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Four series of zinc tellurite glasses doped with neodymium oxide and neodymium 

oxide nanoparticles with chemical composition equations [(TeO2)0.7(ZnO)0.3](1-

x)(Nd2O3)(x) (TZN) , [(TeO2)0.7(ZnO)0.3](1-

x)(Nd2O3NPs)(x)(TZNnPs),{[(TeO2)0.7(ZnO)0.3](1-x)(Nd2O3)(x)}(0.99) (Ag2O)(0.01)  

(TZAN), {[(TeO2)0.7 (ZnO)0.3](1-x) (Nd2O3 NPs) (x)}(0.99) (Ag2O)0.01 (TZANnPs) have 

been prepared using the melt-quenching method. The aim of the work was to study 

the physical, structural, elastic and optical properties of the glasses with the view of 

achieving an improved application potential for the glasses. The choice of the glass 

composition was for high refractive index, easy glass formation as well as excellent 

absorption/emission in the infrared region. Density and molar volume measurement, 

X-ray diffraction (XRD), Fourier transform infrared (FTIR) and Transmission electron 

microscopy (TEM) were employed for these studies. Over the last few decades, the 

study of tellurite glasses and their applications in the areas of scientific, technological 

and industrial applications have been given a great deal of attention by glass scientists 

and technologists. Since TeO2 alone does not form glass, it must be combined with 

one or more another oxide to form a glass. Structural, optical, electrical and elastic 

properties of tellurium oxide-based glasses have been and are still under study.  

 

 

The XRD analyses patterns of all the four glass series showed a broad hump around 

20-30o, confirming the glassy and amorphous nature of the glasses. The FTIR spectral 

analysis and the deconvolution of the spectra showed the presence and concentration 

of TeO3 and TeO4 structural units against the Nd2O3 molar concentration. The TeO4 

concentration variation with Nd2O3 was used as the determinant of the variations in 

bridging and non-bridging oxygen concentrations. Density for all the series of glasses 

studied showed an increasing pattern from 5346 to 5580, 5346 to 5580, 5345 to 5954, 
5410 to 5580 kg cm-3  with increase in Nd2O3/Nd2O3 NPs concentration in TZN, 
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TZNnPs, TZAN and TZANnPs respectively. The TEM morphological structures for 

the two Nd2O3 NPs doped series revealed the NPs were agglomerated in the glass 

structure. The ultrasonic velocities and the elastic moduli for the glasses showed 

different patterns of non-linear variations against both the Nd2O3 micro particles and 

nanoparticles. Other elastic parameters studied include the microhardness, Poisson’s 

ratio, softening temperature, Debye temperature, fractal bond connectivity and 

fugacity. Theoretical data sets for the elastic properties of the glass systems were 

obtained using the Makishima and Mackenzie model, Rocherulle model, bond 

compression and ring deformation models. The values obtained for the elastic moduli 

using the Makishima and Mackenzie model and Rocherulle model are in excellent 

agreement with the corresponding experimental set of data. The bond compression 

model set of data for all the four series of glasses studied presented much higher values 

of the elastic moduli when compared with the corresponding experimental values of 

the elastic moduli and thus the model is not suitable for these systems of glasses. 

 

 

The UV-Vis spectra for all the glass series showed cut-off wavelengths that are not 

sharp (showing amorphous nature), with absorptions peaks due to Nd3+ ions around 

435, 460, 478.5, 507.5, 530, 601.5, 635, 685.5 and 752.5 nm wavelengths, 

corresponding to transitions from 4I9/2 to 2P1/2, 
4I9/2 to 4G11/2, 

4I9/2 to (2K15/2 + 2G9/2 + 
2D3/2), 

4I9/2 to 4G9/2, 
4I9/2 to (4G7/2+

4G9/2), 
4I9/2 to (4G5/2+

2G7/2), 
4I9/2 to 2H11/2, 

4I9/2 to F9/2,
 

4I9/2 to (4F7/2+
4S3/2) respectively. The optical energy band gaps in all the glass series 

showed non-linear relationships against the Nd2O3 concentration showing a clear 

dependence on the TeO4 concentration. The refractive index value ranges for TZN, 

TZNnPs, TZAN and TZANnPs glass systems are 2.5331 - 2.6371, 2.54695 - 2.60927, 

2.5440 - 2.6184 and 2.5567 - 2.6240 respectively. High refractive index values (Higher 

than conventional silicate/phosphate/other glasses currently in use), polarizability, 

optical basicity as well as favorable metallization criterion values (0.3 < M < 0.45) 

suggests the glasses have good potential for application in areas of the laser and non-

linear optical applications. Other optical parameters studied include the reflection loss, 

transmission coefficient, dielectric constant and the polaron radius. The values of the 

refractive index, metallization criterion, optical basicity, dielectric constant and 

polarizability showed that the glasses studied can be used for optical fiber and laser 

applications.  

 

 

Considering their high refractive indices, all the four series have shown advantage 

against other glasses conventionally used in the fiber and amplifier technology such 

as tellurite (2.0 - 2.3) , silicate (1.5 - 1.8), , sulfide (around 2.2)   and Phosphate (around 

1.65) glasses. Putting their elastic (Elastic Moduli, Microhardness, Softening 

temperature) and optical properties (UV-Vis intensity/effective bandwidth, refractive 

index, metallization criterion, optical basicity, transmission coefficient) together into 

consideration, the TZANnPs glass system appeared to have more overall advantage 

over the other three glass systems for application in both photonics and amplifier 

technology. 
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Empat siri kaca zink tellurit yang telah didopkan dengan neodimium oksida dan 

nanozarah neodimium yang mempunyai komposisi kimia [(TeO2)0.7(ZnO)0.3](1-

x)(Nd2O3)(x) (TZN) , [(TeO2)0.7(ZnO)0.3](1-

x)(Nd2O3NPs)(x)(TZNnPs),{[(TeO2)0.7(ZnO)0.3](1-x)(Nd2O3)(x)}(0.99) (Ag2O)(0.01)  

(TZAN), {[(TeO2)0.7 (ZnO)0.3](1-x) (Nd2O3 NPs) (x)}(0.99) (Ag2O)0.01 (TZANnPs)  telah 

disediakan menggunakan kaedah sepuh lindap. Tujuan penyelidikan ini adalah untuk 

mengkaji sifat-sifat fizikal, struktur, kenyal dan optik bahan kaca dengan harapan 

untuk meningkat potensi aplikasi bahan kaca. Komposisi kaca bagi penyelidikan ini 

telah dipilih untuk mendapatkan kaca dengan indeks biasan yang tinggi, pembentukan 

kaca yang mudah serta penyerapan/pemancaran yang sangat baik di kawasan 

inframerah. Pengukuran ketumpatan dan isipadu molar, belauan sinar (XRD), 

mikroskopi penghantaran elektron (TEM) dan (FTIR) telah digunakan dalam kajian 

ini. 

 

 

Sejak beberapa dekad yang lalu, kajian bagi kaca tellurit dan penggunaannya di dalam 

bidang saintifik, teknologi dan aplikasi industri telah diberikan banyak perhatian oleh 

saintis dan ahli teknologi kaca. Oleh kerana TeO2 sahaja tidak dapat membentuk kaca, 

ia mesti digabungkan dengan satu atau lebih oksida lain untuk menbentuk kaca. Sifat 

stuktur, optik, elektrik dan kekenyalan kaca berasaskan tellurium oksida telah dan 

masih dalam kajian. 

 

 

Corak analisis XRD bagi semua keempat-empat siri kaca menunjukkan kewujudan 

satu bonggol yang luas di sekitar 20-30o yang telah mengesahkan sifat hablur dan 

amorfus kaca. Analisis dan dekonvolusi atas spektrum FTIR telah menunjukkan 

kehadiran serta bilangan unit-unit struktur TeO3 dan TeO4 berbanding dengan 
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kepekatan molekul Nd2O3. Perubahan dalam bilangan TeO4 selari dengan Nd2O3 telah 

digunakan sebagai penentu variasi dalam bilangan oksigen penitian serta oksigen 

bukan penitian. Ketumpatan untuk semua siri kaca yang telah dikaji menunjukkan 

corak peningkatan dari 5346 ke 5580, 5346 ke 5580, 5345 ke 5954, 5410 sehingga 

5580 kg cm-3 dengan peningkatan kepekatan Nd2O3/Nd2O3 NPs dalam sistem kaca 

TZN, TZNnPs, TZAN and TZANnPs masing-masing. Struktur morfologi TEM untuk 

kedua-dua siri yang telah didopkan dengan Nd2O3 NPs menunjukkan bahawa 

nanozarah telah aglomerat di dalam struktur kaca. Halaju ultrasonik dan moduli 

kenyal untuk kaca yang telah disediakan menunjukkan corak variasi bukan linear yang 

berbeza terhadap kedua-dua mikro dan nanozarah Nd2O3. Parameter kenyal lain yang 

juga dikaji termasuk mikrokekerasan, nisbah, Poisson, suhu pelembutan, suhu Debye, 

penyambungan ikatan fraktal dan fugasiti. Data teori bagi ciri-ciri kenyal sistem kaca 

juga boleh diperolehi menggunakan model Makishima dan Mackenzie, model 

Rocherulle, ikatan kemampatan dan model pengugahan cincin. Nilai-nilai yang 

diperolehi bagi modulus kenyal yang menggunakan model Makishima dan Mackenzie 

dan model Rocherulle adalah sangat baik serta sepadan dengan set data eksperimen. 

Data dari model kemampatan ikatan bagi semua keempat-empat siri kaca yang telah 

dikaji membentangkan nilai yang lebih tinggi daripada moduli kenyal apabila 

dibandingkan dengan nilai eksperimen yang sepadan dengan moduli elastik dan oleh 

itu, model tersebut tidak sesuai untuk sistem kaca ini. 

 

 

Spektrum (UV-Vis) untuk semua siri kaca menunjukkan gelombang terpotong yang 

tidak tajam (menunjukkan sifat amorfus), dengan puncak serapan yang disebabkan 

oleh ion Nd3+ sekitar 435, 460, 478.5, 507.5, 530, 601.5, 635, 685.5 dan 752.5 nm 

yang sepadan dengan peralihan dari 4I9/2 to 2P1/2, 
4I9/2 to 4G11/2, 

4I9/2 to (2K15/2 + 2G9/2 + 
2D3/2), 

4I9/2 to 4G9/2, 
4I9/2 to (4G7/2+

4G9/2), 
4I9/2 to (4G5/2+

2G7/2), 
4I9/2 to 2H11/2, 

4I9/2 to F9/2,
 

4I9/2 to (4F7/2+
4S3/2) masing-masing. Jurang jalur optik dalam semua siri kaca 

menunjukkan hubungan yang tidak linear terhadap kepekatan Nd2O3 yang 

menunjukkan kebergantungan yang jelas terhadap bilangan TeO4. Nilai indeks biasan 

untuk sistem kaca TZN, TZNnPs, TZAN and TZANnPs adalah 2.5331 - 2.6371, 

2.54695 - 2.60927, 2.5440 - 2.6184 dan 2.5567 - 2.6240 masing-masing. Nilai index 

pembiasan yang tinggi ( lebih tinggi dari silika/ phospat/ kaca konventional lain yang 

digunakan masa kini), kebolehkutuban, kebesan optik  dan juga nilai kriteria 

metalisasi yang sesuai (0.3 < M < 0.45)), mencadangkan kaca ini mempunyai potensi 

yang baik untuk aplikasi di dalam bidang laser dan optik taklinear. Parameter optik 

lain yang dikaji termasuk kehilangan pantulan, pekali pemancaran, pemalar dielektrik 

dan jejari polaron. Nilai indeks pembiasan, kriteria metalisasi, kebesan optik, pemalar 

dielektrik dan kebolehkutuban menunjukkan kaca yang dikaji ini boleh digunakan 

untuk aplikasi fiber optik dan laser.  

 

 

Memandang keempat-empat siri sample kaca mempunyai nilai indeks pembiasan yang 

tinggi,  ia mempunyai kelebihan berbanding dengan kaca konventional lain yang 

digunakan didalam teknologi fiber dan amplifier seperti kaca telurit ( 2.0- 2.3), silikat 

( 1.5-1.8), sulfida ( sekitar 2.2) dan fosfat ( sekitar 1.65). Menggabungkan  bersama 

nilai bagi sifat- sifat kenyal ( modulus-modulus kenyal, mikrokekerasan, suhu 

pelembutan) dan sifat-sifat optik ( keamatan/ jalur lebar berkesan UV-Vis, indeks 

biasan, kriteria metalisasi, kebesan optik, pemalar pemancaran)  di dalam 
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pertimbangan, sistem kaca TZANnPs dilihat mempunyai  kelebihan keseluruhan 

mengatasi tiga siri kaca yang lain  untuk aplikasi di dalam kedua-dua bidang teknologi 

fotonik dan amplifier.  
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CHAPTER 1 

1 INTRODUCTION 

1.1 Background of Study 

The glass is a material made from a mixture of inorganic metal oxides through high 

temperature fusion of the oxides, which solidifies into a rigid, clear and non-crystalline 

state. Glasses are versatile materials that are known all over the world (Çelikbilek et 

al., 2012; Yamane & Ashara, 2000). Glass formation is made possible by the presence 

of a sufficient amount of a glass former (such as SiO2, B2O3, TeO2, P2O5) composition 

(Bourhis et al., 2015; El-Moneim, 2001; Nishara Begum & Rajendran, 2007; Mahraz 

et al., 2014). Glass property is altered to favour some specific applications purposes. 

Oxide ions such as Pb2+, Zn2+, Ba2+, Bi2+, Na+, K+ are incorporated in the glass network 

to modify both the structure and the properties for a given desired application.  For 

specific luminesces applications, different rare earth ions (such as Er3+, Nd3+, Ho3+, 

Eu3+) are identified for addition as impurities (doping) which gives them the required 

property for the desired applications (Chen et al., 2015; Dias, et al., 2016; Kaky et al., 

2017; Walas et al., 2017). 

Tellurite glasses have shown some greater advantages when compared with other 

oxide glasses considering their malleability, the low temperature of processing and 

mechanical strength as well (Hesham et al., 2003). The tellurium atoms in a tellurite-

based glasses possess a lone pair of 5s orbit electron with a high hyper polarity which 

makes them excellent for nonlinear optical glasses applications. In the tellurite based 

glasses, the weak Te-O bond that is broken easily during the process of glass formation 

provides for them their heavy metal and rare earth ions accommodation ability 

(Maheshvaran et al., 2011). 

The investigations of tellurite-based glasses have been very comprehensive over the 

last decades due to their mid infrared transparency, refractive index, low-phonon 

energy, chemical and thermal stability, rare earth ions solubility, high dielectric 

constant, high glass stability and high resistance to corrosion (Saddeek, 2005). 

Tellurite based glasses found to have some great potential in the areas of laser 

technology, high performance optics, planar waveguides and optical fibres production, 

sensing, detection, and transmission. 

Tellurite glasses have found many applications in non-linear optical devices such as 

high speed optical- switches, up-conversion frequency systems and others like the 

production of optical fibres and planar waveguides, high performance optics, laser 

technology and in optical data transmission, detection and sensing (Joshi et al., 2012).  

Because of their high third order nonlinear susceptibility, tellurium oxides glasses are 

considered excellent for optical amplifiers (Pavani et al., 2011).  Their applications in 

fields of science, technology and even industrial are informed by their high linear and 
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non-linear refractive indices as well as their physical, chemical and mechanical 

qualities (Linda et al., 2013).  

Because tellurium oxide (TeO2) alone does not form glass and is considered a 

conditional glass former, another oxide is required to form a tellurite based glasses 

(Gaafar et al., 2014). Previous researches have proven boron oxide (B2O3), another 

glass former to be the best candidate for combination with tellurium oxide. Normally, 

borate glasses are considered in glass science and technology because of their high 

transparency, relatively high thermal stability, good rare earth (RE) ions solubility, 

low melting point and variable coordination numbers (Kesavulu et al., 2016) . 

Rare earth oxides are used sometimes  in high concentrations (depending on the need 

and application) in oxide glasses for a wide range of applications from optical data 

transmission, detection, sensing to laser technologies and many others (El-Mallawany, 

2000). The choice of the RE ions depends on the relationship between the radiative or 

non-radiative RE ions and the host glass composition (Mahraz et al., 2014). Hence, 

the phonon energy must be low to attend high efficiency in terms of luminescence, 

and the tunability between the host and the dopant ions is necessary.  Of the rare earth 

metal oxide ions, erbium ions were found to be excellent for doping in borotellurite 

glasses due to their high solubility in the network and unique properties they possess 

(Azlan et al., 2017). 

Combination utilized by different researchers for its good glass forming ability and 

good stability is the zinc tellurite glass system. Zinc tellurite glasses are reported to be 

a suitable host for optically active rare earth ions because of the wide glass-formation 

range which is close to the extremum for binary tellurite glasses. In these cases, the 

ZnO-TeO2 system was utilized as the basic foundational network for the synthesis of 

optical glasses for application in an ultra-low loss optical fibres in the 3500-400 nm 

wavelength ( Rosmawati et al., 2008; Sayyed, 2016). The composition has also been 

considered in recent years for applications in the areas super heavy glasses in optical 

flint. Glasses with the ZnO-TeO2 composition are known for their high refractive 

index with is mostly proportional with the TeO2 composition in the glass network  

(Pavani et al., 2011; Rosmawati et al., 2008). Interestingly, the role of ZnO in the 

combination is for the improvement of the thermal stability and the glass transition 

temperature. Apart from the thermal property enhancement, the ZnO-TeO2 

composition provides an attractive optical nonlinearity of second order to the (Linda 

et al., 2013; Veeraiah, 1997). Zinc tellurite combination has also been useful in 

transparent electrodes, gas sensors, and catalysts. ZnO plays both the roles of network 

modifier and network former in glass systems (Usman et al., 2018). 

Because of their technological importance, rare-earth doped glasses in recent years 

had been given great deal attention in the light converting and optoelectronic devices, 

optical fibres and amplifiers, and white light emitting diodes. Selection of the 

structural. The choice of the environmental structure around which the dopant ions get 

themselves situated is of great importance for their behaviour and for optimum 

performance (Abdelghany et al., 2016).  
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1.2 Problem Statement 

Over the last few decades, the study of tellurite glasses and their applications in the 

areas of scientific, technological and industrial applications have been given a great 

deal of attention by glass scientists and technologists (Sayyed, 2016). Since TeO2 

alone does not form glass, it must be combined with one or more other oxides to form 

a glass (El-Mallawany, 2002). Structural, optical, electrical and elastic properties of 

tellurium oxide-based glasses have been and are still under study ( Pavani et al., 2011; 

Hasnimulyati et al., 2017). Interestingly, the role of ZnO in the combination is for the 

improvement of the optical band gap and elastic properties of the glass system. The 

incorporation of Ag2O into the glass composition enhances the optical emission and 

as well reduces the energy band gap. 

The work of Halimah et al., (2005) studied the ultrasonic and physical properties of 

borotellurite glass. From work, the study was made of the proportion of tellurium 

oxide and boron oxide combination in terms physical and mechanical properties for 

the various scientific, technological and industrial applications of the glasses ( 

Halimah et al., 2005). 

For their properties that made them promising materials in various applications for 

photonics and opto-electronics, tellurite based glasses has been given special research 

attention (Poor et al., 2013). Applications, particularly in the fabrication of both active 

and passive optical fibres as well as high-gain optical amplifiers used in the 

communication technology, have made TeO2 based glasses of high research interest 

(Chillcce et al., 2011).  

In the report of Damas et al., (2012), tellurium oxide as a host material in glasses have 

the lowest phonon energy of around 780 cm-1 with high transparency in the visible, 

near and mid infrared spectral region. Having refractive indices that are larger than 

those of quartz, phosphate glasses or borosilicate glasses, they appeared to be  better 

in terms of losses due scattering and absorption and possesses higher chemical 

durability (Damas et al., 2012). 

However, there is a lack of adequate information on elastic and optical properties of 

neodymium-doped zinc tellurite glasses. 

Therefore, this research focuses on effects of silver incorporated neodymium oxide 

and neodymium oxide nanoparticles doped zinc tellurite glass, with the expectation of 

enhancing the optical and elastic properties of zinc tellurite glass and add new 

knowledge about these glasses. 
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1.3 Objectives  

The main objective of this research is to study the structural, physical, elastic and 

optical properties of neodymium doped zinc tellurite glass. Three objectives were 

designed in order to achieve this, 

1. To fabricate Nd2O3 and Nd2O3 NPs doped [(TeO2)0.7(ZnO)0.3](1-x)(Nd2O3)(x) 

glass systems and Nd2O3 and Nd2O3 NPs doped Ag2O incorporated {[(TeO2)0.7 

(ZnO)0.3](1-x) (Nd2O3) (x)}(0.99) (Ag2O)0.01 glass system. 

2. To investigate and determine the physical, structural, elastic and optical 

properties of Nd2O3 doped zinc tellurite glass system. 

3. To study the effect of Ag2O on physical, structural, elastic and optical 

properties of Nd2O3 and Nd2O3 NPs doped zinc tellurite glass system. 

 

 

1.4 Hypothesis 

1- The density of the glass is expected to increase with the increase in dopants 

concentration as a result of higher molecular weight of the dopants when 

compared to the tellurite and zinc oxides. 

2- The addition of Nd2O3 and Nd2O3 NPs and Ag2O are likely to enhance the 

elastic and optical properties of the zinc tellurite glass system. 

3- Incorporation of Ag2O into the zinc tellurite glass is expected to increase the 

number of non-bridging oxygen by converting the TeO4 to TeO3 in the glass 

composition. 

 

 

1.5 Significance of the Study 

Tellurite glasses have been under study in the last few decades. They are studied for 

different scientific, industrial and technological application interests. In this study, 

tellurium oxide had been selected for its contribution in terms of its low phonon 

energy, high refractive index and high optical transmission in the infrared region. The 

choice of zinc oxide was to improve the glasses’ optical properties. The combination 

of ZnO-TeO2 provides a very wonderful environment for rare-earth ions for effective 

and excellent optical and photonic applications (Azlan et al., 2015; Hajer et al., 2014; 

Tagiara et al., 2017). In all glass-based lasers, trivalent lanthanides are the as the active 

ions used. Over the years, glasses doped with Nd2O3 have been the most thoroughly 

investigated of all. The host glass is usually silicates, fluorides, and phosphates glass 

systems. For bulk laser glass applications, phosphate glasses have been mostly 

considered (Baesso et al., 1999).  

In other to improve glass’s optical, structural properties and electrical conductivity, 

Ag2O is incorporated in the glass network matrix. The expectation is that both the 

optical emission, transmission, refractive index quality of glasses can be improved 
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with appropriate Ag+ ions concentration incorporation in a glass network structure 

(Halimah et al., 2010b; Moawad et al., 2004; Prátula et al., 2017). 

In this work, tellurite-based glasses are considered with the incorporation of both ZnO 

and Ag2O with Nd2O3 for the enhancement of the optical, elastic and structural 

properties for laser and optical fibre amplifier application. 

1.6 Thesis Organization 

The thesis consists of six chapters, with each chapter describing the sequence of study 

as described as follows; 

 Chapter 1   introduces  the background of tellurite glasses, zinc tellurite and 

neodymium doped glasses and their applications. The chapter also presents the 

problem statement, aim and objectives, scope of the study as well as the organization 

of the thesis. Chapter 2 presents the related literature’ overview of the glass, glass 

formation, tellurite, zinc tellurite and neodymium doped glasses and their applications. 

The chapter also discussed previous literature that studied optical, structural and 

elastic (theoretical and experimental) properties of different glasses. Chapter 3 

describes the theories and principles employed in the study. The theories applied in 

density and molar volume and the characterizations which include the FTIR, XRD, 

photoluminescence, UV-Vis spectroscopes and ultrasonic non-destructive. The 

chapter also showed the theories on which the Makishima and Mackenzie, Rocherulle, 

bond compression and ring deformation models. Chapter 4 describes the 

experimental techniques, materials, and methods employed in the study. The section 

also described the glass fabrication and all the characterization methods, equipment 

and the chemicals employed. Chapter 5 presents and discusses the results of density 

and molar volume measurements, XRD, UV-Vis, TEM, photoluminescence 

spectroscopy. The section also presents and discusses the results of calculated optical 

and elastic parameters in the study. Chapter 6 presents the overall conclusion based 

on the obtained results and gives recommendations on some future study in the field.  
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