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Abstract

This study focuses on the green synthesis of CuO and rGO/CuO via the reflux
technique. The produced materials can be confirmed by conducting various analytical
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techniques. The analysis revealed particle sizes of approximately 29.35 nm for CuO
and 23.56 nm for rGO/CuO. Internal and surface morphology studies confirmed the
well-developed particles formed on rGO sheets. UV-Vis's analysis provided
absorbance data and band gap values, while elemental analysis confirmed the presence
of copper, oxygen, and carbon. FT-IR spectra identified metal-oxygen bonds within
the 600-400 cm ! range in both CuO and rGO/CuO. These materials demonstrate
broad potential applications, including photocatalysis, antioxidant and antifungal
activities, sewage and industrial dye water treatment, energy storage, and corrosion

resistance.

1. INTRODUCTION

In ancient Egypt, from 2000 BCE, copper was employed for
water purification and sterilization. Additionally, it was used
for treating wounds, showcasing its significant role in early
medical practices. The antibacterial properties of copper have
been recognized for centuries. During the Roman Empire,
copper was commonly used in cooking pots, which
inadvertently helped reduce bacterial contamination in food
and water. Copper's ability to kill bacteria and other
microorganisms stems from its oligodynamic effect, where
even small amounts of copper ions disrupt essential microbial
processes, leading to cell death. This ancient application
highlights an early, albeit indirect, understanding of copper's
antimicrobial properties. Copper was also employed to
prevent the spread of communicable diseases. Notably,
Japanese soldiers placed small pieces of copper in their water
flasks throughout the Second World War to avoid dysentery
[1].

However, copper ions can raise concerns about their impact
on workers, organizations, and ecosystems [2]. In this

context, several studies have explored copper-based
nanomaterials as reservoirs for controlled ion release, aiming
to mitigate the continuous discharge of Cu” in the nature [3].
CuO exhibit a oxidation rate than their bulk counterparts
when exposed to air due to both physic and chemical
instability [4]. CuO are constant, highly durable, a extended
shelf life equated to other materials or chemical compounds
[5]. However, as soon as nanomaterials are reintroduced to
interest in biological media, they tend to convert unbalanced,
foremost to the increased combination of antibacterial agents
and a subsequent reduction in their effectiveness. In this
context, a practical solution is incorporating them into films
or supportive matrices, enhancing their stability and
effectiveness [6]. For instance, an appropriate material is
graphene, which is only one atom thick, solid, and flat,
consisting of sp’-bonded carbon atoms in a hexagonal 2D
lattice [7]. In the most informed approaches for synthesizing
CuO/graphene nanocomposites, copper salts are introduced
into ethanol-covering exfoliated graphene. Following
synthesis, the resulting nanoparticles typically range from 25
to 200 nm [8]. Recently, CuO/graphene nanocomposites have
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been synthesized through a straightforward method
involving mixing graphene with CuO nanoparticles by a
usual size of approximately 60 nm [9]. Graphene oxide (GO)
stands out as an oxidized graphene derivative among the
various graphene-related compounds. Graphene oxide offers
a large surface area, the potential to incorporate numerous
initiated functional groups, respectable water dispersion, and
a moderately simple research process. Its biocompatibility
further enhances its suitability as a support material, making
it an excellent platform for nanomaterials [10]. This material
enhances the constancy of nanoparticles and improves their
antibacterial performance, which is attributed to the
formation of ultrafine particles.

Additionally, GO can boost the adsorption assets for Cu (II)
ions, exhibiting a high adsorption capacity for copper ions.
Studies show that graphene oxide can improve the adsorption
capacity by approximately 30% [11]. Cu salts are precursors,
along with an aqueous graphene oxide (GO) dispersion in an
alkaline solution. The mixture is then reduced, assisted by
oxidation in the presence of a complexing agent, using
methods such as microwave irradiation, NaOH, or heat [12].
In these studies, the size of CuO nanoparticles ranged from 30
to 400 nm [13]. Therefore, a reduction in the size of
nanomaterials can significantly enhance their efficiency and
performance [14-15]

The current investigation is a modest green synthesis scheme
for CuO and a reflux method for synthesizing rGO/CuO
nanocomposites. The materials have been categorized using
several practices, such as XRD, SEM, EDAX, FTIR, UV-Vis,
and HRTEM analysis. The prepared materials include tenders
in catalysis, photodegradation, microbial activity, antifungal
treatments, and anticancer therapies.

2. MATERIAL SYNTHESIS

2.1. Preparation of CuO using Ashwagandha plant fuel
Assilica crucible was used to dissolve 1 g of Cu(NO,), in a very
minimal of water. Half a gram of dried Ashwagandha herb
was used as fuel. The mixture was kept in furnace at 600°C for
one hour under oxygen-rich open combustion conditions.
The corresponding reaction equation is shown below (Eq. 1)
[16].

Cu(NO3); * 3H,0 + Ashwagandha (fuel) —» CuO + CO,(g) + H,0 ... ... (1)

2.2. Synthesis of rGO/CuO via reflux method

0.1 g of rGO was sonicated for 30 minutes and added to an RB
flask. Separately, 0.25 g of CuO was mixed with 30 mL of
water in the RB flask. The combination was stirred
magnetically at 400 rpm and heated to 90°C for 30 minutes.
Subsequently, 1% sodium sulfite and 1 g of sodium citrate
were added to the reaction mixture and stirred for one hour.
Finally, 2 M NaOH was added into the mixture, which was
stirred for 30 mins. The solution was then allowed to settle for
a few minutes, passed through Whatman filter paper, and
dried for 30 minutes at 60°C in the oven [17].
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3.RESULTS DISCUSSION

3.1. XRD

The XRD of CuO and rGO/CuO are presented in Fig. 1. CuO
was synthesized using the SCM. The diffraction peaks
observed at 31.59°, 36.75°, 38.32°, 48.78°, 52.56°, 58.21°,
60.27°, 65.43°, 68.34°, 72.34°, and 75.34° resemble the
Miller planes (110), (11-1), (111), (20-2), (020), (202), (11-
3), (31-1), (220), (311), and (22-2), respectively. These peaks
line up well with the usual JCPDS card number 48-1548,
confirming the formation of CuO [18]. In the XRD of
rGO/Cu0, a prominent peak observed at 24°-25° agrees with
the (002) plane of rGO, indicating its successful
incorporation into the composite. This high-intensity peak
confirms the presence of rGO alongside CuO, synthesized by
the reflux method. The remaining peaks correspond to CuO,
with no additional peaks observed, thereby confirming the
purity of the composite material and the absence of impurities
[19]. The size was determined using the Eq. (2),

D= KA 2

For CuO, the size was found to be 29.35 nm, whereas for
rGO/Cu0, it was 23.56 nm.
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Figure 1. (a, b) XRD of CuO and rGO/CuO.

3.2.SEM and TEM

The SEM image of CuO and rGO/CuO was displayed in Fig.
2(a, b). In Fig. 2(a), the SEM of CuO particles exhibits an
even distribution throughout the whole surface area of a
spherical form. Additionally, nearly vacant spaces are
observed within the compound, which could be attributed to
the synthesis process [20]. Fig. 2(b) illustrates an SEM image
of rGO/CuO, where the graphene sheet matrix is uniformly
decorated with CuO particles. The surface morphology
analysis further approves the practical synthesis of the
rGO/Cu0, as such uniform dispersion indicates the effective
integration of CuO onto the graphene layers. In Fig. 2(c), the
internal reveals well-defined spherical particles distributed
across the surface of the rGO sheets. The CuO are closely
packed and clustered, indicating strong interaction and
integration with the rGO matrix [21].
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3.3.EDX

EDX analysis of the synthesized rGO/CuO composite, in Fig.
3, displays prominent peaks for Cu, C, and O, confirming the
production of rGO/CuO via the reflux technique. The absence

Full scale counts: 172

Figure 2. SEM of (a, b) CuO, rGO/CuO and (c¢) TEM of rGO/CuO.
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of any additional peaks in the spectrum indicates the
composite's purity and validates the synthesis process's
effectiveness [22].
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Figure 3. EDX image of rGO/CuO.

3.4. UV-Vis spectroscopy and Bandgap

The UV studies and band gap analysis in Fig. 4. The
absorption spectra confirmed the Energy band gap using the
Kubelka Munk curve under Eq. (3) [44].

(1-R%

FR) =R

.(3)

(F(R)hV)? = C(RV — Ey) ... cee eee.. (4)

The plot of (F(R)hv)2 vs photon energy (hv) and the energy
band gap Eg are shown in Fig. 4. According to Eq (4), the
expression (F(R)hv)2 is used to determine the optical band
gap. From the band gap values shown in Fig. 4(a, b) (inset), it
has been noted that the CuO and rGO/CuO have band gaps of
4.78and 1.43eV [23].

3.5.FTIR
The C-O vibrations are responsible for the peak at 1117 cm? in
the rGO/CuO seen in Fig. 5. The peak shows the existence of
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Figure 4: (a, b) UV-Vis and (inset) Tauc's plot of CuO and rGO/CuO.

C-C bonds inside the GO sheets at 1566 cm ! O-H
vibrations are observed around 3389 cm !, though weak in
the rGO [24]. The peak at 882 cm ! is attributed to Cu-OH
bond vibrations, further confirmatory the successful
synthesis of rGO/CuO. The absence of CuO-specific peaks
and a peak at 432 cm 1, corresponding to Cu-O, validate that
CuO has been effectively into the rGO sheets [25].
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4.CONCLUSION

The green approach of CuO and rGO/CuO by means of the
reflux method has proven to be a practical approach for
producing nanomaterials with promising applications in
various fields. The characterization results confirm the
successful synthesis of well-defined CuO and rGO/CuO
particles with optimal sizes and surface morphologies. These
materials exhibit an extensive choice of potential uses,
particularly in photocatalysis, environmental remediation,
sensor, and corrosion resistance. Future work will optimize
the synthesis process and explore their execution for practical
purposes, such as wastewater treatment and energy devices,
to maximize their impact on sustainable technologies.
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