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Fabrication and Characterization of Copper
Nanoparticles by Green Synthesis Approach
Using Plectranthus amboinicus Leaves Extract

Abstract

The field of nanotechnology is gaining interest among the researchers towards
the eco-friendly way of synthesis of nanoparticles. In this project, green synthesis
technique was employed to induce the synthesis of copper nanoparticles using
Plectranthus amboinicus, i.e., Mexican mint, identified as Coleus amboinicus
leaf extract. We report an eco-friendly synthesis of copper nanoparticle using
Plectranthus amboinicus leaf extract, which is a simple and an ostentatiously rapid
method which produces stable nanoparticles. The copper sulphate solution was
naturally employed as a precursor for synthesizing the copper nanoparticles. The
extract of the plant Plectranthus amboinicus was found to showcase excellent
reducing and stabilizing properties. By using Ultraviolet-Visible spectroscopy,
Zeta Potential, and X-Ray Diffraction (XRD) studies, it was confirmed that copper
nanoparticles have been synthesized. The UV-Spectrometer analysis shows the
characteristic peak indicating the synthesis of copper nanoparticles. The pattern
of XRD analysis showed particle size of 16 - 25 nm and it reveals high crystallinity
of the copper nanoparticles. Zeta potential was done to find the charge of the
nanoparticles and size distribution which showed to have significant stability. This
method proves to be cost-effective, can be performed at ease, and it’s also free of
pollutants.
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Introduction

Copper is a cost-effective material and has gathered attention
due to its extensive applications in nanoparticle synthesis for
novel catalytic antimicrobial and other optical properties [1].
To gain the complete benefits of copper nanoparticles, an eco-
friendly and economically suitable, synthesis is desired. Copper
is less toxic and; it is an important element in human health [2].
Copper is a less-expensive metal than other metals which are
often utilized as Nano-sized particles for increasing antibiotic
effectiveness [3]. The ratio between area and volume is high for
copper nanoparticles. The antibacterial activity, catalytic potency,
magnetic and optical characteristics are higher for copper when
compared to other metals like gold and silver [4]. The important
applications of copper nanoparticles are to act as an antibacterial
compound [5]. The application of copper nanoparticles towards
health-related processes is important because of its antifungal

and antibacterial activities [6]. The applications of copper
nanoparticles are wide, as it is used in many fields like cosmetics
for nano pigment purpose and in pharmaceutical industries for
drug-eluting [7]. In food packages, to reinforce the antibacterial
system, the laser-generated copper nanoparticles were used
[8]. By the reduction process using CuSO, as the precursor,
the copper nanoparticles are synthesized [9]. For synthesizing
copper nanoparticles there are three methods, namely chemical,
physical, and biological methods [10].

The biological method using extracts of the plant has been put
forward for consideration as a possible environmental-friendly
method than physical and chemical methods [11]. The advantage
of plants concentrate on their biosynthetic reaction is one of
the important factors in the biosynthesis of nanoparticles [12].
Synthesis of copper nanoparticles in solutions showed the
absorption peak at 574 nm [13]. Copper nanoparticles synthesized
by the electro-reduction process showed XRD patterns peaks very
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sharply due to high nano-crystalline property of the metal where
20 values are 43.4°, 50.5° and 74.2° [14]. Zeta potential was used
to evaluate the morphological properties of nanoparticles. A
study revealed that the zeta potential for copper nanoparticle at
a concentration of 20 mg/L was -9.25 mV [15].

Materials and Methods

Materials required

Plectranthus amboinicus leaves, analytical grade copper sulphate,
double distilled water, sterile beaker, pipette, tips, filter cloth,
magnetic stirrer, hot water bath.

Preparation of Plectranthus amboinicus leaf
extract

Leaves of Plectranthus amboinicus were washed and cleaned
thoroughly with sterile water, finely cut and soaked in 100 ml
of distilled water, and boiled on a hot plate. The leaves were
strained using a filter cloth and the leaf extract was cooled at
room temperature and was stored in the deep freezer.

Synthesis of Copper nanoparticles using
Plectranthus amboinicus leaf extract

The leaf extract of Plectranthus amboinicus has inherent
reducing properties, thereby aiding in the reduction of aqueous
copper sulphate into copper nanoparticles. The aqueous CuSO,
solution with concentration 1mM was prepared and the leaf
extract of Plectranthus amboinicus that was prepared and was
mixed in 1:5 ratios (v/v), i.e., 2ml of the plant extract was added
to 10 ml of copper sulphate solution, dropwise on a magnetic
stirrer. A positive control solution as shown in the figure using
distilled water and plant extract was prepared and a negative
control solution as shown in the figure that contained only
copper sulphate solution was also prepared (Figures 1a and
1b). The solutions were incubated overnight in the darkness at
room temperature and monitored constantly. After 24 hours, the
change in colour of the solution from light green to dark green
was observed. By centrifuging the solution at 12000 rpm for 10
— 15 min, the copper nanoparticle was obtained. The pellet was
stored at 4°C for the characterization and analysis [16].

Characterization of copper nanoparticles

The important factor of metal nanoparticles is that their optical
properties change due to the morphological characteristics of the
nanoparticles [17]. The change in color from light green to dark
green denoted the copper nanoparticles formationasshowninthe
figures respectively (Figures 2a and 2b). UV-Vis spectral analysis
was done by using Shimadzu UV-Visible spectrophotometer with
a resolution operating at 1 nm used and the UV spectrum was
recorded. The powder X-Ray Diffraction analysis was done using
Malvern PAN analytical instrument with 15 mA, 40 kV using Cu
- Ka radiation in 8 —20 configurations. Dynamic Light Scattering
analysis was deployed to decode the mean grain size of the
nanoparticles by zeta potential analysis (Table 1).
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Results and Discussion
Ultraviolet Visible Spectrophotometer

The copper nanoparticles formation is usually confirmed by UV-
Vis spectroscopy studies of colored solution [18]. The concept of
obtaining the peak in the UV-Vis spectrum is that, on the surface
of metal nanoparticles the free electrons will be present which
undergoes strong repulsion with the light of specific wavelength
[19]. Higher the conversion of copper sulphate solution to copper
nanoparticles, higher will be the absorbance which corresponds
to higher concentration of copper nanoparticles [20]. The
spectroscopy studies of the solution were recorded after 24
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A positive control solution as shown in (a) using distilled
water and plant extract was prepared and a negative
control solution as shown in (b) that contained only

copper sulphates.
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Figure 2 The change in color from light green to dark green
denoted the copper nanoparticles formation as shown in
the (a) and (b) respectively.
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hours. The peak of absorbance from the absorption spectra
was between the ranges of 230 nm - 270 nm as shown in figure
pinpointing copper nanoparticles formation (Figure 3).

X-Ray Diffraction (XRD)

X-Ray Diffraction is an analytical method for determining the
size and crystalline structure of the nanoparticles [21]. The
high degree of crystallinity of nanoparticles is reflected by the
intensity and sharpness of peaks [22]. There is an undeniable role
played by the secondary metabolites in the plant extract even if
the clear mechanism is unknown [23]. The average size of the
copper nanoparticles was obtained using Scherrer's Formula:

KA
P Bcos@

Where Dp depicts the average grain size, K is Scherrer's constant
which is 1.54060, A denotes the X-Ray diffraction wavelength
which has a value of 1.54178 nm, B is FWHM i.e., Full Width at
Half Maximum derived from the peak of XRD. The observed XRD
peak broadening is said to come from the crystalline size. 0 is the
XRD peak position i.e., the Bragg's angle obtained from the half
of 20, where 20 is in the range of 30 — 80°[24].

The average grain size of the copper nanoparticles was estimated
as 21.47 nm. From the XRD curves, the intense and sharp peaks
of the copper nanoparticles were observed at 34.96°, 41.50°,
58.37°,69.34°, and 75.57°. It has the plane values as (111), (200),
(220), (311), and (222) respectively. Therefore, all the diffraction
peaks can be defined and indexed using face-centered cubic cell.
The average lattice parameter value is determined to be 4.4195
A. The XRD pattern proves the crystalline nature of the copper
nanoparticles as shown (Figure 4). The obtained results illustrate
that CuSO, has indeed been reduced to Copper nanoparticles
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Figure 3 UV spectrophotometer results for Copper nanoparticles.
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Figure 4 XRD analyses of the Copper nanoparticles.
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Figure 5 (a) - DLS graph for Zeta size of the Copper nanoparticles
using Plectranthus amboinicus extract (b) - DLS graph for
Charge of the copper nanoparticles using Plectranthus
amboinicus extract.
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by Plectranthus amboinicus plant extract under the appropriate
reaction medium and conditions.

Zeta Potential

The Z-average was estimated as 5.3 nm as shown in the figure
using DLS (Figure 5a). The charge obtained using zeta analysis
was -25.2 mV as shown (Figure 5b). Particles that have charges
of or above -25 and +25 tend to be more stable according to the
previous research documents [25]. Particles that have negative
charges tend to have a strong force of repulsion between them.
This indicates the properties of stability and quality [26].
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Table 1 XRD data calculation.
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FWHM d-spacin
Peak (26) : S ?A) g
34.96 17.48 0.0902 1 3 3 111 4.4407 0.5077 16.5184 17.15
41.50 20.75 0.1255 1.3914 4.1742 4 200 4.3471 0.5077 7.7959 17.50
58.37 29.185 0.2377 2.6364 7.9092 8 220 4.4671 0.3385 5.9188 28.11
69.34 34.67 0.3236 3.5876 10.7628 11 311 4.4893 0.4231 2.1759 23.87
75.57 37.785 0.3754 4.1619 12.4857 12 222 4.3535 0.5077 1.6591 20.70
Average a: Average Dp:
44195 A 21.47 nm
COI’IC'USiOﬂ surface charge of -25.2 mV indicating its high stability. The use of

The environment friendly methods for the fabrication of copper
nanoparticles can be developed by applying knowledge from the
areas of nanotechnology and incorporated into use with the plant
extract of Plectranthus amboinicus. The copper nanoparticles
were produced by the plant extract which functions both as a
reducer and a stabilizer. Thereby, the copper sulphate solution
was reduced into copper ions without employing harsh man-
made chemicals. From this study, it is evident that the reaction is
completely a green chemical process favorable for nanoparticle
synthesis. We used UV-Visible spectroscopy, Zeta potential
analysis, and XRD analysis techniques for characterization
of formed copper nanoparticles. UV absorbance peaks were
observed between 230 nm-270 nm, therefore confirming the
presence of Copper nanoparticles. The copper nanoparticles were
analyzed using XRD and the average grain size was calculated to
be 21.47 nm. DLS assessment showed the average diameter
i.e., Z-average of the Copper nanoparticles to be 5.3 nm and the
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