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ABSTRACT

Magnesium oxide (MgO) is an interesting material and has unique properties which 
is applicable in many applications. In this research, novel MgO nanostructures o f 
ultra-thin sheets were synthesized using three different synthesis methods which are 
solid-state reaction, sol-gel and combustion methods. The synthesis condition was 
optimized to obtain pure MgO compound. These pure samples were characterized 
using Simultaneous Thermogravimetric Analyzer (STA), X-Ray Diffraction (XRD), 
High Resolution Transmission Electron Microscopy (HRTEM) and UV-Vis 
spectroscopy. The results shows pure MgO nanostructures can be obtained at the 
temperature o f 600 °C for all synthesis methods that gives the ultra-thin nano sheets 
as can be seen from high resolution TEM. Different synthesis methods can give 
surprisingly the same morphology but in different thicknesses. However, combustion 
method gives the thinnest nanosheets followed by the sol-gel and solid-state reaction 
methods. The band gap energy obtained for MgO samples synthesized by all 
methods have values o f  5.825 eV to 5.955 eV which are much lower than the MgO 
bulk value o f 7.8 eV. The characteristics of the band gap change with annealing time 
are different for the samples prepared by different preparation process. Therefore, the 
band gap energies o f MgO nanostructures are sensitive to the different synthesis 
methods. Results show that the band gap energies o f nanostructures can be tuned to a 
suitable value needed for various applications by controlling the annealing time. Sol- 
gel method is the best method for producing MgO nanostructures at a temperature o f 
600 °C and at the shortest possible time o f 1 h and also capable of producing large 
amounts o f final product compared to the other methods.



ACKNOWLEDGEMENTS

In the name o f  Allah, the Most Gracious and the Most Merciful, Alhamdulillah, all 
praises to Allah for the strengths and His blessing in completing this thesis.

My special appreciation goes to my supervisor, Professor Dr. Norlida 
Kamarulzaman, for her supervision and constant support. Her invaluable help o f 
constructive comments and suggestions throughout the experimental and thesis 
works have contributed to the success o f this research. Not forgotten, my 
appreciation to my co-supervisor, Mr. Mohd Sufri Mastuli for his support and 
knowledge regarding this topic.

Sincere thanks to my colleagues especially my best friends Nurhanna and Kelimah 
and also to all my lab mates who has contributed their time, helpful discussion and 
moral support during my study. Thank you for the friendship and memories. I would 
also like to express my sincere appreciation to the staffs in Centre for Nanomaterials 
Research (CNR), Institute o f Science, Mrs. Norashikin Kamarudin and Mr. Mohd 
Zaidi Marian o f their kindness in helping me with data collection.

Last but not least, my deepest gratitude goes to my beloved parents: Mr. Chayed 
Basirun and Mrs. Rusni Tamin and also my brothers for their endless love, prayers 
and encouragement throughout my life.


	SYNTHESIS AND CHARACTERIZATION OF MgO NANOSTRUCTURES BY DIFFERENT SYNTHESIS METHODS
	AUTHOR’S DECLARATIONI
	ABSTRACT
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF ABBREVIATIONS
	CHAPTER ONE INTRODUCTION
	1.1 BACKGROUND OF STUDY
	1.2 PROBLEM STATEMENT
	1.3 SIGNIFICANCE OF STUDY
	1.4 OBJECTIVES OF STUDY
	1.5 SCOPE OF STUDY

	CHAPTER TWO LITERATURE REVIEW
	2.1 NANOMATERIALS AND NANOTECHNOLOGY
	2.2 MAGNESIUM OXIDE (MgO)
	2.3 MgO NANOSTRUCTURES
	2.4 SYNTHESIS METHODS OF MgO
	2.4.1 Solid-state Reaction Method
	2.4.2 Sol-gel Method
	2.4.3 Combustion Method

	2.5 APPLICATIONS OF MgO
	2.5.1 Catalyst
	2.5.2 Insulator
	2.5.3 Substrate for Thin Film Growth
	2.5.4 Optical Humidity Sensor
	2.5.5 Alternating Current Plasma Display Panel

	2.6 BAND GAP ENERGY OF MgO

	CHAPTER 3 RESEARCH METHODOLOGY
	3.1 PREPARATION OF SAMPLES
	3.1.1 Solid-state Reaction Method
	3.1.2 Sol-gel Method
	3.1.3 Combustion Method

	3.2 MATERIALS CHARACTERIZATION
	3.2.1 Thermal Studies - Simultaneous Thermogravimetric Analysis (STA)
	3.2.2 Phase Studies - X-Ray Diffraction (XRD)
	3.2.3 Morphological Studies - High Resolution Transmission Electron Microscopy (HRTEM)
	3.2.4 Band Gap Studies - UV-Vis NIR Spectrophotometry


	CHAPTER FOUR RESULTS AND DISCUSSIONS
	4.1 SIMULTANEOUS THERMOGRAVIMETRIC ANALYSIS (STA)
	4.1.1 TG-DSC Results (Solid-state Reaction Method)
	4.1.2 TG-DSC Results (Sol-gel Method)
	4.1.3 TG-DSC Results (Combustion Method)
	4.1.4 Summary of TG-DSC Results

	4.2 X-RAY DIFFRACTION (XRD)
	4.2.1 XRD Results (Solid-state Reaction Method)
	4.2.2 XRD Results (Sol-gel Method)
	4.2.3 XRD Results (Combustion Method)
	4.2.4 Summary of XRD Results

	4.3 HIGH RESOLUTION TRANSMISSION ELECTRON MICROSCOPY (HRTEM)
	4.3.1 HRTEM Results (Solid-state Reaction Method)
	4.3.2 HRTEM Results (Sol-gel Method)
	4.3.3 HRTEM Results (Combustion Method)
	4.3.4 Summary of HRTEM Results

	4.4 BAND GAP STUDIES VIA UV-VIS SPECTROSCOPY
	4.4.1 Band Gap Studies (Solid-state Reaction Method)
	4.4.2 Band Gap Studies (Sol-gel Method)
	4.4.3 Band Gap Studies (Combustion Method)
	4.4.4 Summary of Band Gap Studies


	CHAPTER FIVE CONCLUSIONS AND RECOMMENDATIONS
	5.1 CONCLUSIONS
	5.2 RECOMMENDATIONS FOR FUTURE WORK

	REFERENCES
	APPENDIX



