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ABSTRACT 

Since dye effluents discharged from different industries lead to environmental contamination, 

their treatment and remediation method is highly desired. Due to the limitation of physical 

methods like adsorption, the photocatalytic degradation method was used because of its 

capability to the complete the degradation of dyes. On the other hand, most bacteria have shown 

resistance to antibiotic drugs. In this regard, nanomaterial has been found to be a promising 

candidate to overcome the problem of antibiotic (drug) resistance. The main objective of this 

research was to synthesize CuO NPs and Ag doped CuO NCs by using Ocimium 

lamiifolium plant extract by precipitation method for photocatalytic and antibacterial 

applications. Ag/CuO NCs were prepared from ocimium lamiifolium leaf extract, copper nitrate 

trihydrate, and silver nitrate solution at 70 oC. CuO NPs were synthesized in the same way but 

without addition of silver nitrate solution. The synthesized CuO NPs and Ag/CuO NCs were 

characterized by using UV-Vis, XRD, SEM, and FT-IR. From UV-Vis absorption spectrum, the 

peaks of CuO NPs and Ag/CuO NCs were detected at 308 and 452 nm with Eg of 2.56 and 1.84 

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

nanomaterials. The XRD data showed the crystalline structure of CuO NPs and Ag/CuO NCs 

with crystallite sizes of 29.1 and 38.2 nm respectively. SEM shows some of CuO NPs has a 

spherical shape and Ag/CuO NCs has a mixture of spherical and rod-like shape. The in-vitro 

antibacterial test of NPs showed good antibacterial activity, especially at higher concentrations. 

The result indicates that Ag/CuO NCs showed enhanced antibacterial activity compared to CuO 

NPs. The photocatalytic performance of Ag/CuO NCs was further assessed by degradation of 

MB as a model pollutant under visible light (LED lamp, 200 W) irradiation and compared with 

CuO NPs. The effects of some parameters such as catalyst dosage, contact time, pH, irradiation 

time, and the effect of initial concentration of MB dye on the activity of the Ag/CuO NCs were 

also investigated. 88.5 and 76.2% of MB were degraded by Ag/CuO NCs and CuO NPs at 120 

min, respectively. The Ag/CuO NCs can also decompose MB in natural sunlight irradiation, and 

95.1% was degraded in 60 min, which is promising for future application of solar light-driven 

photocatalytic degradation of organic pollutants. 

Keywords: CuO NPs, Ag/CuO NCs, Ocimium lamiifolium, Anti-bacterial activity, Photo-  

catalytic activity 
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1. INTRO DUCTION 

1.1. Background of the study 

Nowadays, the world mostly affected by cancer due to environmental pollution in its one or the 

other form, out of which water pollution is of prime concern [1]. Textile and paper industries 

discharge huge amount of aqueous wastes and carcinogenic dye effluents, which is 

environmentally unacceptable since they can cause environmental damage by causing water 

pollution. Organic dyes are stable organic pollutants that persist in the environment. Therefore, 

methods for their degradation have been increasingly explored and developed. Despite the 

number of successful systems employing various physicochemical and biological processes, 

economical removal of color from effluents remains a major problem [2]. Therefore, it is 

necessary to develop better economically and environmentally friendly treatment technologies. 

Currently, photocatalytic degradation by nanoparticles is attracting significant attention. In 

photocatalytic degradation, the pollutants degraded under UV-Vis light irradiation in the 

presence of catalysts. Compared to the conventional methods, this technique is inexpensive and 

does not form any polycyclic product [3]. 

Most bacteria cause different health problems on living things. Therefore, in order to overcome 

this effect of bacteria, antibacterial agents must be required. Antibacterial agents are compounds 

that kill bacteria or slow down their growth without being generally toxic to the surrounding 

tissue [4]. However, over-use of antibiotics has led to an increased occurrence of antibiotic 

resistant genes in various bacterial species. Dealing with antibiotic-resistant bacteria is costly and 

requires more time and may be associated with side effects and sometimes-therapeutic failure[5, 

6].Therefore, researchers are looking for alternative and novel antimicrobial agents [7]. In this 

case, nanoparticles and nanocomposites have been demonstrated to be a promising application to 

overcome the problem of antibiotic resistance [8].  

Transition metal oxides such as CuO, TiO2, Fe3O4, ZnO, and NiO NPs have shown effective 

applications as advanced nano-substances into energy, biomedical and environmental fields of 

study [9]. The strong adsorption capability exhibited by these NPs significantly enhance their 

performance and applications [10].  
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Copper oxide nanoparticles (CuO NPs) and their derivatives are widely used in many 

applications due to fair stability, cost-effectiveness, and readily available [11]. Some of their 

applications are; catalyst for chemical reactions, solar cell, chemical sensor , adsorbent, thermal 

conductivity enhancer, wastewater treatment and anti-oxidation properties, drug delivery, 

anticancer activity, and efficient anti-microbial agent [11, 12]. 

Different physical and chemical approaches like microwave irradiation, thermal decomposition, 

sol gel, colloidal thermal synthesis, sonochemical, hydrothermal, and quick precipitation have 

been employed for the synthesis of CuO NPs with desired morphologies. However, these 

methods require labor-intensiveness, energy, intensive routes, expensive and hazardous 

chemicals [9, 13]. Hence, simple, low cost, and green synthesis method for NPs is highly 

required. 

Synthesis of metal or metal oxide nanoparticle using biological approach was found to be 

potential low cost, green and efficient method [14]. It focus on the utilization of bacteria, fungi, 

algae, yeast, and plant extracts, as a reducing agent for the synthesis of nanoparticles that support 

bio-compatibility and large-scale production [15]. From the biological approach of metal or 

metal oxide nanoparticle synthesis, Phyto-synthesis or plant-mediated nanoparticle synthesis has 

gained more attention due to an inexpensive method, time-effective, and cost-effective than the 

other biological methods [16]. Therefore, Phyto-synthesis has become an upcoming profitable 

alternative for large-scale production. 

Primarily metal oxides with different band gaps are common photocatalysts for environmental 

remediation. However, for most metal oxides the recombination between the excited electrons 

and holes in the semiconductor could hinder their photocatalytic activity [16]. Therefore, to get 

enhanced photocatalytic activity, a reduction in recombination rate must be required. 

Furthermore, metals like those that (Ag, Au, Fe, Cu, Ru, and Pd) deposited on metallic oxide 

surfaces has gained considerable attention since they can play a significant role to improve the 

photocatalytic efficiency of nanoparticles by reducing electron re-combination rate [17]. Now, 

doping in CuO has been significantly investigated since their properties can be simply controlled 

by suitable dopants. CuO/noble metal nanocomposites could efficiently decrease the photo 

generated electron-hole recombination because the photo-generated electrons accumulate on the 
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metal, and holes stay behind on the CuO surface [17]. Ag have gained particular attention 

because of their high electrical conductivity along with excellent oxidation stability [18]. 

Therefore, Ag was chosen to be doped with CuO nano particles to form Ag doped CuO 

nanocomposites, and its enhanced properties was studied. 

The genus Ocimum (Lamiaceae) consists of about 30 Old and New worlds, with some species 

cultivated in temperate areas. Ocimium lamiifolium (Damakase, Amharic local name) is mostly 

found in clearings and edges of primary and secondary mountain forests and bush lands, tall 

grasslands, abandoned fields, at altitudes between 1200 and 2900 m.  Traditionally, the fresh 

leaves are squeezed and the juice is sniffed to treat cough, cold, relieve pain, wound, fever, 

malaria and inflammatory disorders in Ethiopia, and the juice is also used as eye rinse to treat 

eye infections. At the same time, the crushed leaves are put in the nostrils to stop nose bleeding 

[19]. The secondary metabolites present in Ocimium lamiifolium (Fig. 1) are alkaloids, 

flavonoids, saponins, and tannins [20]. During synthesis of CuO NPs and Ag/CuO 

nanocomposites, these secondary metabolites can act as a reducing as well as a capping agent 

[21]. 

 

          Figure 1: Ocimium lamiifolium plant 
Recently, the synthesis of CuO NPs and Ag/CuO NCs using Malus Domestica, Muntingia 

calabura, Cyperus Pangorei, and Mimosa Pigra  plant extract has been reported [22, 23, 41, 42]. 

However, utilization of Ocimium lamiifolium for the synthesis of CuO NPs and Ag/CuO NCs 

was not reported yet. Inspired by the above facts, here we prepared Ag/CuO NCs and 

investigated their photocatalytic activity in comparison to CuO NPs. Furthermore, the 

antibacterial activity of Ag/CuO nanocomposites against two gram-positive bacteria 

(Staphylococcus aureus and Bacillus cereus) and two gram-negative bacteria (Salmonella typhi 

and Escherichia coli) were investigated, and compared with that of bare CuO.  
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In this study, the synthesis of CuO NPs and Ag/CuO NCs utilizing the Ocimium lamiifolium leaf 

extract has been addressed for the first time. The synthesized Ag/CuO NCs and CuO NPs were 

characterized by UV–Vis, FT-IR, XRD, and SEM techniques. This biosynthesized visible-light 

photocatalyst was used for the degradation of Methylene blue (MB) dye as a model pollutant. 

The various factors that affect the catalytic activity has been investigated. The antibacterial 

application of synthesized nanomaterials was also assessed. 

1.2. Statement of the Problem 

The release of colored dyes like methylene blue (MB) into the environment has been of great 

concern due to the properties and effects of dye-contaminated water on the environment. Dye 

contaminated wastewater disposal is of prime concern because it is toxic to humans and aquatic 

life. These dyes are not biodegradable and cause water pollution and serious long-term effects on 

the environment. Therefore, to minimize the health effects of these pollutants, treatment methods 

need to be studied. Methods of removal of these dyes such as adsorption by activated charcoal 

are not effective; since they result in large amounts of sludge which can cause pollution 

problems again. Therefore, photocatalysis has been proven to be a more efficient method for the 

degradation of MB. However, some of the photocatalysts like CuO NPs have high rate of 

recombination of the photogenerated electrons. To overcome this limitation of CuO 

photocatalyst, doping with some other metal is required to enhance photocatalytic activity by 

reducing re-combination rate. Additionally, antibiotic drug-resistant bacteria become lead to 

serious health problems caused by overuse or misuse of the medication. Consequently, the 

synthesis of CuO NPs and Ag/CuO NCs is strongly required to remove toxic dyes to remediate a 

safe environment and fill the gaps in which antibacterials are frequently failed. However, the 

physical and chemical methods of synthesis of nanoparticles are expensive and not eco-friendly. 

Having the above pieces of evidence, the present study was intended to explore the 

photocatalytic activity of Ocimium lamiifolium leaf extract supported CuO NPs and Ag/CuO 

NCs and evaluation of their antibacterial activities. Even though CuO NPs and Ag/CuO 

nanocomposites were synthesized by using some plant extracts [22, 23], utilization of Ocimium 

lamiifolium extract as a capping and reducing agent was not reported yet. 

Based on the above facts, this study may answer the following questions:- 
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 Is Ocimium lamiifolium leave extract as reducing and capping agent for the synthesis 

of CuO NPs and Ag doped CuO NCs.  

 Do the synthesized nanoparticles and nanocomposites show enhanced activity than 

that of plant extract or other nanoparticles synthesized before or from the literature? 

 Do CuO NPs and Ag doped CuO NCs show good photocatalytic and antibacterial 

applications? 

1.3. Objectives 

1.3.1. General Objective 

The main objective of this study is to synthesize Ag doped CuO nanocomposites using Ocimium 

lamiifolium leaf extract and evaluate photocatalytic and antibacterial applications. 

1.3.2. Specific Objectives 

 To prepare Ocimium lamiifolium leaf extract. 

 To conduct phytochemical screening test. 

 To synthesize CuO NPs and Ag doped CuO NCs using Ocimium lamiifolium leave extract as 

reducing and capping agent.  

 To characterize the synthesized CuO NPs and Ag doped CuO NCs using UV-Vis 

spectrophotometer, FT-IR, XRD, and SEM. 

 To evaluate photocatalytic and antibacterial applications of the Ag doped CuO NCs and 

comparing with CuO NPs. 

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. Nowadays due to 

expansion of water pollution and multidrug resistant bacteria, synthesis of nanoparticle is highly 

important. Therefore, the finding of this study was used: 

 To enhance the knowledge about CuO NPs and Ag doped CuO NCs regarding their 

antibacterial and photocatalytic applications. 

 To set foundation for further investigation of applications of CuO NPs and Ag doped CuO 

NCs.   
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2. REVIEW OF RELATED LITERATURES 

2.1. Water pollution and Multi drug resistant bacteria (MDR) with their solution 

Water pollution is one of the major problems worldwide and the most important cause of 

diseases and deaths [24]. There are different types of the factor responsible for the polluting the 

natural water bodies such as mining activities, urbanization, and fast industrialization. Among all 

the factors, fast industrialization mainly textile, food processing, paper, and dye manufacturing 

industries are the major sources of water pollution. The wastewater from those industries is 

extremely charged with unconsumed dyes and traces of metals. These discharges cause major 

destruction to the environment [25, 26] (Fig. 2). 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Impacts of textile dye effluent 

Therefore, everywhere researchers are looking for proper management to get rid of these 

pollutants and to achieve degradation of dye house effluents.  
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At present, several techniques have been developed for the removal of pollutants from 

wastewater, such as adsorption, chemical coagulation, filtration, sedimentation, but they are not 

economical and  can cause secondary pollution to the environment [27]. Recently, photo-

catalytic degradation is gaining significant importance due to its ability to generate a sufficient 

number of highly reactive radicals for effective water decontamination and its capability of 

converting organic pollutants into non-toxic species (CO2 and H2O) [28, 29].   

Antibiotic resistance is a serious public health problem that are capable of causing serious 

disease with high mortality, disease, and high cost of treatment [30]. Drug-resistant bacteria have 

emerged because of the misuse of antibacterial medications. Examples of antibiotic resistant 

bacteria are Staphylococcus aureus, Escheria coli, Bacillus cereus, Salmonella typhi and etc. 

Antibiotic resistant bacteria cause a great problem for the efficient management of bacterial 

infections and this challenge has resulted in the creation of other means of dealing with bacterial 

diseases. Of late, nanoparticles and nanocomposites employed as antibacterial agents and have 

the potential to overcome the effect of antibiotic resistant bacteria [31].  

2.2. Nanomaterial and Nanotechnology 

Nanotechnology is a field of science and technology which deals with production, manipulation 

and use of materials that are in nanometers [32]. The advances in nanotechnology have led to the 

greater development in various fields, including nanoparticles, nanotubes, and nanowire 

synthesis. Nanomaterials are particles (crystalline or amorphous) of organic or inorganic 

materials having sizes in the range of 1-100 nm. To distinguish nanomaterials from bulk, it is 

vitally important to demonstrate the unique properties of nanomaterial’s and their prospective 

impacts in science and technology [33]. Properties of nanometric dimensions are significantly 

different from those of atoms as well as those of bulk materials. Suitable control of the properties 

of nanometer-scale structures can lead to new science as well as new devices and technologies 

[34]. Nanomaterials have properties that are significantly different and considerably improved 

relative to those of their bulk counterparts. The property changes is due to their large surface 

areas and small grain sizes of nanomaterial’s [35].  
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2.3. Synthetic Methods of Nanoparticles and Nanocomposites 

Nanoparticles and nanocomposites can be formed by two approaches: top-down (comminution 

and dispersion) or bottom-up (nucleation and growth) (Fig. 3).   

The top-down approach is making use of the starting bulk materials of the same materials that 

going to be synthesized and applying energy to break down the large materials into smaller 

fragments. Sources of energy can be mechanical, thermal, or chemical. 

However, there is a disadvantage associated with this method whereby creating particles with 

wide size distribution [36]. To overcome this limitation, the bottom-up method was introduced as 

it is considered simpler and more favorable in synthesizing particles in size less than 100 nm. It 

was like building the atoms one by one, first started with a simple metal salt, slowly converts it 

from ions to elemental atoms and grown in the form of nano-size particles [37].  

 

 

 

           Physical Method           Chemical    Method Biological Method 

  Laser (Pulse) ablation Sol-gel method Using plant and their 

extracts 

Mechanical grinding Precipitation method Using micro-organism 

(bacteria, fungi) etc. 

Electron beam lithography Hydrothermal synthesis Using algae 

Synthesis of Nanoparticles and Nanocomposites  

NPs and NCs 

NPs and NCs 

Bottom up methods Top down methods 

Bulk material 

Powder 
Cluster 

Atoms 
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Spray pyrolysis Thermal decomposition Using enzymes and bio-

molecules 

Mechanical milling and 

etc. 

Electrochemical method and 

etc. 

Using industrial and 

agricultural wastes 

 

Figure 3: Top-down and Bottom-Up Approaches in Synthesizing Nanomaterials 

The synthesis approach of NPs and NCs in general can be classified as physical, chemical and 

biological methods. CuO NPs and Ag/CuO NCs can be synthesized by various chemical methods 

such as sol-gel method, precipitation, hydrothermal synthesis, chemical reduction, thermal 

decomposition, electrochemical method and wet chemical method [38]. Nevertheless, chemical 

methods for nanomaterial synthesis are associated with various disadvantages such as expensive, 

involve the use of hazardous chemicals, time consuming and pose environmental threats by 

generating toxic solvent and waste products [39]. Therefore, environmentally friendly approach 

in synthesizing the metal or metal oxide nanoparticles is required. It has been reported that many 

of the biological systems such as bacteria, fungi, algae and plants can be used to convert metal 

ions into metal nanoparticles and from biological synthesis method, Plant based preparation has 

become common due to its simple, comprehensive availability and extensive range of samples 

including plant part extracts and natural products. In addition, plant leaf core, root, latex seed and 

stem contain poly-phenol and have been successfully used for metal or doped metal oxide 

nanocomposite synthesis [40]. 

2.3.1. Advantage of plant mediated synthesis of nanoparticles and nanocomposites  

The use of plants or plant extracts which act as reducing and capping agents for NM synthesis is 

more useful over other biosynthesis procedures. Because, in this technique no need of cell 

culturing and cell maintenance. Moreover, nanomaterials synthesized from plants is more stable 

and allows the production of NPs with different shapes and sizes, and is cheap [41]. The phyto-

synthesized nanoparticles such as Ag, Au, Pt, Cu are widely used in bio-medicine, 

pharmaceuticals, bio-labelling, food packaging, cosmetics, catalysis and sensory applications 

[42]. Even though, CuO NPs were synthesized by large number of plant extract, Ag/CuO NCs 

synthesized by plant extract is rare. Therefore, some of the plants used for the synthesis Ag/CuO 

NCs were listed in the table below. 
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 Table 1: Summary of plants utilized for the synthesis of Ag/CuO NCs 

 

2.4. Application of nanoparticles, nanocomposites and nanotechnology 

Nanotechnology plays a very important role in modern research due to its huge application in 

many fields such as pharmacy, water purifications, health, biomedical sciences, pharmaceuticals, 

chemistry and chemical industry, sensor, environmental health, and antimicrobial applications 

[46] (Fig. 4). 

 

 

 

 

 

 

 

 

 

Figure 4: Application of nanotechnology  

Among these wide applications, using metal oxide nanoparticles have found considerable results 

in several applications including nanochemistry [47].  

Name of plant           Size (nm)           shape                     Application                               References 

 Cyperus pangorei         27.24          Spherical              Photocatalytic degradation         [43]       

Mimosa pigra                 49.5            Spherical             Photocatalytic degradation          [44] 

Malus domestica             20              Spherical             Antibacterial and antioxidant      [45] 

Muntingia calabura         24             Irregular               Antimicrobial applications          [23]                    

Application of 

nanotechnology 
Catalyst 

Water purification 

Drug delivery, 

antimicrobial 

applications 

 

 

 

 

 

 

 

 

 

 

 

Sensor 
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Potential technological applications of metal oxide nanoparticles play a vital role and attracting 

researchers with considerable interest from the fields of materials chemistry, medicine, 

agriculture, information technology, biomedical, optical, electronics, catalysis, environment, 

energy, and sensor [48].  

Consequently, nanosized metal oxide materials are of considerable interest because of significant 

advantages over bulk analogue because they have great prospects for obtaining new types of 

adsorbents, photo-catalysts, and sensitive layers of gas sensors based on them. However, metal 

oxides also have a significant drawback. Example fast electron-hole recombination during photo-

catalysis [49]. 

 In this case, it is promising to create doped metal oxide nanocomposite as an extremely 

interesting type of nanomaterial due to their applications that may exceed the application of its 

corresponding nanomaterials. Metal/metal oxide nanocomposites are known to lead to enhanced 

efficiency in photocatalytic degradation [50]. In addition, metal-doped metal oxide 

nanocomposites due to their special and unique physical and chemical properties, they can be 

applied in a wide variety of fields, including the production of new materials in the fields of 

medicine, antimicrobial activity, energy, and ecology [51]. Additionally, they have excellent 

antiviral activities like in the treatment of coronavirus (COVID-19) [52]. Generally, 

nanoparticles and nanocomposites are widely used in photocatalytic and antibacterial 

applications in which their principle is explained below.  

2.4.1. Principle of photocatalytic activity of nanomaterials 

When the semiconductor is illuminated by photon energy equal to or greater than the band-gap 

energy (Eg), it excites electrons (e-) from the VB to CB. Simultaneously, it causes the formation 

of a positive charge called a hole (h+) in the valence band and electron at the conduction band 

[50]. The photogenerated positive holes react with water to produce hydroxyl radicals (•OH) 

while the photogenerated electrons react with oxygen and produce superoxide radicals (O2•-). 

Both of these primary products (specifically •OH radicals) are strong oxidizing species that 

attack organic pollutants such as MB and decomposes them into CO2 and H2O [53, 54] (Fig. 5) 

and their reaction is as shown as equation below. 

Semiconductor + photons (hᴠ) → e- (CB) + h+ (VB) ........................................................... (1) 
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H2O + h+vb → OH●  ............................................................................................................. (2) 

e- + O2 →O2 
●- ................................................................................  ...................................... (3) 

Pollutants + (OH● or O2
●-) → dye degradation products (CO2 and H2O) ............................. (4) 

 

Figure 5: Principle of photocatalytic process 

2.4.2. Principle of antibacterial activity of nanomaterials 

Different types of nanomaterials and nanocomposites have different mechanisms for combating 

antibiotic resistant bacteria [55]. Nevertheless, nanomaterials act along two major lethal 

pathways, which are related to each other and in many cases occur simultaneously: (a), free 

metal ion toxicity arising from dissolution of the metals from surface of the nanoparticles and 

(b), oxidative stress via the generation of reactive oxygen species (ROS) on surfaces of the 

nanomaterials [56]. 

Cell wall disruption and membrane damage and occurs when NM bind electrostatically to the 

bacterial cell wall and membranes, leading to alteration of membrane potential, membrane 

depolarization, and loss of integrity which result in an interruption of electron transport, impaired 

respiration, interruption of energy transduction or cell lysis, and eventually cell death [55]. ROS 

is considered as the most effective determinant for both in vitro and in vivo cytotoxicity of NM. 

A burst of ROS causes via severe oxidative stress, damage to all the cell’s macromolecules, 

leading to lipid peroxidation, alteration of proteins, inhibition of DNA replication, protein 

denaturation, and DNA damage. At high concentrations, the ROS lead to cell death and at low 

doses cause severe DNA damage and mutations [57, 58]. 
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Figure 6: NM antibacterial mode of action 

2.5. Characterization technique for nanoparticles and nanocomposites 

2.5.1. UV-Vis spectroscopy  

The Principle of UV-Visible Spectroscopy is based on the absorption of ultraviolet light or 

visible light by chemical compounds, which results in the production of distinct spectra. UV-Vis 

spectroscopy used to show band gap energy of synthesized nanomaterials. The band gap energy 

(Eg) of the synthesized  nanomaterial can be obtained by using equation 5  [59] 

  Eg =
1240

𝜆
 eV ........................................................................................................................(5) 

Where Eg is the band gap in electron volt (eV) and λ is the wave length of the absorption edges 

in the spectrum in nano mater (nm). The band gap increases with decreasing particle size and the 

absorption edge is shifted to a higher energy (blue shift) with decreasing particle size [60]  

In this study the energy band gap were calculated by using tauc plot. Tauc plot has the photon 

energy (hν) on the X axis and a quantity (αhν)2 on the Y axis and extrapolating the linear portion 

of the curve to the X axis yields the band gap energy of the material [61]. Generally, Surface 

Plasmon resonance and energy band gap of synthesized of synthesized CuO NPs and Ag/CuO 

NCs were analyzed by UV-Vis spectroscopy. 
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2.5.2. Fourier Transformation Infrared (FT-IR) Spectroscopy 

FTIR spectroscopy analysis is a method based on the principle of infrared spectroscopy, and it 

has extended its area of application to the study of nano-scaled objects during the last decade 

[62]. 

FT-IR spectroscopy is used to identify the possible functional groups of the active components 

present in the extracts or on the surface of nanomaterials that are responsible for reducing and 

stabilization of synthesized nanoparticles and nanocomposites. The possible functional groups 

that are present in the plant extract and synthesized CuO NPs and Ag/CuO NCs were identified 

in the ranges of 4000-400 cm-1 [63].  

2.5.3. X-ray diffraction (XRD)  

X-ray diffraction is based on constructive interference of monochromatic X-rays and a 

crystalline sample. These X-rays are generated by a cathode ray tube, filtered to produce 

monochromatic radiation, collimated to concentrate, and directed toward the sample [64]. X-ray 

diffraction (XRD) technique is used to realize structural properties of materials and give 

information like crystal structure/phase, lattice parameters, crystallite size, orientation of single 

and poly crystals, defects, strains and so on [65].  

The crystallite can be extracted from XRD spectra by analyzing the line profile of the diffraction 

peak. This was calculated from the most intense peaks using Debye- Scherer’s formula below  

𝐷 =
𝑘𝜆

βcosθ
  ..............................................................................................................................(6) 

Where, D is crystallite size in nanometer, k is shape factor constant, which is 0.89, β is the full 

width at half maximum (FWHM) in radian, λ is the wavelength of the X-ray and θ is the Bragg 

angle [66].   

2.5.4. Scanning Electron Microscopy 

The SEM instrument is based on the principle that the primary electrons released from the source 

provide energy to the atomic electrons of the specimen, which can then release as the secondary 

electrons (SEs) and an image can be formed by collecting these secondary electrons from each 

point of the specimen [67]. 
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The scanning electron microscope (SEM) is a very useful instrument to get information about 

topography, morphology and composition information of materials. It is a type of electron 

microscope capable of producing high-resolution images of a sample surface. Due to how the 

image is created, SEM images have a characteristic three-dimensional appearance and are useful 

for judging the surface morphology of the sample [68]. The morphology of synthesized CuO 

NPs and Ag/CuO NCs were analyzed by SEM. 
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3. MATERIALS AND METHODS 

3.1. The Study Area 

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

which is located at 346 Km away from Addis Ababa, Ethiopia.  

3.1.1. Materials 

Oven, Mortar and Pestle, Digital balance, Hot Plate and Magnetic bar, Watch, Centrifuge, Filter 

paper, Beakers, Test tubes, Droppers, Graduated cylinders, Glass rode, Rack, Cuvettes, 

Refrigerator, Erlenmeyer flask. 

3.1.2. Chemicals 

Copper nitrate trihydrate [Cu(NO3)2.3H2O], Copper(II) sulfate pentahydrate (CuSO4·5H2O, 

95%), Silver nitrate (AgNO3, 99%),  Sodium hydroxide (NaOH; 99%, Sigma-Aldrich, India), 

Ethanol (99%, Alfa Aesar, India), Methylene blue (Sigma Aldrich, >99%), Ferric chloride 

(anhydrated) (FeCl3), Dilute hydrochloric acid (HCl), Dragendroff’s reagent (Bismuth nitrate, 

Bi(NO3)3; Glacial Acetic Acid(CH3COOH); Potassium iodide, KI), Deionized water (DI). 

3.1.3. Instruments 

UV–Vis(Aspect-1.2.3.6173,Analytic jena and UV-Jenway6705), FT-IR (65 FTIR Perkin Elmer), 

XRD (X-ray diffraction; XPERT-PRO Machine), SEM (transmission electron microscopy) 

technique. 

3.1.4. Sample Collection and Preparation 

Ocimium lamiifolium leaf samples were collected from Jimma Zone, around Aba Jifar palace 346 

Km away from Addis Abeba. Sample collection and preparation of Ocimium lamiifolium leaves 

extract were carried out according to the procedure written on the reported literatures [20, 69, 

70], with slight modifications. Ocimium lamiifolium leaves were collected and the collected fresh 

leaves were washed thoroughly with deionized water to remove any dirty particles. The washed 

leaves were air-dried and about 3 gm of the grinded leaves along with 100 mL of distilled water 

was heated in a hot plate at 70 oC for 30 min. After 30 min, it was filtered using Whatmann filter 

paper having pore size of 11 μm and kept in refrigerator. Then, the prepared extract was used for 

the synthesis of CuO NPs and Ag/CuO NCs.  
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3.2. Preliminary Phytochemicals screening of the Ocimium lamiifolium Plant Extract 

The presence of alkaloids, flavonoids, phenols, saponins, steroids and tannins (gelatin) in the 

plant extract were examined according to the literature’s [20, 71–73].  

3.2.1. Test for phenols 

Ferric Chloride Test: 1 mL of plant extract was taken in a test tube, and a few drops of 10% 

ferric chloride (FeCl3) was added and the formation of dark green color indicates the presence of 

Phenols.  

3.2.2. Test for alkaloids 

Dragendroff’s Test: Plant extract (1 mL) was taken in the test tube and a few drops of 

Dragendroff’s reagent (Potassium bismuth iodide solution) was added into it, and orange or 

orange-red precipitate formation indicates the presence of alkaloids. 

 3.2.3. Test for saponins 

Froth (foam) Test: 1 mL of plant extract was placed in a test tube containing water, shaken well, 

and noted for a stable foam that persists for at least 2 min. 

3.2.4. Test for flavonoids 

Sodium hydroxide test: 2 mL of sodium hydroxide was added in 2 mL of aqueous extract. The 

appearance of yellow color was regarded as the presence of flavonoids. 

3.2.5. Test for steroids 

Liebermann–Burchard reaction: 2 mL of acetic anhydride and 2 mL conc. H2SO4 was added to 2 

mL of the extract. The change of color from violet to blue confirms the presence of steroids. 

3.3. Synthesis of CuO NPs  

Synthesis of CuO NPs capped with Ocimium lamiifolium leaf extract was conducted according to 

the reported literature with slight modifications [22, 74]. 0.97 g of copper (II) nitrate trihydrate 

(Cu(NO3)2.3H2O) was dissolved in 40 mL of deionized water. Meanwhile, 20 mL Ocimium 

lamiifolium plant extract was added to the solution for the reduction of metal ions. The binary 

mixture of the solution was maintained at 70 oC for 3 h until the color of the mixtures changed 

from green to brown solution.  

https://en.wikipedia.org/wiki/Precipitate
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After 3 h, the solution was cooled, carefully transferred and centrifuged for 30 min at 2000 rpm 

and the process was repeated three times. The centrifugate was washed with distilled water 

followed by absolute ethanol twice. Finally, the precipitate was collected on a watch glass and 

air-dried, then; the powder was collected for further analysis.  

3.4. Synthesis of Ag doped CuO nanocomposites 

Synthesis of Ag/CuO nanocomposites using Ocimium lamiifolium leaf extract was carried out 

based on the literature reports [22, 74–76] with slight modifications. 0.97 g of copper (II) nitrate 

trihydrate (Cu(NO3)2.3H2O) solution was prepared in 40 mL of deionized water. After its 

complete dissolution, 0.032 g of silver nitrate (AgNO3) was dissolved in 5 mL of deionized 

water to form 0.0375 M solution of silver nitrate, and added to the copper solution. Then, 20 mL 

of Ocimium lamiifolium plant extract was mixed into the mixture of the solution and the reaction 

mixture was maintained at 70 oC for 3 h until the color of the mixture changed to brown, which 

indicates the formation of Ag/CuO NCs. The resultant solution was kept at room temperature, 

washed with deionized water followed by absolute ethanol by centrifugation, and repeated three 

times. It was then allowed to air dry on a watch glass to produce its powder which was used for 

different characterizations. To study the optimum conditions for Ag/CuO NCs synthesis, the 

experiments were carried out with a different volume of Ocimium lamiifolium aqueous extract 

(10, 20, and 30 mL), pH (5, 7, 9, and 11), copper ion concentration (0.05, 0.1, 0.15 M), silver ion 

concentration (0.025, 0.0375, and 0.05 M), temperature (30 to 80 oC), and reaction time from (1 

to 4 h) within 1 h difference. The pH of the reaction was adjusted using 0.1 M NaOH and 0.1 M 

HCl. The effect of these parameters on the synthesis of Ag/CuO NCs was monitored by a UV-

Vis spectrophotometer.    

3.5. Characterizations of the Synthesized CuO NPs and Ag/CuO NCs 

The optical properties of synthesized nanoparticles were identified by UV–Vis (Ultraviolet–

Visible spectrophotometer, Analytical jena, Germany) and spectral measurements were carried 

out with in a range of 200-800 nm. Functional groups present or bioactive molecules responsible 

for the reduction of metal ions present in a sample were identified by FT-IR 

(65 FTIR Perkin Elmer) and the spectra was recorded between 4000-400 nm. Structure and 

crystallite size of nanoparticle was obtained by XRD (X-ray diffraction; XPERT-PRO Machine) 
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an angle range between 30-80o with Cukɑ radiation in a θ-2θ configuration, and morphology of 

synthesized nanoparticles and nanocomposites was analyzed by SEM (JSM-7900F). 

3.6. Application of Synthesized CuO NPs and Ag doped CuO NCs 

3.6.1. Photocatalytic activity study 

The photocatalytic activity of all the synthesized samples were assessed by the degradation of 

Methylene Blue dye as a model pollutant (Fig. 7), based on the reported literatures [78, 79] with 

slight modifications. 

 

Figure 7: Chemical structure of Methylene blue dye (MB). 

Firstly, 1000 mg/L of MB dye solution was prepared as a stock solution. From this stock 

solution, 10 mg/L was prepared in 100 mL of DI water. 30 mg of Ag/CuO catalysts were added 

into 100 ml of 10 mg/L of MB solution in a beaker. A mixture of the sample suspension was 

placed in the dark for 35 min and stirred with a magnetic stirrer to reach an adsorption-

desorption equilibrium between MB and the photocatalysts surface. After that, the sample 

suspensions were exposed to visible light (LED lamp, 200 W) at different time intervals (20, 40, 

and 60, 80, 100, 120 min) and 5 mL of sample suspensions obtained was withdrawn and 

centrifuged for five min, and the absorbance of methylene blue in the resultant solution was 

monitored in the wavelength range of 400-800 nm in a UV-Vis spectrophotometer. 

 All the above procedures were performed for Methylene blue dye solution without adding the 

catalyst. Distilled water was used as a reference. 

The degradation efficiency (%) was calculated as follows 

          % Degradation =   
𝐴𝑂−𝐴𝑡

𝐴𝑜
 𝑥 100                        
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Where, Ao is absorbance of dye at initial stage and At is at a time “t” [80]. 

The effect of different parameters like catalyst dosage, contact time, concentration of pollutant, 

effect of pH, and effect of irradiation time were studied during the degradation of MB dye by 

Ag/CuO NCs. The catalytic activity of CuO NPs was checked at optimum condition by 

following all the above procedure and compared with Ag/CuO NCs. 

3.6.2. Point of zero-charge analysis (PZC) 

The point of zero charge (pHzpc) is the pH at which the total number of positive and negative 

charges on catalyst surface becomes zero [81]. Point of zero charge analysis was performed 

according to the procedure conducted in the literature [82]. In a series of 50-mL plastic bottles, 

30 mg of Ag/CuO NCs were added with 20.0 mL of 0.1 M NaCl solution. The pH was adjusted 

with 0.1 M HCl and 0.1 M NaOH as needed to obtain the appropriate pH range of  3, 4, 5, 6, 7, 8, 

9, 10, 11and 12. The pH values of the supernatant in each bottles were denoted as pHi. The 

samples were shaken for 24 h using Shaker, at 200 rpm. After 24 h, pHf values in each bottles 

were measured and denoted as pHf. The PZC was obtained from the plot of ΔpH= (pHf – pHi) 

against pHi.  

3.6.3. Reusability test of the Ag/CuO NCs 

The reusability of Ag/CuO NCs was appraised for the degradation of MB dye in the optimized 

reaction conditions by following the literature’s [83, 84]. So, the nanocomposites were gathered 

from the decolorized solution by centrifugation. The catalyst was washed twice with deionized 

water to remove any residue from the catalytic reaction mixture. The separated catalyst was air 

dried and reused again. The percentage degradation of the MB was calculated and compared 

with the first run.  

3.6.4. Antibacterial activity 

The synthesized CuO  NPs and Ag/CuO NCs were screened for in-vitro antibacterial activities 

against four bacteria strains (Escherichia-coli, Staphylococcus aureus, Bacillus cereus, 

and Salmonella typhea) by Agar disc diffusion method [85–87] at Jimma University, 

Microbiology laboratory. The bacterial stock cultures were maintained on the nutrient agar slants 

at 4 oC. Freshly, grown liquid culture of the test strains having similar turbidity with 

0.5McFarland were seeded over the Mueller-Hinton agar medium with sterile swab. The disc 
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measuring 6 mm in diameter was prepared from Whatmann filter paper sterilized by dry heat at 

121 oC for 2 h. The different concentrations of CuO NPs, and Ag/CuO NCs (100, 75, 50 and, 25 

mg/mL) were prepared by dissolving synthesized nanoparticles in DMSO. Then, sterilized 6 mm 

filter paper discs were soaked in each NPs and NCs solution. The discs impregnated with the test 

solutions were placed on a cultured glass plate at equal distance to one another to avoid overlap 

of zones of growth inhibitions. The growth inhibition zone was measured in mm after 24 hour’s 

incubation at 37 oC and compared with the standard drug (Gentamycin). 1% DMSO was used as 

a negative control and Gentamycin (10 mg/mL) was used as a standard drug. All the above 

procedure were repeated three times and mean standard deviation of a zone of inhibition were 

taken. 
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4. RESULT AND DISCUSSION 

4.1. Preliminary Phytochemical Screening of the Ocimium lamiifolium Plant Extract 

During this study was conducted Phytochemical tests were performed to identify classes of 

secondary metabolites present in the leaves of ocimium lamiifolium plant extract. The primary 

Phytochemical screening of the extract showed the existence of flavonoids, tannins, saponins, 

and alkaloids (Appendix 1). 

Table 2: Phyto-chemical components of ocimium lamiifolium plant extract 

Phytochemicals                                Chemical tests                                    Results 

Flavonoids                                        Sodium hydroxide test                              + 

Tannin's                                            Ferric chloride test                                   ++ 

Steroids                                            Steroids test                                                - 

Alkaloids                                         Wagner's test                                              + 

Saponins test                                    Froth formation test                                   + 

Note: (+) indicates presence of Phytochemicals and (-) indicates absence of Phytochemicals, 

(++) higher intensity of color formed. 

The study showed that the plant extract contains various classes of Phytochemicals such as 

flavonoids, tannins, alkaloids, and saponins. However, steroids have not been detected in the 

leaves of plant extract (Table 2, Appendix 1). The higher intensity of color formed on the ferric 

chloride test indicates that the plant is rich in tannins. Functional groups present in these 

phytochemicals especially 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 [20] in which it was tested for the presence of 

phytochemicals in Ocimium lamiifolium (Damakese) plant extract. However, according to [20] 

report alkaloid was not present in the extract but this study revealed that the presence of 

alkaloids. This may be due to the type of solvent used during extraction, since different solvents 
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can extract different families of Phytochemicals based on their polarity, hence varying the 

biological activity of the extracts [88]. 

4.2. Synthesis of CuO nanoparticles and Ag/CuO nanocomposites 

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 oC, brown color was observed which indicates the formation of CuO NPs. Ag/CuO NCs were 

synthesized in a similar way to CuO NPs but, with the addition of silver dopant and brown color 

was observed that indicates the formation of Ag/CuO NCs (appendix 2b). The copper and silver 

ions was reduced to their corresponding CuO NPs and Ag/CuO NCs, and the synthesized 

nanoparticles and nanocomposites were capped through phytochemicals present in plant extract 

[21].  

4.3. Parameters Optimization for the Synthesis of Ag/CuO NCs 

4.3.1. Concentration of Cu(NO3)2.3H2O optimization 

In this study, an optimization approach for synthesizing Ag/CuO NCs with small particle size 

and smaller bandgap were reported. Formation of silver doped copper oxide nanocomposite was 

studied by the varying copper nitrate trihydrate (CuNO3)2.3H2O) concentrations from 0.05, 0.1, 

and 0.150 M, and by keeping plant extract volume (20 mL), concentration of silver (dopant) 

(0.05 M), reaction time, and temperature constant. To synthesize Ag/CuO NCs at optimum 

conditions the ratio of the volume of plant extract must correspond to the concentration of copper 

precursor used [89]. The intensity of the absorption peak was increased due to increasing the 

concentration of copper nitrate trihydrate (CuNO3)2.3H2O) solution from 0.05 to 0.1 M 

(Appendix 3). This may be due to the formation of more Ag/CuO NCs as the reaction progresses 

since the intensity of the surface Plasmon peak has direct proportionality with the density of 

synthesized nanoparticles in the solution [90]. By further increasing the concentration of copper 

nitrate trihydrate to 0.15 M intensity become decreased, and the  absorption peak becomes 

broader because of the deficiency of molecules of leaf extract to act as capping agents and which 

may cause aggregation of nanoparticles [90, 91]. The result obtained was in close agreement 

with a recent report [91] in which the effect of the concentration of AgNO3 on the green 

synthesis of silver nanoparticles was studied. Therefore, 0.1 M copper nitrate trihydrate solution 

was taken as the optimum condition to biosynthesize Ag/CuO NCs. 
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4.3.2. Plant extract optimization 

The synthesis of Ag/CuO NCs using plant extract is mainly influenced by the types of bio-

molecules found in plant extracts and the volume used. The volume of plant extracts used in the 

synthesis of nanomaterials plays a significant role in the reduction of metal ions to reduced metal 

[9]. To get the optimum amount of leaf extract for the reduction of Ag+ and Cu2+ ion, the volume 

optimization of Ocimium lamiifolium leaf extract was studied.  

(Appendix 4) shows the UV-Vis spectra for Ag/CuO NCs formation after 3 h reaction time using 

a fixed Cu(NO3)2.3H2O concentration (0.1 M) and AgNO3 concentration solution with different 

volumes of Ocimium lamiifolium leaf extract. A redshift in the wavelength from λmax 377 nm to 

390 nm was observed when the volume of extract was increased from 10 to 20 mL and the peak 

formed was narrow. The narrow peak formed indicates, a greater amount of plant extract would 

increase the nucleation rate and lead to the generation of smaller Ag/CuO NCs in the solution 

[83]. This is attributed to the Phytochemicals present in the plant extract, which are responsible 

for the bioreduction and stabilization of the NPs [92]. 

However, by increasing plant extract further to 30 mL broader absorption peak was observed. 

This resulted in an increase in particle size, because of the fast reduction of Cu and Ag ions that 

facilitates further growth of nanocomposite through a phenomenon called Ostwald ripening, and 

broadness of the peak may be due to agglomeration of nanocomposite [90, 93]. Therefore, 20 mL 

of plant extract was taken as the optimum condition to bio-synthesize Ag/CuO NCs in this study. 

The result obtained was in close agreement with the literature’s [77] in which the effect of 

volume of plant extract on the green synthesis of CuO NPs was studied. 

4.3.3. Concentration of dopant optimization 

The absorption peak of Ag/CuO NCs was also affected by the concentration of dopant [94]. To 

see the effect of concentration of dopant (Ag) on the absorption peak of CuO NPs; the dopant 

concentrations were varied as (0.025 M, 0.0375 M, and 0.05 M) while other parameters were 

kept constant. Redshift was observed in the wavelength range from 376 to 419 nm while the 

concentration of dopant was increased from 0.025 to 0.0375 M and while it was increased to 

0.05 M, the absorption peak was decreased to 392 nm (Appendix 5) which resulted in a change 
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in the optical band gap value. This result reveals that the bandgap of Ag/CuO nanocomposites 

increases with an increasing concentration of Ag+ ions greater than 0.0375 M. 

 A similar result was reported by literature [95] that studied the effect of concentration of Mn 

dopant on surface Plasmon resonance peak of ZnO nanoparticles and energy bandgap. According 

to literature [95] report,as the concentration of Mn (dopant) increases more, blue-shift was 

observed which results in an increased bandgap.  

4.3.4. Effect of pH 

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

nanocomposites [96]. The pH in aqueous media can highly influence the progress of the metal 

ion reduction reaction [97]. The role of pH on nanomaterial synthesis could be seen in its effect 

on the capping and stabilizing abilities, and subsequently the growth of the nanoparticles. The 

presence of OH- ion in an alkaline pH environment might enhance the reducing and stabilizing 

capabilities of the biomolecules in the leaf extract due to the better accessibility of functional 

group present in extract for nucleation at alkaline pH [98]. 

 Green synthesis of silver-doped copper oxide nanocomposites using aqueous extract of Ocimium 

lamiifolium leaves was examined over a pH range from 5 to 11. As shown in (Appendix 6), the 

synthesis of Ag/CuO NCs using 20 mL leaf extract and 40 mL of 0.1 M Cu(NO3)2.3H2O was 

carried out at different pH values, namely pH 5,7, 9, and 11. Without performing any pH 

modification, after mixing the leaf extract and Cu(NO3)2.3H2O solution, the pH value of about 

5.1 was recorded. At this acidic pH, a broader absorption peak was observed. As the pH was 

increased from pH 7 to pH 9, a redshift (from 437 nm to 473 nm) was observed in the SPR peak 

(Appendix 6). This redshift mostly enhances the nanocomposite size; since a highly broad 

spectrum was formed especially at pH 9 [99]. By further increasing to pH 11, blue shift was 

observed at λmax 452 nm that could be attributed to the decrease in the particle size. Therefore, 

pH 11 was taken as an optimum condition to bio-synthesize Ag/CuO NCs.  

The result obtained was in a match with the findings reported in the literature [83, 100] that CuO 

NPs were synthesized at optimum pH of 11. Therefore, the result obtained shows that in acidic 
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pH, nanocomposites become aggregated rather than forming nucleation, while at alkaline pH, 

great numbers of nuclei formed instead of aggregation [101].  

4.3.5. Effect of temperature 

Temperature is one of the major factors that significantly influence the shape, size, stability, and 

yield of the nanocomposites synthesized via a green route. In most cases, the synthesis of 

nanoparticles using green technology requires temperatures less than 100 oC or ambient 

temperature [41]. The effect of temperature on the green synthesis of Ag/CuO NCs was studied 

by varying it from 30 to 80 oC by keeping all the other factors constant (Appendix 7). 

At 30 and 40 oC, the Ag/CuO NCs did not present any absorption peaks indicating that no 

Ag/CuO NCs were formed [102]. As the temperature increased from 50 to 70 oC the intensity of 

the peak increased and especially at 70 oC a narrow peak was formed. This may be related to 

increasing reaction temperature improves the reaction rate and high-temperature increases the 

nucleation rate. By further increasing temperature to 80 oC the absorption peak becomes broader 

which may lead to an increase in particle size [103]. Therefore, 70 oC was taken as an optimum 

condition to synthesize Ag/CuO NCs. 

4.3.6. Effect of reaction time  

Reaction time is essential for the synthesis and stability of nanoparticles and nanocomposites 

[104]. The effect of reaction time was studied during the green synthesis of silver-doped copper 

oxide nanocomposites. The effect of reaction time was conducted by analyzing samples through 

the UV-vis spectrum by every 1 h for 4 h (Appendix 8). The UV-Vis analysis of the samples 

displayed a small intensity peak at 1 h, and the intensity of the band increased, and the peak 

become narrowed as time progressed to 3 h. This indicated enhanced nucleation rate, and 

formation of small-sized NCs. Nevertheless, after 3 h the absorption peaks formed were 

identified to be considerably similar.  

Therefore, the literature [105] found a similar result to this finding and concluded that increasing 

the reaction time increases the rate of reduction of metal ions until the reaction reaches 

completion. But according to the literature [106, 107] as contact time increases the overall 

concentration of the nanomaterial increases until an equilibrium is reached and a longer reaction 
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time may cause an increase in the size and also enhance the agglomeration of the NCs rather than 

nuclei formation.  

4.4. Characterization of Synthesized CuO Nanoparticles and Ag/CuO Nanocomposites 

4.4.1. UV-Vis spectroscopy Analysis 

During analysis of synthesized nanomaterials by UV-Vis spectroscopy, the absorption peak 

appeared at 308 and 452 nm confirms the formation of CuO NPs, and Ag/CuO NCs respectively 

(Fig. 8 (a and b). The result obtained was closely matched with the recent reports [23] in which 

Ag/CuO NCs was synthesized from Muntingia Calabura leaf extract and the maximum 

absorption peak was obtained at 450 nm, whereas absorption peak  of CuO NPs was obtained at 

305 nm [12]. 

300 400 500 600 700 800
0.20

0.25

0.30

0.35

0.40

0.45

0.50

0.55

0.60

0.65

A
b
so

rb
a
n
c
e
 (

a
.u

)

Wavelength (nm)

 

Figure 8: UV-Vis spectra of (a) CuO NPs (b) Ag/CuO NCs 

The UV-Vis absorption spectra of Ag/CuO NCs were broad compared to CuO NPs peak; 

this may be because of the wide size distribution of the synthesized nanocomposite. In addition 

to this, the UV-Vis spectra of green synthesized CuO NPs were narrow this indicates the 

formation of smaller sized CuO  NPs [103]. 

The energy band gap of CuO NPs and Ag/CuO NCs were depicted in (Fig. 9 (a and b). It was 

determined using the tauc relation. Tauc plot is a convenient way of studying the optical 

a 

b
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absorption spectrum of a material. According to the tauc relation, the absorption coefficient α for 

direct bandgap material is given by, αhν = A(hν-Eg)m.  Where A is the optical constant, α is the 

absorption coefficient, Eg is the optical band gap and m is an index, which assumes the values 

1/2, 3/2, 2, and 3 depending on the nature of electronic transition responsible for the reflection. It 

has the photon energy (hν) on the X-axis and a quantity (αhν)2 on the Y-axis and extrapolating 

the linear portion of the curve to the X-axis yields the bandgap energy of the material [61]. 

 

Figure 9: The tauc plot of (a) CuO NPs (b) Ag/CuO NCs 

From (Fig. 9 (a and b), the energy band gap of green synthesized CuO NPs and Ag/CuO NCs 

were 2.56 and 1.84 eV respectively. Generally, the energy band-gap of green synthesized CuO 

NPs was decreased by doping Ag to CuO NPs that mainly indicates improved conductance 

because of doping [77]. Depending on works of literature [23, 77, 108], the characteristic energy 

bandgap of CuO NPs has been reported to be between 1.8 eV and 2.5 eV, which is in close 

agreement with present findings.  

a b 
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4.4.2. FT-IR Analysis 

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

which are used for the reduction and stabilization of the green synthesized copper oxide 

nanoparticles and silver-doped copper oxide nanocomposites. The FT-IR spectra of the 

synthesized Copper oxide NPs (Fig. 10) depict a broadband absorption peak at 3430 cm-1 

indicates the stretching of O–H groups in water, and phenols [109].  

However, after doping with Ag dramatic reduction in intensity occurred and, this broadband 

disappeared. This may be related to reduced water content in the Ag/CuO NCs or interaction of 

the silver with the hydrogen-bonded O–H groups [110]. Characteristic peaks of CuO NPs at 

2931 cm-1 that shifted to 2923 cm-1 in Ag/CuO NCs represent C–H stretching of alkyl group 

[111]. These C–H stretching and O–H functional groups are adapted from flavonoids and 

Phenols [22]. A broader band at 2357 cm–1 corresponding to strong O = C = O stretch of carbon 

dioxide. The same band at 2347 cm–1 in the doped nanoparticles is much reduced in its intensity. 

Such differences in reduction in peak intensities can be attributed to differences in reduction 

mechanism and capping of two specimens in the presence of leaf extract [23].  

The Intense peak formed at 1606 cm-1 in the spectrum of  CuO NPs and the less intense peak 

formed at 1602 cm-1 in the Ag/CuO NCs spectrum is ascribed to C=O (carbonyl). These carbonyl 

groups indicate the presence of flavonoids, which act as reducing and stabilizing agents for the 

synthesis of nanoparticles [12]. The peak at 1011 and 1062 cm-1 are ascribed to the C-O 

stretching vibration of O-H groups [12]. The low-intensity band observed around 1414 cm−1 

occurred in CuO NPs which is shifted to 1396 cm-1 after doping by silver may be due to O-H 

bending vibrations [44, 112]. Peak formed at 823 and 788 cm-1 for CuO and Ag/CuO NCs 

respectively were assigned to the aromatic bending vibration of the C–H group [113]. 

On comparing the two different spectrums, it is evident that the undoped CuO NPs exhibited 

sharp absorption bands between 400 and 700 cm–1, while the doped copper oxide 

nanocomposites exhibited less intense bands in this region. The peak occurred between 400-700 

cm-1 specifically 428 and 514 cm-1 for CuO NPs and at 557 cm-1 due to silver-doping represent 

the vibrational modes of Cu-O [44].  



30 

 

FT-IR of plant extract shows only a small variation from synthesized nanoparticles (Fig. 10a). 

The C=O band noticed in plant extract around 1618 cm-1 showed weaker band and shifted to 

1606 and 1602 cm-1, and the OH band around 3443 cm-1 shifted to 3430 and 3424 cm-1 in CuO 

NPs and Ag/CuO NCs showing stabilization through the carbonyl and OH group of the 

biomolecules. Therefore, the results confirmed that these biomolecules have efficient reducing 

and stabilizing capablities [114]. This result is in agreement with a recent report [22].   

 

Figure 10: FT-IR spectra of (a) Plant extract (b) CuO NPs (c) Ag/CuO NCs 

4.4.3. X-Ray Diffraction Analysis 

X-ray diffraction study was carried out on the prepared CuO NPs & Ag/CuO NCs. The 

crystalline nature of nanoparticles and nanocomposites was confirmed by the powder X-ray 

diffraction study and diffraction peaks are indexed in (Fig. 11). The diffraction peaks of CuO 

NPs is at 2θ = 32.47°, 35.47°, 38.60°, 48.89°, 53.48°, 58.42°, 61.49°, 66.26°, 68.06°, 72.59° and 

75.20° corresponding to diffraction planes at (110),(−111),(111),(−202),(020),(202),(−113), 

(−311),(220), (311), and (004) respectively. This result is a well matching with (JCPDS No. 05–
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0661) that, the synthesized CuO NPs have a monoclinic phase [115]. After doping CuO NPs 

with Ag, the formation of  four extra peaks were observed in the XRD spectrum of Ag/CuO NCs 

at 2θ = 38.65°, 44.10°, 64.54o, and 77.46° that related to the crystal planes (111), (200), (220), 

and (311) respectively. These additional four peaks observed were peaks due to silver, and 

showed face centered cubic silver crystal (JCPDS No. 4- 0783) [116]. 

In the XRD spectrum of Ag/CuO NCs, Ag represent a significant peak without causing defects 

on the peak of Cu. This indicates that peak due to impurities does not present in the synthesized 

nanoparticles. Literature [75] supports this finding. In the diffraction spectrum of Ag/CuO NCs, 

the peak due to silver is weak due to the low concentration of silver used in the nanocomposite 

[117, 118]. As shown in the XRD spectra, the intensity of XRD peaks of CuO NPs was relatively 

decreased when Ag was doped to it. This decrease in intensity of  the XRD peak indicates the 

reduction of crystallinity [106].  

The average crystallite size of Ag/CuO NCs and CuO NPs were calculated from full width at 

half-maximum (FWHM) using Scherrer equation according to the following formula [119]. 

                                         D =  
0.9λ

β Cosθ
 

Where D is the crystallite size (nm), λ is the diffraction wavelength (0.154056 nm for CuKα 

radiation), θ is the diffraction angle (degree), and β is the full width at half maximum (FWHM) 

for the diffraction peak (radian). The crystallite size of Ag/CuO NCs, and CuO NPs prepared by 

using ocimium lamiifolium leaf extract were 38.2 nm and 29.1 nm respectively. This result is in 

close agreement with the literature [76] that reported crystal size of Ag/CuO NCs were between 

30-50 nm in range.  

However, the size obtained for Ag/CuO NCs in this study is slightly smaller than the result 

reported by literature [44]. This may be due to the difference in plant extract used during 

nanocomposite synthesis since plant extract used during the synthesis of nanoparticles and 

nanocomposites can affect the size of the particles [44]. The size obtained for CuO NPs which is 

29.1 nm is in match with recent findings [120] that reported the size of bio-synthesized CuO NPs 
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28 nm. The crystallite size of CuO NPs was increased by doping of Ag to it. This is due to the 

large ionic radius of Ag (0.129 nm) [121] compared with Cu (0.087 nm).  
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Figure 11: XRD spectra of CuO NPs and Ag/CuO NCs 

4.4.4. Scanning Electron Microscopy (SEM) analysis 

Fig.12 (a and b) shows the SEM images of the prepared nanoparticles and nanocomposites 

respectively. The image indicates that the CuO NPs show most of synthesized nanoparticles are 

and spherical in shape (Fig. 12a). This result is in close relationship with recent findings [109, 

113]  literature that reported spherical CuO NPs. In case of CuO NPs doped with Ag (Fig. 12b), 

a mixture of spherical-shaped and rod-like structures was observed. The SEM images of 

synthesized CuO NPs and Ag/CuO NCs showed a rough surface that may be due to the 

encapsulation of plant extracts [44].  
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Figure 12: SEM image of (a) CuO NPs (b) Ag/CuO NCs 

 

4.5. Application of synthesized CuO NPs and Ag/CuO NCs 

4.5.1. Photocatalytic activity of Ag/CuO NCs 

Photocatalytic activity of Ag/CuO NCs was conducted on Methylene blue (MB) dye 

degradation. Effect of parameters that influences photocatalytic degradation like catalyst dosage, 

pH, irradiation time, and effect of pollutant concentration was studied under visible light (LED 

lamp, 200 W) and degradation efficiency of Ag/CuO NCs was compared with that of CuO nano-

catalyst at optimum condition. Lastly, the efficiency of sunlight was compared with LED lamps 

toward degradation of MB at optimum conditions.   

4.5.2. Optimization of parameters for the photocatalytic degradation of MB  

4.5.2.1. Catalyst dosage  

The number of organic pollutants adsorbed on the NPs surface is a crucial factor that influences 

their photocatalytic performance. Equilibration in the dark is required because it is assumed that 

photocatalytic reactions of organic pollutants occur in the adsorbed phase [122]. As shown in 

(Fig. 13a) dark equilibration was performed at 35 min. As it is seen in (Fig. 13b) with an increase 

in Ag/CuO nanocatalyst from 20 to 30 mg, the degradation percentage was increased from 78 to 

83%. Because enhancing catalyst dosage resulted in enhancing the degradation of MB dye by 

enhancing the active reaction sites of nanocatalyst, and reactive radicals that resulted in enhanced 

photo-degradation efficiency [123]. By further increasing catalyst dosage to 40 and 50 mg, the 

percentage degradation of MB becomes decreased slowly due to the enhancement of light 

reflectance by the catalyst owing to weaker penetration of light [124, 125].  

Additionally, as the contact time was increased from 20 to 120 min percentage degradation of 

MB increased. But, by further increasing to 140 min, negligible change was observed on the 



34 

 

degradation percentage of MB by Ag/CuO NCs. Therefore 30 mg Ag/CuO NCs catalyst and 120 

min were taken as optimum condition to study the effect of different parameters on the 

photocatalytic activity of MB dye by Ag/CuO nanocatalyst.  

Similar results were reported by recent literature [126, 127] that with an excess amount of 

photocatalysts, degradation percentage decreased and this decrease in degradation percentage at 

high catalyst load is due to weaker penetration of light that resulted in a decrease in the rate of 

degradation. The effect of catalyst dosage and the effect of contact time on the degradation of 

MB dye has been graphically represented in (Fig. 13b). 
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Figure 13: (a) Dark absorption-desorption equilibration (b) Effect of catalyst dosage and contact   

time on the degradation of MB dye [MB=10 mg/mL, Ag/CuO NCs (20-50 mg)].   

4.5.2.2. Effect of pH  

Determining the point of zero charge (pHPZC) is substantial to predict the charge on the NPs 

surface during the photocatalytic degradation process. Since the photocatalysis occurs on the 

NPs surface, and the performance of the photocatalyst is greatly influenced by the solution pH, 

the pollutant type and the surface ability to adsorb the pollutant [128]. For the investigation of 

the point of zero charges of Ag/CuO NCs, the values of the initial and change in pH were 

plotted. The values of pHPZC of Ag/CuO NCs were determined from the points where the initial 

a b 
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pH equals the final pH. From the (Fig. 14) pHPZC of Ag-CuO NCs was 6.53. Therefore, above 

pH value of 6.53 surface of Ag/CuO NCs has a negative charge and below this pH, it has a 

positive charge [129]. 

 

Figure 14: Surface charge of Ag/CuO NPS 

Similar result was reported by the literature[109] that surface charge of CuO NPs and Ag/CuO 

NCs showed negative and close values for pH >6 as they characterize surface charge of Ag/CuO 

NCs and CuO NPs from zeta-potential. 

Adsorption of MB onto the surface of the Ag/CuO NCs was evaluated after 35 min stirring of 

solution in the dark at different pH values of 6, 7, 8, 9, and 10. The pH of the methylene blue 

solution was adjusted by adding HCl or NaOH (0.1 M). At 120 min, the degradation percentages 

of MB by Ag/CuO NCs were 80, 83.5, 85.5, 88.5, and 86% for Ag/CuO NCs prepared at pH 

values of 6, 7, 8, 9, and 10 respectively.  From the result obtained (Fig. 15), the degradation 

efficiency was increased until pH 9 but after pH 9, it was slowly reduced because it is assumed 

that as pH increases, the concentration of OH- ions also increases. Consequently, the oxidation 

reaction rate which leads to hydroxyl radical production will increase and the dye degradation 

occurs at a higher rate. However, it is notable that as pH increase more and more, there is an 

increase in repulsive forces between the photocatalyst charged surface with negative potential 

and OH- ions. This resulted in a decrease in dye adsorption rate and hydroxyl radical generation 

that paly significant role for the degradation of dyes [130].  
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Similar results were reported by literature [131] in which, as the pH of the solution increases 

more and more the degradation efficiency decreases because of an increase in repulsive forces 

between negatively charged photocatalyst surface and hydroxide ions. This study confirmed that 

the MB showed more degradation in the alkaline condition specifically at pH 9 and this was due 

to the adsorption of more concentration of MB dyes on Ag/CuO NCs surface [132]. 

Generally, in the acidic medium (pH 6) the surface of the catalysts is positively charged, as a 

result, there was repulsive force between photocatalyst surface and cationic MB which hinder 

higher binding between the two surfaces hence decreased photodegradation. When the pH of the 

dye solution became more basic (pH 9), the surface tends to acquire a negative charge thereby 

resulting in increased adsorption of dyes because of the rising electrostatic attraction between 

cationic MB dye and the negatively charged Ag/CuO NCs catalyst surface, and enhances 

degradation percentage. This finding is in agreement with previously reported results [133, 134].  
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Figure 15: Effect of pH on the degradation of MB dye (MB=10 mg/mL at 120 min) 
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4.5.2.3. Effect the irradiation time on the MB dye degradation 

UV–Vis absorbance spectra were investigated to show the impact of irradiation time on the 

degradation of MB dye and degradation percentage was calculated by measuring absorbance. 

The intensity of absorbance peak was highly reduced using Ag/CuO NCs than CuO NPs, and 

88.5 and 76.2% of MB dye was degraded by Ag/CuO NCs and CuO NPs respectively (Fig. 16a 

and b). The result obtained was slightly lower than [44].  

This may be due to different light sources used, since litrature [44] used Xe lamp as an excitation 

source. The better catalytic performance of Ag/CuO NCs than CuO NPs could be due to 

reduction in the electron-hole recombination’s [127]. According to the literatures [135, 136], 75 

and 78% of MB were degraded by green-synthesized CuO NPs which is in close agreement with 

this finding. The decrease in absorbance intensity at 665 nm with increasing irradiation time is 

indicated in (Figures 16, 17, and 18) below. This decrease in absorbance intensity indicates the 

degradation (decrease in concentration) of MB.  
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Figure 16: Effect of irradiation time on the degradation of MB using (a) Ag/CuO NCs and (b) 

CuO NPs at different time interval, (MB=10 mg/L, pH 9) under LED lamp, 200 W irradiation. 

400 500 600 700 800

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

A
b
s
o
rb

a
n
c
e
(a

.u
)

Wavelength(nm)

 0 min

 20 min

 40 min

 60 min

 80 min

 100 min

 120 min

a b 



38 

 

400 500 600 700 800

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

g
f
e
d
c
b

a
A

b
s
o
rb

a
n
c
e
(a

.u
)

Wavelength (nm)

a 0 min

b  20 min

c  40 min

d  60 min

e  80 min

f  100 min

g  120 min

 

Figure 17: Effect of irradiation time on the degradation of MB dye without catalyst 
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Figure 18: Effect of irradiation time on the degradation of MB dye (30 mg Ag/CuO NCs, 

MB=10 mg/L, pH 9) by Ag/CuO NCs at different time intervals under sunlight irradiation. 

On the other hand, a control experiment was conducted in which MB dye was irradiated with an 

LED light lamp (200 W) in the absence of the Ag/CuO NCs catalyst (Fig. 17). The findings 

showed that no major change in the intensity of absorption peak was observed and only 27.2% of 

the dye was degraded without catalyst. This indicated that the direct photolysis of MB dye was 

not much effective in the absence of nanocatalyst. A Close result was observed by literature 

[137] and only 30% of MB dye was degraded without the addition of ZnO catalyst. However 

little variation in degradation percentage between this finding and their report may be due to 

difference in irradiation source; since they used UV-light source. 

For comparison of degradation efficiency of Ag/CuO NCs under LED light lamps and sunlight 

as seen from (Fig. 16a and 18), the intensity of absorption peak was reduced rapidly within 60 

min of irradiation time by using sunlight as an irradiation sources. This indicated that the 

degradation of MB in sunlight is faster than LED lamps, because LED lamps had weak UV 
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intensity compared with the sunlight; it took more time for them to help the photocatalytic 

degradation of the dye [138].  

Hence, the degradation efficiency for the system under LED lamps showed a lower rate, which 

finally resulted in 88.5% degradation after 120 minutes, while 95.1% of MB dye was degraded 

within 60 min. This finding is in close agreement with recent reports [138, 139] and revealed that 

sunlight degradation is faster and more efficient than LED lamp sources, fluorescent lamps, etc. 

Generally, at 120 min color of MB dye was disappeared (Appendix 9). 

4.5.2.4. Effect of initial MB dye concentration 

The concentration of dye is one of the main parameters that was changed the degradation 

efficiency in photocatalytic degradation [140]. The effect of the initial dye concentrations on the 

decolorization of MB was studied under visible light (200W, LED lamp) irradiation by varying 

the initial MB dye concentration from 10 to 30 mg/L in the presence of 30 mg of Ag/CuO NCs 

and optimum pH 9. As shown in (Fig. 19), the degradation percentage of MB decreases from 

88.5% to 69% when the initial dye concentration reaches from 10 to 30 mg/L respectively. 

Similar results were reported by literature [84, 134] that increasing the dye concentration cause 

the dye molecules to absorb light and the photons never reached the Ag/CuO surface, and at high 

dye concentrations more active sites may be covered with dye ions.  

This may lead to the decrease in the production of OH radicals on the surface of the catalyst 

which plays a significant role in the dye degradation and finally it causes reduced efficiency of 

dye removal [126, 129]. Thus, the photo-degradation of MB was found better at low 

concentrations. The concentration of dye effect on decolorization of MB dye has been 

graphically represented in (Fig. 19) below. 
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Figure 19: Effect of the initial concentration of MB dye on the degradation efficiency (%) at pH 

9 and 30 mg Ag/CuO NCs 

 

4.6. Reusability of the photocatalyst  

The reusability of prepared nanocomposites were appraised for the degradation of MB dye in the 

optimized reaction conditions. The reusability test results for the Ag/CuO NCs catalyst were 

illustrated in (Fig. 20). 
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                                 Figure 20: Reusability test of Ag/CuO NCS 

The catalytic experiments were carried out under similar conditions, indicating that Ag/CuO NCs 

have a relatively good activity even in the 2nd cycle. It was shown that the Ag/CuO NCs can 

maintain their catalytic activity within 80% conversion after two cycles, showed that there was 

no large reduction of catalytic activity. However, in both cycles there was a slight decrease in the 

conversion of about 3% and 8.5% respectively. This may be due to the reduction of catalyst dose 

during the recovery process or either the reactant or the products might undergo adsorption on 

the surface of the catalyst thereby deactivating the surface activity of the catalyst [12].  
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4.7. Antibacterial Activity 

The result of the antibacterial test was shown in tables 3 and 4. 

Table 3: Effect of CuO NPs on selected bacteria (Salmonella typhea, Bacillus cerius, 

staphylococcus aureus, and Escherichia coli at different concentrations. 

Concentration of CuO NPs 

(mg/ml), PE, and Gentamicin 

Zone of inhibition (mm) 

S. aureus S. typhi E. coli B. cereus 

100 23.2±0.28 19.66±1 19.3±0.7 21±0.5 

75 18±0.5 15±0.52 16.6±0.5 17±0.14 

50 17.8±0.57 13.2±0.28 9±0.5 12±0.86 

25 11±0.52 11±0.5 8±0.5 9±0.57 

Plant extract 10 7 8 9 

DMSO NI NI NI NI 

Gentamicin 19±0.86 20.3±0.57 18±1 20.8±0.57 

Table 4: Effect of Ag/CuO NCs on selected bacteria's (Salmonella typhea, Bacillus cereus, 

staphylococcus aureus and E.coli) at different concentrations 

Concentration of Ag/CuO NCs 

(mg/ml), PE, and Gentamicin 

Zone of Inhibition (mm) 

S. aureus S. typhi E. coli B. cereus 

100 25±0.28 20.66±1 20.3±0.76 23±0.5 

75 23.16±0.14 15.25±0.25 20±0.28 17.08±0.52 

50 20±0.57 13.8±0.5 17±1 17.66±1.15 

25 19±0.57 11.5±0.43 10±0.5 10.33±0.71 

Plant extract 10  7 7 9 

DMSO NI  NI NI NI 

Gentamycin 20.6±0.57 20.3±0.57 19.66±1 21.6±0.57 

Note: NI= No inhibition, PE= Plant extract 
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In this study, Ag/CuO NCs showed the highest zone of inhibition against all bacterial strains 

compared to CuO NPs at all concentrations (Tables 3 and 4, Appendix 10 A). This high 

antibacterial activity Ag/CuO NCs is due to the high affinity of silver ions for the sulfur in the 

thiol protein of bacteria. This affinity leads to the breakage of disulfide bonds in thiols that 

resulted in disruption of protein tertiary structure and causes cell death [141]. This finding was in 

agreement with [23, 43] that doping of metals (Ag, Zn, Zr, Ce) to CuO NPs increases its 

antibacterial activity. Additionally, as the concentration of both CuO and Ag/CuO NCs increased 

from 25 to 100 mg/mL, their antibacterial activity was also increased since the antibacterial 

activity is concentration-dependent that agreeing with the previous reports [142, 143]. 

The findings of this study also revealed that gram-positive bacterial strains Staphylococcus 

aureus and Bacillus cereus were more sensitive than gram-negative strains E. coli and 

salmonella typhea against the biosynthesized Ag/CuO NCs and CuO NPs and towards plant 

extract. This variation in the sensitivity or resistance to both gram-positive and gram-negative 

bacterial populations might be due to the differences in the cell structure, physiology, 

metabolism, or degree of contact of organisms with nanoparticles [144]. 

For example, the greater sensitivity of those gram-positive bacteria such as B. cereus and S. 

aureus to the CuO NPs and Ag/CuO NCs has been attributed to the greater abundance of amines 

and carboxyl groups on their cell surface and greater affinity of copper and silver ions towards 

these groups. Alternatively, gram-negative bacteria like E.coli have lipopolysaccharides which 

possess an important ability to resist antimicrobial agents [145]. These findings were in 

agreement with recent reports [23, 146] that revealed gram-positive bacteria were more sensitive 

than gram-negative bacteria.  

The synthesized nanoparticles and nanocomposites are highly efficient than Gentamycin except 

at 50 and 25 mg/mL CuO nanoparticle and Ag/CuO nanocomposites is highly efficient than 

Gentamicin except at lower concentration (25 mg/mL) since the antimicrobial activity of a CuO 

NPs depends on concentration and size [23]. Antibacterial activity is also size-dependent; means, 

if we take both bulk Cu(NO3)2.3H2O and AgNO3 (Table A) in Appendix 10B), they have 

antibacterial activity, but their efficiency is less than their corresponding nanoparticles and 

nanocomposites.  
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As an example, the Zone of inhibition of Ag/CuO NCs and CuO NPs at higher concentrations 

(100 mg/mL) for Staphylococcus aureus are (25±0.28 and 23.2±0.28 mm) respectively. 

However, for bulk Ag+ and Cu+2, it was reduced to 16 and 15.25 mm respectively. This indicated 

that antibacterial activity depends on size, which means as the size decreases surface area of the 

particle increased, and antibacterial activity increased [12]. 

 Generally, since the size of bulk AgNO3 and Cu(NO3)2.3H2O is greater than Ag/CuO NCs and 

CuO NPs, their antibacterial activity is less than their corresponding nanomaterials. The smaller 

the size of fabricated particles, the higher the oxide content due to the larger surface area. The 

presence of oxide on the surface ensures the high antibacterial activity of Ag and CuO NPs, most 

probably due to the higher concentration of ROS, hydrogen peroxide (H2O2), superoxide anion 

(O2
-•), and hydroxyl radical (OH● ) inside the bacterial cell [147, 148]. Therefore, the enhanced 

antibacterial activity of Ag/CuO NCs and CuO NPs compared to bulk material is attributed to the 

large surface area that provides more surface contact with bacteria [149].   

The antimicrobial activities of Ocimium lamiifolium extract obtained from the aqueous solution 

against the selected bacterial species were also tested. Zones of inhibitions measured against this 

aqueous extract were 10, 7, 7, 9 mm for S. aureus, E.coli, S .typhea, and B. cereus respectively. 

The growth zone of inhibition formed by plant extract is lower than both CuO NPs and Ag/CuO 

NCs because the synthesized nanoparticle enhances the antibacterial activity of plant extract. 

Furthermore, the zone of inhibition formed by plant extract in this study is lower than the result 

obtained by literature [19] that reported growth zone of inhibition for E.coli 13.5 mm and for S. 

aureus 12 mm. This variation may be due to the difference in the solvent used during extraction 

since it can vary the biological activity of extract [88]. Additionally, due to the synergetic effect 

antibacterial activity of synthesized nanoparticles are greater than their corresponding salt and 

plant extract. Generally, the bactericidal effectiveness of CuO NPs and Ag/CuO NCs has been 

traced to the development of highly reactive oxygen species such as (OH●, H2O2 and O2
●-) on the 

surface of the CuO NPs and Ag/CuO NCs, which causes the death to the bacteria [112].  
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CONCLUSION AND RECOMMENDATIONS 

5.1. Conclusion 

In this study, CuO NPs and Ag/CuO NCs were successfully synthesized from copper nitrate and 

silver nitrate using ocimium lamiifolium plant extract as a capping and reducing agent. The 

synthesized nanomaterials were characterized by UV-Vis, FT-IR, SEM, and XRD. The Synthesis 

of Ag/CuO nanocomposites were optimized by some parameters like pH, metal ion 

concentration, the volume of extract, temperature, and reaction time to identify the effect of 

those parameters on the surface synthesis of the nanocomposite. The FT-IR spectroscopy 

revealed the presence of possible functional groups in the synthesized CuO NPs and Ag/CuO 

NCs that played as capping and reducing agent. The XRD result showed the synthesized 

nanomaterials have a crystalline structure. SEM shows CuO NPs has a spherical shape and 

Ag/CuO NCs has a mixture of spherical and rod-like shape. The effect of parameters like catalyst 

dose, dye concentration, and pH on the photocatalytic degradation of MB dye was studied and 

optimized. 30 mg of Ag/CuO NCs and pH 9 was taken as an optimum condition to study the best 

catalytic performance of the synthesized nanocomposite at 120 min. Ag/CuO NCs (88.5%) 

showed better degradation efficiency than CuO NPs (76.2%) at optimum conditions due to 

reduced electron-hole recombination. Photocatalytic degradation of Ag/CuO NCs and CuO NPs 

was more efficient than photolysis (degradation without catalyst). The synthesized Ag/CuO NCs 

and CuO NPs have been exhibited significant antibacterial activity against all four bacterial 

strains. The synthesized nanocomposites and nanoparticles revealed greater antibacterial activity 

against gram-positive bacteria than gram-negative bacteria. This variation in antibacterial 

activity is due to differences in their cell structures. The synthesized CuO NPs and Ag/CuO NCs 

have greater antibacterial activities than ocimium lamiifolium leaf extract and their corresponding 

salt. Generally, ocimium lamiifolium leaf extract mediated synthesis of CuO NPs and Ag/CuO 

nanocomposite have significant application for photocatalytic degradation of MB dye, and as an 

antibacterial agent against human pathogenic bacteria. 
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5.2. Recommendation 

For further work, the following points were forwarded as recommendations: 

 Further characterization is required for the determination of size and composition of the 

sample using instruments like TEM, SEM, Zeta potential, XPS and EDX. 

 Ag/CuO NCs should be applied for the degradation of other types of pollutants. 

 The degraded products of MB must be analyzed for identification. 

 Further research work is required on some other metal-doped, metal oxide nanoparticles 

through the mediation of Ocimium lamiifolium leaf extract with an application of their 

antibacterial agents and photocatalytic activity. 

 Finally, the antibacterial effects of Ag/CuO NCs against some other bacteria must be 

studied. 
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Appendix 3: Effect of different concentration copper nitrate trihydrate on UV-Vis absorption 

peak of Ag/CuO NCs. 

    

Appendix 4: Effect Volume of plant extract on synthesis of Ag/CuO NCs. 
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Appendix 5: Effect of concentration of Ag on synthesis of Ag/CuO NCs 

 

Appendix 6: Effect of pH on synthesis of Ag/CuO NCs 
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Appendix 7: Effect of temperature on synthesis of Ag/CuO NCs 

      

Appendix 8: Effect of reaction time on synthesis of Ag/CuO NCs 
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Appendix 9: Decolorization of MB (A) with Ag/CuO NCs (B) without catalyst. 
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                           B. cereus                 

      

                                                                    S. aureus 

Appendix 10(A): Antibacterial activity of CuO NPs and Ag/CuO NCs 

                                   

 

Appendix 10 (B): Antibacterial activity of bulk Cu(NO3)2.3H2O  and AgNO3 
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Appendix 10 B (Table A): Antibacterial activity of bulk Cu(NO3)2.3H2O  and AgNO3 

Concentration of 

Cu(NO3)2.3H2O and 

AgNO3 (mg/ml) 

 

 

Zone of inhibition (mm) 

S. aureus S. typhi E. coli B. cereus 

100 Cu+2 16 13     14     15.5 

Ag+ 15.25 12 13.75      15.5 

75 Cu+2 14 12.5     13      11 

Ag+ 14 11              

12.25 

     11 

 Cu+2 12 12     12      10.5 

50 Ag+ 11 10.5 10 9 

25 Cu+2 7.5 NI NI 7.5 

Ag+ NI NI NI 7.5 

Plant extract  10 7 8 9 

DMSO  NI NI NI NI 

Gentamicin  20 20.3 21.5 23.5 

NI= No inhibition                

 

 

 


