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ABSTRACT

The present study represents the phyto-mediated green synthesis approach of Copper Nanoparticles (CuNps) by
using Nelumbo nucifera seed extract, as the method of synthesis is simple eco-friendly without using any hazardous
chemicals. The seed extract of Nelumbo nucifera acts as both reducing and capping agents for producing CuNps
with mixed fine cubic and spinel morphology. The results of the structural analysis performed with the help of UV-
visible spectroscopy (an absorption peak at around 535 nm) and X-ray diffraction (crystalline nature) confirmed the
successful formation of copper nanoparticles. Also, the FT-IR spectrum evidenced that the synthesized CuNps were
protected and stabilized by bio-molecules with different functional groups present in seed extract. The shape of the
synthesized CuNps is cubic and spinel with 60-80 nm size range from scanning electron microscope results and the
presence of elemental copper is further confirmed by energy dispersive spectroscopy analysis. Finally, the CuNps
exhibited reliable antibacterial activity on Staphylococcus aureus (Gram-positive), Bacillus subtilis (Gram-positive),
Pseudomonas aeruginosa (Gram-negative) and Escherichia coli (Gram-negative), and excellent catalytic activity
towards Huisgen [3+2] cycloaddition reaction.

Keywords: Phyto-mediated Green Synthesis, Nelumbo nucifera, Copper Nanoparticles, Catalytic Performance,

Antibacterial Activity.
© RASAYAN. All rights reserved

INTRODUCTION

Nanotechnology is a fast-growing branch of science for producing and utilizing nano-sized particles for
various applications in different fields. In recent days, the synthesis of metal nanoparticles by various
synthetic protocols is the most effective research area in the modern material science as it exhibits
exceptional properties like optical, electrical, catalytic, biosensing, therapeutic etc., owing to their small
size, high surface area, uniform distribution and their distinct morphology.!”* Various physicochemical
methods were employed for producing metal nanoparticles such as silver, copper, gold, platinum, etc.*’
Mostly, using such methods for nanoparticle preparation contains the involvement of toxic chemicals, the
use of high temperature, pressure, and low material conversions. To avoid the usage of harmful chemicals
and hectic reaction conditions, there is increasing attention for developing new, eco-friendly processes for
nanoparticle synthesis.

Further, it is well known from the early days, that copper is used for many purposes mainly in the
sterilization of water and wounds. It is approved for the treatment of pulmonary diseases and purification
of water by ancient Greeks (400 BC). People have used copper made utensils for cooking to avoid the
spreading of diseases. Copper is a constituent of many enzymes involved in several body functions that
are essential to human health. Given important applications in various fields, copper nanoparticles
(CuNps) were synthesized by adapting several methods and these methods involved in the usage of
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expensive, toxic and/or hazardous chemicals and harmful organic solvents.*® The approach involved the
occurrence of toxic and/or hazardous materials on the surface of the nanoparticles makes them less viable
and was prone to accumulate many environmental issues.

Hence, to address such issues, the fabrication of nanomaterials with biocompatible reductants of living
organisms is one of the effective approaches in nanoscience and technology.!®!? In addition to this, the
biosynthesis method involves plant extracts as biocompatible reductants have come out with a simple,
ecological and possible substitute to physical and chemical processes. Fabrication of CuNps by aqueous
extracts derived from various plants is an environmentally affable, inexpensive profitable procedure
without the use of dangerous chemicals. Advantageously, the effort-less reaction setup, ambient reaction
conditions and the use of water like green solvents during the synthesis offered rich bio-potent
applications in pharmaceutical and bio-medical fields.'>!*

Owing to have a wide surface to volume ratio and remarkably tiny in size, recently copper nanoparticles
play a prominent role in various scientific fields and can also serve as antifungal or antibacterial agents.
The antimicrobial activity of CuNps is due to their close interaction with microbial membranes and the
release of metal ions in solutions.'>!¢ Also, metal nanoparticles of silver, copper, and gold, etc. exhibit
catalytic performance in different organic protocols due to the presence of large surface area and these
catalysts can be easily separated from reaction mixtures and the catalyst is easily recyclable.'”!®

Nelumbo nucifera belongs to the Nelumbonaceae family called as Indian lotus. This water plant also has
other names like bean of India, sacred lotus and/or simply lotus. Nelumbo nucifera is one of the recurrent
water plants growing at the bottom of the ponds and lakes. It has large leaves that float on the water
surface. This Indian national plant can be capable to survive/develop in different water body conditions
and even in moderate sunlight. It is used as a natural purifier in treatment of wastewater bodies for
removing various man-made and/or industrially discharged pollutants and heavy metals, mainly the
leaves decreases the growth of algae in the water that arrests eutrophication.!” From the literature, it is
clear that all parts of Nelumbo nucifera are non-poisonous and the pharmacological studies of the plant
revealed that entire parts of the plant possess medicinal value, out of which rhizomes are the main
utilization parts in addition to the seeds. Usually, the big leaves, rhizomes and seeds in the form of
traditional medicines have been used in Ayurveda and oriental medicine, particularly the leaves are used
for the treatment of blood vomiting, nose bleeding (called as epistaxis) and presence of red blood cells in
urine (called as hematuria).

The spherical or oval shape of lotus seeds contains a high amount of nutrients, proteins and huge levels
of essential amino acids in the form of albumin/globulin (Fig.-1). The hydroalcoholic seed extract of
Nelumbo nucifera exhibits anti-oxidant properties because it contains phytochemicals, for example,
alkaloids, polyphenolics and carbohydrates etc.”’ Many researchers reported that the lotus seeds also
contain flavonoids, alkaloids, vitamins, carbohydrates, calcium, zinc, and iron. These functional
compounds can be used for curing diseases such as digestion problems, diarrhea, cancer, fever and heart
complaints. What’s more, the flowers and rhizomes are also used in the treatment of diarrhea, cholera,
hyperdipsia, diuretic, diabetic and inflammatory problems.?'-*

Fig.-1: Seed head of Nelumbo nucifera and their seeds
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Tetrazoles are nitrogen-based five-membered heterocyclic compounds, studied broadly owing to their
ample biological and commercial applications and have received much focus due to their utility in drug
design and development as an isosteric substitute for carboxylic acids.>#** Synthesis of the tetrazole ring
and its derivatives is a key step in medicinal and synthetic organic chemistry research. In the literature
survey, a variety of methods were used for the synthesis of tetrazoles that were well recognized and 5-
substituted 'H-tetrazoles were prepared with the aid of various substrates through [3+2] cycloaddition
reaction using green catalysts.?® Moreover, to abate the environmental pollution issues, the researchers
focusing on the synthesis of more challenging products, which shows a renewable and sustainable
property. These are bio-degradable and having negligible environmental problems, exhibit low animal or
human health risks and safety problems.?’” To overcome the environmental issues, there is an urgent need
in the development of alternate and low expensive fuels, minimizing the harmful by-products and wastes
at the time of synthesis. For all these issues green catalysts are required to carry out the above
processes.?®3! Attempts were made successfully for preparing basic derivatives of tetrazoles using CuNps
as a catalyst with the use of primary amines, triethyl orthoformate and sodium trinitride. In the presence
of CuNps as a catalyst, the reaction was carried out at low reaction time, without using solvent conditions.
In this reaction,CuNps acts as Lewis acid to promote the formation of 1-substituted 'H-1, 2, 3, 4-
tetrazoles.*

The present study was focused on an easy, safe and green synthesis approach to construct CuNps using
seed extract of Nelumbo nucifera which acts as both reductant and stabilizing agent. Thereafter the
characterization techniques such as UV-Visible, FT-IR, XRD, SEM and EDX were employed to confirm
the formation of CuNps. After successful fabrication with the above seed extract, these copper
nanoparticles were studied for their biological activity against various bacterial strains and catalytic
performance for green synthesis of 5-substituted 'H-tetrazoles.

EXPERIMENTAL
All chemicals and solvents used for synthesis, biological and catalytic study were commercially available,
analytical grade and were used as such without purification. Bruker Alpha FT—IR spectrophotometer was
used to record IR spectra and Bruker 400 MHz NMR spectrometer operating at 400 MHz in DMSO—ds
(TMS as an internal standard) was used to record '"H NMR spectra. Similarly, LC—-MS Shimadzu, Japan,
positive (+) mode and Thermo Finnegan Instrument were used to record mass spectra and elemental
analyses, respectively.

Preparation of Seed extract of Nelumbo nucifera

The seeds of Nelumbo nucifera were accumulated from the locality of Punganur, Chittoor district, Andhra
Pradesh, India. The collected seeds were cleansed with ordinary water initially and later with distilled
water to purge impurities and subjected for drying at ambient temperature. After that, the seeds were
ground into small pieces and powdered via mortar and pestle. In a 250mL round-bottomed flask, 10g of
dried seed powder was combined with double-distilled water (100 mL). It was introduced for reflux at 70-
80°C for thirty minutes under heating magnetic stirrer. Later on, the seed extract was collected upon
centrifugation at 7000 rpm and filtration by using Whatman no.1 filter paper. The collected filtrate was
stored at the refrigerator.

Preparation of Copper Nanoparticles

The CuNps were fabricated according to the method discussed in the literature.!”!* Typically, 25 mL of
CuCl>.2H>0 (5mM) solution was thoroughly mixed with 75 ml of seed extract in 250 mL Erylen Mayer
flask. The above reaction mixture was constantly stirred for sixty minutes at ambient temperature with a
magnetic stirrer. The color of reaction mixture changes from hazy appearance to dark brown suggests the
copper nanoparticles' formation (Fig.-2). The reaction mixture was covered with silver foil and kept under
incubation for 2days. The development of copper nanoparticles formation was examined using spectral
data obtained from UV-visible spectroscopy and FT—IR instruments. Then, the reaction mixture was
centrifuged at 7000 rpm, filtered and then dried in a hot air oven. In the end, a fine powder of copper
nanoparticles was obtained. SEM and EDS were also studied for structural confirmation of their
formation.
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Fig.-2: Green Synthesis of Copper Nanoparticles, Seed extract and as formed CuNps

Preparation of 5— (4—Nitrophenyl) —! H—tetrazole

The substrates, 4-nitrobenzonitrile (I mmol), sodium trinitride (1.5 mmol) and the catalyst, CuNps
(15mol %) were solubilized in 5 ml of glycerol in a round-bottomed flask and then reflux the reaction
mixture at 110 °C for 120 minutes. Periodically, the reaction progress was monitored with the help of
TLC. The disappearance of reactants indicates the completion of cycloaddition reaction, and then the
reaction crude was treated with 10 ml of 0.1N muriatic acid to adjust its pH followed by extraction into
ethyl acetate. Finally the light yellow colored 5— (4—Nitrophenyl) —! H—tetrazole was collected after a few
water washings and concentrated under reduced pressure (Scheme-1).

4 N\

CuCl,.2H,0

Nelumbo nucifera
seed extract

OZNQCN N—\
CuNPs, Glycerol < > </
’ 02N

+ 110 °C, 2h
NaN; N

Scheme-1: CuNps Catalyzed Synthesis of 5-(4-Nitrophenyl)-!H-tetrazole
Antibacterial Assay
The synthesized copper nanoparticles from Nelumbo nucifera seed extract was examined for antibacterial
activity by using the agar well diffusion method with slight modifications.>*3¢ The CuNps were used to
test its antibacterial activity against Staphylococcus aureus (Gram-positive), Bacillus subtilis (Gram-
positive), Pseudomonas aeruginosa (Gram-negative), and Escherichia coli (Gram-negative). Initially, the
seeded agar medium was carefully prepared using Muller Hilton under aseptic environment and allowed
to cool and then add 0.1 mL of diluted inoculum (10°cfu/mL) of bacterial strains just before solidification
of broth. It was then transferred into sterilized petri plates under sterile conditions. After that, cork borer
was used to make wells of 6 mm diameter which is free from contamination caused by microorganisms.
The CuNps solution samples of 10uL, 20uL, 30uL, and 40ul were poured into wells on all petri plates in
association with DMSO solvent as a negative control. Finally, the cell-cultured dishes were incubated at
4045 °C for 24 h. The zone of inhibition (in mm) was measured and the results were compared with the
standard drug benzylpenicillin (positive control at the concentration of 20 pg/mL).

RESULTS AND DISCUSSION
In this paper, we have discussed the green synthesis method for the construction of CuNps by using
Nelumbo nucifera seed extract. Also, the antibacterial profile of CuNps was investigated against four
bacterial strains and the catalytic performance was studied for the synthesis of tetrazole derivative.
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Characterization of CuNps

The biosynthesized copper nanoparticles from Nelumbo nucifera seed extract were studied using UV-
visible spectroscopy in the wavelength range of 200-800 nm. FT—IR spectrum was recorded in the range
of 4000-400 cm ! at a resolution of 4 cm™. This technique was helpful to identify the functional groups
responsible for CuNps preparation as capping and stabilizing agents. XRD analysis was used to recognize
the crystalline structure of CuNps. The surface morphology of CuNps and their average particle size was
measured using Scanning Electron Microscopy (SEM). In addition to this Energy Dispersive
Spectroscopy (EDS) was used for elemental analysis present in the sample.

UV-visible Analysis

According to the UV—visible spectral data, a distinctive absorption peak was recorded at 535 nm,
confirms the formation of copper nanoparticles. There was not observed such peak at that wavelength for
plain seed extract®’. The typical UV-visible spectrum as depicted in (Fig.-3).
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Wavelength (nm)

Fig.-3: UV- visible Spectrum of Copper Nanoparticles

X-Ray Powder Diffraction Analysis

The shape of synthesized nanoparticles was also confirmed by XRD results (Fig.-4) which exhibited three
peaks at around 43.45 (111), 51.05 (200) and 75.50 (220) proved the cubic crystalline structure of CuNps.
The crystallite size was ~81.23 nm calculated according to the Scherrer equation. Further, the diffraction
values were much close to the JCPDS card no.72-0140.
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Fig.-4: XRD Spectrum of Copper Nanoparticles
Fourier Transform Infrared (FTIR) Analysis
The FT-IR analysis of copper nanoparticles prepared from seed extract was carried out for the
identification of biocompatible reductants that was responsible for the formation of copper nanoparticles.
The obtained results were correlated to recognize the bio-molecules accountable for the formation of
CuNps and also acts as stabilization and capping agents. In our examination, the major peaks have
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observed at 3334 cm ™!, 3444 ¢cm™! (O-H and N-H stretching frequencies of H-bonded alcohols, phenols
and amino acids), 1635 cm™' (C=O stretching), 1408 cm™ (O-H deformation), 2193 cm™! to 2114 cm™
due to (C-H stretching) and 1068 cm™' to 847 cm™! (symmetric stretching of carboxylate group) mainly
occurs due to stretching of carbonyl moiety in the amide linkages of the protein. All this data ascribed to
the presence of functional groups like hydroxyl and carboxylic acids, as their original form again
attributed to the participation of fatty acids, proteins, and flavanoids in the formation and stabilization of
CuNps®®. Hence, it is evident that the phytochemicals present in Nelumbo nucifera seed extract are
responsible for the formation of CuNps and the typical FT—IR spectrum was shown in Fig.-5.

Transmittance [%]

T T T T T T T
3500 3000 2500 2000 1500 1000 500
‘Wavenumber cm-1

Fig.-5: FTIR Spectrum of Copper Nanoparticles

Scanning Electron Microscope (SEM) and Energy Dispersive X-Ray Spectroscopy (EDX or EDS)
Analysis

The successful formation of CuNps was further confirmed by SEM-EDX analysis and the nanoparticles
appeared to be mixed cubic and spinel morphological structures which were shown in (Fig.-6). Further, it
was confirmed from EDX analysis that, the test sample exhibited distinct characteristic peaks for the
presence of different elements along with their weight percentages. The elements carbon, oxygen,
chlorine, and copper were observed with their weight percentages of 33.20, 35.63, 10.58, and 20.59 %
respectively. This data indirectly suggests the presence of the maximum percentage of organic content
due to the presence of strong signals corresponding to the C, O and Cl, when compared to the inorganic
content i.e., metallic copper nanoparticles.*>*°

Catalytic Activity

From the literature, it is clear that copper-catalyzed 1, 3-dipolar cycloadditions have appeared as a potent
tool in the development of heterocyclic chemistry. Motivated from our previous work, here also we tested
the catalytic activity of green synthesized copper nanoparticles in cycloaddition reaction'®. As expected,
the CuNps exhibited excellent catalytic activity when they were used as a catalyst in the preparation of 5-
(4-Nitrophenyl)-'H-tetrazole with good yields. Again, it is proved that the synthesis method is benefitted
from the green solvent system, reutilization of catalyst, less time reaction with good yields. The spectral
data for the synthesized compound was depicted as below. Color: light yellow, yield: 80%, m.p.: 78-80
°C,; '"H NMR (400 MHz, DMSO—ds, 8, ppm): 8.15 (d, J = 7.20 Hz, 2H, Ar-H), 7.45 (d, 2H, J = 7.3 Hz,
Ar-H), 3.68 (br s, 1H, NH, overlap with solvent), LC-MS (positive, m/z (%)): 206 [M+H]* (100); Anal.
Calcd. For CsH7NsO,: C, 46.83; H, 3.44; N, 34.13. Found: C, 47.22; H, 3.71; N, 34.76%.

Antibacterial Activity Study

According to the literature, it is well known from ancient times that, metallic copper was used to
sterilizing water, wounds and it is a constituent of many enzymes involved in several body functions that
are essential to human health. It is also found in hair, elastic tissue enclosed in skin, bone and other
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organs'*'*. Also, from the FT-IR study, it is evident that several biomolecules adhered to the copper
nanoparticles make them bio—potent. As mentioned earlier in the experimental section, the antibacterial
assay of copper nanoparticles fabricated with seed extract of Nelumbo nucifera was examined by agar
well diffusion method?3-%®.

dKp1

Cukpl

o o -
00 20 40 60 80 100 120 140 160 180

Lsec: 300 6Cnts 6280 keV __Det: Element-C28 Det

eZAF Smart Quant Results

Element Weight % Atomic % Net Int. Error % Kratio
CK 33.20 4924 3445 13.01 0.0710
OK 3563 3967 61.91 12.06 0.0583
CIK 10.58 5.32 139.96 4.47 0.0807
CuK 20.59 577 108.65 394 0.1804

Fig.-6: SEM-EDX Spectrum of Copper Nanoparticles

After analyzing the test results, the bio—potent CuNps have performed best action at the concentration 40
ug/mL against all the cell cultures such as Staphylococcus aureus (Gram-positive), Bacillus subtilis
(Gram-positive), Pseudomonas aeruginosa (Gram-negative), and Escherichia coli (Gram-negative). The
zone of inhibition (Table-1) was calculated (mm) and the results were compared with standard drug
benzylpenicillin. Excellent sensitivity was observed for Escherichia coli and Bacillus subtilis with a zone
of inhibitions 18 + 1.4 mm and 17 + 1.3 mm, respectively when compared to Staphylococcus aureaus (15
+ 0.4 mm) and Pseudomonas aeruginosa (14 = 1.4 mm). It was worth mentioning that the antibacterial
profile of CuNps is concentration/dose dependant and performed well against all the tested Gram-positive
and Gram-negative bacterial strains.

Table-1: Antibacterial Activity of Green Synthesized Copper Nanoparticles

S.No. CuNps S. aureus B. subtilis P. aeruginosa E. coli
(pg/mL)

1 10 10£1.5 10+£0.6 09+1.0 11+£0.6

2 20 11+£0.3 11+1.4 10+£1.2 12+£0.5

3 30 11+£0.5 13+£1.2 12+0.8 13+£1.6

4 40 15£04 17+1.3 14+1.4 18+1.4

5 Std* 24+1.5 23+0.5 25+1.0 22+1.5

* Standard Drug: Benzylpenicillin
CONCLUSION

Herein, we reported the green synthesis of copper nanoparticles with the seed extract of Nelumbo nucifera
which provides efficient, simple, ecological and inexpensive profitable procedures for the synthesis of
metallic nanoparticles. The reduction of copper ions into copper nanoparticles was carried out with the
bio-reductants present in the seed extract. These biosynthetic copper nanoparticles exhibited good to
excellent antibacterial activity which revealed their potential applications in pharmaceutical and
biomedical fields. Furthermore, these CuNps works well as excellent catalysts towards Huisgen [3+2]
cycloaddition reaction. Finally, we conclude that our experimental results encourage the researchers
towards the improvement of green techniques as we used green reaction conditions for both fabrication of
nanoparticles as well as the synthesis of 5-(4-Nitrophenyl)-' H-tetrazole.
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