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ABSTRACT 

Nanotechnology is playing a vital role in this modern era by providing many applications 

including in electronics, construction, health-care, catalysis, and chemical industry. Especially 

metal oxide nanoparticles synthesized using plant extract have got more attention in many fields 

of study. However, nowadays the infectious diseases are becoming one of the major challenges 

in health care sectors worldwide. In this work Var.  Adoensis leaf and seed extract bio-treated 

production of copper oxide NPs for antibacterial application was achieved. It is typically simple, 

less energy consumption, environmentally friendly, and naturally compatible one-pot processes.  

In the first part, phytochemical screening was carried out, and results revealed the presence of 

tannins, saponins, flavonoids, glycosides, phenols, and steroids used as reducing and stabilizing 

agents in the copper oxide nanoparticle formation. Also, central composite design is being used 

for the optimization of the nanoparticles synthesizing process to study the effect of the three 

basic parameters namely mixing ratio, pH, and temperature has been obtained 3, 9, 60.14 and 

2.99, 8.99, 60.05 respectively for both nanoparticles. The particle size, morphology, surface 

area, crystalline type, and optical properties of the synthesized nanoparticles were characterized 

using the scanning electron microscopy, elemental dispersion x-ray, ultraviolet visible 

spectroscopy, x-ray diffraction, Fourier transform infrared spectroscopy, surface area and 

particle size analyzer techniques. The results have been found to infer that both nanoparticles 

are monoclinic with high crystallinity but have different size and shapes and band gap energy of 

3.09 and 2.77eV for copper oxide nanoparticles synthesized using Var. adoensis leaf and seed 

extract respectively. The synthesis of copper oxide nanoparticles was confirmed by the 

absorption peak at 325 and 327nm with an average size of 74.98 and 112.44nm for copper oxide 

nanoparticles synthesized using Var. adoensis leaf and seed extract respectively. Further, the 

synthesized bio-mediated copper oxide nanoparticles is found to act as an excellent antibacterial 

agent against two Gram-positive (Staphylococcus aureus and Streptococcus pyogen) and Gram-

negative (Escherichia coli, salmonella typhi,) bacteria strains which resulted in a significant 

zone of inhibition (inhibition diameter between 6.5 and 26mm at different concentration) on both 

nanoparticles. Overall, the proposed synthesis route of copper oxide nanoparticles using Var.  

Adoensis leaf and seed extract can be utilized by pharmaceutical industry to develop effective 

drugs against bacterial infections. 

Key words: Copper oxide nanoparticle, Var. adoensis, Antibacterial 
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CHAPTER ONE 

1. Introduction 

1.1. Background  

Nanotechnology is one of the fields of science and technology which is highly concerned with 

understanding and control of matter at dimensions approximately 1 to 100 nanometers (nm). It is 

an emerging technological field combing knowledge from the fields of Physics, Chemistry, 

Biology, Medicine, Informatics, and Engineering with great potential to lead in great 

breakthroughs that can be applied in real life [1].  Metal Nanoparticles (MNPs) are solid particles 

with all three external dimensions at the Nano scale that can drastically modify physicochemical 

properties compared to the bulk material. Metal oxide nanoparticles such as CuO, Fe3O4, and 

ZnO have drawn an attention in today‘s scientific and engineered studies due to their unique 

optical, physical, and biological properties [2]. These Nano sized materials have diverse 

applications in the textile industries, Nano medicines, pigments and dyes, solar systems and 

capacitors, field energy storage, wastewater treatment, food industries, sensors, and catalytic 

applications [3]. Special attention has been directed towards the development of copper oxide 

nanoparticles due to their low cost of preparation,  unique physiochemical properties like high 

band gap, high catalytic activity, and good optical property, diversified applications at both 

laboratories as well as industry levels [4]. 

Many metallic or metal oxide nanoparticles including copper oxide nanoparticles can be 

synthesized using chemical, physical and biological methods [5]. However, biological synthesis 

based on plant extracts has made a significant contribution to the others because it is an 

ecofriendly, cost-effective, fast and simple operation method [6].  

In this work, Lippia adoensis (Var. adoensis), leaf, and seed extracts were considered for copper 

oxide nanoparticles synthesis. Lippia species which are endemic medicinal plant to Ethiopia are 

belonging to the family of Verbanaceae and is obtained in different regions of Ethiopia. Lippia 

adoensis (Var. adoensis) locally known as ―Kesse‖ has been used for many applications 

traditionally such as to treat respiratory problems, for food preparations as a seasoning, and so on 

[7]. The plant Var. adoensis is also called Lippia javanica is commonly disturbed in all areas and 

forest margins between altitudes of 1600- 3000 m. The genus Lippia consists of about 200 

species of herbs, shrubs, and small trees distributed all over the world. L. javanica is traditionally 
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used as herbal tea and has ethno medicinal applications for colds, cough, fever, malaria, wounds, 

diarrhoea, chest pains, bronchitis, and asthma in central, eastern, and southern Africa. And it has 

also a wide range of medical applications including anticancer, antidiabetic, antioxidant, 

antimalarial, antimicrobial, and pesticide effects [50]. 

Infectious diseases continue to be one of the greatest health challenges worldwide which causes a 

serious threat to public health especially with the emergence of antibiotic-resistant strains of 

bacteria. The World Health Organization report from 2014 to 2020 on global surveillance of 

antimicrobial resistance reveals that antibiotic resistance is the greatest threat to treat common 

infections [5,6]. Both Gram-positive and Gram-negative bacterial strains are considered as the 

primary cause of major public health problems all over the world which requires a significant 

solution [7,8]. Therefore it is crucial to developing new bactericides due to the emerging 

microorganisms with antimicrobial resistance and substitute the traditional organic agents [10].  

Considering all these aspects, the aim of this work is the green synthesis of Var. adoensis aided 

copper oxide nanoparticles. It includes a phytochemical screening of Var. adoensis leaves and 

seed extract; optimization of operating parameters, product characterization, and its biomedical 

application. Here, for the first time, Var. adoensis leaf and seed extract was used to synthesis 

CuO-NPs for antibacterial activity against four selected human pathogens two Gram-negative 

bacteria (Escherichia coli and salmonella typhi) and two Gram-positive bacteria (Staphylococcus 

aureus and Streptococcus pyogen). 

1.2. Statement of the Problem 

Nanotechnology is playing a vital role in this modern era benefiting society by solving many 

real-world problems. It has significant applications in the electronics, healthcare, construction, 

chemical, and automobile industries. A particular synthesis of metal oxide nanoparticles is of 

great interest due to interesting physiochemical properties and efficacious application in 

multitudinous fields with its small size and high surface area to volume ratio. Specifically, 

copper oxide nanoparticles synthesis is essential with its antifungal, anticancer, antibacterial, and 

catalytic applications. Even though Nano technology is vastly used in advanced countries, but 

still it is in the beginning stage in Ethiopia, and hence there is a lot of scope to work in this field. 

This work aims to produce copper oxide Nanoparticles with anti-bacterial properties using 

Lippia adoensis (Var. adoensis) leaf and seed extract by the biological method. This is a low-

cost and eco-friendly synthesis towards sustainable green technologies. This technique is 
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typically simple, associated with atmospheric pressure, less energy consumption, low 

temperature, environmentally friendly, and naturally compatible one-pot processes compared to 

the chemical and physical method. In addition, this process doesn‘t require any advanced 

technology or complicated procedure so that it is easy to adopt for developing countries like 

Ethiopia. The chemical and physical method are employed for the production process which is 

highly toxic non-biodegradable, energy intensive, time consuming and also release unwanted by-

products ultimately causes potential environmental and biological risks.  

1.3. Objectives 

1.3.1. General objective 

The general objective of this thesis is optimal biogenic production of copper oxide nanoparticles 

using indigenous Var. adoensis leaf and seed extracts, evaluating its characteristics and studies 

its antibacterial application.  

1.3.2. Specific Objectives 

 Phytochemical extraction from Var. adoensis leaf and seed plant  

 To conduct phytochemical screening of the leaf and seed extracts 

 To synthesize Copper oxide nanoparticle synthesized using both leaf and seed extract of 

Var. adoensis and compare them. 

 To optimize the process parameters (mixing ratio, pH, and temperatures) of the copper 

oxide nanoparticle synthesis.  

 To characterize synthesized copper oxide nanoparticles  

 To study its antibacterial activity 

1.4. Significance of the Study 

Fabrication of copper oxide Nanoparticles is the most promising technology that has increasingly 

important in supporting innovative technological advances for sustainable development. With its 

interesting applications, it can bring a revolutionary change in antibacterial textiles, water 

treatment plants, food - packaging, biomedical, paints, and space exploration fields. It leads to 

the development of novel materials with tailor-made properties creating new business markets 

and more jobs. In particular, the success of this work can trigger inspiration for the coming 

generations to adopt Nano-based advanced research works towards the scientific progress of the 

country. 
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CHAPTER TWO 

2. Literature Review 

Nanotechnology is made up of two words: the Greek numerical prefix Nano, which means a 

billionth or very small, and the word Technology. As a result, Nanotechnology, also known as 

Nano scaled Technology, is the study of a matter less than 100 nanometers in size [11]. Metal 

nanoparticles are solid particles with at least one measurement at a size range between 10 to 

1000nm. The significant feature of metal nanoparticles is their high surface-to-volume ratio, 

which facilitates them to interact easily with other particles [12]. It is noted that the physical and 

chemical properties of any materials change as their size decreases to the Nano scale. Nano-sized 

particles show a wide range of optical, electrical, and magnetic properties compared to bulk 

particles of the same material [13]. 

The three basic methods of metal nanoparticles (MNPs) synthesis are physical, chemical, and 

biological. Biological methods are superior due to their low cost, eco-friendly, and ease of 

preparation [2]. In addition, they have the advantages of enhanced biocompatibility and hence 

better scope for biomedical applications [14]. The use of plants in the synthesis of nanoparticles 

is a current trend truly leading to Green Nano Technology (GNT). The phytochemicals found in 

the plant can act as both reducing and stabilizing (capping) agents. Plant parts like leaf, root, 

latex, seed, and stem have been widely used for MNP synthesis. Every plant is unique in its 

composition and concentration of biologically active components and hence produces a wide 

variety of MNPs [3].  

2.1. Copper 

Copper is one of the most widely recycled of all metals and is a micronutrient that is required for 

the normal functioning of plants, animals, and most microorganisms [15]. In humans, it functions 

as a cofactor for many enzymes involved in neuropeptides synthesis, the regulator of cell 

signaling pathways, antioxidant defense, and involved in the functions of human immune cells 

which are responsible for the killing of pathogens [16]. The antimicrobial activity of copper and 

its alloys is widely known for centuries and is highly vulnerable to microbes. Copper oxide 

mixed with honey was used to treat intestinal worms as recommended by Pliny the Elder, A.D. 

Also Hippocrates, the father of medicine recommended the use of copper for leg ulcers related to 
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varicose veins [17]. Copper is highly toxic to microorganisms such as bacteria (E-Coli, 

Staphylococcus Aureus, Pseudomonas aeruginosa) and non-toxic to animal cells, due to these 

phenomena it is considered to be an effective bactericidal metal [18].  

2.2. Zinc Oxide Nanoparticles 

In regard to the synthesis of inorganic oxidic nanostructures, the surfactants-free 

nucleation/growth of transparent suspensions of colloidal nanocrystals from a precursors solution 

is typically relying on the sol–gel reaction of suitable precursors (e.g., metal acetates and 

acetylacetonates) in the presence of a base. Among metal oxides, one of the most investigated 

ones is zinc oxide. ZnO is a very intensively studied material: and its properties, applications and 

synthesis route have been extensively reviewed by several authors to which interested readers are 

referred. The classical route to ZnO nanocrystals explored by Bahnemann is based on the 

reaction of zinc acetate with NaOH in 2-propanol [21]. 

2.3. Iron Oxide Nanoparticles 

Iron oxides are common natural compounds and can also easily be synthesized in the laboratory. 

There are 16 iron oxides, including oxides, hydroxides, and oxide-hydroxides. These minerals 

are a result of aqueous reactions under various redox and pH conditions. They have the basic 

composition of Fe, O, and/or OH, but differ in the valency of iron and overall crystal structure. 

Some of the important iron oxides are goethite, akaganeite, lepidocrocite, magnetite, and 

hematite. Iron oxide (IO) nanoparticles consist of maghemite (γ-Fe2O3) and/or magnetite 

(Fe3O4) particles with diameters ranging from 1 and 100 nanometer and find applications in 

magnetic data storage, biosensing, drug-delivery etc. [4,5]. In nanoparticles (NPs), the surface 

area to volume ratio increases significantly. This allows a considerably higher binding capacity 

and excellent dispersibility of NPs in solutions. Magnetic NPs, with sizes between 2 and 20 nm 

display superparamagnetism, i.e their magnetization is zero, in the absence of an external 

magnetic field and they can be magnetized by an external magnetic source. This property 

provides additional stability for magnetic nanoparticles in solutions. Iron oxide nanoparticles 

have attracted considerable interest due to their superparamagnetic properties and their potential 

biomedical applications arising from its biocompatibility and non-toxicity .Recent developments 

in the preparation of IO nanoparticles by thermal decomposition of iron carboxylate salts have 

significantly improved the quality of traditional IO nanoparticles in terms of size tunability, 
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monodispersity and crystalline structure. Using the proprietary monolayer polymer coating 

strategy, hydrophobic, organic ligand-coated iron oxide nanoparticles have successfully been 

converted into water soluble, bio-accessible iron oxide nanoparticles [18] 

2.4. Copper Oxide Nanoparticles 

In recent years, the usage of metal and metal oxide NPs has greatly enhanced. Especially in the 

biomedical field in terms of bio sensing, imaging, diagnosis, and therapy [19]. Their small size 

and high surface area to volume ratio have improved their use in several applications and have 

increased their demand. Copper oxide nanoparticles (CuO NPs) have prospective applications in 

optics, electronics, catalysts, water purifiers, medicine, lubrications, Nano-fluids, Nano-fertilizer, 

conductive films, and as antifungal and antimicrobial agents [3].  The high surface area to 

volume ratio makes them very reactive and interacts easily with other materials. Physiochemical 

properties of CuO like high band gap, high catalytic activity, and good optical property are 

further used to extend their industrial, medical, and environmental applications [20]. Particles 

have size, shape, and surrounding medium-dependent property and nanoparticles have special 

properties as they own a high surface-area-to-volume ratio compared to their bulk form. The 

most commonly used metals and their oxides are gold (Au), Zinc (Zn), silver (Ag), and copper 

(Cu). The preference for copper nanoparticles compared to the others is due to the lower cost, 

have good physical and chemical stability, high conductivity properties, efficient catalysts, easy 

product separation, and reusability [20].   

2.5. Synthesis Methods of Copper Oxide Nanoparticles 

Two basic methods are employed for the formation of CuO NPs, namely the Bottom-up 

approach and Top-down approach, based on the direction of nanoparticle formation. These 

approaches further divide into various subclasses based on the operation, reaction condition, and 

adopted protocols [2, 10]. The Top-Down Synthesis approach method starts from large objects 

and reduces their dimension at the Nano scale. And Bottom-up approach refers to the buildup of 

material starting from atomic or molecular levels to produce nanoparticles. An alternative 

classification generally used is physical, chemical, and biological methods [5, 11]. Many 

researchers have reported CuO NPs synthesized using Sol-gel,  Electrochemical deposition, 

Solution Combustion (precipitation), Chemical deposition, Microwave-assisted, and 

Biosynthesis methods [3, 12]. It has also been reported that the method of CuO NPs synthesis 
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affects their morphological properties and toxicity behavior, employing harmful chemicals, high 

energy utilization, and difficulties in the purification of nanoparticles [24]. The flow chart 

representing the various methods of CuO NPs synthesis is shown in Figure 2.1. 

2.5.1. Physical Methods 

These methods make use of electric current as a source of the electron in the generation of a 

required electron during CuO NPs synthesis [25]. The most used techniques in the physical 

approach of CuO NPs synthesis are Electro-spraying, Laser pyrolysis, Physical vapor deposition, 

High energy ball milling, Laser ablation, and Evaporation-condensation. The Laser-induced 

ablation method had gained more attention among the other physical methods of synthesis 

because it‘s easy to operate, eco-friendly, and can produce uniform nanoparticles [26]. Physical 

methods of synthesizing CuO NPs are highly limited by low production rates, high energy 

consumption, and very expensive equipment during the nanoparticle synthesis process. It also 

requires sophisticated equipment with severe operating conditions [2,11] 

2.5.2. Chemical Methods 

In this approach, chemicals are used as reducing agents to reduce the copper ion in the precursor 

for synthesizing Copper oxide Nano particles [27]. The nanoparticles synthesized by chemical 

methods are very popular and most of these protocols depend on the use of organic solvents, 

stabilizing agents, and toxic reducing agents [28]. A copper salt is reduced using reducing agents 

such as hydrazine, sodium borohydride, ascorbic acid, and hydrogen, whereas cellulose, natural 

rubber, and chitosan act as stabilizing agents [29].  In addition, some hydrophobic organic 

solvents like formaldehyde, toluene, ethane, dimethyl, and chloroform are also required. These 

chemicals employed for the production process are so highly toxic non-biodegradable, also 

release unwanted by-products ultimately causes potential environmental and biological risks 

[5,12]. 

2.5.3. Biological Methods 

Synthesis of Nano-materials using these methods can be by employing microorganisms like 

fungi, yeasts, bacteria, or a different part of plant extracts [17, 27]. Both methods are considered 

green chemistry methods. However, the use of microorganisms is complicated with stability and 

dispersed problems. In addition, microbial cultivation and growth are time-consuming steps 

ultimately unfit for large-scale production [31]. The use of plant materials is considered a green 

route and a reliable method for green synthesis of nanoparticles owing to its cost-effectiveness, 
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easy operation procedures, rapid reaction rate with low energy, the occurrence of several 

biomolecules, good stability, and biodegradable sources as feedstock [12]. Nanoparticles 

produced by physical and chemical methods result in toxic byproducts that are environmentally 

hazardous so that these particles cannot be used in medicine due to health-related issues, 

especially in clinical fields [32]. 

CuO NPs are synthesized using physical or chemical techniques are faced with various 

limitations like expensive and hazardous chemical reagents, time-consuming processes, and 

complicated processes to separate the nanoparticles. To eliminate all those drawbacks developing 

a new  method to synthesize the nanoparticles have a great scope [33]. 

 

                         Figure2. 1 Methods for the synthesis of copper oxide nanoparticles                                                                                                                                                                                                                                                                                                                                                                                                              

2.6. Biological Synthesis of Copper Oxide NPs using Various Plant extracts 

Even though various methods are available for the synthesis of copper oxide nanoparticles, 

biological methods are the first choice of current researchers due to their biomass abundance, 

species diversity, and are apart from the limitations of other methods [3, 15]. The summary of 

synthesis methods of CuO nanoparticles is given in table 2.1. Based on the collection of works of 

literature (listed in this paper only) a pie chart was drawn (Fig. 2.2). It indicates a large volume 

of literature (>80%) is on plant-based CuO NP synthesis and as-prepared NPs have more 

applications compared to other methods. 
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Table2. 1The statistics of copper oxide nanoparticles synthesis from different literature 

No Synthesis Method Application % Reference 

1 Plant extract As catalyst, Dye degradation, 

Antifungal, antibacterial, 

Antioxidant, Anticancer, Water 

purification 

83 [29][34] 

2 Electrochemical 

deposition 

As antifungal, Dye degradation, 

Antibacterial 

3 [35] 

3 Sol-gel Antibacterial 2 [36] 

4 Solution Combustion 

(precipitation) 

Catalyst, Water purification  4 [37] 

 

5 Chemical Reduction Catalyst 2 [38] 

6 Microwave-assisted Dye degradation 5 [39] 

7 Bacteria - 1 [40] 

Plant extracts are rich in bioactive molecules that can play a major role in the formation of 

nanoparticles such as phenolic acids, polyphenols, proteins, alkaloids, steroids, sugars, and 

terpenoids etc.[41]. During the green synthesis of NPs, products from nature have been used as 

both reducing as well as capping agents [42].  

 

Figure2. 2 a Pie chart representing Copper Oxide Nanoparticle synthesis methods 

The techniques involved are typically simple, associated with atmospheric pressure, less energy 

consumption, low temperature, environmentally friendly, and naturally compatible one-pot 

processes [34]. It has been proved by various studies that the reductive abilities of the proteins 

Plant extract

Electrochemical deposition

Sol-gel

Solution Combustion (precipitation)

Chemical Reduction

Microwave-assisted

Bacteria
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and metabolites that are present in these biological systems have the potential to change 

inorganic metal ions into metal NPs [5,7]. The interesting feature is the process is carried out in 

an environmentally benign aqueous-solvent medium without the requirement of any added 

external chemicals [43]. In comparison with conventional solvents, water is preferred for 

reactions because it exhibits unique physical properties. Besides, it is nontoxic, cost-effective, 

and nonhazardous while handling. The use of environmentally benign, inexpensive, and 

renewable materials and benign solvent medium offers several benefits, including one-pot 

synthesis, catalyst-free, simple yet clean reaction conditions, and environmental safety [12]. 

 

Figure2. 3 Advantage of green synthesis over the other methods 

2.7. Scope for the Original Research Work 

 There are several studies on the green synthesis of CuO NPs using different plant extracts. Aloe 

barbadensis Miller leaf extract [44], Momordica charantia fruit extract [45], Antigonon leptopus 

leaf extract [46], Enicostemma axillare (Lam.) leaf extract[42], Lantana camara flower extract 

[29], Adiantum lunulatum whole plant extract [47] and  Myristica fragrans fruit extract [11] were 

utilized in the green synthesis of CuO NPs. Despite all these studies, experimental optimizations 

of operational parameters influencing the synthesis of CuO NPs have not given much attention. 

Moreover, there is no attempt on phytochemical screening of Var. adoensis leaf and seed extracts 

and their utilization in green synthesis of CuO NPs and its process optimization.  Furthermore, 

the application of Var. adoensis biosynthesized CuO NPs on multi-drug resistance micro-

organisms such as Escherichia coli, Salmonella typhi, Staphylococcus aureus and Streptococcus 
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pyogen has not yet reported till now. Hence the present work is reasonably significant and 

attention to be paid. 

2.8. Lippia Adoensis 

Lippia adoensis is a species of flowering plant of the genus Lippia belongs to the family of 

Verbenaceae which gives flowers from September to November and fruits in January. It is 

endemic to Ethiopia but cultivated throughout tropical African countries [48]. Lippia adoensis 

have cone-like heads with white sweet-scented flowers and the seeds are tiny nuts and brown.   

Lippia species are dispensed all over the highlands of Ethiopia including in Gamo Gofa, Tigray, 

Sidamo, Gonder, Gojam, Shewa, Arsi, Kefa, Harerge, and Wellega Region. Var. adoensis 

(Figure 2.3) has a long history of traditional uses in Ethiopia.  The leaves are crushed and used 

for termite and bedbug repellants, to clean and to add fragrance to milk pots and other kitchen 

utensils [49]. Those species can grow in different soil types and are highly drought-resistant 

plants. In Ethiopia Var. adoensis and var. koseret sebsebe are the two varieties of lippa 

abyysinica for wild variety and cultivated variety respectively. The wild variety Var. adoensis 

also called Lippia javanica is commonly disturbed in all areas and forest margins between 

altitudes of 1600- 3000 m. The genus Lippia consists of about 200 species of herbs, shrubs, and 

small trees distributed all over the world. L. javanica is traditionally used as herbal tea and has 

ethno medicinal applications for colds, cough, fever, malaria, wounds, diarrhoea, chest pains, 

bronchitis, and asthma in central, eastern, and southern Africa. And it has also a wide range of 

medical applications including anticancer, antidiabetic, antioxidant, antimalarial, antimicrobial, 

and pesticide effects [50].  

Research by A. Endris et al. [7] showed that the extract component of leaves of L. javanica from 

Ethiopia was characterized by Gas chromatography-mass spectrometry (GC–MS) and Gas 

chromatographic (GC–FID) analysis to identify its chemical Composition. And the result shows 

that the leaves are rich in a complex mixture of oxygenated monoterpenes, hydrocarbon mono-

terpenes, hydrocarbon sesquiterpenes, and oxygenated sesquiterpenes and main components of 

oil cis-sabinene hydrate, limonene, trans-limonene oxide, germacrene, and linalool in different 

ratios. Using in vitro antimicrobial and DPPH radical scavenging test, A. Endris et al. [7] also 

reported that the essential oil showed bactericidal activity against Klebsiella pneumonia, 

antifungal activity against Cryptococcus neoformans, and also have antioxidant potential. 
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                            (a) (b) 

Figure2. 4 (a) Var. adoensis plant [48] and (b) Phytochemicals present in different plants 

2.9.  Extraction Methods of Phytochemicals from Plant  

Extraction is the process conducted in the first step for the isolation of the desired biological 

constituents present in the plant materials [51]. Biosynthesis of nanoparticles using plant extract 

is a cost-effective approach because the preparation of plant extracts normally utilized biomass 

wastes such as leaves, flowers, roots, fruits, peels, etc. These parts of the plant can be used either 

fresh or dried. But the dry form is more preferable due to differences in water content within 

different plant tissues [52]. The active components present in medical plants can be extracted 

using different methods. However, their choice depends up on the economic feasibility and 

suitability of the process to the particular situation. The widely used extraction methods include 

maceration, Soxhlet extraction, ultrasound-assisted extraction (UAE), microwave-assisted 

extraction (MAE), and supercritical fluid extraction (SFE)[53]. 

2.9.1. Solvent-Based Extraction 

Various solvents such as ethanol, methanol, ether, acetone, and distilled water have been used to 

extract different phytoconstituents [55]. In this method the plant soluble metabolites are 

separated using a suitable solvent and the insoluble material is then discarded. First, the plant 

parts are dried either in air at low temperature or in a natural shade and these dried samples are 

then finely grounded pulverized using mechanical grinders. The plant powder is homogenized 

well with the solvent at less than 100
o
c or room temperature to prevent active component 

degradation [54]. Then the mixture is allowed to cool to room temperature and separate aqueous 

extract by filtration using Whatman filter paper. The filtrate is then used for nanoparticle 

synthesis. This method is the widely used method in the current field of research [32,57].  
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2.9.2. Soxhlet Extraction 

The Soxhlet extraction method is an automatic continuous extraction method with high 

extraction efficiency that requires less time and solvent consumption combined to maceration or 

percolation. High temperature in the extraction process increase the possibilities of thermal 

degradation [56]. The pulverized sample is placed in a porous bag called ―thimble‖ which is 

made out of a cellulose or filter paper. The solvent which the desired compounds are going to be 

extracted is kept in the round bottom flask and heated to vaporize into the sample thimble, 

condenses in the condenser, and drip back. When the liquid content reaches the siphon arm the 

liquid contents are then flowed into the round bottom flask again and the process is continued 

like this at a fixed extraction time [53]. 

2.9.3. Microwave-Assisted Extraction (MAE) 

Microwave-assisted extraction is an economical, eco-friendly and simple, method to obtain the 

biologically active compounds from various plant materials. The technique provides the merits 

increasing the extract yield, decreasing the thermal degradation, reduced processing costs, and 

selective heating of plant material. MAE is also regarded as a green technology because it 

reduces the usage of organic solvents. In particular, fast extraction rates and greater solvent 

flexibility can be achieved by this process [57]. 

2.9.4. Supercritical Fluid Extraction (SFE) 

This is the most technologically advanced extraction system and it involves the use of gases, 

usually CO2 as the extraction solvent. The advantages of SFE are, the versatility it offers in 

pinpointing the constituents you want to extract from a given material and the fact that your end 

product has virtually no solvent residues left in it (CO2 evaporates completely). But this 

technology is quite expensive. Many gases and liquids are highly efficient as extraction solvents 

under high pressure [57]. There are many advantages to use CO2 as the extracting fluid. In 

addition to its favorable physical properties, carbon dioxide is inexpensive, safe, and abundant. 

But while carbon dioxide is the preferred fluid for SFE, it possesses several polarity limitations. 

Solvent polarity is important when extracting polar solutes and when strong analyte-matrix 

interactions are present. In order to mitigate the polarity limitations of the carbon dioxide 

extracting fluid, organic solvents are frequently added.  Of late, instead of carbon dioxide, argon 

is being used because it is inexpensive and more inert [58]. 
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2.9.5. Ultrasound-Assisted Extraction (UAE) 

Ultrasonic-assisted extraction (UAE) or ultrasonic extraction uses ultrasonic wave energy in the 

extraction process. UAE is applicable for the extraction of thermo labile and unstable compounds 

and those UAE of bioactive compounds are increasingly efficient at directly transferring 

knowledge into technology for commercial development [51]. This novel process can extract the 

analyte under a concentrated form (low volumes of solvent) and free from any contaminants or 

artifacts. The other advantage of UAE includes low energy consumption, reduction of extraction 

temperature and time, high yield, and preservation of thermo labile compounds. Although the 

process is useful in some cases, its large-scale application is limited due to the higher costs [59]. 

2.10. The Role of Phytochemicals Present in Plant Extract for Nanoparticle 

Formation 

Different plant parts such as leaves, peel, roots, seeds, barks, fruits, and gums are widely used for 

the preparation of metal and metal oxide nanoparticles due to the phytochemicals present in the 

extracts which have an important role in its formation [24]. The phytochemicals are flavones, 

polyphenols, terpenoids, sugars, ketones, aldehydes, carboxylic acids, amides, alkaloids, 

phenolic acids, and proteins having an uncanny potential in the bio reduction of metal ions, 

forming nanoparticles [60]. According to many researchers, plant extracts play a dual role that 

acts as both reducing and stabilizing agents in the copper oxide nanoparticles synthesis process 

[61]. Studies by E. A. Mohamed [62] and A. Chinwe et al. [63]  on CuO nanoparticle synthesis 

using plant extracts suggested that the extract acted as reducing as well as capping agents during 

nanoparticle formation. Compounds that are highly capable reducing of any metal ions are 

shown in Fig2.3b.  The synthesis of metallic and metallic oxide nanoparticles can be achieved by 

reducing metal ions using some chemical molecules. H. Qamar et al. [45] reported that CuO 

Nano rods synthesized from fruit extract of Momordica charantia, Gallic acid is present as one 

of the key phenolic components in the extract which might facilitate the reduction of copper ion 

to CuO Nano rods used against multidrug-resistant bacterial strains. According to M. Sorbiun, E. 

Shayegan, and M. Ali [64] functional groups such as phenolic and flavonoids obtained from 

aqueous extract of oak fruit hull are capable of reducing and capping the nanoparticles. The 

reduction mechanism also facilitated to control of the size and stability of the nanostructured 

material. The stability of nanoparticles can be attributed to the formation of stable bonding 

between metallic nanoparticles and phytochemicals present in the leaf extract as reported by M. 
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Ramzan et al. [65]. In addition, S. Hasheminya and J. Dehghannya [66] reported that peaks from 

the FTIR result suggested the existence of flavonoid and phenolic acids in E. caucasicum Trautv 

leaf extract had a vital role on copper ions reduction and nanoparticles formation. 

Capping agents have a big role in the colloidal synthesis as well as stabilization of the 

nanoparticles in controlling the particle morphology, and preventing further growth and 

agglomeration [33]. The utilization of less hazardous and energy-save capping agents is, 

therefore, of pivotal importance in the nanoparticle synthesis that merits consideration in a green 

synthetic strategy for laboratory exploration and industrial production. The frequently used 

capping agents in plant extract are polysaccharides such as Starch, dextran, and heparin [67] 

which are environmentally benign ones are introduced and evaluated from a green chemistry 

perspective. A study by Ramadhan et al. [68] reported that the  Ocimum tenuiflorum leaf extract 

induces the reduction of Cu
2+

 ions to Cu NPs and acting as a capping agent. Therefore, it can be 

concluded that plant extracts are an excellent and benign source for the synthesis of metals and 

metal oxide nanoparticles which are playing a significant role without any toxicity. 

2.11. Mechanisms of Copper Oxide Nanoparticles Synthesis Using Plant 

Extract 

For a long time, plants have shown the capability to absorb and reduce inorganic metallic ions 

from the surrounding environment. It is now well known that various organic components 

present in plant tissues are capable of retrieving metals from industrialized waste. In this regard, 

plants have been used for removing valuable metals from land by a method known as 

‗phytomining‘ difficult to mine economically [12]. For nanoparticles synthesized using different 

plant extract, the extract is mixed with metal precursor solutions at different reaction conditions 

such as reaction temperature, reaction time, pH of the reaction mixture, the concentration of 

metal salt, and plant extract [69]. Those parameters are very crucial in controlling the rate of 

nanoparticle formation as well as their morphology, yield, and stability [70]. When copper salt 

solution is added to the extract an observable color change confirmed the formation of CuO NPs. 

Several studies have revealed that the phytochemicals in the plant extract first form complexes 

by reducing the metal salts to form nanoparticles and then stabilizing the metal‘s nuclei [71]. 

The morphology of synthesized CuO NPs can be controlled by the interaction between the 

phytochemicals and metal ions and their required concentration. The main mechanism of green 

biosynthesis through plants is illustrated in figure2.5. 
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Figure2. 5 Synthesis mechanism of CuO NPs synthesis using plant extracts. 

2.12. Factors Affecting Preparation Conditions for CuO NPs Synthesis 

The solution of the required metal precursor is mixed with the plant extract at specified reaction 

conditions for nanoparticle formation [33]. The main task is to improve specific approaches to 

synthesize nanoparticles of definite size, specific shape, desired composition, and maximum 

yield and quality. Nanoparticles have unique physiochemical properties making them ideal 

candidates for environmental, biomedical, and biotechnological applications. The main 

controlling factors that should take into consideration are the mixing ratio of biological extract 

and metal salt, pH value, and reaction temperature which have extensive impacts on synthesizing 

nanoparticles which still require optimization for large-scale production [5, 7].  

2.12.1. The Effect of pH  

The pH value of the reaction mixture has a great effect on the formation of NPs [72]. The pH 

amendment results in the charge alteration in the plant biomolecules and can affect its capacity to 

chelate and reduce metal ions during the process, which leads to the alteration of the shape, size, 

and yield of synthesized NPs [73]. Therefore, the size of the nanoparticle can be controlled by 

varying the pH of the solution used during the synthesis process [5, 9]. Many reports had shown 

the influence of varying pH values on the synthesis of CuO NPs and other metallic oxide 

nanoparticles has a crucial effect [13]. In acidic pH, nanoparticles aggregated out of the 
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nucleation, while at alkaline pH, great numbers of nuclei formed, instead of aggregation [39]. A 

report by N. A. Thamer has indicated a pH values ranging from 7 to 9 has been considered as an 

optimum reaction condition for CuO NPs synthesized from Cordia myxa L. leaf extract [13].  

2.12.2. The Effect of Concentration Ratio of Plant Extract to Metal Precursor 

The formation of copper oxide nanoparticles using plant extracts highly depends on the ratio of 

plant extract to metal salt concentration [74]. The biological components on plant extract like 

types and concentration of phytochemicals and the metal salt concentration are highly admitted 

to controlling the rate of nanoparticle formation including their yield and stability [33]. The basic 

phytochemicals in plant extract vary in their nature and decrease capabilities from one to another 

plant and this has a high influence during the NP synthesis process [3,5]. The metal salt and plant 

extract concentration used during biological synthesis can alter the shapes and size of the 

nanoparticles produced [75]. In principle, any kind of soluble copper salts such as chloride, 

nitrate, sulfate, acetate could be used as a precursor to prepare CuO nanostructures without much 

difference [24]. A previous study suggests that a slower reaction rate, which leads to a small size 

and narrow size distribution of the products, can be achieved using a low concentration of 

reactants. However, the amount of the CuO produced would become negligible if the initial 

concentration of Cu salts used is too low; on the other hand, if the concentrations are too high, 

the final product becomes agglomerate. So that careful selection of the concentration of metal 

salt is very critical to get small size and good separation of the Nano product [19, 20]. 

2.12.3. The Effect of Temperature 

The reaction medium‘s temperature is an essential parameter to influence the nature of NPs 

synthesized using plant extracts [32]. Variation in temperature of reaction conditions results in 

changes in fine-tuning of the size, shape,  optical properties, and the nature of nanoparticles 

formed [5, 12]. In most cases, the synthesis of nanoparticles using green technology requires 

temperatures less than 100∘C or ambient temperature. Increasing the reaction temperature also 

increases the reaction rate this leads to fast metal ion consumption forming the nanoparticle 

nuclei and resulted in the smaller size of the nanoparticle [96]. These findings suggest that 

without any considerations of the source of plant extract used an increasing in temperature 

reduces the reaction time of  the synthesis process [60]. 
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2.13. Characterization of Copper Oxide Nanoparticles 

It is critical to use analytical techniques for characterization and analysis of synthesized 

nanoparticles to understand their nature due to the expansion of nanotechnology in different 

research areas. It is a current area of research for different applications and strategies that their 

characterization requiring to be improved day by day [77]. Proper selection of those techniques 

depends upon the kind of information required such as crystalline type, composition, 

morphology, stability, optical and magnetic properties. Several characterization techniques are 

available, including microscopic, diffraction, and spectroscopic techniques [22]. The three most 

commonly used techniques for characterization can be classified as:  

1. Microscopes: These are useful to investigate the morphology, size, structure, and 

composition of the nanomaterial. In general scanning electron microscope (SEM) and 

transmission electron microscope (TEM) are most commonly employed in 

nanotechnology. 

2. Diffract meters: They are often used in particle shape and average particle size analysis 

as well as structural determination. X-ray diffraction (XRD) and dynamic light scattering 

(DLS) are frequently used for Nano products analysis. 

3. Spectroscopies: Spectroscopic analyses such as UV-Vis spectroscopy and Fourier 

transform infra-red is very important to conduct chemical state analysis such as surface 

functional groups, bonding or charge transfer amongst the atoms, electronic structure 

including energy gaps, band formation, impurity levels, and transition probabilities, and 

other properties of nanomaterial.  

2.13.1. Ultra Violet Visible Spectrophotometry  

UV-Visible spectrophotometry is simple, fast, non-destructive, and low-cost characterization 

technique that is often used for the study of Nano scale materials [78]. It measures the amount of 

ultraviolet energy absorbed by a substance in a solution and the absorption of the photon results 

in the electronic transition of a molecule, and electrons are promoted from the ground state to 

higher electronic states [79]. The optical properties of Nanoparticles are sensitive to morphology, 

agglomeration, concentration, and refractive index which makes UV/Vis/IR spectroscopy a 

valuable tool for identifying, characterizing, and studying them [80]. Metals such as copper 

colloids generally absorbed light in the ultraviolet-visible (UV-Vis) range due to excitation of 

surface Plasmon resonance (SPR) which makes it a convenient method to characterize CuO NP 
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[81]. UV-visible spectroscopy is used to confirm the formation of various types of nanoparticles 

by measuring Plasmon resonance and evaluating the collective oscillations of conduction band 

electrons in response to electromagnetic waves [82]. This provides information about the size, 

structure, stability, and aggregation of the nanoparticles [83]. Every researcher reports a different 

maximum absorbance (λmax) value for nanoparticles synthesized using various plant extracts this 

is due to the surface Plasmon absorbance dependence on the size and shape of nanoparticles 

formed. The size and shape of the nanoparticle with high sensitivity exhibit the absorbance of 

surface plasma resonance (SPR). Copper nanoparticles usually absorb light of a wavelength from 

280 to 360 nm [21]. This absorbance is related to its concentration by Beer-Lambert Law as: 

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 = −𝑙𝑜𝑔10 (
 

  
) = 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 ∙ 𝜀 ∙ 𝑙 

Where: ε - molar extinction coefficient, 𝑙 - path length, Io- the intensity of incident light, I-the 

intensity of the transmitted light  

2.13.2. Fourier Transform Infrared Spectroscopy  

Fourier transform infrared spectroscopy (FTIR) is another widely used infrared red (IR) 

spectroscope often used for qualitative but sometimes for quantitative analyses, bypassing IR 

radiations through the sample. In this method some of the IR radiation is transmitted through the 

sample and some is absorbed by it. The resulting IR spectrum indicates a fingerprint of the given 

particle with absorption peaks which correspond to the frequency of vibrations between the 

bonds of the atoms. Because each material is a unique combination of atoms, no two compounds 

produce the same infrared spectrum. Therefore, infrared spectroscopy can be employed in the 

identification of different kinds of material. In addition, the amount of material present in the 

sample is directly indicated by the  size of the peaks in the spectrum [84]. It is so used to 

determine the nature of associated functional groups and structural features of biological extracts 

that participate in copper ion reduction [85]. FT-IR analysis can be used to evaluate the infrared 

emission spectrum of solids, liquids, or gases particles. In the research for the fabrication of 

copper oxide nanoparticles synthesized by Aloe Vera leaf extracts,  FTIR results indicated the 

presence of functional groups like alcohol, phenolic groups, alkanes, aliphatic and aromatic 

amines, and amines which are responsible for reducing, chelating, and stabilizing the 

nanoparticles [44]. The FTIR analysis is usually performed by the KBr pellet method within a 

fixed spectral range of 4000–500 cm
_1

 by Fourier transform infrared spectroscopy. The 
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calculated spectra reflect optical properties, viz. the resonance wavelength, the extinction cross-

section, and the ratio of scattering to absorption, on the nanoparticle dimensions [86].  

2.13.3.  X-Ray diffraction  

XRD is one of the most extensively used techniques for the characterization of CuO NPs and 

other metallic nanoparticles [87]. The nature of the phase, crystalline structure, crystalline grain 

size, and the lattice parameters of the nanoparticles is the basic information that can be derived 

from XRD analysis [34, 91]. The composition of the nanoparticles can be then evaluated by 

comparing the peak intensity and position with the reference patterns available from the Joint 

Committee powder Diffraction Data Standard (JCPDS) database [78]. XRD analysis is not 

preferable to characterize for amorphous particles and when the particles size is less than 3 nm 

the resulting XRD peaks are too broad. The crystalline grain size can be roughly estimated using 

the Scherer equation from the most intense peak of an XRD measurement for a specific sample 

[89] given by equation (1). 

         D = 
  

     
     ……………….1 

Where D- crystalline size in nanometer, 

  k- Scherer constant (0.94 and 0.89 for homogenous and heterogeneous samples respectively) 

      - Wavelength of X-ray source, (Cu Kα radiation = 1.5406 x 10
-10 

m) 

     - The full width at half maximum of X-ray profile (FWHM) in radian and 

     θ - The diffraction angle in radian 

2.13.4. Scanning Electron Microscopy  

The scanning electron microscopy (SEM) reflects the atomic composition and morphology of the 

surface of the nanoparticle in which an electron beam interacts with a sample generating various 

signals [77]. SEM uses backscattering electrons and secondary electrons emitted by the sample 

to construct the three-dimensional image of the sample analyzed. And the image is produced by 

passing the electron beam into a fine probe, scanned across the specimen surface with the aid of 

scanning coils providing a range of high-resolution images at different magnification. The basic 

difference between transmission electron microscopy (TEM) and Scanning electron microscopy 

(SEM) is that SEM gives the impression of a three-dimensional image due to the help of 

secondary electrons present in contrast, TEM projects electron through a thin slice of a specimen 

and produces a two-dimension image [79]. Many researchers used SEM to investigate the 
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morphology, degree of aggregation, and size of copper oxide nanoparticles [90]. SEM analysis is 

destructive and the observed image may not be the exact representation of the sample which is 

the limitation of the technique. 

2.13.5. Nanoparticle Size Analyzer  

An NSA and δ-potential study can be used to analyze the nanoparticle size and its surface charge 

which can be done with in the same instrument [78]. The δ-potential study gives information 

about the surface charge and stability of the colloidal suspension of nanoparticles. This analysis 

is done through the electrophoretic movement of charged particles under an applied electrical 

charge [77]. This technique is very fast, sensitive, and can estimate the size of a particle on a 

Nano-scale which appeared to be the most valuable tool.  

2.13.6. Surface Area Analyzer  

The Brunauer–Emmett–Teller (BET) technique is widely used for characterization of Nano scale 

materials to study their specific surface area [91]. BET surface area analyzer was named after its 

developers, Brunauer, Emmett, and Teller and it is based on the physical adsorption principle of 

gas on the particles solid surface. It is a simple, rapid, and highly accurate method that is mostly 

used for surface area determination of nanostructures [78]. Surface area is a physical 

characteristic that is important for materials that are to be used as sorbents. High surface areas 

imply a larger number of adsorption sites, leading to higher total adsorb ate loadings as well as 

faster sorption kinetics [84]. 

2.13.7.  Energy Dispersive X-Ray  

Energy-dispersive X-ray or EDX analysis is always used in conjunction with scanning electron 

miscopy (SEM) and field emission scanning electron miscopy (FESEM). EDX, which is 

normally fixed with FE-SEM or TEM device, is widely used to know about the elemental 

composition with a rough idea of percent weight. To get the insight information from the 

nanoparticle under observation the electron beam is focused over a single nanoparticle by TEM 

or SEM through the program functions. As an incident photon or electron may be X-ray or γ -

ray, hits an atom at a ground state, an electron from an inner electron shell is emitted, leaving a 

hole or vacancy site in the shell. More energetic valence electron for the outer shell fills this 

electron vacancy which is then resulted in the loss of energy whereas the excess energy is 

released in the form of X-ray emission. The type of elements found in the specimen may affect 

the energy of the X-ray emitted. The Lithium drifted Silicon detector used in EDX analysis 
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generates a photoelectron when an X-ray strikes it and this photoelectron moves through the Si 

creating electron-hole pairs. The amplitude of the pulse generated thus depends on the number of 

electron-hole pairs created, which is itself dependent on the energy of the X-ray impinging on the 

detector. Hence, the X-ray spectrum can be analyzed for information on the composition of the 

specimen [84]. A report by S. Siddique et al. [92] suggested that EDX  analysis was used to 

analyze the oxidation states and chemical composition of the  GO and rGO/ CuO Nano 

composite synthesized using a simple chemical method and also they proved that 17.01 wt (%) 

of total oxygen was contributed to the CuO structure. Similarly, silver (Ag NPs) and copper 

oxide (CuO NPs) nanoparticles synthesized using Myristica fragrans fruit extract were analyzed 

by EDS and the spectrum shows the existence of each element in percentage [11].  

2.13.8. Transmission Electron Microscopy  

The TEM analysis technique provides crystallographic or structural information like lattice 

arrangements, orientation relationships and dislocations. In TEM an electron beam is allowed to 

transmit through a thin layer of a specimen which is supported on a carbon-coated copper grid. 

During transmission through the specimen, the electrons interact with the material [84]. The 

TEM then operates in an imaging mode. TEM is based on the electron transmittance principle, so 

it can provide information of the bulk material from very low to higher magnification. The image 

has some contrast due to several factors which produces a variation in the electron intensity that 

reveals information on the crystal structure. Those include spatial separation between distinct 

constituent atoms, non-uniformity of the thickness of the sample, diffraction contrast, and the 

mass contrast. Switching from imaging mode to the diffraction mode or the reverse one with just 

a flick of the switch makes the practice of TEM possible [93].  

2.14. General Application of Green Synthesized Copper Oxide Nanoparticles 

Nanoparticles are employed in various areas for diverse applications, starting from medical 

therapy, environmental treatment, fuel batteries for energy storage, to everyday use such as 

cosmetics and clothes [12, 97]. CuO NPs synthesized using plant extracts are of great interest in 

today‘s research for various applications in a different field because of their outstanding 

physicochemical properties, large surface-to-volume ratio, inexpensive, and non-hazardous 

production method. They have a significant role especially in pharmaceutical and drug discovery 

due to toxic-free chemicals procedure in the nanoparticle preparations. Copper oxide 

nanoparticles show catalytic activity, antibacterial activity, anticancer activity, antioxidant 
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activity, and antifungal activity in different areas [95]. Palladium/CuO nanoparticles (Pd/CuO 

NPs) prepared using Theobroma cacao L. seeds extract [96] was reported its catalytic activity for 

the reduction of 4-nitrophenol and Heck coupling reaction under aerobic conditions. Also, 

copper nanoparticle synthesized using aqueous extract of the leaves of Euphorbia esula shows 

good catalytic activity for ligand-free Ullmann coupling reaction and reduction of 4-nitrophenol 

[97].   

In addition, Cupric oxide nanoparticles prepared using plant extracts are frequently fabricated by 

many researchers to study their multifunctional application in different fields including 

biosensor, food preservation, electronics, antibacterial [98], antioxidant [99], renewable energy 

[100], and photo catalytic degradation of dyes [101]. Many researchers have been reported that 

copper oxides exhibit remarkable antibacterial activity at their Nano scale, and several studies 

found that copper demonstrates the highest toxicity against E. coli, B. subtilis, and S. aureus 

relative to other metal nanoparticles such as NiO, ZnO, and Ag NPs [102]. 

The US Environmental Protection Agency registered copper as the first solid antimicrobial 

material and it can generate toxic hydroxyl radicals that damage cell membranes of both Gram-

negative and Gram-positive bacteria. The bactericidal action of copper is due to its ability to give 

and accept electrons. Copper produces a hydroxyl radical which can able it to participate in 

different reactions including macromolecules like lipid and protein oxidation reactions. The 

generated hydrogen peroxide can lead to increased production of toxic hydroxyl radicals [103]. 

In this thesis, CuO NPs synthesized using Var. adoensis leaf and seed extracts were applied as an 

antibacterial against selected human pathogens. 
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 CHAPTER THREE 

3. Materials and Methods 

3.1. Materials 

3.1.1. Chemicals and Apparatus 

Four pathogenic bacterial strains two Gram-negative bacteria (Escherichia coli and salmonella 

typhi) and two Gram-positive bacteria (Staphylococcus aureus and Streptococcus pyogen) were 

obtained from the microbiology laboratory, biology department Debre Berhan University, 

Ethiopia. The chemicals and reagents used during the nanoparticle preparation were 

CuSo4·5H2O, sodium hydroxide, sulfuric acid, acetic acid, chloroform, acetone, ferric chloride, 

sodium bicarbonate, dilute ammonia solution, concentrated hydrochloric acid, ethanol, phenol, 

and deionized water. The apparatus used for the laboratory work were conical flasks, measuring 

cylinders, beakers, funnel, Petridis, test tubes, digital balance, spatula, filter paper, hot plate, 

magnetic stirrer, refrigerator, muffle furnace, grinder, and centrifuge. Analytical instruments like 

digital balance for weight measurement, pH-meter for reading pH and also XRD, FTIR, SEM, 

EDX, BET, NPSA, TEM, and UV-Vis spectroscopy were used to characterize synthesized 

copper oxide nanoparticls. 

3.1.2. Sample Collection  

Mature Var. adoensis leaf and seed part of interest were collected from the Ankober District 

research center. The coordinates of the research center in which the plant is grown located in 

Ankober District, at 9° 22' 0"- 9° 45"0‖ N and 039° 40‘ 0‖- 039° 53‘ 0‖ E in north Shewa Zone 

of Amhara National Regional State, which is perched on the eastern escarpment of the Ethiopian 

highlands of north-central Ethiopia. The research center is located 172 km north of the Ethiopian 

capital city (Addis Ababa) and 42 km to the east of the north Shewa Zone capital town (Debre 

Berhan).  

The collected material was tightly packed in a polyethylene bag and transferred to the laboratory. 

They were washed separately with distilled water once and double distilled water three times and 

then immediately dried at room temperature for 72 h in the dark condition to prevent spoilage. 

These dried materials were converted into powder using a milling machine and stored in a dry 

place for further use.  
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3.1.3. Preparation of Var. adoensis Plant Extract 

The solvent-based extraction method was used for obtaining the natural products in the plant. 

This method separates plant soluble active biological constituents using the suitable solvent and 

discards the insoluble materials [104]. Ten grams of the prepared powder was taken in a beaker 

and 100 ml of double distilled water was added and then stirred vigorously and boiled the 

solution for an hour at 60°C and then cooled at room temperature. The extract was filtered with 

Whatman No40 filter paper and stored in a refrigerator for further experiments. 

3.1.4. Qualitative Analysis of Phytochemicals in the Extracted Plant  

Major phytochemical constituents which are present in the extracts were tested according to 

standard methods of qualitative analysis. A similar standard procedure was used for both leaf and 

seed extract. 

1. Ninhydrin (C9H6O4) Test for Proteins 

One hundred mg of each extract was dissolved in 10ml of distilled water and filtered through 

Whatman No. 40 filter paper and the filtrate is tested for Amino acids. Two drops of ninhydrin 

solution (prepared using 10mg of ninhydrin in 200ml of acetone) were added to 2ml of aqueous 

filtrate. The appearance of purple color indicates the presence of protein and free amino acids 

[105]. 

2. Alkaline Reagent Test for flavonoids 

Zero-point five mL of each extract was added to 2mL 10% (m/v) FeCl3 prepared solution and the 

mixture was shaken. A wooly brownish precipitate indicated the presence of flavonoids [106].  

3. Foam Test for Saponins 

In a test tubes containing about 0.5gm of each extract, 2ml of distilled water was added. The test 

tube was then shaken vigorously and if the foam produced is able to persist for about ten minutes 

this indicates the presence of saponins in the extracts [107].  

4. Ferric Chloride Test for Phenolic Compounds  

Fifty mg of each extract was dissolved in 5ml of distilled water and few drops of neutral 5% 

ferric chloride solution were added. The dark green color indicates the presence of phenolic 

compound [59]. 
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5. Salkowski Reaction to Test for Terpenoids 

In Salkowski reaction test three drops of concentrated sulfuric acid (95%)were added to two ml 

of each plant extract in a test tube, to form a lower layer indicating the occurrence of terpenoid 

[105].  

6. Mayer’s Test for Alkaloids  

In this method, for a test tube containing, one ml of var. adoensis plant extract, two drops of 

Mayer‘s reagent (a mixture of mercuric chloride and potassium iodide in water) was added. The 

absence of alkaloids is indicated if white creamy precipitate is not formed [108].  

7. Salkowski’s Test for Steroids  

For one ml of each crude plant extract, two ml of concentrated H2SO4 (95%) was added. The 

formation of reddish-brown color indicates the presence of steroidal glycone in the extract [109]. 

8. Bontrager's Test of Anthraquinone  

For a weighed 0.5gm of both crude plant extracts in a test tube 5ml of chloroform was added and 

shaken vigorously for 5min. The mixture was filtered using filter paper and then the filtrate was 

mixed and shaken with an equal volume of 10% v/v ammonia solution. A pink violet or red color 

in the ammonia layer is the indication for the presence of anthraquinones [109]. 

9. Ferric Chloride Test for Tannins  

One mL of each extract was mixed with the same amount of 5% ferric chloride (FeCl3) solution 

and the occurrence of a greenish-black precipitate indicates the presence of tannins [110].  

3.1.5. Optimization of Copper Oxide Nanoparticles Synthesis Reaction Conditions 

To synthesis copper oxide nanoparticles, CuSO4.5H2O solution was added to the heated plant 

extract in a specific ratio and the change in color of the metal salt precursor from light blue to 

dark green indicates the reduction of the metal ion and formation of copper oxide nanoparticles. 

The product was then separated using centrifuge at 10,000rpm for 15min. The recovered product 

was then purified by two cycles of washing with double distilled water then again centrifuged. 

Finally, the product was subjected to calcination in a muffle furnace at 400
0
C to remove the 

hydroxyl ions or water molecules if any attached to the product. 

To study the optimum conditions for CuO NPs synthesis, the experiments were carried out with 

different Var. adoensis aqueous extract to copper (II) sulfate ratio (1:1 to 1:3), pH (4 to 9), and 

the temperature (60 to 90). Also, 0.1 N NaOH and 0.1 N HCl have been used to adjust the pH of 

the reaction solution. The same procedure is repeated for the synthesis of copper oxide 
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nanoparticles using Var. adoensis seed extract. The effect of these parameters on the synthesis of 

CuO NPs was monitored using a UV-visible absorption spectrophotometer to confirm the 

optimum synthesis of CuO NPs and record the absorbance change on each condition [13]. 

3.1.6. Experimental Data Analysis and Statistical Modeling  

In this work, the Design Expert 7.00 Portable software was used for the 

experimental analysis. The response surface methodology was used to optimize the 

process parameters. In particular central composite design (CCD) is selected for 

statistical studies. It involves the selection of factors and their levels and then the 

generation of experimental run conditions. The experimental results should be 

submitted and analyzed for the significance of the statistical model and 

subsequently optimization.  

Table3. 1Planning of experimental design 

 

3.1.7. Experimental Procedures for Copper Oxide Nanoparticles Characterization 

Once the optimized CuO NPs were produced no further physical or chemical treatment is done 

for characterization but it may be required further preparation depending on the type of 

characterization technique used.  

a) UV–Vis Spectroscopy Analysis 

The UV–Vis absorption spectra of CuO nanoparticles have been recorded with a double beam 

spectrophotometer and the resulted data was analyzed using Origin8.5 software (Origin Lab 

Corporation, USA). It is used for evaluating the optical absorption characteristic by determining 

the band gap of CuO nanoparticles using the Tauc‘s formula [111].  

No Variables Unit 

 

    Coded  

Variable

s 

Level of the variables Responses 

Low High 

1 pH - X1 4 9 Absorbance 

2 Mixing Ratio %(w/v) X2 1:1 1:3 Lamda max 

3 Temperature 
o
C X3 60 90  
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b) FTIR spectroscopy Analysis 

FTIR spectra were recorded with a spectrometer, Attenuated Total Reflection Fourier Transform 

Infrared Spectroscope (Thermo SCIENTIFIC Is 50 ABX) in a solid phase using the KBr pellets 

technique over the spectral vicinity 500–4000cm
−1

 region. During this process, a 5gm of CuO 

NPs powder was mixed along with IR grade powder and then this powder was transferred into a 

sample cup of the diffuse reflectance accessory and scanned in the spectrum region [112]. The 

FTIR analysis was conducted at Bahirdar Institute of Technology (Bahirdar, Ethiopia) and the 

spectral data was obtained using Origin pro (8.5 version) software. 

c) SEM Analysis 

Scanning electron microscopy (FEI-INSPECT-F50 model) was used to estimate the topography, 

morphology and crystallographic information of synthesized CuO NPs and it is conducted at 

Addis Ababa Science and Technology University (AASTU) (Addis Ababa, Ethiopia). The 

nanoparticles were kept on a sample stub with carbon tape and the stubs were placed in the 

sample chamber of the electron microscope [113]. The SEM analyses of the CuO NPs were 

recorded at different magnifications with accelerating voltage for SEM examination of 20 kV. 

d) PSA and ZP Analysis 

The average size distribution and zeta potential analysis of CuO NPs were determined at Addis 

Abeba science and technology university (AASTU) using zeta sizer Nano series (ZE3600) which 

is called dynamic light scattering (DLS). Water was used as a solvent under the conditions 

having refractive index, dielectric constant and viscosity of 1.33, 78.5 and 0.8872cP respectively 

and CuO NPs refractive index and absorption coefficient of 0.2 and 0.5 respectively attenuated in 

a disposable sizing cuvette at 25 °C at 82.3 derived count rates (K cps). The obtained data was 

then processed using Malvern Nano-size particle analyzer software Ver. 7.12 and serial number: 

MAL1149420. The dynamic light scattering (DLS) spectroscopy is an efficient, fast and 

relatively affordable tool which is used to determine the shape, size, size distribution, and poly-

dispersity index of a nanoparticles [114]. 

e) XRD Analysis 

To analyze the crystallinity and estimate the crystallite size of the CuO NPs, x-ray diffractometer 

(BTX-528) with 1.5406 A° Cu-Kα radiation source in a 2θ range from 10˚ to 80˚ was used. This 

analysis was done at Adama Science and Technology University, School of Materials Science 

and Engineering, DW-XRD-Y7000 instrument was used with Cu K radiation. The optimized 
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CuO NPs were used for powder X-ray diffraction analysis and set on a microscopic glass slide 

then operated at a scanning speed of 3.00deg/min, 40 KV, 30 mA, and step size 0.020degree in a 

continuous scan mode. The XRD data were recorded in terms of diffraction intensity versus 2θ 

and result is plotted using origin pro software. The diffraction pattern also gives information on 

size and shape of the unit cell from peak positions and information on electron density inside the 

unit cell. Also the crystallite size was estimated using the Scherer formula [115]. The resulted 

XRD patterns of CuO NPs were then compared to the standards compiled by the Joint 

Committee on Powder Diffraction and Standards (JCPDS) pattern to show its consistency.  

f) Surface Area Analysis 

Determination of the specific surface areas of CuO NPs were estimated using Brunau–Emmet–

Teller (BET) method of analysis with a SA-9600 Series Surface Area Analyzer at Addis Ababa 

Science and Technology University (AASTU) (Addis Ababa, Ethiopia). It was carried out using 

nitrogen gas molecules that are adsorbed onto the surface of the nanoparticle, which allows 

measurement of its surface area. The CuO NPs were first prepared using a Gemini Vac Prep 

degasser and the nitrogen gas were degassed at 100°C and the CuO nanoparticles at 150°C. Dry 

and degassed nanoparticles were then filled in the sample-holder and it was exposed to the 

nitrogen gas. The specific surface areas was then obtained with the help of the built-in software 

on the basis of the BET equation [116].  

3.1.8. Antibacterial Activity  

The antibacterial properties of biosynthesized CuO-NPs were investigated using the standard 

method of Kirby–Bauer disc diffusion method [101]. To test the antibacterial activity of 

synthesized CuO NPs using both types of extracts, four bacterial strains were chosen, two Gram-

negative bacteria (Escherichia coli and salmonella typhi) and two Gram-positive bacteria 

(Staphylococcus aureus and Streptococcus pyogen). The reason behind the selection of these 

bacterial strains is that they are individually accountable for food poisoning, gastrointestinal 

illness, nosocomial infections, toxic shock syndrome, diarrhoea, pneumonia, and hemolytic 

uremic syndrome [117]. In addition, they are risky due to their antibiotic resistance capacity 

indicated by the Global antimicrobial resistance surveillance system (GLASS) report by WHO 

[118]. The selected bacterial strains were cultured and bought from the biology department, 

microbiology laboratory room at Debrebrehan University, Debreberhan, Ethiopia.  
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The fresh overnight culture of each strain was swabbed uniformly over sterilized and cooled 

Mueller-Hinton agar medium (MHB) dish. Then, 6mm diameter sterile discs impregnated with 

copper oxide nanoparticles solutions (100, 50, 25, and 12.5 µg/ml) were placed onto these plates 

and incubated for 24 h at 37
o
c. Commercial antibiotic discs of chloramphenicol were used as a 

positive control. After incubation, the antimicrobial activity was determined by measuring the 

diameter of the zone of inhibition. The same procedure was adopted for all synthesized 

nanoparticles and the corresponding zone of inhibition was compared accordingly.  

3.2. Overall Experimental Procedures 

The overall experimental activities carried out in the synthesis process are illustrated in Figure3.2 

below.                         
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Figure3. 1 Experimental procedures for copper oxide nanoparticle synthesis using Var. adoensis 

extract 

CHAPTER FOUR 

4. Results and Discussion 

4.1. Plant Extraction and Phytochemical Analysis 

The leaf and seed extracts of Var. adoensis were obtained through the solvent-based method of 

extraction using double distilled water as a solvent. 

 

Figure4. 1Schematic representation of Var. adoensis extraction process leaf (a) and seed (b) 

Qualitative analysis was conducted for detailed phytochemical study of LEVA and SEVA 

extracts (figure 4.1) and confirmed that both extracts contain phenolic compounds, steroids, 

saponins, and terpenoid but have a different composition (table 4.1). The Var. adoensis leaf 

extract (LEVA) is rich in phenolic compounds, steroids, and terpenoid compared to Var. 

adoensis seed extracts (SEVA).  On the other hand, Var. adoensis seed (SEVA) extract is rich in 

saponins and tannin compounds (figure4.2). However, both extracts contain the basic bioactive 

components that have a significant role in the synthesis process of CuO NPs. According to 

previous researchers, it is possibly due to the hydroxyl and carbonyl groups of the bioactive 

compounds acts as a reducing and capping agent in nanoparticles formation. In addition, they 

also act as particle size controllers [119]. Therefore, plant extracts are one of the potential 
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sources of natural reducing and capping agents for green synthesis strategies, as this method is 

easy, efficient, economical, and feasible to conduct [22]. 

 

Table4. 1Phytochemical screenings of Var. adoensis leaf and seed extract 

No. Phytochemical 

Constituent 

Qualitative Test Applied Extracts Result 

LEVA SEVA 

1 Flavonoids Alkaline reagent + - 

2 Saponins Foam + ++ 

3 Phenols Ferric Chloride ++ ++ 

4 Steroids Liberman-Buchard reaction ++ + 

5 Proteins Ninhydrin - - 

6 Terpenoid Salkowski reaction ++ + 

7 Alkaloids Mayer‘s - - 

8 Anthraquinone Bontrager's Test - - 

9 Tannins Ferric Chloride Test + ++ 

Where, (++), (+), and (−) represents strong presence, presence and absence of the bioactive 

components respectively. 

    

Figure4. 2 The observance of color change for the presence of A= Phenol, B= Tannin, C= 

Flavonoid, d= Steroid, E= Terpenoids, F= Saponin of Var. adoensis (a) =leaf and (b) = seed 

extracts  
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4.2. Biosynthesis of Copper Oxide Nanoparticles 

The copper ion (Cu
+
) was reduced to CuO NPs by the addition of LEVA /SEVA extract into 

copper sulfate (CuSO4.5H2O) solution and it was witnessed in terms of the gradual color change 

of the solution from light blue to dark green for both the extracts (figure 4.3). The same was 

reported by N. A. Thamer [13] where the color of the reaction mixture changed to dark green 

after the reaction indicating the formation of copper oxide nanoparticle.  

 

Figure4. 3 A schematic diagram of green synthesis of copper oxide nanoparticles using (a) leaf 

and (b) seed extracts 

4.2.1. Optimal Production of CuO NPs Using RSM-CCD 

Optimization studies are highly significant for large-scale production of any nanoparticles. In 

this work response surface methodology (RSM) was exploited to accomplish the process 

parametric optimization to determine the optimum experimental conditions. Here 20 runs were 

designed using design expert 7.00 software to survey the effect of three basic process variables 

pH, mixing of copper sulfate solution-to-Var. adoensis extract ratio, and temperature. The 

formation of CuO NPs was monitored by recording the UV–Vis spectroscopy analyzed in a 1.00 

cm path length quartz cuvette from 300 nm to 700 nm wavelengths in which maximum 

absorbance and absorption band was recorded as response variables. UV-Vis spectroscopy has 

proven to be a useful technique for detecting metal nanoparticles based on concentration, the 

peak position and also the spectra shape is sensitive to the size of particle generated [96]. The pH 

(A), mixing ratio (B), and temperature (C) were the selected variables in the CCD, which affect 
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the quantity and size of synthesizing copper oxide NPs using both types of extracts. Experiments 

were conducted as per the conditions in the design table generated by the software (table4.2) and 

the results were used to build a suitable model representing the process (Table4.3). 

Table4. 2 RSM optimization of CCD model for CuO-LEVA and CuO-SEVA nanoparticles 

    

CuO-LEVA NP 

  Std Run Block pH  Mixing Ratio  Temperature  Absorbance λmax 

20 1 1 6.5 2 75 1.2102 330.9 

9 2 1 2.3 2 75 0.4003 330.7 

17 3 1 6.5 2 75 1.1987 328.5 

5 4 1 4 1 90 1.2097 335.2 

16 5 1 6.5 2 75 1.2019 328.5 

12 6 1 6.5 3.68 75 2.8022 326.3 

11 7 1 6.5 0.32 75 1.4494 334.9 

15 8 1 6.5 2 75 1.1969 329.7 

6 9 1 9 1 90 0.6203 331.3 

10 10 1 10.7 2 75 1.3723 327.6 

7 11 1 4 3 90 2.0178 332.9 

14 12 1 6.5 2 100.23 1.4704 332.2 

19 13 1 6.5 2 75 1.2181 329.2 

2 14 1 9 1 60 2.1009 334.6 

18 15 1 6.5 2 75 1.0403 331.6 

13 16 1 6.5 2 49.77 2.0101 325.9 

1 17 1 4 1 60 1.1163 328.7 

4 18 1 9 3 60 2.799 325 

8 19 1 9 3 90 2.1254 325.4 

3 20 1 4 3 60 1.0941 332.3 

    CuO-SEVA NP    

10 1 1 10.7 2 75 1.6071 329.1 

4 2 1 9 3 60 2.0272 327 

11 3 1 6.5 0.32 75 0.8001 332.9 

8 4 1 9 3 90 0.8802 327.3 

18 5 1 6.5 2 75 1.3139 331.6 

17 6 1 6.5 2 75 1.2841 329.7 

6 7 1 9 1 90 1.0915 331.8 

19 8 1 6.5 2 75 1.3046 331.9 

9 9 1 2.3 2 75 0.7301 335.9 

7 10 1 4 3 90 1.3029 334.2 

13 11 1 6.5 2 49.77 1.8193 328.6 

12 12 1 6.5 3.68 75 1.1028 327.4 

3 13 1 4 3 60 1.0124 331.3 

15 14 1 6.5 2 75 1.3108 331.5 

16 15 1 6.5 2 75 1.3006 329.9 

2 16 1 9 1 60 1.9815 330.9 

14 17 1 6.5 2 100.23 1.3001 334.4 
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5 18 1 4 1 90 1.0185 335.1 

20 19 1 6.5 2 75 1.3078 331.7 

1 20 1 4 1 60 0.4318 328.1 

Subsequent statistical analysis (Table 4.3) suggests a quadratic and 2FI models were suggested in 

both types of nanoparticles for the absorbance and λmax response variables respectively, even 

though it has lower R
2
 and adjusted-R

2
 (Adj-R

2
) values than a cubic model. This due to the cubic 

model was aliased, which means that the effects of each variable that cause different signals 

become indistinguishable.  

Table4. 3 Model summary statistics for CuO-LEVA and CuO-SEVA nanoparticles 

Source Std. 

Dev. 

R-Squared Adjusted 

R-Squared 

Predicted 

R-Squared 

PRESS Comment 

CuO-LEVA Absorbance Response 

Linear 0.53 0.4508 0.3478 0.0409 7.74  

2FI 0.44 0.6922 0.5501 0.3323 5.39  

Quadratic 0.057 0.9960 0.99923 0.9863 1.11 Suggested 

Cubic 0.069 0.9964 0.9886 0.8319 1.36 Aliased 

CuO-LEVA λmax Response 

Linear  2.20  0.5734 0.4934 0.2364 138.36  

2FI  1.54 0.8300 0.7516 0.2362 138.41 Suggested 

Quadratic 1.65 0.8504 0.7158 0.0394 174.06  

Cubic 1.32 0.9423 0.8172 -2.6485 661.13 Aliased 

CuO-SEVA Absorbance Response 

Linear 0. 32 0.4612 0.3602 0.0029 3.04  

2FI 0.18 0.8654 0.8033 0.7468 0.77  

Quadratic 0.014 0.9994 0.9988 0.9961 0.012 Suggested 

Cubic 0.010 0.9998 0.9994 0.9966 0.010 Aliased 

CuO-SEVA λmax Response 

Linear 1.65 0.6699 0.6080 0.4115 77.73  

2FI 1.14 0.8721 0.8130 0.6221 49.92 Suggested 

Quadratic 1.06 0.9142 0.8370 0.5423 60.45  

Cubic 1.00 0.9545 0.8561 -1.5252 333.56 Aliased 
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Equations (1), (2) and (3), (4) are the final form of the models from the ANOVA analysis for 

CuO-LEVA and CuO-SEVA nanoparticles respectively:  

Final Equations in Terms of Coded Factors: 

Absorbance = +1.18+0.29* A+0.40* B-0.16 *C+0.19*A*B-0.41*A*C+0.19*B*C-0.094* 

A^2+0.34* B^2+0.21  * C^2………………... (1) 

Lamda max.= +330.04-1.25*A-2.17*B+1.16* C-1.97*A*B-1.37*A*C-0.15*B*C…………... (2) 

Absorbance = +1.30+0.27* A+0.088  * B-0.15* C-0.13 * A * B-0.36 * A * C-0.069 * B * C-

0.049* A^2-0.13* B^2+0.090  * C^2……………………. (3) 

 Lamda Max = +331.01-1.69*A-1.13* B+1.53*C-1.35*A* B-1.07*A* C-0.60*B*C………... (4) 

These equations were used to examine the effects of the process variables on the responses 

(absorbance and λmax) of the CuO NPs formed using leaf and seed extracts of Var. adoensis 

plant.  

The analysis of variance (ANOVA) results are summarized in (Table 4.4 and 4.5) for both 

response variables of CuO-LEVA NPs (copper oxide nanoparticles synthesized by leaf extract of 

Var. adoensis plant). This highlights the significance of the model and model terms of the 

nanoparticle synthesis determined by considering the F-test and p-test values. It is clear from the 

ANOVA tables that the model F-value of 274.16 and 10.58 for the absorbance and λmax implies 

the models are significant.  Here the values of p > F, less than 0.05 indicate that the model terms 

are considered to be statistically significant other ways the model terms are not significant if the 

values are greater than 0.10.  

The coefficient of determination (R
2
), adjusted R-squared (adj. R

2
), predicted R-squared (pred. 

R
2
), and the lack of fit test were commonly used to assess the adequacy of a model. Therefore, 

whatever R
2
 is closer to 1, the power of the fitted model is greater to describe the response 

changes as a function of the independent variables. Also, as indicated in the ANOVA table (4.4 

and 4.5) the R
2
 and adj. R

2
 values for the absorbance and λmax of CuO-LEVA NPs are (99.60, 

83%), and (99.23, 75.16%) respectively which shows considerable applicability of the model 

variables. 

And also, the pred. R-Squared (98.63, 23.62%) values are in a reasonable agreement with the 

adj. R-Squared (99.23, 75.16%) values respectively for both models. The lack of fit F values for 

the absorbance (0.42) and λmax (0.2415) of the CuO-LEVA NP is not significant which 
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represents the significance of generated models. The ANOVA table (4.4 and 4.5) also shows that 

the interaction effects between the pH of the reaction mixture and the mixing ratio of copper 

sulfate solution to plant extract, between the pH of the reaction mixture and the reaction 

temperature, and the mixing ratio of copper sulfate solution to plant extract and temperature were 

statistically significant on both models (equation 1 and 2). In addition, the dual interaction effects 

of pH, mixing ratio and temperature of the quadratic model (equation1) were statistically 

significant on the maximum absorbance. 

Table4. 4  Analysis of variance (ANOVA) of the CCD-RSM for CuO-LEVA NP for Absorbance 

Source Sum of 

Squares 

Df Mean 

Square 

F 

Value 

p-value 

Prob >F 

 

       Model 8.04 9 0.89 274.16 <0.0001 Significant 

A-pH 1.16 1 1.16 355.27 <0.0001  

B-mixing ratio 2.13 1 2.13 654.88 <0.0001  

C-temperature 0.35 1 0.35 106.66 <0.0001  

AB 0.30 1 0.30 92.31 <0.0001  

AC 1.37 1 1.37 419.05 <0.0001  

BC 0.28 1 0.28 86.67 <0.0001  

A
2
 0.13 1 0.13 38.96 <0.0001  

B
2
 1.71 1 1.71 524.54 <0.0001  

C
2
 0.62 1 0.62 191.4 <0.0001  

Residual 0.033 10 3.259E-003    

Lack of Fit 9.628E-003 5 1.926E-003 0.42 0.8190 not significant 

Pure Error 0.023 5 4.592E-003    

Cor. Total 8.07 19     

Std. Dev. 0.057 R-

Squared 

0.9960    

Mean 

 

C.V. % 

 

PRESS 

1.49 

 

3.83 

 

0.11 

Adj. R-

Squared 

Pred. R-

Squared 

Adeq. 

0.9923 

 

0.9863 

 

61.412 
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Precision 

Table4. 5  Analysis of variance (ANOVA) of the CCD-RSM for CuO-LEVA NP for λmax 

Source Sum of 

Squares 

Df Mean 

Square 

F 

Value 

p-value 

Prob > F 

 

Model 150.40 6 25.07 10.58 0.0002 Significant 

A-pH 21.20 1 21.20 8.95 0.0104  

B-mixing ratio       64.43 1 64.43 27.19 0.0002  

C-temperature 18.27 1 18.27 7.17 0.0157  

AB 31.20 1 31.20 13.17 0.0031  

AC 15.12 1 15.12 6.38 0.0253  

BC 0.18 1 0.18 0.076 0.0278  

Residual      30.80 13 

8 

2.37    

Lack of Fit      23.29 2.91 1.94 0.2415 not significant 

Pure Error 7.51 5 1.50    

Cor. Total 181.21 19     

Std. Dev. 

 

Mean 

 

C.V. % 

PRESS 

1.54 

 

330.03 

 

0.47 

138.41 

R-

Squared 

Adj. R-

Squared 

Pred. R-

Squared 

Adeq. 

Precision 

0.8300 

 

0.7516 

 

0.2362 

 

10.856 

   

 

 

 

 

The analysis of variance (ANOVA) results in (Table 4.6 and 4.7) shows for both response 

variables of CuO-SEVA NPs (copper oxide nanoparticles synthesized by seed extract of Var. 

adoensis plant). It is clear from the ANOVA tables that the model F-value of 1714.41 and 14.77 

for the absorbance and λmax implies the models are significant.  Here the values of p > F, less 

than 0.05 indicate that the model terms are considered to be statistically significant other ways 

the model terms are not significant if the values are greater than 0.10. Also, as indicated in the 

ANOVA table (4.6 and 4.7) the R
2
 and adj. R

2
 values for the absorbance and λmax of CuO-SEVA 

NPs are (99.94, 87.21%), and (99.88, 81.30%) respectively which shows considerable 
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applicability of the model variables. In addition, the pred. R-Squared (99.61, 62.21%) values are 

in a reasonable agreement with the adj. R-Squared (99.88, 81.30%) values for both models 

(equation 3 and 4).  

The lack of fit F values for the absorbance (0.1697) and λmax (0.2871) of the CuO-SEVA NP is 

not significant which represents the significance of generated models. The ANOVA table (4.6 

and 4.7) also shows that the interaction effects between the pH of the reaction mixture and the 

mixing ratio of copper sulfate solution to plant extract, between the pH of the reaction mixture 

and the reaction temperature, and the mixing ratio of copper sulfate solution to plant extract and 

temperature were statistically significant on both models (equation 3 and 4). In addition, the dual 

interaction effects of pH, mixing ratio and temperature of the quadratic model (equation 3) were 

statistically significant on the maximum absorbance. 

Table4. 6 Analysis of variance (ANOVA) using CCD-RSM for CuO-SEVA NP for absorbance 

Source Sum of 

Squares 

Df Mean 

Square 

F 

Value 

p-value 

Prob > F 

 

Model 3.05 9 0.34 1714.41 <0.0001 Significant 

A-pH 1.00 1 1.00 5047.40 <0.0001  

B-mixing ratio 0.11 1 0.11 541.45 <0.0001  

C-temperature 0.30 1 0.30 1532.31 <0.0001  

AB 0.13 1 0.13 672.23 <0.0001  

AC 1.06 1 1.06 5374.99 <0.0001  

BC 0.038 1 0.038 193.69 <0.0001  

A
2
 0.034 1 0.034 171.74 <0.0001  

B
2
 0.23 1 0.23 1145.38 <0.0001  

C
2
 0.12 1 0.12 587.90 <0.0001  

Residual 1.975E-003 10 

5 

1.975E-004    

Lack of Fit 1.409E-003 2.818E-004 2.49 0.1697 not significant 

Pure Error 5.658E-004 5 1.132E-004    

Cor. Total 3.05 19     

Std. Dev. 

 

Mean 

 

C.V. % 

PRESS 

0.014 

 

1.25 

 

1.13 

    0.012 

R-

Squared 

Adj. R-

Squared 

Pred. R-

Squared 

Adeq. 

Precision 

0.9994 

 

0.9988 

 

0.9961 

 

159.416 
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Table4. 7 Analysis of variance (ANOVA) using the CCD-RSM for CuO-SEVA NP for λmax 

Source Sum of 

Squares 

Df Mean 

Square 

F 

Value 

p-value 

Prob > F 

 

Model 115.19 6 19.20 14.77 <0.0001 Significant 

A-pH 38.86 1 38.86 29.89 0.0001  

B-mixing ratio       17.48 1 17.48 13.45 0.0028  

C-temperature 32.15 1 32.15 24.74 0.0003  

AB 14.58 1 14.58 11.22 0.0052  

AC 9.24 1 9.24 7.11 0.0194  

BC 2.88 1 2.88 2.22 0.0165  

Residual      16.90 13 

8 

1.30    

Lack of Fit      12.38 1.55 1.71 0.2871 not significant 

Pure Error 4.52 5 0.90    

Cor. Total 132.09 19     

Std. Dev. 

 

Mean 

 

C.V. % 

PRESS 

1.14 

 

331.01 

 

0.34 

49.92 

R-

Squared 

Adj. R-

Squared 

Pred. R-

Squared 

Adeq. 

Precision 

0.8721 

 

0.8130 

 

0.6221 

 

13.323 

   

 

 

 

 

4.3. Diagnostic Model 

The model diagnostic plots are the graphical summaries of the models for case accuracy study. 

The plots of residuals showed that how well the model satisfies the residual assumptions of the 

analysis of variance. Different model diagnostic plots were plotted that is the normal probability 

plot compares the distribution of the residuals to a normal distribution (the straight line). The 

output responses observed through experiments were indicated in close fit with the model 

predicted values for both nanoparticles (fig. 4.4). These values for the model are close indicating 
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a correspondence between the mathematical model and the experimental data. The correlations 

between the theoretical and experimental responses, calculated by the model, are satisfactory. 

The analysis of residuals, the difference between the predicted and experimental responses, is 

another important diagnostic tool for judging the adequacy of the fitted model for predicting the 

response.  

             

(a) 

      

(b) 

Figure4. 4  CCD response surface methodology predicted vs. Actual values for CuO-LEVA (a) 

and CuO-SEVA (b) NPs respectively. 

The residual values for each experiment is also shown in Figure 4.5. It indicates that the residue 

does not exceed the maximum absorbance and the maximum wavelength for boyh nanoparticles, 

which is of the order of magnitude of the variety of experimental results due to handling. 

According to this graph the residue is evenly distributed in space and the values appeared to be 

randomly dispersed showing both models are accepted.  
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      Figure4. 5  Analysis of residual for the response of CuO-LEVA and CuO-SEVA NP 

respectively. 

In addition, the graph (Fig. 4.6) denotes that the normal plot of the internally studentized 

residuals occur according to a normal distribution of the designed model and no influential 

values are present in these graphs rather they are closer to the lines for both models. 

         

      

Figure4. 6 Analysis of normal plot for the response of CuO-LEVA and CuO-SEVA NPs 

respectively 
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4.4. The effect of Process Parameters on Response Variables 

4.4.1. The Effect of pH on the Responses 

The pH plays a key role in the copper oxide nanoparticles formation processes using Var. 

adoensis plant extracts. Figure 4.7 shows the effect of pH on the absorbance and λmax for both 

nanoparticles. It is clear from figure4.7a that as the pH of the reaction mixture increases from 4 

to 9 the absorbance also increases from 0.798077 to 1.36078 but, the λmax gets decreased from 

331.281 to 328.789 for CuO-LEVA NPs. Similarly, for CuO-SEVA NPs (figure4.7b) as the pH 

of the reaction mixture increases the absorbance also increases from 0.985065 to 1.52541while, 

the λmax gets decreased from 332.692 to 329.318. This is due to the rapid formations of 

nanoparticles with small size at the alkaline pH whereas the particles formed at acidic pH are 

very small indicating as the absorbance gets small quantity of nanoparticles formed are also 

small. This result is in line with copper oxide nanoparticles produced in previous publications 

that have the characteristic absorption peak from 325 to 340nm in the UV–vis. spectroscopy 

spectrum that confirms the formation of CuO NPs at alkaline pH 9 [13]. 

      

(a) 

      

(b) 

Figure4. 7 The effect of pH Variable on the Absorbance for CuO-LEVA (a) and CuO-SEVA (b) 

Nanoparticles respectively 
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4.4.2. The effect of Mixing Ratio on the Responses 

It is clear from the figure4.8a that as the mixing ratio of the copper sulfate salt to Var. adoensis 

plant extract of the reaction mixture increases from 1:1 to 1:3 the absorbance also increases from 

1.1322 to 1.90312 while; the absorption band gets decreased from 332.207 to 327.863nm for 

CuO-LEVA NPs (Figure 4.8a). Similarly, the absorbance goes from 1.08997 to 1.26695 while, 

the absorption band gets decreased from 332.136 to 329.874nm for CuO-SEVA NPs (4.8b). The 

CuO NPs synthesized at a lower concentration of Var. adoensis extract (1:1) exhibit an 

absorption band at ~332nm, which gradually shifted towards 327 to 329 upon increasing the 

concentration of Var. adoensis leaf and seed extract up to 1:3 in both nanoparticles. This can be 

attributed to the presence of a large number of electron-rich phyto-constituents (reductants) in 

the reaction medium, which cause the fast reduction of Cu ions. This indicates that by increasing 

the amount of extract ratio in the reaction mixture high amount of nanoparticles with smaller size 

can be synthesized.  

    

(a) 

           

(b)  

Figure4. 8 The effect of Mixing Ratio Variable on the Absorbance for CuO-LEVA and CuO-

SEVA Nanoparticles respectively 
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4.4.3. The effect of Temperature on the Responses 

As indicated in figure4.9 the effect of temperature on the response is unlike the pH and mixing 

ratio as it has a negative effect in both types of NPs. It is clear from figure4.19 that as the 

reaction temperature increases from 60 to 90
o
C the absorbance decreases from 1.53107 to 

1.23162 while, the absorption band gets increased from 328.878 to 331.192nm for CuO-LEVA 

NPs (Figure 4.9a). In the same manner the absorbance decreases from 1.54237 to 1.24465 while, 

the absorption band gets increased from 329.471 to 332.539nm for CuO-SEVA NPs (Figure 

4.9b). In this case it is believed that higher temperatures alter the interaction of phytochemicals 

present in the extract with the nanoparticle surface, thereby inhibiting incorporation of adjacent 

copper ions into the structure of nanoparticles and similar effect is reported by V. V Makarov et 

al.[60]. 

       

(a) 

                               

(b) 

Figure4. 9 The effect of Temperature Variable on the Absorbance for CuO-LEVA and CuO-

SEVA Nanoparticles respectively 
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4.4.4. Three-dimensional surfaces and Contour Plots of the Responses  

The maximum absorbance and absorption band of the copper oxide nanoparticles are affected by 

the interaction between the process variables in both cases. The performance effects of the 

finished product are getting to be seen through three-dimensional surfaces and their 

corresponding contour plots (Fig. 4.10 and 4.11) and shows the simultaneous effects of the 

reaction parameters on the maximum absorbance and absorption band.  Figures 4.10a and 4.11a 

indicates that when the pH of the reaction mixture and the mixing ratio increases from 4 to 9 and 

1:1 to 1:3 respectively, while the temperature remains at 75
o
C, the absorbance increases from 

about 1.01939 to about 2.04068 for CuO-LEVA NPs and from about 0.790159 to about 1.38095 

for CuO-SEVA NPs. Thus, pH and the mixing ratio have a specific positive effect on the 

absorbance in both Nanoparticles. The main reason for the increasing absorption maximum was 

due to the concentration of the CuO NPs present in the solution. In the same manner as the 

concentration decreases absorption maximum also decreased. The optimum value of both the 

factors pH and mixing ratio for both nanoparticles can be analyzed by checking the maximum 

value formed by X and Y coordinates using the design expert software. And also, it is evident 

from figure 4.10d and 4.11d that lower maximum absorption band indicating small size of 

nanoparticles are formed at higher pH and mixing ratio. 

The interaction effect of the reaction temperature and pH on the absorbance and absorption band 

also investigated in Figures 4.10b and 4.11b for CuO-LEVA and CuO-SEVA NPs respectively. 

The graph represents that the absorption maximum was increased and the maximum absorption 

band decreased when the temperature is decreased from 90 to 60
o
C and the pH is increased from 

4 to 9. This is due to the temperature deactivates the phytochemical constituents present in the 

plant extract which have a major role in the CuO nanoparticle formation while the pH motivates 

for their rapid synthesis due to formation of hydroxide ions during synthesis process. This is in 

agreement with other literatures of CuO nanoparticles produced using various plant extracts 

[21,120].  
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a) Absorbance vs. pH, Mixing ratio 

            

b) Absorbance vs. pH, Temperature 

       

c) Absorbance vs. Mixing ratio, Temperature 
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d) λmax vs. pH, Mixing ratio 

        

e) λmax vs. pH, Temperature 

    

f) λmax vs. mixing ratio, Temperature 

Figure4. 10 The 3D surface and contour plots interaction effect of variables on  absorption (a,b, 

and c) and λmax (d, e, and f) for CuO-LEVA NPs 
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Similarly figure 4.11 below shows the the three dimentional surface and contour plots interaction 

effect of the processes variables on  absorption and λmax for CuO NPs synthesized using seed 

extracts of Var. adonesis plant. 

  

(a) Absorbance vs. pH, Mixing ratio 

  

(b) Absorbance vs. pH, Temperature 

 

(c) Absorbance vs. Mixing ratio, Temperature 
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(d) λmax vs. pH, Mixing ratio 

   

(e) λmax vs. pH, Temperature 

       

(f) λmax vs. mixing ratio, Temperature 

Figure4. 11 The 3D surface and contour plots interaction effect of variables on  absorption (a,b, 

and c) and λmax (d, e, and f) for CuO-SEVA NPs 
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4.5. Optimization of process parameters 

The main objective of this study was to seek out the optimal process variables to obtain 

maximum concentration (absorbance) and minimum size of copper oxide nanoparticles 

synthesized using both extracts. The method variables like pH, mixing ratio, and temperature 

were optimized using the numerical optimization function of Design-Expert software7.00. While 

doing so, the responses variables absorbance is to be maximized and λmax was to be minimized 

while, all the process variables were set to be in range (table 4.8). Table 4.8 shows the summary 

of the ultimate goals, factors, and responses and therefore the corresponding set of specific 

objectives which optimize the synthesis condition of the nanoparticles.  

Table4. 8 The Process and Response Variables applied for the optimization 

 

Factors 

 

Ultimate Goal 

Experimental Range 

Lower 

Limit 

Upper 

Limit 

Upper 

Weight 

Lower 

Weight 

Importance 

 

pH In Range 4 9 1 1 +++ 

Mixing Ratio In Range 1:1 1:3 1 1 +++ 

Temprature In Range 60 90 1 1 +++ 

Response For CuO-LEVA NPs 

Absorbance Maximizing 0.4003 2.8002 1 1 +++ 

λmax Minimizing 325 335.2 1 1 +++ 

 For CuO-SEVA NPs 

Absorbance Maximizing 0.4318 2.0272 1 1 +++ 

λmax Minimizing 327 335.9 1 1 +++ 

To get the optimized results, the desirability option which is useful to determine the operating 

conditions in the Design-Expert software is used as it can give a result in a desirable response 

(figure 4.12).  The best combination of factor settings for achieving the desired response for both 

nanoparticles is found to be a pH of (9.00, 8.99), mixing ratio of (1:3, 1:2.99), and temperature 

(60.14, 60.05
o
C) for a response of maximum absorbance (2.80315, 2.02897) and minimum λmax 

of (325.007, 326.998) for CuO-LEVA and CuO-SEVA nanoparticles respectively with a 

desirability score of 1.00. Here also the maximum absorbance of CuO-LEVA NP (2.80315) is 

greater than CuO-SEVA NP (2.02897) this is because the concentration of the phytochemical 

constituents present in the seed extract is lower than that of leaf extract which has a major role in 
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the formation of copper oxide nanoparticle. The CuO NPs obtained using the optimized 

parameter is then used for characterization using the advanced analytical instruments FT-IR, 

XRD, SEM, BET, and PSA techniques. 

 

(a) 

 

(b) 

Figure4. 12 Ramp plot of optimization solution for the response variables (a) CuO-LEVA and 

(b) CuO-SEVA 

4.6. Characterization of Synthesized CuO Nanoparticle  

4.6.1. UV–Visible Spectral Analysis  

The Var. adoensis leaf and seed aqueous extracts of biosynthesized CuO NPs were characterized 

using UV–Visible spectroscopy and their optical properties were determined by measuring the 

absorbance in a wavelength at a range of 300 to 700 nm at room temperature. The color change 

from light blue color to dark green primarily indicates the conversion of Cu ion into CuO NPs 

using both extracts. The UV spectrum of the synthesized CuO NPs exhibited λmax at 327 and 
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325nm for CuO-LEVA and b-CuO-SEVA NPs respectively as shown in Figure 4.13.  This 

absorption band is basically due to surface plasmon resonance of Var. adoensis synthesized CuO 

NPs. A similar result was reported after the analysis of synthesized CuO NPs using the R. 

tuberosa plant leaves extract [121]. 

  

Figure4. 13 The UV-visible Spectroscopy Absorbance Spectrum of both CuO NPs. 

The bandgap energy of a semiconductor describes the energy needed to excite an electron from 

the valence band to the conduction band. An accurate determination of the band gap energy is 

crucial in predicting the properties of the materials.  The band gap values of the CuO NPs were 

determined by analyzing the optical data with the expression for the optical absorbance 

coefficient α and the photon energy    using Tauc‘s relation [122].  

       = (    𝑔) ……………...3 

Where α is the absorption coefficient,    is incident photon energy, Eg is the optical band gap 

energy of the nanomaterial, and the exponent ‗s‘ is a constant which represents the nature of 

transition (s = 2 and ½ for direct and indirect band gap energy respectively). Here figure 4.10 

shows (αhυ) 
2
 versus hυ plot of the absorption spectrum of CuO-LEVA and CuO-SEVA 

nanoparticles. 

           

Figure4. 14 Tauc‘s plots of CuO-LEVA and CuO-SEVA NPs indicating its energy gap value 
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The bandgap calculated for CuO-LEVA and CuO-SEVA from the UV-visible absorbance 

spectra was 3.09 and 2.77eV respectively (Fig. 4.14). These values are much higher than that of 

bulk CuO which exhibits a narrow band gap (1.2eV) which suggests that the green synthesized 

CuO nanoparticles have higher conductivity [123]. Band gap energy increases with decreasing 

particle size due to quantum confinement effects and this band gap enhancement arises due to the 

size effect of the NPs. Similarly, in the current work, CuO nanoparticles synthesized using leaf 

extracts of Var. adoensis with a size of 74.98nm have a higher band gap than that of synthesized 

using seed extracts with a particle size of 112.44nm. 

4.6.2.  XRD Analysis 

Fabricated copper oxide nanoparticles were analyzed by XRD to identify their phase, purity, and 

crystallinity. Figure4.15(a & b) exhibits the XRD pattern of copper oxide nanoparticles 

synthesized using both leaf and seed extracts of Var. adoensis plant and shows a sharp XRD 

peaks indicating their crystalline nature. All the XRD data were analyzed in the angular range of 

10° ≤ 2θ ≤ 80° at 40 kV and 30 mA with Cu Kα radiation (1.5405 Å). The crystal structure of 

CuO NPs are monoclinic system with lattice parameters (a= 4.682, b=3.424, c= 5.127, and β= 

99.42º) and (a= 4.683, b= 3.424, c= 5.129, and β= 99.44º) for CuO-LEVA and CuO-SEVA NPs 

respectively (Table 4.9). The figure indicates that the CuO nanoparticles exhibit a monoclinic 

crystal system having C2/c space group. The diffraction peaks are well synchronized with Joint 

Committee on Powder Diffraction Standards (JCPDS Card No 89-5895 and 89-5896 for CuO-

LEVA and CuO-SEVA NPs respectively), which clearly indicates both of the Var. adoensis 

plant synthesized CuO NPs are crystalline in nature. Those results are in agreement with the 

previously reported diffraction patterns of  CuO-NPs green synthesized from aqueous extract of 

Anthemis nobilis flowers [124] and from Cassia auriculata leaf extract [125].  As in figure 4.11 

(a and b) the diffraction peaks of both NPs indicate no other phases were observed which shows 

other impurities were not detected suggesting the formation of pure crystalline CuO NPs. The 

average crystallite sizes were found to be 33.4 and 33.7nm for CuO-LEVA and CuO-SEVA NPs 

respectively which is calculated from the three most intense peaks using Scherer formula. 
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(a) 

 

(b)          

Figure4. 15 The XRD pattern of CuO NPs synthesized using Var. adoensis leaf (a) and seed (b) 

extracts 
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Table4. 9 Crystallographic properties of synthesized CuO NPs and their physics constants 

CuO 

NPs 

JCPDS 

card No 

Crystal 

system 

Space  The unit cell (Å) Formula 

wt. (%) 

Density 

(g/cm³) 

Formula  

CuO-

LEVA 

89-5895 Monoclinic C2/c a= 4.682 b=3.424 

c= 5.127 β= 99.42º 

79.89 6.515 CuO 

CuO-

SEVA 

89-5896 Monoclinic C2/c a= 4.683 b= 3.424 c= 

5.129 β= 99.44º 

79.89 6.511 CuO 

4.6.3. EDX Analysis 

In order to confirm the formation of copper oxide nanoparticles EDX (energy dispersive X-ray 

spectroscopy) analysis was conducted. This is also used to identify the elemental composition 

and stoichiometric ratio of the synthesized copper oxide nanoparticles figure4.16 a and b shows 

the EDX pattern of copper oxide nanoparticles synthesized using Var. adoensis leaves and seeds 

extracts which indicates the presence of Copper and oxygen in both nanoparticles. Also, the 

normal and atomic weight of Cu and O is represented in table4.10 for both NPs. The EDX 

spectral analysis (Fig. 4.16 a and b) confirmed that the occurrence of peaks with respect to Cu 

and O elements indicating pure copper oxide nanoparticle is formed without any impurities in 

both cases. In spectrum 1 the quantity of Cu and O were 44.42 and 55.58 respectively for CuO-

LEVA NPs and also in spectrum 2 the values were 43.67 and 56.33 CuO-SEVA NPs. 

  Table4. 10 The Energy-dispersive X-ray spectroscopy result 

Element Normal Weight% Atomic Weight % 

 CuO-LEVA NPs CuO-SEVA NPs CuO-LEVA NPs CuO-SEVA NPs 

O K 23.96 24.52 55.58 56.33 

Cu L 76.04 75.48 44.42 43.67 

Totals 100 
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Figure4. 16 EDX Spectrum of CuO NPs synthesized using Var. adoensis leaf (a) and seed (b) 

extracts 

4.6.4.  Nano Particle Size Analyzer and Zeta Potential  

Figure4.17 shows the particle size distribution and zeta potential analysis of CuO NPs 

synthesized by Var. adoensis plant extract. It was observed that a single peak was recorded by 

the measurement with the average particle size of 74.98 (100% intensity) and 112.44 (100% 

intensity) for CuO-LEVA and CuO-SEVA Nanoparticles respectively. From this, it was 

concluded the variation in the size of the nanoparticles is due to the presence of different 

concentration and type of the reducing compounds in the extracts which have a strong effect on 

the alteration of size of nanoparticles to be produced. Most of time nanomaterials have the size 

ranges from 1 to 100 nm but some suggested that the size could be in the range from 1 to 1000 

nm [37].  For comparison, the size of green synthesized CuO NPs produced via different plants is 

provided in (Table 4.11) which agrees with my present work.  

The biosynthesized nanoparticles stability was also studied by measuring the zeta potential. Var. 

adoensis synthesized CuO-LEVA and CuO-SEVA nanoparticles were shown the zeta potential 

values of -2.88 and -3.21 mV respectively (Fig. 4.12 c and d). The zeta potential obtained from 

both copper oxide nanoparticles showed a negative surface charge. If all the particles in 

suspension have a negative or positive zeta potential, then they will tend to repel each other and 

there is little tendency for the particles to come together. The slightly negative charge on both 

nanoparticles was probably resulting in the moderate stability of the fabricated copper oxide 

nanoparticles.  
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Table4. 11 Comparison of size of CuO NP in different works 

S.No Type of Plant Extract Part Size (nm) Reference 

1 Antigonon leptopus Leaf 110-280 [126] 

2 Magnolia champaca Flowers 20 -40 [119] 

3 Diospyros Montana Leaf 5.9 -21.8 [127] 

4 R. tuberosa Leaf 83.23 [128] 

5 Solanum nigrum Leaf 25 [101] 

6 Acacia cyanophylla Leaf 169.6 

±3.56 

[129] 

7 Var.adoensis Leaf 74.98 Present 

work Seed 112.44 

  

 

Figure4. 17 The Nanoparticle size analysis (a, b) and zeta potential distribution (c, d) for CuO-

LEVA and CuO-SEVA NPs respectively. 
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4.6.5.  Surface Area Analysis 

The specific surface area of the CuO-LEVA and CuO-SEVA NPs was determined by the surface 

area analyzer (SA-9600 Series Surface Area Analyzer) gas adsorption method. Figure4.18a and b 

shows the BET adsorption isotherms of the CuO-LEVA and CuO-SEVA nanoparticles 

respectively. The result shows that the sample CuO-LEVA possesses a higher surface area 

(43.132m
2
/g) compared to sample CuO-SEVA having (31.408m

2
/g) calculated using the BET 

equation. It is also confirmed with result from the SEM analysis shown in the image of 

figure4.20 that both nanoparticles are attributed to the different types of aggregated structures 

and have different morphology. It is observed that the CuO-LEVA NPs have better porosity than 

CuO-SEVA NPs indicating a difference in their surface area. 

 

Figure4. 18 BET adsorption isotherms of the CuO-LEVA (a) and CuO-SEVA (b) nanoparticles 

4.6.6.  FTIR Analysis 

The presence of functional groups of the phytochemicals that are responsible for the reduction 

and stabilization of the copper ions was identified with Fourier transform infrared 

spectrophotometer (FTIR). The absorbance was taken from 4000 to 500 cm
−1

 to measure the 

vibrational frequencies of bonds in the molecule and the spectrum was analyzed using Origin Pro 

8.5 software. Fourier transform infrared spectra in figure 4.19 (a, b) confirmed the formation of 

cupric oxide (CuO) nanomaterial in the finger print region. Almost all the characteristics peaks 

of the product have been observed in the spectra. In particular, the peaks corresponding to 869.90 

and 868.05 cm−1 in both graphs indicate the CuO characteristics in which the copper oxides with 

a monoclinic crystal structure are also confirmed by the FTIR analysis. This is due to the fact 

that any metal oxides arise from the interatomic vibrations and generally gives an absorption 

bands below 1000cm−1 in the FTIR spectrum [130]. Presence of the phenolic –OH group in the 
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phytoconstituent was identified as the peak at 3292.98 and 3296.28 cm
-1

 for CuO-LEVA and 

CuO-SEVA NPs respectively. Additional peaks at (2967.59, 2970.44), (1641.83, 1641.19), and 

(1032.59, 1037.20) corresponds to the Stretching vibration of aliphatic C–H, C=O stretching of 

amides, and C-O stretching, respectively. These assignments agree with the values available in 

the literature [33]. The high crystalline nature of CuO nanoparticles (Figure 4.19) is reflected by 

the significant intensity of stretching bands. By comparing the spectrum of CuO nanoparticles 

synthesized by the two materials, we can conclude that the two spectra are similar in their 

features which indicate their very close chemical composition and nature but may be different in 

concentration. This is obviously a similar behavior that was also observed in many other studies 

of copper oxide nanoparticle synthesized using various plant extracts [132]. 

        

     Figure4. 19  FTIR spectrum of Copper oxide nanoparticles for CuO-LEVA and CuO-SEVA 

NPs 

4.6.7.  Morphological Analysis 

Morphological findings of both synthesized CuO-LEVA and CuO-SEVA NPs were assessed 

using SEM as shown in Figures 4.20(a and b) respectively at different resolutions. The SEM 

images for both CuO nanoparticles demonstrated the non-homogeneity of the nanoparticles in 

terms of their shape and size. The copper oxide NPs synthesized using Var. adoensis leaf extract 

(CuO-LEVA) shows a spherical and found to moderately agglomerate due to its increased 

surface area and thus resulted in medium-sized CuO nanoparticles formation. A similar report 

was observed on the Magnolia champaca plant extracts mediated copper oxide nanoparticles 

[24]. In the case of CuO-SEVA NPs, the nanoparticles have an irregular shape with uniform 

distribution. This is possibly due to the partial synthesis of the precursor in the extract under the 

given experimental conditions so that, the NPS is not uniformed in shape, size, dimensions, and 

showed some agglomeration as evidenced from their SEM image. 
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(a) 

   

(b) 

Figure4. 20 SEM images of synthesized CuO NPs a- CuO-LEVA and b-CuO-SEVA at 30 & 

40µm 

4.7. Antibacterial Activity Analysis 

The antimicrobial activities against selected pathogens were evaluated using the disc diffusion 

method through the zone of inhibition. For positive control, Chloramphenicol was used as a 

standard antibacterial agent, while, dimethyl sulfoxide (DMSO) was used as a solvent. After 

incubation, the zone of inhibition was measured to assess the inhibitory activity of the CuO NPs. 

Synthesized CuO NPs were tested against the organisms, Escherichia coli, Salmonella typhi, 

Staphylococcus aureus, and Streptococcus pyogen and all showed a clear zone of inhibition as 

indicated in (Figs. 4. 21 and 4.22). The result revealed that as the concentration of CuO NPs 

synthesized using both extracts increased, the zone of inhibition also increased against the 

bacteria strain (Table4.12) while no clear zone of inhibition was shown in the DMSO used as 
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negative control indicating that it has no antimicrobial activity. The correlation between the 

bactericidal effect and CuO NP concentrations is highly dependent on bacterial class as reported 

by different researchers [133]. Similarly, the S. typhi and S. pyogen bacteria were more resistant 

than E. coli and S. aureus, but at concentrations above 25μg/mL, the bacterial growth in both 

types of nanoparticles was completely abolished in all pathogens. Therefore, CuO NPs 

synthesized using both leaf and seed extract have been shown definitely as an effective antibiotic 

against the selected E. coli, S. typhi, S. pyogen, and S. aureus. Depending upon these 

observations, it can be concluded that Var. adoensis synthesized CuO nanoparticles had 

significant antibacterial properties on both of the Gram classes of bacteria. The fabricated CuO 

nanoparticles exhibit a large surface area, which offers a superior contact with microorganisms to 

own a remarkable antibacterial property. The interaction between the nanoparticles and the cell 

wall of bacteria resulted in a perforation of the cell wall, contributing to the antibacterial effects 

of the nanoparticles. The occurrence of a clear inhibition zone in (Figs. 4. 21 and 4.22) indicates 

the antimicrobial potential of CuO NPs, killing the bacteria. The reason could be that the smaller 

size of the CuO NPs along with bound phytoconstituents in plant extracts gets tightly adsorbed 

on the surface of the bacterial cells. The presence of these bound phytoconstituents might be 

responsible for further enhancing the antimicrobial potential of biosynthesized CuO NPs, leading 

to the disruption of the bacterial membrane, and thus the bacterial cells get killed. 

Table4. 12 Antibacterial activity of biosynthesized CuO-LEVA and CuO-SEVA NPs against 

selected pathogens at different concentrations 

  

  Pathogens 

Zone of inhibition (mm) at different Concentrations (µg/ml) 

 CuO-LEVA NPs CuO-SEVA NPs 

+ve -ve 1 2 3 4 +ve -ve 1 2 3 4 

S. aureus, 28 - 26 20 12 10 30 - 22 18 10 6.5 

E. coli 20 - 25 20 15 7 16 - 23 13 10 10 

S. typhi 26 - 20 18 16 8 26 - 16 9 7 - 

S. pyogen 25 - 23 20 15 7 25 - 20 16 13 6.5 

Where, 1, 2, 3 and 4 stands for 100, 50, 25, and 12.5µg/ml of CuO NPs concentration 

respectively 
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      Escherichia coli         Staphylococcus aureus     Streptococcus pyogen      Salmonella typhi 

Figure4. 21 Antibacterial activities of CuO-LEVA NP at different concentrations  

      Salmonella typhi        Staphylococcus aureus    Streptococcus pyogen       Escherichia coli 

Figure4. 22 Antibacterial activity of CuO-SEVA NP at different concentrations 
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    CHAPTER FIVE 

5. Conclusion and Recommendations 

5.1. Conclusion 

The biological synthesis method of copper oxide nanoparticles is a simple process, eco-friendly, 

cost-effective, suitable for large-scale production, and has great importance to apply in various 

applications. In this thesis, Var. adoensis leaf and seed extracts are used for the first time for bio-

synthesis of CuO NPs. Phenolics, Tannins, Saponins, Alkaloids, Flavonoids, Terpenoids, and 

Steroids were screened from the extracts through standardized qualitative analysis and later 

confirmed by FTIR analysis. The presence of these varied phytochemicals in the extracts 

produces CuO NPs in an eco-friendly way which is suitable for targeted drug delivery without 

exposing toxic materials. Also, the phytochemicals present performs their role as reducing and 

capping agents to reduce the metal ion and stabilize the CuO NPs produced. The efficient 

formation of CuO NPs while adding Var. adoensis leaf and seed extracts were monitored 

periodically through UV–Vis spectroscopic analysis. The controllable process factor levels are 

exhaustively evaluated and statistically optimized using flexible and reliable empirical models 

prescribed by the CCD method of RSM. A quadratic and 2FI models expressed the functional 

relationship between the absorbance and absorption band of CuO NPs and the three independent 

variables: pH, mixing ratio, and temperature for both nanoparticles.  

The nature of the optimized final products has been then characterized using advanced analytical 

techniques including UV–Vis spectroscopy, FTIR, XRD, SEM, EDX, PSA, and BET analysis. 

The synthesized CuO-LEVA and CuO-SEVA NPs show mono-dispersed in nature and had an 

average size of 74.98 and 112.44nm respectively which are confirmed by the particle size 

analyzer. The XRD spectroscopy also confirmed the crystal structure of both CuO nanoparticles 

as monoclinic single-phase structure. In both samples, the characteristic peaks of Var. adoensis 

plant extract mediated CuO nanoparticles are observed at the same value of diffraction angle 

which strongly indicates the formation of copper oxide nanoparticles as confirmed by the JCPDS 

card numbers. The FTIR spectra showed the presence of diverse functional groups such as -OH, 

-NH, -C=O, and -COOH, which suggests the conjugation of the phytoconstituents with copper 

ions in the plant extracts. The morphological analysis shows the spherical-like for CuO-LEVA 

and irregular shapes for CuO-SEVA particles. The band gaps and specific surface area of the 
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nanoparticles was obtained to be (3.09 and 2.77eV) and (38.376 and 32.839m2/g) for CuO-

LEVA and CuO-SEVA NPs respectively.  

Finally, the antibacterial activity of both biosynthesized CuO NPs using the disc diffusion 

method was studied. Interestingly, CuO nanoparticles synthesized using both extracts exhibited a 

good antibacterial activity at comparatively low concentrations. Based on the present findings, it 

is concluded that CuO nanoparticles synthesized using Var. adoensis leaf and seed extracts can 

be used as an excellent antibacterial agent in controlling four selected human photogenic 

diseases caused by bacteria. The synthesized CuO NPs are low priced and can be further studied 

for their potent healing properties in the field of Nano medicine.  

5.2. Recommendations 

The following recommendations have been made for any future study on this important topic: 

 Copper oxide nanoparticles synthesized using Var. adoensis leaf and seed extracts can be 

used as a drug for other classes of bacterial pathogens due to its multi-functionality.  

 It is also possible to conduct further study to understand the exact mechanism by which 

CuO nanoparticles enter into the bacterial cell wall and destroying it. 

 Finally, it can be recommended that the antibacterial property of CuO NPs can further be 

used in food storage packages or vessels, textile industry, any consumer products, etc. 

due to its efficient bactericidal properties. 
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