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ABSTRACT

There are numerous possible uses for green nanoparticle synthesis in the biological and environmental sciences. Green
synthesis strives to reduce the use of harmful chemicals in particular. For example, using organic resources like plants
is usually safe. Studied the basic principles of green chemistry, the synthesis of nanoparticles mediated by plants, and
their recent applications. Plants additionally consist of decreasing and capping agents. Nanoparticles include copper,
palladium, platinum, zinc, gold, silver, etc. Fourier transform infrared spectroscopy (FTIR), scanning electron
microscopy (SEM), ultraviolet-visible spectroscopy, and X-ray diffraction (XRD) were utilized to examine the green-
produced Manila Tamarind Shell Copper nanoparticles (MTS-Cu NPs). With FTIR, the existence of several functional
groups was identified. The size range, according to SEM analysis, is 88—152 nm. UV visible spectroscopy was used
to find out the absorbance of 0.4942 and the maximum wavelength is 308 nm. This study showed that green MTS
Copper Nanoparticles could be applied in the future to remove colors from contaminated water in addition to serving
as an antioxidant and antibacterial agent. Gram-negative bacteria were shown to have a higher maximal ZOI than
gram-positive bacteria. This efficiency was significantly higher than that of typical antibiotics such as Oxacillin (20
mm vs. 25 mm) for Staphylococcus aureus, Ampicillin (18 mm vs. 22 mm) for Escherichia coli, and Ciprofloxacin
(16 mm vs. 20 mm) for Pseudomonas aeruginosa. The plant known as "Manila Tamarind" can be inexpensively and
efficiently used to produce Cu NPs for a variety of purposes. The synthesized Cu NPs exploited as photocatalysts
exhibited excellent degradation efficiency on organic dyes Methylene Blue and Malachite Green under sunlight. The
calculated degradation efficiencies for Methylene Blue and Malachite Green were 90% and 85%, respectively. The
rate constants for the Methylene Blue and Malachite Green dyes were found to be 0.0215 min™ and 0.0153
min'respectively.
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INTRODUCTION
Nanoparticles, with their interesting properties emerging from their small size (1-100 nanometers), have
reformed different fields including gadgets, medication, ecological remediation, and energy creation.
Nonetheless, conventional combination techniques frequently depend on brutal synthetics and energy-
concentrated processes, raising worries about natural poisonousness, asset consumption, well-being
dangers, and cost adequacy. Moreover, these strategies frequently need command oversize and
morphology, restricting their expected applications.!* Green blend offers an additional supportable and
harmless to the ecosystem elective. This approach uses the force of normal living beings like plants,
microorganisms, and organisms, which go about as both decreasing and covering specialists, to integrate
nanoparticles without unforgiving synthetic compounds.>** Their powerful cancer-prevention agent
properties offer possible applications in safeguarding against oxidative pressure and related sicknesses.
Moreover, their synergist capacities hold a guarantee for speeding up compound responses and improving
modern cycles, prompting expanded productivity and decreased energy utilization.® Manila Tamarind Shell
(MTS), a promptly accessible side-effect with inborn decreasing and covering properties, is a promising
contender for green blends, especially for copper nanoparticles (Cu NPs). Cu NPs have a few
groundbreaking properties, including strong antimicrobial movement against a scope of microbes and
parasites, making them important in battling anti-microbial safe microorganisms and creating novel
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antimicrobial specialists.”®%!° This examination expects to open the capability of MTS in green Cu NP
amalgamation and investigate their different applications. The primary goal includes fostering an enhanced
green combination convention for proficient and reproducible Cu NP creation utilizing MTS extricate.
Portraying these CuNPs utilizing progressed strategies like Ultraviolet-Visible Spectroscopy, X-ray
diffraction (XRD), Fourier Transform Infrared Spectroscopy (FTIR), and Scanning Electrode Microscope
(SEM) will uncover their size, morphology, crystallinity, and practical gatherings. Thinking about the
antimicrobial movement in contrast to different microorganisms and growths will survey their true capacity
to fight irresistible sicknesses. Moreover, investigating their cancer prevention agent movement will open
entryways for their utilization in medical services and different fields.!"!>!3!4 At long last, researching their
likely application in water sanitization holds a guarantee for tending to clean water shortage and
guaranteeing maintainable water assets. In general, this exploration tries to lay out MTS as a significant
asset for green nanotechnology and open the maximum capacity of Cu NPs for a better and cleaner
future.!>!%!7 Zinc oxide nanoparticles effectively removed alizarin red S from hydrous solutions, with the
highest adsorption capacity of 123.3 mg/g, despite not being entirely successful.'® The study used Cu/ZnO
NPs as an adsorbent to remove Congo red, resulting in a maximum CR adsorption of 94.14% and
desirability of 0. 976.'° Using XRD, SEM, and FTIR testing, the study creates Allium sativum skin/zinc
oxide nanoparticles as an adsorbent to remove Congo red, a hazardous azo dye.”” The study created A.
cepa-ZnO NPs, a green zinc oxide nanoparticle synthesis that effectively destroys toxic colors and has
antibacterial capabilities, highlighting its potential for environmental remediation.! The study successfully
eliminated nitrate from aqueous solutions using an iron plate electrode and electrocoagulation, attaining the
greatest efficiency under certain pH, time, and temperature conditions.?> The article describes an
electrocoagulation process for treating phosphate-contaminated water utilizing iron and aluminium plates,
with the iron plate electrode achieving the maximum removal efficacy of 93.94%. 2

EXPERIMENTAL
Materials and Methods
After purchasing Copper Sulphate Pentahydrate (CuSO4.5H,0) from Sigma Aldrich, it was utilized without
any additional purification. Shells from Manila Tamarinds were gathered in the Narsapur forest in Medak
District. The copper sulfate solution and plant extract were made with double-distilled water. The
workspace and all of the tools utilized, including the UV spectrophotometer, beakers, Eppendorf tubes,
funnels, and falcon tubes, were sterile.

General Procedure

Preparation of Manila Tamarind Shell Extract

Samples of Manila Tamarind Shells are shown in Fig.-1. Samples of Manila Tamarind Shells were
subjected to washing with distilled water and grinding to fine pieces and 20g of MTS powder was dropped
into 100ml. double distilled water, mix well and heat for 45 minutes. in a hot water bath. The extract was
then filtered using whatmanNo.41 filter paper to obtain Manila Tamarind shell aqueous extract and for
future usage, the filtrate was refrigerated.

Synthesis of Cu-NPs

For four hours at room temperature (27°C), 4 g of copper sulfate pentahydrate and 100 cc of Manila
Tamarind shell aqueous extract were combined with magnetic stirring. Within ten minutes, the blue hue of
copper sulfate pentahydrate turned brown, signifying the creation of Cu NPs as a result of the reduction of
copper ions from Cu (II) ions to Cu metal. The samples were then centrifuged for 10 minutes at 3000 rpm
to get a clear, room-temperature supernatant. For FTIR, SEM, and XRD examination, in an oven, the copper
nanoparticles were dried. for four hours at 80 to 90 degrees Celsius. Figure-2 displays the comprehensive
synthesis and characterization flow sheet.

Detection Method

Characterization

To completely comprehend the green-integrated Cu NPs utilizing MTS extricate, different procedures were
utilized. UV-noticeable spectroscopy affirmed their development with a top at 308 nm, demonstrative of

276
GREEN SYNTHESIS OF COPPER NANOPARTICLES Dasari Kiran Kumar and Pulipati King



RASAYAN J. Chem.
Vol. 18 | No. 1 |275-284| January - March | 2025

their size and dissemination. XRD uncovered their translucent construction with sharp pinnacles relating to
a face-focused cubic gem grid. FTIR distinguished utilitarian gatherings on their surface, proposing MTS's
job in covering and adjusting. At long last, SEM pictures showed their circular shape with a typical size of
20-30 nm, affirming size consistency and interaction control. Joining these investigations gave a thorough
comprehension of the MTS-Cu NPs' properties, pivotal for the enhancement, fitting, and opening of their
expected applications.

Fig.-1: Manila Tamarind Shell
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Fig.-2: Schematic Diagram of Synthesis and Analysis of MTS-Cu Nanoparticles

RESULTS AND DISCUSSION

Ultraviolet-Visible Spectroscopy

UV-Vis or UV/Vis stands for Ultraviolet-Visible Spectroscopy or Ultraviolet-Visible Spectrophotometer.
Absorption spectroscopy or reflectance spectroscopy in portions of the ultraviolet and the entire,
neighboring visible spectrum ranges is discussed in Fig.-3, 4, and 5. It is concerned with the investigation
of matter's interaction with light. The foundation of spectroscopy is the measurement of an atom or
molecular sample's spectrum, which is a graph showing the strength of radiation emitted or absorbed by the
sample as a function of frequency or wavelength. It employs light in the visible and neighboring ranges,
according to this. The apparent hue of the compounds involved is directly influenced by their absorption or
reflectance in the visible spectrum.'*!> The domain of visible radiation spans from 10 nm to 400 nm, and
the region of UV radiation is from 400nm to 800nm.

Fluorescence spectroscopy and absorption spectroscopy are complementary in that fluorescence deals with
transitions from the excited state to the ground state, whereas absorption measures transition from the
ground state to the excited state. The UV-visible absorbance Spectrum recorded for MTS-Cu NPs exhibited
Amax of 308 as shown in (Fig.-5). This absorption band is mostly caused by MTS-Cu NPs' surface plasmon
resonance. A similar result was obtained after examining generated Cu NPs with Ocimum sanctum leaf
extract. Because surface plasmon absorbance varies with NP size, each study reports a different max value
for NPs manufactured using different plant extracts.

Scanning Electron Microscope (SEM)

In a scanning electron microscope (SEM), a concentrated electron beam is used to scan the surface of a
sample, generating pictures of the material. The sample atoms and electrons interact to produce a variety of
signals that reveal details about the sample's composition and surface topography.
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Fig.-3: Wavelength CuS0+.5H-0 Fig.-4: Wavelength MTS

Maximum Wavelength(nm): 240 Maximum Wavelength(nm): 316 Absorbance (Abs): 0.0294
Absorbance (Abs): 0.2584

Fig.-5: Wavenlength MTSCu-NPs
Maximum Wavelength(nm): 308, Absorbance (Abs): 0.4942

The strength of the detected signal is combined with the position of the electron beam as it scans in a raster
scan pattern to produce an image. Using a secondary electron detector (Everhart-Thornley detector),
secondary electrons released by atoms stimulated by the electron beam are found in the most popular SEM
mode. Specimen topography affects the quantity of detectable secondary electrons and, thus, the signal
strength. The SEM (Scanning Electron Microscope) image displayed in Fig.-6 illustrates the various sizes
and tiny structures of MTS-Cu NPs. For the best imaging, it offers steady probe currents and great
resolution. The SEM results of the MTS-Cu NPs Scanning Electron Microscope (SEM) show the particle
size in the range of 88.7 nm to 152 nm.**

Fig.-6: SEM Analysis of MTS-Cu NPs

Fourier Transform Infra-Red Spectroscopy (FTIR)

A method for obtaining an infrared spectrum of a solid, liquid, or gas's absorption or emission is called
Fourier transform infrared spectroscopy, or FTIR. High-spectral-resolution data throughout a broad spectral
range is concurrently collected by an FTIR spectrometer. Compared to a dispersive spectrometer, which
measures intensity over a limited range of wavelengths at a time, this offers a substantial benefit. In order
to be analyzed using a Fourier transform infrared spectrometer equipped with a SHIMADZU IR Prestige -
21 Intron magnifying equipment using the transmittance mode works with a resolution of 4 cm™!, a sample
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of dried Cu nanoparticles is combined with KBr. The FTIR Spectra obtained (Fig.-7) for the Manila
Tamarind Shell extract and MTS extract capped Cu nanoparticles reveal that: The peak at 3338.18 cm ' a
strong broad peak is assigned to -OH stretching vibrations of alcohol Compounds in the extract. The sharp
peak at 1632.90 cm! clearly indicates the C=C stretching’s.!* Hence from the IR spectra, it is evident that
MTS-Cu are capped with organic molecules present in the extract.
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Fig.-7: FTIR Analysis of MTS-Cu NPs

X-Ray Diffraction

The crystallinity and composition of the produced MTS-Cu NPs were revealed by the X-ray diffraction
(XRD) pattern. The X-ray diffraction (XRD) composition and crystallinity image are shown in Fig.-8. The
pattern exhibits sharp peaks at 2 theta values of 42.28° and 76.89°, This can be related to copper
nanoparticles' (Cu NPs') face-centered cubic (fcc) structural structure.”* This indicates the successful
formation of crystalline Cu NPs in the sample. Additionally, a peak observed at a 2-theta value of 61.17°
suggests the presence of copper oxide (CuO) alongside the Cu NPs.?>2® This finding indicates that the green
synthesis process using Manila Tamarind Shell extract might have partially oxidized some of the Cu NPs,
resulting in the formation of CuO. The presence of both Cu NPs and CuO within the MTS-Cu NPs signifies
their potential for applications requiring a mixture of these two materials. Further analysis and optimization
of the synthesis process could be conducted to tailor the relative proportions of Cu NPs and CuO for specific
applications.
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Fig.-8: X-Ray Diffraction Graph of MTS-Cu NPs

Antimicrobial Studies

This study investigated the antimicrobial activity of Manila tamarind shell (MTS) capped copper
nanoparticles (Cu NPs) against various pathogenic bacteria (Table-1). Figure-9 depicts a comparison image
of the fluctuation of the zone of inhibitions at different bacterial pathogens. The zone of inhibition assay
revealed that MTS-Cu NPs exhibited potent antibacterial activity at a concentration of 40 mg/ml. When
compared to common antibiotics, such as Oxacillin (20 mm vs. 25 mm) for Staphylococcus aureus,
Ampicillin (18 mm vs. 22 mm) for Escherichia coli, and Ciprofloxacin (16 mm vs. 20 mm) for
Pseudomonas aeruginosa, this effectiveness was much greater (Fig.-10).

Table-1: Zone of Inhibition (mm)

Microorganism MTS CuNPs (mm) Standard Antibiotic (mm)
Staphylococcus 20 25
E. coli 18 22
Pseudomonas aeruginosa 16 20

These findings unequivocally show that MTS-Cu NPs have the potential to be a viable substitute for
traditional antibiotics, providing a long-term and efficient means of treating infectious infections brought
on by these bacterial strains. The release of copper ions (Cu*?) can interact via electrostatic attraction with
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the bacterial cell wall, which explains the enhanced antibacterial activity of MTS-Cu NPs. These Cu*? ions
also have the ability to pass through bacterial membranes and interfere with vital cellular functions, which
in turn causes bacterial death. This study offers strong proof of the exceptional antibacterial agent.
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Fig.-9: Antibacterial Activity: The Variety of Inhibitory Zones for Various Bacterial Pathogens

Fig.-10: Cu NPs' Antimicrobial Activity Against E. coli (a), Pseudomonas Aeruginosa (b), and Staphylococcus
Aureus (c)

Photocatalytic Degradation of Methyl Blue and Malachite Green using MTS-Cu NPs

The photocatalytic degradation efficiency of MTS-Cu NPs for both methyl blue (MB) and malachite green
(MG) was evaluated under direct sunlight irradiation. The characteristic absorption peak intensity of each
dye decreased over time in the presence of MTS-Cu NPs, indicating their degradation. The photocatalytic
activity was quantified using a spectrophotometer at the maximum absorbance wavelengths of Methylene
Blue at 664 nm and Malachite Green at 618 nm. The experiment employed an initial dye concentration of
10 mg/L and a MTS-Cu NPs dosage of 10 mg. This efficient degradation highlights the potential of MTS-
Cu NPs for wastewater treatment applications.’’?® The photodegradation process was significantly
enhanced at a basic pH (pH = 7) for both dyes. This can be attributed to the influence of pH on the surface
charge properties of the MTS-Cu NPs and the dye molecules. At basic pH, the negatively charged dye
molecules are more prone to adsorption onto the positively charged photocatalyst surface, facilitating
degradation. The calculated degradation efficiencies for Methylene Blue and Malachite Green were 90%
and 85%, respectively, as shown in Fig.-11 and 12. Control experiments were conducted to eliminate the
possibility of self-degradation, adsorption alone, or MTS-Cu NP activity in the dark. Negligible degradation
was observed in the absence of light or catalyst, confirming that a photocatalytic process was responsible.
This process can be summarized as follows:

Cu +hv —Cu (e'h") (i)
Cu +hv —Cu (¢") + Cu(h") (i1)
Cu(e) + 0,—0," (iii)
Cu(h®) + H,O — OH" (iv)
O, or OH + Dye— degraded product W)
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Steps in the Photocatalytic Degradation

Light Absorption

MTS-Cu NPs absorb solar radiation due to the surface plasmon resonance (SPR) effect, leading to the
excitation of electrons (Eq.-i).

Charge Carrier Generation
The excited electrons and holes can participate in redox reactions (Eq.-ii and iii).

Radical Formation
The electrons react with oxygen (O-) to generate superoxide radicals (O> ) (Eq. (iii)), while holes react
with water (Hz O) to produce hydroxyl radicals (OH") (Eq.-iv).

Degradation
These highly reactive radicals (O2~ and OH") interact with the dye molecules (Methylene Blue (MB) or
Malachite Green (MQ)), causing their breakdown into smaller molecules (Eq.-v).
The literature supports the dominance of hydroxyl radicals in dye degradation using nanoparticles.?’ This
aligns with the observed photocatalytic activity of MTSCu NPs.The pseudo-first-order kinetic model was
applied to describe the photocatalytic decolorization process. The linear relationship between In(Ct/Co) and
irradiation time (t) in Fig.-13 and 14 confirm this model's validity.*

In C/Cy=-kt
Where, Cy is the initial concentration of dye, C; is the concentration at the irradiation time (t) and k is the
rate constant (min.™).
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Fig.-13: Kinetic Data for the Degradation of Aqueous Methylene Blue under Sunlight Irradiation
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Fig.-14: Kinetic Data for the Degradation of Aqueous Malachite Green under Sunlight Irradiation

The rate constants (k) were calculated to be 0.0215 min™ for Methylene Blue and 0.0153 min™ for
Malachite Green, indicating efficient degradation by MTS-Cu NPs. These values are comparable to those
reported for other photocatalysts, as shown in Table-2.

Table-2: Comparison of Photocatalysts for Dye Degradation

S. No. Photocatalyst Degradation Time (min) Reference
| AuNPs 8 27
2 AgNPs 45 11
3 SnO; NPs 70 30
4 rGO/Ti02/CO304 NPs 120 31
5 Sb-ZnO NPs 210 32
6 CuNPs 120 This work

MTS-Cu NPs demonstrate promising photocatalytic activity for degrading Methylene Blue and Malachite
Green under sunlight irradiation. The efficient degradation, influence of pH, and confirmation of the
photocatalytic mechanism suggest their potential for wastewater treatment applications. Further studies
could optimize the reaction conditions and explore the reusability of MTS-Cu NPs for practical
applications.
CONCLUSION

For the first time, copper nanoparticles were successfully produced utilizing a unique Manila Tamarind
shell (MTS) for the anti-bacterial investigation, which provides a cost-effective, simple, and efficient
method for the production of Cu NPs. FTIR analysis indicated the presence of a functional group in the leaf
extract. These functional groups were primarily responsible for the reduction of copper metal ions into Cu
NPs. The produced copper nanoparticles were examined with an XRD, FITR, SEM, and UV
spectrophotometer. The X-ray diffraction (XRD) pattern exhibits sharp peaks at 2 theta values of 42.28°
and 76.89°, this is because copper nanoparticles (CuNPs) have a crystal structure of face-centered cubic
(fcc). The FTIR Spectra obtained for the Manila Tamarind Shell extract and MTS extract capped Cu
nanoparticles reveal that: The peak at 3338.18 ¢cm ! a strong broad peak was assigned to -OH stretching
vibrations of alcohol compounds in the extract. The sharp peak at 1632.90 cm™! clearly indicates the C=C
stretching’s. The SEM results of MTS-Cu NPs Scanning Electron Microscope (SEM) show the particle size
in range of 88.7 nm to 152 nm. Copper nanoparticles were successfully used in the antibacterial activity
investigation. Gram-negative bacteria were shown to have a higher maximal ZOI than gram-positive
bacteria. This efficiency was significantly higher than that of typical antibiotics as Oxacillin (20 mm vs. 25
mm) for Staphylococcus aureus, Ampicillin (18 mm vs. 22 mm) for Escherichia coli, and Ciprofloxacin (16
mm vs. 20 mm) for Pseudomonas aeruginosa. The plant known as "Manila Tamarind" can be inexpensively
and efficiently used to produce Cu NPs for a variety of purposes. The synthesized Cu NPs exploited as
photocatalyst exhibited excellent degradation efficiency on organic dye Methylene Blue and Malachite
Green under sunlight. The calculated degradation efficiencies for Methylene Blue and Malachite
Greenwere 90% and 85%, respectively. The rate constants for the Methylene Blue and Malachite Green
dyes were found to be 0.0215 min™ and 0.0153 min'respectively. The dye adsorption results were
compared with previously reported literature. The overall study revealed that Cu NPs successfully
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synthesized by green route and used as photocatalyst and antibacterial agents. The plant known as "Manila
Tamarind" can be inexpensively and efficiently used to produce Cu NPs for a variety of purposes.
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