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ABSTRACT 

Copper oxide nanoparticles have attracted huge attention due to their catalytic, electric, 

optical, photonic, and antimicrobial activity. The use of plant leaf extracts in the biosynthesis 

of nanostructured materials is an eco-friendly, non-toxic, and cost-effective approach. 

In this study, green synthesis, characterization, and evaluation of the antimicrobial activity of 

copper oxide and Co-doped CuO NMs were studied by using Kalanchoe petitiana leaf extracts. 

The CuO and Co-doped CuO NMs were successfully synthesized via a fast, convenient, cost-

effective, and environmentally friendly method by biologically reducing 0.1M Cu(NO3)2.3H2O 

and the dopant of Co(NO3)2.6H2O solution with extract of kalanchoe petitiana under optimum 

condition. The formation of Copper oxide nanoparticles was primarily noticed by observing 

color changes. The biosynthesized CuO and Co-doped CuONMs would be characterized by 

using UV-Vis analysis, Fourier Transform Infrared Analysis (FTIR), X-ray diffraction analysis 

(XRD), and scanning electron microscopy (SEM) and cyclic voltammetry (CV). From the UV-

Vis absorption spectrum, the peaks of CuO NPs and Co-doped CuO Nps were detected at 230 

and 227,231 and 228 nm respectively, and with Eg of 4.87, 4.85, 4.8, and 4.82 eV respectively. 

FT-IR revealed the presence of carbonyl and hydroxyl groups in the synthesized nanoparticles. 

The XRD data showed the crystalline structure of CuO NMs and Co-doped CuO NMs with 

crystallite sizes of 16.398, 16.393, 16.386, and 16.379nm respectively. SEM shows some CuO 

NMs has a spherical shape and Co-doped CuO NMs has a mixture of spherical and rod-like 

shape.CV shows oxidation-reduction reaction on oxidation at 0.3 v and reduction at -0.25 v. 

Evaluation of its antimicrobial activity against Gram-negative bacteria E.coli and S.typhi and 

Gram-positive bacteria S.aureus and B.Cereus and also antifungal activity against C.albicans. 

They were found to have a significant effect in controlling the growth of the human pathogens 

with a maximum inhibition zone of 25 mm and 24mm, 20 mm, and 19mm in S.typhi, S.aureus, 

B.Cereus and E. coli respectively and for C.albicans 20 mm indicates for CuONMs and Co-

doped CuONMs also a zone of inhibition was increased after 24 h incubation time at 37℃. 

Keywords: copper oxide nanoparticles, kalanchoe petitiana, characterizations, antimicrobial 

activity.
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1. INTRODUCTION 

1.1.Background of the studies 

Nanotechnology is the active area of research that deals with the size of materials that lie in the 

range of 1-100 nm. The particles with this range can be synthesized by various techniques. 

Synthesized particles may have a variety of shapes like nanospheres, nanorods, nanoribbons, 

nanobelts, and nanoplatelets [1]. In recent years, the Biosynthesis of nanoparticles is an important 

approach in nanotechnology. Nanotechnology has appealed to many researchers from several 

fields like biotechnology, physics, chemistry, material science, engineering, and medicine [2]. 

Nanomaterials are synthesized in different methods (physical, chemical, and biological), where 

biological methods are a good way to synthesize nanoparticles, and nanomaterials are used in 

multiple applications [3-9]. Biologically synthesized metal nanoparticles are stable and biosafety 

and also eco-friendly [10, 11]. Green chemistry is the design, development, and implementation 

of chemical products and processes to reduce or eliminate the use and generation of substances 

hazardous to human health and the environment. It was noted that strategies addressed 

environmental issues and related subjects, which in this case we have been pointed to the use of 

biodegradable polymers, environmentally benign solvents, and non-toxic chemicals [12]. 

In recent years, nanotechnology has illustrated the appropriate antibacterial capacities of metal 

nanoparticles/metal oxide nanoparticles  compared to their bulk materials and common antibiotics. 

The copper oxide nanoparticle was acquired much importance because of less cost of synthesis 

has excellent chemical and physical properties very reactive because of its high surface area to 

volume ratio and easily interacts with other particles. These abilities can result from unique 

properties such as higher aspect ratio and surface area to volume ratio of these nanomaterials 

(NMs) compared with bulk materials [13]. 

Nanoparticles (NPs) are progressively utilized to target bacteria and fungi as a contrasting option to 

antibiotics. Bacterial infections are the endless cause of chronic infections and mortality Antibiotics 

played a very eff ective role in the treatment strategy for diff erent infections, which are caused by 

bacteria due to their cost-eff ectiveness and intense results. Several investigations have given direct 

confirmation that the broad spectrum utilization of antibiotics creates the generation of the strains of 

multidrug-resistant bacteria and fungi. The super bacteria and fungi are types of microbial strains that 

show resistance against all the antibiotics, which have been developed recently because of the abuse 

of antibiotics. Copper oxide nanoparticles are toxic for many microorganisms such as Escherichia 

coli, and Staphylococcus aureus and non-toxic for animal cells. The main groups of antibiotics are 

presently being used actively in three diff erent modes of the synthesis of the cell wall, translational, 
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and the deoxynuclic acid (DNA) replication mechanisms. Bacteria are resistant to all these modes of 

action [14]. 

In recent years, using metal oxide nanoparticles as adsorbents has been receiving special attention 

because of their great specific surface area and porous nature for the removal of synthetic dyestuffs 

from aqueous solutions by adsorption. Copper oxide (CuO) is a significant industrial material for 

wide variety of applications such as heterogeneous catalysis, electrode material, gas sensors, 

magnetic storage media, semiconductors, solar cells, solar energy transformation, and reactive 

oxidizers in nanothermite composites [15]. Green synthesis has numerous advantages, compared 

to other methods, including cost-effectiveness, simplicity, use of lower temperatures, use of non-

toxic materials, as well as compatibility with applied medical and food applications [16].  

Copper oxide nanoparticles exhibit high potentiality in the metal oxide NPs owing to their 

antimicrobial, catalytic, optical, and low-cost properties. Copper oxide NPs have a band gap 

ranging from 1.35-3.5 eV. Due to their suitable band gap, easy availability, low toxicity, and 

surface synthesis among different semiconductor photocatalysts [17]. In general, metal-doping 

induces drastic changes in optical, electrical, and magnetic properties of CuO by altering its 

electronic structure. Many authors have reported the changes associated with doping of transition 

metal ions into CuO lattice, including Fe, Mn, Fe, and Ni  Co-doped Ti, Cd, and Zn. Although, 

there have been a large number of reports on transition metal doped CuO systems, literature on 

Co-doped CuO is scarce [18]. 

Biosynthesis of metal oxide nanoparticles by plants is currently under development. The synthesis 

of metal oxide nanoparticles using inactivated plant tissue, plant extracts, exudates, and other parts 

of living plants is a modern alternative for their production [19]. In the biosynthesis of metallic 

nanoparticles using plant extract, three important parameters are metal salt, a reducing agent, and 

a stabilizing or capping agent for controlling the size of nanoparticles and preventing their 

aggregation [20]. 

Many biomolecules in plants such as proteins/enzymes, amino acids, carbohydrates, alkaloids, 

terpenoids, tannins, saponins, and phenolic compounds, reducing sugar, and vitamins and could 

be involved in bioreduction, formation, and stabilization of metal nanoparticles [21]. The 

reduction potential of ions and reducing the capacity of plants which depend on the presence of 

polyphenols, enzymes, and other chelating agents present in plants have critical effects on the 

amounts of nanoparticle production. 

Among all nanoparticles preparation with plant extracts has attracted massive attention due to the 

accessibility of a biological entity. Based on the previous literature reports, CuO nanoparticlees 



3 
 

were synthesized from various plant extracts such as Aloe Vera leaves, Carica papaya leaves, tea 

leaves, and coffee powder, Albizia lebbeck leaves, Abutilon indicum Leaf Extract was reported 

for the CuO nanoparticless in recent years [22. To the best knowledge, copper oxide nanoparticles 

synthesis with kalanchoe petitiana leaf extract is not reported.  In this study, the synthesis of 

copper oxide nanoparticles and cobalt doper oxide from leave extracts of plant kalanchoe petitiana 

was selected due to its potential medicinal value. 

1.2.Statement of the problem 

During the last decade, a rapid increment in the development of new antibacterial materials has 

been observed as a consequence of the spread of antibiotic-resistant infections, which has become 

a major issue in health care. The emerging infectious diseases and the development of drug-

resistant bacteria at an alarming rate is a matter of serious concern and an increasing public health 

problem. New strategies for controlling bacterial activity are urgently needed and nanomaterials 

can be a very promising approach. A possible alternative is the synthesis of new inorganic 

compounds with antimicrobial properties. Copper oxide nanoparticle has the advantage of 

durability as well as chemical and physical stability over common organics and antibiotics 

compounds.  

Unfortunately, the use of toxic organic solvents and strong reducing agents results in producing 

hazardous wastes which pose a great risk to the environment. Furthermore, conventional synthesis 

of metallic oxide nanoparticles is often time-consuming unlike green synthesis methods and 

biological synthesis is formed for a short period, with low costs, and safety. Many research works 

had been concerned with the green synthesis of nanoparticles for antibacterial applications which 

is the recent research focus.  

Many researchers reported that new multi-drug resistance (MDR) strains of bacteria have yet 

developed and become a serious problem in public health. To fill this gap, there should be 

effective, economically feasible, and broadly applicable new drugs. Green synthesis of 

nanoparticles using plant leaf extracts are among the main area for research of new antimicrobial 

agents. In this study, kalanchoe petitiana leaf extract is used to synthesize CuO NMs and Co-

doped CuO NMs, and its antimicrobial activity was evaluated. However, to the best of our 

knowledge, there is no study conducted on the biogenic synthesis of CuO and Co-doped CuO NMs 

by using kalanchoe petitiana leaf extract so this could be taken as the first study and a good 

opportunity to test its antimicrobial activity. 

Thus the present study may intend to evaluate the antimicrobial application of CuO and Co-dope 

CuO NMs supported by Kalanchoe petitiana extract that may answer the following questions. 

1. Is Kalanchoe petitiana leave extract used as a reducing and capping agent for the synthesis 

of CuO NMs and Co-doped CuO NMs? 
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2. Is the synthesized CuO and Co-doped CuONMs efficient for antimicrobial activity? 

1.3. Objectives 

1.3.1. General objective 

The general objective of this study is a green synthesis of CuO and Co-doped CuO NMs using an 

aqueous extract of kalanchoe petitiana leaves and to evaluate its antimicrobial activity. 

1.3.2. Specific objectives 

      The specific objectives of this study were 

 To prepare Kalanchoe petitiana leaves extract. 

 To conduct a phytochemical screening test 

 To synthesize CuO and Co-doped CuO NMs using kalanchoe petitiana leave extract as 

reducing and capping agents. 

 To characterize the synthesized CuO and Co-doped CuO NMs using XRD, SEM, CV, 

FT-IR, and UV- Visible techniques.  

 To evaluate the antimicrobial activity of the synthesized copper oxide and Co-doped CuO 

NMs against Salmonella typhi, Bacillus cereus, Staphylococcus aureus, and Escherichia 

coli  and fungus such as C.albicans 

1.4.Significance of the study 

The green synthesis of nanoparticles using plant extract is an active area of current research, 

attracting the interest of many researchers because of their wide applications. The major advantage 

of green synthesis of nanoparticles is their important role in protecting the environment and also 

the synthesized particles are stable. 

Nowadays due to the expansion of water pollution and multidrug-resistant bacteria, the synthesis 

of nanoparticles is highly important. The most preferred method for the synthesis of nanoparticles 

is the use of biological entities like bacteria, yeast, fungi, and plants. However, plant extract-

mediated synthesis is potentially advantageous over microorganisms due to the ease of scale-up, 

safe, simple, and environment friendly. Plant extracts are a broad variety of metabolites that can 

be used in the reduction of metal ions, capping, and stabilizing agents for the nanoparticles. 

Therefore, the finding of this study was used:  

 To provide an economically feasible option to produce extract crude (indahula) locally, 

which was play a major role to substitute the imported synthetic medicine. 

 To enhance the knowledge about CuO NMs and Co-doped CuO NMs regarding their 

antimicrobial activities. 
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 To set the foundation for further investigation of applications of CuO NMs and Co-doped 

CuO NMs.  

 Providing further awareness for researchers about the antimicrobial action of CuO and Co-

doped CuO NMs. 
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2. LITERATURE REVIEW 

2.1. Overview of nanoparticles, nanotechnology, and nanoscience 

A nanoparticle is a core particle that performs as a whole unit in terms of transport and property 

[23]. As the name indicates nano means a billionth or 10-9 unit and with its small size it occupies 

a position in various fields of nanoscience and nanotechnology. The term "nanoparticles" is used 

to describe a particle with a size in the range of 1nm-100nm, at least in one of the three possible 

dimensions. In this size range, the physical, chemical, and biological properties of the 

nanoparticles changes in fundamental ways from the properties of both individual 

atoms/molecules and of the corresponding bulk materials [24]. Nanoparticles are characterized by 

an extremely large surface area to volume ratio, and their properties are determined mainly by the 

behavior of their surface [25]. The applications of nanoparticles are well known in the fields of 

cosmetics and pharmaceutical products, coatings, electronics, polishing, semiconductors, and 

catalysis. The design and preparation of novel nanomaterials with tunable physical and chemical 

properties remain a growing area. 

Nanotechnology is the application of science and technology to control matter at the molecular 

level, which is also referred to as the ability for designing, producing, characterizing, and applying 

to structures, devices, and systems by controlling shape and size at the nanometer scale [26].  

Nanotechnology emerges from the physical, chemical, biological, and engineering sciences where 

novel techniques are being developed to probe and manipulate single atoms and molecules. 

Nanoscience is a new interdisciplinary subject that depends on the fundamental properties of nano-

size objects [27].  

NMs are defined as materials with at least one external dimension in the size range from 

approximately 1-100 nanometers. A focused integration of bio and nano techniques for the 

biological synthesis of NMs, known as bionanotechnology, has emerged from nanotechnology 

[28]. Biological synthesis combines biological principles (i.e., reduction/oxidation) by microbial 

enzymes or plant phytochemicals with physical and chemical approaches to produce nano-sized 

particles. Nanomaterials have broad applications in a variety of fields because of their unusual and 

size-dependent optical, magnetic, electronic, and chemical properties [29]. Nanomaterials can 

show atom-like behaviors which result from higher surface energy due to their large surface area, 

while a bulk material has constant physical properties regardless of its size, at the nanoscale, this 

is often not the case [30].  
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2.2. Need for green synthesis 

Biosynthesis of nanoparticles is a kind of bottom-up approach where the main reaction occurring 

is reduction/oxidation. The need for the biosynthesis of nanoparticles rose as the physical and 

chemical processes were costly. Often, the chemical synthesis method leads to the presence of 

some toxic chemical absorbed on the surface that may harm medical applications [31]. This is not 

an issue when it comes to biosynthesized nanoparticles via the green synthesis route [32]. So, in 

the search for cheaper pathways for nanoparticle synthesis, scientists used microbial enzymes and 

plant extracts (phytochemicals), and their antioxidant or reducing properties are usually 

responsible for the reduction of metal compounds into their respective nanoparticles. Green 

synthesis provides advancement over chemical and physical methods as it is cost-effective, 

environment friendly, and easily scaled up for large-scale synthesis, and in this method, there is 

no need to use high pressure, energy, temperature, and toxic chemicals. 

 

Figure 1. Application of green synthesis nanoparticles33 
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2.3. About Kalanchoe petitiana 

Kalanchoe petitiana is a species of succulent plant that belongs to the family Crassulaceae [34]. 

It was native to Ethiopia and here it is commonly called indahula in Amharic35. For optimum 

growth, the plant prefers a sunny to partly-shady condition on fresh to moist soil, with a 

temperature above 1 ºC.  

 

Figure 2. Kalanchoe petitiana 

2.4. Pharmacological medicinal use of Kalanchoe petitiana 

Different parts of the plant are used for treating many disease conditions in Ethiopian traditional 

medicine. These conditions include epilepsy, trachoma, allergy, intestinal parasites, gonorrhea, 

malignant wounds, breast tumor, and skin cancer. The leaves of the plant are used for treating both 

forms of cancer such as breast cancer and skin cancer. Confirming the anticancer effect reported, 

gallic acid with potent antitumor activity is isolated from the leaves of K. petitiana [35]. 

 

 

 

 

 

Figure 3. Application of k.petitiana 

2.5. CuO and Co-doped Copper oxide nanomaterials 

The metal oxide (MO) nanomaterials have received specific research attention from researchers 

owing to their different properties such as their catalytic, magnetic, electronic, optical, biological, 

and medicinal properties as compared to their bulk counterparts. Among all the transition metal 

Kalanchoe petitiana 

Epilepsy 

Trachoma 

Allergy 

Internal parasite 

Gonorrhea 

Malignant wound 

Breast tumor 

Skin cancer 
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oxides, CuO nanoparticles have received more attention because of their outstanding physical and 

chemical properties. Copper oxide is composed of two main elements copper and oxygen that 

belong to the d and p blocks, respectively. Copper oxide (CuO) nanoparticles  show high catalytic 

activity and selectivity as compared to their bulk counterparts owing to their large surface to 

volume ratio. CuO nanostructures are well-known antibacterial materials and find applications in 

various fields such as superconductors, photocatalytic degradation, gas sensors, and 

biosensors36. 

Exploration of CuO nanoparticles is few compared to other transition metal oxides like ZnO, 

SnO2, TiO2, and Fe2O3 making it an interesting material to study. Altering the characteristics of 

the material by doping the semiconductor nanoparticles with metal ions is one of the most 

significant methods. The influence on physical, chemical, and electronic properties of the 

semiconductors by the engineering of the band gap is possible by making use of the accurate 

dopants [37].  

 Many transition metals have been used for doping, Co-doping of pure CuO nanoparticles to 

change their physical and chemical properties. Doping with metallic atoms on pure CuO 

nanoparticles can be used to improve the physical properties of pure CuO nanoparticles and the 

ions doping on the pure CuO nanoparticles can improve the photocatalytic activity of CuO 

nanoparticles [38]. 

In general, when metal oxide NPs are doped with transition metals, the particle size gets reduced 

and which in turn increases the rate of the catalytic reduction reaction. Besides, whenever 

transition metals are doped in metal oxides, the lattice defects are observed which significantly 

affects the charge transfer processes to ease catalytic reactions 36. Cobalt (Co2+) is taken as a 

dopant because the ionic radii of Cobalt (0.72 Å) are almost similar to Cu2+ (0.71 Å). CuO: Co 

NPs show high chemical reactivity to produce more active sites for reduction reactions. so far the 

effect of doping or Co-doping on transition metals such as Fe, ZrO2, Fe/Co, Ni, Fe/Ni, Mn, Mn/Co, 

and La/Ni 39. 

2.6. Biomedical applications of copper oxide nanomaterialss 

CuO NMs have diverse scientific applications. They are very effective against different pathogenic 

microbes. Among all other nanoparticles, copper oxide (CuO) nanoparticles get much attention 

because of their multifarious applications. It possesses various properties and has diverse 

applications. General applications of copper oxide include biomedical(antimicrobial, anti-fouling, 

antifungal, antibiotics, antioxidants, drug delivery, and anticancer), textile industries, thermo 

sensing and conducting materials, gas sensors, catalytic, synthesis of inorganic-organic nanosize 
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composites, magneto resistant materials, high-temperature superconductor, environmental 

remediation, etc [40]. 

2.6.1. Antibacterial activity 

In the past few years, nano-based therapies have been used to diagnose and treat diseases and 

formulate novel drugs. The antibacterial activities of nanoparticles have been tested against 

different pathogenic bacterial strains and showed substantial outcomes. Literature reports reveal 

that CuONMs are highly toxic to most human pathogens. Bio fabricated copper oxide 

nanoparticles have attracted great interest as antibacterial agents due to their unique morphologies, 

size, and bio-compatible nature to treat a wide range of pathogenic human bacteria. The green 

synthesized copper oxide nanoparticles also possess vigorous antibacterial activities against both 

Gram-positive and Gram-negative bacterial strains. The green synthesis of copper oxide 

nanoparticles using leaf extract of k.petitiana and evaluated their antimicrobial activities. The 

copper oxide nanoparticles generate reactive oxygen species (ROS), which interact with the cell 

membrane of bacteria to enter the cell which results in the inhibition of bacterial cell growth due 

to the disturbance in the cell membrane that might lead to death. The copper oxide nanoparticles 

destroy the cell membrane of bacteria through ROS production or by direct cell damage as the 

metal oxide nanoparticles (CuO) produce superoxide and hydroxyl radicals. Copper oxide 

nanoparticles also cause DNA and protein damage, prevents biofilm production, damage proton 

efflux pumps, and oxidize bacterial cells' cellular substances41. 

2.6.2. Antifungal activity 

In the current medical history, the fungal disease has become a significant health problem, 

especially among patients having a weak immune system such as AIDS or cancer patients 

undergoing chemical treatment. The antifungal activity of copper oxide nanoparticles has been 

investigated for medical applications that these nanoparticles may combat fungal infections. 

However, the antifungal activities of copper oxide nanoparticles have been less studied as 

compared to antibacterial activity42. 

2.7. Techniques of synthesis of CuO and Co-doped CuO nanomaterialss 

Nanoparticles can be formed by two approaches: top-down (comminution and dispersion) or 

bottom-up (nucleation and growth) and both of them have their limitation and advantages in 

producing nanomaterials. 
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2.7.1. Top-down approach 

 In general, a process of producing desired patterns on micro or nano-scale through lithographic 

methods or bulk that breaks down to smaller particles is called a top-down approach. Usually, 

physical methods such as arc discharge, pulsed laser ablation, and hydrometallurgy are assorted 

in this type of approach. The advantages of using this type of approach are easy to conduct and it 

could produce stable nanoparticles without the involvement of a stabilizer or capping agent. 

However, this kind of approach has its limitation where it needs a high amount of energy and also 

high costs of equipment. Due to the high energy, the physicochemical properties of nanoparticles 

and their surface might be defected [42]. 

2.7.2. Bottom-up approaches 

The bottom-up approach could be defined when the nanoparticles are obtained from atoms, 

molecules, and small particles or monomers (precursors). These basic building blocks of 

precursors are self-assembled precisely and fit together to produce nanoparticles. As this kind of 

approach could give the ability to control terms of size, shape, and morphology of nanoparticles, 

hence, it become more favorable for synthesizing nanoparticles nowadays. Typically, the bottom-

up approach comprises the chemical and biosynthesis procedure for synthesizing nanoparticles 

such as chemical reduction, gamma irradiation, microwave irradiation, and sonochemical and 

plant-based synthesis method. Several of these methods have their strength and weaknesses. As 

for the disadvantages, the limitation of the machine is one of the problems for the physical method. 

While in chemical routes like chemical vapor deposition and chemical reduction, the major 

drawback is the involvement of toxic chemicals such as hydrazine and sodium boron hydride that 

could harm the environment and are unsuitable for applications.  Preparation of nanoparticles 

using a chemical route may cause an adverse effect in the medical application as the presence of 

toxic chemicals may absorb on the surface of the nanoparticles. Therefore, green synthesis has 

been popular among the research studies currently as it consists a lot of benefits, especially it could 

eliminate the use of environmental risk substances which is good for biomedical applications 

specifically and also the advantages are low cost, simple, less time-consuming method and non-

toxic [42]. 
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Figure 4. Approaches for the synthesis of nanoparticles43 

2.8. Biosynthesis of CuO and Co-doped CuO nanomaterialss 

The presence of different organic and inorganic pollutants in water due to industrial, agricultural, 

and domestic activities has led to a global need for the development of new, improved, and 

advanced technologies that can effectively improve water quality 44. In nanotechnology, the 

development of the controlled synthesis of nanoparticles with well-defined shape, size, and 

composition is a big challenge. Metallic nanoparticles exhibit unique properties when compared 

with conventional metallic materials. This could be utilized in many new interesting applications 

such as biomedical sciences and electronics industries [45]. Biosynthesis of nanoparticles was 

developed to overcome the problems of physical and chemical synthesis like cost and hazardous 

chemicals. 

Although chemical & physical methods are very successful to produce well-defined nanoparticles, 

they have certain drawbacks such as increased cost of production, the release of hazardous by-

products, long time for synthesis, and difficulty in purification [46]. Global warming & climate 

change has induced a worldwide awareness to reduce the toxic & hazardous waste materials, thus, 

the green synthesis route has raised actively the progress in the fields of science & industry [47].  

The use of biological organisms such as a microorganism, plant extracts, and biomass could be 

the best alternative method to the physical and chemical method for the synthesis of nanoparticles 

because the biological or green synthesis way is very spontaneous, economic, environmentally 

friendly, and non-toxic. Therefore, biological sources such as bacteria, fungi, yeasts, algae, and 
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plants can materials catalyze specific reactions as a part of a modern & realistic biosynthetic 

strategy.  

The current perspective on the biological system has created commercial importance due to its 

enzymatic reactions, photochemical characteristics, and herbal nature. The biological system has 

created a specific and revolutionary change for the synthesis of nanoparticles due to their mode of 

the mechanism through which the bioreduction of the metallic salts occurs is still a mystery. 

Numerous researches have been done on the synthesis of nanoparticles from the biological system 

for their application in the field of biomedical, pharmaceutical, cosmetic and environmental use. 

Bio fabricated nanoparticles can be used for bioremediation purposes because nanoparticles can 

diffuse or penetrate through the contaminants and cause a redox reaction to clean the surface 

materials. Nature has some processed devices for the synthesis of nano and micro-sized materials 

which contribute to the development of the relatively new and unexplored areas of research based 

on the biosynthesis of nanomaterials 

  

 

Figure 5. Green synthesis of copper/copper oxide synthesis flow chart48 
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2.9. Factors affecting biosynthesis of nanoparticles 

Several factors such as pH, temperature, the concentration of plant extract, the concentration of 

the metal solution, incubation/reaction time, etc, affect the synthesis, size, and shape of 

nanoparticles. Free surface electrons of uncapped nanoparticles are highly reactive which makes 

and may promote aggregation. The stability, functionality, and applications are significant for the 

incorporation of nanoparticles with biological molecules.  

2.9.1. Concentration of Plant Extracts 

The synthesis of CuO nanoparticles using plants extract depends majorly on the types of 

biomolecules found in plant extracts and the volume used [49]. The biomolecules in plant extracts 

can act as natural capping and reducing agents during the green synthesis of NPs. These metabolite 

compositions vary depending on the types and parts of the plant and the extraction procedure [50]. 

Hence, the volume of plant extracts and the number of biomolecules present in the plant extract 

used can affect the synthesis rate due to the availability of these molecules for the rapid 

bioreduction of metal salts and the stabilization of NPs [51]. It was demonstrated that increased 

concentrations of plant extract speed up the rate of reduction of copper ions in the solution, which 

directly increases the formation rate of Cu and CuO NPs [52]. This is attributed to the 

phytochemicals present in the plant extract, which are responsible for the bioreduction and 

stabilization of the NPs [52]. In addition to speeding up the reaction, an increase in the 

concentration of plant extract also decreases the size and alters the shape of the CuO NPs formed. 

A recent study demonstrated that synthesizing CuO NPs using a different volume of sugarcane 

juice, ranging from 2–10 mL, produced CuO NPs that were 29.89–22.80 nm in size [52]. Notably, 

the CuO NPs synthesized were spherical when using a higher concentration of sugarcane juices. 

In contrast, various shapes were observed from the CuO NPs synthesized with lower 

concentrations of sugarcane juice, ranging from spherical, square, cube, and plate shapes to 

rectangular shapes, along with some irregular shapes [53]. This is supported by previous studies 

demonstrating that increasing the concentration of plant extract when synthesizing NPs alters NP 

morphology, from irregular to spherical, and the size of the NPs [52]. 

2.9.2. Precursor Used 

The precursor is a salt and alkali metal solution. Numerous soluble copper salts were used in the 

green synthesis of Cu and CuO NPs, such as copper chloride (CuCl2), copper sulfate (CuSO4), and 

copper acetate (Cu(OAc)2), and copper nitrate (Cu(NO3)2). Copper salts are the primary source 

for releasing Cu2+ ions in reaction mixtures; the bioreduction of these ions by the plant extracts 

forms the complete NP [52]. When changing the precursor has no significant impact on the crystal 



15 
 

structures of CuO NPs. It was also revealed that a low concentration of the precursor produced 

smaller-sized NPs, whereas a high concentration of the precursor produced larger NPs with faster 

agglomeration [54].  

2.9.3. pH measurements 

The pH of the reacting mixture in the biosynthesis of NPs is also one of the factors affecting the 

size of NPs. The optimum pH of the reaction medium ranges from 8 to 9, suggesting an alkaline 

condition is favorable for synthesizing NPs [55].  Biosynthesis of NPs occurring at the alkaline 

condition of pH > 8 produces smaller-sized NPs. The NPs synthesized in an acidic condition of 

pH < 7 were a relatively larger particle size. The synthesis of CuO NPs at alkaline produces loosely 

agglomerated NPs, with sharp CuO NPs with smaller particle sizes. In an acidic or neutral 

condition, more agglomerated CuO NPs, with larger particle sizes [56].  

2.10. Characterization technique 

Nanoparticles are characterized using UV-Vis absorption spectroscopy FTIR, XRD, SEM, TEM, 

CV, etc. technique 

2.10.1. UV-Visible absorption techniques  

The formations of metal nanoparticles are monitored by UV-Visible spectroscopy as colloidal 

dispersions of metal show absorption bands in the UV-Visible range due to the excitation of 

plasma resonances or interband transitions, characteristic properties of the metallic nature of the 

particles. UV-visible absorption spectroscopy:   

Absorbance spectroscopy is used to determine the optical properties of a solution. A Light is sent 

through the sample solution and the amount of absorbed light is measured. When the wavelength 

is varied and the absorbance is measured at each wavelength. The absorbance can be used to 

measure the concentration of a solution by using the Beer-Lamberts Law. The optical 

measurement of UV-visible spectrophotometer has a different absorbance peak like 410 nm when 

treated with the Nerium Obander plant extract after the addition of aqueous 1mM Silver nitrate 

solution [54]. In the case of Azadirachta indica get synthesized with Iron nanoparticles by the 

indication of suitable surface Plasmon resonance with high band intensities and peaks was found 

through UV-visible spectroscopy at the range of 216-265 nm [55]. 

2.10.2 X-ray diffraction (XRD) techniques 

X-ray diffraction is a conventional technique for the determination of crystallographic structure 

and morphology. There is an increase or decrease in intensity with the amount of constituent. This 

technique is used to establish the metallic nature of particles gives information on translational 
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symmetry size and shape of the unit cell from peak positions and information on electron density 

inside the unit cell, namely where the atoms are located from peak intensities.   

2.10.3. Fourier transform infrared (FTIR) spectroscopy 

Measures infrared intensity vs. wavelength of light, it is used to determine the nature of associated 

functional groups and structural features of biological extracts with nanoparticles. The calculated 

spectra reflect the well-known dependence of nanoparticle optical properties. The green 

synthesized silver nanoparticle by employing various leaf extracts was analyzed using Fourier 

Transform Infrared [FTIR] Spectroscopy and showed characteristic peaks. [56]. 

2.10.4. Electrochemical Studies 

The cyclic voltammetry was used to identify the oxidation and reduction reactions (redox 

reactions) by using a potentiostat with a three-electrode system.CV was also used to identify 

catalytic reactions. Drop Sense with inbuilt Drop view 200 software (Metrohm South Africa (Pty) 

Ltd., Johannesburg, South Africa) was fitted with screen printed carbon electrode (SPC) having 

an inner carbon working electrode (diameter of 4 mm), a silver pseudo-reference (Ag/AgCl) 

electrode (RE) and carbon counter electrode (CE). SPC was modified with CuO to obtain the 

modified working electrode used for the electrochemical studies [57]. 

2.11. Applications of nanoparticles to human health and environments 

The main application involved in the use of nanoparticles for biomedical applications, such as 

drug and gene delivery, cancer treatment and diagnostic tools, food, etc. has been extensively 

studied throughout the past decade and also nanoparticles created huge interest due to their very 

small size and large surface-to-volume ratio, and they display novel uniqueness contrast to the 

large particles of bulk material [58]. 
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3. MATERIAL AND METHODS 

3.1. Study area 

The study was carried out at Jimma University's main campus, Chemistry Research Laboratory 

which is located 346 km away from Addis Ababa, Ethiopia. 

3.1.1. Materials 

 Magnetic stirrer, mortar, and pestle, water bath, deionizer, Refrigerator, Petri dish, Inoculating 

needles, digital balance, conical flask, beaker, centrifugation tubes, volumetric flask, pipettes, 

Pyrex glass, Erlenmeyer flask, Whatman filter paper No-1, Watch, funnel, Test tubes, Droppers, 

Graduated cylinders, Glass rode, Cuvettes, Aluminium foil, spatula, micropipette, desiccators, hot 

plate, polyethylene bags were used for the present study. 

3.1.2. Chemicals and reagents 

Copper nitrate trihydrate Cu(NO3)2.3H2O as a precursor, Co(NO3)2.6H2O as a dopant, NaOH, 

Ferric chloride(anhydride)(FeCl3), dilute hydrochloric acid (HCl), potassium iodide and iodide as 

a reagent, nutrient agar media for bacteria growth, DMSO, Gentamicin, and Clitromazol as a 

controller, de-ionized water(DI) and plant leave extracts as reducing and the stabilizing agent was 

used for the synthesis of CuO and Co-doped CuO NMss. 

3.1.3. Instruments 

UV-Visible spectroscopy (JENWAY6705 UV-Vis spectroscopy) Jimma university organic and 

inorganic laboratory, XRD-7000, Jimma university material science department, Fourier 

transforms infrared spectroscopy (FTIR) Shimadzu IR-470 Spectrometer (Shimadzu, Japan) pH 

meter (Jimma university organic and inorganic laboratory), SEM (transmission electron 

microscopy), CV (Cyclic voltammetry) were used for present study. 

3.2. Sample collection and preparation of plant extract 

25 g of kalanchoe petitiana leaf was collected from the Mizan Aman, Mizan town local name is 

Ediget Keble, and SNNP region state Ethiopia in September 2021. The collected sample was 

washed thoroughly with distilled water to remove the dust particles if any adsorbed on the surface 

of the leaves and the washed samples were air-dried. The dried leaves were crushed with mortar 

and pestle. After crushing 3 gm of the ground leaves along with 100 mL of distilled water were 

heated on a hot plate at 70 ℃  for 30 min. After the formation of the plant extract, it was filtered 

using Whatman No.1 filter paper, and then the freshly prepared extract was used for the synthesis 

of CuO and Co-doped CuO NMs. The resulting sample leaf extract was kept at 4 ℃  59.  
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Figure 6.Sample collection and preparation of plant extract 

3.3. Qualitative Phytochemical Screening 

Phytochemical screening of freshly prepared kalanchoe petitiana leaf extract was carried out using 

simple chemical tests to identify the presence of active phytoconstituents i.e. polyphenols, 

alkaloids, flavonoids, saponins, tannins, etc. in the sample60,61 

1. Test for flavonoids (alkaline reagent test) 

Extracts were treated with a few drops of 20% sodium hydroxide solution. The formation of an 

intense yellow color, which turns colorless on the addition of dilute hydrochloric acid, indicates 

the presence of flavonoids. 

2. Test for alkaloids (Wagner’s test 

The plant extracts were treated with a few drops of Wagner's reagent (0.5 g of iodine and 1.5 g of 

potassium iodide were dissolved in 5 mL of distilled water and the solution was diluted to 20 mL 

using water). The formation of reddish brown precipitate indicated the presence of alkaloids. 

3.  Test for phenols 

5 mL of leaf extract with a few drops of 5% neutral FeCl3 solution was added and a dark green 

color was formed indicating the presence of Phenolic Compounds. 
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3.4. Optimization of copper oxide nanomaterials 

The concentration ratio of leaf extract and copper nitrate solution was optimized with the increase 

in the concentration of leaf extract (10, 20, 30 mL) in 40 mL of 0.1 M copper nitrate solutions 

(ratio 1:4, 1:2, 3:4 ). After 3 h of incubation, the absorbance of the resulting solution was measured 

UV-Visible spectrometer. The concentration ratio of leaf extract and copper nitrate was optimized 

with the increase in the concentration of copper nitrate solution (0.05, 0.1, and 0.15 M) in a 

constant volume of leaf extract (20 mL) and pH-9. The reaction mixture was incubated for 3 h and 

the absorbance of the resulting solution was measured UV-Visible spectrometer. The pH of the 

reaction was optimized by increasing the pH value was 5, 7, 9, and 11 and the remaining volume 

of plant extract and concentration of precursor was constant and it was adjusted using 2 M NaOH 

and diluted HCl acids. The effect of these parameters on the synthesis of CuO NPs was monitored 

by using a UV-Visible spectrometer 62, 63. 

3.5. Biosynthesis of CuO and Co-doped copper oxide nanomaterialss 

Synthesis of CuO NPs capped with kalanchoe petitiana leaf extract was conducted according to 

the reported literature with slight modifications. 0.1 M Cu(NO3)2.3H2O), 0.97 g of copper (II) 

nitrate trihydrate was dissolved in 40 mL of deionized water, and solution was added to freshly 

prepared 20 mL of the kalanchoe petitiana leaf extract. To adjust pH-9, 5 g of sodium hydroxide 

(2 M NaOH) was separately dissolved in 60 mL of distilled water after that added drop by drop 

until pH was adjusted and stirred using a magnetic stirrer at 600 rpm for 3 h at 70 ℃ then the deep 

blue color of the copper nitrate solution was changed to light green on the addition of plant extract 

(Appendix 1). After 3 h, a green colored nanoparticle was formed which indicates the formation 

of CuO NPs. 

Cu (NO3)2.3H2O) +plant extract + 2NaOH   →  CuO+2NaNO3+4H2O+ by-product........ (1) 

 The final solution was centrifuged well for 20 min at 3000 rpm, and the solution was multi-washed 

with double distilled water and ethanol it was poured into the Petri dish and kept in the oven at 

80 ℃ for 1 h for further study. For 0.5% of cobalt doped copper oxide nanoparticles, each 0.1 M 

Cu(NO3)2.3H2O), 0.97 g of copper (II) nitrate trihydrate was dissolved in 40 mL of deionized 

water and 0.5 g of Co(NO3).6H2O was dissolved in 100 mL of double distilled water. Then 40 mL 

cobalt nitrate solution was added to 40 mL copper nitrate solution the color was changed and 20 

mL of leaf extract is added slightly to the solution and adjusted pH-9 with continuous stirring and 

after adjusting heating for 3 h at 70 ℃. The precipitate was collected and light green color Co- 

doped copper oxide nanoparticles were obtained. 
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(1-x)Cu(NO3)2(s) +xCo(NO3)2(s)+ Plant extract  + NaOH → Cu(1-x)CoxO(s)+2H2O(g)↑+ 

NaNO3(g)↑+ by-products.........(2) 

 Similarly, 1% and 1.5% of cobalt-doped CuO nanomaterialss were synthesized by following the 

same procedure.  The as-synthesized CuO and cobalt- doped CuO NMs were kept for further 

characterization by UV-Vis, FTIR, XRD, SEM, and CV and antimicrobial studies [59, 64-65
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3.6. Characterization of CuO and Co-doped CuO nanomaterialss  

3.6.1. UV-Visible absorption spectroscopy analysis  

UV-visible spectroscopy analysis of CuO andCo- doped CuO NMs were recorded on Shimadzu 

UV-240 nm (Shimadzu Corporation, Tokyo, Japan model noLF-204-LS) spectrometer. The 

UV–Visible spectra of the synthesized metal oxide nanoparticles was recorded around 200-800 

nm. This spectrophotometer was used to analyze the unique optical properties and optical band 

gap which depends on the size and the shape of the nanoparticles. The analysis was 

accomplished at 25 ℃  using quartz cuvettes (1 cm optical path), and the distilled water is as a 

blank 65. 

3.6.2. X-ray diffraction (XRD) analysis  

The size and nature of copper oxide and Co-doped CuO NMs were determined by using the 

analysis XRD diffraction technique (X-ray diffraction; XPERT-PRO Machine) and at the 

setting of 30 kV/30 Ma Cu k𝜶 radian at 2𝜃. The scanning was done over a 2θ value range of 

10o to 80o at 0.02 min-1 and at a 1-second time constant. The crystalline domain size was 

calculated using the Scherer formula. =1.5406 Å. Crystallite size is calculated using the 

Scherer equation. 

                            D=
0.94

𝛽𝑐𝑜𝑠𝜃
------------------------------------------------------3 

Where D = Average crystallite size,    λ = X-ray wavelength, β = Full width at half maxima 

(FWHM) of XRD spectral peak (in radians) and θ = Bragg’s angle and k=Scherrer constant 

(the shape factor=0.94) 

X-ray diffraction analysis with various nanoparticles has been studied by various research 

workers to find the high crystallinity of the prepared sample [66]. 

3.6.3. Fourier Transform Infrared [FTIR] spectroscopy analysis 

For FTIR measurements, the precipitate of copper nanoparticles obtained using plant leaf 

extract of kalanchoe petitiana is dried in an oven at 50 ℃ for 2 h. The dried synthesized copper 

oxide and Co-doped CuO nanoparticles were powdered and put on a sensor ready for analysis 

on an FTIR spectrophotometer in the diffuse reflectance mode operating at a resolution of 4 

cm-1. The dried CuO and Co-doped copper oxide nanoparticle was analyzed in the range of 

400-4000 cm-1 with an IR-2 Shimadzu spectrometer, using the sensor method 67. 
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3.6.4. Electrochemical analysis 

The cyclic voltammetry characterization was done using a potentiostat with a three-electrode 

system. Drop Sense with inbuilt Drop view 200 software (Metrohm South Africa (Pty) Ltd., 

Johannesburg, South Africa) was fitted with screen printed carbon electrode (SPC) having an 

inner carbon working electrode (diameter of 4 mm), a silver pseudo-reference (Ag/AgCl) 

electrode (RE) and carbon counter electrode (CE). SPC was modified with CuO to obtain the 

modified working electrode used for the electrochemical studies. SPC electrode was modified 

by dropping about 0.5 µL of the ultrasonicated CuO nanoparticles samples on the surface of 

the electrode and air dried for 20 min. Noteworthy, the ultrasonication of the nanoparticles was 

done at room temperature. Each of the modified working electrodes was characterized using 

the Fe(CN)6] 4−/[Fe(CN)6] 3− (10 mM) redox probe in the presence of a phosphate buffer saline 

(PBS) (0.1 M, pH 7.0) supporting electrolyte. All cyclic voltammetry (CV) measurements were 

done at a scan rate of 50 mVs−1 over a potential window of -1.2–+1.2 V [57]. 

3.6.4. Antimicrobial Activity analysis 

In this study, two types of bacteria and fungus were obtained from the microbiology laboratory, 

biology department, Jimma University. The antimicrobial assays were done for Gram-negative 

E. coli and S. typhi and Gram-positive bacteria S. aureus and B. cereus and antifungal such as 

C. albicans tested by the agar disc diffusion method. Nutrient agar media was used to cultivate 

bacteria. 

3.6.5. Preparation of inoculums 

The test bacterial strains and fungus were transferred from the stock cultures as streaked on 

Nutrient Agar (NA) plates and incubated for 24 h. Well-separated bacterial colonies were used 

as inoculums. Bacteria were transferred using a bacteriological loop to autoclaved nutrient agar 

that is cooled to about 37 ℃ in a water bath mixed by gently swirling the flasks. The medium 

is then poured into sterile Petri plates, allowed to solidify, and used for the bio test. A fresh 

culture of inoculums of each culture was streaked on nutrient agar media in a Petri dish 

containing 100 g/ml as-synthesized CuO and Co-doped CuO nanoparticles were impregnated 

using a micropipette on paper discs of 6 mm in diameter.  
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3.6.6. Preparation of test solutions 

The samples were prepared for the bacterial test and labeled for kalanchoe petitiana mediated 

CuO and Co-doped CuO nanoparticles. Zones of inhibition were measured after 24 h of 

incubation at 37 ℃. The magnitude of antibacterial effect against, gram-negative Escherichia 

coli, Salmonella typhi and gram-positive bacteria Staphylococcus aureus and Bacillus cereus 

and also antifungal is C. albicans was determined based on the inhibition zone measured in the 

disk diffusion test. 

3.6.7. Disc diffusion method for antifungal activity 

The antifungal activity of synthesized CuO and Co-doped copper oxide NMs was done using 

the standard disc diffusion method. The fungal strains used in the study are Candida albicans. 

The inoculums for the disc diffusion method were prepared using a suitable broth and the 

medium was dried at 37 °C before the application. The standardized inoculums are transferred 

into the sterilized Petri dish prepared earlier. The excess inoculums were removed by pressing 

and rotating the swab firmly against the side of the culture tube above the level of the liquid. 

The Petri dish was dried at room temperature for 24 h with lids closed. The Petri dish was 

divided into parts in which the samples were placed with the help of sterile forceps. DMSO 

solvent is used as a negative control. About 100 μg ml−1 of standard Clitromazol was required 

to obtain a uniform way. The same amounts of copper oxide nanoparticles were prepared 

through a series of dilutions and approximately 100 μg ml−1was being used for evaluating its 

antifungal activity. Then Petri dishes were placed in the refrigerator at 4 °C or room 

temperature for 1 h for diffusion and incubated at 37 °C for 24 h. Finally, the zone of inhibition 

produced by different samples was measured using a standard scale 68. 
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4. RESULTS AND DISCUSSION 

4.1. Phytochemical testing of the plant extracts 

In this study, kalanchoe petitiana has been extracted and then the presence of its 

phytochemicals, such as alkaloids, flavonoids, polyphenols, etc. was checked. Based on the 

results the naturally existing phytochemicals in the leaf extract were used as a reducing and 

capping agent during CuO and Co- doped CuO NMs synthesis. The results of qualitative 

phytochemical analysis of the kalanchoe petitiana extract are shown in Figure 7 and Table 1 

which revealed the presence of secondary metabolites such as alkaloids, polyphenols, 

flavonoids, etc. Therefore, the kalanchoe petitiana leaf extract is composed of phytochemicals 

that are capable of reducing the Cu2+ ion by donating electrons, capping and stabilizing the 

formed nanoparticles 

 

 

Figure 7. Phytochemical testing of plant extract 

The color change was observed when the leaf extract of kalanchoe petitiana was tested for the 

presence of (A) Flavonoids (a drop of NaOH) (B) flavonoids (a drop of dilute HCl) (C) phenols 

(D) Alkaloids 

Table 1 Phytochemical analysis 

S.N  Phytochemicals  chemical tests observation  inference 

1 Phenols 5 mL of leaf extract and a few drops of 

5% neutral ferric chloride 

Dark green + 

2 Flavonoids 20% of NaOH and a few drops of 

dilute HCl  

yellow and colorless 

respectively 

+ 

3 Alkaloids 0.5 g Iodide and 1.5 g potassium iodide reddish brown precipitate + 

The functional groups of  hydroxyl group (OH), and carbonyl (C=O) group act as reducing and 

stabilizing agents for the synthesis of nanomaterials. This result is in good agreement with the 

literature [69] in which it was tested for the presence of phytochemicals in Ocimium 

A 
C D 

B 
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lamiifolium (Damakese) plant extract. However, according to the [69] report alkaloid was not 

present in the extract but this study revealed the presence of alkaloids. This may be due to the 

type of solvent used during extraction, since different solvents can extract different families of 

Phytochemicals based on their polarity, hence varying the biological activity of the extracts 

[70].  

4.3. Optimization of copper oxide nanomaterials 

  

4.3.1. Optimization pH effects of CuO NMs 

The pH is one of the factors that influence the size, shape, and composition of nanoparticles 

62. Further characterization was performed using UV–Vis spectrophotometry, which showed 

a distinct peak at 230 nm and it was in agreement with other studies on the green synthesis of 

CuO NMs using plant extract 71. The surface Plasmon absorbance of copper colloids was 

obtained. The role of pH in the synthesized CuO NMs was carried out by altering the pH of 

kalanchoe petitiana leaf extract. The difference in the intensity of the SPR peak ranged between 

220-320 nm as shown in (Figure 8) the pH of obtained CuO NMs was found to be four 

variations in pH (5,7,9 and 11) 72. Absorption in UV-visible spectra was the maximum at 

pH- 9. The increase in pH from 9 to 11 decreased the absorption. In acidic pH, nanoparticles 

aggregated out of the nucleation, while, at alkaline pH, great numbers of nuclei formed, instead 

of aggregation [29, 30]. So pH- 9 was found to be optimum to biosynthesize nanoparticles, 

which was in matched the values reported in the literature. Exhibited different SPR peaks as 

pH-9 (red peak) the SPR peak has higher absorbance at around 230 nm wavelength at 

maximum absorbance than the three peaks 63. 
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Figure 8. pH effects of CuO NMs 
 

4.3.2. Optimization of precursor Concentration of Cu (NO3)2.3H2O  

The formation of copper oxide nanoparticles was studied by the variation of copper nitrate 

concentration from 0.05 to 0.15 M. The SPR absorption was increased due to increasing the 

concentration of copper ions from 0.05 to 0.1M (Appendix 3). This may be attributed to the 

formation of more CuONPs as the reaction progresses since the intensity of the surface 

Plasmon peak is directly proportional to the density of the CuONMs in the solution. As 

increasing in the concentration of copper nitrate more than 0.1 M the SPR absorbance 

decreased which could be due to the low number of reducing agent molecules. In the case of a 

low concentration (0.05 M) of copper nitrate, there is a low number of Cu2+ ions which have 

to be reduced to Cu nuclei [63]. 

4.3.3. Optimization of Plant extract  

The formation of copper oxide nanoparticles depends on the ratio of extract Cu(NO3)2 (v/v). 

The UV-visible spectrum was recorded for the shift in SPR peaks position with variation in the 

amount of plant extract to precursor salt as shown in (Appendix 4). The maximum absorption 

was observed at 20 mL, but by increasing the volume to 30 mL, the absorption decreased and 

a broad peak was formed. The 20 mL was found to be typical to biosynthesize nanoparticles it 

showed maximum absorption at 238 nm 63. 
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4.3.4. Optimization Concentration of dopants   

The absorption peak of Co-doped CuO NMs was also affected by the concentration of dopant 

[72]. To see the effect of the concentration of dopant (Co) on the absorption peak of CuO NPs; 

the dopant concentrations were varied as (0.5%, 1%, and 1.5%) while other parameters were 

kept constant and the absorbed wavelengths were 226,228 and 231 nm while the concentration 

of dopant was increased from 0.5% to 1%  the absorption peak was increased and while it was 

increased to 1.5% the absorption peak was decreased to 228 nm (Appendix 5) which resulted 

in a change in the optical band gap value. Co-doping was observed to reduce the band gap of 

NMs. This decrease in band gap may be attributed to the presence of impurity states between 

the CuO's conduction and valance bands due to Co-doping. As the number of dopant atoms 

increases, these impurity states coalesce near the conduction band's lowermost edges, reducing 

the gap between the conduction and valance bands. The result was in agreement with the 

reported literature [73]. 

4.4. Synthesis of CuO and Co-doped CuO nanomaterialss  

During the synthesis of CuO NPs, the color of the mixtures of leave extract and copper nitrate 

trihydrate solution was green at the beginning. After heating for 3 h with continuous stirring at 

70 ℃, a light green color was observed which indicates the formation of CuO NMs (Appendix 

2a). Co-doped CuO NMs were synthesized in a similar way to CuO NMs but, with the addition 

of Co dopant and a deep green color was observed that indicates the formation of Co-doped 

CuO NMs (Appendix 2b). The copper and Co ions were reduced to their corresponding CuO 

NMs and Co-doped CuO NMs, and the synthesized nanoparticles were capped through 

phytochemicals present in plant extract [74]. 

4.5. Characterization of CuO and Co-doped CuO nanomaterials 

4.5.1. Electrochemical analysis of CuO NMs 

Electrochemical comparative studies of CuO were studied using cyclic voltammetry at a scan 

rate of 50 mV/s in 10 mM [Fe (CN) 6] 
4−/ [Fe (CN) 6] 

3− solution prepared in 0.1 M PBS. The 

screen print carbon electrode was modified with the CuO nanoparticles synthesized from the 

green method. The screen print electrodes were modified with the CuO nanoparticles and 

denoted as SPC/CuO, representing the green mediated CuO from water solvents (Figure 9). 

The voltammogram of the modified SPC electrodes of SPC/CuO showed redox peaks, an 

anodic peak at about 0.3 V, and cathodic peaks at a reduction potential of -0.25V for the 

[Fe(CN)6] 
4−/[Fe(CN)6] 

3− probe. This result confirms that green synthesis enhances the 

electroactivity of the synthesized nanoparticles 56. 
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 Figure 9. Cyclic voltammetry analysis 

 

4.5.2. UV-Vis spectroscopy analysis of CuO NMs and Co-doped CuO NMs 

UV-Visible absorption spectroscopy is an important tool to investigate the semiconducting 

nanoparticles for their optical properties. Absorption spectra of CuO and Co-doped CuO 

nanoparticles were taken using a UV-Visible spectrophotometer. Initially, the synthesized CuO 

and Co-doped CuO NMs were analyzed with a UV-Vis spectrophotometer between 220–320 

nm scan range. These NPs showed a broad peak at the wavelength of CuO and Co-doped CuO 

nanoparticles are 230 and dopant 226, 228, and 231 nm respectively (Figure 10-13), 

corresponding to copper oxide and cobalt doped CuO NMs and these peaks were in agreement 

with the previously reported literature and from this, it was confirmed that the synthesized 63. 

The values of the energy band gap (Eg of CuO and Co-doped CuO nanostructures were obtained 

from the optical diffuse reflectance spectra recorded at room temperature and shown in (Figures 

10-13). The band-gap energy (Eg values were evaluated using the Tauc plot by the following 

equation  

(αhv)2 = A(hv-Eg)------------------------------------------------------------------------4 

Where A is a constant, that depends on the transition probability, α is an absorption 

coefficient, hν is the photon incident energy, 2 is a constant that determines the type of 

optical transition and n=2 is a direct transition. The Tauc plot of CuO and Cu1-xCoxO samples 

are shown in (Figure10-13).  
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Figure 10  UV-Vis spectra of CuO NMs and energy band gap 
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Figure 11  UV-Vis spectra of 0.5% Co doped CuO NPs and energy band gap 
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Figure 12 UV-Vis spectra of 1% Co doped CuO NPS and energy band gap    
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Figure 13 UV-Vis spectra of 1.5% Co-doped CuO NMs and energy band gap 

 For 0.5 and 1% doping of Co, the band gap has reduced to 4.85 and 4.8 eV respectively but 

when dopant concentration is increased to 1.5%, the band gap increases to 4.82 eV.  The result 

was in close agreement with the reported literature [75]. The band gap of CuO nanoparticles is 

4.87 eV which is higher than that of bulk CuO (1.85 eV) and the band gap of Co-doped CuO 

NPs 4.85, 4.8, and 4.82 eV.  It has been observed that the band gap decreases with Co doping 

with the decrease in particle size. Intra gap defects have also been reported to decrease the band 

gap of CuO nanoparticles. They have observed that the intraband states are developed within 

the band gap due to the presence of dopants or valence defects (e.g. O vacancies and Cu1+ state) 

in CuO nanoparticles and these are the sources of decrease in the band gap. A similar decrease 

in the band gap of Ni-doped SnO2 has also been observed, where the band gap decreases with 

Ni doping with the size reduction [76]. 

4.5.3. FTIR analysis of CuO and Co-doped CuO NMs 

The dual role of the plant extract, as a reducing as well as capping agent, and the presence of 

some functional groups in both the kalanchoe petitiana leaf extract and the synthesized CuO 

NPs and Co-doped CuO NMs were investigated by FT-IR analysis. FT-IR analysis was used 

to identify and get an approximate idea of the possible bio-molecules that are responsible for 

capping and stabilization of the CuO NPs and Co-doped CuO NMs with the leaf extract of 

kalanchoe petitiana. As observed in (Figure 14 b). The major and strongest vibrational modes 

in the kalanchoe petitiana leaf extract spectrum are those located at 3335, 2921, 2852, 1729, 

1564, 1392, 1219, and 1013 cm-1. A strong and broad peak at 3335 cm-1 can be attributed due 

to hydrogen-bonded O-H groups of alcohols and phenols and also due to the presence of amines 

N-H of amide. This agrees with the conclusion that leaf extract of K.petitiana is composed of 

polyphenols, flavonoids, alkaloids, and other similar phytochemicals containing O-H and N-H 

bonds, which was Confirmed by using qualitative phytochemical analysis [77]. The bands at 

220 240 260 280 300 320

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

A
b
s
o
rb

a
n
c
e

wavelength(nm)

1.5% Co dop

3.8 4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4

0.00

0.02

0.04

0.06

0.08

0.10

(


h

)
2

Energy(eV)

E
g
= 4.82 eV



31 
 

2921 and 2852 cm-1are assigned to C-H and CH2 stretching mode in alkanes and the peak at 

1729, 1564, 1392,1219, and 1013 cm-1represents hydroxyl (-OH) bending, C=O carbonyl 

group stretching, C=C aromatic ring, C-H or C-O stretching vibrations and stretching 

vibrations of C-N functional groups of amines, respectively. These peaks show the presence of 

phenolic compounds in the plant extract. This is in close agreement with the value reported in 

the literature [78, 79]. 

As observed in (Figure 14 a) the major and strongest vibrational modes FTIR spectrum of CuO 

NMs stabilized in kalanchoe petitiana are those located at 3324, 2342, 1733, 1567, 

1386,1227,1061, and 655 cm-1. To identify the functional groups present in the sample, FT-IR 

analysis was performed which is denoted in (Figures 14 a and b ). The peaks observed in the 

FTIR spectrum are responsible for the conversion of metal precursors into metal nanoparticles. 

The bands at 3334 cm-1 were responsible for the alcoholic O-H stretching, 2342 cm-1 and the 

broad peak represents the acidic O-H stretching. Moreover, the band at 1733 and 1387 cm-1 

corresponded to the C=O and C-O   stretching. The intense bands observed at 1227 cm-1 

correspond to C–O–C stretch. [80]. The major M-O bands appeared at 655 cm-1 indicating the 

formation of the monoclinic phase of CuO NMs [81]. The absorption peak at 1061.0 cm-1 is 

the stretching vibration of the C–O group of primary and secondary alcohols [82]. 
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Figure 14. FTIR analysis of plant extract and CuO NMs 

 The FT-IR spectra were used to confirm the presence of functional group and plant 

metabolites, which were used for the reduction and stabilization of the green synthesized 

copper oxide nanoparticles and cobalt-doped copper oxide nanoparticles. In the FTIR 

spectrum, absorption bands at 558,600, 620, 655, 1061, 1385, 1567, 1733,3324,3354,3361 and 
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3381 cm-1 were present. Doping causes variation in intensity and position of the FTIR peaks 

which attributes to the fact that bond strength has been changed. It also confirms the successful 

doping of Coin CuO host lattice. Absorption band around 558,600,620 and 655 cm-1are 

indicates CuO and Co-doped CuO NMs. The peak at 1061 cm-1 is due to C-O stretching 

whereas 1567 cm-1 is related to C=O. The stretching band at 1733 cm-1 corresponds to the 

aldehyde or carbonyl groups. Peaks depicted around 3347, 3354, and 3361 cm-1 are related to 

the O-H stretching. Quite interestingly as the dopant concentration is increased, peak intensity 

is also enhanced [73].  The FT-IR spectra of the synthesized Copper oxide NPs (Figure 15) 

represent a broadband absorption peak at 3354 cm-1 indicating the stretching of O–H groups in 

water, and phenols [83]. However, after doping with Co reduction in intensity occurred and, 

this broadband of 0.5% disappeared. This may be related to the reduction of water content in 

the Co-doped CuO NMs or the interaction of the Co with the hydrogen-bonded O–H groups 

[84]. 
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Figure 15. FTIR analysis of CuO and Co-doped CuO NMs 

4.5.4. XRD analysis of CuO and Co-doped CuO NMs 

An X-ray diffraction study was carried out on the prepared CuO NMs & Co-doped CuO NMs. 

The crystalline nature of nanoparticles was confirmed by the powder X-ray diffraction study 

and diffraction peaks are indexed in Figure 16. Represents the XRD pattern of green 

synthesized CuONMs. The specific diffraction peaks at 2θ = 32.20o, 35.70o, 38.9, 48.95, 

53.50, 58.50, 61.7, 66.3, 68.2, 72.5, and 75.5 were assigned to (100), (002), (200),  (202), 

(020), (202), (113), (022), (020), (311), and (004)  which were well crystal planes, respectively, 

which is in agreement with the previously reported work. The diffraction peaks in Figure. 12 

indicate that the CuO has a monoclinic phase [85]. 

Table 2. XRD diffraction analysis of CuO and Co/CuO NPs 
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 2 (degree) CuO NPs XRD analysis 

Reported XRD 

analysis 

32.49 35.5 38.4 48.8 53.4 58.22 61.5 66.24 67.98 72.36 75.7 

observed 32.2 35.7 38.9 48.9 53.5 58.5 61.7 66.3 68.2 72.5 75.5 

(hkl) (100) (002) (200) (202) (020) (202) (113) (022) (020) (311) (004) 
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Figure 16. XRD analysis of CuO NMs 

After doping CuO NMs with Co, the formation of miner extra peaks was observed in the XRD 

spectrum of Co-doped CuO NPs at 2θ = 36.87°, 44.10°, 59o, and 76.46° related to the crystal 

planes (111), (200), (220), and (311) respectively. These additional peaks observed were peaks 

due to Co, and showed face cantered cubic cobalt crystal (JCPDS No. 4- 0783). The green-

synthesized CuO NMs were well-crystalline which was confirmed by the well-defined and 

high-intensity diffraction reflection peaks. The crystalline size (D) of the CuO NPs was 

calculated using Debye–Scherer's equation and the intensity of diffraction peaks decreases as 

the concentration of Co doping increases, indicating that the crystalline structure has 

deteriorated as a result of doping. The peak of cobalt oxide or cobalt hydroxide is absent in the 

XRD pattern. The concentration of Co caused a slight change in XRD peaks. A shift in the 

diffraction peak shows doping of the CuO lattice with Co ions. The Scherer equation was used 

to determine the crystallite size of the NMs, and the size of CuO and Co-doped CuO 

nanoparticles is shown to be decreased with the increasing concentration of Co dopant. The 
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decrease in NP crystallite size pure and Co (0.5 and 1%) doped CuO-NMs. due to the creation 

of Co–O–Cu bonds by Co doping [73].  

Depending on the FWHM values at the preferred orientations (002) at 2θ=35.7°, the samples 

crystallite size was evaluated using the Debye-Scherer formula 

                                              D= 
𝐾𝜆

𝛽𝑐𝑜𝑠𝜃
 

 where D is the average crystalline size (Å), k is a constant 0.94, ‘λ’ is the wavelength of X-ray 

diffraction (0.1541nm), β is the angular line full width at half maximum (FWHM) intensity in 

radians, and 'θ' the Bragg's angle. The crystallite size of CuO NMs, and 0.5 %,1 %, and 1.5 % 

Co-doped CuO NMs prepared by using kalanchoe petitiana leaf extract were 16.398 nm and 

16.393 nm,16.386 nm,16.379 nm respectively. This result is in close agreement with the 

literature that reported crystal size of Co-doped CuO NMs was between 14-25 nm in the range 

[57]. With the increase in the dopant Co contents, the crystallite size decreases according to the 

lowering ionic radius of Co (0.079 nm and Cu (0.087 nm) [86].  
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Figure 17.  XRD CuO and Co-doped CuO NMs analysis 

XRD graph of CuO and Co-doped CuO NMs a, b, c, and d  indicates a 1.5%, 1%, and 0.5%, 

Co-doped CuO and CuO NMs respectively. 

4.5.5. Scanning electron microscopic (SEM) analysis of CuO and Co-doped CuO NMs 

Figure 18 ( a and b) show the SEM images of the prepared CuO and Co-doped CuO 

nanoparticles.  The image indicates that the CuO NMs show most synthesized nanoparticles 

are spherical (Figure 18 a). This result is in close relationship with recent findings [84, 87] 

literature that reported spherical CuO NMs. In the case of CuO NMs doped with Co (Figure 18 

b), a mixture of spherical-shaped and rod-like structures was observed. The SEM images of 
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synthesized CuO NMs and Co-doped CuO NMs showed a rough surface that may be due to 

the encapsulation of plant extracts [87]. 

The formed CuO nanoparticles by using extract have dominantly spherical and circularly 

defined surface morphology as seen from the SEM micrographs in Figures 18 (a and b). Some 

rod-shaped nanoparticles have also survived. The formed CuO nanoparticles were split with 

diminutive space between them. The vast aggregation of CuO nanoparticles was avoided by 

the usage of plant extract in the synthesis. In some places, there was less aggregation of formed 

CuO nanoparticles was transpired. This phenomenon was ascribable to the overuse of extract 

[88]. 

 

 

Figure 18. SEM analysis of a and b respectively CuO and Co-doped CuO NMs 

a 

b 
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4.6. Antimicrobial activity 

4.6.1. Antibacterial activity 

The results of the antimicrobial test were shown in tables 2 and 3. 

 Effect of CuO and Co-doped CuO NMs on selected bacteria (Salmonella typhi, Bacillus 

cereus, Staphylococcus aureus, and Escherichia coli at 100𝜇g/ml concentrations. 

In vitro antibacterial activity of CuO and cobalt-doped CuO NPs using some human pathogenic 

bacteria by disc diffusion methods. 

Table 3. Antibacterial test results 

 B.Strain  zone of inhibition in mm  

+tve 

control/gentamicin 

-ve 

control/D

MSO 

CuO 

NPs 

0.5% 

Co dop 

1% Co 

dop 

1.5% 

Co dop  

PE 

B.Cereus  20.5 mm - 20 19.5 21.5 22.5 - 

S.aures 21 mm - 24 23 26 28 - 

E.coli 22 mm - 19 20 20.5 23.5 - 

S.typhi 21.5 mm  - 25 23.5 25.5 28.5 - 

(-) indicates = No inhibition zone, PE= plant extract 

In the present study, the antibacterial activity of the synthesized copper oxide and Co-doped 

CuO nanoparticles using kalanchoe petitiana leaf extract was examined against both two 

Gram-negative (E. coli and S.typhi) and two Gram-positive (S. aureus and B.Cereus) bacteria 

by disc diffusion test. The zone of inhibition (ZOI) values for the above-mentioned samples 

was recorded in (Table 3). The negative control (DMSO) and plant extract were not shown any 

activity against the bacterial strains tested. On the contrary, antibacterial activity was observed 

against pathogens when CuO NMs and Co-doped CuO NMs used. The antibacterial effect of 

CuONMs and Co-doped CuO NMs against all four bacteria compared with control, the 

diameter of ZOI in mm varied for all the tested bacteria at the same concentration level of 

CuONMs and Co-doped CuO NMs. It is seen that the growth of Gram-negative bacterial 

strains, Salmonella typhi was more effectively affected by CuO NMs than that of the Gram-

positive strains Staphylococcus aureus and Bacillus cereus at100 µg/ml. The difference in 

activity between these two types of bacteria could be attributed to the structural and 

compositional differences in the cell membrane. The CuO NMs and Co dope CuO NMs showed 

good antibacterial activity against salmonella typhi, S. aureus, Escherichia coli, and Bacillus 

cereus with a maximum inhibition zone of 25, 24, 19, and 20 mm, respectively. The ZOI of the 
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copper oxide and Co-doped CuO nanoparticles is higher when it is tested against S.typhi than 

when tested against S.aures, E. coli, and B. cereus. These results refer to differences in the cell 

wall of each strain; the cell wall of Gram-negative strains (S.typhi are wider than the cell wall 

of Gram-positive strains (S. aureus). This is probably of the toxicity of copper oxide and Co-

doped CuO ions on include a rapid DNA degradation, followed by a reduction of bacterial 

respiration; it is also known that copper oxide ions inhibit certain cytochromes in the 

membrane. 

The results revealed that the bacterial sensitivity to nanoparticles was found to vary depending 

on the microbial species. Gram-positive bacteria have thicker peptidoglycan cell membranes 

compared to the Gram-negative bacteria and it is harder for CuO to penetrate, resulting in a 

low antibacterial response [89]. In addition, the damage to the cell membrane might directly 

lead to the leakage of minerals, proteins, lipids, and genetic materials causing ultimate cell 

death. Furthermore, the antibacterial activity increases with a decrease in particle size, due to 

the higher surface area of the samples [90]. 

The antibacterial test results showed that S. aureus is less susceptible to CuO NMs when 

compared to S. typhi which is in agreement with the results reported in the literature [89]. 

Obtained experimental results have shown that synthesized CuO NMs have antibacterial 

activity on both gram-positive and negative bacteria. CuO NMS was more sensitive to gram-

positive bacteria (aureus) and gram-negative bacteria (S. typhi) and also Co-doped copper 

oxide nanoparticles zone of inhibition were increased from 0.5% to 1.5% Co doping NMs. The 

antibacterial effect of CuO and Co-doped CuO nanoparticles is due to the generation of reactive 

oxygen species, which cause bacterial cell damage [90, 91]. 

                                                                                     

                                                     

Figure 19. Zone of antibacterial activity 
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4.6.2. Antifungal activity 

Table 4 . Antifungal test results 

 fungus Strains zone of inhibition in mm  

+ve 

control/Clitromazo

l 

-ve 

control/DM

SO 

CuO 

NMs 

0.5%Co 

dop 

1% Co 

dop 

1.5% Co 

dop 

PE 

C. albicans 

 

16mm - 20mm 20.5 mm 22 mm 24 mm - 

 

(-) indicates= No inhibition                   PE = Plant extract 

In general copper oxide, NMs and Co-doped CuO NMs are effective against a wide range of 

pathogens. The antifungal activity was measured by the disc diffusion method using fungi 

stains such as Candida albicans. Clotrimazole was kept as the standard and the zone of 

inhibition was noted. Copper oxide and Co-doped copper oxide nanoparticles showed a clear 

zone of inhibition as indicated in Table 4 against Candida albicans. It is reported that CuO 

nanoparticles attach to the surface of the cell membrane, disturb its function and penetrate 

directly with the fungus's outer membrane and release CuO ions. Clitromazol 100μg/ml was 

used as control. The studies conform with the green synthesis of copper oxide nanoparticles 

using a natural reducer and stabilizer and after an evaluation of antifungal activity (Table 4), it 

is inferred that the synthesized copper oxide NMs and Co-doped CuO NMs show a better 

antifungal activity. The size and concentration of the copper oxide nanoparticles play a vital 

role in exhibiting antimicrobial activity [92]. 

                                  

Figure 20. Zone of inhibition antifungal activity 
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5. CONCLUSION AND RECOMMENDATION 

5.1. Conclusion 

To summarize the reported work, a simple green method has been used for the preparation of 

CuO and Co-doped CuO NMs.  A simple, clean, economically viable, and green approach has 

been established for the synthesized CuO NMs by using the nontoxic, cheap, and easily 

available leaf of Kalanchoe petitiana as a reducing and capping agent without using any harsh, 

synthetic reducing agents. The green synthesis of CuO NMs and Co-doped CuO NMs found to 

be eco-friendly since the reactions involve exudates from plant extracts. The UV-Vis 

absorption peak at 230 nm and 228 nm indicates the synthesis of CuO and Co-doped CuO NMs 

The powdered XRD patterns of the samples showed that the synthesized materials belonged to 

the monoclinic crystal system and its average crystallite size was found to be in the nanometer 

range. XRD pattern showed distinctive peaks corresponding to (002) and (111) planes that can 

be indexed as the typical monoclinic structure. The functional groups were identified by FTIR 

spectra. The optical study reveals that the energy band gap of synthesized nanoparticles shows 

enhancement results towards optical properties. The Co-doping further results in the absorption 

of the peak in the visible region area and successfully enhances the ability to absorb visible 

light that arises on account of the d-d transition involved between closely spaced Co2 + and Cu2 

+ ions. The observed band gap of pure CuO NMs and 1%  Co- doped CuO NMs are 4.87 and 

4.8 eV, respectively and the reduction of the band gap is because of particle size reduction and 

quantum confinement effect. 

The designed CuO and Co-doped CuO NMs are highly stable and shown significant 

antibacterial activity against these bacterial strains with a maximum inhibition zone of 25, and 

24 mm in S.typhi, and S. aureus respectively, and a minimum inhibition zone of 19 mm in 

E.coli and also Co-doping CuO NMs increasing ZOI. Antifungal testing inhibition zone is 20 

mm and co-doping 21, 21, and 22 mm respectively. From the technological point of view, these 

obtained Copper oxide and Co-doped copper oxide nanomaterials have potential applications 

in the biomedical field and this simple procedure has several advantages such as cost-

effectiveness, and compatibility for medical and pharmaceutical applications as well as large 

scale commercial production. 
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5.2. Recommendation 

As the result of the rising concern for the environment due to the rising emission of toxic gases 

and materials that are brought about by technology in itself.  The green synthesis of 

nanoparticles not only CuO nanoparticles has proven to best budget-friendly and nontoxic. 

Therefore the government or other science inclined companies can take this up as a project to 

develop nanoparticles that serve the purpose of most indispensable toxic material emitting 

machines today, thus bringing about a safer environment but at the same time not hindering 

technological advancement.   

The advance study should be carried out on proper isolation and characterization of compounds 

acting as the reducing agents in each plant extract which were not addressed by this study. 

Furthermore, the antimicrobial activities of the CuO nanomaterials should also be tested on 

other microbial species which were not addressed by this study.  
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7. APPENDIX 
 

Appendix 1 

Copper oxide nanoparticles synthesis 

                             

40 mL of Cupric nitrate solution   20 mL of  k.p leaf extract  heating at 70 ℃ for 

3 h  

                                                                  
Centrifuged                                                                            cooled for 20min 

             

Collected on crucible           CuO NMs were formed 

Heating on oven          

Appendix 2a 

                           

Cu(NO3)2 solution                             plant extract                               CuO NMs 
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Appendix 2b 

                                     

A                                           B                                             C                                            D 

          

E                                 F 

 A, B, C, D, E, and F indicate copper nitrate solution, cobalt nitrate solution, A+B, plant extract, 

C+D+NaOH, and Co- doped copper oxide NMs respectively. 

Appendix 3 
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Appendix 4 
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Appendix 5 
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