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ABSTRACT

A series of glasses based on (79.5-x) TeO,-20Na,O-(x)NaCl-0.5Er,03 (where
x = 0.0, 2.5, 5.0, 7.5 and 10.0 mol %) are successfully prepared by melt quenching
technique. The amorphous nature of the glass have been characterized using X-ray
Diffraction technique and the optical properties are characterized by means of UV-
Vis-NIR and photoluminescence spectroscopy. The value of the optical band gap and
the Urbach energy are calculated from the absorption edge data. The value of optical
band gap lies between 2.99 eV and 3.13 eV for the indirect transition whereas the
value of Urbach energy varies from 0.17 eV to 0.27 eV. From the luminescence
spectrum, it is found that the luminescence emission spectra centered at 435 nm, 475
nm and 563 nm which assigned to the transition of “Hii, “Ss and *Fo t0 *lisp
respectively under 375 nm of excitation wavelength. Most properties observed to be

dependent in a systematic manner on the NaCl content.
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ABSTRAK

Satu siri kaca pada komposisi (79.5-x)TeO,-20Na,O-(x)NaCl-0.5Er,03
(dengan x = 0.0, 2.5, 5.0, 7.5 and 10.0 mol%) telah berjaya dihasilkan dengan
menggunakan teknik pelindapan leburan. Sifat amorfus kaca tersebut telah
ditentukan dengan kaedah pembelauan sinar-X dan sifat sifat optic kaca tersebut
ditentukan dengan menggunakan spektroskopi ultra unggu dan cahaya nampak dan
spektroskopi fotoluminesen. Nilai jurang tenaga optik dan tenaga Urbach diperolehi
daripada kiraan data serapan pinggir. Jurang tenaga Eg berada pada julat 2.99 eV
sehingga 3.8 eV untuk peralihan tidak lansung manakala nilai tenaga Urbach pula
berada pada julat 0.17 eV sehingg 0.27 eV. Daripada spectrum luminesen, dapat
diperhatikan bahawa spektra rencatan luminesen berpusat pada 435 nm, 475 nm dan
563 nm, masing-masing dikaitkan dengan transisi “Hiis, “Ss and *Fop t0 *lisp
dengan pengujaan gelombang pada 375 nm. Kebanyakkan ciri yang diperoleh

bergantung pada kandungan sistematik NaCl.
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CHAPTER 1

INTRODUCTION

1.0 Introduction

In this chapter, the general information about this study will be described in
details. This study is about modifier variation assisted optical response in erbium
tellurite glass. The background of study, objectives of the study, statement of

problem and scope of the study will be explained in this chapter.

1.1  Background of Study

In general, glass is a transparent, hard and brittle material. Glass is very
unique material and has many special properties compared with other material such
as plastic or metal. All glass is an amorphous solid but not all amorphous solid is a
glass. The amorphous (non-crystalline) term can be understood as the arrangement of
atoms in the materials. The arrangement of atoms in amorphous materials is short

range order which is the arrangement are not in periodic manner. In contrast with



amorphous structure, a crystal structure has a long range order and periodic
arrangement of atoms. Glass usually formed by solidification of melt without occur
any crystallization. In other words, it is formed by cooling from the molten state of
higher temperature to stable state of low temperature. The cooling should be fast

enough so that the melt of right viscosity does not form into crystal.

Tellurite glasses are known to be very suitable hosts for doping with rare-
earth element. They show good properties in chemical durability, mechanical
stability and also superior transparency in a wide spectral range of 3-18um. These
properties make the tellurite glasses a better candidate for practical laser application
(Weber et.al., 1981; Nii et.al., 1998). Researcher has interest in tellurite glass
because of their low transition temperature and also their excellent infrared
transmission. Thus this glass is a potential for various longer-wavelength

applications (Sahar and Noordin., 1995).

The erbium-doped tellurite glasses also have shown chemical and optical
properties that suitable for optical application such as laser light modulator (Uhlmann
and Kreidl., 1983) and thermally stable for fiber drawing (Neindre et.al, 1999). The
determination of the optical parameters such as refractive index, extinction
coefficient, band gap energy, material dispersion of glass, and their nonlinear aspects

is fundamental topic and important in a sector of technology (Jlassi et.al., 2011).

1.2 Problem Statement

Research shows that, tellurite glass have been studied almost decade, with
highlight generally on their synthesis and properties (El-Mallawany, 2002). The
application of the tellurite glass is important especially in the industrial application in
laser glass technology. Er®* doped tellurite glass is one of the excellent candidates for

optical communication materials due to their high refractive index, high solubility of



rare earth, large resistance against corrosion and good transparency in the region
from visible to infrared (0.35-6um) (Chen et.al., 2003; Lin et.al., 2003). Tellurite
glasses modified by halides and oxide-halides of the non transition metal ions have
already been investigate by previous researchers. Most of these researchers focused
on the glass formation range of the oxyhalide tellurite glass. Moreover, the modifier
used are mostly PbCl, or ZnCl (Wang et.al, 1988; Kostka et.al, 2003; Fortes et.al,
2003; Sahar et.al, 2012) but few have used the NaCl (lvanova, 1990). However, there
are no systematic study has been made so far on the glass system of (79.5-x)TeO,-
20Na,0O-(x)NaCl-0.5Er,03. Therefore, an investigation of the optical properties of
erbium doped tellurite glass with NaCl variation was carried out and the results of

this study are presented in this thesis.

1.3 Objectives of the Study

In order to achieve more information on the glass properties, the objectives of this

study as follow:

a) To prepare (79.5-x)TeO,-20Na,O-(x)NaCl-0.5Er,O3 glass system by using
melt quenching technique.

b) To determine the amorphous nature of (79.5-x)TeO,-20Na,O-(x)NaCl-
0.5Er,03 glass system.

c) To determine the optical band gap energy and Urbach energy of (79.5-
X)TeO,-20Na,0-(x)NaCl-0.5Er,O3 glass system.

d) To determine the luminescence properties of (79.5-x)TeO,-20Na,O-(x)NaCl-
0.5Er,03 glass system.



1.4 Scope of Study

In order to achieve the objectives, the study has been divided into several scopes as

follow;

a) Preparation of tellurite glass doped with Erbium (79.5-x)TeO,-20Na,0O-
(x)NaCl-0.5Er,O3 (where x = 0.0, 2.5, 5.0, 7.5 and 10.0 mol% ) using
conventional melt quenching technique.

b) Determination of the amorphous nature of glass system using X-ray
Diffraction.

c) To determine the optical band gap energy and Urbach energy of the glass
system using UV-VIS-NIR spectrophotometer.

d) Determination of emission spectra of glass system using photoluminescence

spectrophotometer.
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