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Abstract 

The green nanotechnology field has received ample attention and emerged as a viable option for producing nanoparticles 

(NPs) in an eco-friendly, sustainable, and reliable manner. The rosy periwinkle leaf extract to metal oxide NPs is an encouraging 

alternative to chemical synthesis. In this study, aluminum (Al), copper (Cu), and zinc oxide (ZnO) nanoparticles (NPs) 

synthesized using a sustainable technique to evaluate their electrical conductivity and characterized by X-ray diffraction (XRD), 

ultraviolet-visible (UV-vis), Fourier-transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), and energy 

dispersive X-ray spectroscopy (EDX) to determine the crystalline structures and optical properties, functional groups, surface 

morphology, and elemental compositions of NPs. XRD peaks confirmed that the Al, ZnO were structurally crystalline whereas 

copper peaks were absorbed as amorphous. In UV-visible spectroscopy, the surface plasmon resonance of NPs is observed at 

peaks of 237nm, 328nm, and 363nm. FTIR spectra of AlNPs, CuNPs, and ZnNPs were analyzed, revealing distinctive peaks 

for each. AlNPs showed O-H stretching and carbon group vibrations, CuNPs exhibited carbon and halo compound stretching, 

and ZnNPs displayed isothiocyanate and carbon group stretching along with metal oxide vibrations. An electrical conductivity 

test showed that NPs were excellent electrical conductors, making them suitable for photovoltaic solar panel coatings. Thus, 

Al, Cu, and Zn NPs can used for photovoltaic solar panel coating applications to improve electrical conductivity. 

© 2024 Jordan Journal of Mechanical and Industrial Engineering. All rights reserved 

Keywords: Green synthesis, Nanoparticles, Characterization, Electrical Conductance. 

1. Introduction 

Nanoparticles are tiny particles with dimensions 

typically in the range of 1 to 100 nanometres (nm). Metal 

NPs, namely ZnO, Cu, and Al, have garnered interest 

recently due to their crucial coating characteristics that 

enhance solar cell performance. NPs are intentionally 

designed and synthesized to create functional materials with 

specific properties for various applications [1-3]. Previous 

studies have shown that changing the size, shape, and 

arrangement of nanoparticles in devices can greatly 

improve how well they work. Green synthesis refers to the 

process of using plants or plant parts to reduce metal ions to 

their elemental form, creating metal NPswith sizes ranging 

from 1 to 100 nanometers. Compared to traditional 

methods, this approach is more efficient, simpler, and 

cheaper. It can also be easily scaled up for larger operations. 

Green synthesis of NPs is a safe and cost-effective way to 

address environmental pollution. It focuses on creating 

sustainable methods that avoid harmful byproducts. Using 

plant extracts is one of the most eco-friendly ways to 

produce metal oxide NPs. This method is generally easier 

and more practical for large-scale production than using 

bacteria or fungi. Microorganisms or plant extracts, are 

employed in green synthesis to create nanoparticles. The 

plant extract was combined with a metal salt solution for the 

environmentally friendly production of metal nanoparticles 

[4]. It involves combining phytochemicals from plant 

extracts in various combinations and concentrations, as well 

as other factors such as pH. The electrochemical potential 

and biological reduction potential of a metal ion may be 
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ascertained by analyzing its temperature, concentration, 

pressure, and reaction time[22-23]. When metal ions change 

from their mono valent or divalent state to a zero-valent 

state, metal nanoparticles are created. 

Compared to alternative chemical and physical 

processes, the green synthesis of metal nanoparticles offers 

benefits including lower toxicity, a one-step procedure, 

cost-effectiveness, environmental friendliness, and the 

absence of the need for further capping or stabilizing 

chemicals. Different plant parts, such as roots, stems, latex, 

leaves, and seeds, are utilized for the synthesis of metal NPs. 

While traditional physical and chemical methods for 

making nanoparticles (NPs) have been used for years, they 

often create harmful byproducts that can damage the 

environment [24-25]. To address these issues, the bottom-

up approach in green synthesis has been developed as an 

eco-friendly alternative to these traditional techniques. 

Green Tea, Aloe vera, Neem (Azadirachta indica), Tulsi 

(Ocimum sanctum), Moringa oléifera, and Grape extracts 

have all been used to demonstrate the green synthesis of Al 

NPs. Earlier studies reported that Cu NPs were synthesized 

from various types of plants such as fire lily (Gloriosa 

superba L.), common grape (Vitis vinifera, Nerium), 

Nerium (Nerium oleander), Ceylon caper (Capparis 

zeylanica), and Jackfruit-Champa 

(Artabotrysodoratissimus), Magnolia (Nag Champa) 

(ArtabotrysOdoratissimus) and Angel’s trumpet (Datura 

innoxia).The green synthesis of ZnO NPs has been shown 

utilizing several plant extracts, including Lobelia 

leschenaultiana, Agathosmabetulina, Laurus nobilis, 

Moringa olifera, Acalypha indica, Aspalathus linearis, 

Carica papaya, green tea leaves, Euphorbia jatropha latex, 

Andrographis paniculata, Chamaecostuscuspidatus, and 

mango seed extracts [5-8]. 

Metal nanoparticles have diverse applications, including 

catalysis, drug delivery, and various biomedical fields. The 

green-synthesized NPs were characterized using X-ray 

diffraction (XRD), ultraviolet-visible (UV-vis) 

spectroscopy, Fourier-transform infrared spectroscopy 

(FTIR), scanning electron microscopy (SEM), and energy-

dispersive X-ray spectroscopy (EDX) [26-27]. XRD 

investigates structural properties to determine structural 

parameters and crystallite size. In the future, the green 

synthesis of NPs such as Al, Cu, and ZnO using rosy 

periwinkle leaf extract can be used for photovoltaic solar 

panel coating applications [9]. 

2. Materials and Methods 

2.1. Collection of Plant leaves 

Fresh rosy periwinkle leaves were collected from the 

agricultural farm at Kalasalingam Academy of Research 

and Education in Krishnankoil, Tamil Nadu, India. Ethanol 

was used as a solvent for extracting bioactive compounds 

from the rosy periwinkle leaves. Hydrochloric acid (HCl) 

and sodium hydroxide (NaOH) were employed for pH 

adjustments. pH is an important parameter in many 

chemical reactions and can influence the characteristics of 

the synthesized NPs [10]. Aluminum chloride (AlCl3), 

copper sulphate (CuSO4), and zinc nitrate (Zn(NO3)2) were 

used as metal salts. These salts provided metal ions 

necessary for the synthesis of Al, Cu, and Zn NPs. A 

centrifuge (REMI-R8C, Laboratory Instruments, India) was 

used to separate solid particles from the rosy periwinkle 

leaves extract, and stirring of the rosy periwinkle extract 

was performed using a magnetic stirrer (REMI-MH2, 

Laboratory Instruments, India) 

2.2. Green Synthesis of Nanoparticles 

The synthesis of Al, Cu, and Zn NPs was carried out 

using rosy periwinkle leaf extracts according to the method 

described by Huang, Weng, Chen, Megharaj, and Naidu 

with some modifications  

2.2.1. Preparation of rosy periwinkle leaf extract 

800 grams of fresh rose periwinkle leaves were twice 

cleaned with distilled water and allowed to dry for a full 

day. The leaves were dried, then chopped into small bits and 

brought to a boil in one litre of double-distilled water for 

half an hour. The solution was filtered using Whatman No. 

1 filter paper once it had cooled. The leaf extract filtrate was 

collected in a beaker and kept cold (4°C) for later use. 

2.2.2. Preparation of reagents  

1M solution of AlCl3, CuSO4, and Zn(NO3)2 solution 

was prepared and labelled as stock. Different concentrations 

(1mM, 2mM, 10mM, and 20mM) of AlCl3, CuSO4, and Zn 

(NO3)2 was prepared from the stock solutions.  

2.2.3. Synthesis of Al NPs 

To ensure proper mixing of the solution, the prepared 

extract was combined with a saturated solution of aluminum 

chloride and placed in a magnetic stirrer for two hours. 

Following the stirring process, the pH was measured to 

monitor the reaction between the extract's phytochemicals 

and the metal ions that produced the metal oxide 

nanoparticles. After using a cooling centrifuge to settle 

down the leftover extract, the reaction mixture was 

centrifuged at 2500 rpm for 20 minutes. The resulting 

supernatant was then ultra-centrifuged for another 30 

minutes at 14,000 rpm. After discarding the resultant 

supernatant, the pellets underwent several water and ethanol 

washes before being dried at 60 °C in a hot air oven to 

produce Al2O3 NPs. 

2.2.4. Synthesis of Cu NPs 

The rosy periwinkle was used to create Cu NPs by 

combining CuSO4 solution with leaf extract. To put it 

briefly, 1 mmol/L of CuSO4 and 4:1 volumetric ratio of leaf 

extract was added, and the mixture was continuously stirred 

for 10 minutes at 80˚ C. After allowing the reaction to finish 

at room temperature for a full day, the resultant suspensions 

were separated according to the previously described 

methodology. Following incubation, copper nanoparticles 

were found to become green instead of blue. 

2.2.5. Synthesis of ZnO NPs 

2 grams of zinc nitrate were added to 42.5 ml of each 

extract to create the ZnO NPs. Following a 60-minute 

stirring period, these mixes were submerged in a 60-minute 

water bath heated to 60 degrees Celsius. The mixes were 

then heat-treated for an hour at 400 °C after being dried at 

150 °C.  
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2.3. Characterization studies 

All of the synthesized NPs' structural, functional, and 

optical characteristics were assessed using an energy-

dispersive x-ray (EDX), UV/Vis, Fourier-transform 

infrared (FTIR), and Scanning Electron Microscopy (SEM). 

2.3.1. X-ray Diffraction 

XRD may be used to examine the atomic structures of 

materials [11]. To distinguish between the qualitative and 

quantitative levels of materials, this system is useful. The 

size and structure of the crystalline nanoparticles were 

identified and verified using XRD analysis. A Bruker (D8 

advance ECO, Germany) diffractometer was used to 

analyze the produced sample of nanoparticles using X-rays 

with a wavelength of (λ) = 1.54056 Å. The diffractometer 

was operated at a voltage of 40 kV and a current of 35 mA. 

To account for the crystalline structure, the acquired 

pictures were compared with the Joint Committee on 

Powder Diffraction Standards (JCPDS) collection. Using an 

X-ray diffractometer, X-ray diffraction patterns were 

acquired in the 10-800 range at a scan rate of 40/min. 

2.3.2. Fourier Transform Infrared Analysis 

An IR spectrometer operating in reflection mode was 

used to record the metal nanoparticles' FTIR spectra [12]. 

After centrifuging the generated Al, Cu, and ZnO NPs from 

the rosy periwinkle extract for 20 minutes at 10,000 rpm, 

the pellet was cleaned three times using distilled water. 

After that, it is dried for a whole day at 60°C in an oven. 

FTIR spectra of FA samples were obtained using an FTIR 

spectrometer with a nominal resolution of 2 cm-1, covering 

the range of 4000–400 cm-1. 

2.3.3. Ultraviolet-visible spectrometer analysis 

The primary method and simplest approach to verify 

nanoparticle production is UV-Vis spectroscopy [13]. 

Using purified water as a reference, the absorption spectrum 

of the colloidal sample was measured with a UV-Vis 

spectrometer (Systronics 306, India) in the 200–800 nm 

range. The metal nanoparticles' UV-Vis spectra were used 

to track the reduction of Al, Cu, and Zn ions. 

2.3.4. Morphological Analysis 

A scanning electron microscope of ZEISS-EVO 18, 

equipped with EDX (EDAX -APEX) & mapping was used 

to investigate the morphology of ZnO, Cu, and Al NPs. 

SEM may be used to characterize NPs [14].This 

instrumentation experiment aims to determine the 

dispersion, morphology, size, and form of artificial 

nanoparticles. One strong analytical method that is 

frequently used to ascertain the elemental composition of 

materials, including nanoparticles, is energy-dispersive X-

ray spectroscopy (EDX). For EDX to function, a sample 

must be exposed to high-energy X-rays for it to release 

distinctive X-rays. The elements contained in the sample 

may be identified since the energy of these X-rays is related 

to the element's atomic number. When it comes to NPs, 

EDX is especially helpful for determining the elemental 

makeup of nanoparticles that are derived from natural 

sources. 

2.3.5. Conductivity test 

Conductance was measured from a digital conductivity 

meter (Systronics-MK 509, India) with a standard of 

0.01NKcl unit S/m [15]. The green synthesized NPs 

samples such as Al, Cu, Zn, and Ag were measured by 

electrodes of the conductivity meter after calibration with a 

standard solution. Conductivity testing should be done three 

times to ensure the correctness of each NP sample. 

3. Results and Discussions 

3.1. X-Ray Diffraction Analysis  

The crystalline nature of Al and Zn NPs was investigated 

using X-ray diffraction. The diffraction pattern, recorded 

within the 2θ range of 100 to 800, is depicted in Fig. 1. XRD 

patterns confirm the presence of crystalline phases in the Al 

samples. The diffraction peaks of Al were identified at 2θ 

values of 31.860, 45.500, 56.500, 66.500, 75.330, and 

84.030, corresponding to the crystalline planes of (220), 

(223), (205), (602), (604), and (623), respectively. This 

confirms that the prepared Al possesses a body-centered 

cubic structure (JCPDS no: 2-0545) [16]. Similarly, XRD 

patterns validate the presence of crystalline phases in Zn NP 

samples. XRD patterns confirm the presence of amorphous 

nature in Cu nanoparticles as shown in Fig 1. The diffraction 

peaks of Zn NPs were observed at 2θ values of 31.790, 

34.350, 36.210, 47.810, 56.530, 62.820, 67.870, and 

72.720, corresponding to the crystalline planes of (100), 

(002), (101), (102), (110), (103), (112), and (202), 

respectively. This confirms that the prepared Zn NPs 

possess a body-centered cubic structure (JCPDS no: 79-

0208)[17]. 

 

Figure 1. X-ray diffraction pattern of synthesized Al, Cu, Zn NPs 

3.2. Fourier Transform Infrared Analysis (FTIR) 

The FTIR spectra of AlNPs, CuNPs, and ZnNPs are 

illustrated in Fig. 2. The O-H stretching peaks for the 

hydroxyl molecules are observed at 3410.82, 3444.87, and 

3432.47 cm-1 for AlNPs, CuNPs, and ZnNPs, respectively. 

In the FTIR spectrum of AlNPs, broad peaks at 1901.81 and 

1078.21 cm-1 correspond to the stretching vibrations of C-H 

and C-N in the carbon groups. A sharp peak at 1111 cm-1 

indicates S=O stretching in sulfonyl chloride. Peaks at 

584.43 cm-1 represent the C-Br and C-I stretching in halo 
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compounds. For CuNPs, the FTIR spectrum exhibits broad 

peaks at 1633.71 and 1384.89 cm-1, representing the 

stretching vibrations of C=O and C-H in carbon groups. A 

sharp peak at 1111 cm-1 indicates C-F stretching in fluoro 

compounds. Peaks at 619.15 and 518.85 cm-1 represent the 

C-Br and C-I stretching in halo compounds. The sharp peak 

at 428.20 cm-1 in the fingerprint region is attributed to metal 

oxide vibration modes, specifically Cu-O vibrations. In the 

case of ZnNPs, the FTIR spectrum shows a broad peak at 

2092.77 cm-1, signifying the N=C=S stretching of the 

isothiocyanate compound. Other broad peaks at 2434.17 

cm-1 indicate O=C=O stretching of carbon dioxide. A sharp 

peak at 1637.56 cm-1 suggests N-H bending. Peaks at 

1793.80, 1381.03, and 835.18 cm-1 represent the stretching 

vibrations of C=O, C=H, and C=C in the carbon groups, 

respectively [18]. 

 

Figure 2. Fourier Infra-red (FTIR) Spectrum of synthesized Al, 

Cu, and Zn NPs 

3.3. Ultraviolet-Visible Spectrometer Analysis 

A comparative study was conducted to examine the UV-

visible spectrum of Al, Cu, and Zn NPs in Table 1 and Fig. 

3. The absorbance peak was recorded from the 200 to 800 

nm range in the UV UV-visible spectrum of Al, Cu, and Zn 

NPs. The binary metal of prepared Al NPs was confirmed 

by the presence of a single broad absorption peak at 237 nm 

attributed to aluminum-oxygen interaction. At the same 

time, the prepared Cu NPs confirmed by the wider 

absorption peak at 328 nm due to the copper-oxygen 

interaction. Furthermore, because of the zinc-oxygen 

interaction, the produced Zn NPs contact was verified by 

the absorbance peak range of 363 nm. In nano ranges, the 

size of Al, Cu, and Zn NPs was represented by this wide 

peak. Based on the above results, the prepared Al, Cu, and 

Zn NPs have good optical properties with a photo 

adjustment in the spectrum of the UV-visible region. 

Furthermore, free electrons present in green synthesized 

metal nanoparticles produce a surface plasmon resonance 

absorption band as a result of the metal nanoparticles' 

electrons mutually vibrating in resonance with light waves. 

The peaks' appearances demonstrated the features of the 

NPs' surface plasmon resonance [19]. 

Table 1. UV spectra of Al, Cu, and Zn NPs 

Nanoparticles Wavelength (nm) 

Al2O3 237 

Cu2O 328 

ZnO 363 

 

Figure 3. UV spectra of Al NPs, Cu NPs, and Zn NPs 

3.4. Morphological Analysis 

The morphology of aluminum (Al), copper (Cu), and 

zinc (Zn) nanoparticles (NPs) was investigated through 

scanning electron microscopy (SEM), as depicted in Figure 

4. The surface characteristics of Al, Cu, and Zn NPs were 

examined at various magnifications. The SEM image 

illustrates a cubic shape, as shown in (Fig. 4 a, b). In the 

case of Cu NPs, the structural analysis revealed the presence 

of a combination of spherical-shaped particles and a few 

aggregates, attributed to the coating of various surface 

functional groups from the plant extract, as evidenced in 

(Fig. 4c, d). Morphological analysis conducted through 

SEM indicated that Zn NPs displayed cubic-shaped 

structures, as illustrated in (Fig. 4e,f) Figure.4. presents a 

comprehensive morphological characterization of 

aluminum (Al), copper (Cu), and zinc oxide (Zn) 

nanoparticles (NPs) using scanning electron microscopy 

(SEM). (a-b), the arrow marks indicate that Al NPs exhibit 

cubic shapes; (c-d) illustrate the morphology of Cu NPs, and 

(e-f) depict the morphology of Zn NPs. The arrow marks in 

both (c-d) and (e-f) emphasize the cubic-shaped structures 

of Cu and Zn NPs, respectively[20]. 

3.5. EDX Analysis 

EDX analysis was utilized to determine the elemental 

composition of Al NPs, Cu NPs, and Zn NPs. The findings 

revealed a predominant presence of oxygen (O) and 

aluminum (Al) in the Al NPs. Interestingly, the inclusion of 

Al NPs introduced a higher concentration of aluminum (Al) 

as an additional element, illustrated in Fig. 5(i) (a-e), 

Specifically, Al contributed to 24.7%, while O contributed 

to 75.3% of the total atomic weight in Al NPs. Similarly, 

EDX analysis demonstrated the presence of oxygen (O) and 

copper (Cu) in Cu NPs. Remarkably, the incorporation of 

Cu NPs introduced an elevated concentration of copper (Cu) 

as an additional element, depicted in Fig. 5(ii) a-e. 

Specifically, Cu contributed to 17.8%, while O contributed 

to 82.2% of the total atomic weight in Cu NPs. Furthermore, 
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the EDX analysis findings highlighted a predominant 

presence of oxygen (O) and zinc (Zn) in Zn NPs. 

Interestingly, the inclusion of Zn NPs introduced a 

heightened concentration of zinc (Zn) as an additional 

element, as shown in Fig. 5(iii) (a-e). Specifically, Zn 

contributed to 26.6%, while O contributed to 73.4% of the 

total atomic weight in Zn NPs. This elemental analysis 

underscores the successful integration of Al, Cu, and Zn 

NPs into the synthesized nanoparticles using different 

approaches, confirming the efficacy of the fabrication 

methods [21].

 

Figure 4. (a-f): SEM Microscopic image of Al NPs, Cu NPs, and Zn NPs 
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Figure 5. (i)-(a-e):represents the mapping images and spectrum analysis of Al NPs 

 

Figure 5. (ii)-(a-e):represents the mapping images and spectrum analysis of Cu NPs. 

 

Figure 5. (iii)-(a-e):represents the mapping images and spectrum analysis of Zn NPs 



 © 2024 Jordan Journal of Mechanical and Industrial Engineering. All rights reserved - Volume 18, Number 4  (ISSN 1995-6665) 651 

3.6. Testing of Conductivity 

The electrical conductivity was measured with an 

electrical conductivity meter [28]. The electrical 

conductance of Al NPs, Zn NPs, and Cu NPs, are 0.461, 

1.616, and 2.6 S/m respectively. Here, copper has the 

highest conductance value. So, it can be used for the coating 

process in solar photovoltaic panels which will increase the 

photoelectric effect. 

4. Conclusion 

The green synthesis of metal NPs (Al, Cu, and Zn NPs) 

using a rosy periwinkle leaf extract offers a competitive 

alternative to more intricate chemical processes. The green 

synthesis technique is portrayed as a sustainable and 

versatile approach, offering benefits in terms of safety, cost-

effectiveness, and reduced environmental impact.  The 

characterization techniques such as UV-Vis, XRD, FTIR, 

SEM, and EDX helped confirm the crystalline structure, 

optical properties, functional groups, surface morphology, 

and elemental compositions, which were well-matched with 

the NPs. Hence, the synthesized NPs can be used for further 

applications. Electrical conductivity is a crucial factor in the 

performance of solar panels, as it influences the efficiency 

of electron transport within the panel. Hence, green 

synthesized NPs offer high electrical conductivity Thus, this 

research suggests that Cu NPs, Al NPs, and Zn NPs can 

enhance the electrical conductivity of metal coatings 

applied to solar panels. Overall, this research contributes 

valuable insights into the potential applications of green-

synthesized metal NPs, particularly in the context of solar 

panel coatings. The environmentally friendly nature of the 

green synthesis approach is highlighted as a significant 

advantage in the field of nanotechnology.  

In summary, our research has shed fresh light on the uses 

of pink periwinkle leaf extract in solar panel coating 

applications, namely in the synthesis of metal nanoparticles 

(NPs) made of silver, gold, and platinum. As a result, 

employing rose periwinkle leaf extracts makes it feasible to 

suggest an environmentally friendly method of creating 

NPs. For coating applications in photovoltaic solar panels, 

it may be helpful. In the realm of nanotechnology, the green 

synthesis technique is a quick, inexpensive, and 

environmentally beneficial procedure.Metal nanoparticles 

made from plants are safer, more scalable, and more stable. 
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