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Abstract: The use of plant material for synthesis of nanoparticles is a green technology. This green
technique was used for synthesis of copper nanoparticles by biologically reducing copper sulphate
solution with aqueous Syzygium Cumin leaf extract at pH 5.0. The formation of copper nanoparticles
was indicated by the colour change from yellow to brown. The UV-Visible spectrum of copper
nanoparticles gave surface Plasmon resonance (SPR) of 190 nm. The synthesized nanoparticles were
characterized using scanning electron microscopy (SEM), x-ray, diffraction (XRD) and FTIR, These
biologically synthesized copper nanoparticles were tested for antimicrobial activity against human
pathogens viz. Bacillus subtilis and E-coli. Presence of elemental copper was revealed by EDAX.
These biologically synthesized copper nanoparticles were found to be effective in controlling growth
of human pathogens viz., Bacillus subtilis and E-coli.
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Introduction

Nanoscience and nanotechnology include the areas of synthesis, characterization,
exploration, application of nanostructure and nanosize materials'. Nanoparticles have been
extensively studied over the last decade due to its characteristics like chemical, physical,
electronic, electrical, mechanical, magnetic, thermal, dielectric, optical and biological
properties'. In recent years, the biocidal properties of copper nanoparticles (CuNPs) have
wide application in treating wounds. CuNPs are used through processed bandages with
affordable cost of preparation as well as exceptional physical and chemical properties™.
Preparation of nanoparticle is primarily based on their smaller size and their high surface to
volume ratio. Now a day’s metal and metal oxide nanoparticles are receiving increasing
attention in a large variety of application. They have industrial usage such as gas sensors,
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solar cells, catalytic processes efc.,*”. Several methodologies have been proposed with
interesting approaches to control the nonmaterial properties such as size and shape, these
include metal vapor co-deposition, electrochemical reduction, gas phase evaporation
method, thermal decomposition, radiolytic reduction and chemical reduction etc.,6'7.
Although various physical and chemical methods have been extensively used to produce
nanosized copper particle such as micro-emulsion method® arc submerged. Nanoparticle
synthesis system’, flame based aerosol methods'’, sonochemical'', hydrothermal'? and solid
state techniques'”. The use of toxic chemicals for the synthesis of nanoparticle limits their
applications in clinical fields. Therefore, developments of clean, biocompatible, nontoxic
and eco-friendly methods for nanoparticles synthesis are advantageous. The interest in this
field has shifted toward ‘green’ chemistry and bio-processor approach. These approaches
focus on utilization of environmental-friendly, cost-effective and biocompatible reducing
agents for synthesis of copper nanoparticles from various plant extracts have been utilized in
the synthesis of nanoparticles. Ascorbic acid present in the Syzygium cumin leaves extract is
a good reducing and capping agent and aids in the biosynthesis of copper nanoparticles'*. In
this communication we are reporting biomaterial assisted synthesis of copper nanoparticles,
reducing the copper ions by the aqueous extract of Syzygium cumin leaf extract.

Experimental

0.1 M solution of copper sulphate pentahydrate was prepared by dissolving 2.497 g salt in
distilled water and diluted to 100 mL with distilled water.

Preparation of leaf extract

The fresh leaves of Syzygium cumin were thoroughly washed with normal water and then
followed by distilled water to remove the impurities. The cleaned leaves were kept under
sun shade to remove moisture completely and subsequently transferred to 100 mL beaker
containing distilled water and allow to boil at 100 °C for 30 min. Then cool it to room
temperature. This solution was initially filtered through ordinary filter paper and then by
Whatman No.1 filter paper to get clear extract. This solution was diluted to 100 mL with
distilled water. The filtrate was stored at room temperature for use.

Green synthesis of copper nanoparticle using leaves extract

The leaf extract about 10 mL was introduced drop wise into 100 mL of 0.1 M solution of
CuSO,5H,0 (0.025 g/mL) under continuous stirring with help of magnetic stirrer. After the
complete addition of leaf extract, the mixture was kept for incubation for 24 h within a
particular time; the green colour of extract was changed into dark green, (Figure 1) which
indicates the formation of copper nanoparticles. Then supernatant was removed and
nanoparticles containing extract was transferred to silica crucible and kept in oven at 99 °C then
temp was increased to 300-400 °C. These particles were analysed using FTIR, SEM and EDAX.
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Figure 1. Synthesis of copper nanoparticle A-Cu solution, B-leaf extract, C-Cu solution +
leaf extract
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Results and Discussion
UV-Visible studies

The reduction of copper ions to copper nanoparticles was monitored by recording UV-Visible
spectrum of the reaction mixture after diluting a small aliquot of the sample with distilled
water. The measurements were recorded on Systronics Au-2701 model UV-Visible dual beam

spectrometer operated at resolution (190-900 nm) giving maxima at 190 nm (Figure 2).
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Figure 2. UV-Visible spectra of synthesized CaNP

Fourier transform-Infrared (FT-IR)

The FTIR spectrum was taken to identify and characterize the molecule and their functional
group present in synthesized CuNPs are shown in (Figure 3), CuO and Cu,O vibrational
modes are observed'” at 605.65 cm™.
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Figure 3. FTIR spectrum of synthesized CuNPs
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X-Ray diffraction studies

X-ray diffraction (XRD) measurement of the copper nanoparticles is shown in Figure 4.
Spectrum was taken using powder x-ray diffractometer instrument. The crystallite domain size
was calculated by using Debye-Scherrer formula. The sample of CuNPs demonstrated a high
crystalinity level with diffraction angles of 34.3, 35.3, 38.6, 48.2 and which related to monoclinic
end centered with space group C2/c (15) of copper lines indexed at (023), (111), (111) ) and (202).
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Figure 4. XRD analysis of copper nanoparticles

Scanning electron microscopic analysis

Scanning electron microscopic (SEM) analysis was carried out using S-4800, serial number-
HI-9143-004 SEM machine. Thin films of the sample were prepared on a carbon coated
copper grid by just a very small amount of the sample on the grid, extra sample was
removed using a blotting paper and then the film on the SEM grid were allowed to dry by
putting it under a mercury lamp for 5 min. SEM Agglomeration of the Cu nanoparticles

observed and average particle size is around 10 um each.
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Figure 5. SEM images of copper nanoparticles (a) 10 um (b) 50 pm
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EDAX

The composition of copper nanoparticles was further probed by energy-dispersive x-ray
(EDX) analysis. Figure 6 shows the EDX pattern of CuNPs obtained from plant extract,
which indicates the presence of Cu and small amount of oxygen. Energy dispersive x-ray
spectroscopy (EDX) analysis revealed that pure copper (39.16%) was present in CuNPs.
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Figure 6. EDX spectrum
Antimicrobial activity

The antimicrobial activity of pathogens was established using well diffusion method. The
bactericidal effect of copper nanoparticles has been attributed to their high surface to volume
ratio and small size which allows them to interact very closely with microbial membranes.
The antimicrobial study of CuNPs was carried out using two pathogenic bacteria such as
E-coli and bacillus subtilis. To cultivate the bacteria, nutrient agar was used. About 20 mL
of sterile molten agar was poured into the sterile Petri dishes. After solidification of medium,
the Petri dishes were placed on the solidified medium. Then copper nanoparticles with
600 pL concentration was prepared. 40 pL concentration were added into the one of the well
of Petri dishes. Petri dishes were incubated for 24 h at 37 °C. Antibacterial capacity of the
copper nanoparticles was measured by standard zone of inhibition assay (Figure 7).

(a) Bacillus subtilis (b) E-coli
Figure 7. Antimicrobial activity of CuNPs
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