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Scherrer formula was used to determine the crystallite size. EDAX was used to confirm the
presence of metal. SEM analysis was used for morphological investigations. Several factors,

including catalyst dosage, dye concentration, and pH, were thoroughly examined for their Photocatalyst
effects on dye degradation. Studies on antifungal and antibacterial agents were conducted. Degradation
The results revealed that the metal oxide nanocatalyst is an efficient catalyst for the Absorption

degradation of organic dyes. Amido Black 10B dye degrades effectively in the presence of
CuO nanoparticles synthesized from clove extract

1. Introduction

One new multidisciplinary area of study is nanoscience and nanotechnology. One of the key areas of research lately has
been the green synthesis of nanoparticles, such as copper, silver, and gold, and their use. Because of their electrical
conductivity, surface areas, particle size, and thermal characteristics, nanomaterials are useful in many fields [1]. The
food, pharmaceutical, energy, biotechnology, and biomedicine industries all extensively use nanoparticles (NPs), a subset
of nanomaterials [2]. Metallic nanoparticles are produced using a variety of physical and chemical techniques. These
technologies' high levels of hazardous chemicals and needless energy use are unacceptable. To carry out NP synthesis in
a reliable, cost-effective, environmentally friendly, and biocompatible manner, green chemistry and bioprocesses have
been developed [3]. These nanoparticles exhibit advanced properties due to their increased surface area. In chemical
technologies, eco-friendly, environmentally benign green synthesis of nanoparticles has greater advantages than the
conventional method. This method of synthesis is simple, cost-effective, stable, relatively reproducible, and easily
scalable for larger syntheses. Plant-based nanomaterials offer numerous benefits over traditional chemical processes and
have a wide range of applications in biology and medicine. Metal oxide nanomaterials have attracted significant attention
for applications across many fields due to their superior chemical, electronic, thermal, magnetic, catalytic, and optical
properties compared to their bulk counterparts [4-8]. Water pollution results from the massive volume of wastewater and
various effluents released by the success of contemporary businesses, particularly textile dyeing. The primary effluents
that pose major risks and upset ecological equilibrium are organic dyes. This all negatively impacts animals, plants, and
people. Nano metal oxides can break down these dyes.

A unique class of nanomaterials, nanostructured transition metal oxides, is used to create several innovative and
intelligent materials. Because of their distinct physical and chemical properties, these transition-metal oxide nanocrystals
are attracting significant attention [9-17]. The size, shape, composition, and structures of the nanocrystals all significantly
impact these characteristics. The particle's surface-to-volume ratio increases as its size decreases to the nanometer range
[18-19]. Due to their p-type semiconducting properties, including a narrow band gap, a monoclinic structure, and high
magnetic-field resistance, research on cupric oxide (CuO) nanoparticles is currently underway [20-23]. Because of its
small band gap, the CuO crystal structure exhibits practical photovoltaic and photoconductive properties [24]. Compared
to micro- or bulk particles, CuO nanoparticles exhibit superior physical and chemical properties due to their large surface-
to-volume ratio and smaller size. It is classified as a transition metal oxide [25]. Because of their potential uses in a variety
of engineering domains, including gas sensors [26], biosensors [27], photo detectors [28], energetic materials [29],
magnetic storage media [30], super capacitors [31], and photocatalysis [32], these metal oxide nanoparticles have been
extensively researched.

Additionally, they serve as heterogeneous catalysts in biomedicine [33], promoting the conversion of hydrocarbons
to carbon dioxide. In the present study, we synthesised CuO NPs using clove extract. They were characterised using
various analytical techniques. The synthesised nanoparticles were used to degrade Congo Red and Amido Black 10B
under various conditions, and the degradation efficiencies were calculated. Antimicrobial studies were also conducted on
the clove extract and the synthesised CuO nanoparticles.
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2. Methods and Material

This section covers the synthesis and characterisation of the photocatalyst. Here, the instrumentation is also covered. For
the investigation, Amido Black 10B and Congo Red dyes were used. For the experiments, double-distilled deionised
water was utilised. The absorption measurements were performed using the Systronics Double-Beam Spectrophotometer
2203. The emission spectra were measured using the JASCO-FP 8200 Spectrofluorometer.

2.1 Synthesis of Metal Oxide Nanoparticles

2.1.1 Preparation of clove extract

About 5 grams of the cloves were boiled with 100 mL of double-distilled water in a 250 mL beaker for about 15 minutes.
It is then cooled to room temperature. The solution is filtered, and the filtrate is stored for further use.

2.1.2 Preparation of CuO NPs

A modified procedure from earlier research was used to create copper oxide nanoparticles. The clove extract was mixed
with a 1:1 volume ratio of a 0.01M copper sulphate solution. Immediately after the reduction procedure, CuO NP was
produced. To obtain a colloidal suspension of the nanoparticles, the liquid was magnetically agitated for 30 minutes, then
left at room temperature for approximately an hour. After centrifugation and repeated water washes, the mixture was
dried for approximately 2 hours at 100°C in an air oven. After calcination at 400°C in a muffle furnace, the dry
nanoparticle is stored in an airtight container for further use.

2.2 Characterisation of the Photocatalyst

The produced photocatalyst was examined using FT-IR, UV-visible spectroscopy, EDAX, SEM, and XRD. To understand
the structural, morphological, elemental composition, crystallite size, and functional groups, characterisation
investigations were conducted. UV-visible spectroscopy techniques were used to conduct and assess the dye degradation
investigations. Degradation experiments were conducted with induced light and sonication in the presence of sunshine.
The pH of the dye solution was adjusted to conduct the studies.

2.2.1 Absorption spectral characteristics of nanoparticles

The absorption spectra of the solutions were used to characterise the nanoparticles produced. The amount of light
extinction that occurs when light passes through a sample is measured using UV-visible spectroscopy. UV-Vis is a useful
technique for identifying, characterising, and studying nanomaterials because nanoparticles exhibit special optical
properties that are sensitive to size, shape, concentration, aggregation state, and the refractive index near the nanoparticle
surface. The Systronics-2203 Double Beam Spectrophotometer was used to perform spectral measurements. The
absorption spectra of the nanoparticles are displayed in Figure 1. Figure 1 shows the absorption maximum of the
precursors, namely the clove extract, CuO nanoparticle, and the metal sulphate solution. The clove extract shows an
absorption maximum of 399 nm. The precursor CuSO4 shows absorption at 398 nm, and that of CuO NP at 355 nm.

—— Clove Extract
= CuS04
CuO nano
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Absorbance
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Figure 1. Absorption spectra of clove extract, CuO nanoparticle, and CuSO, solution

2.2.2 Energy dispersive X-ray analysis

Energy-dispersive X-ray analysis is also known as EDAX. Other names for it are EDS analysis and EDAX analysis. It is
a method for determining a specimen's elemental composition. It is an investigation technique frequently used to
characterise the elements or chemicals of items. The sample could be a liquid, a thin solid film, a solid powder, or even a
pellet, among other forms. EDAX studies are used to determine the photocatalyst's elemental composition and purity.2.3)
SEM and EDAX of CuO nanoparticle. Using the SEM image of the nanoparticle, its morphology was determined. These
particles had a rod shape. They had a very high surface area. The SEM and EDAX are depicted in Figure 2. The EDAX
spectrum confirms the presence of Cu and O, the main components of the photocatalyst. This is seen from their high
weight percentage (Table 1).
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Figure 2. (a) SEM image of CuO nanoparticle(b) EDAX spectrum of CuO-NPs.

Table 1. Chemical composition of CuO nanoparticle based on EDAX

Element At. No Series name [wt.%] [at.%]
0] 8 K-series 40.11 55.95
Cu 29 L-series 33.59 11.80
S 16 K-series 14.30 9.95
C 6 K-series 12.00 22.30

2.2.3 XRD pattern of CuO —NPs

Figure 3 displays the XRD pattern of copper oxide nanoparticles. The peaks appeared at 20 values ranging from 25.18°,
25.31°, 35.13°, 36. 40° and 44.58°. The peaks are in good agreement with the literature report. These diffraction peaks
represent the CuO formation; the first three peaks are more intense. Furthermore, we can conclude that the produced
powder is pure and free of impurities such as Cu,O and Cu(OH), as all the observed peaks match the monoclinic phase
of CuO.
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Figure 3. XRD pattern of CuO NPs
Additionally, we can match the wide contour of all peaks with the small grain size. The crystallite size was calculated
using the Debye-Scherrer formula
kA
Bcoscos 6 (1)

where 0 is the diffraction angle, P is the line's full width at half maximum (FWHM), and A is the wavelength (A=1.542A)
(Cu Ka). The crystallite size was found to be 19.8 nm, confirming that the synthesised product is nanoscale.

Dy =
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2.2.4 FT-IR analysis of the CuO nanoparticles

Figure 4 shows the FT-IR spectrum of the synthesised CuO nanoparticle. Within the 400-40,000 cm™ range, FT-IR
research reveals stretching vibrations at 3443.32 cm, 2923.47 cm?, 1635.84 cm™?, and 628.83 cm'™. These peaks confirm
the formation of CuO-NPs. The peak represents the stretching of the O-H bond at 3443.32 cm™. This peak displays both
the reduction of CuSO, and the aqueous phase. The prominent peak corresponds to the Cu-O-H stretching mode at 628.83
cm*. The O-H bending vibration is represented by the peak at 1635.84 cm™ [34-35].
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Figure 4. FT-IR Spectrum of CuO nanoparticle

3. Results and Discussion

3.1 Photodegradation Study of Congo Red Dye (CR dye) with CuO NPs

Photodegradation of the CR dye was carried out under 200 W artificial light. The reaction was carried out using 0.01g of
the nanophotocatalyst and 100 mL of the CR dye. The solution was stirred using a magnetic stirrer. The absorption
maximum of the dye solution was measured every half-hour. Figure 5(a) shows the absorption spectrum of Congo Red
Dye. It has an absorption maximum at 532 nm. The Amido Black 10B dye has an absorption maximum of 620 nm
(Figure 5(b)). The absorption maximum of the dye solution was measured every half-hour.
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Figure 5. Absorption spectrum of (a) Congo Red Dye, (b) Amido Black 10B dye

The gradual colour change from the blue of CuSO. to the brown of clove extract upon mixing the first two, producing
a green colour, indicates the formation of the nanoparticle. Figure 6 shows the colour change. Figure 7 shows that the
absorbance decreases with time for both dye solutions. It confirms that degradation of dye solutions occurs. The
degradation of the dyes was carried out in the presence of the synthesised CuO nanoparticles, under induced light (200
W tungsten filament lamp), with a sonicator, and under sunlight. The same degradation was also carried out. Maximum
degradation occurs only in the presence of sunlight and a sonicator. Figure 8 shows that absorbance decreases over time,
indicating degradation.
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Figure 6. Visible interpretation of colour change
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Figure 7. Plot of Absorbance vs time for the degradation of (a) CR dye, (b) amido Black 10B dye in the presence of
CuO nanoparticle
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Figure 8. Degradation of (a) Congo Red dye, (b) Amido Black 10B dye in the presence of CuO nanoparticles by
varying the time

3.2 Effect of pH

The pH of the solution also affects the degradation of dyes. Therefore, this study was carried out by varying the pH of the
dye solution. The reaction was performed at pH 2, 4, 6, 8, 10, and 12, and the degradation efficiency was calculated for
each pH. The details are tabulated in Table 2 and shown in Figure 9. The pH of the solution affects the photodegradation
efficiency. When the solution pH changes, the surface charge of nanoparticles is altered. As a result, the adsorption of the
dye on the catalyst surface is altered, thereby altering the degradation rate. Maximum degradation at pH 2 for Congo Red
dye (Table 2) and Table 3 shows Amido Black 10B degradation in the presence of CuO nanocatalyst at various pH levels.
Maximum degradation occurs at pH 8. Minimum degradation occurs at pH 10. The degradation rate decreases as pH
increases. This is due to the repulsion of the dye molecule and the nanoparticle. Figure 10 shows the variation in
absorbance over time, along with the change in degradation percentage at different pH levels. This result indicates that

the dye degrades due to changes in its pH.
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Figure 9. Degradation % of (a) Congo red dye (b) Amido Black 10B dye in the presence of CuO photocatalyst at
various pH levels
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Figure 10. Degradation of (a) Congo Red dye (b) Amido Black 10B dye in the presence of CuO photocatalyst at
various pH levels, with change of absorbance with time

Table 2. Degradation efficiency of Congo Red dye in the presence of CuO nanoparticles at various pH levels

% Degradation

Time (Minute)

pH 2 pH 4 pH 6 pH 8 pH 10 pH 12
0 0 0 0 0 0 0
30 87.65850 35.51757 9.868421 11.76471 6.766917 79.20792
60 93.82925 85.28015 15.78947 66.17647 24.06015 81.0231
90 93.99831 88.22412 20.39474 75.73529 32.33083 83.33333
120 94.75909 89.26876 66.44737 84.55882 42.10526 84.15842
150 96.53423 93.82716 75.65789 85.29412 49.62406 90.75908
180 98.05579 94.49193 86.84211 94.11765 87.96992 97.35974

Table 3. Amido Black 10B degradation in the presence of CuO nanocatalyst at various pH levels

% Degradation

Time (Minute)

pH 2 pH 4 pH 6 pH 8 pH 10 pH 12
0 0 0 0 0 0 0
30 46.66667 24.77876 47.36842 4.651163 8.421053 9.756098
60 52.59259 51.32743 51.57895 20.93023 43.15789 18.69919
90 57.03704 68.14159 54.73684 24.8062 47.36842 40.65041
120 68.88889 77.87611 57.89474 45.73643 55.78947 43.90244
150 92.59259 84.07080 60 96.12403 77.89474 86.99187
180 94.81481 95.57522 89.47368 99.22481 85.26316 87.80488
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3.3 Kinetics of the Photocatalytic Degradation of the Dye Solutions
In the presence of induced light, Amido Black 1B dye shows a maximum degradation of 76.64%, as shown in Figure 11.
The photodegradation of the dyes at room temperature is shown in Figure 12. The rate constant for the photocatalytic

degradation of CR dye was obtained from the first-order rate equation.

min 50 = ke 2
nin o= )
where C, and C; are the concentrations of the dye solution at time 0 and time t in minutes. The regression coefficients for
the experimental values were 0.8091 for Congo Red and 0.9785 for Amido Black 10 B. K is the first-order rate constant.

This confirms that the dye molecule's degradation follows pseudo-first-order kinetics.
Amido Black 10B dye degrades at high temperatures in the presence of CuO nanoparticles. Table 4 shows the

comparative results of the degradation of both dyes under various light conditions.
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Figure 11. Plot of % Degradation vs time for (a) CR Dye, (b) Amido Black 10B dye in the presence of CuO
nanoparticle in the presence of induced light.
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Figure 12. Plot of In Co/Ct vs time for (a) CR Dye, (b) Amido Black 10B dye degradation in the presence of CuO
nanoparticle in the presence of induced light.

Table 4. Degradation in the presence of various light sources

% Degradation

Light source Congo Red Amido Black 10B
Induced light 69.78 76.64
Sunlight & Sonicator 98.05 (pH 2) 99.22 (pH8)

3.4 Antibacterial Activity
The well-diffusion method was used to measure antibacterial activity. A sterile petri dish was filled with 25 mL of

nutritional agar. After allowing 100 pL of pathogenic bacteria to settle on the plates, they were transferred to the dish,
and a sterile L rod spreader was used to form a culture lawn. A 5 mm well was made in the agar using a sterile cork borer
after the pathogenic microorganisms had been incubated for 5 minutes. Wells were filled with the test samples. The
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positive control was ampicillin (30 pg/mL), and the negative control was the solvent-saline-loaded well. The plates were
incubated at 37 °C for 24 hours. The diameter of the zone of inhibition around the well was used to determine antibacterial
activity. The antibacterial activity of the synthesised nanoparticles and the clove extract was examined using
Staphylococcus aureus (Gram-positive bacteria) and Escherichia coli (Gram-negative bacteria) (Figure 13). Amicacin
tablet was used as a control. The results are tabulated in Table 5. The results show that the CuO nanoparticle exhibits
good antibacterial activity against both Staphylococcus aureus and E. coli. The clove extract also shows good inhibitory
action against the bacterial strains.

Figure 13. Antibacterial activity of the metal oxide nanoparticles against Bacillus cereus (Gram-positive bacteria)

Table 5. Antibacterial activity of the metal oxide nanoparticles

Bacteria hame CuO (S2) Clove extract (S1)  Control (Amikacin)
Escherichia. coli 14 mm 16.2 mm 17 mm
Staphylococcus aureus 14 mm 17.5 mm 18 mm

3.5 Antifungal Activity

Antifungal activity was tested using the well-diffusion assay. The potato dextrose agar medium was poured into a sterile
petri dish. The plates were allowed to dry. Then, 100 pL of the fungal suspension was transferred to the plate. After 5
minutes, a sterile cork borer was used to make a 5 mm well in the agar. The samples were loaded into the well, and
Nystatin (30 pug/mL) served as the positive control. The plates were incubated at 37 °C for 24 to 48 hours. The antifungal
activity was determined by measuring the diameter of the zone of inhibition around the well (Figure 14).

Figure 14. Antifungal activity of the metal oxide nanoparticles and clove extract

Table 6. Antifungal activity of the metal oxide nanoparticles and clove extract

S.No Sample Zone of inhibition
1 CuO 12.5 mm
2 Clove extract 15 mm
3 Nystatin (Control) 14 mm

journal.ump.edu.my/cst 8
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Antifungal activity was assessed using the well-diffusion method. Nystatin was used as a control and is displayed in
Figure 14. Candida albicans was the fungus used for examination. activity. The precursor clove extract shows good
antifungal activity (Table 6). They have a larger zone of inhibition against the fungal stain. The bioactivities of the
synthesised nanoparticles indicate that they can be used effectively in pharmaceutical applications.

4. Conclusions

Nanoparticles have many uses in many scientific domains and have unique properties compared to their bulk counterparts.
The use of green synthetic nanoparticles has attracted significant interest. Clove extract was used in the current
investigation for green synthesis of CuO NPs. The current study uses green-synthesised metal oxide nanoparticles to
degrade organic dyes photocatalytically, specifically Congo Red and Amido Black-10 B. Techniques such as FT-IR, UV-
visible spectroscopy, EDAX, SEM, and XRD were used to characterise the produced nanoparticles. Using the Debye
Scherer formula, the nanoparticles' crystallite size was determined. Every measurement confirms the nanoscale size of
the produced particles. The components contained in the nanoparticles were verified by XRD analysis. The manufactured
nanoparticle was used in degradation experiments. Studies were conducted in a variety of settings, including a sonicator,
sunshine, and induced light. Research was done on the green tea extract and the nanoparticles' antibacterial and antifungal
properties. Amido Black 10B dye degrades effectively in the presence of CuO nanoparticles when exposed to light
generated by the nanoparticles. It exhibits optimal efficiency. By altering the pH of the dye solution, degradation tests
were conducted. At pH 8, Amido Black 10B dye degradation demonstrates a minimum efficiency of 99.23% for CuO.
Because they break down a variety of textile colours, these nanoparticles are both environmentally friendly and useful for
reducing pollution. The findings demonstrate that CuO nanoparticles exhibit strong antibacterial activity against E. coli
and Staphylococcus aureus. Additionally, the clove extract exhibits strong antibacterial activity.
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