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Abstract: Synthesis of copper nanoparticles using zingiber officinale, piper nigrum and piper 

longum extract has been studied. The synthesized copper nanoparticles were characterized using 
UV-Visible spectroscopy, Fourier transform infrared spectroscopy (FTIR), x-ray diffraction (XRD), 
field emission gun scanning electron microscopy (FEG-SEM) with EDS and high resolution 
transmission electron microscopy (HR-TEM). The antibacterial activity of copper nanoparticles was 
studied against micro organisms like against Bacillus subtilis (MTCC 441), Staphylococcus aureus 

(MTCC 737), Pseudomonas aeruginosa (MTCC 1681) and Escherichia coli (MTCC 1687). 
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Introduction 

Nanotechnology plays a very important role in modern research, in recent years. 
Nanotechnology has attracted many researchers from various fields like biotechnology, 
physics, chemistry, material sciences, engineering and medicine. Green nanotechnology 
attracted many researchers from various field like physics, chemistry, material science, 
engineering, medicine and bio technology1. In recent, green synthesis of Cu nanoparticles 
was achieved by using microorganisms, copper nanoparticles act as antimicrobial agent in 
various fields. Different plants were used for the synthesis of nanoparticles using green 
synthesis procedure. Many researchers used green synthesis methods for different metal 
nanoparticles due to their growing need of eco-friendly properties.  

 Copper nanoparticles have wide application in medicine2. The physical and chemical 
methods for preparation of copper nanoparticles employ toxic chemicals3. On the other hand  
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green synthesis4-8 of nanoparticles uses natural plant, fruit, leaf  or  seed  extracts  and  can  
be  safely  used  for  medicinal applications. Generally metal nanoparticles synthesize by 
various methods like solution combustion, chemical displacement methods etc.,9,10. Biogenic 
synthesis of silver nanoparticles using Crateva religiosa plant was shown good 
antimicrobial activity against pathogenic bacteria11. Also the green synthesis is cost 
impressive, environment friendly, fast in giving nanocrystalline materials. In the  present  
work,  we  have  found  a  cost  effective  method  to synthesis copper nanoparticles using 
zingiber officinale, piper nigrum and piper longum extract. Synthesized copper nanoparticles 
were characterized using UV-Visible spectroscopy, Fourier transform infrared spectroscopy 
(FTIR), field gun emission scanning electron microscopy (FEG-SEM), high resolution 
transmission electron microscopy (HR-TEM) and x-ray diffraction (XRD).  

Experimental 

All the chemical reagents used in this experiment were of analytical grade purchased from 
ACS chemicals. The zingiber officinale, piper nigrum and piper longum powder (Figure 1) 
collected from around Patan (N.G.), Gujarat, India. Initially 10 g of powder boiled with 100 
mL double distilled water for 30 min in heating on Soxhlet at temperature 60 oC. The 
resulting product was filtered and stored in refrigerator for further use.  

 
Figure 1. Mixture of zingiber officinale, piper nigrum and piper longum  

Syntheses of copper nanoparticles using mixture 

All solutions were prepared using double distilled water. Initially 10 g of powder zingiber 

officinale, piper nigrum and piper longum were boiled with double distilled water and heated on 
Soxhlet for 30 min. then filtered it using Whatman filter paper no. 1. After filtered 20 mL 
extract was added with 30 mL copper sulphate. Then it is kept on magnetic stirrer with hot plate 
around 8 h. The resultant solution was turned dark brown color within one hour. The solid 
products got it. Subsequently the solution was then centrifuged at 6000 rpm for 20 min. The 
supernatant centrifugation was used as mixture extract. Copper nanoparticles (Figure 2) were 
synthesized by adding 20 mL of mixture extract to 1x10-3 M copper sulphate (ACS extra pure). 

 
Figure 2. Green synthesis of copper nanoparticles using mixture 



Chem Sci Trans., 2019, 8(1), 63-69       65 

Characterization of copper nanoparticles 

UV-Vis spectra analysis 

UV-Vis spectroscopy measurements (Shimadzu UV 1800) were carried out at room 
temperature in the region 800-200 nm as a function of time of the reaction. The UV-Visible 
absorption spectrum was used for the analysis of optical properties of green synthesized copper 
oxide nanoparticles. The mono dispersed copper oxide nanoparticles are shown in synthesis 
Figure 3. The room temperature spectra exhibited strong excitonic absorption peaks at  
225-245 nm for samples respectively, which is in good agreement with previous work12. 
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Figure 3. UV-Vis absorption spectrum of copper nanoparticles 

FTIR analysis of copper nanoparticles 

FTIR spectroscopy analysis was carried out to identify the biomolecules responsible for the 
reduction of Cu+ ions. FTIR spectroscopy analysis was carried out to find the biomolecules 
that were bound specifically on the copper oxide nanoparticles surface. Figure 4 shows the 
FTIR spectra of green synthesized copper oxide nanoparticles. The spectrum showed bands at 
599.86 cm-1 corresponding to metal oxygen (M–O). Strong bands were observed at 669, 827, 
927 and 1354 cm-1 and have been referred to as alcohols and phenolic groups, C–N stretching 
vibrations of aliphatic and aromatic amines13, respectively. The peaks around 1547 cm-1 are 
due to the amide bonds of enzymes or proteins14. The bands obtained at 2692 and 2879 cm-1 
have been representing to stretching vibrations of primary alkanes and amines. 

 
Figure 4. FTIR spectra of copper nanoparticles 
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XRD analysis of copper nanoparticles 

X-ray diffraction (XRD) measurement of the green synthesis of copper nanoparticles carried 
out on a Rigaku D/max 40 kV diffractometer equipped with the graphite mono chromator and 
Cu target. Figure 5 shows the XRD analysis of green synthesized copper oxide nanoparticles. 
This is used for further confirmation of copper oxide phase of nanoparticles. The observed 
intense peaks are 280, 320, 380, 440, 640 and 770 respectively representing the (100), (110), 
(111), (200), (210) and (220). Bragg’s reflection angles based on the crystal of copper 
nanoparticles. These phases were indexed to spherical shape, which was compared to the data 
from JCPDS card No. 04-0836. The average crystallite size of the copper nanoparticles was 
calculated using peak broadening profile by Debye Scherer’s formula as follows,  

θβ

λ

cos
0.9

= D                                                                  (1) 

Where, D is average particles size, λ is wavelength (1.5418 Å), θ is the Bragg’s angle 
and β is full width half maximum (FWHM) of corresponding peek. The Scherer’s formula 
was used to estimate the particles sizes and was found to be in the range of 15-30 nm. 
Gunalan et al.,

15 have been reported that Aloe barbadensis mediated copper oxide 
nanoparticles were spherical in nature and sizes ranged from 15-30 nm.  

FEG-SEM and EDS analysis of copper nanoparticles 

Field emission gun scanning electron microscope (FEG-SEM) and EDS images were 
recorded on a JSM-7600F series instrument. FEG-SEM spectra of green synthesis of copper 
nanoparticles are shown in Figure 6(a-d). Copper nanoparticles by this method show nearly 
mono dispersed distribution of particle sizes. The average particle size of the Cu 
nanoparticles is around 15-30 nm. The composition of copper nanoparticles was further 
probed by energy-dispersive x-ray (EDS) analysis.  Figure 7 shows the EDS pattern of 
CuNPs prepared using copper sulphate, which indicates the presence of Cu and small 
amount of oxygen. EDS spectrum of copper nanoparticles shows the peaks for copper and 
respective elements indicating the formation of copper nanoparticles. Peak indexing of the 
elements is oxygen 0.5 keV and copper 0.9 and 8.1 keV. The compositions in the mass 
percentage of the elements are oxygen 45.12% and copper 41.21%. The experimental 
composition matches with the theoretically calculated composition. 

 
Figure 5. XRD spectra of copper nanoparticles 
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Figure 6. FEG-SEM images of copper nanoparticles 

 
Figure 7. EDS spectra of copper nanoparticles 

HR-TEM analysis of copper nanoparticles 

High resolution transmission electron microscope (HR-TEM) images were recorded on a 
Tecnai G2-F30 electron microscope. Figure 8(a-d) shows the HR-TEM images of CuNPs 
prepared using mixtures. The sample preparation was carried out via the coating on carbon 
coated grid Cu Mesh 300 prior to the measurement. High resolution transmission electron 
microscopy (HR-TEM) has been employed to characterize the size, shape and morphology 
of synthesized copper nanoparticles. 
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Figure 8. HR-TEM images of copper nanoparticles 

Antimicrobial test 

The antibacterial screening of the synthesized copper nanoparticles performed by both agar 
well diffusion method and paper strip method against Bacillus subtilis (MTCC 441), 
Staphylococcus aureus (MTCC 737), Pseudomonas aeruginosa (MTCC 1681) and 
Escherichia coli (MTCC 1687). 

 Same process applied for plant extract for comparison, fresh overnight culture of each 
strain swabbed uniformly by cotton on plates containing sterile Luria Bertani agar and 4 
wells (diameter size- 6 mm) were prepared using cup borer. 50 µL of sample nanoparticles 
pour into each well and commercial disc of gentamicin was used as positive control. 
Incubated it for 24 h at 37 oC, after that around the well (well No. 1-3 in Table 1) diameter 
of inhibition zone was observed in millimeter (Figure 9 and Table 1). Inhibition zone of 
bacterial growth is due to inhibitory compounds from the tested sample. We concluded that 
agar well diffusion method exhibited good antibacterial activity in which Bacillus subtilis 
showed excellent zone of inhibition and Escherichia coli showed weak results compare to 
all bacteria. Plant extract didn’t give any results. Experiments with each strain performed 
three times for good results. 

Table 1. Results of antimicrobial test  

Microorganism 
Zone of inhibition 

1 2 3 
20, µL 40, µL 60, µL 

B. subtilis 2 mm 8 mm 11 mm 
S. aureus 1 mm 6 mm 12 mm 

P. aeruginosa 1 mm 7 mm 13 mm 
E. coli 2 mm 8 mm 12 mm 

 

    
    

Figure 9. Antimicrobial activity of copper nanoparticles 
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(a) B.subtilis (b) S.aureus (c) P.aeruginosa (d) E.coli 
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Conclusion 

The green synthesis of copper nanoparticles performed using mixture (zingiber officinale, 

piper nigrum and piper longum) without involving any toxic chemicals. In this reduction 
reaction metal ions were reduced (Cu+2 to Cu+1) very rapidly and reaction was finally 
completed within 8 h to produce copper nanoparticles. Different plants will take different 
time to complete the reaction due to have their different properties. The characterization of 
synthesized copper nanoparticles elucidated by microscopic and spectroscopic techniques 
which includes FEG-SEM with EDS, FTIR, HR-TEM, XRD and UV-Visible confirms the 
formation of copper nanoparticles. Synthesized copper nanoparticles showed high stability 
even after six months at ordinary room temperature. They exhibited an excellent 
antibacterial activity against mentioned all pathogenic bacteria. So it can concluded that 
biologically synthesized copper nanoparticles using mixture (zingiber officinale, piper 

nigrum and piper longum) can be used as environment-friendly with low cost and excellent 
antibacterial activity. 
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