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Abstract 

Nanoparticles (NPs) are very small-sized particles with a diameter ranging between   to 

    nm. Metallic nanoparticles take a huge place in recent researches because of its 

importance in different fields; electrical, optical, industrial and more. Among the known 

metals, silver (Ag) is the most especial one due to its physical and chemical properties. 

Several methods were used to prepare silver nanoparticles. The microwave-assisted 

synthesis method (MW) is the easiest way in which the Ag NPs can be synthesized in a 

very short time (some seconds), with high yield and controlled synthesis conditions.  

In this study, the Ag NPs were successfully prepared using the MW method. In the 

preparation process we used the precursor Silver Nitrate (AgNO3), with Ethylene 

Glycol as a reducing agent and polyvinylpyrrolid (PVP) as a stabilizing agent. The 

synthesis conditions were controlled during the preparation method. These conditions 

are the power of the microwave (Medium-Low, ML, Medium, M, Medium-High, MH, 

and High, H), the microwave heating time (30s and 90s) and the ratio between the 

precursor to stabilizing agent, AgNO3: PVP (                 ).  

The prepared samples were characterized using the ultra-violet visible absorption 

spectroscope (UV-vis). It is clear that both times can be used successfully to prepare Ag 

NPs, this is obtained from the peak of surface-plasmon resonance band (SPR) which 

exist in the correct region (       ) nm.  
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The atomic force microscope (AFM) was used to study the morphological properties of 

the prepared samples (size and shape). All samples have a spherical shape of the Ag 

NPs with different sizes. An enhancement of the Ag NPs size occurs by either 

increasing the MW power, increasing the MW heating time, or decreasing the PVP 

ratio. 

The electrical properties of the same samples were studied using the vector network 

analyzer (VNA). The   s samples are not stable, while the   s samples give stable 

measurements, and repeating measurement process after a long time (up to   months) 

gives approximately the same results for these   s samples.  

Keywords: Nanoparticles; Silver Nanoparticles; Microwave-assisted synthesis method; 

Ultraviolet-Visible Absorption Spectroscopy; Atomic Force Microscopy; Vector 

Network Analyzer.  
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Chapter One 

Introduction and Theoretical Background 

Nanoscience has become a great field of physics. The use of nanomaterials has spread 

dramatically in recent years. Nanoparticles (NPs) are defined as very small-sized 

particles with a diameter ranging between   and     nanometer (nm) (1). They can be 

categorized according to the type of material into semiconductor, polymeric and 

metallic nanoparticles (2). Nano-scale structures can be formed from several metal and 

metalloid elements like gold (Au), Silver (Ag) and Iron-based magnetic nanoparticles 

(3). Among the metals, silver nanoparticles (Ag NPs) show potential applications in 

various fields such as the environment, bio-medicinal, catalysis, optics and electronics 

(4). Several methods have been used to prepare Ag NPs. The abundance of these 

methods can be divided into two basic synthesis ways, namely top-down and bottom-up 

(5).  Microwave (MW) assisted synthesis is one of these methods, it is based on the 

interaction that occurs between the polar solvent molecules and/or ions inside the 

solution with electromagnetic waves. This direct interaction results in homogeneous 

heating and high heating rates with high-energy efficiency and shorter preparation time 

(6). Through the last few years, the synthesis of NPs has been growing quickly for 

different applications, such as; electronics, chemistry, biology…etc (7). 

The aim of this study is to prepare Ag NPs by the microwave-assisted method. Different 

parameters will be controlled during the work, these parameters include the MW power, 

the MW heating time and the stabilizing agent ratio. A detailed study of the electrical, 

optical and morphological properties of the prepared solutions which contains Ag NPs 

will be done. According to the results that we will obtain, suitable applications will be 

considered. 

1.1 Introduction to Nanoparticles 

Nanotechnology defined as the achievement of obtaining particles in a small size 

ranging between       nm. Due to the decrease in the length of the material to 

become in nanometer, their properties will change. This is due to surface-area effects 

which becomes more important, and the quantum effects occur (8). 

https://www.sciencedirect.com/topics/chemical-engineering/metalloids
https://www.sciencedirect.com/topics/chemistry/electromagnetic-radiation
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The surface-area effect of the nanoparticles comes from the larger number of atoms 

which found on the surface compared to the same type of material in the bulk form. The 

more atoms in the surface will enhance the chemical reactions of this material, and 

hence improve their properties (9).  

The physical properties of any material can be described by the average of the quantum 

effects acting on each atom. In the nanoparticles, the size of particle is very small and 

sharp. This makes it possible for the quantum effect which acts on one small atom to 

decide the properties of these NPs. In the bulk material, the electron can move freely 

between the atoms. While in the size of nanometer for particles, the electron wave 

function is comparable to the size of the particles and feels the boundaries of the atom. 

This causes a confinement of the energy levels that the electron can exist in (10).  

Materials prepared in nanoscale can have different dimensions: The zero dimension, 

which means all the 3D are in nanoscale and no dimensions outside (in this case 

nanoparticles were obtained), in the   dimension, there is one dimension outside the 

nanoscale (like nanotubes and nanofibers),the   dimensions have one dimension in the 

nanoscale (nanolayers or nanofilms), and the   dimensions have none of the dimensions 

in the nanoscale (nanocomposites and nanostructured) (11).  

1.2 Silver Nanoparticles (Ag NPs) 

Silver (Ag) is a white lustrous metal which located in period   and group    (Ih) in the 

periodic table. Special properties of this element make it a valuable one. It has the 

highest known electrical and thermal conductivity of all metals. Its electrical 

conductivity is            at      (12). Moreover it has a high resistance to 

atmospheric oxidation, malleability and ductility. These good properties make it widely 

used in fabrication processes and as a coating for electronic conductor (13).  

In the last years, there is an increase in the synthesis and uses of Nano-materials in 

several applications. The controlled particle size, high surface area and particle 

morphology (size and shape) gives high reactivity to Silver nanoparticles. Ag metal is 

expected to be a good choice to use as a metallic nanoparticles. This is because of the 

chemical stability and catalytic effect of it which has benefits for antibacterial, 

anticancer and antifungal activities. Moreover, the Ag is special element because of 

their nontoxicity towards the human (14).  

https://www.britannica.com/science/thermal-conductivity
https://www.britannica.com/science/ductility-physics
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1.3 Methods of preparing Nanoparticles  

Several methods have been used to prepare Ag NPs. The abundance of these methods 

can be divided into two basic synthesis ways, namely top-down and bottom-up.    

1.3.1 Top-down Approach    

Top-down methods involve the creating of nanoscale materials starting from bulk 

material by reducing their size through “cutting” to reach the required value (15).  Some 

examples of this approach were summarized in table.1. Each method has advantages, 

disadvantages and applications (16).   

Table 1   

Examples of top-down synthesis approach with advantages, disadvantages and applications 

Method Advantages Disadvantages Applications 

Ball milling  Large scale 

production of 

high purity 

nanoparticles. 

 Improved 

properties to the 

component. 

 High energy 

required. 

 Long period of 

milling time. 

 Very sensitive 

microstructure. 

 Mechanical 

alloying 

Laser ablation  Relatively simple 

and effective 

technique. 

 Controlled laser 

parameter. 

 Prolong time 

laser ablation. 

 Reduction in 

ablation rate. 

 Preparation of 

Al2O3 NPs 

coating. 

 Preparation of 

silicon NPs. 

Ion sputtering  Economical 

method. 

 Controlled of 

different 

parameters due to 

slow deposition 

of heavier atoms. 

 The nature 

sputtering gas can 

produce effect on 

surface 

morphology and 

composition. 

 Deposition of 

large molecules. 

 

Mechanochemical 

synthesis 
 Simple and 

efficient method 

of nanoparticle 

preparation. 

 The formed 

microstructures 

are sensitive to 

grinding 

condition.  

 Synthesis of 

ferric oxide NPs. 

 Nanocrystalline 

particle synthesis. 
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1.3.2 bottom-up Approach 

Bottom-up methods use the atomic, molecular, or ionic components to obtain the more 

complex nanoscaled materials (15). Some methods of this approach were summarized 

in table.2 (16).  

Table 2 

Examples of Bottom-up synthesis approach with advantages, disadvantages and applications 

Method Advantages Disadvantages Applications 

Physical vapor 

deposition method. 
 Simple method for 

the formation of 

thin metal films. 

 Expensive 

method. 

 Generates low 

volume of 

material. 

 

 Efficient thin-

film solar cells. 

 

Hydrothermal 

method. 
 Desired size and 

shape NPs. 

 Well-crystallized 

powder can be 

formed. 

 Processes are 

difficult to 

control. 

 Limitation of 

reliability and 

reproducibility. 

 

 Preparation of 

powders ( as 

NPs or single 

crystal. 

Microwave assisted 

preparation method. 
 Highly effective. 

 Simple, rapid 

volumetric 

heating. 

 Homogenous 

heating. 

 Shorter 

crystallization 

time. 

 Materials 

science. 

 plant-based 

extracts to 

prepare various 

metal NPs. 

Chemical reduction 

method 
 Simplest method 

used for 

preparation of 

metal 

nanoparticles. 

 Several 

limitations 

associated with 

reducing agents 

such as toxicity, 

expensive, poor 

reducing ability, 

high costs, and 

impurities. 

 Preparation of 

copper 

nanoparticle 

using potassium 

borohydrate as a 

reducing agent. 

 

In this study, Microwave-assisted synthesis method was used. It is an easy, low cost and 

efficient method to produce Ag NPs in a solution form. More details about this method 

will be discussed in the next tittle. 
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1.4 MW-Assisted Synthesis Method 

Microwave-assisted synthesis is a type of heating ways which depend on the MW 

radiation to accelerate chemical reactions and it has been largely used in material 

synthesis (17).  

The working principle of this method based onto aligning dipoles of the sample in an 

external field under the excitation done by microwave electromagnetic radiations (17). 

The MW heating method converts the energy of the radiated waves into heat by two 

major mechanisms; dipolar polarization and ionic conduction. In the first process, when 

the sample affected by the irradiated microwave frequencies, the molecular dipoles in 

the sample try to align in the same direction with the applied electric field. An 

oscillation of this electric field makes the dipoles follow the alternating electric filed. 

This make a loss of energy as a heat from the friction of sample molecules and dielectric 

loss. While in the ionic conduction process, the ions (dissolved charged particles) 

oscillate back and forth when it is affected by an applied electric filed. This oscillations 

make collisions between neighbor ions, which as a result generate heat. The ability of a 

given material to convert electromagnetic energy (the microwave energy in our case) 

into heat can be explained by the concept of loss tangent (       So, the loss tangent 

measures the amount of heat generated for a certain degree of rotation (or polarization) 

(18). 

Microwave method has many advantages over the conventional heating processes, this 

make it widely used in the synthesis of nanomaterials. These benefits can be listed as: 

 Rate enhancement: Due to the reduction in activation energy, reaction time is 

dramatically decreased from hours to minutes or even seconds. So MW method 

considered to be a fast one compared to other methods of preparation (19). 

 High product yield: This happens because of the reduction in the reaction time 

which will also reduce the side effects like environmental conditions. As a result an 

increase in the product yield will happen (19). 

 Expanded reaction conditions: In the MW method, reaction conditions can be easily 

controlled unlike conventional methods. This make it easy to make optimization of 

the parameters to obtain the best conditions (19).  
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  Ease of synthesis: the MW method is an easy way to produce nanoparticles. The 

reaction needs a precursor, a reducing agent and a stabilizing agent with some steps 

of production. And there is a flexibility of choosing them which make it an easy 

way.  

1.5 Properties of Nano-materials 

The optimization of Ag NPs will be done by studying their electrical, optical and 

morphological properties.  

1.5.1 Electrical Properties 

These properties include real (  ́) and imaginary ( ́́ ) parts of permittivity, loss tangent, 

electrical conductivity (  , Impedance matching ratio (    ), penetration depth (or 

called skin depth,   ), attenuation constant ( ), reflection coefficient ( ), shielding 

effectiveness (  ) and scattering parameters (S-parameters).  

 Real and Imaginary Parts of Permittivity  

Permittivity can be defined as a constant of proportionality which make a relation 

between the electric field in a given material and the electric displacement of that 

material. It indicates the tendency of electric charge to be polarized in the presence of 

external electric field. The larger value of polarization means higher permittivity (20).  

Permittivity is a measure of the material’s ability to influence or modify the electric 

field of an electromagnetic wave, and it is a dimensionless quantity (21). It is a complex 

quantity (                 ), where   ́ represents its ability to store electromagnetic 

energy (it is also called the dielectric constant), and  ́́  represents its ability to attenuate 

electromagnetic energy (22). 

 Loss tangent  

Loss tangent is defined as the ratio between the energy lost inside the material to the 

energy stores inside it, when a periodic external electric field exert on it. It is a 

frequency dependent parameter which shows the efficiency of the material to conserve 

the energy (23).  
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The electric loss tangent of a material gives the ability of that material to attenuate the 

electromagnetic wave when passing through it. Increasing the value of      of the 

material meaning that a higher attenuation as the wave travels through the material will 

occur (21).  

 Electrical conductivity  

Electrical conductivity is the ability of the material to carry current. Its unit is s/m in the 

SI units. The value of the electrical conductivity for nanomaterials is lower than the 

bulk materials, this happens because a decrease in the size of the material to become 

some nanometers leads to an increase in the energy band gap. Which results in lowering 

the electrical conductivity of the material (24).  

 Impedance matching  

Impedance ( ) is a combination of resistance and reactance. It is essentially anything 

and everything that obstructs the flow of electrons within an electrical circuit. 

 Impedance matching is the process where the input impedance and the output 

impedance of a given electrical load are designed to reduce signal reflection and 

maximize the power transferred to the electric load (25).  

The enhancement of the impedance matching of the material make it suitable for the 

practical design which improve the microwave absorption performance (26). 

 Penetration depth (skin depth) 

Penetration depth or called skin depth, it is the depth where the intensity is reduced to 

    (about    ) of the original intensity at the surface (27). It depends of the electrical 

properties of the material. An increase in the loss factor (denotes by the complex part of 

permittivity) makes faster microwave energy absorption. It is shown that the incident 

power density decreases exponentially form the surface to the core region (28). 

 Attenuation constant  

It means how the electromagnetic wave attenuate inside a material. An increase in the 

attenuation constant cause a high absorption of the wave. The attenuation constant is the 

reciprocal of the penetration depth. 
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 Reflection Coefficient 

It is a measure of the intensity of reflected electromagnetic wave to the intensity of 

incident wave. High value of   means the material will highly shield the 

electromagnetic wave incident on it.  

The reflection of the electromagnetic waves happens when there is a difference of the 

impedance between two boundaries. This difference called the impedance mismatch. 

The larger the impedance mismatch, the larger the value of energy which will be 

reflected at this interface between the two sides or boundaries (29). 

 Shielding Effectiveness  

Shielding effectiveness (  ) shows the ability of a material to attenuate 

electromagnetic field. Increasing the value of    will increase the electromagnetic 

isolation (30). It can also be defined as the ratio between the magnitudes of the 

incident and transmitted electric field. The shielding effectiveness value affected by 

different parameters: the frequency of the incident electromagnetic energy, the shield 

material parameters (permittivity and conductivity values), the shield thickness, and 

the type of the electromagnetic field source (electric field, magnetic field or plane 

wave) (31). 

 Scattering Parameters  

Scattering parameters or called simply  -parameters, are numerical values which 

describe the electrical behavior of a linear, time-invariant, multi-port network. These 

parameters determine the relationship between the incident and reflected waves at 

each network port. So,  -parameters define the transformation of energy between the 

ports in the given system. These S-parameters are frequency dependent (32).                                                            

If we have a system of two ports, a1 and a2 means the incident waves on port 1 and 2, 

b1 and b2 are the reflected waves at port 1 and 2, respectively, these incident and 

reflected waves can be related mathematically by the S-matrix as follow:   

(
  

  
)   (

      
      

) (
  

  
)                                            (1.1) 
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Where the diagonal elements of the  -matrix represent the reflection coefficients from 

the two ports. And the off-diagonal elements represent the transmission coefficients 

from one port to the other. 

1.5.2 Optical Properties 

 Absorbance and Maximum absorption wavelength 

Absorbance ( ) is a measure of the quantity of light absorbed by a material (33).                                      

     is defined as the wavelength that corresponds to the peak of absorbance . It can be 

used to find the energy of the conduction band (  ) by the Einstein’s photon energy 

equation: 

   
  

    
                                                        (1.2) 

Where   is Plank’s constant and   is the speed of light. 

There is a proof that the optical absorption of metallic nanoparticles can be studied in 

quantum mechanics due to intra-band excitations of the conduction electrons by photon. 

In metallic nanoparticles, the conduction electrons are not entirely free as in the bulk 

material, but some are held by the individual atoms and others are free to move between 

atoms. The free moving electrons form metallic bonds which cement the metal 

nanoparticles. At the maximum absorbance wavelength, the conduction electrons 

experience intra-band quantum excitation beyond the Fermi energy level (34).  

For smaller size of the metallic nanoparticles, there is a small number of atoms that 

make the particle. This will reduce the potential attraction between the conduction 

electrons and metal ions of the particle, which leads to an increase in the conduction 

band energy. In the other hand, larger size of the metallic nanoparticles means there is 

more atoms that form the particle, thus increasing the potential attraction and then 

reduce the energy of the conduction band of the metallic nanoparticles (34). 

 

 

 

https://www.thoughtco.com/definition-of-absorption-chemistry-605818
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 Surface-Plasmon Resonance 

Surface plasmon resonance (SPR) is a resonance effect which happens as a result of the 

interaction between the incident photon and the conduction electrons of metal 

nanoparticles. The interaction depends on the morphology of the metal nanoparticles 

(size and shape).     

When an electric field acts on a metal NP, the loosely bound electrons will be polarized. 

And a charge separation will occurs. The separation of charges causes a linear restoring 

force by the positively charged nuclei. As a result the valance electrons start oscillations 

on the material surface. If the frequency of the incident photon matches the natural 

frequency of the metallic electron oscillation against the restoring force of the nuclei, 

the resonance will happen (35). Figure.1 in Appendix A shows the SPR process. 

Silver nanoparticles absorb and scatter light with remarkable efficiency. When the 

conduction electrons interact with the incident light at specific wavelengths, these 

electrons undergo a collective oscillation. Their strong interaction with light occurs 

because the conduction electrons on the metal surface undergo a collective oscillation 

when they are excited by light at specific wavelengths. This SPR phenomena makes the 

absorption and scattering intensities of Ag NPs to be much higher than identically sized 

non-plasmonic nanoparticles. The properties of Ag NPs can be changed when the 

particles size and shape were controlled (36). 

 Energy Band Gap  

The energy band gap can be defined as the difference between the valance band and 

conduction band. Its nature differs when the material changes from bulk structure to 

nanostructure due to the quantum confinement effect.  

In the quantum confinement effects, the electrons described in terms of potential wells, 

energy states, valance and conduction bands, and energy band gaps. These quantum 

effects depends on the dimensionality of the system in nanoscale. Because this effects is 

just observed when the size of the particle is very small when compared to the electron 

wavelength. The confinement effects is related to the concept of restriction of the 

randomly motion of the electrons. So, the electrons will move in specific energy level 

(discrete levels), as shown in figure.2 in Appendix A. Moreover, a reduction of the 



11 

 

particle size to nanoscale causes an increase in the discreetness in the energy levels and 

the energy band gap of the material (24).  

1.5.3 Morphological Properties 

It is a study of the size and shape of the structure. 

 Size of Nanoparticles 

The physical and chemical properties of the nanoparticles are highly affected by the size 

of these NPs. The fast heating in the microwave-assisted synthesis method accelerates 

the reduction of the precursor which resulted in nanostructured with narrow sizes. A 

decrease in the size of nanoparticles causes an increase of the surface area which is 

related to the increase of the surface energy, and this make aggregations of the formed 

nanoparticles (37). The size of NPs affect the position of the SPR. 

 Shape of Nanoparticles 

Different shapes of nanoparticles can be formed by the microwave-assisted synthesis 

method. These shapes will directly change the nature of the surface-plasmon resonance 

curve. The number of maximum peaks in the SPR curve indicates the shape of these 

NPs. For example: the spherical nanoparticles will have a single surface-plasmon 

resonance band (37). 

The optical properties of the nanomaterials (reflection, absorption, transmission and 

light emission) are highly affected with the electronic structure. This structure is 

dramatically changes for different morphologies because the electronic structure in 

nanomaterials are much dependent on surface atoms. The size effects on optical 

properties of nanomaterials arise from two main factors, these are the increase in the 

energy level spacing (quantum confinement effect) and surface plasmon resonance (24).  

Due to the quantum confinement effect of the electrons in nanoparticles, these NPs react 

differently with light when incident on it compared to the bulk material. The reduction 

in dimensionality has the highest effect on the energies of the lowest unoccupied 

molecular orbit (the conduction band energy) and the highest occupied molecular orbital 

(the valance band energy). The optical properties like emission and adsorption happen 

when the electron transition occurs between these two energy bands. By changing the 
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size and shape of the nanoparticles, their emission wavelengths can differ from the UV 

through the visible to the near-infrared regions of the light spectrum (24). 

1.6 Literature Review 

Silver Nanoparticles (Ag NPs) have attracted a great deal of interest in recent years 

because of their special electrical, optical and morphological properties. Researchers 

used various methods to prepare it. Moreover, a lot of techniques were used to 

characterize these properties. Among these methods the Microwave-Assisted (MW) 

synthesis is the fastest and easiest one with successes in producing Ag NPs. A previous 

study which was done by Tetsushi Yamamoto et al.(12) used the MW method to 

prepare Ag NPs with size range         nm by alcohol reduction of fatty acid silver 

salts under microwave irradiation for     min at    –    K. They controlled the 

size of NPs by changing length of the alkyl chains in the fatty acids. Angshuman Palm, 

Sunil Shah and Surekha Devi (4) used the MW method to produce spherical and 

monodispersed silver nanoparticles, they used ethanol as reducing agent and PVP as 

stabilizing agent. Highly monodispersed stable polycrystalline silver nanoparticles were 

obtained during a period of  s. Soon Wei Chook et al. (38) fabricated Ag NPs and 

AgGo composites by MW method to study their antibacterial performance. The Ag NPs 

were distributed randomly on the surface of graphene oxide. Xuesen Hong et al. (39) 

prepared different shapes of Ag NPs: nanocubes, nanowires and nanospheres, via a MW 

method and characterized by UV-visible Absorption Spectroscopy (UV-vis), X-Ray 

Diffraction (XRD) and Transmission Electron Microscopy (TEM). Chengli Tang et al. 

(40) showed that the MW method can be applied to the production of conductive silver 

nano-ink which composed of multi-scaled NPs and a little number of nano-rods. The 

written tracks can have an electrical resistivity of            with just             of 

silver contant. A comparison between synthesis methods of Ag NPs which done by 

Hayelom Dargo Beyene et al, (41) showed that the MW method is favorable among the 

different methods. It produces a higher concentration of Ag NPs rapidly compared to 

the others with the same temperature and exposure. Hossein Barani and Boris Mahltig 

(42) published a research in which fluorescent Ag NPs were prepared by the MW 

method, with trisodium citrate for both reducing and stabilizing agent. The effect of 

parameters such as reaction time, temperature, and trisodium citrate concentration (   , 

   , and     ppm) were studied on the properties of synthesized Ag NPs. Furthermore, 
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Roberta Manno et al. (43) showed that The fast heating rate and volumetric character of 

MW heating were important for the synthesis of very small Ag NPs with a regular size 

distribution of (         ) nm, obtained after    s production duration. They conclude 

that increasing the temperature and time would give a lower homogeneity of the 

resulted product. In addition, a comparison done by K J SREERAM et al. (44) between 

conventional production methods (conventional temperature assisted process and 

controlled reaction at elevated temperatures) and microwave assisted process have been 

evaluated for the type of Ag NPs production. It has been shown that the MW process 

was faster and produced particles in the size of    nm. Different nanomaterials were 

synthesized using the microwave-assisted synthesis method. Ruthenium nanoparticles 

(Ru NPs) were synthesized in a small size (    nm) using the MW method by Sakshi 

Gupta et al. (45) The Ru was used as a precursor which reduced by the glucose, with 

Polyethyleneglycol (PEG) as a stabilizing agent which protect the formed Ru NPs from 

aggregations. The size of the Ru NPs were controlled due changing the microwave 

power and irradiation time. They concluded that the size of NPs decreased when they 

decrease the irradiation time with an increase in the microwave power. A previous study 

done by Prasant Sutradhar et al.(46) success in the preparation of Aluminum 

nanoparticles (Al NPs) from Aluminum Nitrate by the microwave method. They used 

the extract of coffee and tea. The morphological and optical properties of these NPs 

were characterized using the Scanning electron microscope (SEM), UV-Vis absorption 

spectroscopy and Fourier transform infrared spectroscopy (FTIR). They obtained that 

the Al NPs are spherical in shape with average size of (      nm), the Surface-

plasmon resonance band occurs at    nm. No reducing agent and stabilizers use in the 

preparation process. Cobalt Oxide (Co3O4) nanoparticles were prepared using the 

microwave-assisted synthesis method by S. Vijayakumar et al. (47) Using the Tunneling 

electron microscope (TEM), the prepared NPs were analyzed. The average particle size 

is   nm and the obtained Co3O4 NPs are homogeneous and well-distributed in size and 

shape, this is due to the uniform heating in the used microwave preparation process. The 

direct band gap was estimated from the absorbance values using Tauc’s equation. Its 

value is approximately     ev, which is larger than that for the bulk material. A. 

Kajbafvala et al. (48) succeeded in the preparation of Zin Oxide nanostructures (ZnO) 

using two different chemical solution methods by the simple microwave-assisted 

synthesis method. They produced large scale productions with high energy efficiencies. 
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The photocatalytic performance of the produced ZnO Nano powders was characterized 

using methylene blue (MB) photo-degradation with UV lamp irradiation. Two shapes of 

the ZnO were obtained: flower-like and spherical, with average size of   nm and 

  nm. The specific surface area was            for the flower-like shape and 

         for the spherical one. Both shapes has approximately the same energy band 

gap value. M. Iniya Pratheepa and M. Lawrence (49) published a research in which they 

prepared pure and cadmium-doped copper oxide (CuO) nanoparticles by the 

microwave-assisted synthesis method using copper acetate as the precursor. They 

obtained NPs with average size of       nm for the pure CuO nanoparticles, and 

     nm for the doped CuO nanoparticles. These NPs were studied by X-ray 

diffraction, scanning electron microscope and energy-dispersive X-ray spectroscopy.  

Different parameters could be changed during the preparation process: the power of the 

MW (medium-low (ML), medium (M), medium high (MH) and High (H)), the time of 

heating (  s and   s) and the ratio of precursor to stabilizing agent (              

and    ). The samples of Ag NPs will be analyzed using different techniques (Vector 

Network Analyzer (VNA), Ultra-Violet visible spectroscope (UV-vis) and Atomic 

Force Microscope (AFM)) and then make optimization to get the best sample. All 

measurements will be performed on solution form. 

1.7 Applications of Silver Nanoparticles  

Silver nanoparticles are used in several fields due to their especial physical, chemical, 

and optical properties. Some of these fields are summarized as the following points: 

 Ag NPs is an anti-bacterial agent, which make it used widely in the health industry, 

food storage, and water treatment. The Ag NPs have the capability to overcome the 

resistance of bacteria to the antibiotic. This anti-bacterial agent property comes from 

the large surface to volume ratios and crystallographic surface structure of the Ag 

NPs compared to other nanomaterials (50). The Ag NPs were used successfully to 

avoid dental diseases, because these NPs have the ability to restrict Plaque biofilm 

formation, which is one cause of the dental diseases (51).  

 Ag NPs has special electrochemical properties, so they take a place in several 

nanophysics applications: 
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1. Nanoscale sensors. This would produce lower detection limit and faster response 

time (52).  

2. Ag NPs can be used as a good electromagnetic shielding material (52). 

3. Ag NPs can be a good choice to enhance the properties of several materials (52). 

4. Fabrications of Antennas: The fabricated Ag NPs conductors gives a very small 

electrical loss in the high frequency range. This will increase the opportunity of 

designing antennas in small sizes with high performance (53). 

5. Electronically conductive adhesive: Due to the high conducting nature of the Silver 

nanoparticles, they can be used in the electrodes as a Silver paste. In addition, it can 

be used in electronically conductive adhesives (ECAs) as conductive fillers (53).  

6. Solar cells optimization: The Ag NPs can be used in the interface between the metal 

and dielectric contacts in solar cells. This will improve the light-trapping properties 

of the Silicon solar cells because of the increase in the absorbance capacity and 

obtaining hot electrons which enhance the photocurrents in these solar cells (53).   

 Diagnostics with Tunable Wavelength (54). 

 Surface-Enhanced Fluorescence (54). 

1.8 Research Objectives 

The main goals of this thesis can be summarized as: 

1. Prepare Silver nanoparticles (Ag NPs) samples by the Microwave-assisted synthesis 

method. Different parameters will be controlled via the synthesis process, this 

include the microwave power (ML, M, MH, and H), the microwave heating time 

(30s and 90s) and the precursor to stabilizing agent ratio (              and    ). 

2. Study the morphological properties of the prepared Ag NPs using the Atomic Force 

Microscope (AFM). This include analyzing the size and shape of the samples. 

3. Study the optical properties of the prepared Ag NPs using the Ultraviolet-Visible 

Absorption Spectroscopy (UV-Vis). This include analyzing the surface-plasmon 

resonance, the absorbance and the energy gap for each sample. 
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4. Study the electrical properties of the prepared samples using the Vector Network 

Analyzer (VNA). A check of the stability of the samples may be done. 

This thesis is distinguished from the previous works in the same topic by its 

comprehensiveness. Different parameters will be controlled during this study, and 

each parameter set will be characterized using the advance characterization 

techniques.  
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Chapter Two 

Methods and Calculations 

2.1 Methodology 

2.1.1 Materials 

The Ag NPs were prepared by the microwave-assisted synthesis method. This method 

needs a precursor which is Silver Nitrate (AgNO3) in this study. Ethylene Glycol was 

used as a reducing agent, and polyvinylpyrrolid (PVP) as a stabilizing agent. 

All used materials obtained from Chemical Engineering Department Laboratories at An-

Najah National University.   

2.1.2 Preparation of Silver Nanoparticles  

Several parameters were controlled during the preparation process. This include 

changing the microwave power, the microwave heating time and the precursor to the 

stabilizing agent ratio. The preparation of one sample done by adding the needed 

amount of the PVP gradually to    ml of Ethylene Glycol, they stirred magnetically 

using a magnetic stirrer at room temperature. After it totally dissolved,      gm of 

AgNO3 added to the previous combination and again stirred magnetically.  

The prepared solution was then placed in the microwave at the needed power for a 

given time. Modification of the microwave heating process is performed, a reflux was 

added to the microwave setup as shown in figure.3 in Appendix A. The reflux is an 

instrument which allows for facile heating of a solution, but without the loss of solvent 

that would happen from heating in an open vessel. In the reflux setup, solvent vapors 

are trapped by the condenser, and the concentration of reactants remains constant during 

the process (55). The color of the solution changed from a colorless to a yellowish one. 

This indicates the formation of Ag NPs. The color changed dramatically when changing 

the mentioned parameters above, these changes were shown in figure.1 (a),(b) and (c).  
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Figure.2 (b)                                                                                                                                         

Color changes for 90s samples with different MW powers. 
  

Figure 1 

Color changes for the prepared Ag NPs samples. (a) 30s samples with different MW powers. (b) 

90s samples with different MW powers. (c) Different AgNO3: PVP ratios 
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   Samples were prepared in this study with different synthesis parameters, these 

samples were summarized due to preparation conditions in table 1.  

Table 3    

Summary of the synthesis parameters of the prepared Ag NPs samples  

Sample number Microwave power Microwave heating 

time (s) 

AgNO3 : PVP 

1 ML 30 1 : 2 

2 M 30 1 : 2 

3 MH 30 1 : 2 

4 H 30 1 : 2 

5 ML 90 1 : 2 

6 M 90 1 : 2 

7 MH 90 1 : 2 

8 H 90 1 : 2 

9 MH 90 1 : 1/2 

10 MH 90 1 : 1 

11 MH 90 1 : 3 
 

2.2 Data Collection and Analysis Methods  

The Ag NPs will be characterized using different techniques according to the needed 

properties. Electrical, optical and morphological properties were studied using the 

Vector Network Analyzer (VNA), Ultra-Violet Visible (UV-Vis) Absorption 

Spectroscope and Atomic Force Microscope (AFM), respectively.    

2.2.1 Vector Network Analyzer (VNA)  

Material Research Lab at An-Najah National University. PLANAR R140 VECTOR 

REFLECTOMETER with frequency range 85 MHz-14 GHz and 50  impedance. The 

DAK Probe Stand has P/N: SM DAK 300AB, Switzerland. 

One special feature of a VNA is that it contains both a source (which used to generate a 

known stimulus signal), and a set of receivers (one or more), used to find changes to 

this signal caused by the material under test. In summary, when the source provides a 

signal, it passes through the material under test.  

Different types of vector network analyzer can be used. The principle of working differs 

according to how port the VNA has. For two ports VNA, when the signal injected to the 

material, both the signal that is reflected from the input boundary and the one which 

passes through to the output side of the material were calculated. While for the one-port 
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VNA, just the reflected electromagnetic wave was needed for analysis. Despite the type 

of the used VNA, the VNA receivers detect these obtained signals and compare them to 

the known stimulus one (56). 

The used VNA can be defined as a high-precision dielectric parameter measurements 

(permittivity, conductivity, loss tangent) over the very broad frequency range from     

MHz to    GHz for various applications in the electronic, chemical, food, and medical 

industries.  It consists of a probe that is connected to a vector network analyzer (VNA) 

for measurement of the complex reflection coefficient (   ) at the probe end. The 

measured     is then converted into the complex permittivity of the material under test 

using the DAK software (57).  

The system uses advanced algorithms and novel hardware to measure the dielectric 

properties of liquids, solids, and semi-solids over a broad range of parameters. The 

measurement method is fast, reliable and non-destructive to the material under test (57). 

The material under test should satisfy some assumptions, it needs to be isotropic, 

homogeneous, and in a good contact with the coaxial probe ( the contact is uniform and 

free of any air gaps or bubbles (58). 

Once the VNA connected to the computer, the DAK program must be opened. First of 

all a calibration mode which is Open-Short-Load (O-S-L) was done. In this mode you 

make an open circuit which means the probe is connected to air, this followed by a short 

circuit by making a direct contact between the probe end and the copper strip which 

comes with the DAK package. Finally a load is connected to the probe, distilled water 

was used as a load in this study. After finishing the calibration process, the 

measurements can be done precisely.  

The measurement step was done by connecting the prepared samples of the Ag NPs 

directly to the probe of the VNA, as shown in figure.2 (a) and (b), then click the 

measure ribbon in the menu bar. The data must be stored before finishing the 

measurements. The measured data which contains the dielectric properties of the 

material can export as an Excel file to the computer.  
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The VNA gives the values of complex permittivity, real and imaginary parts. They can 

be related by the complex relative permittivity equation as follows:  

                                                                       (2.1) 

In which the magnitude of the relative permittivity found from: 

|  |   √                                                             (2.2) 

The loss tangent can be calculated from the ratio between real and imaginary parts of 

permittivity 

     
   

                                                                (2.3)                                                                         

The impedance of the material under test depends on its dielectric properties. It is 

defined as: 

    √
    

    
                                                              (2.4) 

   and    are the permeability and permittivity of free space, respectively. 

By the approximation of a good conducting material (silver, Ag in our case), the real 

part of permeability      and the imaginary part of permeability       , which leads 

to the relative permeability,       (This assumption is assumed from the used VNA) 

The impedance of air,    has a constant value: 

   √
  

  
                                                         (2.5) 

The impedance matching rate can be calculated as the ratio between the impedance of 

the material under test (or the impedance at interface) and the impedance of free space: 

                        
                      

                       
  

   

  
                     (2.6) 

The reflection coefficient of the electromagnetic wave defined by: 

  
      

      
                                                         (2.7) 
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The shielding effectiveness of the material can be described in the following form: 

                                                              (2.8)                                                                                                       

The penetration depth (or skin depth), can be calculated from: 

   
 

√       
                                                    (2.9) 

Where   is the frequency of the electromagnetic wave, and   is the electrical 

conductivity of the tested sample which has been given from the VNA calculated data, 

or it can be calculated using this formula:       

                                                           (2.10) 

Where   is the angular frequency and equals    . 

The attenuation constant of the electromagnetic wave inside the medium is the 

reciprocal of its penetration depth: 

  
 

  
                                                       (2.11)                                                                                                                                                                                                                   

2.2.2 Ultraviolet-Visible Absorption Spectroscopy 

Laboratories of the Department of Mechanical and Chemical Engineering at An-Najah 

National University. UV-Vis absorption spectra for the Ag NPs solutions were recorded 

using a Beckman Coulter DU 800 Spectrophotometer in the region of 300-600 nm.  

Ultraviolet and visible absorption spectroscopy is the measurement of the attenuation of 

electromagnetic radiation by an absorbing material. It can be used in material research 

for quantitative measurements and characterization of the optical properties of the 

material (59).  

UV-Vis spectroscopy is based on the interaction between light and sample. When the 

light passes through or is absorbed by a molecule, it makes a vibration of that molecule. 

The wavelength of light that is most strongly absorbed by a molecule is called the 

maximum absorption wavelength (60). A schematic diagram of the working principle of 

UV-vis spectroscopy was shown in figure.4 in Appendix A. 



23 

 

When the incident photon hits a molecule and is absorbed, the molecule will excited and 

go to a higher energetic state. For the excitation process of the electron, the incident 

photon must have enough energy, this energy is called the band gap. The energy band 

gap equals to the difference of energy values between the highest occupied molecular 

orbital and the lowest unoccupied molecular orbital. These orbitals are also identified as 

the bonding and anti-bonding orbits. As the chemical structure differs from one 

molecule to another, the value of the energy band gap will also changes (61).  

In this study, the prepared solutions which contains Ag NPs were investigated using the 

UV-Vis absorption spectroscopy. By taking a small amount of the samples and placing 

them on a distilled water, which we use as a reference in this process, the absorbance 

( ) of each sample was studied. The UV-Vis absorption spectroscopy gives the amount 

of light absorbed by the sample under measurements in a range of wavelengths (    

    nm in our case). The used UV-Vis absorption spectroscopy was shown in      

Figure.2 (c). 

The energy band gap (   , the needed energy for the electron to move from the valance 

band to the conduction band, can be calculated from the absorbance values which can 

be found from the UV-vis spectroscopy by using Tauc equation: 

         (     )                                             (2.12) 

Where   is the absorption coefficient,   is Plank’s constant,   is the frequency of the 

photon,   has a constant value of   for a  direct band gap and   for indirect band gap,   

is a constant and   is the energy band gap (62). 

The absorption coefficient can be related to the absorbance value by Beer’s law, so the 

values of ( ) may be replaced by the obtained ( ) values when finding the   .  

By making a plot of        on the Y-axix with    on the X-axis, then make 

extrapolating along the linear region to the X-axis, the energy band gap can be 

estimated in electron volts (ev).  
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2.2.3 Atomic Force Microscopy 

Faculty of Pharmacy Laboratories at An-Najah National University. Gwydion software 

was used for the analysis of Atomic Force Microscopy images. For AFM, a drop of a 

solution of Ag NPs was added onto mica substrates, dried under vacuum and analyzed 

by core AFM from Nanosurf Company, Switzerland.   

Atomic force microscopy is the most flexible and powerful microscopy technology for 

studying samples at nanoscale. The AFM may be used to make images of the samples in 

three-dimensional topography, it also provides various types of surface measurements. 

It is powerful because the AFM can generate images with high accuracy (up to 

angstrom resolution), with minimum sample preparation (63). 

The AFM slides were prepared by put a droplet of each sample on a solid slide, then put 

these slides in the oven for   hour. 

The working principle of the Atomic Force Microscope can be summarized by three 

steps: 

1. Surface sensing: The AFM uses a cantilever with a very sharp tip which scan over a 

sample surface. When the tip approaches the surface, the cantilever deflect towards 

the sample due to the close-range, attractive force between the surface and the tip. 

However, as the cantilever becomes even closer to the surface and makes contact 

with the tip, increasingly repulsive force takes over and causes the cantilever to 

deflect away from the surface (63). 

2. Detection method: Cantilever deflections towards or away from the surface have 

been detected using a laser beam. The incident beam of the top of the cantilever has 

been reflected. So, any cantilever deflection will make changes in the reflected 

beam. These changes can be tracked by using a position-sensitive photo diode 

(PSPD) (63). 

3. Imagine: The AFM images the topography of a sample surface by scanning the 

cantilever over a region of interest. The height of the tip above the surface may be 

controlled using a feedback loop, this make sure that we have a constant laser 

position (63).  
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Several abilities can be achieved using the Atomic force microscope: 

1. Force Measurement: AFMs can be used to measure the forces between the needed 

sample and the probe of the device. These forces can be measured as a function of 

the mutual separation between the probe and the sample. From these forces different 

mechanical properties of the sample can be found (sample’s Young’s modulus and 

stiffness) (64).  

2. 3D topography of the samples: From the interaction between the probe and the 

forces which the sample makes it, a 3D image of the sample can be taken. This is 

happened by scanning the position of the sample with respect to the AFM tip. The 

height of the tip will also be detected (64). 

3. Manipulation: The properties of the material under test can be modified by using the 

forces between the sample and the probe of the AFM in a controlled manner (64).  

After making the images of the prepared samples of Ag NPs using the AFM, the 

obtained results were modified using Gwyddion program. A histogram obtained for 

each sample, this show the average size of the prepared Silver nanoparticles.  

 Gwyddion is a modular program for the visualization and analysis of the scanning 

probe microscopy (SPM) data. Different measurement techniques can be analyzed using 

the Gwyddion program, this include the data taken from (AFM, STM). Several SPM 

data formats were supported by this program.  

Gwyddion gives a large number of data processing functions, this include all the 

standard statistical characterization, data correction and levelling, grain marking or 

filtering functions. The program also have a number of specific, uncommon, odd and 

experimental data processing processes which may be useful for the analysis of the data 

(65). 

The shape and size of the Ag NPs were studied. The used AFM was shown in         

figure.2 (d). 

The parameters that have been used in the calculation were listed in table.4  
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Table 4 

Numerical parameters used in calculations 

Parameter Numerical value 

                   

           

                 

               

           

       

          

  2 for direct band gap 

½ for indirect band gap 

 

Figure 2  

The used instruments in the characterization process. (a) and (b) show the VNA. (c) shows the 

UV-Vis absorption spectroscopy. (d) shows the AFM 
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Chapter Three 

Results and Analysis 

In this chapter, the obtained results and an analysis of each were discussed. The 

morphological, optical and electrical properties of the prepared Ag NPs samples were 

studied using the mentioned analysis techniques, AFM, UV-Vis, and VNA, 

respectively. The studied parameters are compared for the samples of different powers 

(ML, M, MH, and H), different times (  s and   s), and different AgNO3 to PVP ratios 

(  
 

 
                ). 

In the synthesis process, the Ethylene glycol used as a solvent and a reducing agent, 

which reduced the Ag ions from the precursor which is Silver Nitrate. The stabilizing 

agent was used to protect the formed Ag NPs from aggregations. The size of the 

prepared Ag NPs may be affected by the PVP amount. 

3.1 Morphological Properties of Ag NPs 

Atomic force microscope has been used to analyze the prepared Ag NPs samples. The 

shape and histogram of these NPs were shown in figure.3. The prepared Ag NPs has a 

spherical shape which does not affected by the different controlled parameters. But the 

size of these Ag NPs differs between samples. Figure.3 (a) shows the Ag NPs prepared 

at M microwave power for   s, the size of the NPs has a range of       nm. 

Increasing the microwave power to MH, with the same microwave heating time (  s), 

makes an increase in the range of the Ag NPs size. From figure.3 (b) It becomes in the 

range of       nm (66). The Ag NPs which prepared at MH microwave power for 

  s microwave heating time with     ratio was represented in figure.3 (c), these NPs 

are in the size range       nm. Decreasing the PVP ratio leads to more aggregations 

of the formed Ag NPs, which as a result cause an increase in these NPs size. Studying 

the results of figure.3 (d, b, c) with different ratios, we notice that increasing the PVP 

from    to   to   with respect to AgNO3 decreases the NPs size range (67). To study 

the effect of microwave heating time on the Ag NPs size, figure.3 (e) which contains the 

Ag NPs synthesized at MH microwave power for   s was compared with figure.3 (b). 

The   s sample has Ag NPs with size range of      nm (68). 
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Figure 3                                  

AFM representation of Ag NPs and the corresponding histogram. (a1) for M power for 90s, 

(b1) MH power for 90s, (c1) 1:3 ratio, (d1) 1:1/2 ratio, and (e1) MH power for 30s 
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3.2 Optical properties of Ag NPs  

3.2.1 Surface-Plasmon Resonance  

After the preparation of the Ag NPs samples, the optical properties were studied using 

the UV-vis absorption spectroscopy. The maximum absorption wavelength peak 

(surface Plasmon resonance band) and the normalized absorbance values for each 

sample were detected. For the successful preparation of the Ag NPs we expect to have a 

maximum absorption wavelength peak approximately between     and     nm (69). 

The presence of one dipole surface-plasmon resonance peak in the absorption spectrum 

confirms the spherical morphology of the prepared Silver nanoparticles, which satisfied 

with the AFM results which show that all samples have spherical shape (70). 

In figure.4 (a), the Ag NPs were successfully synthesized for   s microwave heating 

time samples at all microwave powers which indicated from the SPR peak which is in 

the expected region. The SPR band is approximately 430 nm. An increase in the 

microwave power leads to a red shift of the SPR (towards the longer wavelengths) and 

becomes wider (70).  The increase in the peak width is satisfied with increasing the Ag 

NPs size which happens when the microwave power increased.  

Figure.4 (b) shows the effect of changing microwave heating time on the absorbance 

spectrum of the synthesized Ag NPs. Two samples with the same microwave power 

(MH) and ratio (   ) but different microwave heating time (  s and   s) were 

compared. The Ag NPs were successfully synthesized for both   s and   s MW 

heating time samples which indicated from the SPR peak which occurs in the expected 

range. The SPR band is approximately     nm for the   s sample. While the   s 

sample has a SPR value of     nm. An increase in the MW heating time leads to a red 

shift of the SPR and becomes wider (42). This wider peaks satisfy with the larger size of 

the   s sample over the   s sample. So, the increase in the MW heating time causes an 

increase in the Ag NPs size which as a result causes this red shift and the peak becomes 

wider. 

The effect of changing the AgNO3: PVP ratio on the SPR peak was shown in figure.4 

(c). It is obvious that all ratios can be used to synthesize Ag NPs. A decrease in the PVP 

ratio causes a red shift of the SPR towards the higher wavelengths and becomes slightly 

wider. When the ratio changes from      to      the SPR increased from     nm to 
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    nm. Decreasing the PVP ratio make aggregates of the Ag NPs, which leads to a 

higher Ag NPs size. As a result a red shift and wider peaks will happen for the SPR.  

3.2.2 Energy Gap  

The energy gap was calculated from the mentioned Tauc equation, and by extrapolating 

the linear curve along the X-axis, the value of    may be estimated.  

Figure.4 (d), (e) and (f) show the Tauc’s plot for a direct band gap, by plotting        

against      in electron volt, the    values can be estimated from the extrapolating of 

the linear region of the curves along the X-axis. In Figure.4 (d), by increasing the 

microwave power for the   s samples, the value of    decreased from      ev to      

ev. This decrease in the band gap might be due to the increase of the Ag NPs size which 

happens because of the increase in the MW power. From equation (1.2), a red shift that 

occurs when increasing the microwave power (higher     ) corresponded to lower 

conduction band energy, which causes a reduction in the energy band gap value. 

In figure.4 (e), the increase in the microwave heating time from   s to   s causes a 

decrease in the   value from     ev to     ev. This decrease in the band gap might be 

due to the increase of the Ag NPs size which happens because of the increase in the 

MW heating time. 

The value of the energy band gap is also affected by the AgNO3: PVP ratio. This effect 

is represented in figure.4 (f), decreasing the PVP ratio makes a decrease in the energy 

band gap. In our case it decreased from      ev to      ev. This occurs because of the 

bigger size of Ag NPs with lower PVP ratios which resulted in a decrease of the energy 

gap values.  

The energy band gap is highly affected by the morphology of the silver nanoparticles. 

An increase in the particle size causes a decrease in the energy band gap (71), (47). The 

theoretical value of the direct band gap of the Ag NP is     ev (72). Which is 

approximately the same as its value in this study. 
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Figure 4  

(a), (b) and (c) show the absorbance spectrum. (d), (e) and (f) show the Tauc’s plot for the Ag 

NPs. (a) and (d) represent different MW powers for 90s. (b) and (e) for different MW heating 

times. (c) and (f) for different AgNO3: PVP ratios 

  



32 

 

3.3 Electrical properties of Ag NPs  

In this section, the electrical conductivity, real and imaginary parts of permittivity, loss 

tangent, impedance matching ratio, penetration depth (or skin depth), attenuation 

constant, reflection coefficient and shielding effectiveness were analyzed for the 

prepared Ag NPs samples in a frequency range (     GHz) at room temperature 

using the VNA. Several synthesis conditions were controlled when calculating each 

mentioned parameter. 

3.3.1 Electrical Conductivity  

Figure.5 shows the electrical conductivity of the Ag NPs samples with different 

controlled synthesis parameters. Figure.5 (a) represent Ag NPs with different 

microwave powers (ML, M, MH and H) for   s microwave heating time. For the H 

microwave power and   s Ag NPs sample, the value of   increased from     s/m to     

s/m when the frequency changed from     GHz, then it approximately has a constant 

value up to    GHz. This behavior is the same for all microwave power.  

An increase in the MW power leads to higher values of  . At     GHz, the electrical 

conductivity increased from     s/m to     s/m for the   s samples when changed from 

ML to H power. This can be understood by the fact of increasing the size of Ag NPs 

when the microwave power increased, this leads to an increase in the electrical 

conductivity values (73). 

Figure.5 (b) represents the effect of changing microwave heating time on the electrical 

conductivity value when the microwave power is constant (MH). The increase in the 

MW heating time leads to a big enhancement of the   values.   is approximately zero 

for the   s sample if it compared to the   s sample. This can be related to the bigger 

size of the Ag NPs obtained from the AFM in the   s sample than that of the 30s 

sample.  

It is important to show that the   s samples with different MW powers give unstable 

measurements of the electrical conductivity. So, no more electrical properties needed to 

analyzed for the   s Ag NO3 samples. This is shown in Figure.5 in Appendix A. 
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Figure.5 (c) indicates the behavior of the electrical conductivity in the frequency range 

     GHz when the PVP ratio is changed (with constant power and time, MH and 

  s). Its value increased linearly from     GHZ, then its value is approximately 

constant. At     GHz, the value of   increased from     s/m to     s/m when the 

ratio differs from     to      . 

An improvement in the electrical conductivity of the Ag NPs samples can be satisfied 

by either increasing the MW power, the MW heating time or decreasing the Ag NO3: 

PVP ratios. The effect of increasing the microwave heating time from   s to   s is the 

largest among the controlled conditions. 

3.3.2 Real and Imaginary parts of permittivity  

Figure.6 (a), (b) show the real part of the complex permittivities (   ) in the frequency 

range      GHz. Figure.6 (a) represents   of the four different MW powers (ML, M, 

MH, and H) for   s microwave heating time. Its values were decreased dramatically in 

the whole frequency range, for the H microwave power and   s its value decreased 

from      to    . Moreover, an increase in the microwave power causes a slightly 

increase in   . In the middle of the frequency range, at     GHz,     increased from 

    to     when the microwave power increased from ML to H for the   s samples.  

In Figure.6 (b) there is an obvious differences in    values between the different PVP 

ratios. The higher PVP ratio corresponding to the lowest value of   . At   GHz its value 

increased from   to     when the PVP ratio changed from     to       (All samples 

prepared at MH and   s in this case).  

Figure.6 (c) shows the imaginary part of the complex permittivities (   ) for different 

microwave power samples for   s microwave heating time. It can be seen that its value 

is dramatically decreased in the whole frequency range, for the H microwave power and 

  s its value decreased from      to    . The increase in MW power cause a slightly 

increase in the     value. At     GHz, for the   s samples,     increased from     to   

when the microwave power increased from ML to H.  

The imaginary part of complex permittivities (   ) for different PVP ratios has shown in 

Figure.6 (d), there is a dramatically change in its value due to the change of PVP ratio. 

At     GHz its value changes from     to     when the ratio changes from     to 
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     . The differences between the curves are higher for the low frequency range than 

the high frequency range. 

As a result, to enhance the material charge storage property the microwave power needs 

to be higher and the PVP ratio should be lower (22). This concluded from the higher 

values of    for   s Ag NO3 sample with H microwave power, and       ratio. In 

addition, the same conditions makes an improvement in the dielectric attenuation 

performance of electromagnetic wave due to the improved values of    . It’s clear that 

the effect of changing the PVP ratio is better than changing the MW power for the 

enhancement of the dielectric properties. 

3.3.3 Loss Tangent  

Figure.7 (a) and (b) represent the loss tangent values calculated for the Ag NPs as a 

function of frequency. Figure.7 (a) shows the electric loss tangent for the Ag NPs which 

was prepared for   s MW heating time, with different microwave powers (ML, M, MH, 

and H).  It is almost constant between 4-6GHz, then decreases from   to    GHz. This 

indicates that the largest attenuation of the electromagnetic wave when it passing 

through the Ag NPs occurs at   GHz.  

An increase in the MW power leads to slightly decrease in the dielectric loss of the Ag 

NPs samples (22). The highest loss tangent occurs for the ML sample. 

In figure.7 (b) the loss tangent for different Ag NPs samples which all prepared at MH 

power for   s, but with different PVP ratios (              and    ) were plotted as 

a function of frequency. It is clear that there is a wide peak which satisfy the highest 

attenuation, this peak ranging from         GHz. The Ag NPs sample which prepared 

at MH power for   s and with     ratio has the largest value of      which is       

about    . 
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Figure 5                                                                                                                    

The electrical conductivity was shown as a function of frequency for (a) different MW powers. 

(b) different MW heating time. (c) different AgNO3: PVP ratios 
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Figure 6 

Real and imaginary parts of complex permittivity as a function of frequency. (a) and (c) 

represent   and     for different MW powers. (b) and (d) represent    and     for different 

AgNO3: PVP ratios 
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Figure 7 

The loss tangent as a function of frequency. (a) Shows      for different MW powers. (b) 

Shows      for different AgNO3: PVP ratios 
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3.3.4 Impedance Matching Ratio 

In the previous chapter, the relation of the impedance of the samples was shown. It 

depends on the relative permittivity and relative permeability values of the material. The 

impedance matching rate was defined as the ratio between the impedance at interface 

(Ag NPs samples in this study) and the impedance of air, which has a constant value. 

From the obtained values of relative permittivity, and by the approximation of the 

relative permeability to be 1, the values of   was calculated for the synthesized Ag NPs 

at each frequency point. Then these values were divided into the impedance of air to get 

    .  

Figure.8 (a) and (b) shows the value of the impedance matching ratio as a function of 

frequency. For all Ag NPs samples, it increased linearly in the used frequency range 

(     GHz). Figure.8 (a) studied the effect of the increase in the microwave power on 

the impedance matching ratio (at constant microwave heating time   s). It is clear that 

the impedance matching ratio reduced gradually with increasing the MW power for the 

  s Ag NPs samples. In Figure.8 (b) the decrease of PVP ratio caused a decrease in the 

impedance matching ratio. For example, at    GHz, when the ratio decreased from 

    to       the impedance matching ratio changed from      to     . The effect is 

much clear for the higher frequency values.  

The impedance matching ratio for a good absorbing material should be greater than     

to let incident microwave efficiently enter the absorbers with little reflections (74). The 

      ratio of the Ag NPs sample reaches this value (   ) at approximately       

GHz while the     ratio reaches it at        GHz. From that we concluded that the 

    ratio is better than       ratio for the absorbing material applications, because the 

    ratio has a wide range of frequency (       GHz) with impedance matching ratio 

larger than    .  

These results indicate that the increase of MW power and decrease in the PVP ratio 

would have an adverse effect on the impedance matching performance of the absorber 

which was more obvious in the high frequency range with higher electromagnetic 

energy. 
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Figure 8  

The Impedance matching ratio as a function of frequency. (a) Shows Z/Z0 for different MW 

powers. (b) Shows Z/Z0 for different AgNO3: PVP ratios 
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3.3.5 Penetration Depth (Skin Depth) 

The penetration depth value was calculated from its relation which was mentioned 

previously. It depends on the electrical conductivity of the sample, its relative 

permeability (considered to be    in our case), and the value of the frequency at which 

the data was taken. Figure.9 (a) and (b) shows the penetration depth in which the 

electromagnetic wave attenuate to     of its initial value when passing through the 

sample as a function of frequency. 

 All plots indicate that    has an exponential decrease when the frequency increased 

from      GHz.  Figure.9 (a) represents the effect of changing the microwave power 

on    value for 90s microwave heating time. It is clear that the higher microwave power 

leads to a slightly decrease in   . At     GHz, when the microwave power increased 

from ML to H, the value of    decreased from    mm to    mm.The decrease of    is 

highly affected with decreasing the PVP ratio. Figure.9 (b) shows that at    GHz,    

decreased from    mm to  mm when the ratio changed from     to      .  

For better attenuation, the Ag NPs samples with       ratio can be used successfully, 

in which the incident electromagnetic wave will reduced into     of its initial value 

just in  mm depth inside the material.  

3.3.6 Attenuation Constant  

The higher attenuation constant indicates that the material is better to attenuate the 

electromagnetic wave passing through it, it was calculated from the reciprocal of the 

penetration depth at each frequency point. From figure.10 (a) and (b) it can be achieved 

by increasing the MW power or decreasing the PVP ratio.  

Figure.10 (a) indicates that increasing the microwave power will increase the 

attenuation constant value. At     GHz, the attenuation constant will increase from 

   db/m to    db/m when the microwave power increased from ML to H for   s 

microwave heating time.  

The effect of decreasing the PVP ratio is much clear than changing the power of the 

microwave, Figure.10 (b) shows that at    GHz,    increased from       db/m to 

      db/m when the AgNO3: PVP ratio changed from     to      . In the whole 
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frequency range (     GHz), the attenuation constant increased linearly with 

frequency.                              

3.3.7 Reflection Coefficient 

The reflection coefficient measures the amount of electromagnetic wave reflected when 

passing through the material with respect to the original incident wave. In Figure.6 (a) 

and (b) in Appendix A, it’s obvious that the reflection coefficient exponentially 

decreased in the frequency range (     GHz) for all Ag NPs samples. Figure.6 (a) 

represents the effect of changing microwave power on the reflection coefficient value 

for   s Ag NPs samples. An increase in the microwave power leads to a slightly 

increase in the   value especially in the higher frequency values. At     GHz,   

increased from     to     when the microwave power changed from ML to H.  

The effect of changing the AgNO3: PVP ratio was analyzed in figure.6 (B), decreasing 

the PVP ratio make an improvement in the   value in the whole frequency range. At 

    GHz,   increased from     to     when the ratio decreased from     to 

     .  

The highest reflection coefficient obtained when the Ag NPs prepared at MH power for 

  s, with       ratio. This is satisfied at the whole frequency range. This is related to 

the higher value of electrical conductivity of this Ag NPs sample.  

3.3.8 Shielding Effectiveness  

Shielding effectiveness is related to the reflection coefficient values, the more 

electromagnetic wave reflected by the material means this material is a good shielding 

material. Figure.7 (a) and (b) in Appendix A indicate that the    value decreased 

exponentially in the used frequency range (     GHz) like the   curves. The effect of 

changing microwave power and changing the AgNO3: PVP ratio is the same for    and 

  values. In addition, the ratio effect is clearer than the MW power. At     GHz, the 

   value increased from     db to     db when the power increased from ML to H for 

the   s Ag NPs samples. At the same frequency point, its value increased from   db to 

    db when the ratio changed from     to      . The best Ag NPs sample for 

shielding applications obtained when synthesized at MH power for   s with       

ratio.  
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Figure 9 

The penetration depth as a function of frequency. (a) Shows     for different MW powers. (b) 

Shows     for different AgNO3: PVP ratios 
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Figure 10                                                                                                                                    

The attenuation constant as a function of frequency. (a) Shows   for different MW powers. (b) 

Shows    for different AgNO3: PVP ratios 
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3.4 Yield of Silver Nanoparticles 

The yield can be defined as a measure of the quantity of the product formed in the 

chemical reaction, with respect to the consumed amount of the reactant. A high yield 

means larger amount of the product obtained (75). The percentage yield calculated from 

the ratio between theoretical and actual yield. Where the theoretical is the maximum 

amount of the product that can be formed in a given reaction, and the actual yield is the 

obtained amount in the experimental work (75). 

We try to calculate the yield of Ag NPs in each sample (4-samples with different 

powers for   s microwave heating time). This happens by putting    ml from each 

solution sample in a small container and heating it on the hot plate until all the solution 

evaporate, the left will be a combination of Ag NPs and PVP. This process was shown 

in figure.8 in Appendix A. 

We weight each container when it is empty and after the evaporation of the solution. 

Taking the exceeded weight (which comes from    ml of the sample). Multiplying by   

to get this for the whole sample (   ml). Dividing by the initial used quantity of Ag NPs 

and PVP (=                           ).  

The yield is calculated by dividing the last calculated number on      (the initial 

amount of sample when the ratio of AgNO3: PVP =    ). The obtained values were 

mentioned in table.5. 

Table 5   

Yield calculations for 90s Ag NPs samples 

Ag NPs sample ML, 90s M, 90s MH, 90s H, 90s 

Weight of empty 

container (gm) 
                                

Weight of the container 

after evaporation (gm) 
                                

The exceed weight for 

10ml solution (gm) 
                            

The exceed weight for 

40ml solution (gm) 
                            

The yield                                 
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From table.5 it is clear that the yield of Ag NPs is approximately not affected with 

changing the microwave power for the   s microwave heating time. 

3.5 Limitations 

In the preparation process, Ag NPs with   s microwave heating time were synthesized 

(with four different microwave powers). These prepared nanoparticles were 

characterized using the different characterization technique (UV-Vis, and VNA).  

Unexpected results were obtained for this microwave heating time samples. One of 

these result, the electrical conductivity which gives an inverse behavior from the 

expected one. And repeating the measurements different time give different values, 

which indicates that these Ag nanoparticles are not stable. 

Sometimes increasing the microwave power leads to a decrease in the electrical 

conductivity values. Another times, a random behavior of the electrical conductivity 

values with different microwave powers were obtained. This was represented by 

figure.9 (a) and (b) in Appendix A. 

All these results says that the   s microwave heating time is not suitable for the 

preparation of Silver nanoparticles by the microwave-assisted synthesis method.  

A comparison between some samples of the prepared Ag NPs were found in table.6. 

Morphological, optical and electrical properties of each Ag NPs sample were founded. 

The electrical properties all calculated at       ).  

The electrical properties of the 30s Ag NPs samples were not analyzed because of the 

unstable behavior of these samples electrical conductivity.  
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Table 6  

Properties of some Ag NPs samples (electrical properties at f=8GHz) 

 M, 90s MH, 90s 1: 3 1: ½ MH, 30s 

Average size 

(nm) 
                             

Shape Spherical Spherical Spherical Spherical Spherical 

SPR (nm)                     

   (ev)                         

  (s/m)                    

                        

                       

                     

                            

   (mm)                      

   (db)                  
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Chapter Four                                                                                         

Discussions and Conclusions  

In this thesis, the Ag NPs were successfully synthesized using the MW method. 

Different parameters were controlled during the work, these include the MW power 

(ML, M, MH, and H), the MW heating time (  s and   s) and the AgNO3: PVP ratio 

(                 ). A brief study of the optical, electrical and morphological 

properties was done.  

It is concluded from the UV-Vis absorption spectroscopy results of the absorbance 

values in different wavelengths that all samples have maximum peaks in the expected 

region for having Ag NPs (       nm). This peaks which is denoted by SPR make a 

red shift towards the higher wavelengths when one of these conditions satisfied: the 

MW power increase, the MW heating time increase, or the PVP ratio decrease. This red 

shift is also accompanying with increasing the width of the peak. In addition, the 

decrease in the PVP ratio has a higher effect than increasing the MW power or heating 

time. The red shift and smaller energy gaps can be obtained by increasing the MW 

power or decreasing the PVP ratio.  

It is clear from the AFM analysis that the Ag NPs can be formed in the both used MW 

heating time. All samples have the same nanoparticles shape which is spherical, but 

with different sizes which affected by the controlled parameters. From the obtained 

AFM figures, the samples with larger width and larger red shift in the absorbance 

spectrum plot corresponding to larger Ag NPs sizes. The larger sizes of NPs obtained by 

increasing the MW power, MW heating time, or decreasing the PVP ratio. 

Moreover, studying the electrical properties of the prepared samples by the VNA shows 

that the   s samples are not stable. This understood from the unexpected behavior of 

the electrical conductivity values, also these results change over time. So, the   s 

samples cannot been used successfully in applications. By representing the electrical 

properties of the   s samples, it is clear that these samples are stable. The electrical 

conductivity of the   s samples is much higher than that for the   s samples 

(comparing samples with constant MW power and AgNO3: PVP ratio). The 

measurements of the   s samples repeated different times during   months and gives 
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approximately the same results in each time. Because of that, the   s samples can be 

used in several applications.  

From the    prepared Ag NPs samples, sample number   (MH power for   s MW 

heating time and       ratio) has the highest value of electrical conductivity over all 

samples. This satisfied at all frequency range (     GHz). As a result, this sample 

also has the largest reflection coefficient which means it can be used as a good shielding 

material in the EM shielding applications.  

These results indicate that the increase of MW power and decrease in the PVP ratio 

would have an adverse effect on the impedance matching performance of the absorber 

which was more obvious in the high frequency range with higher electromagnetic 

energy. In addition, these conditions make an enhancement of the electrical properties 

of the formed Ag NPs 

Future work: adding the best sample for shielding (sample  ) to Multi wall carbon 

nanotubes (MWCNTs). This new composite may improve the dielectric properties of 

the MWCNTs. The concentration of the added Ag NPs could be controlled to find the 

best ratio.  
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List of Abbreviations 

Abbreviations Meaning 

NPs Nanoparticles 

nm Nanometer 

Ag Silver 

MW Microwave-assisted synthesis method 

     Electric loss tangent 

   Complex permittivity 

 ́ Real part of complex permittivity 

 ́́ Imaginary part of complex permittivity 

  Electrical conductivity 

  Impedance of the material 

   Impedance of air 

     Impedance matching ratio 

   Penetration depth (skin depth) 

  Euler’s number  

  Attenuation constant 

  Reflection coefficient 

   Shielding effectiveness 

 -Parameters Scattering parameters 

   Absorbance 

     Wavelength of maximum absorption 

   Energy of the conduction band 

  Planck’s constant 

  Speed of light 

SPR Surface-Plasmon resonance 

AgNO3 Silver Nitrate 

PVP Polyvinylpyrrolid 

VNA Vector network analyzer 

UV-Vis Ultraviolet-Visible absorption spectroscopy 

AFM Atomic force microscopy 

SPM Scanning probe microscopy 
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   Permeability of free space  

   Permittivity of free space  

   Complex permeability 

 ́ Real part of complex permeability 

 ́́ Imaginary part of complex permeability 

  Frequency 

GHz Giga Hertz 

EM Electromagnetic wave  

  Angular frequency 

   Energy band gap 

  Absorption coefficient 

  Frequency of photon 

ev Electron volt  

s/m Siemens per meter 

db/m Decibel per meter  

MWCNTs Multi wall carbon nanotubes  
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Appendices 

Appendix A 

Figures of Study 

Figure.1 

Schematic diagram of SPR process 

                                                                                                                                       

 

 

 

 

Figure.2 

Schematic diagram of Energy band gap for bulk and nanomaterials 
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Figure.3  

Schematic diagram of microwave heating process 

 

 

 

 

  

  

 

 

 

 

 

 

 

 

Figure.4                                                                                                                             

Schematic diagram of the working principle of the UV-Vis absorption spectroscopy 

 

 

 

 

 

 

 

 



61 

 

Figure.5                                                                                                                             

Electrical conductivity of 30s Ag NPs samples with different MW powers 
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Figure.6                                                                                                                                 

The Reflection coefficient as a function of frequency. (a) Shows   for different MW powers. (b) 

Shows    for different AgNO3: PVP ratios 
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Figure.7                                                                                                                               

The Shielding effectiveness as a function of frequency. (a) Shows    for different MW powers. 

(b) Shows     for different AgNO3: PVP ratios 
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Figure.8    

Evaporation process of the Ag NPs to get the yield 
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Figure.9                                                                                                                                    

Electrical conductivity of 60s Ag NPs samples with different MW powers, data were taken in 

two different days 
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 الطمخص

‌بين‌ نانهميتر.‌تدخل‌الجديطات‌‌111-1الجديطات‌الظانهية‌هي‌جديطات‌صغيرة‌جداً،‌يتراوح‌قظرها‌ما

في‌مختمف‌الطجالات‌)الكهربائية‌والبصرية‌الظانهية‌الفمزية‌في‌كثير‌من‌الأبحاث‌الحديثة،‌وذلك‌لأهطيتها‌

‌نظراً‌ ‌وذلك ‌تطيزاً ‌الفمزات ‌أكثر ‌من ‌الفضة ‌عظصر ‌يعتبر ‌وغيرها(. ‌الفيزيائية‌‌والصظاعية لخصائصها

‌.والكيطيائية‌الططيزة

‌باستخدام‌ ‌التحضير ‌طريقة ‌تعتبر ‌و ‌الظانهية، ‌الفضة ‌جديطات ‌تحضير ‌في ‌عديدة ‌طرق ‌استخدام تم

الطيكرويف‌من‌أفضل‌الظرق‌الطدتخدمة،‌إذ‌يتم‌من‌خلالها‌تصظيع‌الجديطات‌في‌وقت‌قصير‌ندبياً‌)لا‌

‌يت‌يتجاوز‌البضع‌دقائق‌أو‌ثهاني(، كطا‌يطكن‌‌م‌الحصهل‌عمى‌كطية‌وفيرة‌من‌الجديطات‌الظانهية،وأيضاً

 التحكم‌بظريقة‌التحضير‌من‌خلال‌عدة‌متغيرات‌والذي‌يظعكس‌عمى‌طبيعة‌الجديطات‌الظانهية‌الطتكهنة.

‌نترات‌ ‌استخدام ‌تم ‌الطيكرويف. ‌باستخدام‌طريقة ‌الظانهية ‌بتحضير‌جديطات‌الفضة ‌قطظا ‌الدراسة في‌هذه

ات‌الفضة،‌بإضافة‌الإيثيمين‌جلايكهل‌كعامل‌اختزال‌والبهلي‌فيظيل‌بيروليد‌كعامل‌الفضة‌كطصدر‌لجديط

‌ ‌وهي: ‌التحضير ‌عطمية ‌خلال ‌متغيرات ‌بعدة ‌بالتحكم ‌الدراسة ‌هذه ‌تطت ‌الطيكرويف‌تثبيت. طاقة

ثانية(،‌‌01ثانية‌و‌01)متهسط_مظخفض،‌متهسط،‌متهسط_عالي،‌عالي(،‌وزمن‌التدخين‌بالطيكرويف‌)

‌كم‌أيضاً‌بظدبة‌نترات‌الفضة‌الطدتخدمة‌إلى‌عامل‌التثبيت.كطا‌تم‌التح



‌ت  
 

‌من‌خلال‌ ‌الطتكهنة ‌الظانهية ‌لجديطات‌الفضة ‌والكهربائية ‌والطهرفهلهجية ‌الخصائص‌البصرية تطت‌دراسة

‌فهق‌البظفدجية،‌ومجهر‌القهة‌الذرية‌ومحمل‌شبكة‌الطتجهات.و‌الطرئية‌محمل‌الظيف‌للأشعة‌

تبيّن‌مطا‌سبق‌أن‌الزمظين‌كافيين‌لتحضير‌جديطات‌الفضة‌الظانهية،‌وذلك‌من‌خلال‌قيطة‌الظهل‌الطهجي‌

لأعمى‌امتصاص‌والذي‌وقع‌ضطن‌الطظظقة‌الصحيحة‌لتكهّن‌هذه‌الجديطات.‌وباستخدام‌مجهر‌القهة‌الذرية‌

التي‌تم‌تحضيرها‌عمى‌زمن‌كان‌شكل‌الجديطات‌في‌جطيع‌الحالات‌كروياً‌بأحجام‌مختمفة.‌إلّا‌أن‌العيظات‌

‌الكهربائية،‌عمى‌عكس‌العيظات‌التي‌تعرضت‌لمتدخين‌لطدة‌‌01 ‌01ثانية‌لم‌تحقق‌الثبات‌بخصائصها

‌ثانية‌والتي‌حققت‌ثبات‌عالي‌في‌جطيع‌خصائصها.‌

‌محمل‌الكمطات الطفتاحية ‌الذرية، ‌القهة ‌مجهر ‌بالطيكرويف، ‌التحضير ‌طريقة ‌الظانهية، ‌جديطات‌الفضة :

 لأشعة‌الطرئية‌وفهق‌البظفدجية،‌محمل‌شبكة‌الطتجهات.الظيف‌ل

 

 

 

 

 

  

 

 

 

 

 

 


