrical properties of 

these nanocomposites are also studied. The FTIR spectra displays a shift in peak 

position, as well as a difference in form strength relative pure (CMC–PVP–PVA) 

films. This suggests a coupling between the respective vibrations of three polymers 

and lead oxide nanoparticles. It was observed that there is a decrease in 

transmittance due to a rise in the proportion of lead oxide nano-particles. The 

electrical properties of this type of nano-composites were measured at room 

temperature. The findings revealed that the DC conductivity of the (CMC–PVP–

PVA) blend rises whenever the rate of PbO2 nanoparticles increases. The electrical 

conductivity increases with radiation, induced by the development of polar on 

species by radiation.  The findings of the application revealed that the attenuation 

coefficients for gamma radiation improved with the rise in nano particles. 

  Al-Attiyah, et al.in (2019) [55] studied the synthesis of novel nano-

composites using carboxymethylcellulose (CMC), poly-vinyl pyrrolidone (PVP), 

and PVA lead oxides nano-particles (CMC–PVP–PVA–PbO2). They observed the 

influence of PbO2nano-particles on the optical characteristics of the (CMC–PVP–

PVA) mixture. These nanoparticles were applied to the polymer mixture using 

weight percentages of (40, 30, and 30) for each of the carboxymethylcellulose, 

poly-vinyl pyrrolidone, and PVA respectively, with concentrations of 2, 4, 6 and 8 

wt%. Considering the optical characteristics of these nanocomposit, the 

experimental findings indicated an improvement of the absorbance (A), the 

absorption coefficient the refractive index (n), the extinction coefficient (k), the 

real and imaginary isolation constants and the optical conductivity of the mixture 
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(CMC–PVP–PVA) with a rise in wt. percentage of PbO2 NPs. The energy gap of 

this blend declined with the rise in PbO2 NP concentration. 

 Abid, et al. in (2020) [56] studied the polymer mixture of PVA-PVP-C.B 

(Carbon Black) nano-composites. These nano-composites have been prepared and 

by means of the casting process. The optical properties, FTIR and optical 

microscope were examined as well. The absorbance of these nanocomposites 

increased with the rising rates of carbon black nanomaterial concentrations. The 

energy gap of the nano-composites has decreased with the increase in carbon black 

(C.B) concentrations. The refractive index, coefficient of absorption, coefficient of 

extinction, and real and imaginary constants of dielectric of these nano-composites 

increased along with the increase of carbon black concentrations. 

 Toman, et al. in (2021) [57] prepared (PbO/PVA/PEG) nanocomposites by 

combining lead oxide weight concentrations (0,1,3,5,7)% wt. The optical 

microscopy, FTIR and electrical properties of nanocomposites (PVA-CMC/PbO) 

were studied. The dielectric constant dropped with decreasing dielectric loss, 

whereas the frequency increased with introducing an electric field. The dielectric 

loss and constant dielectric of all increased samples with the quantity of lead oxide. 

 Al-Muntaser, et al. in (2022) [58] PVA/CMC-SrTiO3nanocomposites films 

were prepared using solution casting method. XRD results demonstrate that the 

crystallinity degree decreases as the content of SrTiO3 NPs increases. The optical 

properties of PVA/CMC-SrTiO3nanocomposites were enhanced after loading 

SrTiO3NPs.The relaxation processes and dielectric dispersion of the prepared PNC 

films were examined and discussed. The findings depicted the applicability and 

potential uses of these PNC films as advanced optoelectronic applications. 
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1.9 Aims of the Work 

   The general objective of this work is: 

1. Preparation of chlorophyll to be used as a filler to improve the properties of 

polymers (CMC-PVA) and (CMC-PVP) blend. 

2. Studying some physical properties (morphology, structure, optical) of 

(CMC-PVA/Mg-Chlorophyll) nanocomposites and CMC-PVP/Mg-

Chlorophyll) to know the appropriate application of these films.  

3. Applying for the attenuation electromagnetic radiation. 
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2.1 Introduction  

 This chapter includes a general description of the theoretical part of this 

study, physical concepts, relationships, scientific clarifications, and laws used to 

interpret the study results of morphology, structural, Morphology and optical 

properties used in this work are given by (optical microscopic, scanning electron 

microscope, Fourier transform infrared spectrometer (FTIR) and X-ray diffraction 

(XRD), optical properties (the optical constants, fundamental absorption edge, 

electronic transitions). 

2.2 Morphology and Structural Properties  

2.2.1 Optical Microscope (OM) 

 The optical microscope is known to be a compound optical instrument, 

which makes use of visible light for producing a magnified sample image that is 

projected on an imaging device or onto the retina of the eye. The term compound 

refers to the fact that the final image is created through two lenses: the objective 

lens and the eye-piece or ocular lens, which together perform the magnification of 

the image [59]. The microscope is most commonly used for minute light-

diffracting specimens such as diatoms, bacteria and bacterial flagella, isolated 

organelles and polymers such as cilia, microtubules, flagella and actin filaments, 

and silver grains and gold particles in his to chemically labeled cells and tissues. 

The number of scattering objects in the specimen is an important factor, because 

the scattering of light from too many objects may brighten the background and 

obscure fine [60], as shown in figure (2.1). 
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Fig. (2.1): Optical Microscope [60] 

 

2.2.2 Field Emission  Scanning Electron  Microscope (FESEM)              

         The (FE-SEM) uses a high-energy beam of electrons to raster scan across a 

sample surface. Surface topography, composition, as well as other qualities such as 

electrical conductivity, may be gleaned from signals generated by electrons 

interacting with atoms in the sample. There are two classes of emission source: 

thermionic emitter and field emitter [64]. The primary distinction between a SEM 

and a Field Emission Scanning Electron Microscope (FESEM) is the kind of 

emitter used (FE-SEM). Tungsten (W) and Lanthanum hexaboride (LaB6) are the 

most often utilized filament materials in Thermionic Emitters (TEs). When the 

filament material's work function is exceeded, electrons are released from the 

filament. Thermionic sources operate with a low level of brightness, cathode 

material evaporation, and thermal drift. By utilizing Field Emission, you may 

avoid these problems[65]. The filament is not heated by a Field Emission Source 

(FE-SEM), also known as a cold cathode field emitter. When the filament is placed 
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in a massive electrical potential gradient , the emission occurs. Tungsten (W) wire 

is often used to make the FES, which is then shaped into a sharp point. With 

developments in secondary electron detector technology, the FE source is 

compatible with scanning electron microscopes (SEMs) [66]. Cathode and anode 

voltages are typically between 0.5 to 30 kV, and the microscope needs an extreme 

vacuum (10–6 Pa) in the column of the  microscope, as seen in figure (2.2)[67]. 

 

 

Fig.(2.2): Schematic diagram of the field scanning emission electron microscopy[67]. 

 

2.2.3 Fourier Transform Infrared (FTIR) Spectroscopy 

 Fourier Transforms Infrared (FTIR) is chemical investigative spectroscopy. 

This measures the infrared intensity with light wave number. The wave numbers 

consist of infrared light that is divided into three regions, far-infrared, mid-infrared 

and near-infrared, which are between (4 ~ 400) cm‐1, between (400 ~ 4,000) cm‐1 

and finally, between (4,000 ~ 14,000) cm‐1, respectively. Infrared radiation is 
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permitted to pass through a material in FTIR spectroscopy. Some of the infrared 

radiation is transmitted and some is absorbed by the sample[68]. 

       The resulting spectrum is similar to the sample's molecular fingerprint and 

contains information about the various chemical groups and chemical bonds 

present in the sample. Two molecular structures never generate the same infrared 

spectrum like fingerprints are unique for every person [69].  

2.2.4 X-Ray Diffraction (XRD) 

 X-ray diffraction (XRD) is a powerful instrument for researching electrode 

materials, particularly cathode materials, to confirm the crystallographic structure, 

the size of crystallites, and the desired specimen orientation [70]. X-ray radiation is 

produced by a high-energy electron beam when anode materials such as copper are 

irradiated [71]. The wavelength range is 0.01-10 nm, and the order of planar 

crystals in the atom spacing (d) equals the number of atom arrays in the 

wavelength range [72]. After the dispersion patterns of the material have been 

analysed, X-rays that can be naturally dispersed from each collection of crystal 

lattice planes at a specific angle may be utilized to validate the crystal structure 

after it has been determined what the structure of the crystal is [73]. Bragg's law 

(equation 2.1) is widely applied to illustrate circumstances of diffraction from 

planes with spacing (d) [74]. 

 

nλ = 2dsinθ             (2.1) 

In such case, n indicates An number that describes the degree of diffraction, where 

represents the wavelength of the X-ray beam incident on the crystal lattice, d 

denotes the spacing of the crystal lattice and denotes the angle of the incident X-

ray beam [75]. Figure (2.1) demonstrates that the (XRD) meets Bragg's 

requirement [76]. 
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Fig. (2.3) Bragg’s Diffraction [76]. 

 

    In the meanwhile, the Scherrer formula employed to determine the size of the 

crystallites (D) [77]:  

 

𝐷 = 𝐾𝜆 / 𝛽𝑐𝑜𝑠 (𝜃)            (2.2)  

 

Where k is the shape factor (0.9), λ is the X-ray wavelength (Å), θ is Bragg 

diffraction angle of the XRD peak (degree) and β is the full width at the half of the 

maximum intensity (FWHM)(radian).  

2.3 Optical Properties 

 The purpose of studying the optical properties of polymeric materials is to 

gain a better knowledge of the internal structure of the polymer and the nature of 

its bonds, in addition to broadening the scope of potential applications [78]. 

Knowing the spectrums of absorption and transmittance a polymer  assist in 

identifying many optical properties in different ranges of  wavelengths. Examining 

the ultraviolet spectrum enables us to determine the type of bonds, orbital and 
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energy beams. The visible spectrum gives sufficient information about a 

substance's behavior for solar applications. The infrared range is essential for 

understanding the general structure of a polymer and the constituents that make up 

its chemical structure [79]. 

 Optical properties represent one of the main factors in its results, which were 

based on a lot of analyzes about the nature of the atomic structure of the material 

or to the effect of the absorption material for photons of light in the incidence of 

the transfer of electronic within the installation packs. This shows the installation 

of power packs as well as the energy gap whether directly or indirectly. That is 

provided with information about the nature of the change constants visual such as, 

absorption coefficient, coefficient of refraction, extinction coefficient and others 

[80]. 

2.3.1  Absorbance(A) 

        Absorbance is defined as the ratio of the intensity of the absorbed light (IA) to 

the incident intensity of light (Io), which is given in the following equation [81]: 

 A=IA/Io                                                                                                   (2.3)   

Where: IA intensity of the absorbed light and Io incident intensity of   light [82].  

2.3.2 Absorption Coefficient (α) 

        The absorption coefficient is defined as a percentage decrease in the energy 

flux of the incident rays concerning the unit distance in the direction of 

propagation of the incident wave.  
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       The relationship between incident (Io) and penetrating (I) is defined in the 

following equation as being related to the absorption of light [83]: 

                                                                                              (2.4)  

       where (t) is the thickness of the matter and (α) is the absorption coefficient, it 

is measured by cm-1[84]. 

                                                                                (2.5)                           

     where log I/Io is the absorbing number (A). This is the way to measure the 

absorption coefficient [84]:   

                                                                                        (2.6)     

    Where: t is the sample thickness in cm, A is the absorption of the material [84].  

2.3.3 Fundamental Absorption Edge 

       The quick increase in absorbency when the absorbed energy radiation nearly 

equals the energy band gap is known as the fundamental absorption edge. As a 

result, the basic absorption edge represents a smaller energy difference between the 

valance band's peaks (V.B) and the conduction band's bottom point (C.B). As 

shown in Figure (2.4), the absorption regions can be divided into three categories 

[85]. 


 I/I 2.303logαt

2.303)A/t(α 

αteII 



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Fig ( 2.4 ): The variation of absorption edge with absorption regions [83]. 

A) High absorption region: In component A, the value of (α) is larger than or 

equal to 104cm-1. This region could be used to calculate the size of the forbidden 

optical band gap (Egopt) [86]. 

B) Exponential region: The value of (α) in component B should be between 1 cm-1 

and 104cm-1. It shows the transition from the extended level at the top of the 

valence band to the localized level at the conductive band, and vice versa, from the 

local level at the bottom of the conductive band to the extended level at the top 

[88]. 

C) Low absorption region:  Part C involves a relatively smaller value of (α), being 

about α<1cm-1. In this location, the transition happens as a result of the state of 

density within caused by structural flaws [89]. 
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2.3.4  Transmittance (T) 

       The transmittance (T) is the ratio of the intensity of transmitted rays from the 

film (IT) to the intensity of incident rays on the film (Io) and can be calculated as 

follows [90]: 

𝑇 =  
𝐼𝑇

𝐼0
                                                                                                           (2. 7) 

Where : IT intensity of transmitted rays from the film  and Io  the intensity of 

incident rays on the film[90]. 

2.3.5 The Electronic Transitions 

 Electronic transition can be divided into two types: direct and indirect. 

2.3.5.1 Direct Transitions 

         This kind of transitions occurs in semi-conductors, where the bottom of the 

conduction is precisely above the top of the valance band, thus implying that they 

share similar wave vector values i.e. (ΔK=0). In such a case, the absorption would 

occur at (hυ = Eg
opt). As a result, phonons do not participate in direct transition since 

their wave vector (K) is substantially larger than that of photons[91]. This transition 

type necessitates the use of momentum and energy conservation principles. The 

condition for conserving the wave vector is not satisfied by the direct photon 

transition to the energy of the least gap, because photon wave vectors could be 

ignored in the provided energy range. Direct transitions are divided into two types 

[92]. 

a) Direct allowed transition 

    It occurs between the top and bottom points of the valance band and, between the 

top and bottom points of the conduction transition[92]. as shown, in Figure (2.5-a). 
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b) Direct forbidden transitions 

     It occurs between the valance band's close top points and the conductive band's 

bottom points, as shown, in Figure (2.5-b). The absorption coefficient for this 

transition type is given by [92]: 

αhυ = B ( hυ- Eg
opt

 )
r                                                                                     (2. 8) 

Where (Eg
opt

 ) is the energy gap between direct transition 

 B : the constant (according to the type of material) 

 r : the exponential constant, its value depended on type of transition. 

 r =1/2 for the allowed direct transition. 

 r =3/2 for the forbidden direct transition. 

2.3.5.2. Indirect Transitions 

         In these transitions type, the bottom of conductive band is not over the top 

of valance band. The electron transits from valance band to conductive band 

perpendicularly where the value of the wave vector of electron before and after 

transition is not equal (∆K ≠ 0 ). This transition type happens with the help of 

particle called "Phonon", for conservation of the energy and momentum law. There 

are two types of indirect transitions [93], they are: 

 c) Allowed Indirect Transitions : These transitions happen between the top of 

valance band and the bottom of conductive band which is found in the difference 

region of (K-space), as in Figure (2.5-c).  
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d) Forbidden Indirect Transitions : These transitions happen between near points in 

the top of valance band and near points in the bottom of conductive band , as shown 

in Figure (2.5-d). 

The absorption coefficient for transition with a phonon absorption is given by [93]: 

r

ph

opt

g EEvhBvh )( .

.
                                                                     (2. 9)  

Where: Eph energy of phonon, is (-) when phonon absorption, and (+) when phonon 

emission.  

r = 2 for the allowed indirect transition, r = 3 for the forbidden indirect transition. 

 

Figure (2.5): The Electronic Transitions Types of (a) Allowed direct, (b) Forbidden       Direct 

Transition, (c) Allowed Indirect and (d) Forbidden Indirect Transitions [92]. 
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2.3.6 The Refractive Index (n)  

        Ratio of vacuum low velocity with light velocity within the material can be 

described as refractive index. The refractive index value (n) was determined using 

equation (2.8), depending on the reflection and extinguishing coefficient (K0) [94] : 

R =
(n−1)2+K0

2

(n+1)2+K0
2                                                                                    (2. 10) 

     

     where (Ko) is the Extinction coefficient. Reflectivity can be obtained from 

absorption and transmission spectrum in accordance to the law of conservation of 

energy by the relation [94]. 

   R + A + T=1                                                                                  (2. 11) 

         where: R:is the reflectivity, T:is the transmittance, A: is the absorption The 

following equation can be used to express refractive index [94]: 

    𝑛 = (1 + 𝑅
1

2 )/(1 − 𝑅
1

2 )                                                                      (2.12) 

2.3.7 The Extinction Coefficient (Ko) 

      The amount of attenuation of an electro-magnetic pulse passing through a 

substance is represented by the extinction coefficient (Ko). The density of free 

electrons within the material and its structure determines its value. The imaginary 

portion of the complex refractive index (n) is this:  

N = 𝑛 – i Ko                                                                                     (2.13) 

Where (n) represents the real part of refractive index. N : complex refractive index 

which  depends on the material type, crystal structure (grain size), crystal defects, 

stress in crystal, extinction coefficient (Ko) , is given by following equation: 

Ko= α λ/4π                                                                                      (2.14)  
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Where (Ko) is the extinction coefficient,  and (λ) is the wavelength of incident light 

[95]. 

2.3.8 The Dielectric Constant )ԑ  (  

     The Dielectric Constant represents the ability of a matter for polarization, the 

matter can respond to different frequencies in a complex manner, at optical 

frequencies represented by light waves the electronic polarity is dominating above 

other remaining types of polarization. The real and imaginary dielectric constant 

can be calculated by the following equation [96] :  

ɛ = ɛ1 - iɛ2                                                                                        (2.15)    

        where: ɛ is the complex dielectric constant and (ɛ1, iɛ2) are the real and the 

imaginary parts of the dielectric constant, respectively.  

       where: ɛ is the complex dielectric constant and (ɛ1, iɛ2) are the imaginary and 

real parts of the dielectric constant, respectively. The dielectric constant's real and 

imaginary components are connected to and values[97]. 

ɛ = N2                                                                                                (2.16) 

 (n - ikₒ)2 = ɛ1 - iɛ2                                                                             (2.17) 

       From equation (2.13) real and imaginary complex dielectric coefficient can be 

written as follows : 

  ɛ1 =  (n2 - kₒ2)                                                                                     (2.18) 

  ɛ2 = (2nkₒ)                                                                                          (2.19) 
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2.3.9 The Optical Conductivity (σop) 

        The optical conductivity (σop) relies directly on the absorption coefficient (α) 

and refractive index (𝑛), using the following relation [98]: 

σop = 
αnc

4𝜋
                                                                                              (2. 20) 

     where c is the velocity of light, α is the absorption coefficient . 
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3.1 Introduction 

       This chapter includes an explanation of the mechanism of how to prepare 

chlorophyll from a natural and familiar substance in our daily life, with several 

experimental steps. It also includes the stages of preparing (CMC/PVA/Mg-

Chlorophyll) and (CMC/PVP/Mg-Chlorophyll) nanocomposite samples tests and 

measurement steps such as: Optical Microscopic (OM), Scanning Electron 

Microscope (FESEM), Fourier Transformation Infrared Radiation (FTIR), X-Ray 

Diffraction (XRD) and optical measurements. 

3.2 Materials used in this Investigation 

3.2.1 Polyvinyl alcohol (PVA): 

      used as powder form and could be obtained from Panveac Spain company with high 

purity (99.8%). 

3.2.2  Polyvinyl Pyrrolidone (PVP): 

     used as powder form and could be obtained from Panveac Spain company  white with 

high purity (99.8%). 

3.2.3 Carboxymethyl Cellulose (CMC): 

         It was obtained as powder  form and could be obtained from Panveac Spain 

company with high purity (99.8%). 

3.3 The Additive Material 

3.3.1 Filler material (Mg chlorophyll): 

       It is added to the polymer mixture as a filler with nano-diameters, It was extracted 

from celery. 

3.4 Preparation of  Mg Chlorophyll and  (CMC/PVA/Mg-Chlorophyll) 

and (CMC/PVP/Mg-Chlorophyll) nanocomposite. 

         Chlorophyll was prepared from the celery plant, where the celery leaves were 

cleaned (washed) and then dried at a temperature of 40C by microwave. Acetone was 

added to the dried celery leaves, mixed and then kneaded homogeneously and left to dry 
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at room temperature. After drying, the mixture was filtered by A piece of cloth that is 

semi-permeable to separate the fine substance, which is chlorophyll, and thus we will get 

chlorophyll in the form of a powder, and it will be kept inside a tight glass contained. 

 The materials used in this paper are (CMC), (PVA) and (Mg-Chlorophyll). The 

nanocomposite was prepared by dissolving 0.5 g from CMC in 50 mL of distilled water 

for 30 minutes under continuous stirring using a magnetic stirrer at 80 °C to achieve a 

more homogeneous solution and then added 0.5 g from PVA with continuous stirring and 

temperature 40oC until become homogenous. To investigate the nanocomposite, Mg-

Chlorophyll were added to the blend (CMC/PVA) in various ratio (0,2,4 and 6 ) wt. % as 

shown in Figure (3.1). 

At the same procedure above, the (CMC/PVP) was prepared and added Mg-Chlorophyll 

to the blend (CMC/PVP) in various ratio (0,2,4 and 6 ) wt. % as shown in Figure (3.2). 

Table (3-1) PVA, CMC and Mg-Chlorophyll with different content 

 

 

 

 

 

 

 

 

 

 

 

Concentration wt% 

 

CMC PVA Mg-Chlorophyll 

50 50 0 

49 49 2 

48 48 

 
4 

47 47 6 

46 46 8 
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Table (3-2) PVP, CMC and Mg-Chlorophyll with different content 

 

 

 

 

 

 

 

 

To make composite films, a casting process was used. Pour each weight percentage into a 

plastic Petri dish and allow drying at room temperature for 7-10 days. Then are taken 

measurements structural and optical properties. 

3.5 Measurements of Structural Properties 

3.5.1 Microscopic Examination (OM) 

               The (CMC/PVA/Mg-Chlorophyll) and (CMC/PVP/Mg-Chlorophyll) 

nanocomposite, were examined by an optical microscope by the Olympus name 

(Top View) type (Nikon-73346), and fitted with an automatic camera operated by 

light intensity under magnification (10x). This measurement was carried out for at 

the University of Babylon/ College of Education for Pure Sciences/ Department of 

Physics. 

3.5.2 Field Emission Scanning Electron Microscope (FESEM). 
 

       Via high–resolution photographs and magnification, describe the essence and 

morphology of the prepared films' surface, as well as the internal structure of the 

films' substance. Photons with X-ray wavelengths are produced when primary 

electron's reaction with the sample. The atomic ratio in the sample can be 

Concentration wt% 

 

CMC PVP Mg-Chlorophyll 

50 50 0 

49 49 2 

48 48 

 

4 

47 47 6 

46 46 8 



Chapter Three                                                                      Experimental Part 

36 

 

measured using energy dispersive spectroscopy after this emission is detected by 

(ΣIGMA, JSM-7610F, Carl Zeiss, Germany) image operating at an accelerating 

voltage of 10 kV. The element ratio and surface morphology of the film that were 

produced were examined utilizing FE-SEM. 

3.5.3 X-Ray Diffraction (XRD) 
 

       The main aim of these measurements is to study the form of structure of the 

prepared films. Determining the general structure of bulk solids, including lattice 

constants, identifying unknown materials, orienting single crystals, orienting 

polycrystalles, flaws and stresses. has long been used in this experimental 

technique. 

 "X-ray diffraction" by the X-ray diffract meter device (oXRD-6) from 

SHIMADZU, which records a measure of the intensity as a function the angle of 

Bragg. The system's circumstances were: CuKα emits radiation with a wavelength 

of 1.5406 nm from a CuKα sourcTarget: Cu current is equal to 30 mA. The voltage 

is equal to 40 kV. The scanning speed is 0.25 degrees per minute.     A total of two 

“X-ray scans) are” done (between) the two-point values of zero and eighty degrees. 

3.5.4 FTIR Spectrometer 

          The FTIR spectra of (CMC/PVA/Mg-Chlorophyll) and (CMC/PVP/Mg-

Chlorophyll) nanocomposite, were acquired by an FTIR in strument (Bruker 

company, German origin, type vertex -70 ). FTIR was implemented in University 

of Babylon/ College of Education for Pure Sciences / Department of Physics. The 

findings of this investigation show that considered wave number range is (500-

4000) cm-.1. 

3.6 Optical Properties 
 

        The optical properties of (CMC/PVA/Mg-Chlorophyll) and (CMC/PVP/Mg-

Chlorophyll) nanocomposite double beam spectrophotometer (Shimadzu, UV -
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1800A) with a measure nanocomposite in this study (190-1100) nm. The 

Department of Physics at the University of Babylon / College of Education for 

Pure Sciences, at room temperature, the absorption spectra have been measured 

and analyzed. The absorption coefficient, optical constants, extinction coefficient, 

refractive index and energy gaps were calculated with the use of a computer 

software, which may be found here. 

 

 

 

 



  



Chapter Four                                     Results, Discussion and Future Works 

39 

 

4.1 Introduction 

          This chapter emphases on the results and discussion of the X-ray diffraction 

(XRD) for (CMC/PVA/Mg-Chlorophyll) and (CMC/PVP/Mg-Chlorophyll) 

nanocomposite and then study the Fourier transform technique (FT-IR), Scanning 

electron microscopy (FESEM), Optical microscope (OM). 

4.2 Structural and Morphological Properties 

4.2.1 X-ray Diffraction (XRD) 

      XRD technique is the most common analysis tool to depict the Mg-

Chlorophyll formation and to know the crystal particle size and the crystalline 

phase present. The XRD patterns for pure CMC/PVA and pure CMC/PVP  blend 

with various content of Mg-Chlorophyll Pigments (2, 4, 6 and 8 wt.%) are shown 

in Figures (4.1) (4.2) respectively. Peaks of XRD were recorded between 10o - 80o. 

     From Figure (4.1), the pure CMC/PVA exhibited two diffraction peaks at   2θ = 

21.91° corresponding to the typical cellulose II partially crystalline nature and 

which may be due to the semicrystalline structure of PVA [99,100,101] and low 

intensity 2θ = 11.91° which related to the structure of PVA [100]. Also from this 

figure, with added different concentration of Mg-Chlorophyll Pigments (2, 4, 6 and 

8 wt.%), the intensity increased and there are no peaks appears, which due to the 

low concentration added to the PVA/CMC polymer blend and also due to the broad 

peaks of the PVA/CMC which disappear all peaks.  

       From Figure (4.2), the XRD patterns of pure CMC/PVP blend for both PVP 

and CMC polymers confirm their semicrystalline nature. The CMC spectrum 

shows a broad peak at 2θ=19.34° [102] and PVP film is characterized by peak 

halos centered at 2θ= 22.54° [103]. The intensity of this peaks increased with 
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increasing concentration of Mg-Chlorophyll Pigments and there are no peaks 

appears, which due to the low concentration added to the PVP/CMC polymer blend 

and also due to the broad peaks of the PVP/CMC which disappear all peaks. 

 

Fig. (4.1): XRD pattern of  (CMC/PVA/Mg-Chlorophyll) nanocomposites. 

 

 

Fig. (4.2): XRD pattern of  (CMC/PVP/Mg-Chlorophyll) nanocomposites. 
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4.2.2 Field Emission Scanning Electron Microscope (FESEM). 

        To examine the morphological of (CMC/PVA/Mg-Chlorophyll) and 

(CMC/PVP/Mg-Chlorophyll) nanocomposite using field emission scanning 

electron microscope (FE-SEM). 

        Figures (4.3), (4.4) demonstrate the FE-SEM images of pure CMC/PVA, 

CMC/PVP and (CMC/PVA/Mg-Chlorophyll) and (CMC/PVP/Mg-Chlorophyll) 

nanocomposites with various concentration (2, 4, 6 and 8 wt.%) of Mg-

Chlorophyll respectively with a different magnification and scale.    

From the Figure (4.3A), showed homogeneous, grainy, coarse surface shapes and 

the surface suffers from some cracks and that the polymer crystals, while in Figure 

(4.4 A) exhibit smooth and homogenous surface, which mean a successful this 

method to prepare films. On the other hand, Mg-Chlorophyll with concentration 2 

wt.% at these figures in the CMC/PVA and CMC/PVA nanocomposite revealed 

affected the polymer matrix and showed good dispersion and granular structure 

without assemblies, but the crack still appeared. Increasing the loading ratio of Mg-

Chlorophyll from 4 to 8 wt. %, the cracks at the surface were significantly reduced 

too difficult to recognize and became very smooth compared with other samples.  

Moreover, Mg-Chlorophyll create network inside the polymer blend. This 

constitutes paths inside the nanocomposites of charge carriers. This system can 

allow charge carriers to pass through the paths. This could referee good adhesions 

and stronger interfacial interaction of the nanocomposite in agreement with FTIR 

results that showed a change in the functional peaks and XRD results [104].  
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Fig. (4.3) FSEM images of  (CMC/PVA/Mg-Chlorophyll) nanocomposites, (A) for (CMC/PVA), (B) 

2 wt.% Mg-Chlorophyll, (C) 4 wt.% Mg-Chlorophyll, (D) 6 wt.% Mg-Chlorophyll,  (E) 8 wt.% Mg-

Chlorophyll 

A B 
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Fig. (4.4) FSEM images of  (CMC/PVP/Mg-Chlorophyll) nanocomposites, (A) for (CMC/PVP), (B) 

2 wt.% Mg-Chlorophyll, (C) 4 wt.% Mg-Chlorophyll, (D) 6 wt.% Mg-Chlorophyll, (E) 

 8 wt.% Mg-Chlorophyll. 
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4.2.3 Optical Microscope. 

Figures )4.5( and (4.6) show the optical microscope of (CMC/PVA/Mg-

Chlorophyll) and (CMC/PVP/Mg-Chlorophyll) nanocomposites with various 

content of Mg-Chlorophyll Pigments (2, 4, 6 and 8 wt.%) at magnification power 

(10x). The optical microscope gives the change of surface morphology of 

nanocomposites. Compared with pure sample images, there are many differences 

among this sample and both nanocomposites with adding different concentrations 

of Mg-Chlorophyll, both figures show the addition of Mg-Chlorophyll distributed 

through the polymeric blend with homogenous and ordered shape as well as the 

apparent of Mg-Chlorophyll network inside the polymer blend. This constitutes 

paths inside the nanocomposites of charge carriers. This system can allow charge 

carriers to pass through the paths.  
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Fig (4.5): Photomicrograph images for (CMC-PVA-Mg-Chlorophyll) nanocomposite: (A) 

(CMC-PVA) blend, (B) 2wt% Mg-Chlorophyll,(C) 4wt% Mg-Chlorophyll, (D)  6wt% Mg-

Chlorophyll  and  8wt.%Mg-Chlorophyll 
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 Fig (4.6): Photomicrograph images for (CMC-PVP-Mg-Chlorophyll) nanocomposite: (A) 

(CMC-PVP) blend, (B) 2wt% Mg-Chlorophyll,(C) 4wt% Mg-Chlorophyll,  (D) 6wt% Mg-

Chlorophyll  and  8wt.%Mg-Chlorophyll 
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4.2.4 Fourier Transform Infrared Radiation (FTIR) of (CMC/PVA/Mg-

Chlorophyll) and (CMC/PVP/ Mg-Chlorophyll) nanocomposites  

     The FTIR spectra of (CMC/PVA/Mg-Chlorophyll) and (CMC/PVP/ Mg-

Chlorophyll) nanocomposites with various content of Mg-Chlorophyll Pigments 

(2, 4, 6 and 8 wt.%) were recorded at room temperature in the region (500-4000) 

cm-1 as shown in Figures (4.7) and (4.8).  

From this Figure (4.7A), Its exhibit eleven major absorption peaks. The broad peak 

at 3279.59 cm−1 assigned to the stretching vibration of the alcohol group (OH) in 

the polymer matrix chain.  The intense peak at 2941 cm−1 corresponds to the CH2 

asymmetric stretching. Additionally, the peak at 1732.21 cm−1 corresponds to the 

Stretching C=O and C-O from acetate group remaining from PVA. The peak at 

1591.53 attributed to the Carboxylate (COO−) stretching group, which indicate to 

the CMC polymer chain and the peaks at 1420 cm-1 and 1381 cm-1 corresponds to 

the C–H deformation vibration CH2 out of plan bending vibration. The peak at 

1318 corresponding to the OH bending. Moreover, the peaks 1248.97 cm-1 and 

1022.35 cm-1 corresponding to the CH2 bending and CH-O-CH2 stretching 

respectively, while the peaks 822 cm-1 and 615 cm-1 attributed to the CH2 rocking 

vibration and aromatic ring out of plane bends [105, 106].  

The Figure (4.8 A), Its exhibit eight major absorption peaks. The broad peak at 

3396.15 cm−1 assigned to the OH stretching.  The peak at 2992 cm−1 corresponds to 

the CH2 asymmetric stretching, while the peak 1649.95 cm-1 assigned to the 

symmetric and asymmetric of C=O. Additionally, the peak at 1422.53 cm−1 

corresponds to the CH2 scissoring. The peak at 1289.15 attributed to the CH2 

(wagging or twisting) or N–OH complex and the peaks at 1018.53 cm-1 and 615 

cm-1 corresponds to the CH2–O–CH2 stretching and C–N bending [107, 108]. 
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As was mentioned, the intensity of these bands decreased and slightly shifted 

toward higher wavenumbers, which is a sign that hydrogen bonds were formed by 

the physical contact between the functional groups in the polymer blend and both 

Mg-Chlorophyll Pigments. The results agree with the results of the previous 

researchers [56]. 
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Fig (4.7): FTIR spectra for (CMC-PVA-Mg-Chlorophyll) nanocomposite: (A) (CMC-PVA) blend, 

(B) 2wt% Mg-Chlorophyll,(C) 4wt% Mg-Chlorophyll, (D) 6wt% Mg-Chlorophyll  and  8wt.%Mg-

Chlorophyll 

D 

E 
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Fig (4.8): FTIR spectra for (CMC-PVP-Mg-Chlorophyll) nanocomposite: (A) (CMC-PVP) blend, 

(B) 2wt% Mg-Chlorophyll,(C) 4wt% Mg-Chlorophyll, (D) 6wt% Mg-Chlorophyll  and  8wt.%Mg-

Chlorophyll 

Fig (4.8): FTIR spectra for (CMC-PVP-Mg-Chlorophyll) nanocomposite: (A) (CMC-PVP) 

blend, (B) 2wt% Mg-Chlorophyll,(C) 4wt% Mg-Chlorophyll, (D) 6wt% Mg-Chlorophyll 

and  8wt.%Mg-Chlorophyll 

4.3 The Optical Properties of (CMC/PVA/Mg-Chlorophyll) and 

(CMC/PVP/Mg-Chlorophyll) nanocomposite 

4.3.1. The absorbance 

     The absorption of (CMC/PVA/Mg-Chlorophyll) and (CMC/PVP/ Mg-

Chlorophyll) nanocomposite with various content of Mg-Chlorophyll Pigments (2, 

4, 6 and 8 wt.%) were recorded at wavelengths range (200-1100) nm at room 

temperature. Figures (4.9) and (4.10) shows the absorption for (CMC/PVA/Mg-

Chlorophyll) and (CMC/PVP/Mg-Chlorophyll) nanocomposites with wavelength 

of the incident light respectively. The absorption peaks in the blue-violet region 

(400 nm) and the red-infrared region (680 nm) of the electromagnetic spectrum 

which due to arise from the π       π* transitions, where π* denotes the excited state. 

E
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In addition to these π       π* transitions, electrons can also be excited to the HOMO 

from orbitals lower than LUMO [109,110].  

     From this figure, it can be noted that the absorbance rises with rising content of 

Mg-Chlorophyll. This is due to donor level electrons being excited to the 

conduction band at high energies. Also, because photons provide enough energy to 

react with atoms, an electron can be excited from a lower to a higher energy level 

by absorption an established photon [111]. The researchers are affected by this 

behavior [112,113] The results agree with the results of the previous researchers 

[55]. 

 

Fig.(4.9): The absorbance as a function of wavelength of (CMC/PVA/Mg-Chlorophyll)  

nanocomposite with different content. 
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     Fig.(4.10): The absorbance as a function of wavelength of (CMC/PVP/ Mg-Chlorophyll)  

nanocomposite with different content. 

4.4.2 The transmittance 

      The transmittance of (CMC/PVA/Mg-Chlorophyll) and (CMC/PVP/ Mg-

Chlorophyll) nanocomposite  with wavelength are shown in figs.(4.11),(4.12). The 

transmittance decreased with increasing concentration of  Mg-Chlorophyll which is 

due to the agglomeration of nanoparticles with rising content of Mg-Chlorophyll 

[114]. 
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Fig.(4.11): Variation transmittance of (CMC/PVA/Mg-Chlorophyll) nanocomposite with the 

wavelengths. 

 

Fig.(4.12): Variation transmittance of (CMC/PVP/ Mg-Chlorophyll) nanocomposite with the 

wavelengths. 

4.3.3 The absorption coefficient (α) 

The absorption coefficient (α) of nanocomposites were calculated by equation (2-

6). The absorption coefficient of (CMC/PVA/Mg-Chlorophyll) and (CMC/PVP/ 

Mg-Chlorophyll) nanocomposite versus photon energy of the incident light are 

shown in Figures (4.13) and (4.14) respectively. The absorption coefficient might 

help you figure out what kind of electron transition you're dealing with [115,116]. 

      It is assumed that direct electron transitions occur when the material's 

absorption coefficient is large (>104) cm-1. When the material's absorption 

coefficient is low (104 cm-1), an indirect transition of electrons is assumed. The 

values of α of (CMC/PVA/Mg-Chlorophyll) and (CMC/PVP/ Mg-Chlorophyll) 

nanocomposite, the  transition of electron is indirect. The α of nanocomposites 

increased with the increasing concentration of Mg-Chlorophyll, this is due to the 

rise of number of charge carriers and therefore rising the absorbance and 
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absorption coefficient for (CMC/PVA/Mg-Chlorophyll) and (CMC/PVP/ Mg-

Chlorophyll) nanocomposites [117]. 

 

Fig.(4.13) : The variation absorption coefficient of (CMC/PVA/Mg-Chlorophyll) 

nanocomposite with the photon energies.  

 

Fig.(4.14) : The variation absorption coefficient of (CMC/PVP/ Mg-Chlorophyll) 

nanocomposite with the photon energies.  
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4.3.4 The allowed indirect energy gap       

     The energy band gap of nanocomposites was calculated by equation (2-9). The 

energy gap for allowed indirect transitions of (CMC/PVA/Mg-Chlorophyll) and 

(CMC/PVP/ Mg-Chlorophyll) nanocomposites are explain in Figures (4.15) and 

(4.16) respectively.  

   We may find the energy gap for the indirect transition by plotting the data or tang 

cut from the top of the curve to the (x axis) at (hv) [118].  From this figure, the Eg 

for allowed and forbidden indirect transitions are reduce with the rises 

concentration of the Mg-Chlorophyll. This action is due to the formation of levels 

in the Eg and therefore, these local levels reduce the energy gap with rise of the 

Mg-Chlorophyll content [119]. The value of the Eg of nanocomposites are listed in 

Table (1). The results agree with the results of the previous researchers [55]. 

 

 

 

 

 

 

 

 

 

 

Fig.(4.15): The Eg for the allowed indirect transition (αhv)
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Fig.(4.16): The Eg for the allowed indirect transition (αhv)
1/2

 (cm
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  of (CMC/PVP/ Mg-

Chlorophyll) nanocomposite 

Table (4.1): The values allowed  Eg of (CMC/PVA/Mg-Chlorophyll) and (CMC/PVP/ Mg-

Chlorophyll) nanocomposite 

Con. of Mg-

Chlorophyll 

wt%  

Eg allowed indirect for 

the (CMC/PVA/Mg-

Chlorophyll)(eV) 

Eg allowed indirect for 

the (CMC/PVP/ Mg-

Chlorophyll)(eV) 

0 4.8 3 

2 3.8 2.3 

4 3.2 2.1 

6 3 1.8 

8 2.8 1.6 
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4.3.5 The extinction coefficient (Ko) 

     The extinction coefficient (Ko) was calculated by using the equation (2-14). 

Figures (4.17) and (4.18) explain the extinction coefficient of (CMC/PVA/Mg-

Chlorophyll) and (CMC/PVP/ Mg-Chlorophyll) nanocomposites versus of 

wavelength respectively. It is observed that the K of nanocomposites increased 

with the increasing of the Mg-Chlorophyll content, which is due to the increase in 

optical absorption and photons distribution in the (CMC/PVP) and (CMC/PVP) 

polymer matrix respectively [120].  

 

Fig. (4.17): Variation of K for (CMC/PVA/Mg-Chlorophyll) nanocomposite with the wavelength 
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Fig.(4.18): Variation of K for (CMC/PVP/ Mg-Chlorophyll) nanocomposite with the wavelength 

4.3.6 The refractive index (n) 

     The refractive index is calculated by using equation (2-12). The refractive index 

of(CMC/PVA/Mg-Chlorophyll) and (CMC/PVP/Mg-Chlorophyll) nanocomposites 

versus with wavelength are shown in Figures (4.19) and (4.20) respectively. It is 

obtained that the refractive index of increase with the increasing of the content of 

Mg-Chlorophyll. This action due to the rise of the density of nanocomposites 

[121,122]. 
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Fig.(4.19) : Variation of  n for of (CMC/PVA/Mg-Chlorophyll) nanocomposites with wavelength 

 

Fig.(4.20) : Variation of  n for of (CMC/PVP/Mg-Chlorophyll) nanocomposites with wavelength 
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are explain in Figures (4.23) and (4.24) respectively.  From this figure, the ԑ1, ԑ2 of 

the nanocomposite are increase with the increasing of Mg-Chlorophyll content. 

The increase in electrical polarization related to the contribution of nanoparticles 

content in the sample caused this finding [123]. Also due to the ԑ1 depends on 

refractive index because the effect of extinction coefficient is small, whereas the ԑ2 

depends on extinction coefficient [124]. 

 

 

Fig.(4.21): Variation of ԑ1 of (CMC/PVA/Mg-Chlorophyll) nanocomposites with the wavelength 
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Fig. (4.22): Variation of ԑ1 of (CMC/PVP/Mg-Chlorophyll) nanocomposites with the wavelength 

 

 

Fig.(4.23): Variation ԑ2 of (CMC/PVA/Mg-Chlorophyll) nanocomposites with the wavelength. 
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Fig.(4.24): Variation ԑ2 of (CMC/PVP/Mg-Chlorophyll) nanocomposites with the wavelength. 
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              The optical conductivity (σop) was calculated from the equation (2- 20). 
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(4.26) respectively.  From this figure, the σop increase with increasing 

concentration of Mg-Chlorophyll which is related to the formation of localized 

levels in the energy gap, rising Mg-Chlorophyll content induced a rise in the 

density of localized phases in the band structure therefore, an increase in the 

absorption coefficient suggests an increase in σop of the nanocomposites. This 

outcome is consistent with previous study [125]. 
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Fig.(4.25): Variation σop of (CMC/PVA/Mg-Chlorophyll) nanocomposites with the wavelength. 

 

 

Fig.(4.26): Variation σop of (CMC/PVP/Mg-Chlorophyll) nanocomposites with the wavelength. 

 

1.E+10

1.E+11

1.E+12

1.E+13

240 340 440 540 640 740 840 940 1040

Wavelength(nm) 

pure

2 wt.%

4 wt.%

6 wt.%

8 wt.%
O

p
ti

c
a

l 
C

o
n

d
u

c
ti

v
it

y
 (

S
)-1

1.E+10

1.E+11

1.E+12

1.E+13

200 300 400 500 600 700 800 900 1000 1100

Wavelength(nm) 

pure

2 wt.%

4 wt.%

6 wt.%

8 wt.%

O
p

ti
c

a
l 
C

o
n

d
u

c
ti

v
it

y
 (

S
)-1



Chapter Four                                     Results, Discussion and Future Works 

67 

 

4.4 Conclusion  

      The following points are concluded:  

1- The XRD obtained that the semicrystalline structure of CMC/PVA and 

CMC/PVP polymer blend and with added different concentration of Mg-

Chlorophyll Pigments (2, 4, 6 and 8 wt.%), the intensity increased and there are no 

peaks appears, which due to the low concentration added to the CMC/PVA and 

CMC/PVP polymer blend and also due to the broad peaks of the CMC/PVA and 

CMC/PVP which disappear all peaks.  

2- From the FESEM and the optical microscope images showed the Mg-

Chlorophyll) form a continuous network inside the CMC/PVA and CMC/PVP 

polymer blend at concentration of 8 wt.%.  

3- FTIR spectra shows shift in some bonds and change in the intensities and 

proved that there are no interactions between the CMC/PVA and CMC/PVP 

polymer matrix and Mg-Chlorophyll nanoparticles. 

4- The optical properties exhibited that the absorbance, absorption coefficient, 

extinction coefficient, refractive index, real and imaginary parts of dielectric 

constants and optical conductivity are increased with increasing the concentration 

of Mg-Chlorophyll nanoparticles, while the transmittance and the indirect energy 

gap decreased with the increasing concentration of Mg-Chlorophyll nanoparticles. 

From this result, the CMC/PVP/Mg-Chlorophyll) nanocomposites exhibit the best 

improving structural, morphological and optical properties that can be used for 

solar cell and photodetector application. 
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4.5 Future Works  

     The following suggests for future work:  

1. Study effect of Mg-Chlorophyll nanoparticles on the structural, optical and 

electrical properties for (PMMA/PS) polymer blend 

2. Effect of the prepared Mg-Chlorophyll nanoparticle on structural and 

morphological properties of polyacrylamide (PAAm). 

4. Apply these nanocomposites as the photodetector.  
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( و CMC / PVA / Mg-Chlorophyllفي هذه الدراسة ، تم تحضير المتراكب النانوي )     

(CMC / PVP / Mg-Chlorophyll ) باستخدام طريقة الصب وبتراكيز مختلفة من 

   Mg-Chlorophyll nanoparticles ( تم دراسة الخصائص التركيبية 8,  6,  4, 2بنسب وزنية . % )

 / CMC / PVP( و )CMC / PVA / Mg-Chlorophyllية للمركب النانوي )والمورفولوجيا والبصر

Mg-Chlorophyll( تشمل الخصائص التركيبية حيود الأشعة السينية .)XRD والمجهر البصري ، )

(OM( ومجهر المسح الإلكتروني لانبعاث المجال ، )FESEM والأشعة تحت الحمراء لتحويل فورير )

(FTIR .) 

ومع إضافة  CMC / PVPو  CMC / PVAالتركيب شبه البلوري لمزيج بوليمر  اظهر أن  XRDفحص 

ي قمم أ(% ، زادت الكثافة ولا تظهر  8,  6,  4,2بنسب  )  Mg-Chlorophyllتركيز مختلف من أصباغ 

مم وأيضًا بسبب الق CMC / PVPو  CMC / PVA، بسبب التركيز المنخفض المضاف إلى مزيج بوليمر 

 التي تختفي جميع القمم.  CMC / PVPو  CMC / PVAالواسعة لـ 

( تشكل شبكة مستمرة داخل Mg-Chlorophyll)، ظهرت الصور أن  FESEMالمجهر البصري و  فحص

 .  ٪ بالوزن8بتركيز  CMC / PVPو  CMC / PVAمزيج بوليمر 

ة ين مصفوفتحولًا في بعض الروابط وتغيرًا في الشدة وأثبت أنه لا توجد تفاعلات ب FTIRيظُهر أطياف 

. أظهرت الخواص Mg-Chlorophyllوالجسيمات النانوية  CMC / PVPو  CMC / PVAبوليمر 

زاء البصرية أن الامتصاصية ، ومعامل الامتصاص ، ومعامل الانقراض ، ومعامل الانكسار ، والأج

 Mg-Chlorophyll جسيماتلية من ثوابت العزل والتوصيل البصري تزداد بزيادة تركيز الحقيقية والخيا

 Mg-Chlorophyll جسيماتالنانوية ، بينما تقل النفاذية وفجوة الطاقة غير المباشرة مع زيادة تركيز 

  .Mg-Chlorophyll  المالئة  النانوية. زيادة تركيز الجسيمات النانوية

-CMC / PVA / Mgكب النانوي )ارتالموجات الكهرومغناطيسية للمتوهين ل هودراسة ال هذهتطبيق 

Chlorophyll( و )CMC / PVP / Mg-Chlorophyll ). 
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