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ABSTRACT 

In this report, a simple and eco-friendly biosynthesis of copper nanoparticles using Pomegranate leaves 

extracts as the reducing agent from CuNPs had been investigated. The formation of copper nanoparticles 

was characterized by UV-Vis spectrum, Fourier Transform Infrared Spectroscopy (FT-IR), and 

Scanning Electron Microscopic (SEM) analysis.  The UV-Vis spectra results show a strong resonance 

centered on the surface of silver nanoparticles (CuNPs) at 280 nm. The Fourier Transformation Infrared 

Spectroscopy spectral study demonstrates Pomegranate leaves extract acted as the reducing agent. The 

scanning electron microscopic (SEM) analysis shows nanoparticles with an average particle size ranges 

about 19.82-38.15 nm. The structural characterization was carried out using XRD consistent with (111), 

(200), (311), and (400) reflections of the face-centered cubic (fcc) phase of the CuNPs. The biologically 

synthesized copper nanoparticles were found to be effective in controlling the growth of human 

pathogens viz., Salmonella. This route is rapid, simple, without any hazardous chemicals as reducing or 

stabilizing agents, and economical to synthesize CuNPs. 
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Introduction 

Nanotechnology has emerged as the revolutionary discipline of science with diverse applications 

in the field of agriculture, biomedicine, catalysis, cosmetics, energy, electronics, mechanics, 

optics, pharmaceutics, sensors, and textile. These diverse applications have led to the advent of 

advancing disciplines like nanobiotechnology. [1-4] The term Nanotechnology was coined by 

Professor Noria Taniguchi of Tokyo Science University in the year 1974 to describe precision 

manufacturing of materials at the nanometer level. “Nano” is a Greek word synonymous with 

dwarf, meaning extremely small, that is used to indicate one-billionth a meter or 10-9. The use of 

nanoparticles is gaining attention in the present century as they possess defined chemical, 

mechanical and optical properties. Nanoparticles show completely new or improved properties 

compared with larger particles of the bulk materials and these novel properties are derived due to 

the variation in specific characteristics such as size, distribution, and morphology of the particles. 

[5] Nanoparticles provide solutions to technological and environmental challenges in the areas of 

solar energy conversion, catalysis, medicine, and water treatment. Copper nanoparticles have 

diverse applications as heat transfer systems, as super-strong materials, as sensors, and as 

catalysts. A variety of chemical and physical procedures such as chemical reduction, 

electrochemical reduction, chemical vapor deposition, thermal decomposition, and solvothermal 

reduction have been reported for the synthesis of metallic nanoparticles. However, these methods 

have many problems, including the use of toxic solvents, the generation of hazardous 

byproducts, high energy consumption, and are non-eco-friendly.[6] The primary reason for 

synthesizing metallic nanoparticles from different parts of the plants is that the procedures are 

cost-effective, eco-friendly, sustainable, and straightforward.[1] According to the principles of 

green chemistry, there are several methods for the synthesis of metal nanoparticles (NPs). 

Nanoparticles have been synthesized from various sources of animals, plants, and 

microorganisms. Plant extracts for copper-based nanoparticles have numerous applications such 

as in catalysis, for photocatalytic activity and antimicrobial activity, in DNA binding and 

sensors, for cytotoxicity, as antioxidants, etc.[7-9] One of the approaches to get rid of the 

utilization of such hazardous chemicals is the bio/green synthesis process, in which biological 

entities like microorganisms or plant extracts are used in the production of the nanoparticles. 

Plant metabolites are considered as reducing agents that reduce copper ions into copper metal, 
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and a capping agent that stabilizes the size and shape of the produced nanoparticles.[10,11] As 

an alternative to the use of inorganic and synthetic chemical compounds to obtain nanoparticles, 

green synthesis, an innovative, non-toxic, and low-cost method, can be used. Pomegranate 

(Punica granatum) has a high content of antioxidant agents when compared to other plant 

species; therefore it can be used as a natural reducing agent and stabilizer. [12] In the present 

study, we have explored the synthesis of copper nanoparticles using Pomegranate leaves extract. 

The synthesized nanoparticles were confirmed by color changes and characterized by UV-

Visible spectroscopy. Fourier transform infrared (FTIR) spectral measurements were carried out 

to identify the potential biomolecules. The size of the nanoparticles was observed by SEM 

(Scanning Electron Microscope). The structural characterization was carried out using XRD (X-

Ray Diffraction). Furthers, its efficacy to inhibit different pathogenic bacterial growth was 

evaluated. 

Materials and methods 

The utilized plant: The current work includes the synthesis of copper nanoparticles (CuNPs) by 

the green technique utilizing the Pomegranate leaves extract. Pomegranate leaves were collected 

from Qom province, Iran.  

Preparing the plant extract 

To prepare the plant extract, 20 g of fresh Pomegranate leaves was used gathered from the 

university campus. To eliminate all the unwanted visible particles and dust, fresh Pomegranate 

leaves were washed extensively with tap water after a final wash two times with deionized water. 

The Pomegranate leaves were cut into small pieces and then shade-dried for three days (Fig.1). 

 

Fig.1. The shade-dried Pomegranate leaves   
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Then, the shade-dried small Pomegranate leaves were placed in 100 ml of distilled water and 

boiled for 15 min on a water bath. After boiling, the red solution was cooled and filtered utilizing 

Whatman filter paper no.1 to eliminate particulate matter and obtain the exact answer. It was 

then kept at 4℃ for more utilization. 

Synthesizing Copper nanoparticles 

To produce copper oxide nanoparticles, the plant extract were utilized to decrease copper Cu2+ 

ions. Over synthesizing Copper nanoparticles, 1 mM copper nitrate solution in 500 ml, and 

Pomegranate leaves extract were mixed drop-wise, while continuously stirring utilizing a 

magnetic stirring. Adding extract changes the solution color from straw yellow to light green, 

revealing the Copper nanoparticles (CuNPs) formation (Fig.2). 

 

Fig.2. Synthesis of CuNPs using Pomegranate leaves extract. 

(a) Pomegranate leaves extract. (b) Test tube containing 1 mM Cu(NO3)2.3H2O. (c) CuNPs after 2hrs. 

 

Separating the created nanoparticles from the sediment collected through centrifugation (10 min, 

1000 rpm), the nanomaterials were rinsed three times with ethanol and deionized H2O to 

eliminate loosely bound substances. Hence, centrifugation was performed, and the powdered 

form of the sample is kept in a sterile, airtight glass bottle. It is then utilized for bacterial growth, 

XRD, FTIR, and SEM analysis. 

 

(A) (B) (C) 
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Results and Discussions 

UV-Vis Spectra: a physic-miniature UVS-2500 spectrophotometer was used to perform UV-Vis 

spectral analysis. UV-Visible absorption spectrophotometer was utilized with a resolution of 1 

nm within 190-1100 nm. The UV-Visible spectra of the CuNPs solution were recorded after 24 

h. The high and sharp peak appears in the spectrum at 280 nm, indicating the size and stability of 

the Copper nanoparticles. The higher absorbance reveals an incremented conversion of cu2+ to 

Cu as a nanoparticle resulting in the greater concentration of CuNPs [13,14]. 

 

 

 

 

 

 

Fig.3.  UV-Vis absorption spectra of CuNPs using Pomegranate leaves extract,. 
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FT-IR Spectra: To record the FT-IR spectrum, the Avatar Thermo Spectrophotometer system 

was used. FTIR provides information on entities with their functional group associated with the 

synthesized Nanoparticles. Based on the FTIR spectra (Fig.4), the eco-friendly green synthesis of 

Copper nanoparticles mediated by the Pomegranate leaves extract was revealed. In the spectra, 

the extensive peak at 3436.29 cm -1 is equivalent to O-H or N-H stretching in amino acids, 

phenols, and alcohols. The peak a 1706.53 cm -1 is associated with C=O stretching in Ketones. 

The peak at 1340.91 cm -1 to CH2 & CH3 deformation. The peak at 1622.99 cm -1 is related to 

C=C stretching and the peak at 182.78 cm -1 is related to C-O stretching. The weak peaks within 

850-550 cm -1 are related to C-Cl stretching in halo compounds. Thus, the synthesized 

nanoparticles were surrounded by metabolites and by proteins like terpenoids with functional 

groups of alcohols, ketones, aldehydes, and carboxylic acids. According to the analysis of FTIR 

studies, it was found that the phenolic group possesses a stronger capacity for binding metal. It 

indicates that the phenols could be possibly from the metal nanoparticles (i.e., Cu nanoparticles 

capping) to avoid aggregation and thus stabilize the medium. This indicates that the biological 

molecules could conduct dual functions of stabilization and formation of Cu nanoparticles in the 

aqueous medium [15]. 

 

A                                                                                     B                                                                                

Fig.4. (A) FTIR pattern of CuNPs using Pmegranate leaves extract. (B) FTIR pattern of Pomegranate 

leaves 

SEM: The structural and morphological features of the Cu(NO3)2 nanoparticles were found 

utilizing FE-SEM Tescan Mira3 (Fig.5). The sizes of the synthesized nanoparticles within the 

nanometer range, and they had non-homogenous structures. According to these images, only 
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some nanoparticles with spherical shapes were synthesized. Although some nanoparticles were 

well-separated from each other, they mainly existed in the agglomerated form. Therefore, such 

SEM results revealed the synthesized particles’ nanostructure performance. The findings are 

consistent with former reports [16,17]. however, some slight differences exist owing to the 

chemical compositions. (Fig.5) shows the uniformly sized and spherical morphology particles 

(19.82-38.15 nm) based on SEM analysis. 

                                                                      

Fig.5. (A) SEM image of Cu nanoparticles taken at 1 µm, 500 nm and 200nm 

XRD: Spectral analysis was used for the XRD (Philips PW 1730). The XRD analysis was used 

to determine the nature and particle size of the synthesized copper nanoparticles at an angle 

within the range of 20º-80º. The synthesized copper nanoparticles’ amorphous nature was 

confirmed by X-ray diffraction analysis. The three peaks found in the diffraction pattern at 

angles of 59.63º, 49.78º, and 27.85º, are associated with the JCPDS standard copper number 89-

2838 [18]. According to the XRD pattern of biosynthesized CuNPs, the five noticeable peaks 

appeared at 81.3º, 59.63º, 49.78º, and 27.85º, that are in line with (400), (311), (200), and  (111) 

reflection of the face-centered cubic (fcc) phase of the CuNPs. Since the nanomaterial was 

synthesized utilizing a Pomegranate leaves extract, the accumulation happens to owe to the 

nanomaterial encapsulation via the phytochemicals. Such organic moieties are obtained from 

aggregation sheet layers. Using X-ray diffraction (XRD) analysis, we observed merely long-

range disorder in the spectrum. To calculate the interplanar distance spacing’s morphology, 

Bragg,s equation was used (Fig.6) [19]. 
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Fig.6. XRD pattern of CuNPs using Pomegranate leaves extract. 

 

Antibacterial activity: 

To measure the antibacterial activity of Cu (NO3)2 nanoparticles against Salmonella 

(ATCC®9270TM) for the 1-15 concentration, MBC, and MIC were determined. 

Preparing a pure culture of bacteria Salmonella (ATCC®9270TM) in the Muller Hinton Broth, it 

was then centrifuged, followed by discarding the supernatant. Then, by adding 20 ml of sterile 

standard saline solution, the concentration was set to an optical density of 0.1 at 625 nm (108 

, 0.5 Mcfarland) by an appropriate Spectrophotometer. Serial solutions of Cu (NO3)2 

nanoparticles were prepared in MHB, including 1-15 , and a volume of the bacterial 

suspension was inserted into each sterilized sample solution, which brought the bacterial 

concentration to 100,000 . Incubation of the sample solution was achieved at 37℃ 

for 24 h. A negative and positive control were incubated, as well. Followed by incubation, 

observing some test tubes was performed for microbial growth through turbidity. The least 

concentration was recorded as MIC, in which no visible growth was found. 
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The dilution demonstrating the MIC and the higher concentration of the solution (comprising 

2.5-10.15 ) was utilized for determining the MBC via disc diffusion technique in the 

Muller Hinton agar medium inoculated by standardized bacterial suspension Salmonella 

(ATCC®9270TM) – (108 , 0.5 Mcfarland). After incubating the plates at 37℃ for 24 h, 

the diameter of the inhibition zone for the sample solutions was determined and compared with 

the least concentration, thus, the MBC was the zone with the least inhibition growth. 

After incubation of the test tubes for 24 hours at 37℃, the turbidity was found in the sample (1 

) and no turbidity and bacterial growth were considered in more solutions with more 

concentrations, the zone inhibition of examined solutions were as follow: 

 

Concentration ( ) 
Zon inhibition (mm) 

Salmonella (ATCC®9270TM) 

2.5 0 

5 0 

10 11.6 

15 13.4 

 

These results confirm that the MIC and MBC of CuNPs for Salmonella was found to be 2.5 and 

10 . 

Conclusion 

In conclusion, the field of nanotechnology is the development of reliable and eco-friendly 

processes for synthesis of metal Nanoparticles. Here we have reported a simple biological and 

low-cost approach for the preparation of stable copper Nanoparticles by reducing copper nitrate 

solution with a bioreduction method using a Pomegranate leaves extract of the whole as the 

reducing agent for their efficient antimicrobial properties. The structural characteristics and 

morphology of the obtained copper Nanoparticles were studied using the XRD and SEM 

techniques. The result has confirmed the reduction of copper nitrate to copper Nanoparticles with 

high stability and without any impurity. The optical characteristics of copper Nanoparticles were 
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studied using the UV–Vis analysis. The peak in the absorption spectrum has confirmed the 

formation of copper Nanoparticles. FT-IR indicates that the primary amines of proteins and 

phenols are in charge of the stabilization, reduction, and capping of copper nanoparticles. This is 

proved by FT-IR spectroscopy. FT-IR indicates that the primary amines of proteins and phenols 

are mostly in charge of the capping and reduction of these nanoparticles to foil accumulation and 

present the medium′s stability. Further antimicrobial activity of plant extract and synthesized 

copper nanoparticles were investigated in the disc diffusion method. From the results, it is clear 

to know that the copper nanoparticles from Pomegranate leaves extract also can to inhibit the 

growth of various pathogenic microorganisms  
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