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In the present days the development of efficient green synthesis of metal nanoparticles has become a 
major focus of researchers. It was aimed in order to find a safe, economic and eco-friendly technique for 
the production of well characterized nanoparticles. The present study reports the green synthesis of 
copper nanoparticles using plant extract (pepper leaf extract) and a copper salt (copper chloride, CuCl2). 
Copper nanoparticles are produced by the reduction of CuCl2, while the aqueous leaf extract act as 
reducing agent. The formation of copper nanoparticles was recognized by the change of colour from blue 
to black. The synthesized nanoparticles were then characterized through EDAX, XRD, and UV-Vis 
spectrophotometry. EDAX confirmed the formation of copper nanoparticles. The UV-Vis 
spectrophotometer analysis confirmed the absorption peak of copper nanoparticles at wavelength of 
500-700 nm. XRD analysis revealed three sharp peaks specifically referred to face centered cubic 
structure of metallic copper. This work was also carried out the optical studies of copper nanoparticles 
which were exposed to direct sunlight. This study reflected the effect of sunlight intensity on the 
absorption peak of copper nanoparticles. 
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1. Introduction 

Nanotechnology and nanoparticles have been an area of attentiveness 
since few decades. Among the various nanoparticles metal nanoparticles 
have gained special importance since they are cheaper and easy to 
synthesis. Metal nanoparticles have been majorly focused by investigators 
due to their unique optical, mechanical, magnetic, electrical and chemical 
properties [1-3]. Several methods like mechanical milling and chemical 
reduction have been used to synthesis nanoparticles over the years. Now 
the researches take effort to improve certain green trials for the synthesis 
of nanoparticles. Several nanoparticles like ZnO, gold, iron, silver etc., have 
been synthesized using plant extracts [4-8]. The synthesis of metal 
nanoparticles using plant extracts has technologically advanced a cost 
effective and rapid bio-synthetic protocol for the bulk synthesis of metallic 
nanoparticles. More research is being done to synthesis nanoparticles 
through green routes as it can play a chief part in the upgrading of 
nanotechnology and make easy to get the profits of these products for the 
society and environment. Copper is nowadays preferred by the 
researchers due to high conductivity and good potential reduction [9,10]. 

Copper is a high strength metal and alloy plays an important role in the 
field of electricity. The use of copper (Cu) and copper-based nanoparticles 
have caused a great deal of interest in this decade specifically in the field 
of catalysis. In this work, new method has established by green synthesis 
of copper nanoparticles by chemical reduction using pepper leaf extract. 
Piper nigrum, usually known as pepper, is a flowering climber in the family 
Piperaceae. Usually farmer cultivated pepper for its fruit which is used as 
a spice. In this work we have taken the fresh leaf of pepper to make leaf 
extract to produce the nano sized copper particles. The preparation of 
nanoparticles in the green environment is cost effective and innocuous. 
The prepared copper nanoparticles were exposed to direct sunlight over 
two days. The UV-Vis spectrophotometry (UV-Vis), XRD and EDAX analysis 
were carried out to characterize the produced copper nano particles. 
 

2. Experimental Methods 

Piper nigrum leaf was collected from Kalamassery in Ernakulam 
district, Kerala. The collected leaf was cleaned in running water and was 

packed in a polythene bag. This was then taken to the laboratory and was 
washed thoroughly with distilled water several times. The leaf was made 
into small bits. 10 g of leaf was taken and 100 mL distilled water was added 
to it and was allowed to boil for 15 minutes. Then allowed to cool and then 
filtered out through Whatman No.1 filter paper. The filtrate was taken for 
further experimental use. 10 mL of 0.1 M copper chloride was taken and 
50 mL of pepper leaf extract was added on constant stirring. The pH of the 
solution was adjusted to alkaline by adding 5% solution of NaOH. This was 
kept in magnetic stirrer for 3 hours in 100 °C by constant stirring. We can 
note the change of color from blue to black. The extract was kept overnight 
in room temperature at a dark place, and was filtered the next day using 
Whatman No.1 filter paper. The precipitate was taken and dried in the 
microwave oven at 40 °C for two days. The dried precipitate was then 
grinded using mortar and pestle and was made into fine powder (Sample 
1). The entire experiment was repeated and the final precipitate was kept 
in direct sunlight for two days for drying. The average temperatures of 
those two days were 32 °C. This dried precipitate was also made into fine 
powder (Sample 2). Both the samples were then characterized by XRD, 
EDAX and UV-Vis spectrophotometer. 

 

  

Fig. 1 (a) Pepper leaf extract and (b) formation copper nanoparticles  

 

The structural characterizations were done by using XRD analysis and 
EDAX spectrum. Band gap of the prepared metal nanoparticles was 
calculated by using UV-Vis absorption spectrum. 
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3. Results and Discussion 

3.1 X-Ray Diffraction Study 

The synthesized nanoparticles (sample 1) was characterised by using 
XRD pattern was done by using Bruker D8 Advance device. Fig. 2 shows 
the XRD pattern of synthesized copper nanoparticles using pepper leaf 
extract. The pattern obtained from the XRD of synthesized nanoparticles 
was analysed and it confirm the crystallinity of the copper nanoparticles. 
The intensity of the peak was very high compared to the reported work 
[11]. XRD pattern displays Cu characteristic diffraction peaks at around 2θ 
= 42°, 49.8°, 74° corresponding to (111), (200), (220) planes of FCC Cu 
crystals (JCPDS No. 04–0836). The size of formed nanoparticles calculated 
from Debye Scherer’s formula was 13-18 nm. 
 

 
Fig. 2 XRD pattern of copper nanoparticle 

 
3.2 EDAX Spectral Study 

Energy dispersive X-ray analysis (EDAX) is an analytical technique 
used for the elemental analysis or chemical characterization of a sample. 
EDAX was performed with Jeol 6390LA/ OXFORD XMX N instrument. The 
EDAX spectrum is presented as Fig. 3. The spectrum indicates the presence 
of Cu and small amount of oxygen. The spectrum shows the formation of 
pure copper (47.6%) in copper nanoparticles. 
 

 
 

 

 
Fig. 4 UV-Vis absorption spectrum of copper nanoparticles 

3.3 UV-Visible Absorption Study 

UV –Vis spectra of copper nanoparticles was done using UV-Vis NIR 
spectrophotometer Agilent Cary 5000 200 nm to 3000nm DRS integrating 
sphere diameter 150 mm, angle of incidence 8°. Fig. 4 shows the UV-Vis 
absorption spectra of prepared copper nanoparticle and sunlight exposed 
copper nanoparticles. The spectrum shows a characteristic absorption 
peak at around 500-700 nm. The sharp peak properties indicate that the 
formed particles are in nano sized range. The peak formed in the spectrum 
is due to surface plasmon resonance absorption of copper nanoparticles. 
The absorption spectrum of sunlight exposed copper nanoparticle was 
also studied. It can be seen that the maximum absorption peak was red 
shifted from 596 nm to 671 nm in the presence of sunlight. Comparing the 
UV-Vis spectra given in Fig. 4, it can be confirmed that the optical 
properties of formed copper particle were affected by the direct sunlight. 
The band gap of copper nano particles was calculated from the absorption 
spectrum using Tauc’s plot (Fig. 5) using the equation, αℎ𝛾 = 𝐷(ℎ𝛾 − 𝐸𝑔)n 
where  ℎ𝛾 the energy of the photon is, Eg is the band gap of material and D 
is constant. The band gap energy was calculated as 1.5 eV and 1.41 eV for 
prepared copper nanoparticles and sunlight exposed copper 
nanoparticles respectively. 
 

 

 
Fig. 5 (αhγ)2 vs (hν) graph of copper nanoparticles 

 

4. Conclusion 

This present work demonstrated the formation of copper nanoparticles 
using a natural and low-cost reducing agent (pepper leaf extract). Copper 
nanoparticles can be produced by avoiding the presence of the hazardous 
and toxic solvents and waste. The color change of the copper chloride 
solution indicates the formation of copper nanoparticles. The formation of 
nanoparticles was further confirmed by the surface plasmon resonance 
peak obtained in the UV-Vis spectra. Formation of nanoparticles was again 
confirmed by EDAX spectrum and XRD studies. The experiment has been 
repeated under sunlight confirmed that the absorption peak of copper 
nanoparticle was affected by direct sunlight. In future studies the optical 
properties of copper nanoparticles will be studied by changing the 
duration of sunlight exposure. 
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