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ABSTRACT 

The samples of Nd1-xBixMnO3 (x = 0, 0.25 and 0.50) and Nd0.75-xBixNa0.25MnO3 (x = 0, 

0.05, 0.10 and 0.15) were synthesised using a conventional solid-state method to 

investigate the effect of Bi substitution on their structural, optical, magnetic, and 

electrical properties. The XRD analysis using the Rietveld refinement method has 

shown an increase in structural parameters and unit cell volume as Bi was substituted 

to both samples, indicating the possibility of substitution for the A-site. The FTIR 

analysis was carried out for all the samples and showed a significant band around 550 

to 600 cm-1, corresponding to the vibration of Mn-O bonds. The SEM and EDX 

analysis were performed for all the samples, and the average grain size for all the 

samples was increased as Bi was substituted into the system. The morphologies of the 

samples also revealed that all the samples were agglomerated and non-spherical in 

shape. The EDX spectrum shows that all the elements existed in the samples. The UV-

Vis measurement for all the samples has been analysed using two different methods: 

Kubelka-Munk and Tauc’s plot. The value of bandgap obtained for both methods are 

comparable and decreased as the substitution of Bi in the samples increased from 3.44 

eV to 1.85 eV for Nd1-xBixMnO3 (x = 0, 0.25 and 0.50) and from 2.32 eV to 2.24 eV for 

Nd0.75-xBixNa0.25MnO3 (x = 0, 0.05, 0.10 and 0.15). The magnetic properties of the 

samples were analysed using AC susceptibility and showed a transition of 

antiferromagnetic (AFM) to paramagnetic (PM) for all the samples. The samples of 

Nd1-xBixMnO3 (x = 0, 0.25 and 0.50) show a decrease in Neel temperature, TN and Curie 

temperature, TC, which indicates the weakening of the ferromagnetic behaviour due to 

double exchange interaction. On the other hand, the appearance of the charge ordering 

temperature, TCO, was observed for the Nd0.75-xBixNa0.25MnO3 samples at ~ 176 K (x=0) 

and disappeared at further substitution. The Neel temperature, TN for the samples at x=0 

to x=0.15 were decreased from 188 K to 178 K. The electrical properties for the Nd0.75-

xBixNa0.25MnO3 were determined using the resistivity measurement has shown that all 

the Bi-doped samples exhibit insulating behaviour for the entire temperature region. 

The insulator region was fitted using small polaron hopping (SPH) model, showing an 

increase in activation energy from 176 meV to 197.89 meV. 



v 

 

ACKNOWLEDGEMENT 

Many people have walked alongside me during the last three years of my journey in my 

study. They have guided me, placed opportunities in front me and given continuous 

support throughout the journey. First and foremost, I would like to express my deepest 

gratitude to my dedicated supervisor, Dr Zakiah Mohamed, for her patience, guidance, 

and support. I have significantly benefited from your wealth of knowledge. I am 

genuinely grateful that you took me as one of your students and continued to have faith 

in me over the years. I would also like to thank my co-supervisors, Dr Norazila Ibrahim, 

and Dr Nur Baizura Mohamed, for their guidance and advice regarding my study. With 

their encouragement and help, the journey of this study is much easier than this.  

Thanks to the Ministry of Education Malaysia (MOHE) for funding this research under 

the Fundamental Research Grant Scheme for Research Acculturation of Early Career 

Researchers (FRGS-RACER) with grant number o 600-IRMI/FRGS-RACER 5/3 

(042/2019). Not to forget the tremendous support from the Dean of the Faculty of 

Applied Sciences, Prof. Dr Hajah Farida Zurina Mohd Yusof, and the Dean of IPSis, 

Prof. Ir. Dr Zuhaina Haji Zakaria, for their endless support and motivation during my 

study. 

Further, yet importantly, I would like to thank my parents, Mr Azhar and Madam 

Asmawati and my siblings for their constant love, support and encouragement that keep 

me motivated and confident throughout my study. My accomplishments and success 

today are because of their strong support and constantly believed in me. Their advice 

and motivations are one of the things that keep me sane throughout the ups and downs 

of my study. 

Many thanks to all the staff involved in my study, Mr Bahruddin, Mr Zaini, Mr Azlan, 

and other staff directly and indirectly involved in my data collection for this study. I 

want to thank Madam Hani Azlin and Madam Natrah from Universiti Kebangsaan 

Malaysia for contributing to collecting parts of my data. Their contributions help me a 

lot in the journey of my study. 

Finally, and without any hesitation, my warmest gratitude to all my current and previous 

lab mates, Asmira, Farhana, Fatasya, Adyani, Liyana, Naaim, Afiq, Ashmir, Sumaiyah, 

Zharfan, Athirah, Amirah, Suffian, Dr Rozilah and others for their support and endless 

input and discussion, and for all the fun moments we had in my study. My deepest 

gratitude to all my precious best friends, Adilah, Syifa, Haziqah and Amir, who always 

lend their ears to my rants and give their endless support whenever I need it, especially 

in maintaining my mental well-being. 

 



vi 

 

TABLE OF CONTENTS 

 Page 

CONFIRMATION BY PANEL OF EXAMINERS ii 

AUTHOR’S DECLARATION iii 

ABSTRACT iv 

ACKNOWLEDGEMENT v 

TABLE OF CONTENTS vi 

LIST OF TABLES ix 

LIST OF FIGURES x 

LIST OF SYMBOLS xiv 

LIST OF ABBREVIATIONS xvii 

CHAPTER ONE:  INTRODUCTION 1 

1.1 Research Background 1 

1.2 Problem Statement 4 

1.3 Objectives 5 

1.4 Significance of Study 6 

1.5 Scope of Study  7 

CHAPTER TWO:  LITERATURE REVIEW 8 

2.1 Introduction 8 

2.1.1 Structure of Manganites 9 

2.1.2 Crystal Field Splitting 9 

     2.1.3  Jahn Teller effect                                   11 

2.2   Magnetic Interaction in Manganite                            12 

     2.2.1  Double Exchange Mechanism                           12 

2.3   Factors Affecting Physical Properties of Manganite                 13 

     2.3.1  Charge Ordering (CO) Phenomenon                      13 

2.3.2  Average A-site Ionic Radius, <rA>                       15 



1 

 

CHAPTER ONE                                                                   

INTRODUCTION 

1.1 Research Background  

Hole-doped perovskite manganite with general formula of RE1-xAxMnO3 where 

RE represent the rare-earth elements such as Nd, La, and Pr while A represents the alkali 

element such as Ba2+, Ca2+, Sr2+ etc have been tremendously studied by researchers in 

the last few decades due to the fascinating basis in physics and their significance in the 

technological importance such as magnetic sensor, spintronic devices, and magnetic 

memory devices. Perovskite manganite also have shown many unique properties such 

as colossal magnetoresistance (CMR), metal-insulator (MI) transition and 

ferromagnetic-paramagnetic (FM-PM) transitions. Few theories have arisen due to 

these properties such as double-exchange (DE) interaction involving a simultaneous 

transfer of eg electrons of Mn3+ and Mn4+ with oxygen as an intermediate ion. However, 

double exchange alone is not sufficient to provide information regarding the physical 

properties of manganite, so Jahn Teller (JT)  interaction is needed to explain the 

behavior of the manganite in the paramagnetic-insulator (PMI) region. Other factors 

that influence the physical behaviour of manganite are phase separation (PS), charge 

ordering (CO), and super exchange interaction.  

Initially, NdMnO3 is an antiferromagnetic  (AFM) insulator due to the absence 

of mixed valences state. The low temperature antiferromagnetic phase of NdMnO3 is at 

TN ~ 78 K is characterized by ferromagnetic alignment of the Mn moments in the ab 

plane. The 2-fold degenerated electron, eg orbital breaks down and stabilizes the A-type 

antiferromagnetic Mn ordering (Massa et al., 2013). Chatterji et. al., confirmed that 

NdMnO3 has an A-type AFM structure or known as layered AFM, where the 

ferromagnetic and antiferromagnetic plane were stacked together along the c axis 

manganite is quite interesting due to the magnetic transition from A-type to E-type AFM 

(zigzag arrangement of spins) that were caused by structural disorder leading to the 

reduction of Mn-O bond angles causing the multiferroicity (Udeshi et al., 2014). Other 

than that, Nd also has a moderate eg electron bandwidth and ionic radius compared to 

La, which makes dopant tune its magnetic properties to a large extent. Nd-based system 
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