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Abstract 

Copper oxide nanoparticles (CuONPs) were prepared using ecofriendly simple method that employs the extract of Syzygium 

Aromaticum (clove buds) as a reducing and stabilizing agent. The prepared CuONPs were characterized by FT-IR, SEM and 

EDS techniques to study their morphological and compositional properties. Fourier transform infrared spectroscopy (FTIR) 

spectrum indicates the presence of various functional groups at different positions. Morphological studies were carried out to 

study the shape of the synthesized nanoparticles. Energy dispersive X-ray spectroscopy (EDX) shows highly intense peaks of 

copper (Cu) and oxygen (O), while less intense peaks of carbon (C) and sulfur (S) elements due to the presence of 

biomolecules of bud extract used in CuONPs formation. The antibacterial activity of the synthesized CuONPs against gram – 

ve microorganisms viz. E-Coli, Salmonella and Enterobacter bacteria was studied. The produced CuONPs show resistance to 

the three types of bacteria with greatest resistance to E. coli followed by Salmonella and then Enterobacter. 

 

Keywords: : Syzygium Aromaticum, Copper oxide nanoparticles (CuONPs), gram – ve microorganisms, 

antibacterial Activity.   

1. Introduction 

Metallic nanoparticles are gaining great attention 

worldwide due to their significant and wide 

applications in a variety of fields including medicine, 

agriculture, and chemistry [1]. Mainly, metal and 

metal oxide nanoparticles are synthesized either 

physically or chemically [2]. Physical means of 

metallic nanoparticles production include High-

Energy Ball Milling and Ultrasonic Shot Peening 

(USSP) [3]. While chemical means include pulse 

electro-deposition [3], reduction of chemical salts of 

metals [4], and electrochemical synthesis [5]. 

Physical and chemical means are found to have 

great disadvantages as they are not environmentally 

friendly, expensive, time consuming, sometimes 

include toxic chemicals in the synthesis route [6, 7]. 

So, direction was shifted towards green methods for 

metallic nanoparticles synthesis which eliminated 

most of the drawbacks of the alternative conventional 

physical and chemical methods, green synthesis of 

metallic nanoparticles employs plants, bacteria or 

fungi in the process of synthesis as reducing and 

stabilizing agents [8-14]. It has been confirmed in 

previous work that plant extracts are the most 

effective among all for synthesis of metallic 

nanoparticles as they are much safer, easier to handle, 

more abundant, more cost effective, work at low 

temperatures and do not require harmful reagents 

during the reaction [15]. Another main advantage of 

using plant extracts is that they are very rich in 

valuable metabolites such as enzymes, carbohydrates, 

proteins, vitamins, alkaloids, terpenoids, tannins and 

saponins [16] that act as reducing and capping or 

stabilizing agents that help in modulation and 

controlling the size of produced nanoparticles by 

preventing possible aggregations that can enlarge the 

size of the particles [17]. In addition, the abundance 

of these metabolites in plant-based mechanisms 

extremely results in great antibacterial effects of the 

produced nanoparticles of metals and metal oxides.  

Copper oxide nanoparticles (CuONPs) are among 

the most promising transition metal oxides that attract 

great attention in the last few years due to their 

emerging applications in pharmaceutical, chemical, 

industrial and medicinal fields [18-21]. For instance, 
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in medicine and biochemical fields, CuONPs have 

been utilized as antibacterial, antioxidant, imaging 

and drug delivery agent [22]. CuO nanoparticles were 

prepared using various plant extracts including the 

extract of Aloe Vera leaves [23], Carica papaya 

leaves [24], tea leaves and coffee powder [25], 

Albizia lebbeck leaves [26], Abutilon indicum Leaf 

Extract [27]. Syzygium Aromaticum extract was used 

to produce CuNPs in previous research work [28]. 

But the problem with CuNPs is that they are easily 

and rapidly oxidized when subjected to air what 

makes their formation in natural environment 

relatively challenging [29]. 

Copper oxide nanoparticles synthesized using 

plant extracts efficiently showed antibacterial 

activities against several pathogens including gram 

positive and gram-negative bacteria such as E. coli, 

K. aerogenes and S. aureus [30]. An important 

feature of CuONPs is that they are more able to 

generate more reactive oxygen species which makes 

them more toxic to the bacterial cells [31]. 

However, the available information regarding the 

antimicrobial activity of CuO nanoparticles is yet 

limited and needs further research.  

Based on the previous work and investigations, 

CuO nanoparticles will be synthesized using the 

extract of clove buds. The biologically synthesized 

CuONPs will be characterized by FT-IR, SEM and 

EDX techniques and their antibacterial activity 

against three types of gram-negative bacteria E. coli, 

Salmonella and Enterobacter, will be investigated.  

 

2. Materials and methods 

 

2.1. Materials 

Clove buds (Syzygium aromaticum plant), used as a 

reducing agent for the synthesis of CuONPs were 

obtained from the local market. Copper sulfate, 

sodium hydroxide were purchased from Sigma 

Aldrich. All chemicals were utilized as obtained. All 

tested microorganisms were obtained from 

Biotechnology and Microbiology Center, Mansoura 

University, Egypt.   

 

2.2. Preparations 

 

2.2.1 Preparation of clove bud’s extract  

Clove buds’ extract (Syzygium aromaticum plant) 

was prepared by crushing 5gm of clove buds into 

fine powder followed by filtration to remove 

unwanted debris. The fine powder was then mixed 

with 100 ml deionized water and boiled for 10 

minutes. It was left to cool down at room 

temperature. The extract was then filtered using 

Whatman’s No.1 filter paper. The filtered extract 

was collected in a clean and dried conical flask and 

was stored for further usage in CuONPs synthesis 

 

2.2.2 Synthesis of CuO nanoparticles.  

One ml of clove buds’extract was mixed with 10 ml 

of 0.1 mM CuSO4 with constant stirring at 60–65 0C 

then 0.1 M NaOH was introduced dropwise into the 

mixture until it reaches pH 11 and allowed to stir for 

2 h. Formation of CuO was observed by the color 

change as shown in Figure 1. The mechanism of the 

reaction and related color changes are described in 

the mentioned study [32]. CuO nanoparticles were 

collected by centrifugation at 2000 rpm and repeated 

three times to confirm purification. The obtained 

precipitate was washed by distilled water and dried in 

oven at 150 ◦C. 

 
 

Fig. 1. Synthesis of CuONPs: (a) CuSo4 solution, (b) 

clove buds’ extract, (c) formed CuONPs. 

 

2.3. Characterization 

The synthesized CuONPs were characterized by 

FTIR, EDX, SEM techniques to get a closer look at 

the morphology and chemical composition.  

 

2.3.1. Fourier-transform infrared spectroscopy FT-IR 

This technique was used to identify the present 

functional groups associated with CuO synthesis 

process. The infrared spectrum of the sample was 

obtained in the wavelength range of 4000–400 cm-1 

using Perkin Elmer FTIR spectrophotometer (Jasco 

6100, Japan). 

 

2.3.2. Energy Dispersive X-ray (EDX) was carried 

out to identify the elemental composition of the 

synthesized CuONPs. The interaction of the electrons 

transmitted through the specimen resulted in the 

formation of an image which is then magnified and 

focused onto an imaging device. 
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2.3.3. Scanning Electron Microscope (SEM) was 

used to gain information about the morphology of the 

produced CuONPs by scanning the surface at three 

different magnifications (5,000X, 15,000X and 

27,000X). 

 

2.4. Antimicrobial activities of the CuONPs  

The three studied microorganisms E-coli, Salmonella 

and Enterobacter were cultured on nutrient agar 

plates following the streak-plating method. The 

synthesized CuO nanoparticles were pressed into 13 

mm diameter pellets and located in agar plates with 

the tested species of bacteria and incubated for 24 

hours at 37 oC. The mean diameter of each inhibition 

zone was measured in millimeters. 

  

3. Results and discussion 

 

3.1. Characterization of the synthesized CuONPs 

 

3.1.1. FTIR spectroscopy 

FTIR was carried out in order to identify the 

functional groups present. The infrared spectrum in 

Figure 2 shows two characteristic bands at 431 cm−1 

and 481 cm−1 that can be assigned to Au modes of 

vibration of CuO, while the other important band at 

605 cm−1 can be assigned to the Bu vibrational modes 

of CuO [33]. A broad band appeared in the range of  

3200–3560 cm−1 that is ascribed to the stretching 

vibrations of hydroxyl groups that arise from 

adsorbed water molecules on the surface of CuONPs, 

this adsorption of moisture can be explained by high 

surface-to-volume ratio of the nanocrystalline 

materials [34]. Another sharp band appeared at 1107 

cm−1 can be attributed to C–OH stretching and OH 

bending vibration, indicating the existence of a 

greater number of hydroxyl groups present in the 

chemical components of clove extract. The peak 

appeared at around 1413 cm−1 may indicate the 

presence of CO2, which is usually adsorbed from the 

surrounding air. 

 

3.1.2. Compositional studies:  

Energy Dispersive Analysis of X-ray (EDX) gives 

qualitative as well as quantitative analysis of 

chemical composition of compounds relying on the 

amount of energy emitted by the electrons of each 

element. Figure 3 shows the EDX results of CuONPs 

synthesized using clove buds’ extract. The sharp 

peaks present correspond to Cu and O atoms that 

make up CuO. Weaker peaks for C atoms are also 

detected due to the organic nature of clove extract 

used during synthesis process. 

 

3.1.3. Morphological studies  

 The SEM images of the CuO nanoparticles 

synthesized using clove buds extract was carried out 

in order to investigate the surface morphology. The 

SEM images that were obtained at three different 

magnifications namely (5000X, 15,000X and 

27,000X) are shown in Figure 4. It can be straightly 

demonstrated from the images that the CuO 

nanoparticles possess a spherical morphology. The 

spherical shape of CuO nanoparticles is mainly due to  

the capping and stabilizing action of phytochemicals  

 

Transmittance % 

Wavenumber (cm -1) Fig.2. FT-IR spectrum of the synthesized CuO NPs 
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present in the plant extract that prevent 

agglomeration between the synthesized particles [35]. 

It can be also observed that the nanoparticles can be 

produced in large quantity as shown in the images 

using this simple and green method. 

 

 

 

 

 

 

 

 

 

 

 

3.4. Antimicrobial activity                                                                                                                                                                                                                                             

The antimicrobial activity of the synthesized 

CuONPs was evaluated against three pathogenic 

gram-negative bacteria namely E. coli, Salmonella, 

and Enteropacter bacteria. 

 

The three types of bacteria were inhibited to different 

extents by CuONPs. The highest resistance activity of 

CuONPs was shown against E. coli bacteria with 

inhibition zone of diameter equals 29.6 mm. While 

the recorded zone of inhibition of Salmonella was of 

diameter 19 mm. CuONPs also show resistance 

against Enterobacter with an inhibition zone of 17.6 

mm diameter. The images of clear zones that refer to 

the antibacterial behavior of CuONPs against the 

studied bacterial strains are shown in Figure 5.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3. EDX spectrum of the synthesized CuO NPs 

 

Fig.4. SEM images at magnifications of 

(a) 5000X, (b) 15000X, (c) 27000X                       

 

(b) 

(c) 

(a) 

(a) 

(c) 

(b) 

Fig.5. Images of antibacterial activity of CuONPs 

against (a) E. coli, (b) Salmonella, (c) Enterobacter 

bacteria 
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Although the exact antibacterial mechanism is still 

not completely understood, there are some proposed 

mechanisms that are believed to explain the 

antibacterial action of metal and metal oxide 

nanoparticles including release of metal ion species 

to the pathogen cell, generation of reactive oxygen 

species (ROS), penetration of cell wall, and cellular 

leakage [36].  

Since CuO nanoparticles are smaller in size than 

bacterial pores, they are believed to have an 

exceptional ability to penetrate the membrane of 

bacterial cell causing damage and disturbance of 

cellular respiration processes which leads eventually 

to cell death [37]. Release of copper ions and 

generation of reactive oxygen species such as 

superoxide anions that cause toxicity and great 

damage to the bacterial cell are highly proposed 

mechanism for CuONPs antibacterial action [30, 36 

38]. 

 

4. Conclusion 

The CuO nanoparticles were biologically 

successfully synthesized utilizing the extract of clove 

buds. They were then characterized with several 

instrumental techniques. The antibacterial activity 

was investigated against E. coli, Salmonella and 

Enterobacter. The three types were sensitive to 

CuONPs, the highest resistance observed for E. coli 

and lowest to Enterobacter. Also, extra work is 

extremely required for further investigation of the 

antibacterial action of CuONPs. 

5. Conflicts of interest 

“There are no conflicts to declare”. 

References 

[1]  Ren, G.; Hu, D.; Cheng, E. W.; Vargas-Reus, M. 

A.; Reip, P.; Allaker, R. P.; Characterization of 

copper oxide nano particles for antimicrobial 

applications. International Journal of 

Antimicrobial Agents. 2009; 33(6): 587-590. 

[2] Khodashenas B, Ghorbani HR. Synthesis of 

copper nanoparticles: An overview of the various 

methods. Korean Journal of Chemical 

Engineering. 2014;31(7):1105-9. 

[3] Li X-q, Zhang W-x. Iron Nanoparticles:  the 

Core−Shell Structure and Unique Properties for 

Ni(II) Sequestration. Langmuir. 

2006;22(10):4638-42. 

[4] Tan Y, Dai X, Li Y, Zhu D. Preparation of gold, 

platinum, palladium and silver nanoparticles by 

the reduction of their salts with a weak reductant–

potassium bitartrate. Journal of Materials 

Chemistry. 2003;13(5):1069-75. 

[5] Rodríguez-Sánchez L, Blanco MC, López-

Quintela MA. Electrochemical Synthesis of Silver 

Nanoparticles. The Journal of Physical Chemistry 

B. 2000;104(41):9683-8.  

 [6] Osaka T, Matsunaga T, Nakanishi T, Arakaki A, 

Niwa D, Iida H. Synthesis of magnetic 

nanoparticles and their application to bioassays. 

Analytical and Bioanalytical Chemistry. 

2006;384(3):593-600.  

[7] Sun S, Zeng H, Robinson DB, Raoux S, Rice PM, 

Wang SX, et al. Monodisperse MFe2O4(M = Fe, 

Co, Mn) Nanoparticles. Journal of the American 

Chemical Society. 2004;126(1):273-9.  

[8] Roopan SM, Rohit, Madhumitha G, Rahuman 

AA, Kamaraj C, Bharathi A, et al. Low-cost and 

eco-friendly phyto-synthesis of silver 

nanoparticles using Cocos nucifera coir extract 

and its larvicidal activity. Industrial Crops and 

Products. 2013;43:631-5.  

[9] Roopan SM, Bharathi A, Prabhakarn A, Abdul 

Rahuman A, Velayutham K, Rajakumar G, et al. 

Efficient phytosynthesis and structural 

characterization of rutile TiO2 nanoparticles using 

Annona squamosa peel extract. Spectrochimica 

Acta Part A: Molecular and Biomolecular 

Spectroscopy. 2012;98:86-90.  

[10]  Roopan S, Nawaz Khan F. ZnO nanoparticles in 

the synthesis of AB ring core of camptothecin. 

Chemical Papers. 2010;64(6).  

[11] Kalimuthu K, Suresh Babu R, Venkataraman D, 

Bilal M, Gurunathan S. Biosynthesis of silver 

nanocrystals by Bacillus licheniformis. Colloids 

and Surfaces B: Biointerfaces. 2008;65(1):150-3.  

[12] Taghavi Fardood S, Ramazani A. Green 

Synthesis and Characterization of Copper Oxide 

Nanoparticles Using Coffee Powder Extract. 

Journal of Nanostructures. 2016;6(2):167-71.  

[13] Fardood ST, Ramazani A, Moradi S. A Novel 

Green Synthesis of Nickel Oxide Nanoparticles 

Using Arabic Gum. Chemistry Journal of 

Moldova. 2017;12(1):115-8.  

[14] Ali Ramazani STF, Zahra Hosseinzadeh, Fariba 

Sadri, Sang Woo Joo. Green synthesis of 

magnetic copper ferrite nanoparticles using 

tragacanth gum as a biotemplate and their 

catalytic activity for the oxidation of alcohols. 

Iranian Journal of Catalysis. 2017;7:181-5.  

[15] Ankamwar B, Chaudhary M, Sastry M. Gold 

Nanotriangles Biologically Synthesized using 

Tamarind Leaf Extract and Potential Application 

in Vapor Sensing. Synthesis and Reactivity in 

Inorganic, Metal-Organic, and Nano-Metal 

Chemistry. 2005;35(1):19-26. 

[16] Shankar SS, Rai A, Ahmad A, Sastry M. 

Controlling the Optical Properties of Lemongrass 

Extract Synthesized Gold Nanotriangles and 

Potential Application in Absorbing Optical 

Coatings. Chemistry of Materials. 

2005;17(3):566-72. 

[17] Ledwith DM, Whelan AM, Kelly JM. A rapid, 

straightforward method for controlling the 



 Dina A. Ali et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 64, No. 8 (2021) 

 

 

4104 

morphology of stable silver nanoparticles. Journal 

of Materials Chemistry. 2007;17(23):2459.  

[18] F. Marabelli, G. B. Parravicini, and F. Salghetti- 

Drioli, Physical Review B, l52 (1995)1433–1436. 

 [19] A. El-Trass, H. Elshamy, I. El-Mehasseb, and 

M. El- Kemary,Applied Surface Science, 

258(2012) 2997– 3001. 

[20] Nations, S.; Long, M.; Wages, M.; Maul, J.D.; 

Theodorakis, C.W.; Cobb, G.P. Subchronic and 

chronic developmental effects of copper oxide 

(CuO) nanoparticles on Xenopus laevis. 

Chemosphere 2015, 135, 166–174.  

[21] Perreault, F.; Melegari, S.P.; Da Costa, C.H.; 

Rossetto, A.L.d.O.F.; Popovic, R.; Matias, W.G. 

Genotoxic effects of copper oxide nanoparticles in 

Neuro 2A cell cultures. Sci. Total Environ. 2012, 

441, 117–124.  

[22] Yallappa S, Manjanna J, Sindhe MA, et al. 

Microwave assisted rapid synthesis and biological 

evaluation of stable copper nanoparticles using T. 

arjuna bark extract. Spectrochim Acta Mol 

Biomol Spectrosc. 2013;110:108-15. 

[23] Kumar, P. P. N. V.; Shameem, U.; Pratap, K.; 

Kalyani, R. L.; Pammi, S. V. N.; Green Synthesis 

of Copper Oxide Nanoparticles Using Aloe vera 

Leaf Extract and Its Antibacterial Activity 

Against Fish Bacterial Pathogens. Bio Nano 

Science. 2015; 5: 135±139. 

[24] Sankar, R.; Manikandan, P.; Malarvizhi, V.; 

Fathima, T.; Shivashangari, K. S.; Ravikumar, V.; 

Green synthesis of colloidal copper oxide 

nanoparticles using Carica papaya and its 

application in photocatalytic dye degradation. 

Spectrochimica Acta Part A: Molecular and 

Biomolecular Spectroscopy. 2014; 121: 746-750. 

[25] Prasanta, S.; Mitali, S.; Debasish, M.; 

Microwave synthesis of copper oxide 

nanoparticles using tea leaf and coffee powder 

extracts and its antibacterial activity. Journal of 

Nanostructure in Chemistry. 2014; 4(1): 1-6. 

[26] Jayakumarai, G.; Gokulpriya, C.; Sudhapriya, 

R.; Sharmila, G.; Muthukumaran, C.; 

Phytofabrication and characterization of 

monodisperse copper oxide nanoparticles using 

Albizia lebbeck leaf extract. Applied 

Nanoscience. 2015; 5: 1017±1021. 

[27] Ijaz F, Shahid S, Khan SA, Ahmad W, Zaman S. 

Green Synthesis of Copper oxide Nanoparticles 

using Abutilon indicum Leaf Extract: 

Antimicrobial, Antioxidant and Photocatalytic 

Dye Degradation Activities. Tropical Journal of 

Pharmaceutical Research. 2017; 16(4): 743-753. 

[28] Ipsa, S.; Nayak, P.L.; Synthesis of Copper 

Nanoparticles Using Syzygium aromaticum 

(Cloves) Aqueous Extract by Using Green 

Chemistry. World Journal of Nano Science & 

Technology. 2013; 2(1): 14-17. 

[29] Lara, H.H.; Ayala-Nuñez, N.V.; Ixtepan-Turrent, 

L.; Rodriguez-Padilla, C. Mode of antiviral action 

of silver nanoparticles against HIV-1. J. 

Nanobiotechnol. 2010, 8, 1–10. 

[30] Ameer A, Arham SA, Oves M, et al. Size-

dependent antimicrobial properties of CuO 

Nanoparticles against Gram-positive and Gram–

negative bacterial strains. Int J Nanomedicine. 

2010;7:3527-35. 

 [31] Bulcke, F.; Thiel, K. & Dringen, R. Uptake and 

toxicity of copper oxide nanoparticles in cultured 

primary brain astrocytes. Nanotoxicology., 

8(7):775-85, 2014. 

[32] Yugandhar, Pulicherla, Thirumalanadhuni 

Vasavi, Palempalli Uma Maheswari Devi, and 

Nataru Savithramma. 2017. “Bioinspired Green 

Synthesis of Copper Oxide Nanoparticles from 

Syzygium Alternifolium (Wt.) Walp: 

Characterization and Evaluation of Its Synergistic 

Antimicrobial and Anticancer Activity.” Applied 

Nanoscience 7 (7): 417–427.  

 [33] Nyquist, R.A.; Kagel, R.O. Infrared Spectra of 

Inorganic Compounds; Academic Press: New 

York, NY, USA; London, UK, 1997; p. 220. 

[34] Halder, M.; Islam, M.D.M.; Ansari, Z.; 

Ahammed, S.; Sen, K.; Islam, S.K.M. Biogenic 

Nano-CuO-Catalyzed Facile C−N Cross-Coupling 

Reactions: Scope and Mechanism. ACS Sustain. 

Chem. Eng. 2017, 5, 648–657. 

[35] Baoshun W, Weiwei Z, Zhiyun Z, Renying L, 

Yulong W, Zhengguang H et al (2016) Cu2O 

hollow structures—microstructural evolution and 

photocatalytic properties. RSC Adv 6:103700–

103706. 

 [36] Slavin, Yael N., et al. "Metal nanoparticles: 

understanding the mechanisms behind 

antibacterial activity." Journal of 

Nanobiotechnology, vol. 15, no. 1, 2017.  

[37] M. Ahamed, H. A. Alhadlaq, M. Khan, P. 

Karuppiah, and N. A. Al-Dhabi, “Synthesis, 

characterization, and antimicrobial activity of 

copper oxide nanoparticles,” Journal of 

Nanomaterial, vol. 2014, p. 17, Article ID 

637858, 2014. 

[38] Applerot G, Lellouche J, Lipovsky A, Nitzan Y, 

Lubart R, Gedanken A, Banin E. Understanding 

the antibacterial mechanism of CuO 

nanoparticles: revealing the route of induced 

oxidative stress. Small. 2012;8:3326–37Blue from 

Aqueous Solutions, Adsorption Science & 

Technology, Vol. 31 No. 5, 397. 


	References

