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ABSTRACT 

Design of a new specific colorimetric and fluorescence chemosensor for detection of 
Cu2+ is a challenge in the context of interference from coexisting metal ions in an 
aqueous solution. Therefore, new chemosensor were synthesized: symmetrical (LI, 
L2, L3) and unsymmetrical (L4, L5, L6, L7) benzoylthiourea ligand. The symmetrical 
ligands were synthesized by the reaction of benzoyl isothiocyanate with 
diethylenetriamine (2:1). The unsymmetical ligands were synthesized involving two 
steps. The first step was undergoing 1:1 condensation of 4-
dimethylaminobenzaldehyde with diethylenetriamine. The reaction was completed by 
adding benzoyl isothiocyanate to form unsymmetrical ligands. All ligands were 
characterized by using Elemental Analysis (EA), Fourier Transform Infrared (FTIR) 
spectroscopy and proton Nuclear Magnetic Resonance (*H NMR) spectroscopy. For 
application, further study on selectivity, sensitivity, stoichiometry, binding constant, 
and the competition of ligands were conducted. Ultraviolet visible spectroscopy (UV-
Vis) was used to study the symmetrical ligands and fluorescent emission spectroscopy 
(FES) was applied for all unsymmetrical ligands. All ligands showed more selective 
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towards Cu than other metal ions (Fe , Co , Ni , Mn , Cr and Zn ). However, 
only L4 shows selective towards both Fe3+ and Cu2+ ions which is not a selective 
sensor. In conclusion, LI is more sensitive (6.2 x 10"6 M) than L2 (1.5 x 10"6 M) and 
L3 (1.15 x 10"5 M) by forming a stable 1:2 (metahligand) complexes while for 
unsymmetrical ligand, L7 (9.7 x 10"6 M) is more sensitive than L5 (1.46 x 10"5 M) and 
L6 (9.7 x 10"5 M) by forming 2:1 (metal:ligand) complexes. 

IV 



ACKNOWLEDGEMENTS 

First of all, I am grateful to Allah for His love and everything that counts. Special thanks 
go to my supervisor, Dr Sharizal Hasan for his help during the course of the research. His 
guidance and advice in every section of this thesis had released me from working under 
pressure. I have gained a lot of knowledge and experience during doing this research. I 
also sincerely thank to my co-supervisor Dr Hamizah Mohd Zaki and Madam 
Salamiah Zakaria for their guidance and encouragement in carrying out this project. 

My appreciation goes to my group research mate, Siti Nur Ain Mohd Adnan and Siti 
Nurwajihah Mohd Salleh who help me a lot by giving advice, suggestion and be a 
supportive friend to me. Next, i would like to say a big thanks to all laboratory staffs 
from UiTM Perlis especially to Madam Nurul and Mr. Zainal and also laboratory staff 
from UiTM Puncak Alam, Mr. Shukri, and UiTM Shah Alam, Mr. Kadim who 
provided the facilities and assistance during experiment. Special thanks to my 
colleagues and friends for helping me with this project. 

Finally, this thesis specially dedicated to my very dear father, Hamedan Amiruddin 
and my mother, for the vision and determination to educate 
me. Thanks to you my siblings, my in-laws, my niece, my nephew and relatives. This 
piece of victory is dedicated to all of you. Alhamdulilah. Last but not least, thanks to 
you my fiancee, Azrin Farhan Mahizan. Thank you for your support and love. 

v 



TABLE OF CONTENTS 

Page 

CONFIRMATION BY PANEL OF EXAMINERS ii 
AUTHOR'S DECLARATION iii 
ABSTRACT iv 
ACKNOWLEDGEMENTS v 
TABLE OF CONTENT vi 
LIST OF TABLES ix 
LIST OF FIGURES x 
LIST OF SCHEMES xii 
LIST OF ABBREVIATIONS xiii 

CHAPTER ONE INTRODUCTION 1 

1.1 Background of Study 1 

1.2 Problem Statement 3 

1.3 Significance of Study 4 

1.4 Objectives of Study 5 

CHAPTER TWO LITERATURE REVIEW 6 

2.1 Copper Overload Disease 6 

2.2 Thiourea and Its Derivatives 13 

2.3 Schiff Base Technique 22 

2.3.1 Dimethyl Phenyl Amine 23 

2.3.2 Diethylenetriamine 26 

2.4 Chemosensor 27 

2.4.1 Colorimetric Chemosensor 31 

2.4.2 Fluorescence Chemosensor 35 

2.4.3 Selectivity 38 

2.4.4 Benesi-Hildebrand (BH) and Job's Plot Analyses 40 

CHAPTER THREE METHODOLOGY 41 

3.1 Materials 41 

3.2 Analytical Equipments 41 

3.3 Synthesis of Ligand 42 

3.3.1 Preparation of Symmetrical Triamine Ligand, LI 44 

vi 



CHAPTER ONE 

INTRODUCTION 

1.1 BACKGROUND OF STUDY 

Since 1970s, there has been growing concern over the diverse effects of heavy 

metals on humans and aquatic ecosystems (Amuda et al., 2006). Many heavy metals 

and their compound are toxic and very dangerous to the environment and human 

health. They accumulate in human body that can lead to various critical diseases such 

as cancers and dysfunction of organs (Zhang et al, 2015), cardiovascular diseases 

(Angelova et al., 2011), and Alzheimer diseases (Duce & Bush, 2010). Heavy metals 

usually released from several industrial activities, such as mining, electroplating, 

aerospace, energy and fuel production, and catalysis. 

Copper is the third most abundant trace mineral found in the human body. It is 

an essential trace element present in all living systems and is important for the 

function of many cellular enzymes (Lin et al., 2013). However, excess copper in 

human body can cause various intoxications (Yu et al., 2015; Udhayakumari et al., 

2012). For example, the increasing concentration of copper cations in body causes 

imbalance in cellular processes resulting in pathogenesis. Therefore, the rational 

design and synthesis of efficient sensors that selectively recognize copper ion is an 

important topic in supramolecular chemistry. Although previous work has involved 

the development of a wide variety of chemical and physical sensors for the detection 

of copper, so far, improving the detection selectivity in the context of interference 

from coexisting metal ions has been challenging. 

This heavy metal must be traced in an early stage before it becomes 

uncontrollable. Thus, there are many techniques can be used such as biosorbents 

(Siwin, 2017; Zhang et al., 2017), coagulant (Singh et al., 2017) and chemosensor. 

Adsorption strategy is the most efficient and cost-effective technique to remove low 

concentration Cr3+ ( ^00 mg/L) from aqueous solutions. However, the adsorptive 

removal of Cr with low concentration is still challenging because the presence of 

other coexisting ions could significantly decrease the adsorption capacity of Cr3+ on 

adsorbent. Besides that, a range of pre-treatment methods can in theory be employed 
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