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ABSTRACT

This study focuses on the degradation of pollutants through photocatalysis involves utilizing light-
induced catalytic processes to break down harmful substances. The CuO/RGO nanocomposite is
employed for visible light-induced photocatalytic degradation regarding pollutants such as 2-nitrophenol
(2-NP) and 4-nitrophenol (4-NP). The nanocomposite was synthesized through a green and
straightforward hydrothermal method in a solvent-free environment. The resulting structure and
morphology of the product can be characterized as follows: composite was analyzed using FESEM
and TEM, while elemental analysis (EDS) was confirmed. The existence of copper, oxygen, and
carbon is evident. FTIR spectra revealed characteristics. The peaks detected within the 600-400 cm™! range
confirm the development of monoclinic CuO. Nevertheless, the composites exhibited significant agglomeration
attributed to the presence of iron oxide and silver. Continued exploration of the ternary nanocomposite
involves further investigation. Morphology was conducted through TEM at magnifications of 50 and
100 nm, highlighting agglomeration issues. The composite exhibited superior degradation of 4-NP
compared to pure CuO, achieving complete degradation of 4-NP, while CuO alone achieved only
72%.

Keywords: Photocatalytic Degradation; Antimicrobial Activity, Nanocomposite, Biochemical
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INTRODUCTION
Water pollution is caused by the untreated effluents released by many companies, which contain
hazardous materials like pesticides, wood preservatives, medicines, and petrochemicals. Nitro phenols
(NPs), such as 2-nitrophenol (2-NP) and 4-nitrophenol (4-NP), are known to provide serious health
dangers. They can cause symptoms such as cyanosis, burns to the skin and eyes, and confusion! As a
result, it is imperative that NPs be removed from contaminated water. Many methods, such as adsorption,
membrane filtering, chemical reduction, and degradation, have been studied for the removal of NPs.?343
Advanced oxidation processes, or AOPs, have become more significant in wastewater treatment in recent
decades because of their capacity to decompose contaminants into innocuous chemicals like CO2 and
H20, particularly when light is present. Researchers' main focus has been on photocatalysis, particularly
in the case of metal oxide or metal oxide hybrids. This method provides a reasonably efficient,
economical, and ecologically beneficial way to get rid of organic contaminants.*” The semiconductor
known as CuO is recognized for its remarkable physicochemical properties, which include stability, a
wider band gap (2.2 eV), photovoltaic capabilities, high-temperature superconductivity, and affordability.
It is widely used in gas sensors; batteries, energy storage, and catalysis.® * ! There are numerous ways to
synthesize CuO nanoparticles, including high-temperature burning, novel rapid precipitation methods, son
chemical and electrochemical procedures, and more. The goal of this work is to remove 2- and 4-
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nitrophenols from wastewater by employing a hydrothermally generated CuO/RGO binary composite.
Furthermore, the study looks into the composite's antibacterial qualities. This binary nanocomposite was
synthesized using a simple, environmentally benign hydrothermal method. A range of characterization
methods were utilized to examine the structural and optical characteristics of the synthesized composite,
including XRD, FTIR, FESEM-EDS, TEM, UV-DRS, PL, and TGA.!}1213141516 When evaluating the
photocatalytic efficacy, model dye pollutants (NPs) were degraded in the presence of visible light, and
Bacillus subtilis was used to gauge the antimicrobial activity.

EXPERIMENTAL
Synthesis of CuO/RGO Nanocomposite
In a streamlined production process is shown Fig.-1, 50 mg of pre-prepared graphene oxide
(GO) was subjected to a 10-minute sonication method. Next, a Teflon beaker was used to
mix 30 mL of 0.01 MCu (CH3COO); and 30 mL of 1 M NaOH aqueous solutions. The
mixture was sealed and autoclaved at 180°C for three hours. The finished product was dried
for a whole night at 70°C after filtration.

50mg of GO was
sonicated for 10 min

+
30 ml of O.O01 ™
Cu(CHCOO),
+
[ 30ml of 11 NaOH ]
Teflon limed
Stainless Steel

Auutoclaves at 180°C
for 3 hrs

[ Dried at 70°C ]
1l
[ CuO /RGO NPS ]

Fig.-1: Synthesis of CuO/RGO Nanocomposite
X-ray Diffraction
The resulting products exhibit a characteristic X-ray diffraction pattern, as shown in Fig.-2, with
three distinct peaks at 20 = 35.8, 39.2, and 62.01°. These peaks correspond to the (002), (200),
and (113) planes of monoclinic CuO (JCPDS 45-0397). Crucially, the data show that there are
pure CuO peaks because there are no impure peaks from Cu or Cu20. These results strongly
imply that the hydrothermal method of preparing CuO and CuO/RGO samples was successful.
The synthesized Nano-composite's average crystallite size is calculated using Debye-Scherrer's
formula, as expressed in Eqn.-1.
- )
pcosé
In the framework of the Debye—Scherrer’s formula (Eq.-1), the particle size ('D', in nm) is
determined using the constants 'k' (set at 0.94), X-ray radiation wavelength ('A' = 1.5406 A),
full-width at half maximum of the peak ('B', in radians), and Bragg angle ('20', in degrees).
The calculated crystalline size of the composite is 19.3 nm. Significantly, this value is
smaller than the crystalline size of CuO nanoparticles, which measures 29.6 nm.

Fourier Transform Infrared Spectroscopy (FTIR)

Fig.-3 shows FTIR spectra highlight distinctive characteristics. Notably, the generated
material exhibits a monoclinic CuO structure as seen by two notable peaks at 540 and 604
cm™'. Two faint peaks are also visible at 1129 and 1429 cm™'; these are explained by the
carboxylate ion's C=0 stretching when it is bound to the CuO nanoparticles. Both spectra
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show a large peak between 3074 and 3425 cm’!, which is indicative of the existence of
hydroxyl ions connected to the Cu-OH layer. Additionally, the hydrothermal approach
maintains the equilibrium of water levels in CuO formed by the hydrothermal method by
guaranteeing constant water content before and after the reaction, as shown by this broad
peak. The identical peaks observed in both CuO and CuO/RGO nanocomposite suggests
that the presence of GO loading does not exert any discernible effect on the structure of

CuO.
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Fig.-2: XRD patterns of (a) CuO and (b) CuO / RGO NC

Transmittance (a.u.)

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm'1|

Fig.-3: FTIR Spectra of Prepared (a) CuO and (b) CuO /RGO NC

Morphology
Figures-4(a-b) and Fig.-4(c-d) illustrate the morphological details of CuO, which was

synthesized using the hydrothermal process, at different magnifications. Additionally, Fig.-
4(e) shows an EDS picture of the as-synthesized CuO/RGO nanocomposite.
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Fig.-4: FESEM Images were Captured for (a-d) CuO, (c-d) CuO/RGO Nanocomposite, and (e) the
EDS Image of the Composite
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The results show that this homogeneous structure contains copper (24%), oxygen (48%),
and carbon (27%), with an atomic ratio of 1:2:1. This finding confirms the existence of the
CuO/RGO composite.'®However, the addition of silver and iron oxide caused noticeable
clumping in the composite materials. The produced Nano-composite morphology was next
examined under a TEM at magnifications of 50 and 100 nm, as shown in Fig.-5.

Fig.-5: TEM and SAED Images of Prepared CuO/RGO Composite

Ultraviolet Diffused Reflectance Spectroscopy (UV-DRS)
The absorption data was graphed as o?E? versus E to generate the Tauc plot and Eqn.-2, facilitating the
estimation of the band gap energies for the prepared materials.

(aE)* = A(E-E,) (2)

For semiconducting materials, the Tauc plot involves graphing (aE)? against photon energy.
At the locations where the two extrapolated lines cross the X-axis, the direct and indirect
bandgap energies are found. In the case of CuO, the estimated bandgap energy is found to
be 2.27 eV, while for the CuO/RGO nanocomposite, it is measured to be 2.08 eV. This is
shown in Fig.-6.

2.0 2.5 3.0 3.5 4.0 4.5 5.0
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Fig.-.6: UV-DRS Spectra for (a) CuO and (b) CuO/RGO Nanocomposite

RESULTS AND DISCUSSION

Photo-catalytic Activity

To evaluate the photocatalytic activity of the prepared nanocomposite, tests were conducted
using nitrophenols (ortho and para). The initial step involved examining the pH of the
pollutant solution (4-NP) in both acidic and basic media. Significantly, at a pH of 8.1, the
nanocomposite demonstrated the highest degradation of the pollutant under visible light
illumination, as depicted in Fig.-7(b). The composite achieved complete degradation of 4-
NP, surpassing pure CuO, which degraded 72% of 4-NP (Fig.-7(a)). This experiment
highlights the enhanced performance of the composite.

Furthermore, the photocatalytic efficiency of the prepared composite was evaluated on 2-
NP under visible light irradiation. The experimental conditions, including pH and the
pollutant solution, were maintained consistently with those used for the 4-NP pollutant,
ensuring a uniform approach throughout the experiment. The composite achieved complete
degradation of 2-NP within 180 minutes, whereas CuO exhibited lower photocatalytic
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degradation (68%), as illustrated in Fig.-8(a-b). This disparity in results emphasizes the
superior photocatalytic performance of the composite compared to CuO.
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Fig.-7: Photocatalytic Degradation of 4-NP by (a) CuO and (b) CuO/RGO Composite
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Fig.-8: Photocatalytic Degradation of 4-NP by (a) CuO and (b) CuO/RGO Composite

The peak absorption wavelengths for 4-nitrophenol (4-NP) and 2-nitrophenol (2-NP) were
identified at 318 nm and 353 nm, respectively. Upon exposure to light, there is a reduction in
absorption, leading to the transformation of the solution into a colorless state. The results
unequivocally demonstrate that the CuO/RGO composite, synthesized via a hydrothermal route,
effectively degrades both 10 mg/L 4-NP and 2-NP within 2 to 3 hours under visible light
illumination. Notably, 4-NP exhibited a faster degradation rate compared to 2-NP when exposed
to the synthesized composite. Because of its lower band gap than pure CuO, the produced
composite is a very effective photocatalyst for the degradation of nitrophenols in the presence of
visible light. Typically, CuO Nanomaterials demonstrate efficient visible-light-driven
photocatalysis by generating electron-hole pairs. However, the narrow band gap of CuO results
in a faster electron-hole recombination rate, leading to moderate photo-catalytic activity. To
address this limitation, graphene oxide (GO) was loaded to form the CuO/RGO nanocomposite,
exhibiting excellent photocatalytic efficiency. This enhancement is attributed to the efficient
electron capture from the CuO conduction band by reduced graphene oxide (RGO). By
inhibiting the recombination of electron-hole pairs, this action promotes increased electron
transport and catalytic activity throughout the photo degradation process. The generated
CuO/RGO composite provided an instructive illustration of the possible mechanism governing
the photocatalytic destruction of organic contaminants under visible light irradiation.

Photoluminescence (PL) Spectra

In the domain of photocatalysis, hydroxyl radicals (*OH) assume a vital role as reactive
species responsible for oxidation reactions. Given their high reactivity and brief lifespan,
directly detecting hydroxyl radicals poses challenges. To evaluate the generation of hydroxyl radicals, the
Photoluminescence (PL) technique was utilized. Coumarin, an organic compound, functioned as a
fluorescent probe, engaging with hydroxyl radicals to produce 7-hydroxycoumarin.14 To do this, 0.10 g
of the catalyst was dispersed and exposed to light in a 100 mL acidic solution containing 10 ppm of
coumarin. 30-minute intervals were used to extract small samples of the reaction solution, filter them, and
measure the photoluminescence intensity in the 350-600 nm range using an excitation wavelength of 435
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nm. Fig.-9 displays the photoluminescence spectra of the 7-hydroxycoumarone that was generated, with a
peak emission at 450 nm. Between 440 and 460 nm is where they are noticed. The photoluminescence
intensity increased linearly with increasing irradiation periods. Nevertheless, no maximum excitation for
the sample is shown in the absence of radiation (0 min in Fig.-10).

Fig.-9: Possible Mechanism for Photo Catalysis
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Fig.-10: PL Spectra of Prepared CuO/RGO Composite

It was found that there was a direct proportionality between the amount of hydroxyl radicals that
formed on the catalyst surface and the length of time exposed to radiation. The findings provide
more evidence that the CuO/RGO composite shows an increased rate of hydroxyl radical
production when exposed to visible light. The pre-existing photo holes in the co-doped TiO»
valence band are responsible for this enhancement because they can react directly with
H>O/OH- to produce hydroxyl radicals.

Antimicrobial Activity

The generated Nano-composite's antibacterial activity was assessed using the agar well
diffusion method against Gram-positive (B. subtilis) and Gram-negative (E. coli) bacteria.
The zone of inhibition (mm) that the CuO/RGO combination showed at various doses is
detailed in Table-1. The findings clearly show that the produced composite has a more
powerful inhibitory effect on the Gram-negative bacterium than it does on the Gram-
positive equivalent. In particular, the CuO/RGO composite that was synthesized showed a
zone of inhibition that measured 18 mm, 16 mm, and 15 mm for B. subtilis and 21 mm, 19
mm, and 18 mm for E. coli, respectively. Relevant literature supports the idea that copper's
presence is responsible for this antibacterial activity shown in Fig.-11.

Table-1: Zone of Inhibition (mm) by CuO/RGO Composite

Test 25mg/ml 10mg/ml  [Smg/ml |Standard
Organism Compound 10mg/ml
B.subtilis CuO 10 9 9 32
CuO/RGO 18 16 15 32
E.coli CuO 14 13 12 32
CuO/RGO 21 19 18 32
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The composite exhibited strong antibacterial activity and is more advantageous than the
CuO nanoparticles against bacterial strains tested.
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>

Fig.11: Antimicrobial Activity of CuO and CuO/RGO
CONCLUSION

An easy, solvent-free, and environmentally safe hydrothermal method was used to create the CuO
/RGO nanocomposite, which is used in the photocatalytic degradation of pollutants, specifically 2-
nitrophenol (2-NP) and 4-nitrophenol (4-NP)when exposed to visible light. The structure and
morphology of the composite were investigated using FESEM and HRTEM, and the presence of Cu,
O, and C was verified by elemental analysis using EDS. The FTIR spectra of the composite revealed
distinct peaks in the 600-400 cm' range, indicating the existence of monoclinic CuO in the
substance. Notably, the results demonstrated that the composite exhibited superior photocatalytic
activity compared to pure CuO in visible light. This increase was attributed to the lower band gap of
the composite, which stopped electron-hole pairs from recombining. Additionally, the composite's
antibacterial activity was evaluated.
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