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Abstract  
 

The optical and structural properties of silica doped with silver were 

investigated in detail at various annealing temperatures (from 500 °C up to 

1300 °C) and silver concentration (from 0.1 - 5 mol%). To investigate the 

effects of Ag concentration and annealing temperature on the formation of 

silver nanoparticles, complementary techniques were used namely 

ultraviolet-visible spectrometer (UV-VIS), X-ray diffraction (XRD), 

scanning electron microscopy (SEM) and transmission electron microscopy 

(TEM).  

The obtained results showed that the crystalline phase of silver did not form 

in samples annealed below 800 °C while for annealing temperature above 

1000 °C the amount of silver is reduced by evaporation. This indicates that 

the optimum annealing temperature is in between 800 °C-1000 °C.  

It is also revealed that the size of silver nanoparticles is increases with 

increasing the annealing temperature while increasing of Ag concentration 

had no significant effect on the particle size. It is also found that the peak 

intensity of the XRD pattern related to silver was increases as function of 

silver loads up to 1mol% and then decreased, indicating that the optimum 

concentration of silver is about 1mol%. On the other hand, it is found that 

the increasing of Ag loads in silica is catalyzed the structure order of 

amorphous silica towards the cristobalite phase. 
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  انًغخخهض
 

حى انخذمك يٍ انخٕاص انبصشٌت ٔ انخشكٍبٍت  نهغهٍكب انًشٕبت ببنفضت عُذ دسجبث دشاسة يخخهفت ) 

يٕل % (.  0يٕل % انً  5.0) دسجّ يئٌٕت ( ٔ حشاكٍض يخخهفت نهفضت 0055دسجّ يئٌٕت انً  055

نذساعت  حأثٍشدسجت دشاسة انخهذٌٍ  ٔ حشكٍض انفضت عهً حكٌٍٕ جغًٍبث انفضت انُبٌَٕت ,حى اعخخذاو 

عذد يٍ الأجٓضة يثم يمٍبط انطٍف نلأشعت فٕق انبٍُفغجٍّ, دٍٕد الاشعت انغٍٍُت, انًجٓش 

 الإنكخشًَٔ انًبعخ ٔ انًجٓش الإنكخشًَٔ انُبفز. 

خذصم عهٍٓب أٌ انطٕس انبهٕسي لا ٌخكٌٕ فً دبنت انعٍُبث انخً حًج يعبنجخٓب أٔضذج انُ ًُ خبئج ان

دسجت يئٌٕت فً دٍٍ أٌ كًٍت انفضت  فً انغهٍكب َمصج  055عُذ  دسجبث دشاسة  حهذٌٍ ألم يٍ 

دسجت يئٌٕت  َخٍجت نخبخش انفضت ٔ ْزا ٌشٍش  0555عُذ حغخٍٍ انعٍُت فً دسجت دشاسة أعهى يٍ 

دسجت  0555-055دسجت دشاسة  انخهذٌٍ انًثهى نخكٌٍٕ جغًٍبث انفضت انُبٌَٕت حخشأح بٍٍ إنى أٌ 

 يئٌٕت.

أٌضب أضذج انُخبئج أٌ دجى جغًٍبث انفضت انُبٌَٕت ٌضٌذ بضٌبدة دسجت دشاسة انخهذٌٍ بًٍُب صٌبدة  

جذ أٌ ُٔ شذة رسٔة ًَط   حشكٍض انفضت نٍظ نّ أي حأثٍش ٌزكش عهً دجى جغًٍبث انفضت انُبٌَٕت. كزنك 

يٕل% ثى ٌُمض بعذ ْزا  0يمٍبط دٍٕد الاشعت انغٍٍُت نهفضت ٌضٌذ بضٌبدة حشكٍض انفضت دخً 

يٕل%. يٍ جبَب آخش ٔجذ أٌ صٌبدة حشكٍض  0انخشكٍض, يًب ٌشٍش انً أٌ انخشكٍض انًثبنً نهفضت ْٕ 

 ٕسٌت يخًٍضِ.انفضت ٌذفض حشحٍب بٍُت انغٍهٍكب غٍش انًخبهٕسة ببحجبِ يشدهت  أٔ بٍُت به
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CHAPTER ONE 

INTRODUCTION 

1.1 Overview 

In the last century, the word “Nano” has attracted many scientists and it 

has been mentioned in several research fields such as chemistry, physics, 

medicine and biology (Ning, S., 2012). Nanometer is refers to a unit of 

measurement and by definition it is about one billionth of a meter 

(     ). Actually, there are two fields of research associated with the 

nanoscale namely, nanoscience and nanotechnology. Nanoscience is 

defined as the field of research that studying and manipulating materials in 

nano scale while nanotechnology is refers to field of applied science 

focused on the design, synthesis, characterization and applications of 

materials at nanoscale (Prema, P., 2011). 

Recently, noble metals nanoparticles (NPs) have gained more attention due 

to their fascinating chemical, physical and biological properties. Due to 

these promising properties, noble metal NPs have found wide range of 

applications in several areas, including nonlinear optical devices, surface-

enhanced Raman spectroscopy, near-field scanning optical microscopy,  

sensing, waveguides made of nanoparticle chains, in solar cells, light--

emitting diodes and integrated optics (Ojeda-MartÍnez, M. L., et al.,  2013). 

Moreover, metal NPs dispersed in dielectric materials exhibit a strong 

characteristic extinction peak, due to physical phenomenon called localized 
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surface plasmon resonance (LSPR). Plasmon is defined as the collective 

oscillations of the conduction electrons in metals NPs. The collective 

oscillation of these electrons leads to a resonant interaction when the 

frequency of incident light matches their natural frequency which is called 

LSPR (Matthew, R., et al., 2011). Depending on the dimension of metal NPs 

(small NPs), the free electrons in these NPs oscillates transforming energy 

from light into thermal energy in an absorption process while for relatively 

large NPs these electrons can be accelerated transforming energy into 

scattering process (Matthew, R., et al., 2011). Of interest is that the LSPR is 

greatly enhanced electric field near the NPs surfaces in both cases of 

absorption (near field enhancement) and scattering (far field 

enhancement). Therefore, the most applications of the LSPR are associated 

with electric field enhancement (near field or far field enhancement) (Kamal,  

K. P. and Pravat, K. G., 2017). Surface-enhanced Raman spectroscopy and 

near-field scanning optical microscopy are examples for far field 

enhancement and near field enhancement, respectively (Renata, R., et al., 

2011).  

Among noble metal NPs, Silver nanoparticles (Ag-NPs) are gained high 

scientific and economic interest due to their wide range of applications in 

several technological fields such as biology, medicine, material science and 

etc. Moreover, silver NPs is known to have high biological efficiency even 

at low concentration and therefore it intensively used as antimicrobial agents 

and against a broad range of germs like bacteria (Mahltig, B., et al., 2009). 
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It is important to note that the size, shape and the distribution of Ag-NPs in 

different hosts particularly in silica are played an important role in their 

application in all most all fields of research. Although there are lots of 

research about Ag-NPs doped silica glass, still there are lack information 

about the effect of annealing temperature and concentration on the formation 

of Ag-NPs and their optical and structural properties. Therefore, in this 

work, the effect of wide range of annealing temperature and concentration 

on the formation of Ag-NPs in silica and their optical and structural 

properties will be investigated. In addition, different complementary 

characterization techniques will be applied in order to compare the results.  

1.2 Literature Review 

Composite materials containing nanoscale particles of transition metal like 

Ag embedded in glass as the dielectric matrix are of great interest and have 

been a subject of intense research due to their unique optical characteristic 

and  their fascinating surface Plasmon resonance (SPR) properties. For 

example Jyotia Rozra et.al reported theoretical and experimental studies of 

structural and optical properties of Ag-NPs in glass using different 

techniques (UV-visible, XRD and TEM). The samples were annealed at 

various temperatures from 300ᵒC to 550 ᵒC. the obtained results showed 

LSPR peak around 427nm which confirmed the formation of silver 

nanoparticles. They also found that the size of Ag-NPs is increased by 

increasing of annealing temperature (Jyoti, R., et al., 2013). Furthermore, 

F.Y Alzoubi and S.A. Abu Bidier reported synthesis of silver NPs using 

chemical reduction method. The average diameter of Ag-NPs was estimated 

using the results obtained from UV-Vis and TEM techniques and found to 
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be about 68 nm (Alzoubi, F. Y, et al., 2012). In addition, Mauro Epifani 

et.al., reported synthesis of silver and gold NPs using sol-gel process in SiO2 

thin films. The obtained results from XRD showed that the intensity, the 

broadness of peak and the particles sizes were increased with increasing 

annealing temperature (Mauro, E., et al.,  2000). Recently, Farasat, M., were 

studied the crystallinity of silver nanoparticles according to their XRD 

patterns. Three peaks were recognizable at Bragg angles of 38.10, 44.33 and 

64.42. The average crystallite size was calculated and found to be about 18 

nm (Farasat, M., et al.,   2011). 

1.3 Problem Statement    

Recently, silica doped with silver NPs has become more and more popular 

due to increasing of its applications in almost all fields.  Most of these 

applications depend on their structural and optical properties. These 

properties are actually depends on the sizes and shapes of Ag-NPs and their 

distribution in silica. According to literature, there are many parameters that 

have been used to control the formation of Ag NPs in silica particularly 

annealing temperature and concentration.  Therefore, in this work wide 

range of annealing temperature and concentration is used and different 

characterization techniques are applied to highlights the effect of these two 

parameters on the formation of Ag-NPs in silica and their structural and 

optical properties. 
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1.4 Research objective 

1.4.1 General Objective 

To investigate the effect of annealing temperature and silver concentration 

on the formation of Ag-NPs in silica and their structural and optical 

properties  

1.4.2 Specific Objectives 

● To use experimental data to calculate the size of silver nanoparticles. 

● To determine peaks intensity for all samples at different 

concentration and temperature using x-ray diffraction (XRD). 

● To use obtained data from UV-visible to confirm the formation of Ag 

NPs. 

● To determine peaks position and calculate the full width at half 

maximum (FWHM) for all samples and at various concentration and 

temperature. 

● To characterize NPs from SEM and TEM measurements, determine 

the shape and to calculate the particle sizes. 

● To compare the obtained results from SEM and TEM with the results 

obtained from XRD and UV-visible. 

1.4 Dissertation layout 

This dissertation consists of five chapters as follow: Chapter one provides 

general information and the aim of this work. Chapter two focus on the 

theoretical background. The methodologies that used in this work were 

discussed in chapter three. The results and discussion were presented in 

chapter four, while the conclusion and the future work were given in chapter 

five, lastly list of references. 
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CHAPTER TWO 

THEORETICAL BACKGROUND 

2.1 Silver Nanoparticles 

Nanoparticles exhibit size and shape-dependent properties which are of 

interest for several applications. Silver nanoparticles are of interest due to 

their unique properties such as size and shape depending optical, electrical, 

and magnetic properties, which can be incorporated into antimicrobial 

applications, biosensor materials, composite fibers cryogenic 

superconducting materials, cosmetic products, and electronic components 

(Tanja, K., et al., 2001). Silver nanoparticles have drawn the attention 

because of their extensive applications in areas such as integrated circuits 

(Stefan, K.,  et al, 1997), sensors, biolabelling and  filters (Guozhang, C., 

2004) and antimicrobial deodorant fibres (Feng, W. and Ron-Shen, Y., 2003). 

Silver nanoparticles have been used as antimicrobial agents in health 

industry, food storage and textile coatings and in enormous environmental 

applications. Antimicrobial properties of silver nanoparticles caused the use 

of these nanometals in different fields of medicine. For instance, it was 

shown that silver nanoparticles mainly in the range of 1-10 nm attached to 

the surface of E. coli cell membrane and disturbed its proper function (Jose, 

R. M., et al., 2005). In general, the effects of silver particles depend on 

important aspects, such as particle size (surface area and energy), particle 

shape (catalytic activity), particle concentration (therapeutic index) and 

particle charge (oligodynamic quality) (Sukdeb Pal, et al., 2007). Therefore, 
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designing and production of materials with novel applications can be 

resulted by controlling shape and size at nanometer scale.  

2.2 Plasmon 

Nanostructured metals show very complex and interesting optical properties. 

The most striking phenomenon encountered in these structures is 

electromagnetic resonances due to collective oscillations of the free 

conduction electrons due to an external electric field termed Plasmon. 

Plasmon modes exist in a number of geometries and in various metals, most 

importantly in noble metals such as gold and silver. The boundary 

conditions for electromagnetic fields lead to different conditions for the 

occurrence of Plasmons for the cases of bulk material, planar metal-

dielectric interfaces and metal particles. Therefore, it is useful to distinguish 

these modes by speaking of bulk, surface or particle Plasmons, respectively 

in the following sections. 

2.2.1 Bulk Plasmon 

In bulk metals at equilibrium state and when there is an external field 

applied, the free electrons will make longitudinal oscillations through the 

metal. These oscillations occur at certain frequency called plasma frequency 

   and is given by (Nicholas, J. B., 2011):   

   √
   

   
                 

where   is the electrons density,   and   are charge and mass of electron 

respectively and    is the permittivity of free space. 
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Bulk Plasmon cannot be excited by photon due to the miss matching 

between longitudinal oscillation of free electrons in metals and transverse 

oscillation of light. Thus, instead of photon, electrons beam is used to excite 

the bulk Plasmon (see figure (2.1)) (Vincenzo, A., et al., 2017).  

 

Figure 2.1 Schematic diagram illustrating Bulk Plasmon 

2.2.2 Surface Plasmon 

Surface plasmons are electromagnetic modes bound to metal-dielectric 

interfaces, involving charges in the metal and electromagnetic fields in both 

media. The field intensity in the metal as well as the dielectric medium falls 

off exponentially in the direction normal to the surface. In the plane of the 

interface, the field intensity and charge distribution in the metal propagates 

as a longitudinal wave along the surface. By another word is an optical 

phenomenon arising from the collective oscillation of conductive electrons 

in a metal when the electrons are disturbed from their equilibrium positions 

(Xianmao, L., et al., 2009). There are two modes of surface Plasmon that 

metal can support, one is localized at the metal nanoparticle called localized 

surface Plasmon (LSP) and another is propagating at the interface between 
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metal and dielectric called surface Plasmon polaritons (SPP) (Matthew, E. 

S., et al.,  2008). The following sections will give details about these modes. 

2.2.2.1 Localized surface Plasmon   

Localized surface Plasmon is a phenomena occurs in metals nanoparticles 

having dimensions much smaller than the wavelength of incident light   

  .When metal particles exposed by light, the electric field of the incident 

light induced an electric dipole in the metal particles. Since the charge 

distribution counts on the electric field orientation, many surface electron 

moves to one side of the metal particles leaving a net positive charge on the 

other side as shown in figure (2.2) and when the oscillation frequency of 

electrons match the frequency of incident light, resonance is set up resulted 

in strong absorption band in the visible region of electromagnetic spectrum 

(Matthew, R., et al., 2011). 

 

Figure 2.2 Schematic diagram illustrating localized surface Plasmon. 

 

The resonance frequency (position of absorption band of LSPR) depends on 

various factors such as the type of metal, sizes and shapes of NPs.  

2.2.2.2 Surface Plasmon Polariton (SPP) 

A surface plasmon polariton is an electromagnetic excitation existing on the 

surface interface between dielectric and metals. It is an intrinsically two-

dimensional excitation whose electromagnetic field decays exponentially 
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with the distance from the surface (Anatoly, V. Z., et al., 2005). Propagating 

surface Plasmon (Surface Plasmon Polariton) does not produced unless the 

momentum of electric field associated to incident light is matches to the 

surface plasmon of metal (coupling between Plasmon and photon) (Ning, S., 

2012). As the results, some optical apparatus such as glass prism are used to 

manipulate the momentum of photons. Figure 2.3 showed the propagating 

surface Plasmon polariton. 

 

Figure 2.3 Show the propagating surface Plasmon polariton (Vincenzo Amendola, et 

al., 2017). 

2.3 Tuning of the Localized Surface Plasmon Resonance  

Nanoparticles show fascinating properties with unusual characterization that 

lead to the formation of unique properties in nanosystems. Additionally 

metallic NPs with sizes smaller than the wavelength of the light show 

localized surface plasmon resonance (LSPR), the resonance frequency of the 

oscillation and the surface plasmon energy are determined by the particle 

size and shape and the dielectric environment (Rivera, V.A.G., et al.,  2012). 

The following sections will explore the effect of those parameters. 
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2.3.1 The Effect of Size 

Metal nanoparticles absorb and scatter light at plasmon resonance frequency, 

the size of nanoparticles determines plasmonic features and how other 

physical parameters affect the LSPR. Therefore, size is an important variable 

that must be considered to discuss about plasmonic properties (Carsten, S., 

2001). 

For small particles (R    30) absorption dominate over scattering while on 

other hand larger particles can scatter light more efficiently. Matthew 

Rycenga et al discussed about the dependence of the number of LSPR 

absorption band based on the nanoparticles size. The obtained results 

showed that for small particles there is only dipole excitation whereas for 

large particles both dipole and multipole excitation are possible. It is also 

found that as the size increased the charge separation increase leading to 

lower frequency for the collective oscillation of electrons and thus red-shift 

the absorption wavelength (Matthew, R., et al., 2011). 

2.3.2 The Effect of Shape 

The shape of nanostructures can have a large effect on their LSPR 

properties. M. Rycenga et al calculate the extinction spectra for Ag 

nanostructure with various geometrical shapes (sphere, cube, octahedron and 

right pyramids) and observed that the number of resonances increase as the 

symmetry decreased. As can be seen in figure 2.4 and in general structure 

with sharp features tend to increase charge separation and reduce the 

restoring force for dipole oscillation thus they have red-shifted peaks 

(Matthew, R., et al., 2011). 
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Figure 2.4 shows the effect of the shape on the LSPR peak (Matthew, R., et al., 2011) 

2.3.3 The Effect of Dielectric 

The dielectric environment has significant impact on the LSPR properties. 

The LSPR profile for a given metal can be modified by its environment by 

means of dielectric constant    and this because of the sensitivity of 

excitation cross-sectional spectrum to the value of dielectric constant as can 

be seen in the following equation.  

     
    [     ]

 
 

 
      

  [    ]

[            ]    [    ] 
                 

where      is volume of nanoparticle,    is dielectric function of 

surrounding medium,       and       are the real and imaginary part of 

dielectric function, respectively,   is the wavelength of the incident light 

Salem Marhaba calculated the extinction cross sections for silver 

nanoparticles with a diameter of 20nm in different environment ( vaccum, 
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silica and alumina) and it is clear that the spectral position will move to red 

by increasing    as shown in Figure 2.5  (Salem, M., 2018). 

 

Figure 2.5 shows Extinction cross sections for a silver nanoparticle with a diameter 

of 20 nm calculated by the quasi-static approximation in different environments: 

Vacuum      , silica         and        

CHAPTER THREE 

METHOD AND TECHNIQUES 
 

3.1 Method and materials  

All samples were prepared and characterized at the University of the Free 

State, South Africa.  

Pure silica (    ) doped with Ag were synthesized using sol gel method. 

The starting materials used to prepare these samples consisted of distilled 

water, ethanol                 and tetraethylorthosilicate (TEOS, 99.7%) 

with molar ratio taken to be 1:5:10 for TEOS: ethanol: water respectively 
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(Abbass, AE., et al., 2017). Silver nitrate (Ag    , 99.9%) was used as the 

source of Ag. For all samples, TEOS was dissolving in ethanol by using 

magnetic stirring for 30 min. After that dilute      (0.15 M) was added to 

the solution instead of water and stirred for another 30 min. To dope the 

silica, Ag     was dissolved first ultrasonically in small amount of dilute 

     and then added to the mixture which was stirred for further 5 h. The 

gel was achieved by placing the solution in closed container and storing in a 

water bath at 50 °C for 24 h, then dried in opened container in air for 24 h 

and then ground to fine powder and annealed in air at different temperatures 

for 2 h. 

A brief description of the characterization techniques that used in this study 

namely UV-Vis spectrometer, X-ray diffraction, Transmission electron 

microscope and scanning electron microscopy will be presented in the next 

sections.  

3.2 X-ray Diffraction (XRD) 

X-ray diffraction is analytical technique used for phase identification of a 

crystalline materials, provides information on unit cell dimension and to 

study crystal structures. The basic geometry of X-ray diffractometer consist 

a source of monochromtic radiation and X-ray detector situated on the 

circumference of a graduated circle centered on the powder sample. There 

are two divergent slits one located between the source of X-ray and another 

between the sample and detector, limit scattered radiation to reduce the 

background noise and collimate the radiation. The detector and specimen 

holder are coupled with a gonionmeter (Poppe, L. J., et al, 2001). 
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X-ray diffraction is depend on the interference of X-ray and crystalline 

sample. As shown in figure 3.1, X-rays are generated in a cathode tube by 

heating to produce electrons and by applying a voltage the electrons 

accelerated toward a target, the specific wavelength is characteristic of target 

material. The commonly used material are Cu, Fe, Mo and Cr but the copper 

is most common one with λ=0.154nm.  If electrons have enough energy 

dislodge the inner shell of the sample, X-ray spectra were produced. These 

X-ray are directed to the sample, if the sample and detector are rotated, the 

intensity of reflected X-rays is recorded. The constructive interference 

occurred when Bragg Equation (nλ=2d sin θ) is satisfied (Barbara, L. D., et 

al., 2018). 

 

Figure 3.1. The diffraction of X-ray beams from crystal  

 

X-ray diffraction is a common and powerful nondestructive technique for 

characterizing crystalline materials. It provides information on phases, 
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structures, texure and other structural parameters such as average grain size, 

strain, crystallity and crystal defects (Andrei, A. B., et al., 2015).   

The crystallite size is determined by using Sherrer equation: 

  
  

         
                                          

Where K is a constant and used to be 0.9 in case of spherical shape, β is full 

width at half maximum (FWHM) in radians, θ is Bragg angle at which the 

peak maximum occurs and λ is the wavelength of X-ray radiation used in 

this study, λ = 0.154 nm . 

3.3 Transmission Electron Microscope (TEM) 

TEM is an analytical tool and a microscopy technique used to examine the 

structure, properties, composition of samples and to study biological and 

medical materials (Ping-Chang,  L., et al, 2014).  

Figure 3.2 shows the components and principle of  TEM, the first part of 

TEM contains the source of electrons that usually a V-shaped filament, 

condenser lens to focus the steam of electrons to small coherent beam, 

condenser aperture used to restrict electrons and filter out unwanted 

scattered electrons prior image formation, sample, objective lens to focus 

transmitted electrons from the sample and into an image, enables to examine 

the periodic diffraction of electrons, projector lens to expand onto phosphor 

screen and image pattern allowing to users to see the image. In TEM, the 

monochromatic beam of electrons usually accelerated through a potential of 

40- 100KV passed through a strong magnetic field .As the results, electrons 

are transmitted through on ultra-thin specimen interacting with the specimen 

as it passes through. An image is formed, magnified and focused to an 

https://www.tandfonline.com/author/Bunaciu%2C+Andrei+A
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imaging devise such as layer of photographic film or detected by sensor such 

as camera. 

 

 

Figure 3.2 Basic of TEM and the contrast of Dislocations  

The information that can be extracted by TEM depends on four parameters; 

the resolving power of the microscope usually smaller than 0.3 nm, the 

energy speed of electrons, the thickness of sample which should be less than 

1μm and  the composition and stability of the sample (Brydson, R., 2011). 

TEM is actually, provides crystallographic (morphology, size, shape 

arrangement of particles on scale of atomic diameter), compositional and 

chemical information via EDX and EELS.  

3.4 UV-Vis Spectrophotometer 

UV-visible spectroscopy principle is described in figure 3.3, in which a 

beam of light from a UV-visible light source is separated into its component 
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wavelengths by a prism or diffraction grating. Each monochromatic (single 

wavelength) beam, in turn, is split into two equal intensity beams by a half-

mirrored device. One beam for the sample passes through a small 

transparent container (cuvette) as a sample chamber. The other beam, for 

reference, passes through an identical cuvette. The intensities of these light 

beams are then measured by electronic detectors and compared. The 

intensity of the reference beam, with no light absorption, is defined as I0 and 

the intensity of the sample beam is defined as I, and the ratio I/I0 is called 

transmittance.  

 

 

Figure 3.3 Schematic diagram of the principle of UV-visible spectroscopy and steps 

of taking the spectra (Smith, 1978). 
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Over a short period of time, the spectrometer automatically scans all the 

component wavelengths in the manner described. The UV region scanned 

normally from 200 to 400 nm, and the visible portion is from 400 to 800 nm 

(Osborne, 1993). If the sample compound does not absorb light of a given 

wavelength then  I = I0. 

3.5 Scanning Electron Microscope (SEM) 

The scanning electron microscope (SEM) is one of versatile instruments 

available for analysis of the chemical composition, microstructure 

morphology and observation of specimen surface; in this section we will 

present the major components of scanning electron microscope and its 

principle of work. 

First of all, as can be seen in Figure 3.4. SEM requires an electron optical 

system to produce electrons and accelerated them to an energy level 0.1-30 

kev, thus the electron gun is used, the diameter of the electron beam 

produced by hairpin tungsten gun is too large to form a high-resolution 

image so electromagnetic lenses and apertures are used to form a small 

focused electron spot on the specimen, and we  have a specimen stage to 

place the specimen and the space surrounding it should be kept at vacuum 

which allows electrons to travel without scattering by the air. Also there is 

signal detection, electron beam scanning coils to scan the electron probe and 

other components, processing system provide real time observation and 

finally an image display unit of the specimen surface for recording (Zhou, 

W., 2006). 
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Figure 3.4 shows the basic construction of SEM 

  

CHAPTER FOUR 

RESULTS AND DISCUSIONS 

4.1 Overview 

Silica glass doped with silver was prepared using sol gel method. Wide 

range of annealing temperatures and Ag concentrations were used. Different 

techniques were applied to study the effect of annealing temperatures and 
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Ag concentrations on the formation of silver nanoparticles (Ag-NPs) in 

silica glass. 

4.2 Structural Properties 
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Figure 4.1 (a) XRD patterns of silica doped with 2mol%Ag annealed at different 

temperatures in air for 2h. (b) Peak height and particle size as the function of 

annealing temperature. 

Figure 4.1 (a) shows XRD patterns of silica doped with 2 mol% Ag annealed 

at different temperatures from 500
o
C to 1300 

o
C for 2h in air. As can be seen 

from figure 4.1 (a) there is abroad peak (hump) centered at 2  ≈ 23
o
 for 

sample annealed at 500
o
C, indicating the amorphous nature of the silica. 

This peak becomes narrower and shifted towards low angles as the annealing 

temperature increased and fixed at the position 2  ≈ 21
o
 for samples 

annealed above 900
o
C, corresponding to cristobalite phase of silica (Abbass, 

et al., 2017).  The crystalline phase of silver did not form in samples 

annealed below 800 
o
C, indicating that the silver is in the form of ions or 
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small cluster (below the detection limit of XRD). Further increasing the 

annealing temperature to 800 
o
C and higher converts silver ions to silver 

nanoparticles as compared with the PDF file (04-0783). The following 

equations explain the formation of silver nanoparticles in silica (Ping-Chang,  

L., et al., 2014). 

 

                                    

                                                  

                                         

                                                   

Of interest is that the peak intensity of silver is become more intense with 

increasing the annealing temperature up to 1000
o
C which is attributed to 

increase in grain size. At high annealing temperature above 1200
o
C, the 

intensity was dramatically decreased. Compare to figure 4.1a, it can be seen 

that the increasing of Ag concentration increased the intensity peak. Thus, it 

can be concluded that the reduction of the peak intensity at high temperature 

is due decreasing of silver amount in silica. This may be due to evaporation 

of Ag from the surface of silica (Hui, C., et al.,   2016). 

Figure 4.1 (b) shows the intensity of (111) Ag peak and the average NPs size 

calculated using scherrer’s equation (see chapter 3 section 3.2) as function of 

temperature. As can be seen, the particle size is increases as the annealing 

temperature increased up to 1200
 o

C and then decreased (see table 4.1) for 

the sample annealed at 1300
o
C. Increasing of particle size as function of 

temperature may due to aggregation of nanoparticles (Jyoti, R., et al., 2013). 
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Table 4.1. Peak height (for 111 planes) and particle size as the function of annealing 

temperature calculated from figure 4.1 (a). 

Annealing 

temperature °C 

Particle size (nm) Peak height ratio 

(arb.units) 

800 18 1 

900 19 2.4 

1000 21 3 

1200 28 2.8 

1300 23 0.6 
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Figure 4.2 (a) XRD patterns of silica doped with different concentration of silver and 

annealed at 1000 oC in air for 2h. (b) Peak height and particle size as the function of 

silver concentration. 
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Figure 4.2 shows XRD patterns of silica doped with different Ag loads 

annealed at 1000 
o
C in air for 2h. Although the annealing temperature 

(1000
o
C) is high enough to convert Ag ion to Ag NPs (see figure 4.1a), the 

sample doped with 0.1 mol% Ag did not show any peak related to Ag. This 

indicate that this concentration is the below detection limit of XRD. Further 

increased of concentration to 0.3 mol% Ag, peaks related to metallic Ag was 

appeared as compared with the PDF file (04-0783). The intensity of these 

peaks is increases as the concentration of Ag increased while the particle 

size remained almost unchanged (see figure 4.2b). At high concentration 

(5.0 mol% Ag), new peak is appeared at 2  ≈ 21
o
 (marked with asterisk) 

which is attributed to the cristobalite phase of silica (see figure 4.2a).This 

peak is not shown in figure 4.1a for the sample annealed at the same 

temperature (1000
o
C) but with different concentration (2mol %), which 

indicated that the increasing of Ag load in silica is catalyzed the structure 

order of amorphous silica towards the cristobalite phase.  

Table 4.2. Peak height (for 111 planes) and particle size as the function of 

concentration calculated from figure 4.2 (a). 

Concentration mol% Particle size (nm) Peak height ratio 

(arb.units) 

0.5 21 1 

1.0 21 2.2 

2.0 21 2.8 

5.0 21 13.8 
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Figure 4.3 SEM image and the inset is size distribution of AgNPs for silica doped with 

1mol%Ag annealed at 1000 oC for 2h. 

Figure 4.3 shows a SEM image of a silica sample doped with 1 mol %Ag 

annealed at 1000 oC for 2h. It can be seen that the most NPs are roughly 

spherically in shape with the average size of 22 nm (see the inset of figure 

4.3). This confirms the formation of AgNPs in silica in agreement with the 

XRD data. Of interest is that the average size of Ag NPs extracted from SEM 

is in agreement with the average size calculated by Scherrer's equation (see 

table 4.2). It is important to note that the AgNPs seem to be on the top 

surface of silica. This supports our interpretation above that at high 

temperature Ag NPs diffuses to the surface and then evaporated at high 

temperature (see figure 4.2). 



  

M.Sc. dissertationPage 29 
 

 

Figure 4.4 TEM image and the inset is size distribution of AgNPs for silica doped with 

5mol%Ag annealed at 1000 oC for 2h. 

Figure 4.4 shows TEM images of silica doped with 5 mol% Ag annealed at 

(a) 1000oCfor 2 h.  The image shows number of Ag NPs in the silica matrix, 

which appear not perfectly spherical in shape and with average size about 

23 nm in diameter (see the inset) in agreement with SEM and XRD. This 

confirms the formation of AgNPs in silica in agreement with XRD and SEM. 

It also confirm that the Ag concentration have no significant effect on the 

particle size in agreement with XRD and SEM. 
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4.3 Optical properties 

 

 

Figure 4.5 (a) UV-VIS spectrum of silica doped with 2 mol% Ag annealed at different 

temperatures in air in 2h. (b) Peak position and FWHM as function of annealing 

temperature. 

Figure 4.5 (a) shows UV-VIS spectrum of silica doped with 2 mol% Ag 

annealed at different temperatures from 500°C to 1000°C for 2h in air. As 
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can be shown in figure 4.3a there is no peak appeared for samples annealed 

below 800°C indicating that silver aggregation or the crystalline phase for 

silver did not occur in agreement with XRD results (see figure 4.1a). At high 

annealing temperature above 800°C, abroad peak is appeared and centered at 

413 nm. This peak is assigned to LSPR which confirm the formation of 

silver NPs (Abbass, AE., et al., 2017). 

Further increasing of annealing temperature, increased the peak intensity and 

caused red shift in peak position. The red shift in peak position as function 

of annealing temperature can be assigned to the changing of particle size, 

since the LSPR wavelength is known to increase with increasing the particle 

size (see table 4.3 and table 4.1). Figure 4.5 (b) shows the effect of annealing 

temperature on the peak position and full width at half maximum (FWHM). 

 

Table 4.3. Peak position and FWHM as function of annealing temperature calculated 

from Figure 4.3 (a). 

Temperatures oC FWHM (nm) Position (nm) 

800 44.12 413 

900 71.69 424 

1000 81.68 447 
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Figure. 4.6 (a) UV-VIS spectrum of silica doped with different concentrations of silver 
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annealed at 1000°C in air for 2h. (b) Peak position and FWHM as function of silver 

concentration. 

Figure 4.6 (a) UV-VIS spectrum of silica doped with different Ag load at 

1000°C in air for 2h. As can be seen from figure 4.6a all samples shows 

peaks related to LSPR which confirm the formation of Ag NPs in silica with 

agreement with XRD and TEM results. Of interest is that as increases of Ag 

load, absorption band of LSPR is broadened and small red shifted (see 

figure. 4.6b). It is also seen that the intensity of these peaks is dramatically 

increased by increasing the Ag load from 0.1 up to 1.0 mol% Ag and then 

decreased with further increasing in Ag load. It is reported that for large 

particles ( 10 nm in radius), and high distribution of particles not only the 

absorption band of LSPR red shift but absorption intensity also decreases 

(Vollmer, M. and Kreibig, U. 1995). Since XRD, TEM and SEM showed no 

change in particle size by increasing of silver load, therefore, the small red 

shift, reducing of intensity can be assigned to increasing in particle 

distribution.  

Table 4.4 Peak position and FWHM as function of silver load calculated from Figure 4.4 

(a). 

 

Concentration mol% FWHM (nm) Position (nm) 

0.1 31.07 410 

0.3 38.08 414 

0.5 48.30 418 
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1.0 64.14 424 

2.0 77.12 443 

5.0 160.32 489 

.
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CHAPTER FIVE 

CONCLUSION AND FUTURE WORK 
 

5.1 Conclusion 

In this work, Silica doped with different amount of silver was 

synthesized using sol-gel method. The obtained samples were annealed 

at different temperatures. Different complementary techniques were 

used to investigate these samples. XRD, TEM, SEM and UV-VIS results 

confirmed the formation of silver nanoparticles in silica. The optimum 

concentration and annealing temperature were found to be 1mol% and 

between 800°C-1000°C, respectively. It can conclude that the annealing 

temperature can be used as mechanism to control the size of the Ag NPs 

in amorphous silica particularly in the range between 800°C-1000°C 

while silver concentration should be limited to 1mol% or less. 

5.2 Recommendation 

More work on the theory and experiment is needed in order to 

understand the formation mechanism, therefore the future work that 

have been left will concern about: 

1.  Use more techniques to emphasize the obtained results such as IR, 

FTIR. 

2.  Take the matter of time in the consideration while we are studying 

the impact of annealing temperature. 



  

M.Sc. dissertationPage 36 
 

3.  Discuss about other parameters, which can have impact in the 

formation of silver nanoparticles. 

4.  Study the impact of annealing temperature and silver 

concentration on other   important physical and chemical 

properties of silver nanoparticles. 
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