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ABSTRACT 

 

GREEN SYNTHESIS AND CHARACTERIZATION OF  

NICKEL OXIDE NANOPARTICLES USING AQUEOUS BARK  

EXTRACT OF Muntingia calabura (MALAYAN CHERRY) 

 

 

KOH WEI FANG 

 

Nickel oxide nanoparticles (NiO NPs) were synthesized through a green 

synthesis pathway utilizing the aqueous bark extract of M. calabura with 

nickel(II) acetate tetrahydrate (Ni-A) and nickel(II) nitrate hexahydrate (Ni-N) 

serving as precursor salts. The presence of different anions in various nickel salts 

significantly impacts the nucleation and growth of NiO NPs by establishing 

unique formation environments which consequently modify the arrangement 

and surface characteristics of the faceted planes. The synthesized NiO NPs were 

characterized using Fourier Transform Infrared Spectroscopy (FTIR), 

Ultraviolet-Visible (UV-Vis) Spectroscopy, X-ray Diffraction (XRD), Field 

Emission Scanning Electron Microscopy (FESEM), and Energy Dispersive X-

Ray Spectroscopy (EDX). In this study, NiO NPs were successfully synthesized 

using two different precursor salts, nickel(II) acetate tetrahydrate (Ni-A) and 

nickel(II) nitrate hexahydrate (Ni-N). The NiO NPs synthesized from Ni-A 

exhibited a maximum absorption peak at 346 nm with a corresponding band gap 



iii 
 

energy of 3.58 eV. FTIR analysis revealed a significant band at 479 cm⁻¹, 

attributed to NiO stretching vibrations that confirm the formation of NiO NPs. 

These NPs were spherical with particle sizes ranging from 44.7 - 65.6 nm, and 

displayed a trigonal (hexagonal axes) crystal structure with an average crystallite 

size of 18.53 nm. Similarly, the NiO NPs synthesized using Ni-N as the 

precursor salt showed a maximum absorption peak at 340 nm with a band gap 

energy of 3.64 eV. FTIR analysis indicated a band at 460 cm⁻¹ corresponding to 

NiO stretching vibrations which further validated the synthesis of NiO NPs. The 

resulting NiO NPs were also spherical with particle sizes ranging from 37.8 - 

61.6 nm, and exhibited a cubic crystal structure with an average crystallite size 

of 27.22 nm. According to the EDX analysis, both NiO NPs synthesized utilizing 

Ni-A and Ni-N as precursor salts were free of contaminants and consisted solely 

of nickel and oxygen elements. These findings highlight the morphology and 

optical characteristics of NiO NPs will be modified depending on the precursor 

salt used. 
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ABSTRAK 

 

SINTESIS HIJAU DAN PENCIRIAN NANOPARTIKEL  

NIKEL OKSIDA DENGAN MENGGUNAKAN EKSTRAK AQUEOUS  

KULIT KAYU Muntingia calabura (KERUKUP SIAM) 

 

Nanopartikel nikel oksida (NiO NPs) telah disintesis melalui sintesis hijau 

menggunakan ekstrak kulit kayu M. calabura dalam bentuk cecair bersama 

nikel(II) asetat tetrahidrat (Ni-A) dan nikel(II) nitrat heksahidrat (Ni-N) sebagai 

garam prekursor. Kehadiran anion yang berbeza dalam pelbagai garam nikel 

telah mempengaruhi nukleasi dan pertumbuhan NiO NPs dengan mewujudkan 

persekitaran pembentukan yang unik. Secara tidak langsung, situasi ini telah 

mengubah susunan, bentuk dan geometri serta ciri-ciri permukaan. NiO NPs 

yang disintesis telah dicirikan menggunakan Spektroskopi Inframerah Fourier 

Transform (FTIR), Spektroskopi Ultralembayung-nampak (UV-Vis), Difraksi 

X-ray (XRD), Mikroskop Elektron Pengimbasan Pelepasan Medan (FESEM), 

dan Spektroskopi Penyebaran Tenaga Sinar-X (EDX). Dalam kajian ini, NiO 

NPs berjaya disintesis menggunakan dua garam prekursor yang berbeza iaitu 

nikel(II) asetat tetrahidrat (Ni-A) dan nikel(II) nitrat heksahidrat (Ni-N). NiO 

NPs yang disintesis daripada Ni-A menunjukkan puncak penyerapan maksimum 

pada 346 nm dengan tenaga jurang jalur 3.58 eV. Analisis FTIR menunjukkan 

jalur yang signifikan pada 479 cm⁻¹ yang dikaitkan dengan regangan NiO yang 

mengesahkan pembentukan NiO NPs. NiO NPs terhasil adalah berbentuk sfera 

dengan saiz zarah antara 44.7 - 65.6 nm, dan memaparkan struktur kristal 
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trigonal (paksi heksagonal) dengan saiz kristalit purata 18.53 nm. Begitu juga, 

NiO NPs yang disintesis menggunakan Ni-N sebagai garam prekursor 

menunjukkan puncak penyerapan maksimum pada 340 nm dengan tenaga jurang 

jalur sebanyak 3.64 eV. Analisis FTIR menunjukkan jalur pada 460 cm⁻¹ yang 

berkaitan dengan regangan NiO yang lebih mengesahkan sintesis NiO NPs. NiO 

NPs yang terhasil juga berbentuk sfera dengan saiz zarah antara 37.8 - 61.6 nm, 

dan memaparkan struktur kristal kubik dengan saiz kristalit purata 27.22 nm. 

Menurut analisis EDX, kedua-dua NiO NPs yang disintesis menggunakan Ni-A 

dan Ni-N sebagai garam prekursor bebas daripada pencemaran dan terdiri hanya 

daripada unsur nikel dan oksigen. Penemuan ini menyoroti bahawa morfologi 

dan ciri optikal NiO NPs akan diubah bergantung kepada garam prekursor yang 

digunakan. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background of study 

 

Nanotechnology is widely recognized as an extremely promising field in the 21st 

century. The name 'nano' traces back to the Greek term for 'dwarf' and denotes 

something exceptionally small, precisely one-billionth of a meter (10−9 m). 

Nanotechnology is the capacity to examine, evaluate, manipulate, assemble, 

oversight, and produce materials on a nanometre size.  The U.S. National 

Nanotechnology Initiative (NNI) interprets the meaning of nanotechnology as 

the application of science, engineering, and technology at the nanoscale, which 

ranges from 1-100 nm. At this scale, unique phenomena occur, allowing for 

innovative applications in domains such as chemistry, physics, biology, 

medicine, and electronics. Nanotechnology involves two key aspects. The first 

is scale, which it focuses on exploiting structures by regulating their form and 

dimension at the nanometre scale. The second aspect is novelty, where 

nanotechnology requires interacting with little objects in a way that makes use 

of some qualities inherent in the nanoscale (Bayda et al., 2019).  
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When Michael Faraday showed "gold colloid" samples to the Royal Society in 

1857, it was the first instance of nanotechnology being demonstrated. He saw 

that the blue hue of a gold chloride solution changed to a ruby-red dispersion 

when he added phosphorus, but he didn't know why. Some reported different 

hues, such as ruby, green, violet, or blue, while others saw the dispersion of 

nanoscale gold particles becomes clear at certain wavelengths. Consequently, 

several theoretical investigations and experiments have been carried out to 

explain the distinctive characteristics of similar systems, now referred to as low-

dimensional systems. Nearly a century later, Richard Feynman famously said, 

"There's Plenty of Room at the Bottom," during his talk at the American Physical 

Society (APS) assembly at Caltech in 1959, sparking interest in nanotechnology. 

(Bayda et al., 2019). 

 

Globally, nanotechnology has completely transformed almost every industrial 

area, from large-scale production in sectors like environmental management, 

civil engineering, and automotive to small-scale manufacturing and processing 

in food, agriculture, and medicine. Researchers, entrepreneurs, scientists, 

technology professionals, environmentalists, and educators working together 

implies that the future of nano-based enterprises will continue to expand 

sustainably (Malik, Muhammad, and Waheed, 2023). 
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1.2 Nanoparticles (NPs) 

 

Nanoparticles (NPs) are described by the International Organisation for 

Standardisation (ISO) as nano-sized substances possessing all external 

measurements within the nanometer scale, where the broadest and narrowest 

axes' length differences are minor. Terms like nanofibers or nanoplates are 

frequently used in place of nanoparticles when there is a considerable difference 

in size, usually greater than three times. NPs can vary in shape, size, and 

structure. Their dimensions usually span from 1-100 nm, and if they are smaller 

than 1 nm, they are called atom clusters. NPs can exist as single particles or as 

agglomerates, and they can be crystalline, with one or more crystals, or 

amorphous (Joudeh and Linke, 2022). 

 

NPs can be categorized into five groups as illustrated in Figure 1.1 (Mekuye and 

Abera, 2023). As stated in Table 1.1, they are often divided into three divisions 

according to their composition: organic, inorganic, and carbon-based. 
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Figure 1.1: Overview of nanomaterial classifications (Mekuye and Abera, 2023) 

 

Table 1.1: Classification of nanoparticles based on structural composition 

(Joudeh and Linke, 2022). 

Types of 

nanoparticles  
Descriptions 

Organic 

• Composed of polymers, lipids, proteins, 

carbohydrates, or other organic molecules 

• Properties: Non-toxic, biodegradable, sensitive to 

heat and light and labile 

• Examples: Dendrimers, liposomes, micelles, 

ferritin 

• Applications: Targeted drug delivery, cancer 

therapy 
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Inorganic 

• Divided into groups that include metal-based, 

metal oxide-based, lipid-based, semiconductor, 

and ceramic 

 

Metal-based  

- Made of metal precursors 

- Properties: Unique optical, electrical, thermal, 

magnetic, and biological properties  

- Examples: Silver (Ag), gold (Au), copper (Cu), 

nickel (Ni), titanium (Ti), and zinc (Zn) 

(Yaqoob et al., 2020) 

- Applications: Nanodevices 

 

Metal oxide-based 

- Made of metal cations and oxide anions 

- Properties: Unique optical, electrical, thermal, 

magnetic, and biological properties  

- Examples: Titanium dioxide (TiO2), zinc oxide 

(ZnO), nickel oxide (NiO) (Yaqoob et al., 

2020) 

- Applications: Fluorescence and optical 

detectors,  photovoltaic as well as medical 

(Alhalili, 2023) 
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Lipid-based 

- Organic compounds that are reactive in 

colloidal form 

- Properties: Great loading capacity, excellent 

thermal and temporal stability 

- Examples: Solid lipid nanoparticles (SLN), 

nanostructured lipid carriers (NLC), and 

liposomes 

- Applications: Cancer treatments 

(García-Pinel et al., 2019) 

 

Semiconductor 

- Comprised of semiconductor components 

- Properties: Unique characteristics between 

metals and non-metals, wide bandgaps, and 

notable changes in their properties due to 

bandgap adjustments 

- Examples: Gallium nitride (GaN), Cadmium 

sulfide (CdS), Cadmium telluride (CdTe), 

Indium arsenide (InAs) 

(Shah, Babar, and Ali, 2021) 

- Applications: Electronic gadgets, optics, and 

photocatalysis 
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Ceramic 

- Comprised of metal and metalloid oxides, 

carbonates, carbides, and phosphates. 

- Properties: High stability and high load 

capacity 

- Examples: Hydroxyapatite (HA), calcium 

phosphate (CP) 

(Lakshmi et al, 2017) 

- Applications: Biomedical applications, dye 

degradation, photonics, and optical electronics 

Carbon-based 

• Made of carbon atoms 

• Properties: Superior conduction capability, 

robustness, electron affinity, and distinct thermal, 

optical, and sorption features 

• Examples: Fullerenes, carbon black NPs, carbon 

quantum dots, nanodiamonds, carbon nano onions 

• Applications: Tissue engineering, delivery of 

drugs, storage of energy, photovoltaic gadgets, 

bioimaging, and environmental sensing 
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1.2.1 Methods of synthesizing nanoparticles 

 

There are several methods for synthesizing NPs as two primary strategies are 

well recognized which are top-down and bottom-up. These methods vary 

regarding expense, speed, and effectiveness. 

 

In top-down synthesis, bulk materials are fragmented into nano-sized particles. 

This may be accomplished by utilizing modern methods like lithography and 

precise engineering that created and refined by companies over the last few 

decades. Throughout the manufacturing process, precise engineering supports 

the majority of the microelectronics sector, and a combination of improvements 

may lead to excellent performance. The bottom-up method utilizes physical, 

chemical, and biological techniques to create nanostructures at the nanoscale (1-

100 nm). This method uses a governed operation that causes the molecules and 

atoms to self-assemble. These materials can be employed straight in their mass, 

disorganized state, or as components to construct more intricate, ordered 

structures (Bayda et al., 2019). These two approaches are illustrated in Figure 

1.2. 

 

Physical techniques involve the utilization of physical factors like heat, electric 

discharge, plasma, or electromagnetic waves. These approaches are 

advantageous due to their speed and low chemical usage. However, physical 

synthesis procedures have limitations, including high energy requirements, 

broad particle size distribution, and low yield (Pryshchepa, Pomastowski, and 
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Buszewski, 2020). Chemical synthesis methods, also known as wet chemistry, 

are widely used due to their ability to produce high yields. However, these 

approaches often involve lengthy processing times, the application of dangerous 

substances, and a restricted number of metal combinations that can be utilized 

(Nyabadza et al., 2023). 

 

Physical methods give poor yields, while chemical techniques have detrimental 

effects on the environment because they employ toxic solvents and produce 

dangerous byproducts that may regenerate (Ingle et al., 2023). Green synthesis 

has garnered significant focus lately in which the NPs are produced by extracting 

fungal, algal, bacterial, and plant extracts (mostly terrestrial). Various 

metabolites from these species serve as reducing agents throughout the NPs 

formation process (Chavali and Nikolova, 2019). The reducing agent reduces a 

precursor containing metallic ions by converting them into NPs. In biological 

synthesis approaches, a biological entity delivers the reducing agent. 

Consequently, biological synthesis approaches are subdivided into categories 

according to the organism that produces the reducing agent (Nyabadza et al., 

2023). 
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Figure 1.2: Methods of synthesizing nanoparticles via bottom-up and top-down 

approaches (Qamar and Ahmad, 2021). 

 

 

1.2.2 Application of nanoparticles 

 

NPs have been adopted in multiple sectors as a result of their nanometer-scale 

and unique properties. A brief outline of these applications can be found in Table 

1.2 below. 

 

 

 

 



11 
 

Table 1.2: Applications of nanoparticles across various fields (Altammar, 2023). 

Types of industry Applications 

Medicine 

• Used as drug delivery 

- NPs transport medications to particular 

parts of the body 

• Used as imaging agents 

- NPs assist in the visualization of certain 

bodily locations 

• Used as antibacterial agents 

- NPs possess significant strong 

antibacterial properties. 

Agriculture 

• Used in pesticides and herbicides 

- NPs lower the need for chemicals and 

the risk of contaminating the 

environment. 

• Used in water purification 

- NPs cleanse drinking water, lowering 

the pollution of crops and increasing 

agricultural production. 

Food 

• Used in food fortification 

- NPs enhance the delivery of vital 

nutrients to food products more 

efficiently and effectively such as 

vitamins and minerals. 

• Used as sensor 
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- NPs are utilized to boost both the 

specificity and sensitivity of food 

detectors, enabling them to identify a 

greater variety of substances or 

impulses. 

Electronics and 

automotive 

• Used in display technologies 

- NPs increase the brightness, colour, and 

contrast of the picture 

• Used in data storage 

- NPs possess the capability to store and 

retrieve data through magnetism 

Defensive 

• Used as protective coatings 

- NPs increase the coating's mechanical 

characteristics and endurance, 

increasing its resistance to damage and 

corrosion of defensive equipment. 
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1.3 Nickel oxide nanoparticles (NiO NPs) 

 

Nickel oxide (NiO) is a transition metal oxide exhibiting a cubic arrangement 

(Ahmad et al., 2022). Ni cations usually display an octahedral arrangement with 

a valence state of 2+ (3d8) as NiO forms crystals in a rock-salt appearance as 

illustrated in Figure 1.3. NiO exhibits a cubic crystal form at the Néel 

temperature (523 K). As the temperature falls below the Néel threshold, the 

crystals adopt a rhombohedral form and appear a little deformed as shown in 

Figure 1.4, which corresponds to antiferromagnetic ordering (Diao et al., 2020). 

The Néel temperature is the critical temperature whereby the magnetization of 

an antiferromagnetic system undergoes a behaviour change. It is influenced by 

the Curie constant and the interactions of the magnetic field (Reis, 2013). 

 

It has developed popularity considering its ability to be used across different 

applications including gas detectors, catalysis, electrochromic coatings, and 

magnetic substances. Additionally, it is extensively used in photocathodes that 

are dye-sensitized. It features anodic electrochromism, great endurance, and 

electrochemical robustness, a high spin optical density, and several production 

possibilities. NiO semiconductors are also becoming a popular focus in recent 

studies owing to their inexpensive cost that serves as an ion storage substance 

(El-Kemary, Nagy, and El-Mehasseb, 2013). It functions as a p-type 

semiconductor, whereby positive holes transport electrical current. (Ahmad et 

al., 2022). This occurs because Ni²⁺ ions are oxidized to Ni³⁺ ions. Moreover, 

some Ni²⁺ ions diffuse out to balance the charge, creating cation vacancies. The 
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material's conductivity is attributed to the electron transfer between Ni²⁺ and Ni³⁺ 

ions, allowing Ni³⁺ ions to move freely. Consequently, black NiO exhibits p-

type semiconductor behavior (Azadeh, 2008). It is typically non-stoichiometric, 

with a minor presence of Ni³⁺ ions alongside Ni²⁺ ions within the crystal lattice 

(Ahmad et al., 2022). It is anticipated that NiO in the nanoscale would have 

superior characteristics than NiO NPs in the micrometer dimension owing to the 

volume impact, quantum size effect, and surface impact. In addition, it possesses 

a large band gap along with excellent chemical and thermal inertness (El-

Kemary, Nagy, and El-Mehasseb, 2013). NiO NPs are being investigated 

considering their nano-scale dimensions resulting in distinct properties 

compared to most other NPs. The surface area to volume ratio variations and 

their electro-optical, magneto-optical, chemical, and mechanical characteristics 

result in unique optical, electronic, and physiochemical capabilities (Hong et al., 

2021). 

 

 

Figure 1.3: Cubic arrangement of NiO NPs (Diao et al., 2020). 
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Figure 1.4: Rhombohedral arrangement of NiO NPs (Gandouzi et al., 2023). 

 

 

1.4 Green chemistry 

 

Green chemistry is an approach that uses innovative scientific methods to 

address environmental challenges. The aim is to develop chemical items and 

methods that minimize or completely avoid the use or production of hazardous 

materials. The Twelve Principles of Green Chemistry were suggested by Paul T. 

Anastas and John C. Warner in 1991 (Singh, 2023) as depicted in Figure 1.5.  

 

 

The theory of "Green Chemistry" for "Sustainable Development" has garnered 

significant attention in the last ten years. Sustainable development is growth that 

satisfies present needs while also taking into account the ability of future 

generations to satiate their own needs. This concept is particularly crucial for 

various chemistry-related industries due to concerns about contamination and 

the overuse of natural assets. The three most crucial preconditions for the 
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formation of NPs are the choice of an environmentally benign solvent, a suitable 

benign reduction agent, and a harmless stabilizing substance. NPs can be formed 

via different methods, the most prevalent methods are physical, chemical, and 

biological methods. Chemical techniques are often expensive and utilize 

hazardous chemicals which contribute to a significant detrimental effect on the 

ecosystem. On the other hand, green synthesis offers a less dangerous, 

biocompatible, and  more ecologically acceptable approach to producing 

nanoparticles for various applications including biomedicine. This green 

synthesis is achieved using fungi, algae, bacteria, and plants. Among these, 

various plant parts are frequently used to synthesize different types of NPs. Plant 

extracts enable the formation of NPs with specific dimensions, forms, and 

components. Furthermore, an extensive number of phytochemicals found in its 

extract function as naturally occurring reducers throughout the formation of NPs. 

Plant-derived NPs are also thought to be less likely to generate adverse reactions 

in individuals than those artificially produced NPs (Hano and Abbasi, 2021). 

 

 

Figure 1.5: 12 Principles of green chemistry (Singh, 2023). 
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1.5 Muntingia Calabura (Malayan Cherry) 

 

Plants with medicinal properties are essential for curing human illnesses. In poor 

nations, conventional treatment offers basic medical care to over 80% of the 

population and approximately 85% of these treatments originate from plant 

extracts. There is a significant need to explore the potential pharmacological 

benefits of various medicinal plants. Muntingia calabura L. (Elaeocarpaceae) is 

one such plant that has recently been recognized for its medicinal properties 

(Mahmood et al., 2014). 

 

Muntingia calabura is referred to as "kerukup siam" in Malaysia, particularly 

by the Malay community, and is frequently recognized as the "Jamaican cherry" 

around the world. This species is the sole member of the genus Muntingia and 

is indigenous to the Greater Antilles, tropical regions of South and Central 

America, and others. The plant is widely grown in tropical regions of Southeast 

Asia, such as Malaysia. M. calabura is often used as a tree for planting at the 

side of the roads in Malaysia. 

 

 This tree exhibits fast growth and features thin branches that stretch out laterally, 

with a height ranging from 7.5-12.0 meters. The evergreen leaves of M. calabura 

are either lanceolate or oblong, and they range in length from 5.0-12.5 cm when 

grouped alternately. They are deep green with long-pointed at their tips and 

asymmetrical at the base. The leaves have fine hairs on the upper surface, while 

the underside is covered in grey or brown hairs and has irregular serrations. The 

flowers are 1.25-2.00 cm in diameter and appear singly or in pairs or trios within 
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the axils of the leaves. Each flower features five green sepals, five white petals, 

and numerous noticeable yellow stamens (Mahmood et al., 2014). The fruits are 

spherical, measuring about 1.5 cm in diameter, with a soft fragile outer skin and 

light-brown interior. They possess a sugary and fig-like flavour with small 

yellowish seeds inside (Shih, 2009). Figure 1.6 depicts the various parts of M. 

calabura and they are used traditionally to treat various illnesses as outlined in 

Table 1.3. Other than being in traditional treatment, the fruits can be consumed 

fresh and typically baked in tarts or prepared into jam (Zakaria et al., 2007). 

 

       

(a) Leaves        (b) Fruits   (c) Flower 

Figure 1.6: Various parts of Muntingia calabura (a) leaves (b) fruits (c) flower. 
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Table 1.3: Traditional uses of various parts of M. calabura (Kuchekar et al., 

2021). 

Parts of  

M. calabura 
Traditional uses 

Flowers 

• Served as an infection control agent as well as for 

alleviating swelling in the lower limbs in Peru. 

• Used as a tranquilizer and tonic in Colombia 

• Treat headaches and incipient colds, and as 

antispasmodics and anti-dyspeptics in Philippines. 

Leaves 

Boiling or steeping in water is utilized to relieve stomach 

ulcers, enlargement of the prostate gland, headaches, and 

colds. 

Roots 

Employed to induce abortion in Malaysia and to stimulate 

menstrual flow in Vietnam. 

Barks 

Employed as a rinse to minimize oedema in the lower limbs 

(Zakaria et al., 2006). 
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1.6 Objectives 

 

This study aimed to synthesize and characterize nickel oxide nanoparticles from 

plant extracts. The detailed objectives are outlined below:  

1. To synthesize nickel oxide nanoparticles (NiO NPs) from the aqueous extract 

barks of Muntingia calabura through a green synthesis pathway using nickel(II) 

acetate tetrahydrate (Ni-A) and nickel(II) nitrate hexahydrate (Ni-N) as 

precursor salts. 

 

2. To characterize nickel oxide nanoparticles (NiO NPs) using Fourier 

Transform Infrared Spectroscopy (FTIR), UV-Visible Spectroscopy (UV-Vis), 

X-ray Diffraction (XRD), Field Emission Scanning Electron Microscopy 

(FESEM) and Energy Dispersive X-ray Spectroscopy (EDX). 

 

3. To study the characterization of NiO NPs synthesized using nickel(II) acetate 

tetrahydrate (Ni-A) and nickel(II) nitrate hexahydrate (Ni-N) as precursor salts. 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

2.1 Green synthesis of nickel oxide nanoparticles 

 

The biological method utilizing plant sources to synthesize NPs has been 

increasingly popular over the past 30 years owing to inexpensive and 

environmentally benign techniques being used (Kato and Suzuki, 2020). Figure 

2.1 depicted the various parts of plants utilized in the production of NiO NPs. 

 

 

Figure 2.1: Plant parts utilized in the synthesis of Ni and NiO NPs (Maind et al., 

2024). 
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The bioactive plant constituents that function as encapsulating and stabilizing 

substances including phenolic compounds, alkaloids, flavonoids, and 

polyphenols aid in the conversion of nickel salt to NiO NPs. The encapsulating 

compound consists of a hydrophilic head that reacts with the Ni2+ ions of NPs 

and the hydrophobic hydrocarbon chain reacts with the environment as 

illustrated in Figure 2.2. It is referred to as an amphiphilic molecule. Different 

approaches exist for both ends of encapsulating compounds to interact with their 

environment (Javed et al., 2020).  

 

Figure 2.2: Covalent bonding between NPs and encapsulating compound 

(Maind et al., 2024). 

 

One of the main restrictions on the creation of NPs is the development of clusters 

as well as aggregation. The aggregation of NPs affects the issues of unregulated 

development and robustness of colloids. The use of encapsulating and stabilizing 

chemicals is crucial in getting around this restriction. As seen in Figure 2.3, 

plant-derived compounds function as encapsulating and stabilizing compounds 

and stop nanoparticles from clumping or aggregating. The bioactive compounds 
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in plant extract are conducted via two mechanisms which are the development 

of metal ion-containing intermediates in different oxidation states and function 

as encapsulating substances for non-agglomerated NPs structures. 

 

 

Figure 2.3: Bio-assisted reduction, surface capping, and stabilization of NiO 

nanoparticles (Maind et al., 2024). 
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2.2 Phytochemicals compositions in Muntingia calabura 

 

Plants possess an infinite capacity to produce secondary metabolites. These 

compounds act as protective agents against predation by microorganisms, 

insects, and herbivores (Mallikharjuna et al., 2007). In addition, the compounds 

possess potential therapeutic properties for instance they reveal antimicrobial 

abilities, as a result of compounds synthesized during the plant's secondary 

metabolic pathway (Priya and Yasmin, 2022). According to a study conducted 

by Priya and Yasmin (2022), the phytochemical screening depicted that several 

bioactive compounds were present in the aqueous extract of M.calabura by 

carrying out various tests as tabulated in Table 2.1. 

 

 

Table 2.1 : Summary of phytochemical screening in the aqueous extract of 

M.calabura (Priya and Yasmin, 2022). 

Chemical 

compounds 

Test/ Reagent Observation Result 

Flavonoid Ammonium test A yellow colour solution 

was observed 

(+) 

Phenolics Ferric chloride test 

 

A dark green or bluish-black 

colour solution was 

observed 

(+) 
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Saponins Water Foam was formed upon 

shaking the solution 

(+) 

Tannins Braymer’s test No blue-green colour 

solution was observed 

(-) 

Terpenoids CHCl3 + H2SO4 No grey-coloured solution 

was formed 

(-) 

(+) : Detected  

(-) : Not detected 
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2.3 Green synthesis of NiO NPs using plant extract 

 

2.3.1 Green synthesis and characterization of NiO NPs using soursop 

(Annona muricata L.) fruit peel extract. 

 

The study conducted by Aminuzzaman et al. (2021) utilized the fruit peel of A. 

muricata to synthesize NiO NPs. It is a member of the Annonaceae family and 

the popular name is called soursop as depicted in Figure 2.4. Huge, dark green 

leaves cover this little, upright, perpetually green plant, which grows to a height 

of around 5-8 meters. The fruit of the tree is appetizing and grows to a huge, 

light green, oval or hearts-like fruit with white, fibrous flesh when completely 

mature. A. muricata has historically been used in medicine to cure a variety of 

ailments, notably joint pain, neuralgia, respiratory disorders, diarrhea, dysentery, 

a high fever, malaria, and malignancies, especially those of the liver and breast 

(Aminuzzaman et al., 2021). In this research, the precursor salt utilized is nickel 

acetate, and the procedure is summarized in Figure 2.5.  

 

 

 

Figure 2.4: Appearance of Annona muricata L. (Quiroga Ledezma, 2020). 
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Figure 2.5: Schematic representation of the green synthesis of NiO NPs utilizing 

fruit peel extract from A. muricata (Aminuzzaman et al., 2021). 

 

The XRD analysis shows that the synthesized NiO NPs exhibited the crystal 

system of cubic that matched with ICDD Card No. 01-071-6723. The diffraction 

peaks at 2θ were found at 37.24⁰, 43.32⁰, 62.80⁰, 75.64⁰, and 79.50⁰ that matched 

the crystal structure planes of (111), (200), (220), (311), and (222) respectively. 

The strong and intense accurately suggested a high degree of crystalline 

structure. In addition, the NiO NPs were produced at optimal arrangement in the 

(200) direction, and the mean crystallite size obtained was 50.50 nm 

(Aminuzzaman et al., 2021). 
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According to Figure 2.6, TEM pictures demonstrated and validated the spherical 

form of the synthesized NiO NPs which vary in diameter from 20-90 nm and the 

typical dimension of 56 nm in conformity with the dimensions of the crystallite 

determined by the XRD analysis. 

 

 

 

 

Figure 2.6: (a-b) TEM images, and (c) Particle size distribution histogram of 

NiO NPs (Aminuzzaman et al., 2021). 
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Based on Figure 2.7, FESEM pictures of NiO NPs also revealed that the particles 

are clumped together and have a spherical form which is consistent with TEM 

micrographs. It was determined that the interactions of magnetic forces between 

the particles were responsible for this particle aggregation (Aminuzzaman et al., 

2021). 

 

 

Figure 2.7: SEM image of NiO NPs (Aminuzzaman et al., 2021). 

 

 

2.3.2 Green synthesis and characterization of NiO NPs using Euphorbia 

heterophylla L. leaves extract. 

 

The leaves of Euphorbia heterophylla L. were utilized by Lingaraju et al. (2020) 

in the investigation of the production of NiO NPs. E. heterophylla as depicted 

in Figure 2.8 has a well-established medicinal benefit and its common name is 

wild poinsettia. It is a non-woody plant that can reach 200 cm tall, according to 

the circumstances (CABI, 2022). Additionally, it is a member of the 
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Euphorbiaceae family and it is primarily employed in treating a variety of 

illnesses. In this study, nickel nitrate hexahydrate was utilized as precursor salt 

and the calcination was carried out at 300°C for 3 hours (Lingaraju et al., 2020). 

 

 

 

Figure 2.8: Appearance of Euphorbia heterophylla L. (CABI, 2022). 

 

 

XRD diffractogram as illustrated in Figure 2.9 showed that NiO NPs exhibited 

Bunsenite lattice with mean crystallite sizes of 15 nm. The planes' respective 

maxima corresponded with (1 1 1), (2 0 0), (2 2 0), (3 1 1), and (2 2 2) which 

were all in good agreement with ICCD Card No. 04–0835 with mean crystallite 

size obtained was 15 nm. 
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Figure 2.9: XRD pattern of NiO NPs (Lingaraju et al., 2020).  

 

 

According to Figure 2.10 (a), rhombohedral forms of NiO NPs were obtained 

with aggregation occurring. The diameter of NPs ranged from 12-15 nm as 

depicted in Figure 2.10 (b) which were nearly identical to the XRD analysis of 

15 nm attained. The atomic determination of NiO NPs was illustrated in Figure 

2.10 (c) and showed no indications of contamination. 
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Figure 2.10: (a) SEM image, (b) TEM image, and (c) EDX analysis of NiO NPs 

(Lingaraju et al., 2020).  

 

Based on the FTIR spectrum of NiO NPs depicted in Figure 2.11, a wide O-H 

stretching band was observed at 3441 cm-1 corresponding to phenol and 

carboxylic acid. Owing to the presence of water molecules a band located at 

1631 cm-1 indicated bending H-O-H vibration. The distinct bands of the oxide 

groups are found at 1037, 1112, 1388, and 1462 cm⁻¹ accordingly. Lastly, the 

significant band that indicated the presence of NiO NPs was located at 452 cm-

1 attributed to the vibrational mode of NiO. 
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Figure 2.11: FTIR spectrum of NiO NPs (Lingaraju et al., 2020).  

 

 

2.3.3 Green synthesis and characterization of NiO NPs using Averrhoa 

bilimbi fruit peel extract. 

 

Averrhoa bilimbi, often known as "Bilimbi" as well as the "cucumber tree," is a 

multipurpose and everlasting rainforest flora that is a member of the Oxalidaceae 

family. This nutrient-dense and malty fruit that develops on the trunks of lofty 

trees is linked to the starfruit that is extensively grown across Asia. In addition, 

the fruit is rich in Vitamin C and treats numerous ailments including fever, 

coughing, and others (Haritha et al., 2022). The study by Haritha et al. (2022) 

employed Averrhoa bilimbi fruit peels for synthesizing NiO NPs using nickel 

nitrate hexahydrate as the precursor salt. The calcination temperature was 600°C 

for 4 hours in the muffle furnace. The overview of the production of NiO NPs is 

illustrated in Figure 2.12.  
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Figure 2.12: Overview of the production of NiO NPs utilized fruit peels of 

Averrhoa bilimbi  (Haritha et al., 2022). 

 

Based on Figure 2.13, NiO NPs had the maximum absorption peak at 340 nm 

owing to the charge transfer from ligand to metal, and the band gap energy 

determined using the Tauc plot was found to be 2.97 eV.  
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Figure 2.13: (a) UV- Vis spectrum, and (b) Tauc plot of NiO NPs (Haritha et al., 

2022). 

 

The SEM images in Figure 2.14 (a-b) showed that the spherical NiO NPs having 

a homogeneous size distribution and no aggregation were predicted. The NiO 

NPs obtained were within 110 to 120 nm as illustrated in Figure 2.14(c). Figure 

2.14(d) showed the EDX determination conducted which indicated NiO NPs 

were made up entirely of Ni and O elements with no contaminants. 
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Figure 2.14: (a-b) SEM images, (c) Particle size distribution histogram, and        

(d) EDX analysis of NiO NPs  (Haritha et al., 2022). 

 

 

2.3.4 Green synthesis and characterization of NiO NPs using Limonia 

acidissima citrus fruit juice extract. 

  

Kannan et al. (2020) investigated the production of NiO NPs utilizing fruit juice 

of Limonia acidissima. Limonia acidissima is typically called a wood apple, the 

juice consists of lactic acids and carbohydrates that function as potent reducing 

agents and perform the task of scavenging reactive oxygen species (ROS). This 

study is conducted using a microwave-assisted technique and the precursor salt 

utilized was nickel acetate. The microwave oven producing 850 W of radiation 

a b 
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was used to irradiate the solution for 15 minutes and calcinated at 600°C for 4 

hours. 

 

According to Figure 2.15, the NiO nanoparticles exhibited a maximum 

absorption peak at 322 nm. The band gap energy determined from the extension 

line from the Tauc plot was 3.41 eV, making it suitable for optoelectronic 

applications. 

 

Figure 2.15: : (a) UV- Vis spectrum, and (b) Tauc plot of NiO NPs (Kannan et 

al., 2020). 

 

The XRD diffractogram as illustrated in Figure 2.16 showed the cubic system 

of NiO NPs that matched with ICDD Card No. 89-7130 with lattice constant (a= 

4.172 Å) was obtained. The diffraction peaks obtained which corresponded to 

the Miller's index of (1 1 1), (2 0 0), (2 2 0), (3 1 1), and (2 2 2). The greater 

level of substance purity implied that no further compounds associated with 

secondary phases have been found. The mean crystallite size calculated was 20 

nm. 
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Figure 2.16: XRD pattern of NiO NPs (Kannan et al., 2020). 

 

The SEM and TEM images in Figure 2.17 (a-b) showed that the NiO NPs were 

evenly dispersed and spherical with agglomeration occurring owing to the 

friction at the surfaces between the particles during combustion causing them to 

aggregate. Figure 2.17 (c) showed the atomic determination of NiO NPs 

revealing the existence of Ni and O elements with no additional peaks observed 

and pure NiO NPs were obtained. 

 



39 
 

 

Figure 2.17: (a) SEM image, (b) TEM image, and (c) EDX analysis of NiO NPs  

(Kannan et al., 2020). 

 

The FTIR spectrum of NiO NPs revealed in Figure 2.18, a broad O-H stretching 

band and bending mode of O-H were observed at 3450 cm-1 and 1640 cm-1 due 

to water molecules being absorbed. The diminished band at 2358 cm-1 indicated 

the C-H stretching. At 1382 cm⁻¹, the band suggested the existence of C-O bond. 

The key band identifying the presence of NiO NPs was observed at 428 cm⁻¹ 

associated with the vibrational mode of NiO.  
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Figure 2.18: FTIR spectrum of NiO NPs (Kannan et al., 2020). 

 

 

2.4 Concluding remarks 

 

From these researches, it was proven that various precursor salts and parts of 

plants utilized in the green synthesis of NiO NPs depicted the variety of 

characterization results obtained. In this study, two different precursor salts such 

as nickel acetate tetrahydrate (Ni-A) and nickel nitrate hexahydrate (Ni-N) were 

utilized in the synthesis of NiO NPs. The effect of precursor salts was studied 

owing to a limited number of research available. In addition, the bark of M. 

calabura utilized in the synthesizing NiO NPs was less likely studied. The 

various precursor salts provide different environments and arrangements in the 

production of NiO NPs. As a result, different morphology, particle size, and 

crystal systems of NiO NPs could be obtained with the same bark extract. Table 

2.2 depicted the summary of the different precursor salts and plant parts utilized 

in the synthesis of NiO NPs with their characterizations. 
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Table 2.2: Summary of the different precursor salts and plant parts utilized in the synthesis of NiO NPs with their characterizations.  

 

Plant Precursor salt Plant parts Absorption 

peak 

Morphology Particle size 

(nm) 

Crystal system References 

Annona 

muricata 

Nickel acetate Peels 310 Spherical 20-90 Cubic (Aminuzzaman 

et al., 2021) 

Euphorbia 

heterophylla 

Nickel nitrate Leaves 321 Rhombohedral 12-15 Cubic (Lingaraju et al., 

2020) 

Averrhoa 

bilimbi 

Nickel nitrate Peels 340 Spherical 110-120 Cubic (Haritha et al., 

2022) 



42 
 

Limonia 

acidissima 

Nickel acetate Fruit juice 322 Spherical - Cubic (Kannan et al., 

2020) 
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CHAPTER 3 

 

MATERIALS AND METHODOLOGY 

 

3.1 Materials 

 

The barks of M. calabura were obtained from the parking zone of Block D, 

Universiti Tunku Abdul Rahman, Kampar, Perak, Malaysia. Nickel(II) acetate 

tetrahydrate (Ni-A) was utilized with the molecular weight of 248.84 g/mol and 

the CAS number was 6018-89-9. Furthermore, nickel(II) nitrate hexahydrate 

(Ni-N) was used with a molecular weight of 290.81 g/mol with its CAS number 

13478-00-7. Both chemicals were analytical research (AR) grade and stored in 

the drying cabinet to prevent moisture absorption from air owe to their 

hygroscopic characteristics. They serve as precursor salts in synthesizing the 

NiO NPs. Lastly, deionized water was used in the cleaning of the barks to 

remove the dirt and impurities present. It also acts as a green solvent throughout 

this research. 
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3.2 Equipment 

 

Table 3.1 lists the equipment utilized throughout this research. 

 

Table 3.1: List of equipment utilized with their functions. 

Equipment Function 

Aluminum foil To ensure even heating of the mixture. 

Analytical balance To weigh the mass of the bark of M. calabura, 

precursor salts and NiO NPs obtained. 

Centrifuge To collect the supernatant of M. calabura extract 

after centrifugation process. 

Ceramic crucible To transfer the resulting paste into the furnace for 

calcination. 

Desiccator To store the NiO NPs for further characterization 

by avoiding moisture absorption. 

Freeze dryer To eliminate the water present in M. calabura 

extract. 

Furnace To calcinate the resulting paste into NiO NPs. 

Grinder To grind the dried bark of M. calabura into 

powdered form. 
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Hotplate To heat the mixture by supplying heat energy. 

Magnetic stirrer To continuously stir the mixture steadily during the 

synthesis of NiO NPs. 

Measuring cylinder To measure the amount of M. calabura extract and 

deionized water utilized. 

Mortar and pestle To grind the NiO NPs and precursor salts with the 

KBr salts evenly during characterization. 

Oven To dry the bark of M. calabura before grinding it 

into powdered. 

Retort stand and clamp To secure the thermometer in a fixed position to 

observe the temperature changed. 

Sonicator To disperse the NiO NPs in the deionized water for 

characterization. 

Thermometer To monitor the change in temperature during the 

heating of the extract. 

 

 

 

 

 

 



46 
 

3.3 Instrument 

 

Table 3.2 details the instruments employed in this research. 

 

Table 3.2: List of instruments employed with their functions. 

Instrument Model Function 

Energy dispersive  

X-ray spectrometer 

(EDX) 

Oxford Instruments X- 

Max 50mm2 

To determine the elemental 

composition of NiO NPs. 

Field emission 

scanning electron 

microscope 

(FESEM) 

JEOL JSM-6701F To identify the morphology 

and particle sizes of NiO 

NPs. 

Fourier transform 

infrared 

spectrometer 

(FTIR) 

Perkin Elmer 

Spectrum Two 

To determine the functional 

groups in the M. calabura 

extract, precursor salts, and 

synthesized NiO NPs. 

UV-visible 

spectrophotometer 

(UV-Vis) 

Thermo Fisher 

Scientific Genesys 

180 

To identify the maximum 

absorption wavelength and 

band gap energy of NiO NPs 
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X-ray Diffractometer 

 (XRD) 

Shimadzu XRD 6000 To study the crystallinity 

and crystallite size of NiO 

NPs. 

 

 

3.4 Overview of research methodology 

 

The formation and characterization of NiO NPs are broken down into four parts 

as represented in Figure 3.1. 

 

Figure 3.1: Overview of the methodology. 
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3.5 Experimental procedure 

 

3.5.1 Collection and preparation of plant extracts 

 

The barks of M. calabura were collected. Next, the barks of M. calabura were 

separated from the stems, followed by washing the peeled barks repeatedly with 

deionized water to eliminate the contaminants, dirt, and soil present on the 

surface of the barks. Next, the barks were cut into small pieces followed by 

drying in the oven at 40 °C until fully dried to remove moisture. The dried barks 

were ground into a fine powder and stored in a glass reagent bottle that was 

sealed with parafilm. The barks powdered was stored in a desiccator to prevent 

absorption of moisture. The flowchart is depicted in Figure 3.2. To prepare the 

M. calabura aqueous extract, 2.5 g of barks of M. calabura powdered was 

weighed using an analytical balance. The powder was then added to 100 mL of 

deionized water. The mixture was stirred and heated at 80 – 100 °C for about 45 

minutes on a hot plate. Next, the extract was cooled to room temperature and 

subjected to centrifuging at the speed of 7000 rpm for 10 minutes to obtain the 

aqueous extract. The aqueous extract was transferred into centrifuge tubes and 

stored in the refrigerator at 4 °C for future synthesis. Figure 3.3 illustrates the 

flowchart outlining the preparation of M. calabura extract. 
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Figure 3.2: Flowchart for processing M. calabura bark into a powdered form. 

 

 

Figure 3.3: Extraction workflow diagram for M. calabura bark. 

 

 

3.5.2 Green synthesis of nickel oxide nanoparticles 

 

20 mL of plant extract was measured followed by dissolving 2 g of Ni-A in 20 

mL of deionized water. The Ni-A solution was then added dropwise to the plant 

extract at 80-100 ⁰C with constant stirring. The mixture was continued to heat 
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with constant stirring until a paste was formed. Next, the paste obtained was 

transferred to a ceramic crucible and calcinated at 450 °C for 2 hours in a furnace. 

The resulting black NiO powder was stored in a sealed airtight micro-sample 

tube in the desiccator for further characterization. A similar procedure was 

followed using Ni-N as precursor salt. The process flowchart for synthesizing 

NiO NPs is illustrated in Figure 3.4. 

 

 

Figure 3.4: Overview of the NiO NPs synthesis process. 
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3.6 Percentage yield of synthesized nickel oxide nanoparticles 

 

The mass of the precursor salt utilized and the NiO NPs obtained were weighed 

using an analytical weighing balance. The precursor salts used were Ni-A and 

Ni-N. The percentage yields of the synthesized NiO NPs utilizing different 

precursor salts were calculated using Equation 3.1. 

 

Percentage yield of NiO NPs  = 
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑁𝑖𝑂 𝑁𝑃𝑠

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑝𝑟𝑒𝑐𝑢𝑟𝑠𝑜𝑟 𝑠𝑎𝑙𝑡
 × 100% ------- Equation 3.1 

 

 

3.7 Characterization of synthesized NiO NPs 

 

The synthesized NiO NPs were characterized using Fourier Transform Infrared 

Spectroscopy (FTIR), Ultraviolet-Visible (UV-Vis) Spectroscopy, X-ray 

Diffraction (XRD), Field emission scanning electron microscope (FESEM), and 

Energy Dispersive X-Ray Spectroscopy (EDX). 
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3.7.1 Fourier Transform-Infrared Spectroscopy (FTIR) 

 

The Fourier transform infrared spectrometer with the Perkin Elmer Spectrum 

Two model as depicted in Figure 3.5 was utilized to identify the functional 

groups in the M. calabura extract, precursor salts, and synthesized NiO NPs. 

The solid extract of M. calabura extract was obtained after freeze-drying for two 

days until the aqueous extract no longer contained water. Subsequently, all the 

solid samples were analyzed using the KBr pellet method. The KBr powdered 

was mixed evenly with finely ground solid extract M. calabura, precursor salts, 

and NiO NPs separately using mortar and pestle. Lastly, the solid sample was 

scanned from 4000 - 400 cm-1. 

 

 

Figure 3.5: Perkin Elmer Spectrum Two model of FTIR analysis. 
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3.7.2 Ultraviolet-Visible Spectroscopy (UV-Vis) 

 

A Thermo Fisher Scientific Genesys 180 UV-visible spectrophotometer as 

shown in Figure 3.6 was utilized to identify the optical and electronic 

characteristics of NiO NPs such as the maximum absorption wavelength (λmax) 

and band gap energy (Eg) of NiO NPs. About 2 mg of the synthesized NiO NPs 

were weighed and added to 10 mL of deionized water in a 15 mL centrifuge tube. 

The resulting sample solution was then sonicated for 10 minutes to ensure the 

NiO NPs were dispersed uniformly in the deionized water. Lastly, the solution 

was scanned over the wavelength range from 200-1000 nm.  

 

 

Figure 3.6: Thermo Fisher Scientific Genesys 180 model of UV-Vis analysis. 
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According to the results obtained, the λmax values were used to determine the 

band gap energy within the NiO NPs using Equation 3.2. The unit conversion 

was needed as the calculated figures were in Joule (J) by multiplying with 

1.60218×10-19  to obtain the unit in electron volt (eV) owing to 1 eV equals to  

1.60218×10-19 J. 

Band gap energy, E g = 
hc

λ
 ---------- Equation 3.2 

Where, 

h = Planck’s constant (6.626 × 10-34 Js) 

c = Speed of light (3.00 × 108 ms-1) 

λ = Maximum absorption wavelength (nm) 

 

 

3.7.3 Field Emission Scanning Electron Microscopy (FESEM) and Energy 

Dispersive X-ray Spectroscopy (EDX) 

 

The morphology and particle sizes of NiO NPs were examined using a field 

emission scanning electron microscope (SEM), specifically the JEOL JSM-

6701F model. Additionally, the atomic composition of the NiO NPs was 

examined with an energy dispersive X-ray spectrometer that was a small device 

attached to the SEM, particularly the Oxford Instruments X-Max 50mm² model. 

Figure 3.7 displayed both models of SEM and EDX instruments. 
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Figure 3.7: JSM-6701F and Oxford Instruments X-Max 50mm² models of SEM-

EDX analysis. 

 

 

3.7.4 X-ray Diffraction (XRD) 

 

X-ray Diffractometer was used in the determination of the crystalline 

arrangement and crystallite size of NiO NPs, specifically the Shimadzu XRD 

6000 model with Cu Kα radiation (λ = 1.5406 Å) as depicted in Figure 3.8. The 

NiO NPs were scanned over a 2θ range from 10° to 85° at the scanning speed of 

2.0000 ⁰/min. The XRD peaks were compared to the reference data from the 

International Centre for Diffraction Data for matching. Furthermore, the 

crystallite size of NiO NPs can be determined through the Debye Scherrer 

equation as outlined in Equation 3.3. 
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D = 
𝐾𝜆

β cosθ
   -------------- Equation 3.3 

Where, 

D = Crystallite size in diameter 

K = Scherrer constant, 0.9 

λ = Wavelength of X-ray source (Cu Kα radiation= 1.5406 Å) 

β = Full width at half maximum (FWHM) of the diffraction peak in radian 2θ 

θ = Bragg’s angle of diffraction 

The value of FWHM of the diffraction peak was determined using Equation 3.4. 

β = 
𝐹𝑊𝐻𝑀 𝑖𝑛 2𝜃 × 𝜋

180°
   ---------- Equation 3.4 

 

 

Figure 3.8: Shimadzu XRD 6000 model for XRD analysis. 
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CHAPTER 4 

 

RESULTS AND DISCUSSION 

 

4.1 Green Synthesis of NiO nanoparticles 

 

 

In this study, NiO NPs were synthesized utilizing the bark of M. calabura with 

different precursor salts for instance Ni-A and Ni-N. The purpose of selecting 

these precursor salts was due to their solubility in bark extract and deionized 

water. As a result, the Ni²⁺ ions were activated and subsequently reduced to their 

metallic form. In addition, the high miscibility encourages quick nucleation and 

crystal development (Abdullah et al., 2024). The selection of other precursor 

salts such as nickel carbonate was not preferred owing to its immiscibility in 

bark extract and deionized water. Moreover, different anions such as acetate 

(CH3COO−) and nitrate (NO3
−) ions affect the nucleation process in synthesizing 

the NiO NPs. Differences in solubility caused by the various anions 

affect supersaturation stages resulting in the extent and duration of nucleation 

(Abdullah et al., 2024). M. calabura was selected due to its rich phytochemical 

content such as alkaloids, flavonoids, saponins, tannins, and phenolic 

compounds that help serve as reducing, stabilizing, and capping agents (Pratiwi 

and Dewi, 2022). Moreover, M. calabura is widely available in Malaysia along 

the roadside.  
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In the preparation process, the bark of M. calabura was washed with deionized 

water to avoid any interference from ions with Ni²⁺ ions. The cleaned bark was 

then dried in an oven at 40°C mimic sunlight temperature to eliminate moisture. 

After drying, the bark was ground into a fine powder without any clumping. 

There were several methods to extract phytochemicals present in the bark of M. 

calabura. In this study, the decoction technique was utilized in the extraction of 

bark by fixing the amount of deionized water, and the process was sped up by 

applying heat. This method was suitable for miscible plant substances and highly 

thermally stable in heat (Abubakar and Haque, 2020). 

 

In the synthesis of NiO NPs, the precipitation technique was used by adding 

dropwise the nickel solution to the bark extract. As a result, the processes of 

nucleation and growth were usually performed independently with nucleation 

producing seeds for later development. The existence of tiny particles kept the 

resultant two-phase system in a higher energy state. Ostwald ripening occurred 

as the development of bigger particles via combining with smaller soluble 

particles. This led to thermodynamic equilibrium being attained (Bastús et al., 

2011). Nucleation can be visually monitored by observing a change in the colour 

of the sample solution from light to dark green (Azad et al., 2023). The mixture 

was then heated until the paste was formed to improve dispensing and stop 

cracks from forming when the NPs fuse (Zinn et al., 2013). The paste was 

transferred to the ceramic crucible and calcinated at 450 °C for 2 hours to convert 

into NiO NPs. Either by ambient oxygen or by the decomposition of 

phytochemicals that attach to the metals through electrostatic attraction. The 

nanomaterials form before the growth and stabilization period due to the 
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exposed nanoscale metal surface's heightened chemical responsiveness (Chan et 

al., 2024).  

 

Figure 4.1 depicted the mechanism of synthesizing NiO NPs via a green 

synthesis pathway. The process of plant-assisted synthesis of NiO NPs considers 

the three subsequent stages (Imran and Rani, 2016): 

(i) The initiation phase includes the conversion of Ni2+ ions leading to 

the formation of metal nuclei through nucleation 

(ii) The developmental stage entails the spontaneous formation of tiny 

neighbouring NPs into more massive NPs which is known as 

Ostwald ripening, a procedure where NPs are generated directly via 

heterogeneous nucleation and subsequent growth followed by the 

further reduction of Ni2+ ions. 

(iii) The final stage determines the final morphology of NiO NPs. The 

final product is subjected to calcination in the air to obtain the NiO 

NPs. 

 

The anions present after the dissolution process including acetate ions and nitrate 

ions assist in maintaining the stability of the synthesized NPs and their 

engagements with phytochemicals such as polyphenols extracted from bark 

extract lead to differences in the developmental and final stages. The 

phytochemicals present induce metals to generate their metal oxides and 

facilitate their progression to the development and stabilization stages. As a 

result, NiO NPs with a specific form are generated during the final process at 
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the annealing temperatures by attaching metal ions to oxygen (Abdullah et al., 

2024). 

 

 

Figure 4.1: Mechanism of synthesizing NiO NPs via a green synthesis pathway 

(Imran and Rani, 2016). 
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4.2 Percentage yield of synthesized nickel oxide nanoparticles (NiO NPs) 

 

The percentage yield obtained for NiO NPs produced from two precursor salts 

was tabulated in Table 4.1. 

 

Table 4.1: Percentage yield of synthesized NiO NPs from two precursor salts. 

Precursor salts Percentage yields of NiO nanoparticles 

Nickel(II) acetate tetrahydrate 0.5141 g

2.0013 g
 × 100%  =  25.7% 

Nickel(II) nitrate hexahydrate 
0.4071 g

2.0008 g
 × 100%  =  20.3% 

 

It was noted that the yield of NiO nanoparticles synthesized using different 

precursor salts was relatively low. Several factors contributed to this outcome. 

In this study, the use of young M. calabura bark may have impacted the 

phytochemical content compared to older bark. Additionally, the low 

concentration of phytochemicals in the bark extract may have reduced the 

efficiency of converting Ni²⁺ ions to their metallic form, resulting in lower yields 

of NiO NPs. The extraction time for the bark could also influence the quantity 

of phytochemicals extracted owing to the solubility of young bark material 

might be less favorable. Phytochemical screening could be conducted to identify 

the phytochemicals present in the young bark and extending the extraction 

duration may help increase the quantity of phytochemicals obtained. 
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4.3 Characterization of synthesized NiO NPs 

 

The black NiO NPs synthesized utilized Ni-A and Ni-N as precursor salts were 

characterized using Fourier Transform Infrared Spectroscopy (FTIR), UV-

Visible Spectroscopy (UV-Vis), X-ray Diffraction (XRD), Field Emission 

Scanning Electron Microscopy (FESEM) and Energy Dispersive X-ray 

Spectroscopy (EDX). 

 

 

4.3.1 Fourier-Transform Infrared Spectroscopy (FTIR) 

 

The FTIR examination was conducted over a wavenumber range of 4000 - 400 

cm⁻¹ to detect the functional groups present in the M. calabura bark extract and 

the synthesized NiO NPs from two different precursor salts, Ni-A and Ni-N. The 

FTIR spectra of the NiO NPs synthesized by two precursor salts are shown in 

Figures 4.2 and 4.4.  
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Figure 4.2: FTIR spectra of (a) bark extract of M. calabura (b) NiO NPs using 

Ni-A as precursor salt. 

  

 

Figure 4.3: FTIR spectrum of Ni-A. 
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As depicted in Figure 4.2(a), the aqueous M. calabura bark extract exhibits 

several characteristic peaks corresponding to various functional groups. A broad 

band observed at 3422 cm⁻¹ suggests the presence of O-H stretching, likely due 

to phenol or alcohol groups. The band at 2932 cm⁻¹ corresponds to C-H 

stretching, which is typical of alkanes. Additionally, the band at 1631 cm⁻¹ is 

attributed to C=O stretching, indicating the presence of flavonoids. The band at 

1406 cm⁻¹ is associated with symmetric COO⁻ stretching, confirming the 

presence of carboxylate groups (Selvanathan et al., 2021). A band at 1251.82 

cm⁻¹ corresponds to C-O stretching, commonly found in alcohols, esters, or 

ethers. Lastly, the band at 1031 cm⁻¹ is attributed to C-N stretching, suggesting 

the presence of amines or amides (Selvanathan et al., 2021). According to Wahid 

Wahab et al. (2018), both O-H stretching and C=O stretching are associated with 

compounds found in flavonoids, tannins, terpenoids, saponins, and polyphenols 

as depicted in Figure 4.4. According to Ritu et al. (2023), the alkaloids in the 

plant extract function as a reducing agent that assists in the reduction of Ni2+ 

ions. The presence of flavonoids and terpenes serves as stabilizing agents and 

capping agents. The stability of the interface between the nanoparticles and their 

formation medium is assured by these capping ligands. In colloidal synthesis, 

capping compounds are essential stabilizers since they inhibit NPs development 

beyond a certain point and prevent them from aggregating or coagulating (Javed 

et al., 2020). They are also secondary metabolites that serve as a natural 

defensive mechanism and confer therapeutic characteristics to plants (Uddin et 

al.,2021).  
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Figure 4.4: Structures of compounds that contribute both O-H stretching and 

C=O stretching (Wahid Wahab et al., 2018). 

 

Based on Figure 4.2 (b), the O-H stretching band observed at 3435 cm⁻¹ was due 

to the nature of KBr which is hygroscopic, and easily absorbs water from the 

atmosphere during the preparation of the KBr pellet for analysis (Gordon et al., 

2010). Additionally, the bands detected at 1635 cm⁻¹ and 1141 cm⁻¹ were 

attributed to C=O stretching and C-O stretching, respectively owing to the 
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absorption of atmospheric carbon dioxide by the KBr pellet prepared (El-

Kemary et al., 2013).  Lastly, the significant band that indicates the presence of 

NiO NPs was observed at 479 cm⁻¹, indicating the NiO stretching vibrational 

mode (Wardani et al. 2019). Table 4.2 summarizes the FTIR spectra for the bark 

extract of M. calabura, Ni-A, and NiO NPs (Ni-A). 

 

 

 

Figure 4.5: FTIR spectra of (a) bark extract of M. calabura (b) NiO NPs using 

Ni-N as precursor salt. 
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Figure 4.6: FTIR spectrum of Ni-N. 

 

According to Figure 4.5 (b), the observed band at 460 cm⁻¹ is associated with 

the stretching vibrations of NiO bonds (Imran Dinand Rani, 2016; El-Kemary et 

al., 2013). This is attributed to the observed range of 780-480 cm⁻¹, which 

signifies the presence of metal-oxygen vibrational modes, indicating the 

formation of NPs (Haritha et al., 2022). In Table 4.2, the FTIR spectra of bark 

extract of M. calabura,  Ni-N, and NiO NPs (Ni-N) are summarized. 
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Table 4.2: Summary of FTIR spectra of bark extract of M. calabura, Ni-A, NiO NPs (Ni-A), Ni-N, and NiO NPs (Ni-N). 

Wavenumber (cm-1) 

 M. calabura Ni-A NiO NPs (Ni-A) Ni-N NiO NPs (Ni-N) 

 v (O-H) 3422 3476 3435 3399 3447 

v (C-H) 2932 3138 (s) 

1353 (δ) 

 

- - - 

v (CO2) - - - 2398 (as)  

v (C=O) 1631 1533 (as) 

1420 (s) 

1635 1765 1633.69 
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v (𝑁𝑂3
−) - - - 1631 (as) - 

    1385 (s)  

v (COO-) 1406 - - - - 

v (C-O) 1251.82 - 1141 - 1384 

v (C-N) 1031 - - - - 

v (NiO) - - 479 - 460 
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4.3.2 Ultraviolet-Visible Spectroscopy (UV-Vis) 

 

Several techniques cannot discriminate between dispersed and aggregated 

particles, preserve sample integrity, or allow real-time nanomaterial (NM) size 

analysis. On the other hand, UV-Vis spectroscopy is a frequently utilized 

method offering a quick, non-invasive real-time assessment of NM dimension, 

concentration, and aggregation condition. It is also an easy-to-use, low-cost 

method that requires little sample preparation, which makes it a vital instrument 

that is frequently applied in a variety of lab settings and academic fields 

(Quevedo et al., 2021). It is a highly utilized technique for characterizing 

nanoparticles and evaluating the energy arrangements and optical properties of 

nanoparticles (Sagadevan and Podder, 2015). It allows for accurate 

measurement of their characteristics such as maximum absorbance and peak 

wavelength (λmax) (Quevedo et al., 2021). 
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Figure 4.7: Absorption spectrum of synthesized NiO NPs from Ni-A range from 

200 nm to 1000 nm. 

 

 

Figure 4.8: Absorption spectrum of synthesized NiO NPs from Ni-N range from 

200 nm to 1000 nm. 
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precursor salt was 346 nm. It is supported by the findings from Haider et 

al. (2020), where the λmax obtained from NiO NPs synthesized using the extract 

of Zingiber officinale and Allium sativum was 350 nm. Referring to Figure 4.8, 

the NiO nanoparticles synthesized using Ni-N as the precursor salt exhibited 

λmax of 340 nm. This is agreed with the studies from Haritha et al. (2022) which 

used peels of Averrhoa bilimbi fruits which was 340 nm. The blue shift occurred 

as observed for λmax of NiO NPs synthesized with Ni-A (346 nm) and Ni-N (340 

nm). Typically, the λmax decreases with decreasing particle size. This is owing 
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to the photo-generated electron-hole carriers' quantum confinement effect  

(Sagadevan and Podder, 2015).  

 

The vast surface area and small size of NiO NPs improve their absorption 

capacity and photon-capturing efficiency. The noticeable UV absorption that is 

apparent is caused by the adsorption band of NiO semiconductors (Sabouri et 

al., 2021). The notable absorbance peaks obtained from two precursor salts 

correspond to the electron transfer in NiO NPs from the valence band to the 

conduction band, particularly from 2p orbital from O to 3d orbital of Ni. These 

peaks result from the movement of charge from the ligand to the metal (Haritha 

et al., 2022). The formula for calculating the bandgap (Eg) of NiO nanoparticles 

is shown below. 

(µhυ)ⁿ = A (hυ - Eg) 

which µ is the absorptivity coefficient, hυ represents the energy of photons, A 

corresponds to a constant, Eg indicates band gap energy and n could be 

equivalent to 2 or ½ for direct and indirect transitions respectively (Sabouri et 

al., 2021). 

 

The Eg for NiO nanoparticles synthesized using Ni-A and Ni-N as the precursor 

salts were found to be 3.58 eV and 3.64 eV. The increase in Eg was due to the 

reduction in particle size as this is agreed that a blue shift occurred (Sabouri et 

al., 2021). Additionally, these measurements indicate that the NiO NPs produced 

are direct semiconductors (Sabouri et al., 2021). 
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A hole is created in the valence band (VB) and an exciton which is a pair of an 

electron and a hole coupled by Coulomb contact is produced when a 

semiconductive material absorbs a photon with energy that meets or exceeds its 

Eg (Rabouw and de Mello Donega, 2016). Quantum confinement effects become 

noticeable when the NPs size approximates the exciton Bohr radius, which is the 

gap between an electron and a hole. In simple terms of explanation, 

nanomaterials begin exhibiting quantum characteristics as their sizes decrease 

and their quantum effects get stronger. The charge carriers including electrons 

and holes are trapped inside the material's minuscule sizes in these quantum 

structures (Joudeh and Linke, 2022). As a result, as the NPs size decreases, 

discrete energy levels start developing close to the band boundaries, and the 

bandgap, known as the HOMO–LUMO energy gap increases as depicted in 

Figure 4.9 (Rabouw and de Mello Donega, 2016). 

 

 

Figure 4.9: Quantum confinement effects experienced by semiconductor 

nanoparticles as size decreases (Rabouw and de Mello Donega, 2016). 
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4.3.3 Field Emission Scanning Electron Microscopy (FESEM) 

 

An electron gun emits an electron beam for scanning electron microscopy 

(SEM), which proceeds to focus through several lenses and travels vertically 

across the microscope until it strikes the sample. The sample produces electrons 

and X-rays upon collision which the detectors receive. The X-rays and scattered 

electrons are collected by these detectors that are used to provide a three-

dimensional picture of the material. SEM provides significant details on the 

dimension, shape, aggregation, and distribution of NPs (Joudeh and Linke, 

2022). 

 

As illustrated in Figures 4.10 and 4.11, the synthesized NiO NPs from two 

precursor salts exhibited spherical shapes, and particle size obtained for NiO 

synthesized utilizing Ni-A and Ni-N as the precursor salts were 44.7 - 65.6 nm 

and 37.8 - 61.6 nm respectively. Moreover, agglomeration of NiO NPs in the 

SEM images was observed. Agglomeration in nanoparticles is the process by 

which particles adhere together by weak interactions (Gosens et al., 2010). The 

small dimensions of the nanoparticles encourage the agglomeration of NPs. 

Additionally, larger particle sizes possess smaller surface areas, which lowers 

the surface free energy. Consequently, the particles clump together which leads 

to agglomeration occurred (Mahadevaswamy et al., 2022). Agglomeration can 

be reduced by modifying the hydrophilicity or hydrophobicity of the particles, 

raising their zeta potential to enhance their repulsive forces, or altering the pH 

and ionic concentration of the suspension medium (Joudeh and Linke, 2022).  
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(a) 

 

 

 

 

 

 

 

 

(b)   

 

 

 

 

 

 

 

Figure 4.10: FESEM images of NiO NPS synthesized by Ni-A as precursor salt 

at magnifications of (a) 10000× (b) 30000× 
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(a)  

 

 

 

 

 

 

(b)  

 

 

 

 

 

 

Figure 4.11: FESEM images of NiO NPS synthesized by Ni-N as precursor salt 

at magnifications of (a) 10000× (b) 30000× 
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4.3.4 Energy Dispersive X-ray Spectroscopy (EDX) 

 

EDX is a small gadget that plugs into an existing SEM and allows both 

morphological characterization and chemical composition analysis utilizing 

EDX at the same time (Joudeh and Linke, 2022). It uses an electron beam to 

irradiate the material. The electron beam dislodges the electrons in the inner 

shell as it hits the surface of the sample. This causes the electrons in the outer 

shell to transition to occupy the ensuing vacancies and this change generates X-

rays. Compositional analysis is made possible by the distinctive X-ray patterns 

that each element generates owing to its distinct atomic structure (Groarke et al., 

2021). Without providing exact quantification, EDX gives qualitative 

compositional data that identifies the chemical constituents contained in a 

sample. Nonetheless, an approximate estimation of the relative proportion of 

each element in the sample may be obtained from the peak strengths 

(Nasrollahzadeh et al., 2019).  

 



78 
 

 

Figure 4.12: EDX spectrum of the synthesized NiO NPs using Ni-A as precursor 

salt. 

 

 

Figure 4.13: EDX spectrum of the synthesized NiO NPs using Ni-N as precursor 

salt.
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Table 4.3: EDX analysis of weight percent with its atomic percent of the elements present in NiO NPs using Ni-A and Ni-N as precursor salts. 

NiO (Ni-A) NiO (Ni-N) 

Element Weight percent (%) Atomic percent (%) Element Weight percent (%) Atomic percent (%) 

Nickel (Ni) 66.74 35.36 Nickel (Ni) 67.74 36.40 

Oxygen (O) 33.26 64.64 Oxygen (O) 32.26 63.60 

Total 100.00 100.00 Total 100.00 100.00 
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From the EDX image as depicted in Figure 4.12, the NiO NPs obtained using 

Ni-A are composed of only Ni and O elements which are 66.74% and 33.26% 

respectively by weight percent as tabulated in Table 4.3. Similarly, the NiO NPs 

produced using Ni-N as illustrated in Figure 4.13, consist of Ni and O elements 

which are 67.74% and 32.26% respectively as summarized in Table 4.3. This 

confirms that both sets of NiO NPs synthesized from different precursor salts 

are free from impurities and contain only Ni and O elements.  

 

 

4.3.5 X-ray Diffraction (XRD) 

 

This method entails pointing X-rays at a substance and analyzing the angles and 

intensities of the X-rays that scatter as they depart the substance (Epp, 2016). 

The analysis was carried out to evaluate the configuration, crystalline structure, 

lattice variables, pureness, and dimension of the NPs. It also served to verify the 

NPs' phase. The various phases comprised in the synthesized NPs were 

determined by comparing the peak locations (2θ values) in the XRD pattern 

against the standard information gathered from the International Centre for 

Diffraction Data (ICDD) card (Abraham et al.,  2020). Three numbers denoted 

as Miller indices are used to describe a collection of planes as a surface is created 

when the crystalline solid cuts at a certain lattice plane (Vattuone et al., 2018). 
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Figure 4.14: XRD diffractogram of the synthesized NiO NPs using Ni-A as 

precursor salt. 

 

 

According to Figure 4.14, the crystalline nature of NiO NPs synthesized using 

Ni-A was observed. The diffraction peaks located at 2θ were detected at 37.27⁰, 

43.32⁰, 62.84⁰, 75.4⁰, and 79.34⁰ that matched the crystallographic planes of 

(111), (200), (220), (311), and (222) respectively. The diffraction peaks were 

96.0 % matched with ICDD Card No. 01-071-6724 as depicted in Appendix C. 

In addition, the synthesized NiO NPs exhibited the crystal system of trigonal 

with hexagonal axes (rhombohedral) with the space group of R-3m, and the 

lattice parameters obtained were a = 2.9549 Å and c = 7.2320 Å. The degree of 

crystallinity exhibited by NiO NPs was 12.41 % with the remaining 87.59 % 

corresponding to the content of amorphous. 
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Figure 4.15: XRD diffractogram of the synthesized NiO NPs using Ni-N as 

precursor salt. 

 

Figure 4.15 presents the XRD diffractogram showing the crystalline structure of 

NiO nanoparticles synthesized from Ni-N. The diffraction peaks were detected 

at 2θ angles of 37.27°, 43.31°, 62.91°, 75.36°, and 79.32°, corresponding to the 

(111), (200), (220), (311), and (222) crystallographic planes respectively. These 

peaks were 96.9% matched with ICDD Card No. 01-071-4751 as shown in 

Appendix D. The NiO nanoparticles synthesized exhibited a cubic crystal 

system with the space group Fm-3m and the calculated lattice parameter was a 

= 4.1800 Å. The crystallinity of the NiO nanoparticles was determined to be 

12.63%, with the remaining 87.37% being amorphous content by weight. 
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The crystallite size for both NiO NPs synthesized by Ni-A and Ni-N for each 

diffraction peak was calculated utilizing the Debye Scherrer equation as detailed 

in Appendix B. The calculated crystallite sizes were then tabulated in Tables 4.4. 

As a result, the average crystallite sizes were found to be 18.53 nm for the NiO 

NPs synthesized from Ni-A and 27.22 nm for those synthesized from Ni-N. 

 

The difference in the crystal system exhibited by utilizing different precursor 

salts owing to a slight distortion occurred in the direction (111) (Palanisamy, 

and Raichur, 2009). It was proven by observing that the diffraction peak at (111) 

was asymmetric and splitting occurred due to phase transformation from cubic 

to rhombohedral. This causes the cubic unit cell's body diagonal to either 

elongate or compress. As the rhombohedral unit cell has two distinct body-

diagonal lengths, the (111) cubic reflection separates into two unique peaks. 

However, the (100) cubic peak maintains the same (Mikhnenko et al., 2023). 

Additionally, the presence of various anions in different nickel salts influences 

the nucleation and growth of NiO nanoparticles by creating distinct 

environments for their formation, which in turn alters the arrangement and 

surface features of the faceted planes (Abdullah et al., 2024; Chan et al., 2024). 

 

The broad diffraction peaks were observed in Figure 4.14 (rhombohedral 

structure) suggesting the amorphous character of the synthesized NPs. In 

contrast, Figure 4.15 (cubic structure) showed sharp and narrow peaks that 

correspond to the crystallinity of NPs (Abraham et al.,  2020). This was well 
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supported by the higher amorphous content of the rhombohedral structure of 

NiO NPs (87.59 %) as compared to the cubic structure (87.37%).  
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Table 4.4: Crystallite size calculated using the Debye-Scherrer’s equation using Ni-A and Ni-N as precursor salts. 

  NiO (Ni-A)     NiO (Ni-N)   

2θ Miller's index FWHM (˚) β (radians) D (nm) 2θ Miller's index FWHM (˚) β (radians) D (nm) 

37.27 (111) 0.44 0.00768 19.05 37.27 (111) 0.32 0.00559 26.20 

43.32 (200) 0.48 0.00838 17.81 43.31 (200) 0.32 0.00559 26.71 

62.84 (220) 0.56 0.00977 16.62 62.91 (220) 0.36 0.00628 25.87 

75.4 (311) 0.52 0.00908 19.31 75.36 (311) 0.40 0.00698 25.09 

79.34 (222) 0.52 0.00908 19.85 79.32 (222) 0.32 0.00559 32.25 
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CHAPTER 5 

 

CONCLUSION 

 

5.1 Conclusion 

 

In this project, NiO NPs can be synthesized from the aqueous extract barks of 

M. calabura through a green synthesis pathway using Ni-A and Ni-N as 

precursor salts. A substantial amount of research has focused on plant extracts 

while relatively few studies have investigated the optical properties and 

morphology of NiO nanoparticles made from various precursor salts. 

Additionally, research on the bark of M. calabura is limited as most studies tend 

to use other plant species. Consequently, this study is considered significant. 

Next, synthesized NiO NPs were characterized using UV-Vis, FT-IR, SEM, 

EDX, and XRD. 

 

The synthesized NiO NPs using Ni-A as precursor salt obtained the maximum 

absorption peak at 346 nm with a band gap energy of 3.58 eV. A significant 

FTIR band was observed at 479 cm⁻¹ corresponding to NiO stretching vibration 

which indicates the NiO NPs were successfully synthesized. The synthesized 

NiO NPs were spherical with particle sizes ranging from 44.7 - 65.6 nm. It 

exhibited a trigonal (hexagonal axes) structure with an average crystallite size 

of 18.53 nm.  
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The NiO nanoparticles synthesized from Ni-N as the precursor salt showed a 

maximum absorption peak at 340 nm and a band gap energy of 3.64 eV. The 

FTIR band at 460 cm⁻¹ were attributed to the NiO stretching vibration and this 

confirmed the successful synthesis of NiO nanoparticles. Furthermore, the NiO 

NPs were spherical with sizes ranging from 37.8 - 61.6 nm. It exhibited a cubic 

structure with an average crystallite size of 27.22 nm. 

 

 

5.2 Further studies 

 

The yield of NiO NPs produced can be improved by investigating 

several variables, including temperature, solvent type, plant biomolecules, pH 

level, extract and salt concentrations, and the duration of the reaction. The 

characterization of NiO NPs can be further studied by using different precursor 

salts to determine the variations in the resulting properties. The phytochemical 

screening tests for the bark of M. calabura can be conducted to identify the 

bioactive compounds that act as reducing, stabilizing, and encapsulating 

compounds in the production of NiO NPs. Additionally, the synthesized NiO 

nanoparticles can be further characterized using transmission electron 

microscopy (TEM) to reveal their detailed internal structure, and Raman 

spectroscopy to analyze nonpolar bonds and symmetric vibrations. Lastly, 

synthesized NiO NPs are applicable in numerous fields including the 

photodegradation of dye, semiconductors, and others owing to their unique 

characteristics.  
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APPENDICES 

 

Appendix A 

 

Calculation for band gap energy, Eg: 

 

Band gap energy, E g = 
hc

λ
  

Where, 

h = Planck’s constant (6.626 × 10-34 Js) 

c = Speed of light (3.00 × 108 ms-1) 

λ = Maximum absorption wavelength (346 and 340 nm) 
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Appendix B 

 

Calculation for β for NiO (Ni-A): 

β = 
FWHM in 2θ × π

180°
    

   =  
 0.44 × π

180°
 

   = 7.68 ×10-3 radians 

 

Calculation for crystallite size by Debye-Scherrer Equation for NiO (Ni-A): 

D = 
𝐾𝜆

β cosθ
    

Where, 

D = Crystallite size in diameter 

K = Scherrer constant, 0.9 

λ = Wavelength of X-ray source (Cu Kα radiation= 1.5406 Å) 

β = Full width at half maximum (FWHM) of the diffraction peak in radian 2θ 

θ = Bragg’s angle of diffraction 

 

D = 
𝐾𝜆

β cosθ
    

   =  
0.9 (1.5406 × 10−10 m)

7.68×10−3radians (cos 18.6350)
    

   = 1.905 ×10-8 m 

   = 19.05 nm 
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A similar calculation was conducted for the remaining matched peaks for NiO 

NPs (Ni-A and Ni-N) to determine their average crystallite sizes as presented 

in the tables below: 

 

Tables: Calculation of the average crystallite size. 

NiO (Ni-A) 

2θ Miller's index FWHM (˚) β (radians) D (nm) 

37.27 (111) 0.44 0.00768 19.05 

43.32 (200) 0.48 0.00838 17.81 

62.84 (220) 0.56 0.00977 16.62 

75.4 (311) 0.52 0.00908 19.31 

79.34 (222) 0.52 0.00908 19.85 

   Average 18.53 

 

NiO (Ni-N) 

2θ Miller's index FWHM (˚) β (radians) D (nm) 

37.27 (111) 0.32 0.00559 26.20 

43.31 (200) 0.32 0.00559 26.71 

62.91 (220) 0.36 0.00628 25.87 

75.36 (311) 0.40 0.00698 25.09 

79.32 (222) 0.32 0.00559 32.25 

   Average 27.22 
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Appendix C 

 

 

 

Figure: XRD information of synthesized NiO NPs (Ni-A) 96.0 % matching 

with 96.0 % matched with ICDD Card No. 01-071-6724 (Part I). 
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Figure: XRD information of synthesized NiO NPs (Ni-A) 96.0 % matching 

with 96.0 % matched with ICDD Card No. 01-071-6724 (Part II). 
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Figure: XRD information of synthesized NiO NPs (Ni-A) 96.0 % matching 

with 96.0 % matched with ICDD Card No. 01-071-6724 (Part III). 
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Figure: XRD information of synthesized NiO NPs (Ni-A) 96.0 % matching 

with 96.0 % matched with ICDD Card No. 01-071-6724 (Part IV). 
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Figure: XRD information of synthesized NiO NPs (Ni-A) 96.0 % matching 

with 96.0 % matched with ICDD Card No. 01-071-6724 (Part V). 
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Figure: XRD information of synthesized NiO NPs (Ni-A) 96.0 % matching 

with 96.0 % matched with ICDD Card No. 01-071-6724 (Part VI). 
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Appendix D 

 

 

Figure: XRD information of synthesized NiO NPs (Ni-N) 96.9% matched with 

ICDD Card No. 01-071-4751 (Part I). 
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Figure: XRD information of synthesized NiO NPs (Ni-N) 96.9% matched with 

ICDD Card No. 01-071-4751 (Part II). 
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Figure: XRD information of synthesized NiO NPs (Ni-N) 96.9% matched with 

ICDD Card No. 01-071-4751 (Part III). 
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Figure: XRD information of synthesized NiO NPs (Ni-N) 96.9% matched with 

ICDD Card No. 01-071-4751 (Part IV). 
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Figure: XRD information of synthesized NiO NPs (Ni-N) 96.9% matched with 

ICDD Card No. 01-071-4751 (Part V). 
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Figure: XRD information of synthesized NiO NPs (Ni-N) 96.9% matched with 

ICDD Card No. 01-071-4751 (Part VI). 

 

 

 


