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ABSTRACT

GREEN SYNTHESIS OF COPPER OXIDE
NANOPARTICLES (CuO NPs) USING ORANGE
(Citrus sinensis) PEEL EXTRACT AND THEIR
PHOTOCATALYTIC PERFORMANCE ON ROSE
BENGAL B DYE

CHAN YI MIN

Copper oxide nanoparticles (CuO NPs) are synthesized through green
synthesis, utilizing the natural phytochemicals present in orange (Citrus
sinensis) peel as green stabilizing and reducing agents. This synthesis route
offers several advantages, including higher sustainability, eco-friendliness,
lower cost, reduced generation of toxic chemical waste, and the utilization
of a renewable source of stabilizing and reducing agents in the synthesis
process. CuO NPs are synthesized using copper (II) nitrate trihydrate and
copper (II) acetate monohydrate as precursor salts, along with orange peel
extract (OPE) prepared using boiling, soaking, and maceration methods,
followed by calcination at 450°C and 500°C for 2 hours. The green-
synthesized CuO NPs were characterized by using various analytical tools
such as X-ray diffraction (XRD), field emission scanning electron
microscopy (FE-SEM), Fourier transform infrared spectroscopy (FTIR),
UV-Vis absorption spectroscopy (UV-Vis), and Energy Dispersive X-ray
(EDX). The effects of OPE preparation method, calcination temperature, and

type of precursor salt on green-synthesized CuO NPs were studied through

il



a comparison of characterization results of CuO NPs synthesized under
different conditions (type of OPE, type of precursor salt, and calcination
temperature). The optimized synthesis conditions for CuO NPs were
determined. The photocatalytic activity of OPE-mediated CuO NPs under
the optimized conditions was studied using an aqueous Rose Bengal B (RBB)
dye solution under an 18-Watt UV light, monitored with a UV-Vis
spectrophotometer. It was observed that 91.29% of RBB dye was degraded

in the presence of OPE-mediated CuO NPs under 18-Watt UV light.
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ABSTRAK

SINTESIS ZARAH NANO KUPRUM OKSIDA DENGAN
MENGGUNAKAN EKSTRAK KULIT OREN DAN
AKTIVITI FOTOKATALITIKNYA DENGAN RBB

CHAN YI MIN

Zarah nano kuprum oksida (CuO NPs) disintesis melalui sintesis hijau,
dengan menggunakan fitokimia semula jadi yang terdapat dalam kulit oren
sebagai agen penstabilan dan penurun semula jadi. Laluan sintesis ini
menawarkan beberapa kelebihan, termasuk kelestarian yang lebih tinggi,
kelestarian alam, kos yang lebih rendah, pengurangan pembentukan sisa
kimia toksik, dan penggunaan sumber penstabilan dan penurun semula jadi
yang boleh dioptimumkan dalam proses sintesis. CuO NPs disintesis
menggunakan garam prekursor kuprum (II) nitrat trihidrat dan kuprum (II)
asetat monohidrat, bersama-sama dengan ekstrak kulit oren (OPE) yang
disediakan menggunakan kaedah mendidih, merendam, dan maserasi,

diikuti dengan pengkalsinan pada suhu 450°C dan 500°C selama 2 jam. CuO

NPs yang disintesis secara hijau dicirikan oleh XRD, FE-SEM, FTIR, UV-
Vis, dan EDX. Kesan kaedah penyediaan OPE, suhu pengkalsinan, dan jenis
garam prekursor terhadap CuO NPs yang disintesis secara hijau dikaji
melalui pembandingan hasil karakterisasi CuO NPs yang disintesis dalam
keadaan yang berbeza (jenis OPE, jenis garam perentang, dan suhu

pengkalsinan). Keadaan sintesis yang dioptimumkan bagi CuO NPs



ditentukan. Aktiviti fotokatalisis CuO NPs yang dimediasi oleh OPE dalam
keadaan yang dioptimumkan dikaji menggunakan larutan pewarna RBB
yang akuatik di bawah cahaya UV 18-Watt, dipantau dengan
spektrofotometer UV-Vis. Diperhatikan bahawa 91.29% pewarna RBB telah
diuraikan dengan kehadiran CuO NPs yang dimediasi oleh OPE di bawah

cahaya UV 18-Watt.
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Chapter 1

INTRODUCTION

1.0 Background of study

Although public awareness of the importance of environmental
conservation has increased in recent years, it cannot be denied that
pollution has already made a significant impact on the environment and
continues to bring negative impacts on the environment, humans and
other living organisms alike. Water pollution stands out as one of the
most pressing issues requiring immediate action to prevent further
damage as water is a vital resource for the survival of all living organisms
on Earth. Major contributors to water pollution include large-scale
industrialization, agricultural activities, sewage water treatment, and
more (Lin et al., 2022). Dye pollution, in particular, poses a serious
threat to the environment, habitats, and human health, as dye molecules
often possess toxic and carcinogenic properties.

The Sungai Kim Kim incident that occurred in Johor, Malaysia, back
in 2019 showed how dye pollution would affect the air, water, soil, plants
and humans alike. The illegal dumping of concentrated dye waste into
the river body caused the formation of toxic hydrogen cyanide fumes
that easily travels with the wind, causing nearby residents to suffer from
varying degrees of poisoning, with symptoms of headaches and nausea.

This incident underscored the importance of proper dye effluent



treatment and the urgent need for effective dye removal agents or
catalysts. While various methods for dye effluent treatments are
available and used in the textile industry, such as dye adsorption,
chemical precipitation, chemical oxidation or reduction, and
electrochemical treatment, these methods often rely on the use of
chemicals or energy, leading to further waste generation.

This study focuses on green synthesis copper oxide nanoparticles
(CuO NPs) as a sustainable alternative for treating dye waste. It reduces
the reliance on excessive chemicals and energy which lowers the cost of
waste treatment. In a study conducted by Karuppannan et al. (2021),
green-synthesized CuO NPs from Cardiospernum halicacabum leaves
were able to degrade methylene blue solution with an efficiency of up to
93.6 % in 210 minutes. Another study involving the synthesis of CuO
NPs using Carica papaya leaves yielded CuO NPs capable of degrading
Coomassie brilliant blue dye R-250 with an efficiency of up to 25 % in
90 minutes. Additionally, green-synthesized CuO NPs using papaya peel
were capable of degrading palm oil mill effluent (POME) within 3 hours
with an efficiency of 66 % (Phang et al., 2021). While the application of
green-synthesized CuO NPs shows promise as a viable method for dye
waste treatment, further research is needed to make dye waste treatment
more sustainable and cost-effective while addressing both plant matter

and dye waste management issues.



1.1 CuO

Copper, one of the most abundant minerals on Earth's crust, has
historically been utilized in various forms for different purposes, such as
bronze or alloy products that were utilized in the form of cutlery, coins,
and bells (Royal Society of Chemistry, 2024). On the other hand, CuO
either in bulk form or nanoparticle form is a metal oxide that finds itself
with various functions being able to be applied in the various fields of
science. The wide application of CuO is contributed by the physical,
magnetic, and optical properties that make it an attractive material to be
utilized for catalysts, solar cells, gas sensors, and in field emission
(Phiwdang et al., 2013).

In recent years, copper oxide nanoparticles (CuO NPs) have emerged
as important semiconductors with diverse applications in chemical and
biological fields. CuO NPs typically exhibit a relatively narrow bandgap
of around 1.2 eV and possess antimicrobial properties, making them
attractive for numerous applications (Phiwdang et al., 2013). These
nanoparticles come in various nanostructures, including nanorods,
nanowires, nanoparticles, nanoneedles, and nanoflowers, with
nanoparticles being the most synthesized form of CuO NPs, often

through green synthesis methods (Phiwdang et al., 2013).



1.2 Green Synthesis of Nanoparticles

Green Chemistry is a field of chemistry that follows twelve
working principles to reduce or even eliminate the use and generation
of toxic substances that pose a threat to humans, animals, and the
environment in the manufacturing and synthesis of products.
Although chemical and physical synthesis still dominate the field of
nanomaterial synthesis in current times, it is slowly and gradually
being replaced by green synthesis, which reduces the use of toxic
chemicals, excessive energy, and high-end complex machinery in the
synthesis of nanomaterials (Ying et al., 2022). Green synthesis
emphasizes the reduction of toxic chemical use, lowering energy
consumption, reducing the involvement of high-end machinery, and
increasing the use of renewable and safe raw materials to ease the
synthesis process while maintaining sustainability (Singh et al., 2018;
Ying et al., 2022).

Green synthesis offers many benefits when compared to
conventional chemical and physical methods, as the process focuses
on following the principles of green chemistry which is to ensure the
synthesis process is non-toxic, environmentally friendly, cost
effective, energy efficient and pollution free (Ying et al., 2022).
Physical methods often require high-temperature and high-pressure
conditions in the synthesis process, while chemical methods usually
involve the use of toxic reagents and organic solvents to function as

end-capping materials. By utilizing plant materials that are already



rich in polyphenols, flavonoids, and other phytochemicals, these
natural sources can act as reducing agents and replace the need for
chemicals to reduce the metal ions during the synthesis process (Ying

etal., 2022).

1.2.1 Nanomaterials

Nanomaterials are a diverse class of materials with
sizes ranging from 1 to 100 nanometres, often classified by
their morphology and geometry. Nanomaterials currently
have found widespread applications across various fields
such as electronics, agriculture, and medicine due to their
small size and unique properties (Huston ef al., 2021).
Nanoscale metals and metal oxides exhibit physical and
chemical properties differing from their bulk counterparts
due to the small size effect, interface effect, and quantum
effect (Ying et al., 2022).

For example, titanium dioxide nanoparticles (TiO>
NPs) are a form of n-type semiconductor with high thermal
stability, high optical properties, and exhibits dielectric
properties which allows it to be used in photocatalysis, dye-
sensitized solar cell (DSSC), and lithium-ion batteries
(Amanulla and Sundaram, 2019). The UV absorption
capabilities of TiO> NPs made them popular in sunscreens,
paints to provide protection against UV rays present in

sunlight, or antimicrobial coatings that require a high

5



1.2.2

refractive index against sunlight (Amanulla and Sundaram,
2019). Similarly, zinc oxide nanoparticles (ZnO NPs) find
applications in electronics, sensors, and biomedical fields due
to their wide energy bandgap, semiconducting properties, and
biocompatibility (Doan Thi et al., 2020). The versatility and
tunability of nanometal oxides make them crucial
components in the development of advanced technologies
across diverse sectors. However, the distinctive properties of
nanomaterials also raise concerns regarding the potential
environmental and health impacts of conventional synthesis
methods, underscoring the necessity for comprehensive
studies to ensure their safe and sustainable use. This concern
has led to a growing interest in green synthesis as a

sustainable alternative for producing nanometal oxides.

Synthesis of CuO NPs

While CuO NPs have immense potential, their
commercial synthesis methods, including chemical
precipitation, reduction, electrochemical, hydrothermal,
microemulsion, and others, are often energy-intensive,
complex, and costly, requiring high-end machinery (Chan et
al., 2022). This conventional synthesis route possesses
sustainability challenges as they often incorporate the use of
non-ecological solvents, toxic chemicals, or organic solvents

such as ethylene glycol (Siddiqui et al., 2019).



In contrast, green synthesis methods using plant
materials or waste offer a sustainable alternative. These
methods can produce CuO NPs with higher lifespan,
conversion rates, and scalability, addressing the limitations of
conventional synthesis approaches (Chan et al., 2022; Ying
et al., 2022). By harnessing natural resources and waste
materials, green synthesis not only reduces environmental
impact but also offers a cost-effective and scalable solution
for CuO NP production. Continued research in green
synthesis techniques holds promise for advancing the
sustainable production of CuO NPs, unlocking their full
potential for various applications while minimizing their

environmental footprint (Ying et al., 2022).



1.3 Orange peel

Orange, scientifically known as Citrus sinensis, is a nutritious citrus
fruit abundant in vitamin C, folate, and fiber, making it commercially
available year-round. The fruit is also packed with various flavonoids
and carotenoids, which contribute to its distinct orange colour and aroma
(Kubala & Arnarson, 2023). Despite being one of the most sought-after
fruits globally, more than 40 % of the fruit is typically considered waste

due to the inedible peel, seeds, albedo, and pulp (Zhou, 2023).

Similar to the flesh of the fruit, the orange peel is rich in components
such as pectin, cellulose, and hemicellulose, as well as other flavonoids
and carotenoids (Ahmadi et al., 2014; Kubala & Arnarson, 2023).
Constituting up to 20 % of the orange fruit, the peel is abundant in
flavonoids, organic acids, polyphenols, natural pigment molecules,
essential oils, and pectin (Miera et al., 2023). According to a study by
Manthey and Grohmann (1996), six flavonoids could be isolated from
Valencia, Navel, Amber sweet, and Temple orange peels in higher
concentrations, including narirutin 4’-O -glucoside, eriocitrin, naurirutin,
and hesperidin. In the study conducted by Liew and his collaborators
(2018), three general categories of phytochemicals (phenolic acid,

organic acid, and flavonoid) were isolated from orange peel extract.



Table 1: Phytochemical content in Citrus sinensis peel retrieved from

(Liew et al., 2018)

Phenolic acid Gallic acid, Protocatechuic acid, 4- 4-

hydroxybenzoic acid, Caffeic acid, Ferulic acid

Organic acid Lactic acid, Citric acid, L-mallic acid, Kojic acid,

Ascorbic acid

Flavonoid Catechin, Epigallocatechin, Vitexin, Rutin,

Luteolin, Apigenin
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Figure 1: Structure of Narirutin 4’-0- glucoside
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Figure 2: Structure of Eriocitrin
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Figure 4: Structure of Hesperidin

These flavonoids are rich with phenolic hydroxyl groups allowing
for the orange to poses antioxidant and anti-inflammatory properties and
act as green stabilizing and reducing agent in green synthesis process
(Aminuzzaman et al., 2018; Kubala & Arnarson, 2023). The abundance
of valuable compounds in orange peel underscores its potential as a
valuable resource rather than just waste left to rot in dumpsites. Once
extracted, these compounds can be applied in the manufacturing of
various products that poses health benefits which leaves a positive

advancement in waste reduction of the citrus industry.
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1.4 Dye

In the current world of fast fashion, dye is an essential part of the
industry to produce vibrant coloured textiles, cloth, and threads to be
made into clothing, accessories, and fabric to be sold to eager consumers.
Due to the high demand for vibrant coloured fabric, the textile uses high
volumes of synthetic dyes in the process of dyeing fabric which is highly
toxic. Though dye molecules would bind to the fabric fibres to give
colour to the dyed fabric, the dye molecules that did not bind tightly to
the fabric would be discharged as dye effluent with wastewaters into
rivers, lakes, streams, ponds even to the ocean when traveling in moving

bodies of water (Al-Tohamy et al., 2022).

1.4.1 Impact of dye on the environment

The main form of pollution often associated with dye is water
pollution as much dye water are often discarded in the form of dye
effluent water into bodies of water near the processing or
manufacturing factories (Lellis et al., 2019; Liu, 2020). Dye
molecules are complex, non-biodegradable, and often used in very
high concentrations giving a highly saturated colour to the
wastewater if not treated prior to disposal, it would pollute the water
body and change its colour (Liu, 2020). The wastewaters produced
by the textile industry often contains high concentrations of heavy

metals (mercury, cadmium, lead) as well as dye molecules such as
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