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ABSTRACT 

 

 

GREEN SYNTHESIS AND CHARACTERIZATION OF COPPER 

OXIDE (CuO) NANOPARTICLES USING BARKS OF SOURSOP 

(Annona muricata) 

 

 

YURIKO LIM JING EN 

 

 

This study presents the green synthesis of copper oxide nanoparticles (CuO NPs) 

utilizing the bark extract of Annona muricata as a natural reducing and 

stabilizing agent, with copper(II) nitrate trihydrate serving as precursor salt and 

varying calcination temperatures (300, 400, and 500°C). The effect of different 

calcination temperatures on the structural, morphological, and optical properties 

of the CuO NPs (CuO-300, CuO-400, and CuO-500 NPs) was characterized 

using Ultraviolet-Visible Spectroscopy (UV-Vis), Fourier Transform-Infrared 

Spectroscopy (FT-IR), Field Emission Scanning Electron Microscopy (FESEM), 

Energy Dispersive X-ray Spectroscopy (EDX), and X-ray Diffraction (XRD). 

This project successfully synthesized CuO NPs through a green synthesis 

method by varying calcination temperatures. The UV-Vis spectra showed a 

maximum absorption peak at 368 nm for CuO-300 and CuO-500 NPs and 370 
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nm for CuO-400 NPs, corresponding to a band gap energy of 3.37 eV for CuO-

300 and CuO-500 NPs, and 3.35 eV for CuO-400 NPs. The FT-IR spectra 

revealed prominent absorption bands at 552, 568, and 545 cm-1 for CuO-300, 

CuO-400, and CuO-500 NPs, respectively. In addition, the synthesized CuO-300, 

CuO-400, and CuO-500 NPs exhibited spherical morphology with differences in 

particle sizes ranging from 28.1 - 36.4 nm for CuO-300 NPs, 27.7 - 33.5 nm for 

CuO-400 NPs, and 27.3 - 34.5 nm for CuO-500 NPs. The EDX analysis showed 

only copper and oxygen elements present in the synthesized CuO NPs without 

any other impurity peaks. Lastly, all the synthesized CuO NPs exhibited a 

monoclinic structure, and the average crystallite size for CuO-300, CuO-400, 

and CuO-500 NPs was found to be 27.09, 25.22, and 25.14 nm, respectively.  
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ABSTRAK 

 

SINTESIS HIJAU DAN PENCIRIAN NANOPARTIKEL KUPRUM 

OKSIDA (CuO) MENGGUNAKAN BATANG DURIAN BELANDA 

(Annona muricata) 

 

 

Kajian ini membentangkan penyintesisan hijau nanopartikel kuprum oksida 

(CuO NPs) dengan menggunakan ekstrak batang A. muricata sebagai agen 

pengurangan dan penstabil semula jadi, dengan kuprum(II) nitrat trihidrat 

sebagai garam precursor dan suhu kalsinasi yang berbeza (300, 400, and 500°C). 

Kesan suhu kalsinasi yang berbeza terhadap sifat struktur, morfologi, dan optic 

CuO NPs (CuO-300, CuO-400, CuO-500 NPs) dikarakterisasi menggunakan 

Spektroskopi Ultralembayung-nampak (UV-Vis), Spektroskopi Inframerah 

Transformasi Fourier (FT-IR), Mikroskop Imbasan Elektron Emisi Medan 

(FESEM), Spektroskopi Tenaga Dispersif X-Ray (EDX) dan Belauan Sinar-X 

(XRD). Projek ini berjaya menghasilkan CuO NPs melalui kaedah sintesis hijau 

dengan pelbagai suhu kalsinasi. Spektrum UV-Vis menunjukkan puncak 

penyerap maksimum pada 368 nm untuk CuO-300 dan CuO-500 NPs, dan 370 

nm untuk CuO-400 NPs, yang bersamaan dengan tenaga jurang jalur 3.37 eV 

bagi CuO-300 dan CuO-500 NPs, serta 3.35 eV bagi CuO-400 NPs. Spektrum 

FT-IR pula memperlihatkan jalur penyerapan ketara pada 552, 568, dan 545 cm-

1 bagi CuO-300, CuO-400, dan CuO-500 NPs masing-masing. Selain itu, 

nanopartikel CuO-300, CuO-400, dan CuO-500 yang disintesis menunjukkan 
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morfologi sfera dengan saiz zarah berbeza, iaitu dari 28.1 - 36.4 nm bagi CuO-

300 NPs, 27.7 - 33.5 nm bagi CuO-400 NPs, dan 27.3 - 34.5 nm bagi CuO-500 

NPs. Analisis EDX menunjukkan kehadiran unsur kuprum dan oksigen sahaja 

dalam CuO NPs yang disintesis tanpa sebarang puncak cemar lain. Akhir sekali, 

semua CuO NPs yang disintesis menunjukkan struktur monokilinik dengan saiz 

kristalit purata masing-masing sebanyak 27.09, 25.22, dan 25.14 nm untuk CuO-

300, CuO-400, dan CuO-500 NPs.    
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CHAPTER 1 

INTRODUCTION 

 

1.1 Background of study 

 

Nanotechnology is an interdisciplinary field dedicated to the study, manipulation, 

engineering of materials and devices at the nanoscale, which ranges from 1 - 100 

nanometers (Tongi, 2023). At this nanoscale, materials display distinctive and 

significantly enhanced properties compared to those of their bulk forms. These 

distinctive characteristics result from an increased total surface area-to-volume 

ratio and quantum mechanical effects that predominate at the nanoscale, 

enabling diverse applications in medicine, electronics, energy, and 

environmental science (Piyush, 2023).  

 

The origins of this technology can be dated back to 1959 when Richard Feynman, 

an American physicist often recognized as the pioneer of modern 

nanotechnology, delivered his visionary lecture titled “There’s Plenty of Room at 

the Bottom” (Bayda et al., 2019). In this presentation, he proposed the concept 

of manipulating matter at the scale of individual atoms and molecules (Bayda et 

al., 2019). It was introduced later in 1974 by a Japanese scientist, Norio 

Taniguchi, to describe the process of precision machining at the atomic scale 

(Bayda et al., 2019).  
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During the 1980s and 1990s, the field of nanotechnology experienced notable 

growth, particularly after the invention of the scanning tunnelling microscope 

(STM) by Gerd Binnig and Heinrich Rohrer in 1981 (Bayda et al., 2019). This 

groundbreaking tool made it possible to observe and manipulate atomic-scale 

surfaces, a contribution that earned them a Nobel Prize in Physics in 1986 

(Bayda et al., 2019).  

 

Today, nanotechnology continues to evolve rapidly, impacting consumer 

products, healthcare, electronics, and environmental technologies. Its 

interdisciplinary nature combines physics, chemistry, biology, and engineering 

to harness the unique phenomena at the nanoscale.  

 

1.2 Nanoparticles (NPs)  

 

Nanoparticles (NPs) are tiny particles with sizes typically ranging from 1 - 100 

nanometers (nm), representing the fundamental building blocks of 

nanotechnology. These particles can be spherical, cubic, rod-like, or exhibit 

other morphologies, with their size and shape strongly influenced by synthesis 

conditions. NPs can occur naturally or be synthesized artificially and are 

characterized by their small size and high surface energy. Their applications 

range from drug delivery and medical imaging to catalysis and environmental 

remediation (Joudeh and Linke, 2022). The versatility of NPs arises from their 

diverse compositions, shapes, and sizes, which can be tailored to meet specific 

purposes. 
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NPs are broadly classified into three main categories, as illustrated in Figure 1.1, 

and the details for each type of NPs according to their composition and origin 

are shown in Table 1.1.  

 

 

 

(a) 

(b) 
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Figure 1.1: Categories of NPs, which are (a) inorganic, (b) organic, and (c) 

carbon-based NPs (Eker et al., 2024). 

 

Table 1.1: Classification and applications of NPs based on their composition and 

origin (Teleanu et al., 2018; Kumari and Sarkar, 2021; Eker et al., 2024).  

Types of NPs Description 

 

 

 

 

 

Organic  

Composition:  

• Lipids, proteins, polymers, and carbohydrate-

based.  

Key properties:  

• Biodegradable, biocompatible, non-toxic, and 

sensitive to thermal and electromagnetic 

radiation.  

Examples:  

• Liposomes, dendrimers, micelles, and ferritin. 

Applications:  

(c) 
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• Drug delivery system, gene therapy, 

cosmetics, food packaging, and biomedical 

imaging.  

 

 

 

 

 

 

 

 

 

 

Inorganic 

 

 

 

 

 

 

 

 

 

 

 

• Divided into three types, which are magnetic, 

ceramic, and semiconductor NPs.  

 

1. Magnetic  

Composition:  

• Metal oxides with magnetic behavior.  

Key properties:  

• Superparamagnetic, ferromagnetic, and 

magnetic responsiveness.  

Examples:  

• Iron oxide (Fe2O3, Fe3O4) 

Applications:  

• Magnetic resonance imaging (MRI), drug 

delivery system, magnetic hyperthermia (MH) 

treatment, gene delivery, and tissue 

engineering (Ashish Avasthi et al., 2020; Eker 

et al., 2024).  

 

2. Ceramic  

Composition:  

• Inorganic non-metallic and metallic solids.  

Key properties:  
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Inorganic 

 

 

 

 

 

 

 

 

 

 

 

 

• Hardness, chemical inertness, electrical 

insulators, and high thermal stability.  

Examples:  

• Silica (SiO2), titanium oxide (TiO2), zirconium 

dioxide (ZrO2), and alumina (Al2O3). 

Applications:  

• Endodontic filling materials, biomedicine in 

controlled drug release, and bone tissue 

engineering (Singh et al., 2014). 

 

3. Semiconductor 

Composition:  

• Solid materials possess a crystalline structure. 

Key properties:  

• High chemical stability, photostability, 

conductivity, mechanical stability, and high 

binding energy.  

Examples:  

• Zirconium dioxide (ZrO2) and zinc oxide 

(ZnO) 

Applications:  

• Catalysis, sensors, optical coatings, solar cells, 

and dentistry.  
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Carbon-based 

 

 

 

 

 

 

 

 

 

 

 

 

• Can be divided into five classes, which are 

graphene, fullerenes, carbon quantum dots 

(CQDs), and carbon black nanoparticles 

(CBNPs). 

 

1. Graphene 

Composition:  

• Two-dimensional carbon atoms.  

Key properties:  

• High thermal conductivity, hydrophobicity, 

and high oxygen-containing functional groups.  

Examples:  

• Graphene oxide  

Applications: 

• Photothermal therapy (Yang et al., 2013).  

 

2. Fullerenes 

Composition:  

• Hollow clusters of sp2-hybridized carbon 

atoms linked together through covalent bonds.  

Key properties:  

• Consists of unique chemical reactivity, 

electron affinity, and UV-based damage 

protection.  

Examples:  
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Carbon-based 

 

 

 

 

 

 

 

 

 

 

 

 

• Fullerene with 60 carbon atoms (C60) 

Applications:  

• Nanosensors, antioxidants, solar cells, 

dermatological applications, and therapeutics 

in nanomedicine.  

 

3. Carbon quantum dots (CQDs) 

Composition:  

• Zero-dimensional, quasi-spherical NPs with 

size smaller than 10 nm.  

Key properties:  

• Environmentally friendly, low-toxicity, cost-

effective, consist of antibacterial activity and 

strong photoluminescence. 

Examples:  

• Functional groups such as amine, carboxyl, 

carbonyl, and hydroxyl.  

Applications:  

• Fluorescence imaging, bioimaging, and 

biosensors. 

 

4. Carbon black NPs (CBNPs) 

Composition:  

• Amorphous carbon. 

Key properties:  
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Carbon-based 

• High surface area-to-volume ratio, unique 

electrochemical properties, and mechanical 

reinforcement.  

Examples:  

• Palladium NPs 

Applications:  

• Electrochemical sensors, lithium and sodium 

batteries, reinforcing fillers in the rubber 

industry, pigments in the plastic industry, and 

an immune sensor for cancer cells.  

 

 

1.2.1 Methods to synthesis nanoparticles (NPs) 

 

NPs synthesis methods are broadly divided into two main groups, which are top-

down and bottom-up approaches (Kumari and Sarkar, 2021). The schematic 

representation of the two approaches is illustrated in Figure 1.2. Each approach 

can be further divided into different methods as illustrated in Figure 1.3, offering 

various techniques for controlling particle size, shape, and properties. Each 

offering distinct advantages and suited for different materials and applications.  
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Figure 1.2: Schematic representation of the Top-down and the Bottom-up 

approach (Kumari and Sarkar, 2021). 

 

 

Figure 1.3: Different NPs synthesis methods (Mekuye and Abera, 2023). 

 

The top-down approach, also known as the destructive method, entails breaking 

down bulk materials into nanoscale particles (Adil et al., 2024). This approach 

includes three main methods. First, mechanical methods such as ball-milling and 
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homogenization physically grind bulk materials into NPs; second, lithographic 

techniques like electron beam lithography, which use patterning methods to 

create nanoscale features; third, physical methods such as laser ablation and 

spark discharge vaporize materials, which then condense into NPs (Mekuye and 

Abera, 2023). These top-down methods are generally used to produce a large 

number of NPs but may introduce defects or irregularities in particle size and 

shape (Merkel et al., 2010).  

 

In contrast, the bottom-up approach, also known as the constructive method, 

builds NPs atom-by-atom or molecule-by-molecule, allowing precise control 

over particle size, composition, and morphology (Adil et al., 2024). This 

approach also consists of three key methods. The first is chemical synthesis, 

which includes techniques such as the sol-gel process, chemical reduction, and 

co-precipitation, where chemical reactions in solution lead to NPs formation; 

second is biological synthesis, which employs microorganisms, plant extracts, 

or enzymes as natural reducing and stabilizing agents, offering an eco-friendly 

and biocompatible alternative; third is vapor phase synthesis, including spray 

pyrolysis and chemical vapor deposition (CVD), where gaseous precursors react 

or decompose to form NPs (Mekuye and Abera, 2023). Bottom-up methods 

typically produce NPs with better uniformity and fewer defects but may require 

more complex processing conditions.  

 

The physical method, which is considered a top-down approach, and chemical 

and biological methods, which are considered bottom-up approaches, are indeed 
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the most commonly employed techniques for NPs synthesis due to their 

versatility and ability to produce NPs with desirable properties for various 

applications (Altammar, 2023). The details of the advantages and disadvantages 

of these three common synthesis methods are depicted in Table 1.2.  

 

Table 1.2: Advantages and disadvantages of NPs synthesis methods (Altammar, 

2023; Namakka et al., 2023). 

Method Description 

 

 

 

Physical  

Advantages: 

• Fast and simple 

Disadvantages:  

• Poor size control  

• High energy consumption  

• High capital costs 

 

 

 

Chemical  

Advantages: 

• Scalable and reproducible  

• Precise control over size and shape  

• Produce high-purity NPs  

Disadvantages:  

• Use toxic chemicals 

• Purification process requires 

 

Biological  

Advantages: 

• Eco-friendly and sustainable  

• Cost-effective 
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• Less energy-intensive 

Disadvantage:  

• Slower synthesis 

 

1.2.2 Application of nanoparticles (NPs) 

 

 

NPs have a wide range of applications across many industries due to their unique 

physical, chemical, and biological properties that differ significantly from their 

bulk counterparts. Table 1.3 below illustrates the outline of these applications.  

 

Table 1.3: Applications of NPs (Khan, Saeed, and Khan, 2017; Altammar, 2023).  

Application area Description 

 

 

 

 

 

Medicine  

and Healthcare  

 

 

 

Key benefits: 

• NPs enable highly targeted drug delivery 

systems, reducing side effects, medical imaging 

and diagnostics, and improving treatment 

efficacy.  

Examples:  

• Lipid NPs are used in COVID-19 vaccines (Seed, 

2022).  

• Gold (Au) and silver (Ag) NPs are used in cancer 

therapy and antimicrobial applications.  
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• Iron oxide (Fe3O4) NPs are used as magnetic 

resonance imaging (MRI) contrast agents.  

• Copper oxide (CuO) NPs are used in the 

production of facemasks. 

 

 

 

 

 

Food industry  

 

 

 

 

 

Key benefits: 

• NPs enhance food safety by detecting pathogens, 

fortifying food with essential nutrients, and 

improving packaging materials to extend shelf 

life.  

Examples:  

• Iron oxide (Fe2O3) and copper (Cu) NPs are used 

to fortify food products.  

• Inorganic and metal NPs are widely used as 

alternatives to petroleum-based food packaging 

plastics (Kumari and Sarkar, 2021).  

 

 

 

 

 

Environmental 

protection  

Key benefits: 

• NPs enhance water purification via catalytic 

degradation of pollutants and provide 

antibacterial coatings to prevent biofouling and 

contamination.  

Examples:  

• Silver (Ag) and titanium dioxide (TiO2) NPs are 

used as antibacterial disinfectants in water 

purification (Bhardwaj et al., 2021).  
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• Gold (Au) NPs are used as sensors for the 

detection of mercury in water (Kiran, 2014).  

 

 

 

 

 

Agriculture 

industry  

 

 

 

 

 

Key benefits: 

• NPs enhanced crop productivity, improving soil 

health, and enabling sustainable farming 

practices.  

Examples:  

• Zinc oxide (ZnO), silicon dioxide (SiO2), and iron 

(Fe) NPs will improve fertilizer efficiency by 

enhancing nutrient uptake by plants and 

improving crop yield (Neme et al., 2021).  

• Nanobiosensors are used to monitor soil quality, 

nutrient levels, and pathogen presence (Neme et 

al., 2021).  

 

 

 

Consumer 

products  

 

 

 

Key benefits: 

• NPs benefit from their antimicrobial, ultraviolet 

(UV) protective, durability, and functionality.  

Examples:  

• Silica (SiO2) NPs are used in lipstick (Fytianos, 

Rahdar, and Kyzas, 2020).  

• Titanium dioxide (TiO2) and zinc oxide (ZnO) 

NPs are used in sunscreens (Lu et al., 2015).  
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1.3 Copper oxide nanoparticles (CuO NPs)  

 

Copper oxide nanoparticles (CuO NPs) are transition metal oxide nanomaterials 

that typically crystallize in monoclinic structure, as illustrated in Figure 1.4 (Tran 

and Nguyen, 2014). Copper ions (Cu2+) in CuO exhibit a valence state of +2 with 

an electronic configuration of 3d9, coordinating with oxygen ions (O2-) in a 

distorted square planar geometry due to a coordination number of 4 (Tran and 

Nguyen, 2014). This coordination leads to the formation of CuO crystals 

characterized by their monoclinic lattice, which imparts unique electronic and 

magnetic properties to the material.  

 

 

Figure 1.4: Crystal structure of monoclinic CuO NPs (Mobarak et al., 2025). 

 

CuO NPs have gained widespread popularity due to their unique combination of 

physicochemical and biological properties that make them versatile across 

various fields. CuO NPs display a variety of morphologies depending on 

synthesis conditions. The morphology and sizes strongly influence their surface 

area, reactivity, and functional properties. CuO is a p-type semiconductor with a 

narrow bandgap (~1.2 eV), which arises from the presence of holes created by 
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copper vacancies and the mixed valence states of copper ions (Tran and Nguyen, 

2014). This semiconducting behavior, combined with good chemical and 

thermal stability, makes CuO NPs attractive for applications in catalysis, sensors, 

antimicrobial agents, and energy devices.  

 

CuO NPs also exhibit potent antimicrobial activity against a broad spectrum of 

bacteria, fungi, and viruses by the ability to generate reactive oxygen species that 

damage microbial cells, making them valuable in medical, food preservation, 

and agricultural applications (Amin et al., 2021). Additionally, CuO NPs possess 

anticancer properties, capable of inducing apoptosis in cancer cells, which has 

sparked significant interest in nanomedicine and targeted therapies 

(ScienceDirect, 2018). Compared to other metal NPs like silver and gold, CuO 

NPs are cost-effective and relatively easy to synthesize, which further drives 

their popularity for large-scale applications (Amin et al., 2021). These make CuO 

NPs a highly attractive subject of research and application.  

 

1.4 Green Chemistry  

 

Green chemistry is a scientific approach that aims to design products and 

processes in a way that reduces or eliminates the use and generation of hazardous 

substances throughout the entire life cycle, including design, manufacturing, 

usage, and disposal (Whiteker, 2019). Its primary goal is to minimize the 

negative impact of chemistry on human health and the environment by 
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promoting sustainability and safety. This approach is guided by the 12 Principles 

of Green Chemistry, which are shown in Figure 1.5.  

 

Green method promotes environmentally friendly and sustainable methods for 

synthesizing NPs, often referred to as green synthesis. This approach utilizes 

natural biological resources such as plants, microorganisms, including bacteria, 

fungi, and algae, and their extracts as reducing and stabilizing agents to convert 

metal salts into NPs, eliminating the need for toxic chemicals and harsh physical 

conditions (Huston et al., 2021). The general process involves extracting 

bioactive molecules from plant parts like leaves, roots, fruits, and flowers, which 

then reduce metal ions in solution to form NPs under controlled temperature 

(Huston et al., 2021). These bioactive molecules will also cap and stabilize the 

NPs, enhancing their stability and functionality. This method is cost-effective, 

energy-efficient, and produces biocompatible NPs with controlled size and 

morphology.  

 

 

Figure 1.5: Principles of green chemistry (Whiteker, 2019). 
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1.5 Annona muricata (Soursop) 

 

Annona muricata, also known as soursop, produces the largest fruit in the 

Annonaceae family (ScienceDirect, 2019). The generic name Annona is derived 

from Latin, which consists of the meaning “annual harvest” or “yearly produce” 

(Carlos De Queiroz Pinto, 2025).   

 

A. muricata is an evergreen tree that typically grows to a height of 4 - 8 meters 

(Carlos De Queiroz Pinto, 2025). It features evergreen leaves measuring between 

6.25 - 20.00 cm in length and produces distinctive flowers with six yellow-green 

petals (National Parks Board, 2025). Its fruit is easily recognizable by its yellow-

green color when ripe, has a lopsided heart shape, and a spiny outer skin 

(Hafeezul, 2025). Inside, the fruit contains a pulpy interior filled with numerous 

seeds and can weigh up to 10 kg (ScienceDirect, 2019). This unique combination 

of botanical characteristics and substantial fruit size makes A. muricata a notable 

species both horticulturally and nutritionally.  

 

In Malaysia, A. muricata, also known as “Durian Belanda”, is widely cultivated 

and highly valued, thriving in the country’s tropical climate (ScienceDirect, 

2019). It is commonly grown in family orchards and commercial plantations 

across tropical regions in Malaysia, thriving best in sandy, well-drained soil with 

adequate watering and protection from strong winds (Hafeezul, 2025). The tree 

grows rapidly and typically starts fruiting within three to five years after planting 
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(Hafeezul, 2025). The different plant parts of A. muricata are depicted in Figure 

1.6.  

 

 

 

(a)   Leaves                         (b) Flowers                        (c) Seeds 

 

 

 

(d) Fruits                           (e) Barks and stems 

Figure 1.6: Various plant parts of A. muricata, (a) leaves, (b) flowers, (c) seeds, 

(d) fruits, (e) barks and stems.  

 

1.5.1 Various traditional and modern uses of A. muricata (Soursop) parts. 

 

Beyond its distinctive botanical characteristics and widespread cultivation, A. 

muricata is highly valued for its diverse uses across different parts of the plant. 

Various uses of each plant part of A. muricata were outlined in Table 1.4.  
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Table 1.4: Usages of each plant part of A. muricata (Gavamukulya, 

Wamunyokoli, and El-Shemy, 2017; Solanki, Mandaliya, and Georrge John. J, 

2020; Sachdev, 2022; Zubaidi et al., 2023). 

Plant parts of A. 

muricata 

Traditional and modern uses 

 

 

 

 

Leaves 

• Used in traditional medicine 

- Treats fever, hypertension, ulcers, and 

insomnia due to their diverse therapeutic 

properties.  

- Possess anticancer effects which has the 

potential to induce apoptosis in cancer 

cells.  

• Make soursop leaf tea  

 

Flowers 

• Used in traditional medicine  

- Primarily for their anti-inflammatory 

and anthelmintic effects. 

 

Seeds 

• Used as a natural pesticide  

- Due to the presence of toxic compounds. 

 

 

Fruits 

• Make desserts, smoothies, and juices 

- Due to its sweet and tangy flavor. 

• Used to alleviate symptoms of fever, 

diarrhea, and arthritic pain.  

- Valued for its antioxidant and anti-

inflammatory effects.  
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1.6 Objectives 

 

This project aimed to synthesize copper oxide nanoparticles (CuO NPs) from 

plant extract at various calcination temperatures and characterized them. The 

detailed objectives of this study are as follows:  

 

1. To synthesize CuO NPs from the aqueous extract of the barks of A. 

muricata through a green synthetic pathway using copper(II) nitrate 

trihydrate, Cu(NO3) 2·3H2O as precursor salt.  

 

2. To characterize the synthesized CuO NPs using Ultraviolet-Visible 

Spectroscopy (UV-Vis), Fourier Transform-Infrared Spectroscopy (FT-

IR), Field Emission Scanning Electron Microscopy (FESEM), Energy 

Dispersive X-ray Spectroscopy (EDX), and X-ray Diffraction (XRD).   

 

3. To determine the effect of calcination temperature on the CuO NPs 

synthesized via the green synthesis method.  
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Green synthesis of copper oxide nanoparticles (CuO NPs) 

 

Recently, there has been a lot of interest in the green synthesis of CuO NPs over 

conventional physical and chemical synthesis methods. This approach utilizes 

plant sources as natural reducing, stabilizing, and capping agents to produce NPs 

in an environmentally friendly and sustainable manner (Madeshwaran and 

Venkatachalam, 2024). Various plant parts, such as leaves, flowers, barks, fruits, 

stems, and seeds, are rich in bioactive phytochemicals, which are employed to 

reduce Cu2+ ions to copper atoms and further decompose into CuO NPs during 

the calcination process. 

 

The green synthesis of CuO NPs can occur through two primary mechanisms, 

which are chelation-based complex formation and bioreduction, which work 

synergistically. First, the chelation-based complex formation mechanism in the 

green synthesis of CuO NPs involves the formation of complexes between Cu2+ 

and bioactive compounds present in the plant extract. These bioactive molecules 

contain functional groups like hydroxyl (-OH), carbonyl (C=O), and amine (-

NH) groups that coordinate with Cu2+ ions, forming stable Cu-phytochemical 

complexes (Mobarak et al., 2025). These Cu-phytochemical complexes then 

undergo thermal decomposition during the calcination process, leading to the 

release of reduced copper species that nucleate to form CuO NPs (Mobarak et 

al., 2025).  Thus, chelation serves as a crucial precursor step that controls the 
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nucleation and growth of NPs, ensuring uniform size and shape. Furthermore, 

the phytochemicals adsorb onto the surface of the forming NPs, acting as 

capping agents that prevent aggregation by providing steric hindrance and 

electrostatic stabilization (Mobarak et al., 2025). This capping enhances the 

stability and dispersity of the NPs in solution. The chelation-based complex 

formation mechanism of CuO NPs was depicted in Figure 2.1. In parallel, the 

bioreduction mechanism occurs by stabilizing the copper(II) ions and facilitating 

their controlled reduction to copper atoms, followed by further oxidation to form 

CuO NPs (Mobarak et al., 2025). During this process, the phytochemicals 

themselves are oxidized, acting as reducing agents by donating electrons to Cu2+ 

ions.  

 

 

Figure 2.1: Chelation-based complex formation mechanism of CuO NPs 

(Mobarak et al., 2025). 

 

2.2 Phytochemical compositions in A. muricata 

 

Phytochemical compositions present in A. muricata extracts are diverse and 

include several bioactive groups. These phytochemicals contribute to the plant’s 

antioxidant, antimicrobial, anticancer, anti-inflammatory, and other 
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pharmacological properties (Anarado et al., 2020). They also play a crucial role 

in the green synthesis of CuO NPs by acting as reducing, stabilizing, and capping 

agents (Madeshwaran and Venkatachalam, 2024). Table 2.1 indicates the major 

phytochemical compositions present in the aqueous extract of the barks of A. 

muricata along with the types of tests used and observations (Kazaure et al., 

2025). 

 

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

of A. muricata along with the types of tests used and observations (Anarado et 

al., 2020; Sudhashini et al., 2023; Kazaure et al., 2025).  

Phytochemical 

compound 

Test used Observation  Result 

 

 

 

Alkoloids  

Mayer’s test  A cream color precipitate 

was observed.  

(+) 

Wagner’s test  A reddish-brown 

precipitate was observed.  

(+) 

Dragendorff’s 

test  

An orange-red precipitate 

was observed.  

(+) 

Flavonoids Ammonium test  A yellow-colored solution 

was observed.  

(+) 

Aluminium 

chloride test 

A yellow-colored solution 

was observed.  

(+) 

 

Tannins 

Ferric chloride 

test 

A greenish-black 

precipitate was observed. 

(+) 
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Lead(II) acetate 

test 

A cream precipitate was 

observed.  

(+) 

 

Saponins 

 

Froth test  

Froth was observed at 

first. After the addition of 

olive oil, an emulsion 

appeared.  

 

(+) 

Terpenoids Salkowski’s test A reddish-brown 

precipitate was observed.  

(+) 

 

Cardiac 

glycosides 

 

Keller Killiani 

test 

A brown ring (above) and 

a violet ring (below) were 

observed.  

 

(+) 

(+): Positive results (Present) 

(-): Negative results (Absent) 
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2.3 Green synthesis of CuO NPs using plant extract  

 

2.3.1 Green synthesis and characterization of CuO nanorods using 

Muntingia calabura leaves extract 

 

In the study conducted by Selvanathan et al. (2021), Muntingia calabura leaves 

extract was utilized to synthesis of CuO nanorods. It is commonly known 

worldwide as “Jamaican cherry”, as depicted in Figure 2.2, and is often grown 

as roadside trees in Malaysia (Selvanathan et al., 2021). Traditionally, the leaves 

of M. calabura have been used in various cultures as a tranquilizer, headache 

remedy, and tonic (Selvanathan et al., 2021). The distinctive blend of 

phytochemicals present in the M. calabura leaf extract makes it an excellent 

natural medium for synthesizing CuO NPs with unique morphology features 

(Selvanathan et al., 2021). In this study, Cu(NO3)2·3H2O was utilized as 

precursor salt, and the paste was calcinated at 400°C for two hours. The detailed 

experimental procedure is shown in Figure 2.3(a), while Figure 2.3(b) illustrates 

the reaction mechanism for CuO NPs synthesis.  

 

 

Figure 2.2: Appearance of M. calabura (Ecosostenibile, 2024).  
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Figure 2.3: (a) Experimental procedure and (b) reaction mechanism for CuO 

NPs synthesis using M. calabura leaves extract (Selvanathan et al., 2021).  

 

The XRD analysis shows that the synthesized CuO NPs exhibited a monoclinic 

crystalline structure, which matched with the International Centre for Diffraction 

Data (ICDD) Card No. 00-045-0937. In Figure 2.4, the diffraction peaks at 2θ 

were found at 32.51°, 36.32°, 39.20°, 49.42°, 58.87°, 62.26°, 66.90°. 68.70°, 

73.05°, and 75.68°, which matched the planes of (0 3 1), (0 0 2), (1 1 1), (2 0 -

2), (2 0 2), (1 1 -3), (3 1 -1), (1 1 3), (3 1 1), and (0 0 4), respectively. Based on 

the prominent XRD peaks, the synthesized CuO NPs show an average crystalline 

size ranging from 12 - 20 nm (Selvanathan et al., 2021).  

 

(a) 

(b) 
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Figure 2.4: XRD pattern of synthesized CuO NPs from M. calabura leaves 

extract (Selvanathan et al., 2021).  

 

From Figure 2.5, the synthesized CuO NPs consist of a maximum absorption 

peak at 387 nm, and the band gap energy (Eg) determined using the Tauc plot 

was found to be 3.65 eV.   

 

 

Figure 2.5: (a) UV-Vis absorption spectrum, and (b) Tauc plot of synthesized 

CuO NPs from M. calabura leaves extract (Selvanathan et al., 2021). 
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According to Figure 2.6(a), the structural properties of synthesized CuO NPs, 

which were characterized by using FESEM analysis, displayed a rod-shaped 

morphology with uniform size and exhibited less agglomeration. The elemental 

compositions of synthesized CuO NPs using EDX analysis are shown in Figure 

2.6(b) and indicate the absence of contamination. 

 

 

Figure 2.6: (a) FESEM image, and (b) EDX spectrum of synthesized CuO NPs 

from M. calabura leaves extract (Selvanathan et al., 2021). 

 

The Transmission Electron Microscopy (TEM) images (Figure 2.7) clearly show 

that the synthesized CuO NPs consist of a rod shape with a thickness of around 

23 nm and a length ranging from 79 - 90 nm, which is larger than the crystalline 

size determined from XRD analysis.  

 



31 

 

 

Figure 2.7: TEM images of synthesized CuO NPs from M. calabura leaves 

extract (Selvanathan et al., 2021).  

 

Based on the FT-IR spectrum depicted in Figure 2.8(a), the O-H and C=O 

stretching bonds can be observed at 3413 and 1630 cm-1, corresponding to 

polyphenols and flavonoids, respectively. Absorption bands at 1414 and 1034 

cm-1 are from carboxylic acid (-COO) and amine stretch (C-N), respectively. 

Furthermore, bands between 1100 - 1000 cm-1 indicate the presence of 

carbohydrate components in the M. calabura leaf extract. Based on the spectrum 

in Figure 2.8(b), the strong absorption bands at 3428 and 1640 cm-1 correspond 

to the phenolic group and flavonoids, respectively, served as stabilizing and 

capping agents during the synthesis of CuO NPs. Lastly, the intense band at 452 

cm-1 is a significant absorption band that indicates the presence of CuO NPs.  

 



32 

 

 

Figure 2.8: FT-IR spectra of (a) M. calabura leaves extract, and (b) synthesized 

CuO NPs (Selvanathan et al., 2021).  

 

2.3.2 Green synthesis and characterization of CuO NPs using Pyrus 

pyrifolia leaves extract 

 

In this study, Sundaramurthy and Parthiban (2015) utilized the leaves of Pyrus 

pyrifolia in the synthesis of CuO NPs. P. pyrifolia, as depicted in Figure 2.9, 

commonly known as “Asian pear”, belongs to the Rosaceae family and is valued 

for its large, round to slightly pyriform fruits that typically measure 3 - 4 inches 

in diameter (NC State Extension, 2025). In this study, Cu(NO3)2·6H2O was 

utilized as the precursor salt, and the calcination process was carried out at 400°C 

for three hours. 
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Figure 2.9: Appearance of P. pyrifolia (NC State Extension, 2025). 

 

The XRD diffractogram (Figure 2.1) showed sharp and narrow diffraction peaks, 

indicating that the synthesized CuO NPs have a monoclinic phase and a highly 

crystalline structure, which matched the ICDD Card No. 45-0937. The 

diffraction peaks at 2θ were found at 32.49°, 35.47°, 38.70°, 48.75°, 53.59°, 

58.23°, 61.57°, 66.01°, 68.01°, 72.45° and 74.92°, which matched to the planes 

of (1 1 0), (0 0 2), (1 1 1), (2 0 2), (0 2 0), (2 0 2), (1 1 3), (3 1 1 ), (2 2 0), (3 1 

1) and (0 0 4) respectively. The average size was found to be 22 nm 

(Sundaramurthy and Parthiban, 2015).  

 

 

Figure 2.10: XRD pattern of synthesized CuO NPs from P.  pyrifolia leaves 

extract (Sundaramurthy and Parthiban, 2015).  
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Based on FESEM analysis illustrated in Figure 2.11(a), the synthesized CuO NPs 

are small, uniform in size, and mostly spherical in shape, which are free from 

agglomeration. The particle size ranged from 17 - 30 nm, and the average particle 

size detected was 24 nm, which is nearly identical to XRD analysis. The atomic 

determination of synthesized CuO NPs, as illustrated in Figure 2.11(b), showed 

that only Cu and O elements are present.   

 

 

Figure 2.11: (a) FESEM image, and (b) EDX spectrum of synthesized CuO NPs 

from P. pyrifolia leaves extract (Sundaramurthy and Parthiban, 2015).  

 

Based on the FT-IR spectrum revealed in Figure 2.12(b), the strong absorption 

band at 3435 cm-1 corresponds to O-H stretching due to the presence of hydroxyl 

groups. The absorption bands at 2362 and 1637 cm-1 indicate the C-H stretching 

of alkanes and C=O stretching, respectively. Lastly, the intense band observed at 

528 cm-1 indicates the presence of CuO NPs.  
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Figure 2.12: FT-IR spectra of (a) P. pyrifolia leaves extract, and (b) synthesized 

CuO NPs (Sundaramurthy and Parthiban, 2015). 

 

2.3.3 Green synthesis and characterization of CuO NPs using Carica 

papaya L. peel extract 

 

This study, which was conducted by Phang et al. (2021), utilized the peels from 

Carica papaya L. for the synthesis of CuO NPs. Carica papaya L., as shown in 

Figure 2.13, commonly known as papaya, is a member of the Caricaceae family, 

which grows in many tropical and subtropical regions around the world. This 

Carica papaya L. fruit is valued for its rich content of vitamins such as β-

carotene, vitamin C, and vitamin E, as well as essential minerals like sodium, 

calcium, and iron, along with dietary fiber (Phang et al., 2021). The juice has 

also been traditionally employed in the treatment of diseases such as constipation, 

diabetes, high blood pressure, and others (Phang et al., 2021). In this study, the 

precursor salt utilized in the synthesis of CuO NPs is Cu(NO3)2·3H2O, and 

calcinated at 450°C for two hours. The detailed experimental procedure is shown 

in Figure 2.14.  
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Figure 2.13: Appearance of Carica papaya L. (Phang et al., 2021).  

 

 

Figure 2.14: Experimental procedure for CuO NPs synthesis using Carica 

papaya L. peel extract (Phang et al., 2021).  

 

The XRD analysis depicted in Figure 2.15(a) revealed that the synthesized CuO 

NPs exhibited a monoclinic structure, which is in agreement with the peaks in 

the ICDD Card No. 00-045-0937. The diffraction peaks at 2θ were found at 

32.51°, 35.53°, 38.75°, 46.26°, 48.78°, 53.50°, 58.34°, 61.57°, 66.28°, 68.04°, 

72.46°, and 75.0°, which matched to the planes of (-1 1 0), (0 0 2), (1 1 1), (-1 1 
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2), (-2 0 2), (0 2 0), (2 0 2), (-1 1 3 ), (0 2 2), (-2 2 0), (3 1 1) and (0 0 4) 

respectively. Lastly, the crystalline size was found to be 28.06 nm (Phang et al., 

2021). The atomic determination of synthesized CuO NPs, as shown in Figure 

2.15(b), indicates that only Cu and O elements are present. According to Figure 

2.16, the synthesized CuO NPs exhibited an agglomerated spherical shape with 

the particle sizes ranging from 85 – 140 nm.  

 

 

 

Figure 2.15: (a) X-ray diffractogram and (b) EDX spectrum of synthesized CuO 

NPs from Carica papaya L. peel extract (Phang et al., 2021).   

 

(a) 

(b) 
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Figure 2.16: SEM images of synthesized CuO NPs from Carica papaya L. peel 

extract with magnification of (a) 9000x and (b) 18000x (Phang et al., 2021).  

 

According to the FT-IR spectrum illustrated in Figure 2.17(b), the absorption 

bands at 3368 and 1647 cm-1 correspond to the stretching vibrations of hydroxyl 

groups and primary amide groups, respectively. The absorption band at 1120 cm-

1 is attributed to C-O stretching. The key intense band observed at 532 cm-1 

corresponds to the stretching vibration of the Cu-O bond in the monoclinic 

synthesized CuO NPs. 

 

 

(a) (b) 
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Figure 2.17: FT-IR spectra of (a) Carica papaya L. peel extract and (b) 

synthesized CuO NPs (Phang et al., 2021). 

 

2.3.4 Green synthesis and characterization of CuO NPs using Allium 

sativum extract 

 

Velsankar et al. (2020) explored the synthesis of CuO NPs by utilizing the Allium 

sativum extract. A. sativum, as shown in Figure 2.18, commonly known as garlic, 

is a bulbous flowering plant belonging to the member of Amaryllidaceae family 

(Velsankar et al., 2020). It is widely valued not only for its distinctive pungent 

taste and aroma that enhances culinary dishes worldwide but also for its diverse 

medicinal benefits, including antioxidant, anticancer, and anti-inflammatory 

effects (Velsankar et al., 2020). In this study, copper(II) nitrate was utilized as 

the precursor salt in the synthesis of CuO NPs, and calcinated at 400°C in the 

furnace for three to four hours.  

 

 

Figure 2.18: Appearance of A. sativum (Chauhan, 2025).  

 



40 

 

From Figure 2.19(a), the diffraction peaks at 2θ from XRD analysis were found 

at 32.22°, 35.42°, 38.64°, 48.60°, 53.20°, 56.67°, 58.02°, 61.32°, 66.10°, 68.05°, 

71.96°, and 74.80°, which are coordinated with the crystalline planes of (1 1 0), 

(0 0 2), ( 1 1 1), (2̅ 0 2), (0 2 0), (0 2 1), (2 0 2), (1̅ 1 3), (3̅ 1 1 ), (2 2 0), (3̅ 1 2), 

and (0 0 4), respectively. This showed that the synthesized CuO NPs consist of 

a crystalline nature with a monoclinic structure, which matched the ICDD Card 

No. 80-1917. The mean crystalline size was found in the range from 25 - 30 nm 

by using Scherrer’s equation (Velsankar et al., 2020).  

 

Based on Figure 2.19(b), the absorption bands at 3465 cm-1 correspond to O-H 

bond of hydroxyl groups. The bands at 2921 and 2851 cm-1 are linked to the 

stretching vibrations of C-H and -CH2 from primary alkanes, respectively. The 

band at 1689 cm-1 corresponds to amide bond. Furthermore, bands observed at 

1466 and 1385 cm-1 are related to the stretching vibrations of aliphatic and 

aromatic C-N amine, respectively. The bands at 1110 and 1043 cm-1 were linked 

to carboxylic and phenolic groups, respectively. Lastly, sharp and intense bands 

at 584 and 531 cm-1 indicate Cu-O bond in synthesized CuO NPs.  

 

The synthesized CuO NPs consist of a maximum absorption peak at 398 nm, and 

the band gap energy (Eg) determined using the Tauc plot was found to be 3.20 

eV, as illustrated in Figure 2.19(c) and (d).   

 



41 

 

 

 

Figure 2.19: (a) X-ray diffractogram, (b) FT-IR spectrum, (c) UV-Vis absorption 

spectrum, and (d) Tauc plot of synthesized CuO NPs from A. sativum extract 

(Velsankar et al., 2020).  

 

Based on the SEM study (Figure 2.20), the synthesized CuO NPs mostly exhibit 

a spherical, circular, and oval shape and particle size ranging from 20 - 40 nm.  
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Figure 2.20: SEM images of synthesized CuO NPs from A. sativum extract at 

(a-c) 200 nm, and (d) at 1 μm scale range (Velsankar et al., 2020). 

 

The atomic composition of the synthesized CuO NPs, as determined by using 

EDX analysis, as in Figure 2.21, indicated that only Cu and O elements were 

present with no contamination. The weight percentages of Cu and O elements 

are shown in Table 2.2.  

 

 

Figure 2.21: EDX spectrum of synthesized CuO NPs (Velsankar et al., 2020). 
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Table 2.2: Weight and atomic percentages of O and Cu of CuO NPs from EDX 

analysis (Velsankar et al., 2020).  

Element Weight % Atomic % 

O 44.40 76.03 

Cu 55.60 23.97 

Total 100.00 100.00 

 

2.4 Experimental parameters that influence the synthesis of CuO NPs 

 

The green synthesis of CuO NPs utilizing plant extracts is greatly affected by 

several factors. The study conducted by Chan et al. (2022) in the synthesis of 

CuO NPs focuses on investigating the effect of the calcination temperature. 

Garcinia mangostana L. leaves extract and Cu(NO3)2·3H2O are used as 

stabilizing agents and precursor salts, respectively. The detailed experimental 

procedure is shown in Figure 2.22. 
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Figure 2.22: Summary of experimental procedure for green synthesis of CuO 

NPs (Chan et al., 2022).  

 

The crystal structure of CuO NPs, which were synthesized using 30 mL of the 

Garcinia mangostana L. leaves extract and calcined at various temperatures of 

200, 300, 400, 500, and 600°C, was determined by XRD analysis, and the results 

are illustrated in Figure 2.23. It indicates that the synthesized CuO NPs have a 

monoclinic phase, which matches the ICDD Card No. 00-045-0937, and the 

intensity and sharpness of the diffraction peaks increase with increasing 

calcination temperature.  The mean crystalline size for the synthesized CuO NPs 

at variations of calcination temperature, as shown in Table 2.3, was found in the 

range from 12.78 - 28.17 nm by using Scherrer’s equation. The optical bandgap 

energy of the synthesized CuO NPs decreases when the calcination temperature 

is elevated, as illustrated in Table 2.3, indicating an increase in particle size 

alongside a decrease in lattice strain.  

 

Table 2.3: Energy band gap and mean crystalline size of the synthesized CuO 

NPs at different calcination temperatures (Chan et al., 2022).  

Calcination temperature 

(°C) 

Energy bandgap 

(eV) 

Mean crystalline size 

(nm) 

200 3.41 12.78 

300 3.28 14.04 

400 3.24 18.32 
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500 3.19 19.88 

600 3.19 28.17 

 

 

Figure 2.23: X-ray diffractogram of synthesized CuO NPs at calcination 

temperatures of (a) 200, (b) 300, (c) 400, (d) 500, and (e) 600°C (Chan et al., 

2022). 

 

Atomic composition of the synthesized CuO NPs, as determined by using EDX 

analysis, is depicted in Figure 2.24. It indicated that at low calcination 

temperatures of 200, 300, and 400°C, a weak carbon signal was detected, 

indicating the presence of impurities. As calcination temperature increases to 

500 and 600°C, the carbon signal diminishes and eventually disappears, showing 
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that the organic components are completely removed, typically converted to 

carbon dioxide and water, and only Cu and O elements are present. 

 

 

Figure 2.24: EDX spectrum of synthesized CuO NPs at calcination temperatures 

of (a) 200, (b) 300, (c) 400, (d) 500, and (e) 600°C (Chan et al., 2022). 

 

Figure 2.25 shows the FESEM analysis for the synthesized CuO NPs at various 

calcination temperatures. It was observed that particle size increased with rising 

calcination temperature, with the reported average size of synthesized CuO NPs 

ranging from 50.0 - 458.3 nm.  
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Figure 2.25: FESEM images of synthesized CuO NPs at calcination 

temperatures of (a) 200, (b) 300, (c) 400, (d) 500, and (e) 600°C (Chan et al., 

2022). 

 

2.5 Concluding remarks 

 

From these studies, it has been proven that plants can be utilized in the synthesis 

of CuO NPs. This is because plant extracts contain various bioactive 

phytochemicals such as polyphenols, flavonoids, alkaloids, terpenoids, tannins, 

and others. They will act as natural reducing, stabilizing, and capping agents in 
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the synthesis process. In this study, effect of calcination temperature on the 

crystalline size of synthesized CuO NPs was studied due to the limited number 

of studies available. Furthermore, the utilization of the barks of the plants in the 

synthesis of CuO NPs has been less likely studied. Thus, the barks of A. muricata 

was used to synthesize the CuO NPs, and their characterizations were studied. 

Table 2.4 depicts the summary of the utilization of different types of plants and 

precursor salts in the synthesis of CuO NPs with their characterizations from the 

first four literatures.  
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Table 2.4: Summary of the utilization of different types of plants and precursor salts in the synthesis of CuO NPs and their characterizations.  

 

Type of 

plant  

 

Plant part 

 

Precursor salt 

 

Absorption 

peak (nm) 

Band gap 

energy 

(eV) 

 

Morphology 

 

Particle 

size (nm) 

 

Crystal 

system 

 

References 

 

Muntingia 

calabura 

 

Leaves 

 

Copper(II) nitrate 

trihydrate 

 

 

387 

 

3.65 

 

Rod shape 

 

Length: 

79-90 

Thickness: 

23 

 

Monoclinic 

 

(Selvanathan et al., 

2021) 

 

Pyrus 

pyrifolia 

 

Leaves 

 

Copper(II) nitrate 

hexahydrate 

 

 

395 

 

- 

 

Spherical 

shape 

 

17-30 

 

Monoclinic 

 

(Sundaramurthy and 

Parthiban, 2015) 
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Carica 

papaya L. 

 

Peel 

 

Copper(II) nitrate 

trihydrate 

 

 

270 

 

3.33 

 

Agglomerate

d spherical 

shape 

 

85-140 

 

Monoclinic 

 

(Phang et al., 2021) 

 

Allium 

sativum 

 

Bulb 

 

Copper(II) nitrate  

 

 

398 

 

3.20 

 

Spherical and 

oval-shaped 

 

20-40 

 

Monoclinic 

 

(Velsankar et al., 

2020) 
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CHAPTER 3 

MATERIALS AND METHODOLOGY 

 

3.1 Materials  

 

The barks of A. muricata were collected from Ipoh, Perak, Malaysia. The 

precursor salt utilized in the synthesis of CuO NPs was Cu(NO3) 2·3H2O (Purity 

= 99%) with a molecular weight of 241.60 g/mol (CAS number = 10031-43-3). 

It was an analytical research (AR) grade and was stored in the drying cabinet 

due to its highly moisture-sensitive and hygroscopic properties. In addition, 

deionized water acted as a green solvent in this research and was used to clean 

the barks of A. muricata to remove the impurities present and act as the reaction 

medium for the synthesis process. In addition, Table 3.1 shows the details of the 

chemical reagents for the qualitative phytochemical test.  

 

Table 3.1: List of reagents for phytochemical test. 

 

 Reagents  

Molecular 

weight 

(g/mol) 

 

CAS 

number 

 

Brand 

 

Grade 

Aluminium 

chloride 

hexahydrate 

 

241.45 

 

7784-13-6 

 

GENE 

Chemical 

 

AR grade 

Chloroform 119.38 67-66-3 Merck AR grade 
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98% concentrated 

ammonia solution 

 

17.03 

 

1336-21-6 

 

Merck 

 

AR grade 

Dragendorff’s 

reagent 

- - - - 

Glacial acetic 

acid 

60.05 64-19-7 RCI 

Labscan 

AR grade 

Iron(III) chloride 

hexahydrate 

 

270.33 

 

10025-77-1 

 

Merck  

 

AR grade 

Lead(II) acetate 

trihydrate 

 

379.34 

 

6080-56-4 

 

QRëC 

 

AR grade 

Olive oil  - - - - 

Wagner’s reagent - - - - 

98% concentrated 

sulphuric acid 

 

98.08 

 

7664-93-9 

 

Chemiz 

 

AR grade 

 

3.2 Equipment 

 

Table 3.2 shows the details of the equipment used throughout this research.  

 

Table 3.2: List of equipment and their functions.  

Equipment Function 
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Aluminium foil  

Used to cover the reaction vessels to prevent 

contamination and minimize solvent evaporation 

during the plant extraction process.  

 

Analytical balance 

Provides precise measurement of precursor salt and 

barks of A. muricata powder to ensure accurate 

reactant quantities.  

 

Beakers 

Serve as reaction vessels for the plant extraction 

process and the mixing of A. muricata extract with 

copper precursor during synthesis.  

 

Centrifuge 

To separate the solid plant materials from the 

supernatant during the preparation of the plant 

extract.   

Centrifuge tube To collect the supernatant of A. muricata extract after 

the centrifugation process. 

Ceramic crucible Act as a stable container to hold the resulting paste 

for the calcination process.  

Desiccator Maintains a moisture-free environment to store the 

synthesized CuO NPs for further characterization.  

 

Dropper 

To allow precise controlled addition of small 

volumes of reagents in phytochemical tests and 

precursor solution into the plant extract during the 

synthesis process. 

Freeze dryer To remove the water from A. muricata extract by 

sublimation.  
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Furnace Provides controlled heating for the calcination 

process of the resulting paste into CuO NPs.  

Grinder To reduce the dried barks of A. muricata into fine 

powder.  

Magnetic stirrer Ensures uniform mixing of the mixture during the 

synthesis of CuO NPs.  

Magnetic stirring hot 

plate 

Combining stirring and controlled heating to 

maintain reaction temperature and homogeneity.  

Measuring cylinder To measure precise volumes of liquids such as 

deionized water and A. muricata extract.  

Micro sample tubes To store the synthesized CuO NPs for further 

characterization.  

 

Mortar and pestle  

To grind the synthesized CuO NPs, precursor salts, 

and freeze-dried solid A. muricata extract with KBr 

salts evenly for characterization.  

Oven To dry the barks of A. muricata to remove moisture.  

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

monitor temperature changes.  

Ultrasonic bath 

sonicator 

Promoting the dispersion of synthesized CuO NPs in 

the deionized water for characterization.  

 

Spatula  

To transfer the barks of A. muricata powder and 

precursor salts during weighing and sample 

preparation.  

Test tubes Serve as reaction vessels for phytochemical tests.  
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Thermometer To monitor temperature during the plant extraction 

and synthesis process.  

 

Volumetric flasks 

To prepare solutions of precise and accurate 

concentrations by accurately measuring and diluting 

liquids to a fixed volume.  

 

3.3 Instrumentation 

 

Table 3.3 indicates the details of the instruments used in this research.  

 

Table 3.3: List of instruments and their functions.  

Instrument Brand / Model Function 

Ultraviolet-Visible 

Spectrophotometer (UV-

Vis) 

Thermo Fisher 

Scientific 

GENESYS 50 

series 

To identify the maximum 

absorption wavelength and 

band gap energy of the 

synthesized CuO NPs.  

Fourier Transform-

Infrared 

Spectrophotometer (FT-

IR) 

 

PerkinElmer 

Spectrum FX1 

To identify the functional 

groups, present in the A. 

muricata extract, 

synthesized CuO NPs, and 

the precursor salt.  

Field Emission Scanning 

Electron Microscope 

(FESEM) 

 

JEOL JSM-6701F  

To analyze the surface 

morphology, shape, and size 
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distribution of the 

synthesized CuO NPs.  

Energy Dispersive X-ray 

Spectrometer (EDX) 

Oxford 

Instruments X-

max 50 mm2 

To analyze the elemental 

composition and purity of 

the synthesized CuO NPs.  

 

X-ray Diffractometer 

(XRD) 

 

Shimadzu XRD 

6000 

To determine the crystalline 

structure and average 

crystallite size of the 

synthesized CuO NPs.  

 

3.4 Overview of research methodology 

 

The methodology in this research is divided into five parts, which are shown in 

Figure 3.1. 

  

 

Figure 3.1: Overview of methodology.  
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3.5 Experimental procedure 

 

3.5.1 Collection and preparation of barks of A. muricata 

 

The barks of A. muricata were collected from Ipoh, Perak, Malaysia. After 

removing the leaves, the barks were washed with deionized water until all the 

contaminants, dirt, and soil were removed. Next, barks were cut into smaller 

sizes and dried in an oven at 40°C until the moisture was completely removed. 

The dried barks were ground into fine powder using a grinder and stored in a 

glass reagent bottle, and sealed with parafilm. This glass reagent bottle was then 

stored in a desiccator to prevent absorption of moisture. The flowchart is 

depicted in Figure 3.2.  

  

 

Figure 3.2: Flowchart of the collection and preparation of the barks of A. 

muricata.  
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3.5.2 Extraction of barks of A. muricata 

 

In the preparation of A. muricata bark extract, a clean beaker was first placed on 

the analytical balance and tared to zero. Then, a spatula was used to carefully 

transfer the A. muricata powder into the beaker until 3 g was achieved. 100 mL 

of deionized water, which was measured using a measuring cylinder, was added 

to the beaker that contained weighed A. muricata powder. Next, the mixture was 

stirred continuously and heated at 80 - 90°C for 30 minutes on a magnetic stirring 

hot plate. After 30 minutes, the A. muricata extract was cooled to room 

temperature and centrifuged at a speed of 5000 rpm for 10 minutes to obtain the 

supernatant. The supernatant was then transferred into clean centrifuge tubes for 

future synthesis. Figure 3.3 illustrates the flow of this extraction process.  

 

 

Figure 3.3: Flowchart of the extraction of the barks of A. muricata.  
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3.5.3 Green synthesis of CuO NPs  

 

20 mL of A. muricata extract, which was measured using a measuring cylinder, 

was transferred to a clean beaker and heated to 80 - 90°C with constant stirring. 

Next, copper(II) nitrate solution was prepared by dissolving 2 g of Cu(NO3) 

2·3H2O in 20 mL of deionized water. The copper(II) nitrate solution was then 

added dropwise to the preheated 20 mL of A. muricata extract under stirring. 

The mixture was continued to be heated with constant stirring until a paste was 

formed. The resultant paste was then transferred to a clean ceramic crucible and 

calcinated at 300°C for two hours in a furnace. The formation of black CuO 

powder was transferred to a micro-sample tube and stored in the desiccator for 

further characterization. The whole synthesis process was repeated with 

calcination temperatures of 400 and 500°C. The flow of synthesizing CuO NPs 

is depicted in Figure 3.4.  

 

 

Figure 3.4: Flowchart of the CuO NPs synthesis.  
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3.5.4 Qualitative phytochemical test of A. muricata bark extract 

 

The qualitative phytochemical screening of A. muricata bark extract was 

performed to identify the presence of various bioactive secondary metabolites. 

The details for each phytochemical test are listed below: 

 

Test for the presence of alkaloids 

The presence of alkaloids in the A. muricata bark extract was confirmed using 

Wagner’s and Dragendorff’s reagent tests. For each test, 1 mL of the extract was 

mixed with 1 mL of the respective reagent in a test tube and thoroughly mixed. 

The formation of a reddish-brown precipitate upon the addition of Wagner’s 

reagent and the appearance of a reddish-orange precipitate upon the addition of 

Dragendorff’s reagent serve as a positive indication.  

 

 

Figure 3.5: Methodology of the test for the presence of alkaloids.  

 

Test for the presence of flavonoids 

The presence of flavonoids in the A. muricata bark extract was qualitatively 

confirmed using two standard chemical tests: the ammonium test and the 

aluminium chloride test. For each test, 4 mL of the extract was mixed with 1 mL 
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of the respective reagent and shaken thoroughly. The formation of a yellow color 

in both tests is a positive indication of flavonoids. 

 

 

Figure 3.6: Methodology of the test for the presence of flavonoids. 

 

Test for the presence of terpenoids 

The presence of terpenoids in the A. muricata bark extract was assessed using 

Salkowski’s test. First, 5 mL of extract was mixed with 2 mL of chloroform, 

followed by the addition of a few drops of concentrated sulphuric acid along the 

side of the test tube. The formation of reddish-brown precipitate at the interface 

served as a positive indication for the presence of terpenoids in the extract.  

 

 

Figure 3.7: Methodology of the test for the presence of terpenoids. 

 

Test for the presence of saponins 
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Saponins were detected by mixing 10 mL of the extract with 5 mL of distilled 

water, followed by vigorous shaking. The formation of a persistent froth 

indicated the presence of saponins. To further confirm this, 3 drops of olive oil 

were added to the froth, and the mixture was shaken vigorously again. The 

formation of an emulsion upon shaking confirmed the presence of saponins.  

 

 

Figure 3.8: Methodology of the test for the presence of saponins. 

 

Test for the presence of tannins 

The presence of tannins was assessed using two complementary tests, which are 

the iron(III) chloride test and the lead(II) acetate test. In each test, 3 mL of extract 

was treated with a few drops of the respective solutions. The development of a 

greenish-black precipitate upon the addition of iron(III) chloride solution and the 

appearance of a cream-colored precipitate upon the addition of lead(II) acetate 

solution indicated the presence of tannins. 
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Figure 3.9: Methodology of the test for the presence of tannins. 

 

Test for the presence of cardiac glycosides 

The presence of cardiac glycosides in the A. muricata bark extract was detected 

using the Keller-Killiani test. First, 5 mL of extract was mixed with 2 mL of 

glacial acetic acid containing one drop of iron(III) chloride solution. The mixture 

was carefully underlayered with 1 mL of concentrated sulphuric acid by allowing 

the acid to flow gently along the side of the test tube to form two layers. The 

formation of a brown ring at the interface between the two layers shows a 

positive indication of cardiac glycosides. Additionally, a violet ring may appear 

just below the brown ring.  

 

 

Figure 3.10: Methodology of the test for the presence of cardiac glycosides. 

 

3.6 Characterization of synthesized CuO NPs 

 

The synthesized CuO NPs were characterized using Ultraviolet-Visible 

Spectroscopy (UV-Vis), Fourier Transform-Infrared Spectroscopy (FT-IR), Field 
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Emission Scanning Electron Microscopy (FESEM), Energy Dispersive X-ray 

Spectroscopy (EDX), and X-ray Diffraction (XRD).   

 

3.6.1 Ultraviolet-Visible Spectroscopy (UV-Vis) 

 

A Thermo Fisher Scientific GENESYS 50 series of Ultraviolet-Visible 

Spectrophotometer (UV-Vis), which was illustrated in Figure 3.11, was used to 

confirm the formation of CuO NPs by detecting their characteristic absorption 

peak (λmax), which arises from electronic transitions related to the CuO NPs band 

gap (Eg). Around 2 mg of the synthesized CuO NPs were weighed and added to 

a beaker that contained 10 mL of deionized water. The resulting sample solution 

was then sonicated for 15 minutes to promote dispersion of synthesized CuO 

NPs in the deionized water. The solution was then scanned over the wavelength 

range from 200 – 1000 nm.  

 

 

Figure 3.11: Thermo Fischer Scientific GENESYS 50 series of UV-Vis 

spectrophotometer.  
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After the maximum absorption peaks were obtained, they were used to calculate 

the band gap energy of the synthesized CuO NPs by using Equation 3.2. The 

calculated values were then converted to electron volts (eV) by multiplying with 

1.60218×10-19, as 1 eV equals 1.60218x10-19 J.  

 

Band gap energy, Eg = 
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) 

 

3.6.2 Fourier Transform-Infrared Spectroscopy (FT-IR) 

 

The Fourier Transform-Infrared Spectrophotometer (FT-IR) with the model of 

PerkinElmer Spectrum FX1, as depicted in Figure 3.12, was utilized to identify 

the functional groups present in the A. muricata bark extract, precursor salt, and 

synthesized CuO NPs. The freeze-drying technique was used to obtain the solid 

A. muricata extract by removing the moisture through sublimation. Next, each 

solid sample was mixed evenly with dry KBr powder in a ratio of 1:10 (solid 

sample: KBr), respectively, using a mortar and pestle, and the solid sample was 

then scanned from 4000 – 400 cm-1.   
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Figure 3.12: PerkinElmer Spectrum FX1 model of FT-IR spectrophotometer.  

 

3.6.3 Field Emission Scanning Electron Microscopy (FESEM) and Energy 

Dispersive X-ray Spectroscopy (EDX) 

 

The surface morphology, shape, and size distribution of synthesized CuO NPs 

were examined using a JEOL JSM-6701F model of Field Emission Scanning 

Electron Microscope (FESEM). In addition, an Energy Dispersive X-ray (EDX) 

spectrometer with the model of Oxford Instruments X-Max 50 mm2, which is 

coupled with the FESEM, was used to analyze the elemental composition of the 

synthesized CuO NPs. Both FESEM and EDX instruments are shown in Figure 

3.13. 
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Figure 3.13: (a) JEOL JSM-6701F model of FESEM, and (b) Oxford 

Instruments X-Max 50 mm2 model of EDX instruments. 

 

3.6.4 X-ray Diffraction (XRD) 

 

An X-ray Diffractometer, with the model of Shimadzu XRD 6000, as depicted 

in Figure 3.14, was used to determine the crystalline structure and average 

crystallite size of synthesized CuO NPs. In addition, the crystallite size of 

synthesized CuO NPs was determined through the Debye-Scherrer equation, as 

shown in Equation 3.3.  

D = 
𝐾λ

𝛽 𝑐𝑜𝑠𝜃
  --------- Equation 3.3 

Where,  

D = Average crystalline size  

K = Scherrer constant, 0.9 

λ = Wavelength of the X-ray source, Cu Kα radiation = 1.5406 Å 

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

𝜃 = Bragg angle of diffraction in radians 

 

Value of FWHM of the diffraction peak was determined using Equation 3.4. 

𝛽 = 
𝐹𝑊𝐻𝑀 𝑖𝑛 2𝜃 𝑥 𝜋

180°
 ---------Equation 3.4 

 

 

Figure 3.14: Shimadzu XRD 6000 model of X-ray Diffractometer.   
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CHAPTER 4 

RESULTS AND DISCUSSION 

 

4.1 Green Synthesis of CuO NPs 

 

In this study, different calcination temperatures were employed as a key 

parameter to investigate their effect on structural, morphological, and 

physicochemical properties of the synthesized CuO NPs by using A. muricata 

bark extract and Cu(NO3)2·3H2O as precursor salt. The purpose of choosing 

Cu(NO3)2·3H2O was due to its ready dissociation to release Cu2+ ions into the 

reaction medium, which is essential for effective interaction with the 

phytochemicals present in the A. muricata bark extract. It also has good 

solubility and clean decomposition to CuO NPs with minimal impurities, 

facilitating the formation of uniform NPs with good crystallinity compared with 

other precursor salts, such as CuCl2 and Cu(CH3COO)2 (Phiwdang et al., 2013; 

Abdullah, Guerrero, and Romero, 2024). Moreover, A. muricata was selected 

for the synthesis of CuO NPs primarily due to its rich content of bioactive 

phytochemicals such as alkaloids, flavonoids, tannins, and others, which serve 

as natural reducing, stabilizing, and capping agents (Selvanathan et al., 2022). A. 

muricata is also widely available in Malaysia.  

 

During the preparation process, the collected A. muricata barks were washed 

with deionized water primarily to remove dirt, dust, microorganisms, and other 

surface impurities that could interfere with the extraction of bioactive 
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phytochemicals and affect the purity of the resulting NPs. The cleaned barks 

were then dried in an oven at a controlled low temperature of 40°C, which serves 

to gently remove moisture and prevent microbial growth while preserving the 

integrity and activity of the sensitive bioactive compounds. Next, the barks were 

ground into fine powder. In addition, the extraction solvent for phytochemicals 

from A. muricata bark used in this study is deionized water because it efficiently 

extracts a broad range of bioactive compounds in an eco-friendly and non-toxic 

manner. Deionized water is a polar solvent that facilitates the solubilization of 

these hydrophilic phytochemicals without introducing harmful chemicals. The 

extraction efficiency is also enhanced by increasing the extraction temperature 

to 80 - 90°C. This moderate heating accelerates the breakdown of cell walls and 

increases the diffusion rate of phytochemicals from the plant matrix.  

 

The synthesis of CuO NPs by adding Cu(NO3)2·3H2O solution dropwise into the 

preheated bark extract proceeds through nucleation and growth processes. 

Initially, as the Cu(NO3)2 solution is introduced gradually into the preheated bark 

extract containing reducing and stabilizing phytochemicals, the dissociated Cu2+ 

ions interact with these bioactive compounds, which serve to chelate the ions 

and reduce them to a lower oxidation state. This initiates nucleation, where small 

copper or copper oxide nuclei form as seeds for NPs development (Thanh, 

Maclean, and Mahiddine, 2014). The system at this stage has a high energy state 

due to the presence of these tiny particles dispersed in the solution. As the 

synthesis continues, the NPs grow mainly through Ostwald ripening, a process 

where smaller, less stable particles dissolve and redeposit onto larger, more 

stable nuclei (Zhang et al., 2015). This growth reduces the total surface energy 
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of the system, progressively driving the reaction toward thermodynamic 

equilibrium (Bastús, Comenge and Puntes, 2011). The transformation of color 

of the solution from light blue to dark green hues as nucleation progresses. Next, 

the mixture was heated until a paste was formed, and the paste was calcinated at 

various temperatures. The equation for each mechanism step in the synthesis of 

CuO NPs is depicted in Table 4.1. The schematic diagram for the mechanism for 

the synthesis of CuO NPs is also shown in Figure 4.1. 

 

Table 4.1: Equation for each mechanism step in the synthesis of CuO NPs 

(Merkel et al., 2010).  

Reaction step Chemical equation 

Chelation of Cu2+ by plant 

extract compounds 

Cu2+ + phytochemicals → Cu-phytochemical 

complex 

Reduction of Cu2+ by 

plant extract compounds 

Cu2+ + phytochemicals → Cu0 + oxidized 

phytochemicals 

Oxidation of Cu0 in the 

presence of oxygen 

Cu0 + 
1

2
 O2 → CuO 

Thermal decomposition 

(Calcination) 

Cu-phytochemical complex → CuO NPs + 

CO2 + H2O 
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Figure 4.1: Two proposed mechanisms for the synthesis of CuO NPs by using 

plant extract (Jebali, Gómez-Merino, and Colangelo, 2024).  

 

4.2 Qualitative phytochemical test of A. muricata bark extract 

 

The qualitative phytochemical screening results are summarized in Table 4.2. In 

the ammonium test, the formation of a reddish-brown color results from the 

presence of other phytochemicals, such as tannins or oxidized phenolic 

compounds, which may visually overpower or obscure the lighter yellow color 

that indicates the presence of flavonoids in the A. muricata bark extract. As a 

result, an aluminium chloride test was performed to confirm the presence of 

flavonoids in the bark extract. 

Phytochemicals in 

plant extract 
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The extract tested positive for the presence of alkaloids, flavonoids, saponins, 

tannins, and cardiac glycosides. The positive identification of these bioactive 

molecules in this study aligns well with the established studies by Sudhashini et 

al. (2023) and Kazaure et al. (2025). The presence of these phytochemicals 

suggests that the A. muricata bark extract contains compounds capable of acting 

as natural reducing and stabilizing agents, which is beneficial for the green 

synthesis of CuO NPs. These bioactive components are known to facilitate the 

reduction of Cu2+ ions and stabilize the formed CuO NPs, thereby enhancing the 

synthesis process.  

 

Furthermore, this study demonstrated that the A. muricata bark extract lacked 

detectable terpenoids. This absence was primarily due to the lower concentration 

of terpenoids in woody tissues such as barks compared to leaves, fruits, and other 

plant parts.  
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Table 4.2: Qualitative phytochemical results of A. muricata bark extract.  

Phytochemical 

compound 

Test used Pictures (Left: Plant extract, 

Right: After addition of reagent) 

Observation Result 

 

 

 

Alkaloids 

 

Wagner’s test 

 

 

Reddish-brown precipitate was observed.  

 

(+) 

 

Dragendorff’s test 

 

 

An orange coloration was observed. 

 

(+) 

 

Flavonoids 

 

 

Ammonium test 

 

 

A reddish-brown coloration was observed.  

 

(-) 
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Flavonoids 

 

Aluminium 

chloride test 

 

 

A yellow coloration was observed.  

 

(+) 

 

 

Terpenoids 

 

 

Salkowski’s test 

 

 

 

2 layers were separated, and no reddish-brown 

precipitate formed. 

 

 

(-) 

 

 

Saponins 

 

 

Froth test  

 

 

 

An emulsion was observed.  

 

 

(+) 

     

Table 4.2 (continued): Qualitative phytochemical results of A. muricata bark extract. 
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Table 4.2 (continued): Qualitative phytochemical results of A. muricata bark extract.  

 

 

 

Tannins 

 

 

Iron(III) chloride 

test 

 

 

Greenish-black precipitate was observed. 

 

(+) 

 

Lead(II) acetate 

test  

 

Cream-colored precipitate was observed. 

 

(+) 

 

Cardiac 

glycosides 

 

Keller-Killiani 

test 

 

As the reagent was added too quickly and the two 

layers did not form, the characteristic brown ring at 

the interface could not be observed. However, a 

brown coloration was observed. 

 

(+) 

(+): Positive results (Present), (-): Negative results (Absent) 
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 4.3 Characterization of synthesized CuO NPs 

 

The synthesized black CuO NPs, which were calcinated at different temperatures, 

were characterized using Ultraviolet-Visible Spectroscopy (UV-Vis), Fourier 

Transform-Infrared Spectroscopy (FT-IR), Field Emission Scanning Electron 

Microscopy (FESEM), Energy Dispersive X-ray Spectroscopy (EDX), and X-

ray Diffraction (XRD).  

 

4.3.1 Ultraviolet-Visible Spectroscopy (UV-Vis) 

 

The UV-Vis results indicate distinct absorption peaks for both the A. muricata 

bark extract and the CuO NPs synthesized at different calcination temperatures, 

which can be interpreted in terms of electronic transitions and NPs properties 

such as band gap and particle size. 

 

Based on Figure 4.2, the A. muricata bark extract exhibited characteristic 

absorption peaks at 221 and 279 nm, which are typically associated with π → π* 

and n → π* electronic transitions in aromatic and conjugated phytochemical 

compounds, respectively. These peaks confirm the presence of phytochemicals 

such as flavonoids, phenolics, and other bioactive molecules that play a crucial 

role as reducing and stabilizing agents in the green synthesis of CuO NPs 

(Sudhashini et al., 2023).  
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Figure 4.2: Absorption spectrum of A. muricata bark extract. 

 

For the UV-Vis analysis of CuO NPs as depicted in Figure 4.3, the absorption 

maxima appeared at 368 nm for the CuO-300 and CuO-500 NPs, and at 370 nm 

for the CuO-400 NPs. The slight redshift to 370 nm in CuO-400 NPs suggests a 

subtle change in NPs characteristics, such as increased particle size and 

enhanced crystallinity, potentially reflecting an optimum calcination temperature 

for better crystallite growth and reduced defects. These absorption peaks are 

generally attributed to charge transfer transitions from the valence band to the 

conduction band within the CuO and correspond to the semiconductor band gap 

energy of NPs. The calculated Eg was 3.37 eV for both CuO-300 and CuO-500 

NPs, and slightly lower at 3.35 eV for CuO-400 NPs. The slight reduction in Eg 

of CuO-400 NPs suggests improved crystallinity, which reduces quantum 

confinement compared to CuO-300 and CuO-500 NPs.  
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The Eg critically influences the semiconductor properties of CuO NPs. A larger 

Eg value typically results in higher energy required to excite electrons from the 

valence band to the conduction band, affecting both the optical absorption and 

electronic conductivity of the material. The higher Eg values observed in CuO-

300 and CuO-500 NPs indicate strong quantum confinement that can enhance 

photocatalytic activity and photoresponse by tuning of electronic transitions 

(Dhineshbabu et al., 2015). Conversely, the slight decrease in Eg values in CuO-

400 NPs implies better crystallinity and fewer surface defects, which can 

improve charge carrier mobility and reduce recombination rates, thus enhancing 

the semiconductor performance for applications such as sensors, photovoltaics, 

and photocatalysis (Dhineshbabu et al., 2015).  

 

 

(a) 
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Figure 4.3: Absorption spectra of the synthesized (a) CuO-300, (b) CuO-400, 

and (c) CuO-500 NPs.  

 

4.3.2 Fourier Transform-Infrared Spectroscopy (FT-IR) 

 

The FT-IR analytical technique was used to characterize the functional groups 

present in the A. muricata bark extract, precursor salt, and the synthesized CuO-

(b) 

(c) 
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300, CuO-400, and CuO-500 NPs. It was conducted over a wavenumber range 

of 4000 – 400 cm-1. 

 

According to the FT-IR spectra for the three CuO NPs samples as illustrated in 

Figure 4.4, the broad absorption bands at 3468, 3460, and 3439 cm-1 correspond 

to O-H stretching vibrations, due to the hygroscopic nature of KBr, which easily 

absorbs water vapor from the atmosphere during pellet preparation (Gordon et 

al., 2010). The small bands at 2360 and 2359 cm-1 are attributed to the stretching 

vibrations of CO2 from the atmosphere trapped or absorbed on the sample 

surface. The absorption bands at 1636 and 1635 cm-1 are due to O-H bending 

vibrations from water molecules (El-Kemary, Nagy, and El-Mehasseb, 2013). 

The bands at 1111, 1110, and 1109 cm-1 can be assigned to C-N stretching 

vibrations, which are due to the phytochemicals that are involved in stabilizing 

the CuO NPs by capping their surfaces. Lastly, the distinct bands at 568, 552, 

and 545 cm-1 correspond to Cu-O stretching and confirm the formation of CuO 

NPs. Table 4.3 summarizes the FT-IR spectra of CuO NPs.  

 

Based on the FT-IR spectrum of Cu(NO3)2·3H2O, as illustrated in Figure 4.5, the 

broad band at 3448 cm-1 represents the O-H stretching vibrations of the water 

molecules of trihydrate. This broadness typically arises from hydrogen bonding 

between the water molecules. The absorption bands at 1763 and 1384 cm-1 

indicate C=O stretching and symmetric stretching vibrations of the nitrate ions, 

respectively (Padmaningrum et al., 2022). The band at 1616 cm-1 corresponds to 

the O-H bending vibrations of water molecules coordinated in the structure. The 
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band at 825 cm-1 represents the nitrate bending modes, while bands at 677 and 

533 cm-1 represent the Cu-O vibrations. Table 4.3 summarizes the FT-IR 

spectrum of this precursor salt.  

 

According to the FT-IR spectrum of A. muricata bark extract, as illustrated in 

Figure 4.6, the broad and strong band at 3419 cm-1 represents the O-H stretching 

vibrations, signifying the presence of phenols and alcohols. This is supported by 

the chemical structures of kaempferol, a flavonoid and tannin, depicted in Figure 

4.7(a) and (b), which contain multiple hydroxyl groups responsible for this 

absorption band. The bands at 2940 cm-1 are attributed to C-H stretching 

vibrations of aliphatic groups, reflecting the presence of hydrocarbon chains. A 

weak band at 2083 cm-1 is related to alkyne groups. The prominent band at 1618 

cm-1 corresponds to C=O stretching, likely from flavonoids, tannins, and other 

polyphenolic compounds. The absorption band at 1384 cm-1 is assigned to the 

asymmetric stretching of nitrate ions, possibly due to residual nitrates from 

environmental sources. The band at 1248 cm-1 is indicative of C-O stretching 

vibrations typical of glycosides, as exemplified by the chemical structure of a 

typical cardiac glycoside shown in Figure 4.7(c). Additionally, the absorption 

band at 1067 cm-1 suggests C-N stretching associated with an alkaloid, as 

depicted in Figure 4.7(d). In addition, the bands at 817, 772, and 617 cm-1 

correspond to aromatic C-H bending vibrations, providing evidence of 

substituted aromatic rings characteristic of many secondary metabolites.  
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Figure 4.4: FT-IR spectra for the (a) CuO-300, (b) CuO-400, and (c) CuO-500 

NPs.  

 

 

Figure 4.5: FT-IR spectrum for the Cu(NO3)2·3H2O.  
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Figure 4.6: FT-IR spectrum for the A. muricata bark extract. 

 

 

 

Figure 4.7: Structures of (a) flavonoid, (b) tannin, (c) cardiac glycosides, and (d) 

alkaloid (Coria-Téllez et al., 2018).  
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Table 4.3: Summary of FT-IR spectra of A. muricata bark extract, Cu(NO3)2·3H2O, CuO-300, CuO-400, and CuO-500 NPs. 

 Wavenumber (cm-1) 

Bark extract [Cu(NO3)2·3H2O] CuO-300 CuO-400 CuO-500 

v(O-H)  3419 3448 3468 3460 3439 

v(C-H) 2940 

 

- - - - 

v(CO2)  - 2396 

2069 

2359 2360 2359 

2341 

v(C≡C) 2083 - - - - 

v(C=O) 1618 1763 - - - 

δ(O-H)  - 1616  1636  1635  1635  

v(NO3
-) 1384 (as) 1384 (as) 1384 (as) - - 
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Table 4.3 (continued): Summary of FT-IR spectra of A. muricata bark extract, Cu(NO3)2·3H2O, CuO-300, CuO-400, and CuO-500 NPs. 

v(C-O)  1248 - - - - 

v(C-N) 1067 - 1110 1109 1111 

δ(NO3
-) - 825 - - - 

 

δ(C-H)  

817  

772  

617  

 

- 

 

- 

 

- 

 

- 

 

v(Cu-O)  

 

- 

1047 

677 

533 

 

552 

 

568 

 

545 
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4.3.3 Field Emission Scanning Electron Microscopy (FESEM) 

 

FESEM operates by directing a focused beam of electrons onto the surface of 

CuO NPs, which are synthesized at various calcination temperatures. The 

electron beam interacts with the atoms to produce various signals, such as 

secondary and backscattered electrons. These signals will be collected by the 

detector and generate detailed, three-dimensional-like images that reveal shape, 

degree of agglomeration, dimension, and particle size.  

 

According to Figures 4.8 - 4.10, the synthesized CuO NPs at various calcination 

temperatures exhibit an irregular but more defined spherical morphology, and 

the range of particle size obtained for CuO-300, CuO-400, and CuO-500 NPs 

were 28.1 – 36.4 nm, 27.7 – 33.5 nm, and 27.3 – 34.5 nm, respectively. The range 

of particle size of CuO-400 NPs is slightly narrower compared to CuO-300 and 

CuO-500 NPs, indicating a more uniform and controlled NPs growth. In addition, 

the synthesized CuO NPs also show noticeable moderate agglomeration instead 

of being fully discrete particles. Agglomeration appears because NPs possess a 

very high surface energy due to their large surface-to-volume ratio, and to 

minimize this energy, particles tend to cluster together, thus leading to 

agglomeration (Chan et al., 2022). Agglomeration can be reduced by modifying 

the pH environment during the synthesis process to enhance the electrostatic 

repulsion, which is supported by the study from Valan et al. (2022). In addition, 

the large, irregular, square-shaped particles observed in Figure 4.5 are likely 

unreacted copper(II) nitrate precursors.  
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Figure 4.8: FESEM images of CuO-300 NPs at magnification of (a) 30000×, 

and (b) 50000× 

(b) 

(a) 
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Figure 4.9: FESEM images of CuO-400 NPs at magnification of (a) 30000×, 

and (b) 50000× 

(b) 

(a) 
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Figure 4.10: FESEM images of CuO-500 NPs at magnification of (a) 30000×, 

and (b) 50000×  

(a) 

(b) 
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4.3.4 Energy Dispersive X-ray Spectroscopy (EDX) 

 

EDX typically works together with FESEM as a complementary technique. The 

same electron beam interacts with the atoms, knocking out inner-shell electrons 

(Nanakoudis, 2019). This creates vacancies in the inner electron shells and 

causes the electrons from outer shells to drop down to fill these vacancies 

(Nanakoudis, 2019). The energy will then be released in the form of X-rays. The 

detector will measure the energy and intensity of the X-rays, and the relative 

abundance of elements present in the sample will be identified.  

 

Based on the EDX images (Figure 4.11), confirm that all the synthesized CuO 

NPs consist solely of Cu and O elements, with no impurities detected. For the 

CuO-300 NPs, the weight percentages of Cu and O elements were found to be 

69.93% and 30.07%, respectively. Similarly, the CuO-400 NPs exhibited weight 

percentages of Cu and O elements at 70.20% and 29.80%, respectively. Lastly, 

for CuO-500 NPs, the weight percentages of Cu and O elements were found to 

be 78.68% and 21.32%, respectively. The information was summarized in Table 

4.4.  
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Table 4.4: Weight and atomic percentages of the elements present in the 

synthesized CuO NPs from EDX analysis.  

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

 

CuO-300 

Cu 69.93 36.93 

O 30.07 63.07 

Total  100.00 100.00 

 

CuO-400 

Cu 70.20 37.23 

O 29.80 62.77 

Total  100.00 100.00 

 

CuO-500 

Cu 78.68 48.16 

O 21.32 51.84 

Total  100.00 100.00 

 

 

(a) 
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Figure 4.11: EDX spectra of (a) CuO-300, (b) CuO-400, and (c) CuO-500 NPs. 

 

4.3.5 X-ray Diffraction (XRD) 

 

XRD is a powerful, non-destructive technique extensively employed to analyze 

crystallographic structure and phase composition of NPs. This method relies on 

the diffraction of X-rays by the periodic atomic planes within crystalline NPs, 

(b) 

(c) 
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following Bragg’s law, where constructive interference occurs at specific angles 

characteristic of the crystal lattice spacings (Chhantyal, 2022). By measuring the 

intensity of diffracted X-rays as a function of diffraction angle 2θ, an XRD 

pattern is produced that acts as a unique fingerprint for identifying crystalline 

phases present in the NPs. XRD not only confirms the formation and purity of 

crystalline phases but also provides quantitative estimates of crystallite size by 

evaluating the broadening of diffraction peaks through the Scherrer equation 

(Suhail, 2025). The peak positions are compared with standard diffraction data 

from recognized databases such as the ICDD Card to verify the phases present 

(Suhail, 2025).  

 

Based on Figure 4.12, diffraction peaks observed at 2θ values of 32.51°, 35.53°, 

38.72°, 48.74°, 53.40°, 58.28°, 61.52°, 65.85°, 66.26°, 67.88°, 72.41°, 75.03°, 

and 75.25° correspond to the crystal planes indexed as (1 1 0), (0 0 2), (2 0 0), 

(2 0 2), (0 2 0), (2 0 2), (1 1 3), (3 1 0), (3 1 1), (1 1 3), (3 1 1), (0 0 4), and (0 0 

4), respectively. The diffraction peaks were 93.3% consistent with the ICDD 

Card No. 00-045-0937 as depicted in Appendix C. The synthesized CuO NPs 

exhibited a monoclinic crystal structure with lattice parameters of a = 4.6853 Å, 

b = 3.4257 Å, c = 5.1303 Å, and a unique interaxial angle β = 99.549°, consistent 

with the reported monoclinic CuO phase (space group C2/c). In addition, degree 

of crystallinity exhibited by CuO-300 NPs was 18.51% and 81.49% of 

amorphous content.  
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Figure 4.13 illustrates the XRD pattern of the synthesized CuO-400 NPs, 

showing prominent diffraction peaks at 2θ values of 32.37°, 35.40°, 38.58°, 

46.17°, 48.67°, 53.32°, 58.13°, 61.38°, 65.66°, 66.14°, 67.74°, 72.26°, 74.88°, 

and 75.09°, which are indexed to the crystalline planes (1 1 0), (0 0 2), (2 0 0), 

(1 1 2), (2 0 2), (0 2 0), (2 0 2), (1 1 3), (3 1 0), (3 1 1), (1 1 3), (3 1 1), (0 0 4), 

and (0 0 4). These peak positions and corresponding planes show a 94.4% match 

with the ICDD Card No. 01-077-7717, confirming the monoclinic phase of CuO, 

as detailed in Appendix D. The refined lattice parameters of the synthesized 

CuO-400 NPs were determined as a = 4.6863 Å, b = 3.4276 Å, c = 5.1333 Å, 

and a unique interaxial angle β = 99.520°, consistent with the monoclinic crystal 

system (space group C2/c). Furthermore, degree of crystallinity assessed for 

CuO-400 NPs was 18.63%, with remaining 81.37% attributed to amorphous 

content.  

 

Based on Figure 4.14, revealing distinct diffraction peaks at 2θ values of 32.53°, 

35.55°, 38.73°, 46.27°, 48.84°, 53.41°, 58.28°, 61.53°, 66.27°, 68.13°, 72.40°, 

and 75.08°. These peaks correspond to crystal planes of (1 1 0), (0 0 2), (2 0 0), 

(1 1 2), (2 0 2), (0 2 0), (2 0 2), (1 1 3), (3 1 1), (1 1 3), (3 1 1), and (0 0 4), 

respectively. The diffraction data exhibited a 95.1% correlation with the 

monoclinic CuO phase as referenced in ICDD Card No. 00-005-0661 (refer to 

Appendix E). The refined lattice constants for the CuO NPs were found to be a 

= 4.6840 Å, b = 3.4250 Å, c = 5.1290 Å, and a unique interaxial angle β = 

99.470°, agreeing with the monoclinic crystal symmetry of space group C2/c. 

Additionally, crystalline fraction of the CuO-500 NPs was evaluated at 18.90%, 

with remaining 81.10% comprising amorphous content. 
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The crystalline size of the synthesized CuO NPs was estimated from the XRD 

data using the Debye-Scherrer equation, as shown in Appendix B, which relates 

the broadening of diffraction peaks to the size of crystalline domains. The 

calculated crystalline sizes are shown in detail in Appendix B. The results 

revealed that the synthesized CuO-300, CuO-400, and CuO-500 NPs had 

crystalline sizes typically ranging between 15.81 – 51.77 nm, 16.94 – 43.19 nm, 

and 16.95 – 43.20 nm, respectively. The average crystalline sizes were also found 

to be 27.09 nm for CuO-300 NPs, 25.22 nm for CuO-400 NPs, and 25.14 nm for 

CuO-500 NPs.  

 

 

 Figure 4.12: XRD diffractogram of the synthesized CuO-300 NPs.  
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Figure 4.13: XRD diffractogram of the synthesized CuO-400 NPs.  

 

 

Figure 4.14: XRD diffractogram of the synthesized CuO-500 NPs.  
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CHAPTER 5 

CONCLUSION 

 

5.1 Conclusion 

 

In this study, CuO NPs were successfully synthesized through a green synthesis 

approach using A. muricata bark extract. The biosynthesis leveraged natural 

phytochemicals as reducing and stabilizing agents, eliminating the need for 

hazardous chemicals. However, much research has focused only on CuO NPs 

synthesis; this work provides novel insights into the effects of the synthesis 

parameter of calcination temperatures on structural and optical properties. The 

synthesized CuO NPs were thoroughly characterized using techniques such as 

UV-Vis, FT-IR, FESEM, EDX, and XRD.  

 

The CuO NPs synthesized at a calcination temperature of 300°C showed a 

maximum absorption peak at 368 nm, corresponding to a band gap energy of 

3.37 eV. The FT-IR spectrum revealed prominent absorption bands at 552 cm-1, 

characteristic of Cu-O stretching vibrations, confirming the formation of CuO 

NPs. In addition, it exhibited a spherical morphology with particle sizes ranging 

from 28.1 - 36.4 nm. It also exhibited a monoclinic structure and an average 

crystallite size of 27.09 nm.  

 

The CuO NPs synthesized at a calcination temperature of 400°C revealed a 

maximum absorption peak at 370 nm, corresponding to a band gap energy of 
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3.35 eV. FT-IR analysis exhibited prominent absorption bands at 568 cm-1, which 

are indicative of Cu-O bond stretching vibrations, further corroborating the 

successful formation of CuO NPs. Furthermore, it displayed a predominantly 

spherical morphology with particle sizes ranging from 27.7 - 33.5 nm. XRD 

analysis confirmed a monoclinic crystal structure, with the average crystallite 

size of 25.22 nm.  

 

At a calcination temperature of 500°C, the synthesized CuO NPs revealed an 

absorption peak at 368 nm, corresponding to a band gap energy of 3.37 eV. The 

FT-IR spectrum exhibited a notable absorption band at 545 cm-1, characteristic 

of Cu-O stretching vibrations, thus confirming the successful formation of CuO 

NPs. Additionally, it demonstrated a spherical morphology, with particle sizes 

ranging from 27.3 - 34.5 nm. XRD analysis confirmed the presence of a 

monoclinic crystal structure, and the average crystallite size was determined to 

be 25.14 nm.  

 

5.2 Further studies 

 

Further characterization of the CuO NPs can be performed using Raman 

spectroscopy, which provides valuable insights into the vibrational modes and 

crystal quality of the product. Transmission electron microscopy (TEM) is 

another essential technique that allows direct visualization of NPs morphology, 

size distribution, shape, and dispersion. TEM images offer high-resolution 

information that complements XRD data by revealing detailed surface structures 

and particle aggregation. Regarding potential applications, CuO NPs have 
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garnered interest for their photocatalytic properties, particularly in the 

degradation of organic dyes. Their high surface area and enhanced charge 

separation mechanisms make them effective catalysts for breaking down 

pollutants under light irradiation, demonstrating promising capabilities for 

environmental remediation.  
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APPENDICES 

 

Appendix A 

 

Calculation for band gap energy, Eg: 

 

Band gap energy, Eg = 
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 (368 and 370 nm) 
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Appendix B 

 

Calculation for β for CuO-300 NPs: 

 

𝛽 = 
𝐹𝑊𝐻𝑀 𝑖𝑛 2𝜃 𝑥 𝜋

180°
 

    = 
0.16 𝑥 𝜋

180°
 

= 2.79 x 10-3 radians 

 

Calculation for crystalline size by using the Debye-Scherrer equation for CuO-

300 NPs: 

 

D = 
𝐾λ

𝛽 𝑐𝑜𝑠𝜃
   

= 
(0.9)(1.5406 𝑥 10−10𝑚)

(2.79 𝑥 10−3 𝑟𝑎𝑑𝑖𝑎𝑛𝑠)(cos 16.255°)
   

= 5.177 x 10-8 m 

= 51.77 nm 

 

A similar approach was applied to the rest of the matched peaks for CuO-300, 

CuO-400, and CuO-500 NPs to calculate their average crystallite sizes, which 

are summarizes in the table below: 
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Tables: Calculation of the average crystalline size for synthesized CuO-300, CuO-400, and CuO-500 NPs. 

CuO-300 NPs CuO-400 NPs 

2θ Miller’s index FWHM (°) β (radians) D (nm) 2θ Miller’s index FWHM (°) β (radians) D (nm) 

32.51 (1 1 0) 0.16 0.00279 51.77 32.37 (1 1 0) 0.32 0.00559 25.83 

35.53 (0 0 2) 0.32 0.00559 26.05 35.40 (0 0 2) 0.32 0.00559 26.05 

38.72 (2 0 0) 0.36 0.00628 23.40 38.58 (2 0 0) 0.36 0.00628 23.39 

48.74 (2 0 2) 0.36 0.00628 24.24 46.17 (1 1 2) 0.20 0.00349 43.19 

53.40 (0 2 0) 0.28 0.00489 31.74 48.67 (2 0 2) 0.36 0.00628 24.23 

58.28 (2 0 2) 0.40 0.00698 22.74 53.32 (0 2 0) 0.32 0.00559 27.75 

61.52 (1 1 3) 0.28 0.00489 33.00 58.13 (2 0 2) 0.52 0.00908 17.47 

65.85 (3 1 0) 0.48 0.00838 19.71 61.38 (1 1 3) 0.32 0.00559 28.84 

66.26 (3 1 1) 0.60 0.01047 15.81 65.66 (3 1 0) 0.52 0.00908 18.17 

67.88 (1 1 3) 0.32 0.00559 29.90 66.14 (3 1 1) 0.56 0.00977 16.94 
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72.41 (3 1 1) 0.40 0.00698 24.62 67.74 (1 1 3) 0.36 0.00628 26.59 

75.03 (0 0 4) 0.32 0.00559 31.27 72.26 (3 1 1) 0.40 0.00698 24.59 

75.25 (0 0 4) 0.56 0.00977 17.92 74.88 (0 0 4) 0.40 0.00698 25.02 

- - - - - 75.09 (0 0 4) 0.40 0.00698 25.05 

   Average 27.09    Average 25.22 
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CuO-500 NPs 

2θ Miller’s index FWHM (°) β (radians) D (nm) 

32.53 (1 1 0) 0.28 0.00489 29.54 

35.55 (0 0 2) 0.32 0.00559 26.05 

38.73 (2 0 0) 0.36 0.00628 23.40 

46.27 (1 1 2) 0.20 0.00349 43.20 

48.84 (2 0 2) 0.40 0.00698 21.82 

53.41 (0 2 0) 0.32 0.00559 27.77 

58.28 (2 0 2) 0.48 0.00838 18.94 

61.53 (1 1 3) 0.32 0.00559 28.87 

66.27 (3 1 1) 0.56 0.00977 16.95 

68.13 (1 1 3) 0.48 0.00838 19.97 

72.40 (3 1 1) 0.44 0.00768 22.37 
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75.08 (0 0 4) 0.44 0.00768 22.77 

   Average 25.14 
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Appendix C 

 

 

Figure: XRD information of synthesized CuO-300 NPs with 93.3% matching 

with ICDD Card No. 00-045-0937 (Part I). 
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Figure: XRD information of synthesized CuO-300 NPs with 93.3% matching 

with ICDD Card No. 00-045-0937 (Part II). 
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< Group: Standard   Data: YLJE_CuO_300 > 

 
Figure: XRD information of synthesized CuO-300 NPs with 93.3% matching 

with ICDD Card No. 00-045-0937 (Part III). 
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Figure: XRD information of synthesized CuO-300 NPs with 93.3% matching 

with ICDD Card No. 00-045-0937 (Part IV). 
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Figure: XRD information of synthesized CuO-300 NPs with 93.3% matching 

with ICDD Card No. 00-045-0937 (Part V). 
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Figure: XRD information of synthesized CuO-300 NPs with 93.3% matching 

with ICDD Card No. 00-045-0937 (Part VI). 
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Appendix D 

 

 

Figure: XRD information of synthesized CuO-400 NPs with 94.4% matching 

with ICDD Card No. 01-077-7717 (Part I). 
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Figure: XRD information of synthesized CuO-400 NPs with 94.4% matching 

with ICDD Card No. 01-077-7717 (Part II). 
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< Group: Standard   Data: YLJE_CuO_400 > 

 
Figure: XRD information of synthesized CuO-400 NPs with 94.4% matching 

with ICDD Card No. 01-077-7717 (Part III). 
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Figure: XRD information of synthesized CuO-400 NPs with 94.4% matching 

with ICDD Card No. 01-077-7717 (Part IV). 
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Figure: XRD information of synthesized CuO-400 NPs with 94.4% matching 

with ICDD Card No. 01-077-7717 (Part V). 
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Figure: XRD information of synthesized CuO-400 NPs with 94.4% matching 

with ICDD Card No. 01-077-7717 (Part VI). 
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Appendix E 

 

 

Figure: XRD information of synthesized CuO-500 NPs with 95.1% matching 

with ICDD Card No. 00-005-0661 (Part I). 
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Figure: XRD information of synthesized CuO-500 NPs with 95.1% matching 

with ICDD Card No. 00-005-0661 (Part II). 
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< Group: Standard   Data: YLJE_CuO_500 > 

 
Figure: XRD information of synthesized CuO-500 NPs with 95.1% matching 

with ICDD Card No. 00-005-0661 (Part III). 
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Figure: XRD information of synthesized CuO-500 NPs with 95.1% matching 

with ICDD Card No. 00-005-0661 (Part IV). 
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Figure: XRD information of synthesized CuO-500 NPs with 95.1% matching 

with ICDD Card No. 00-005-0661 (Part V). 
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Figure: XRD information of synthesized CuO-500 NPs with 95.1% matching 

with ICDD Card No. 00-005-0661 (Part VI). 

 

 

 


