
FEBRUARY 2025

ENHANCING STABILITYAND FUNCTIONALITYOF
MACROCYCLIC SCHIFF BASE LIGANDS WITH
SALICYLALDEHYDE-DERIVED COMPOUNDS

ENGKUNURULWAHIDAH BINTI ENGKUHANIF

BACHELOR OF SCIENCE (Hons.) IN APPLIED CHEMISTRY
FACULTY OF APPLIED SCIENCES
UNIVERSITI TEKNOLOGI MARA



FEBRUARY 2025

ENHANCING STABILITY AND FUNCTIONALITYOFMACROCYCLIC
SCHIFF BASE LIGANDS WITH SALICYLALDEHYDE-DERIVED

COMPOUNDS

ENGKU NURULWAHIDAH BINTI ENGKU HANIF

Final Year Project Report Submitted in
Partial Fulfilment of the Requirements for the

Degree of Bachelor Science (Hons.) Applied Chemistry
in the Faculty of Applied Sciences
University Teknologi MARA



This Final Year Project Report entitled “Enhancing Stability and Functionality
of Macrocyclic Schiff Base Ligands with Salicylaldehyde-Derived
Compounds” was submitted by Engku Nurul Wahidah Binti Engku Hanif in
partial fulfilment of the requirements for the Degree of Bachelor of Science
(Hons.) Applied Chemistry, in the Faculty of Applied Sciences, and was approved
by

Dr. Sharizal Hasan
Supervisor

B. Sc. (Hons.) Applied Chemistry
Faculty of Applied Sciences
Universiti Teknologi MARA

02600 Arau
Perlis

Dr. Siti Nurlia Binti Ali
Project Coordinator

B. Sc. (Hons.) Applied Chemistry
Faculty of Applied Sciences
Universiti Teknologi MARA

02600Arau
Perlis

Dr. Nur Nasulhah Binti Kasim
Head of Programme

B. Sc. (Hons.) Applied Chemistry
Faculty of Applied Sciences
Universiti Teknologi MARA

02600Arau
Perlis



ii

TABLE OF CONTENTS

ACKNOWLEDGEMENTS i
TABLE OF CONTENTS ii
LIST OF TABLES iv
LIST OF FIGURES v
LIST OF SYMBOLS vii
LIST OF ABBREVIATIONS viii
ABSTRACT ix
ABSTRAK x

CHAPTER 1 INTRODUCTION
1.1 Background of Study 1
1.2 Problem statement 3
1.3 Research questions 5
1.4 Significance study 5
1.5 Objectives of study 6
1.6 Scope and Limitation of Study 6

CHAPTER 2LITERATUREREVIEW
2.1 Heavy Metal in Environment and Human Body 8
2.2 Introduction of Macrocyclic Ligands 9

2.2.1 General Characteristics of Macrocyclic Ligands 11
2.2.2 Classification of Macrocyclic Ligands 14

2.3 Macrocyclic Schiff Base Ligands 18
2.3.1 Synthesis of Macrocyclic Schiff Base Ligands 20
2.3.2 Salicylaldehyde as a Key Precursor for Macrocyclic Schiff Base

Ligands 23
2.3.3 Modification of Schiff Base Macrocyclic Ligands 28
2.3.4 Macrocyclic Schiff Base Ligand Complex 31

2.4 Applications of Schiff base Macrocyclic Ligand 35
2.4.1 Biological and Medicinal Field 35

2.4.1.1 Antibacterial Activities 36
2.4.1.2 Cytotoxic and Anticancer Properties 38
2.4.1.3 Antioxidant Activities 40

2.4.2 Water Treatment Solutions 41
2.4.2.1 Heavy Metal Removal Using Macrocyclic Schiff Base

Ligands 43
2.4.3 Development of Chemosensor 45

2.4.3.1 Selectivity and Sensitivity in Chemosensor Applications of
Macrocyclic Schiff Base Ligands 46



ix

ABSTRACT

ENHANCING STABILITY AND FUNCTIONALITYOFMACROCYCLIC
SCHIFF BASE LIGANDS WITH SALICYLALDEHYDE-DERIVED

COMPOUNDS

This review explores the stability and functionality of macrocyclic Schiff base
(MSB) ligands and their salicylaldehyde-derived compounds. Acyclic ligands
used in metal-ligand complexation suffer from kinetic lability and weak structural
rigidity, making them inefficient for long-term applications such as heavy metal
removal, medicinal chemistry, and chemosensing. Macrocyclic Schiff base
ligands offer a promising solution by enhancing stability and selectivity through
their pre-organized cyclic structures and azomethine (-C=N-) functional groups.
However, further improvements in solubility, metal affinity, and structural
adaptability are required for broader industrial applications.

The main objectives of this review are to analyze the properties, synthesis
methods and modifications of MSB ligands and their salicylaldehyde-derived
compounds to enhance ligand stability and to explore their effectiveness in
medicinal, water treatment, and chemosensor applications. Drawing from an
extensive collection of literature, this review provides insights into how
macrocyclic structures and Schiff base functionalities synergistically improve
ligand performance. Salicylaldehyde-derived MSB ligands, with strategic
structural modifications, exhibit enhanced stability, solubility, and structural
diversity. Key findings highlight the applicability of these ligands in fields such as
medicinal chemistry, water treatment, and chemosensors, demonstrating their
effectiveness in practical applications.
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