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ABSTRACT:

A facile synthesis of copper oxide decorated reduced Graphene oxide using
ultrasonication is reported here. This nanocomposite exhibit very high efficiency in

the reduction of p-Nitrophenol to the corresponding Amine. Different concentrations
of p-nitrophenol have been used to test the catalytic efficiency of prepared catalyst
with sodium borohydride and it is found that it is successfully reducing higher
concentrations of this compound.

1. Introduction

Similar to graphene, which has a hexagonal carbon
structure, graphene oxide (GO) is a precursor to
reduced graphene oxide. It comprises oxygen-based
functional groups as hydroxyl, alkoxy, carbonyl,
carboxylic acid, and others [1-6]. Furthermore, GO's
surface functionalization has created a multitude of
opportunities for its application in the development of
nano-composite materials. Due to its high conductivity,
graphene oxide (GO) has a broad variety of
applications in this field, such as drug transport,
electronics,  anticancer  properties, antibacterial
coatings, solar desalination, water purification, and
antibacterial coatings[7-15]. Doping graphene or
graphene oxide with metals or metal oxides can
improve its characteristics. In order to create an
effective nanocomposite with surface area and
effective catalytic activity, a variety of metal
nanoparticles have been doped on nanostructers [16—
17]. Furthermore, metals like Pd, Pt, Rh, and Ru are
doped on surfaces like graphene oxide to effectively
reduce  nitroaromatic-like  compounds  [18-20].
However, due to their high pricing and limited
availability, they are not frequently employed in the
chemical industry, which is a notable issue from an
economic perspective [21]. As a result, earth-abundant
elements including Cu, Co, Fe, Mn, and Ni might be
used in lieu of these pricey components as they are
readily available, less expensive, and exhibit
observable catalytic activity[22—-24]. To improve their

activities, hybrid catalysts with integrated nano-
catalysts and susceptible supports must be made
[25,26]. Increased catalytic properties are commonly
the consequence of the synergistic interactions between
the nano-catalysts and supports, like graphene oxide, in
nano-composite catalysts[27-29]. Despite being one of
the most significant raw materials utilised in many
sectors, including the chemical and pharmaceutical
industries, nitroaromatic compounds pose a threat to
the environment due to their teratogenic, carcinogenic,
and mutagenic properties[30,31, 32]. A common
chemical in industrial manufacture (e.q.,
agrochemicals, paper, dyes, medicines, etc.) is p-
nitrophenol (PNP).[33] is considered to be among the
most dangerous wastes and toxic substances that might
damage a living organism's kidney, liver, or central
nervous system. On the other hand, PNP reduction
yields p-aminophenol (PAP). The reduction of PNP to
harmless p-aminophenol (PAP) using NaBH4 as the
reducing agent has drawn a lot of attention among the
available techniques because of its simplicity, high
conversion efficiency, and significant industrial
relevance (PAP is frequently used as an intermediate in
the synthesis of analgesic and antipyretic drugs).[32,
33] It is important to acknowledge that the process of
synthesising PAP from PNP using individual NaBHy is
thermodynamically unstable and cannot proceed
spontaneously in the absence of an appropriate catalyst
[34, 35]. As a result, a wide range of metallic-based
nanomaterials, such as non-noble metals like Cu[39]
and Ni[39,40,41] and noble metals like Au[36],
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Ag[36], Pt [37,36], and Pb [37,38], have been
synthesised recently and have demonstrated
outstanding catalytic activity towards the reduction of
Nitro-aromatic compounds. Copper nanoparticles
(CuNPs) are widely utilised in heterogeneous catalysis
applications, such PNP reduction, because to their low
cost, superior electrical conductivity, and enhanced
stability.[42, 43, 44, 45]Yang et al. [45] state that
nanoscale metal particles with high surface energy are
often unstable and have a tendency to agglomerate,
which significantly shortens their catalytic life.
Because graphene oxide (GO) metals, such as copper
and its metal oxides, have the aforementioned
properties, we may utilise them to reduce a variety of
water  contaminants, including  nitro-aromatic
chemicals. In this work, the ultrasonication approach is
used to synthesise a graphene oxide nanocomposite
ornamented with copper oxide. Excellent catalytic
activity was demonstrated by the composite in the
reduction of p-nitrophenol.

2. Materials and Methods
The components used are purchased from Sigma-
Aldrich and are as follows: Graphite powder,
Potassium Permanganate, Sulphuric acid, Phosphoric
acid, Hydrogen Peroxide, Sodium Borohydride, 4-
nitrophenol(PNP).

Preparation of Metal Oxide decorated reduced
Graphene Oxide Nanoparticles :

200ml of distilled water and 1g of graphene oxide are
combined in a beaker. It was then Sonicated for ten
minutes. Subsequently, another beaker was filled with
400 mg of CuO and 100 ml of distilled water, and it
was sonicated for ten minutes. Following sonication,
20 mg of sodium borohydride was added to both
solutions. Almost four hours were spent stirring the
reaction mixture. Following that, it underwent filtering,
several ethanol washes, and 8 to 10 hours at 80°C in an
oven were needed to create Copper-decorated reduced
graphene oxide (rGO-CuO)(Figure-1)[46,47,48].

copper doped GO

< CuO

Figure 1- Synthesis of copper doped GO

Catalytic efficiency of copper doped GO: p-
nitrophenol was employed as a probe to assess the
synthesised material's effectiveness. In 10 millilitres of
distilled water, we dissolved 0.1 millimole of PNP for
the first set of catalytic reactions. Subsequently, the
solution was stirred continuously for ten minutes after
being mildly heated. The catalyst was then added to it.
Add 1 millilitre of distilled water containing dissolved
NaBH.. TLC was utilised to track the response's

% Degradation = 100 - —a

Where Ay is the initial absorbance (402 for 4-NP) and
Ay is the absorbance at different intervals of time (t).

3. Results and Discussion:

Catalytic Reduction Reaction of 4-nitrophenol

Nitrophenols can irritate eyes and cause skin necrosis.
In addition to these, it also affects the liver, muscles,
and kidneys. Reports state that adults who are exposed
to 1 gm of nitrophenols may die. Research on how 4-

1908

development. There were four different amounts of
catalyst loading: 5 mg, 10 mg, 15 mg, and 20 mg. In a
similar  vein, different amounts of sodium
borohydride—9 mg, 19 mg, 28.5 mg, and 38 mg—
were used. Equation 1 below was used to compute the
catalytic efficiency of degradation, which is 100%
when p-nitrophenol is used as 0.1 mmol and
0.25mmol.

A;+x100
0

NP negatively affects testicular function has also been
done in birds and mammals [31, 33]. Therefore, the
created catalyst rGO-CuO was used in this study to
catalyse the degradation of p-nitrophenol. We
employed three PNP concentrations (0.1 mol, 0.25
mol, and 0.50 mol), four sodium borohydride
concentrations (9.5 mol, 19 mol, 28.5 mol, and 38 mol,
respectively), and four catalyst loading levels (5 mg, 10
mg, 15 mg, and 20 mg) (fig-8). Below is the
optimisation table for the same.
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Scheme 1: Reduction of PNP

Table-1: Optimization table for reduction of PNP

p-nitrophenol Catalyst Time
0.1mmol Copper doped GO 45
0.1mmol Copper doped GO 17
0.1mmol Copper doped GO 15
0.1mmol Copper doped GO 10
0.1mmol Copper doped GO 7
0.1mmol Copper doped GO 6
0.1mmol Copper doped GO 13
0.1mmol Copper doped GO 11
0.1mmol Copper doped GO 10
0.1mmol Copper doped GO 8
p-nitrophenol Copper doped GO Time
0.25mmol Copper doped GO 59
0.25mmol Copper doped GO 56
0.25mmol Copper doped GO 31
0.25mmol Copper doped GO 17
0.25mmol Copper doped GO 21
0.25mmol Copper doped GO 14
0.25mmol Copper doped GO 36
0.25mmol Copper doped GO 21
0.25mmol Copper doped GO 17
0.25mmol Copper doped GO 11

The catalytic reduction of p-nitrophenol (PNP) is
carried out at room temperature using the optimisation
table 1 above, which includes varying PNP
concentrations, catalyst loadings, and sodium
borohydride concentrations. Thin Layer
Chromatography (TLC) was used to analyse the results
of the experiments, and we found that 0.1 mmol of
PNP is efficiently reduced with all catalyst loading and
all concentrations of sodium borohydride. The
minimum time was found to be observed with the set
0.1 mmol of PNP, 28 mg catalyst, and 38 mg Sodium
Borohydride. The reduction of 0.25 mmol of PNP was
done using various catalyst and NaBH. concentrations.

Using TLC, it was discovered that all PNP is reduced,
and that 20 mg of catalyst and 38 mg of NaBH.
resulted in the shortest reaction times in this series of
reactions. When the PNP concentration was finally
raised to 0.50 mmol, it was discovered that, even after
48 hours, the reduction of PNP was only 40% to 60%,
as indicated by the asterisks, with 5 mg and 10 mg of
catalyst and 9.5 mg and 19 mg of sodium boric acid.
On the other hand, the reduction was completely
realised and verified by TLC when the catalyst loading
was 15 mg, 20 mg, and Sodium Borohydride 28.5 mg
and 38 mg.

-H>,O @ +2e +H* ©
4-AP

NHOH

—O
4-NP

Scheme 2: Mechanism for PNP reduction to PAP using copper doped GO catalyst
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4, Conclusion

p-nitrophenol is a useful but hazardous chemical.
Higher concentrations of it can be toxic and hazardous
for human being and environment also. Higher
concentrations  of  p-nitrophenol are degraded
successfully using the prepared catalyst copper doped
GO with sodium borohydride and % degradation is
also evaluated. It is found that 0.1mmol and 0.25mmol
of p-nitrophenol is 100% reduced using prepared
catalyst.
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