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ABSTRACT 

An organically modified silicate (ORMOSIL) sol-gel technique has been proven can 
enhance the luminescence of dissolved oxygen (DO) optical fiber sensor. The n-
propyltriethoxysilane (n-propyl-triEOS) and ruthenium are selected as an organic 
modifier. The absorption spectrum of the sensitive dyes of ruthenium, platinum and 
palladium are reflect to emission intensity of the dyes. Sol-gel fabrication parameters 
such as solvent, catalyst, and dye concentration are varied in order to investigate the 
effect on fluorescence emission intensity of the DO optical fiber sensor. Furthermore, 
the effect on fluorescence performance of plastic optical fiber (POF) and plastic clad 
fiber (PCF) are also studied. The dip immersion technique is chosen to coat film on 
the optical fiber. Resulting film properties like thickness, surface roughness and 
withdrawal speed rate on a glass substrate and on optical fiber are discussed. In 
addition, sensor performance characteristics such as sensitivity, responsitivity, and 
hysteresis of DO optical fiber sensor tested in the air, deionized water and seawater 
are described. 

IV 



ACKNOWLEDGEMENT 

In the name of Allah the Most Compassionate the Most Merciful. Praise to Him, the 
Lord of the universe. Alhamdulillah, this opportunity embarks on the journey that I 
have never been before. I have widened my horizons knowledge and opened me up to 
new perspectives. My highest gratitude for all the way to the end my main supervisor, 
En. Uzer Mohd Noor and both my co-supervisors Dr. Sukreen Hana Herman and Dr. 
Suhairi Saharudin upon their patronage and guidance, bearing with me through all the 
difficulties from beginning until the end. 

I would like to thank all staffs of Photonics Department at MIMOS Berhad, SIRIM 
Berhad at Kulim, and Photonics Department at UPM Serdang for their willingness in 
helping me through this project and permission to use their equipment's. Besides, 
thanks also to all lab technicians of UiTM and research group members for their 
advice and help to me. 

Last but not least, credit goes to my family especially my parent as well as my sisters 
and brother for continuous supports. Finally my sincere appreciation to my wife 
Rosmawati Daud and my wonderful daughters Rahadatul Aisy' Nadzifah and 
Rahadatul Amni Nadhrah for their love and support throughout these years. Not to 
forget, thank you to all my friends for their various contributions and supports during 
completion this study. Their views and tips are very useful indeed. 



TABLE OF CONTENTS 

Page 

CONFIRMATION BY PANEL OF EXAMINERS ii 

AUTHOR'S DECLARATION iii 

ABSTRACT iv 

ACKNOWLEDGEMENT v 

TABLE OF CONTENTS vi 

LIST OF FIGURES x 

CHAPTER ONE: INTRODUCTION 

1.1 Introduction 1 

1.2 General Overview 1 

1.3 Problem Statement 2 

1.4 Objectives 3 

1.5 Dissertation Organization 3 

CHAPTER TWO: LITERATURE REVIEWS 

2.1 Introduction 4 

2.2 Optical Fiber Sensor 4 

2.2.1 Properties of Optical Fiber 4 

2.2.2 Single Mode and Multimode Fiber Type 5 

2.2.3 Fiber Optie Sensor Principle 6 

2.3 Luminescence Based Dissolved Oxygen Sensor 10 

2.3.1 Luminescence 10 

2.3.2 Fluorescence Quenching by Oxygen 11 

2.3.3 Choiceof Sensitive Dye 12 

2.4 Sol-Gel Process 13 

2.4.1 Introduction on Sol-gel 13 

2.4.2 Hydrolysis and Condensation 13 

2.4.3 Processing Parameters of Sol-gel Process 14 

vi 



CHAPTER ONE 

INTRODUCTION 

1.1 INTRODUCTION 

This chapter describes about the general overview, problem statement, 

objectives and dissertation organization of this research study. 

1.2 GENERAL OVERVIEW 

The determination of dissolved oxygen (DO) concentration is one of major 

importance parameters in aquaculture[l][2][3]. The DO is a relative measure of the 

amount of oxygen , dissolved in a water solution which indicates the quality of both 

fresh and salt water aquaculture ponds. At 20 °C and 1 atm pressure the maximum 

oxygen concentration in water is 9.2 ppm [4]. In any circumtances, most of the 

aquaculture inhabitants can hardly survive whenever the dissolved oxygen 

concentration drops under 5 ppm. There are a variety of factors that can decrease the 

level of dissolved oxygen in water. For example, plant and algae need oxygen to 

respire at night. Two weather factors, temperature and barometric pressure, can also 

affect levels of dissolved oxygen. As temperature increases, water tends to hold less 

dissolved oxygen so dissolved oxygen levels in water tend to decrease when it is 

warmer. And when it is cooler dissolved oxygen levels tend to increase. Also, as 

barometric pressure increases, the solubility of oxygen increases so levels of dissolved 

oxygen tend to increase. 

Conventionally, there are two widely used methods to measure DO 

concentration; the electrochemical and the Winkler method[4][5][6][7]. The 

electrochemical method, also known as Clark electrode method, is capable to give a 

quick response. However, the method will consumes the oxygen of the sample and 

can easily get corroded. Meanwhile, the Winkler method requires large sample 

volumes and much lower lifetimes. This method also has a complicated procedure and 

can only be operated by a trained personnel. This will result in additional cost for the 

aquaculture ponds operators and it is prone to human error. This detection method is 
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