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ABSTRACT

GREEN SYNTHESIS, CHARACTERIZATION OF COPPER(Il) OXIDE

NANOPARTICLES AND THEIR PHOTOCATALYTIC ACTIVITY

LEONG MEI KEI

The properties of matter at nanometer scale level are significantly different
from their macroscopic bulk properties. Nanomaterials such as metal
nanoparticles, carbon nanotube, metal nanowires are viewed as fundamental
building blocks for nanotechnology. Metal nanoparticles are presently applied
in different fields such as electronics, biotechnology, chemical and biological
sensors, DNA labeling, drug delivery, cosmetics, catalysis, environmental
remediation, coatings and packaging. Up to now, various physical and
chemical methods, have been developed for the synthesis of nanoparticles.
However, these methods employ toxic chemicals as reducing agents, organic
solvents, or nonbiodegradable stabilizing agents and are therefore potentially
dangerous to the environment and biological systems. Moreover, most of these
methods entail intricate controls or nonstandard conditions making them quite
expensive. Thus, there is a need for “green chemistry” that includes a clean,
nontoxic, and environment-friendly method of nanoparticle synthesis. In this

study, CuO NPs are synthesized by using Cavendish banana peel extract (BP



extract) as a reducing agent and stabilizing agent. BP extract was prepared with
deionized water by heating for 10 minutes and filtered twice, copper nitrate
trihydrate was added into the BP extract with continuous boiling until brown
precipitate is obtained. Reduction process can be observed with colour change
from blue to green. Brown precipitate will be heated in furnace at 400°C for 3
hours. XRD, SEM, FT-IR, EDX and PSA have been used for the
characterization of CuO NPs. The photocatalytic activity of CuO NPs has been
investigated by degradation of Congo red and Malachite green dye in aqueous
solution with exposure to sunlight. The extent of dye degradation by CuO NPs

is monitored by using UV-visible spectrophotometer.



ABSTRAK

SINTESIS DAN PENCIRIAN NANOPARTIKEL KUPRUM(Il) OKSIDA

DAN AKTIVITI FOTOKATALITIK-NYA

LEONG MEI KEI

Pencirian pada skala nanometer adalah jauh berbeza daripada sifat pukal
makroskopik mereka. Bahan nano seperti nanopartikel logam, tiub nano karbon,
nanowayar logam dilihat sebagai blok binaan asas bagi teknologi nano.
Nanopartikel logam masa ini digunakan dalam pelbagai bidang seperti
elektronik, bioteknologi, kimia dan sensor biologi, pelabelan DNA,
penyampaian ubat, kosmetik, pemangkinan, pemulihan alam sekitar, pelapis
dan pembungkusan. Sehingga kini, pelbagai kaedah fizikal dan kimia, telah
dibangunkan untuk sintesis nanopartikel. Walau bagaimanapun, kaedah ini
menggunakan bahan kimia toksik agen penurunan, pelarut organik, atau agen
penstabil, oleh itu berbahaya kepada alam sekitar dan sistem biologi. Selain itu,
sebahagian kaedah ini memerlukan kawalan yang rumit atau keadaan yang
tidak mengikut piawaian menjadikan mereka agak mahal. Oleh itu, keperluan
untuk "kimia hijau" yang merangkumi kaedah yang mudah, kurang toksik, dan
mesra alam sintesis nanopartikel semakin mendapat perhatian. Dalam kajian ini,
nanopartikel kuprum oksida disintesis dengan menggunakan ekstrak kulit

pisang jenis Cavendish (ekstrak BP) sebagai agen penurunan dan agen



penstabil. Ekstrak BP telah disediakan dengan air ternyahion dengan
pemanasan selama 10 minit dan ditapis dua kali, kuprum(ll) nitrat trihidrat
ditambah ke dalam ekstrak BP dengan pemanasan berterusan sehingga pes
coklat diperolehi. Proses penurunan dapat dilihat menerusi perubahan warna
dari biru ke hijau dan pembentukan pes coklat. Pes coklat akan dipanaskan di
dalam relau pada 400 ° C selama tiga jam. XRD, SEM, FT-IR, EDX dan PSA
telah digunakan untuk pencirian nanopartikel kuprum(ll) oksida. Aktiviti
fotokatalitik nanopartikel kuprum(ll) oksida telah diperiksa dengan degradasi
pewarna merah congo dan hijau malachite dalam larutan akueus di bawah
penyinaran cahaya matahari. Tahap degradasi oleh nanopartikel kuprum oksida
telah dipantau dengan menggunakan spektroskopi ultra lembayung-cahaya

nampak.
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CHAPTER 1

INTRODUCTION

1.1 Background of study

The Greatman Richard Feynman (American physicist, 1918-1988) was the first
scientist who raised a discussion on atomic scale technology. In 1959, Richard
Feyman delivered a speech entitled “There’s Plenty of Room at the Bottom”
which emphasized on the problem of controlling things on small scale. In 1974,
Professor Norio Taniguchi (1912-1999) coined the term “nanotechnology” to
describe precision machining materials on nanometer dimensions. In the 1981s,
IBM scientists invented the scanning tunnelling microscope which can create
images of the individual atoms. Invention of scanning tunnelling microscope
has become one of the significant milestones for nanotechnology development.
In 1986 atomic force microscope was invented to measure and manipulate size
of materials at nanometer scale. Dr K. Eric Drexler published his first book:
Engines of Creation: The Coming Era of Nanotechnology. In the late twentieth
century, usage of nanotechnology in medical sciences and engineering has
becoming more and more prevalent. Because of its technological and
economical values, nanotechnology has been penetrated as a key industry after

2002-2003. (Roco, 2011)



Nanoscience and nanotechnologies are the newly arisen interdisciplinary
approaches to research and development related to the manipulation of
fundamental structure and matter’s behaviour at atomic and molecular levels.
(International  Iberian  Nanotechnology Laboratory, n.d.). In fact,
nanotechnology can be defined as the study and control of materials whose
particles size lie between 1-100 nm at any of their dimensions. Emergence of
nanotechnology as a rapid growing sector with its widespread applications in
both science and technologies areas has attracted a lot of researches from many
other fields. Materials that reduced to nanoscale are unique as they exhibit
optical, electronic, magnetic, physical and chemical properties that are totally
different from bulk materials. The properties of nanomaterials change
considerably as particles size vary. There is a size scale called quantum effects
that govern the behaviour and properties of the nanoparticles whereas for bulk

materials, physical properties will not be affected by its size.

1.2 Nanoparticles

Nanoparticles can be formed by two approaches: top-down (comminution and
dispersion) or bottom-up (nucleation and growth). (Ramsden, 2009) Top-down
approach is making use of the starting bulk materials of the same materials that
going to be synthesized and applying energy to break down the large materials
into smaller fragments. Sources of energy can be mechanical, thermal or
chemical. However, there is an disadvantage associated with this method

whereby this will be creating particles with wide size distribution. To



overcome this, Bottom-up method was introduced as it is considered simpler
and more favourable in synthesizing nanoparticles in size less than 100 nm
whereby it was like building the atoms one by one, first started with a simple
metal salt, slowly converts it from ions to elemental atoms by chemically
eventually clumped and grown in the form of nano-size particles. The

synthesizing process was illustrated as below:
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Figure 1.1: Top-down and Bottom-Up approaches in synthesizing

nanoparticles. (Habiba, et al., 2014)

In fact, nanoparticles do exhibit special properties which are
significantly different from their bulk materials. In terms of physical properties,
nanoparticles are having larger surface area compared to those of macroscale
materials which making them to exhibit lower melting point. For instance, gold

nanoparticle melts at approximately 300°C for particle size of 2.5 nm which is



lower than its bulk substitute that melts at 1064°C. On the other hand,
nanoparticles possess optical properties due to the quantum effects and their
ability in confining electrons. Gold nanoparticles change from deep red to
black when it is in solution, bulk gold appears in yellow colour. Another
significant physical property that makes nanoparticles so special is their ability
to form suspension. Formation of suspension is possible by strong interaction
between particle surface and solvent to overcome the density difference of the
two mediums meanwhile suspension in bulk material is not favorable where it

may be either sinking or floating in the solution.

With the use of nanotechnology, more advanced and improved goods are
produced by taking advantage of modifying the materials at nanoscale as
physical properties of nanomaterials are size-dependent. Nanoparticles are now
utilized and exploited for a potential use in medicine, environment, food, heavy

industry and consumer goods as shown in Table 1.1.



Table 1.1: Applications of nanoparticles. (Progetti, 2016)

Fields

Medicine

Environment

Food

Heavy industry

Consumer goods

Applications
- as a drug deliver to targeted cells.
- nanoparticles carry chemotherapy drugs to the
infected cancer cells so that it will not cause any
damage to healthy cells.
- used for removal of traces of metal (copper, lead and
mercury) and biological substances (viruses, parasites
etc).
- commonly used in wastewater treatment due to its
high surface area to volume ratio. (Tiwari, Behari and
Sen, 2008)
- applied on manufacturing, processing and packaging
of food.
- nanocomposite coating used to improve mechanical
and heat resistance.
- nanotech materials used in aircraft manufacturing, to
decrease fuel consumption due to its lightweight and
toughness.
- nanocoating helps to protect the surface of aircraft
from unfavourable weather condition.
- Titanium dioxide (TiO,) and zinc oxide (ZnO)
nanoparticles are incorporated in many sunscreen
products because of their excellent UV blocking

properties. (Kessler, 2011)



1.3 Metal nanoparticles, Copper(11) oxide, CuO

Metal oxides are the most diverse group in chemistry as their special
properties covered nearly all aspects in both science and technology. Among
various metal oxides, transition metal oxides are the most technologically
advanced and economically attractive. (Kung, 1989) Copper oxides
nanoparticles (CuO NPs) are of interest because it is simple, high stability,
relatively more cost effective than other metals like gold and silver, stable over
a wide range of pH and high temperature resistance. CuO NPs is one of the
metal oxides which were found to be extremely useful in wide variety of
applications due to their uniqueness. CuO NPs were extensively utilized as
antimicrobial agent (Ren, et al., 2009), photocatalyst (Katwal, et al., 2015),
solar cells (Kidowaki, et al., 2012), lithium ion battery (Thi, et al., 2014) and

gas sensor (Zhang, et al., 2011)

1.4 Synthesis of CuO NPs

Copper oxide nanoparticles can be synthesized by various chemical
methods such as sol-gel method (Etefagh, Azhir and Shahtahmasebi, 2013),
precipitation (Phiwdang, et al., 2013), hydrothermal synthesis (Outokesh, et al.,
2011), chemical reduction, thermal decomposition, electrochemical method
(Ghorbani, 2014) and wet chemical method. (Joshua, et al., 2014)
Conventional chemical methods for nanoparticles synthesis are associated with

various disadvantages such as expensive, involved the use of chemicals, time



consuming and pose environmental threats by generating toxic solvent and
waste products (Zhou, et al., 2010) which leads to a growing need to develop
greener, environmentally friendly approach in synthesizing the metal
nanoparticles. (Khalil, et al., 2014) It has been reported that many of the
biological systems such as bacteria, fungi, algae, plants and human cells can be
used to convert metal ions into metal nanoparticles. (Makarov, et al., 2014)
According to the 12 principles of green chemistry, synthesis of nanoparticles
by using plant extract and microorganism has an advantage over conventional
methods. (Devi and Singh, 2014) This approach provides a safer alternative to
produce nanoparticles with desired physical and chemical properties. However,
there are certain limitations to be taken note of during synthesis part as
different synthesis methods could give different types of nanoparticles. Firstly,
the size and shape of nanoparticles formed depends on the types of green
synthesizer used, different amount of extract used, experiment parameters and
these factors could lead to subsequent changes in nucleation process and
number of functional groups deposited on the existing nanoparticles surface to
avoid agglomeration. Tables 1.2 and 1.3 listed out the use of various plants and

microorganisms used in synthesizing metal nanoparticles.



Table 1.2: List of different metal nanoparticles synthesized from various plant

extracts.

Plant materials

Synthesized

nanoparticles

References

Medicago sativa (leaf Ag (Gardea, et al., 2003).

extract)

Geranium indicium (leaf Ag (Shankar, et al., 2003).

extract)

Carica papaya (callus Ag (Mude, et al., 2009).

extract)

Avena sativa (biomass) Au (Armendariz, et al.,
2004).

Aloe vera (leaf extract) Au (Chandran, et al., 2006).

Alfa alfa (powder milled) Fe (Herrera-Becerra, et al.,
2008).

M. kobus (leaf extract) Cu (Lee, etal., 2011).

T. procumbens (leaf Cu (Gopalkrishnan, et al.,

extract) 2012).

Physalis alkekengi (plant Zn (Qu, etal., 2011).

extract)

Anacardium occidentale Pd (Sheny,  Philip and

(dried leaf powder)

Mathew, 2012).




Table 1.3: List of different metal nanoparticles synthesized from various

microorganisms.

Microorganisms

Synthesized

nanoparticles

References

Sargassum wightii Au (Li, etal., 2011).

Rhodococcus sp. Au (Ahmad, et al,
2003).

Escherichia coli Au (Du, et al., 2007).

Yarrowia lipolytica Au (Agnihotri, et al.,
2009).

Brevibacterium casei Ag, Au (Kalishwaralal, et
al., 2010).

Trichoderma viride Ag (Mohammed, Balaji
and Venkatesan,
20009).

Shewanella algae Pt (Konishi, et al.,
2007).

Enterobacter sp Hg (Sinha and Kbhare,
2011).

Shewanella sp Se (Lee, et al., 2007).

Desulfovibrio desulfuricans Pd (Lloyd, Yong and

Macaskie, 1998).




Green synthesis of nanoparticles has been accomplished by making use of
plant extract as an eco-friendly and natural resource functions as reducing
agent as well as capping agent. In this project, synthetic pathway of CuO NPs
was carried out by using Cavendish banana peel. Nowadays, fruit peels are
commonly used as a natural source containing high content of antioxidants and
phytochemical constituents which are highly active in free radical scavenging
activity. These components will be responsible for reducing the metal salt to
metal and further oxidized in air to metal oxide nanoparticles. Banana peels are
the major agriculture waste resulted from food waste as people thrown the peel
away after consumed the pulp, it also applied in soap making, leather
processing and medicine. More importantly, banana peels are found to be a
source of antioxidants and phenolic compounds, for example, gallocatechin
(Someya, Yoshiki and Okubo, 2002) and dopamine (Kanazawa and Sakakibara,

2000).

1.5 Photocatalytic activity of CuO NPs

In this study, CuO NPs will be used as a photocatalyst for photodegradation of
commercial dye solution which utilizing sunlight energy as a natural energy
supply. CuO NPs is a well-known p-type conductor along with narrow band
gap of 1.2 eV. (Yao, et al., 2010) Basically, photocatalytic activity of CuO NPs
was being evaluated by measuring extent of dye solution being degraded. The

possible mechanism of dye degradation was proposed as follows:

10



CuO + hv -» e~ (CBCuO) + h* (VBCuO) (1.1)

e~ (CBCu0) + 0, » 0; + H* - HO; (1.2)
HO3 + 0; + HY - H,0, + 0, (1.3)
HO; + e (CBCuO) —» OH™ + H* (1.4)
H,0, + hv. — 2 OH" (1.5)
h* (VBCuO) + H,0 — H* + OH" (1.6)
h* (VBCuO) + OH- — OH" (1.7)
OH* + dye molecules —» CO, + H,0 (1.8)

Figure 1.2: A series of photodegradation equations of dye molecules by CuO

NPs. (Wei, et al., 2013; Sharma and Sharma, 2012; Katwal, et al., 2015)

hv
02
Photo-oxidation —
02 / _ - bH-
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s e et
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Photo-reduction -
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Figure 1.3: Illustration of photocatalytic degradation process of CuO NPs.

(Sharma and Sharma, 2012; Saikia, et al., 2015)

11



In the photocatalytic reaction, CuO as a semiconductor material will absorb the
sunlight energy equal or higher than its band gap energy thus leading to the
excitation of electron from valence band (VB) to the conduction band (CB). As
a result, a vacancy was created at valence band which labelled as h* while
excited electron at conduction band was symbolized as e". Pair of electron (g)
and hole (h*) was generated. This stage is called photo-excitation stage. The
vacancies (holes) react with water to form hydroxyl radicals (OH'). At the same
time, electrons react with oxygen to form a series of oxidizing species like
super oxide anion, hydrogen peroxide and hydroxyl radicals. The cycle will

continue in the presence of sunlight.

1.6 Objectives

1. To synthesize CuO NPs using Cavendish banana peel extract (BPE) by

green synthetic pathway.

2. To characterize CuO NPs wusing Fourier Transform Infrared
Spectrometer (FT-IR), X-Ray Diffraction (XRD), Scanning Electron
Microscopy (SEM), Energy Dispersive X-Ray Spectroscopy (EDX) and

Particle Size Analyser (PSA).

3. To evaluate photocatalytic activity of CuO NPs in the degradation of
Congo Red (CR) and Malachite green (MG) dye solution under solar

irradiation.
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CHAPTER 2

LITERATURE REVIEWS

2.1 Nanoparticles, CuO NPs

Nanotechnology is one of the branches in science and technology fields which
utilize the materials in the size of 1-100 nm which come with different shapes
such as spherical, rods, ribbons, platelets and belt. Copper oxide is a compound
of two copper and an oxygen element. Copper oxide can be referred to as
tenorite (CuO) and cuprite (Cu,0). (Alabi, et al., 2013) CuO NPs are
categorized under monoclinic structure system. (Suleiman, et al., 2013) CuO
NPs exhibit optical, electrical, mechanical and catalytic properties leads to
applications in the field of superconductors, catalysis and ceramic as an
inorganic material. The high surface-to-volume ratio property leads to
possession of unique chemical and physical properties which makes them so
different from the micro or bulk size materials. This is because the size of
nanoparticles are much more smaller than the bulk materials, large surface area
could give efficient adsorption of organic dye molecules in the first stage of
dye removal. It was proven that nano-sized copper oxide shows superior
catalytic activity as compared to ordinary copper oxide. Meanwhile different
shapes and sizes of nanoparticles are exploited in different uses accordingly.

For instance, copper oxide nanofluids found out to be having 12.4 % higher
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thermal conductivity relative to deionised water (Manimaran, et al., 2013),
while various nanocrystallite shapes of CuO giving different catalytic reactivity
in oxidizing process of CO. Effect of different shapes of CuO was investigated
as nanoplatelets are more easily being reduced where it convert CO to CO, at
77°C and 134°C. On the other hand, conversion of CO by nanobelts and
nanoparticles happened at higher temperature 90°C and 194°C. (Yao, et al.,

2005)

2.2 Green synthesis of CuO nanoparticles

Due to the wide applications in diverse branches of advanced scientific fields,
more and more researchers have been focused on the synthesis of CuO NPs in
different routes. The brief review of synthesis of CuO NPs was described as
below. Metal salt of corresponds metal nanoparticles going to be synthesized
was chosen as the precursor in preparation of nanoparticles. They were reduced
to metal ions in the presence of bioactive functional groups present in the

natural sources (acting as a natural reducing agent).

Figure 2.1 illustrated various environmentally benign materials like plant
extracts (stem, flowers, seed, root, and fruits), bacteria, fungi and enzymes are
employed in synthesis pathway of metal nanoparticles for the purpose of eco-
friendliness and utilized for pharmaceutical and other biomedical applications

as it is free of toxic chemicals. (Jain, et al., 2009)
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Figure 2.1: Biosynthesis and applications of metal nanoparticles. (Singh, et al.,

2016)

2.2.1 Nanoparticles synthesis using plant extract

Phytonanotechnology has become an upcoming new area of research for

biological synthesizing method of metal nanoparticles. Plant extract is far more

advantageous with the present of functional components in plants which can be

used as a reducing agent and capping agent as well. This is a better method as

they give excellent manipulation on controlling the particle size growth thus

provide considerably stabilization during synthesizing process. (Prasad, 2014)

By making use of plant extract, specific nanoparticles with desired size and
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shape can be designed for wide variety of nanotechnological applications.
Various parts of the plants can be used for synthesis of metal nanoparticles
including leaves, stems, roots and seeds. It has been reported that the
phytochemicals, primary and secondary metabolites are well known as natural
resources that responsible for metal salt reduction. (Baker, et al., 2013) The
degree of accumulation of metal nanoparticles is influenced by the reducing
power of the plant extract with the reacting metal ion’s oxidation state. Figure

2.2 showed the process of synthesis and characterization of nanoparticles.

plant react with
extract metal salt

hY

T ™

bioreduction

application

{ characterization

Figure 2.2: Flow chart of nanoparticles synthetic pathway using plant as green

source. (Sen, Prakash and De, 2015)

Naika, et al., 2015 reported the synthesis of copper oxide nanoparticles by
using Gloriosa superba L. extract. 1 mL of Gloriosa superba L. leaves extract
was added to cupric nitrate with small amount of distilled water. The mixture
was stirred constantly and heated in furnace at 400°C. CuO NPs was formed

within 3-4 minutes.
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Figure 2.3: Gloriosa superba L. (Choudhary, 2016)

In this review, effect of different concentration of plant extract on the size and
structure of particles were evaluated. It has been proven that structure of
particle is not affected by amount of plant extract used. From the XRD result,
the particles were monoclinic in nature while SEM image showed that the
shape of particles is spherical in shape which indicates that the particles were
uniformly distributed. In addition, TEM image revealed that CuO nanoparticles

were found out to be in the range 5-10 nm.

(a)

Absorbance, au.

400 500 600
Wavelength(nm)

Figure 2.4: (a) UV-Vis spectra of CuO NPs of different amount of plant extract

used. (b) SEM and (c) TEM images of CuO NPs. (Naika, et al., 2015)
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Another research by Jayalakshmi and Yogamoorthi, 2014, they are using
flower of Cassia alata to synthesis CuO NPs, Cassia alata L. is belong to

family Fabaceae which reported to have phytochemical activity.

Figure 2.5: Cassia alata L. (Jayalakshmi and Yogamoorthi, 2014)

Cassia alata has been analysed to contain active anthragquinones such as rhein,
emodin, physcion and flavonoid. (Chatterjee, 2013) Furthermore, Akthar,
Birhanu and Demisse, 2014 also reported that the preliminary phytochemical
screening test on this plant showed the presence of anthraguinone, sapoin,
phenolic compounds and flavonoids. All of these can act as bioreductant in
nanoparticles synthesis. SEM scanning showed the size was 110-280 nm and
the surfaces of particles were rough. Other than that, UV-Vis spectroscopy was
used to characterize the nanoparticles as well. As a result, a single broad peak
was obtained at 263 nm. XRD analysis was done to observe the crystalline

cubic phase of monoclinic copper oxide.
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Figure 2.6: XRD spectrum of copper oxide nanoparticles (left) and SEM
images of copper oxide nanoparticles (right). (Jayalakshimi and Y ogamoorthi,

2014)

A study by Kumar, et al., 2015, reported the use of aloe vera leaf extract for
green synthesis of nanoparticles. Aloe vera is a therapeutic plant that can be
used for medicinal purposes for treatment of human disease. As findings from
Raphael, 2012, aloe vera was found out to be abundance with phytochemical
constituents such as tannins, flavonoids, terpenoids and alkanoids that can be
fully utilized as bio-reductance. This hypothesis was supported by Dinesh,
Patel and Dhanabal, 2012, claiming that aloe vera contains huge amount of
phenolic compounds, glycosides, 1,8-dihydroxyanthraquinone derivatives
(emodin) and beta-1,4 acetylated mannan. CuO NPs were characterized by FT-
IR, SEM-EDS, XRD, TEM and UV-Vis spectroscopy. As from the IR
spectrum, peaks appeared at 529 and 350 cm™ can be assigned to CuO
vibrations. Two strong resonances in UV spectra were showed between 265 nm
to 285 nm. Formation of CuO NPs was confirmed by appearance of another

weak broad peak at about 670 nm. Furthermore, XRD spectrum indicated
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monoclinic structure of CuO NPs and estimated crystalline size was about 22
nm. On the other hand, agglomeration and overlapping of particles were
observed on SEM image giving a particle size of 100 nm approximately. Thus
synthesized CuO NPs was being subjected to TEM to obtain an exact particle
size of each of the single particle alone. As a result, CuO NPs was found out to

be in the range of 20-30 nm.
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Figure 2.7: (a) UV-Vis spectra and (b) FTIR spectra of CuO NPs. (Kumar, et

al., 2015)

Figure 2.8: (a) SEM and (b) TEM images of CuO NPs synthesized using Aloe

vera extract. (Kumar, et al., 2015)

20



Another research on synthesis of CuO NPs by using Bifurcaria bifurcata, a
brown alga and their antimicrobial activity was done by Abboud, et al., 2014.
CuO NPs were further studied for antimicrobial activity against Enterobacter
aerogenes (gram-negative) and Staphylococcus aureus (gram-positive).
Bifurcaria bifurcate was found to be having excellent antioxidant activity with
the presence of phenolic compounds. (Zubia, et al., 2009) Synthesized CuO
NPs was confirmed by many techniques such as UV-visible spectroscopy,
XRD, TEM and FT-IR. As shown by comparison UV-Vis spectrum, a control
(brown alga extract) having two peaks at 245 nm and 290 nm correspond to
diterpeniods compounds this related to previous studies by (Daoudi, et al.,
2001); (Munoz, Culioli and Kock., 2012); (Combaut and Piovetti, 1983); (Valls,
et al., 1993); (Culioli, et al., 2004) stating that acyclic diterpenes was found
abundance in Bifurcaria bifurcata species. On the other hand, the UV-Vis
spectrum for mixture of copper sulphate and brown alga extract showed two
strong peaks at 260 nm assigned to cuprous oxide nanoparticles and 650 nm
assigned to cupric oxide nanoparticles. TEM illustrated the size and shape of
single nanoparticles itself. It was observed that mostly are in spherical shape
and a few exist in rod shape. The particle size was in the range of 5-45 nm.
XRD pattern implied that there are mixture of monoclinic cupric oxide (CuO)
and cubic cuprous oxide (Cu,0). FT-IR spectra of Bifurcaria bifurcata and
CuO NPs were compared. Disappearance of C=0 band at 1730 cm™ indicates
the reduction of copper ions has been taken place by diterpenoids presence in
Bifurcaria bifurcata. This was in accordance with UV-visible spectra discussed

earlier.
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Figure 2.9: (a) UV-vis comparison spectrum of Bifurcaria bifurcata extract and
CuO NPs, (b) FTIR spectrum, (c) XRD pattern analysis and (d) TEM image of

CuO NPs. (Abboud, et al., 2014)

2.2.2 Nanoparticles synthesis using fruit extract

Citrus juices are well known to contain numerous bioactive compounds such as
phenolics, flavonoids, vitamins and essential oils that responsible for
antioxidative, anti-inflammatory and antimicrobial activities. (Oikeh, et al.,
2016) This finding was similar to the research done by Mathew, Jatawa and
Tiwari, 2012 declared that extract of lemon pulp has high content of alkaloids,
tannins, reducing sugars, phenols and flavonoids. CuO NPs have been

synthesized by using citrus limon juice and studied on its application as
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nanosorbent for Cr(IV) remediation. (Mohan, et al., 2015) According to the
research, synthesized CuO NPs was interpreted by UV-Vis absorption

spectroscopy as shown.
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Figure 2.10: UV-vis spectra of synthesis of CuO NPs from lemon extract.

(Mohan, et al., 2015)

The spectra were recorded at two different time intervals (after 1 hour and 2
hours) during the first stage of synthesis and followed by annealing for another
2 hours to convert the Cu,O NPs to CuO NPs completely. On the other hand,
SEM image showed the particles were all uniformly distributed with spherical
shape and TEM image revealed the average particles size was in the range of 5-
20 nm. A XRD pattern of CuO NPs was observed and determined the average

crystalline size of CuO NPs was 94.1428 A,
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Figure 2.11: (@) SEM image, (b) TEM image and (c) XRD pattern of

synthesized CuO NPs. (Mohan, et al., 2015)

2.2.3 Nanoparticles synthesis using microorganisms

The approach for green synthesis of metal oxide nanoparticles using
microorganism have attract a lot of attention due to its non-toxic, environment-
friendly aspects. (Chowdhury, Basu and Kundu, 2014) E.coli extracts have
been utilized in biosynthesis of copper oxide nanoparticles. (Ghorbani, Fazeli
and Fallahi, 2015) As the result obtained, a broad absorption peak was seen at
around 365 nm which served as an evidence of formation of CuO NPs.

Moreover, SEM and DLS were used to characterize the particle size of
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nanoparticles. DLS illustrated the average size was approximately 5 nm
meanwhile SEM analysis displayed the shape of the particles were mainly in

spherical shape.
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Figure 2.12: (a) UV-vis absorption spectra, (b) particle sizes distribution based
on DLS analysis and (c) SEM image of CuO NPs using extract of E.coli.

(Ghorbani, Fazeli and Fallahi, 2015)

Cuevas, et al., 2015, proposed biosynthesis of copper and copper oxide
nanoparticles by Stereum hirsutum. The aim of this study is to investigate the
capability of mycelium-free extract formed by Stereum hirsutum in
synthesizing CuO NPs with different copper salts at different pH conditions.
Synthesized CuO NPs were characterized by UV-visible spectroscopy, TEM,
XRD and FT-IR. TEM result showed the nanoparticles were in all
monodispersed state, spherical in shape with particle size in 4-5 nm. The XRD
study confirmed the formation of Cu, Cu,O and CuO nanocrystals. These
samples display peaks at 16.5°, 22.5° and 34.6° corresponds to [110], [200]
and [004] crystal patterns which is believed to be the cellulose nanofibers

structure. It could be due to the presence of proteins in the fungus that lead to
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formation of capped nanostructures. (Seabra and Duran, 2015) UV-visible
spectroscopy showed a strong broadening peak between 590-650 nm and
centred at 620 nm concluded formation of CuO NPs. In addition, the presence
of proteins was further confirmed by FTIR which exhibiting few peaks at 1029
cm?, 3280 cm™ and 2924 cm™ assigned to C-N vibrations of aromatic and
aliphatic amines, primary and secondary amines. As a result, the biosynthesis
process of CuO NPs was optimum in the presence of copper chloride under

neutral or alkaline condition.
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Figure 2.13: TEM image (top left), UV-Vis spectra (bottom left) and XRD

pattern of synthesized CuO NPs (right). (Cuevas, et al., 2015)

As was reported by Honary, et al., 2012, they described the use of Penicillium
aurantiogriseum, Penicillium citrinum and Penicillium waksmanii in

synthesizing CuO NPs. In fact, fungi are more preferred over bacteria as a
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biosource in synthesis of metal nanoparticles because they able to secrete
sufficient extracellular redox proteins in order to reduce soluble metal ions to
insoluble form and forms nanocrystals. (Kitching, Ramani and Marsili, 2015)
The UV-Vis spectrum recorded there is a broad absorption peak at around 265
nm indicating the electronic excitation of tryptophan and tyrosine in the protein.
SEM image provided the topographic structure and distinction of different
phases in the sample. In this study, SEM image showed the nanoparticles
formed were spherical shape. Besides that, DLS was used to determine the
average particle size. As a result, DLS diagram revealed that the CuO NPs
formed were monodispersed in well-defined dimensions. Lastly, AFM was
carried out to study morphology of nanoparticles. From the topological view, it
was found that the shape of nanoparticles were spherical which is correlated

with the SEM result.
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Figure 2.14: (A) UV-Vis spectra of reducing protein that presence in (a)
Penicillium citrinum, (b) Penicillium waksmanii and (c) Penicillium
aurantiogriseum. (B) DLS analysis. (C) SEM images for CuO NPs synthesis
by using Penicillium citrinum, Penicillium waksmanii and Penicillium
aurantiogriseum (from left to right). (D) AFM image of CuO NPs. (Honary, et

al., 2012)

Another green approach for synthesis of CuO NPs by using Phormidium
cyanobacterium treated with copper sulphate solution was discussed by
Rahman, et al., 2009. The extracellular synthesis of CuO NPs occurs by the
extracellular hydrolysis of copper initiated by metal chelating anionic proteins

and reductase from cyanobacterium. (Ardelean, 2015) Biosynthesized CuO
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NPs were further characterized by UV-Visible spectra displayed a
characteristics peak of Cu,O at 600 nm after 24 hours reaction time. As
reaction proceed until 36 hours, it can be seen that two adsorption peaks at
~542 nm and ~310 nm which indicates the presence of Cu,O and CuO. A
mixture of Cu,O and CuO is produced. By the time when the reaction reached
42 hours, disappearance of 542 nm and shifting of 310 nm to 307 nm indicated
the reaction of converting Cu,O to CuO is completed. Furthermore, as XRD
recorded after 42 hours, peaks at 20 = 35.4°, 38.7°, 58.3°, 65.7° and 68.0°
characterized the nanoparticle sample was CuO whereas peaks at 20 = 48.7°,
53.4°, 58.3° and 72.4° showed presence of Cu,O. However, higher intensity
peaks at 35.4° and 38.7° confirmed the sample was a mixed phase of majority
CuO with small amount of Cu,O. As TEM shown, the size of synthesized
nanoparticles was 10-40 nm and some have tendency to form aggregates. SEM
image illustrated the nanoparticles were distributed uniformly on protein
matrix. EDX showed signals indicating presence of Cu and O while there are
also weak peaks from S, C, Mg and Na. Lastly, FT-IR was performed to
analyse the functional groups as a significant peak at 590 cm™ assigned to Cu-
O vibration stretching frequency. Another two peaks at 1650 and 1550 cm™

produced by amide from protein acting as capping and stabilizing agent.
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Figure 2.15: (a) UV-vis spectra synthesis reaction time of 24 h, 36h and 42 h,
(b) XRD pattern, (c) TEM image, (d) SEM image of synthesized CuO NPs and
(e) EDX spectrum recorded for incubated Phormidium cyanobacterium with

copper sulphate for 42 h. (Rahman, et al., 2009)
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2.3 Previous studies of CuO NPs on photocatalytic dye degradation

CuO NPs was employed as photocatalyst for dye degradation in this project.
Textile and paper industries discharge huge amount of pollutants and
carcinogenic dye effluents into the environment without any pre-treatment. All
these dye pollutants are chemically stable which makes them hard to be
degraded. Recently, photocatalytic degradation has emerged as an alternative
solution to solve this problem. This is owing to its capability in decolourising
and degrading the dyes to other degradation products which are not harmful to

the environment.

The photocatalytic degradation of CuO NPs against Coomassie brilliant blue
R-250 was studied by Sankar, et al., 2014. As a result, the maximum
absorption peak was recorded 559 nm and photocatalytic degradation was
achieved within 2 hours of exposure under the sunlight. The researcher
highlighted the dye degradation efficiency was greatly affected by the size,
morphology and surface charge property of the nanoparticles. As in accordance
with the earlier findings stated that rod shaped copper oxide nanoparticles

could be the more useful in degradation of coloured dye solution.

Devi and Singh, 2014 studied the photodegradation of Methyl orange (MO) by
copper oxide nanoparticles synthesized from Centella asiatica L extract. MO
solutions with the presence of CuO NPs and solution with only leaves extract
were compared. As from the comparative UV-Visible spectra, there is no

degradation in the absence of CuO NPs. Hence it can be concluded that
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degradation of MO was initiated by the catalytic activity of CuO NPs, leaves

extract does not play any role in photodegradation of dye.

Photocatalytic activity of CuO NPs was also demonstrated on Methylene blue
solution (MB). (Alabi, el al., 2013) Degradation of MB was monitored by UV-
Visible spectra of control solution (MB only), MB + CuO NPs and illuminated
MB only. From the result obtained, only MB + CuO showed positive result.
This confirmed CuO NPs possess photocatalytic activity with photodegradation

efficiency of 45.12 %.
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CHAPTER 3

METHODOLOGY

3.1 Chemicals

Copper nitrate trinydrate was purchased from R & M marketing, Essex, UK.
Condo red and Malachite green was purchased from R & M chemicals and

QRec quality reagent chemical products.

3.2 Green Synthesis of CuO NPs

3.2.1 Preparation of Cavendish banana peel extract (BPE)

Copper oxide nanoparticles were synthesized by green synthesis method by
using Cavendish banana peel as a natural source for reducing agent. The
schematic diagram for synthesis process of CuO NPs was illustrated in figure
3.1. 25 g of banana peel was weighed, washed and wiped dry. After all, the
banana peel was cut into pieces and added into 50 mL of deionized water. It
was then heated at 70°C to 80°C for 10 minutes. The resulting extract was

filtered twice and kept for further experiment.
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3.2.2 Synthesis process of CuO NPs

30 mL of the banana extract was then prepared and heated at 80°C with
constant stirring. 1 g of copper nitrate trihydrate was added into the hot banana
peel extract. The mixture was boiled until formation of brown precipitate and
then the precipitate was transferred into the crucible followed by heating in
furnace at 400°C for three hours. Black coloured powder was obtained. The
synthesized nanoparticles were characterized by X-ray Diffraction, Electron-
dispersive X-ray spectroscopy, Fourier Transform Infrared Spectroscopy,

Scanning Electron Microscopy and Particle size analyser.

Carvendish banana peel was washed and wiped dry.

{

Cut into small pieces.

U

Banana peel was then added into 50 mL deionized
water and heated at 70°C-80°C for 10 minutes.

U

The mixture was filtered twice. Banana peel extract
was obtained.

(A) Preparation of banana peel extract.
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Banana peel extract was heated to 80°C with
constant stirring.

U

1 g copper nitrated trihydrate was added in.
The green mixture was boiled until brown
precipitate formed.

U

The brown precipitate was placed in the
furnace heated to 400°C for 3 hours.

U

Black coloured powder was obtained and
characterized using XRD, EDX, FT-IR, SEM and
PSA.

(B) Synthesis and Characterization of CuO NPs.

Figure 3.1: Schematic diagram of synthesis process of CuO NPs.
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3.3 Characterization of synthesized CuO NPs

The synthesized CuO NPs were characterized by using characterization
techniques as follows: X-ray diffraction (XRD), Electron-dispersive X-ray
spectroscopy (EDX), Fourier transform infrared spectroscopy (FT-IR),
Scanning electron microscopy (SEM) and Particle size analyser. XRD was
carried out by with Shimadzu XRD 6000 Cu K, radiation (A = 1.5406 A, 40 kV,
30 mA, scan rate 0.02° s, scan range 30-80°). Elemental composition analysis
was done by using Electron-dispersive X-ray spectroscopy (Oxford Instrument
X-Max Energy Dispersive Diffractometer). Surface morphology of
nanoparticles was examined by Scanning Electron Microscopy (JEOL JSM-
6701F) operated at 3.0 kV. IR spectrum was obtained by running Perkin Elmer
Spectrum RX1 Fourier Transform Infrared Spectrometer along with KBr pellet,
the sample was subjected to scanning range of 4000-400 cm™. Particle sizes of
synthesized nanoparticles were examined by Particle Size Analyser (Malvern

Particle Size Mastersizer 2000).

3.4 Calculation of Crystalline size using Debye-Scherrer equation

Based on data obtained from XRD analysis, the crystalline size of

nanoparticles can be calculated by using Debye-Scherrer equation as below:

kA

b= (B cos0) 3.1
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where

D = crystalline diameter in diameter

k = Scherrer constant, 0.9

A = wavelength of the X-ray source, (Cu K, radiation = 1.5406 x 10™° m)

B = width of diffraction broadening at full-width half maximum (in radian 26)

6 = angle of diffraction

B is the width of that particular diffraction peak at its full-width half maximum

(FWHM) and can be determined from this formula:

_ (FWHMin 28 x )
B 180°

(3.2)

3.5 Preparation of Congo red and Malachite green dye solution

A stock solution of 10 ppm dye solution was prepared by dissolving 5 mg of
dye powder in 500 mL volumetric flask topped up to with distilled water. 50
mL of the dye solution was measured and poured into each of the different
beakers to study the photocatalytic degradation of CuO NPs at different time

intervals.
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3.6 Degradation study on Congo red and Malachite green using CuO NPs

as function of time

50 mg of CuO NPs was added into each of the beakers containing dye solution
and allowed to stir in darkness for 30 minutes prior the commencement of the
experiment. This is to maintain equilibrium between adsorption and desorption
process between dye molecules and nanoparticles surface. After 30 minutes,
the dye solutions with nanoparticles were placed under the exposure of sunlight
irradiation. Sunlight, a source of renewable energy used as unlimited energy
supply throughout the reaction. However the intensity of irradiation is not
constant regards of weather conditions. Hence, the sunlight intensity was being
measured at every 1 hour interval by lightmeter (Sper Scientific UVA/B
lightmeter 850009). Different areas will receive sunlight at different intensities.
So every replication was carried out at the same location to reduce the variable
of sunlight intensity. The measured sunlight intensity was in the range of 9 —
13 mW cm™ At every regular time intervals, aliquot of dye sample was
withdrawn and sent to centrifuge machine (eppendorf, centrifuge 5430, operate
at maximum revolutions per minutes: 7830 rpm) for centrifugation of 10
minutes. Centrifugation is to separate CuO NPs from degraded dye solution by
preventing the dispersion of nanoparticles. Extra care must be taken when
withdrawing the sample from centrifuge tube as to avoid disturbing the
deposition of nanoparticles on the wall of centrifuge tube. A slight move can
cause resuspension of nanoparticles in dye solution. By doing this, a clean
supernatant solution can be obtained, make sure there is no traces of

nanoparticles in the sample which could leads to inaccurate result. Presence of

38



nanoparticles can contribute to amount of light scattering during the
absorbance measurement. The result will be biased as the measurement is not
due to the light absorbed by dye sample alone anymore. After centrifugation,
the sample was subjected to UV-Vis Single Beam Spectrophotometer (Thermo
Fischer Scientific Genesys 10S series UV-Visible spectrophotometer) scanning
in the range of 200 to 800 nm. The maximum wavelength of Congo red and

Malachite green was recorded as 495 nm and 618 nm respectively.

3.7 Determination of degradation percentage

Degradation percentage of dye solution was calculated by taking the
absorbance values recorded at Amax before and after photocatalytic degradation.
The equation was provided as shown:

Ao — A

Degradation percentage = x 100 % (3.3)

0

where
Ao = initial absorbance of dye solution before expose to sunlight

A = absorbance of dye solution at different time intervals, t
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Synthesis of CuO nanoparticles

In this study, natural synthesis of CuO NPs was successfully accomplished by
using Cavendish banana peel extract (BPE) as a green synthesizer. Banana peel
is the major food waste in pulp industry and it was known to contain
abundance of bioactive compounds like polyphenols, carotenoids which
exhibiting biological effects such as antioxidant, anti-carcinogenic and anti-
mutagenic. (Sundaram, et al., 2011) In this case, BPE can be used as a reducing
and capping agent. (Ibrahim, 2015) This greener approach was exploited as it is
easier to be carried out without any complicated experimental procedure. In
addition, this method is comparatively low cost as the natural agricultural
waste (banana peel) has been utilized as the synthesizer and free of solvents.
The CuO NPs was synthesized by reaction between BPE and copper nitrate
trihydrate. BPE used to reduce the copper ions (Cu®* to Cu®). Reduction
process can be confirmed by the development of colour change from blue to

green colour solution and slowly into brown precipitate.
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Figure 4.1: Synthesized CuO NPs.

Copper nitrate trinydrate was used as a source for copper in this experiment.

The synthesis process is as follow:

BPE that prepared from the previous experiment was heated until it
reaches 80°C. The temperature of BPE must be controlled from
increasing beyond 100°C as organic compounds that present inside
banana peel can be decomposed at such a high temperature. After all
copper nitrate trihydrate was then added slowly into the hot BPE with
magnetic stirring to form green solution. Formation of precipitate as a

result of heating copper nitrate trihydrate.

Upon continuous heating, the green solution slowly turned into darker
green coloured solution with formation of brown precipitate. It was
suggested that reduction process of copper salt, Cu(ll) to copper (Cu)
can be confirmed by adding chemical reducing agent into the copper
nitrate trihydrate alone. In the case of same colour change was
observed, it can be said that reduction has been taken place. Upon

calcination, copper oxide is formed.

Synthesized CuO NPs were then further drying in an oven to remove

the excess water molecules present in CuO NPs.
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4.2 Characterization of CuO NPs

After CuO NPs was being synthesized, the black coloured powder was
obtained as showed in figure 4.1. CuO NPs were characterized by X-Ray
Diffraction (XRD), Energy-dispersive X-Ray Spectroscopy (EDX), Fourier
Transform Infrared Spectroscopy (FT-IR), Scanning Electron Microscopy

(SEM) and particle size analyser (PSA).

4.2.1 X-Ray Diffraction
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Figure 4.2: XRD pattern of synthesized CuO NPs.
Figure 4.2 shown the XRD pattern of synthesized CuO NPs. XRD pattern
displayed that most of the diffraction peaks at 26 values 35.52°, 38.75°, 48.76°,
58.29°, 66.30°, 68.02° were assigned to (111), (-111), (-202), (202), (-311)
and (220) crystal planes. Similar result was obtained by Wu, et al., 2010. The

XRD patterns of synthesized CuO NPs were closely matched with the
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standard data JCPDS card no. 48-1548 that suggesting a monoclinic (tenorite)
phase crystalline structure. (Rao and Venkatarangaiah., 2014) Broadening of
the peaks in diffractogram demonstrated that the nanoparticle synthesized was
a nanostructure with low crystallinity of 16.1844%. The file was attached in
Appendix A. The crystalline size of the CuO NPs was calculated using Debye
Scherrer equation. As a result, the crystalline size of CuO NPs corresponds to
the highest peak was calculated to be 22.60 nm. The calculation was shown in

Appendix B.

4.2.2 Energy-dispersive X-Ray Spectroscopy

Spectrum 1

n 1 2 3 4 5 6 7 8 9 10 11
Full Scale 4608 cts Cursor: 11.026 (13 cts) kel

Figure 4.3: EDX spectrum of CuO NPs.
EDX result revealed that the sample contains elements of copper and oxygen
confirmed the formation of CuO NPs. The weight percents of copper, oxygen,
aluminium, potassium and carbon were found out to be 60.38 %, 26.75 %,
0.56 %, 3.90 % and 8.41 % respectively. Traces of aluminium were due to the
contaminants from the chemicals, a slight amount of potassium came from
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banana peel extract. Lastly, carbon was attributed by the phenolic compounds
(biomolecules) that present in the banana peel extract which surrounded on the
nanoparticles surface. Repeated washing with distilled water and absolute
ethanol can be done to eliminate the traces of carbon and potassium in order to

obtain a pure sample.

4.2.3 Fourier Transform Infrared Spectroscopy

%T

50

== Banana peel extract

=== CuO NPs

|
1384

4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 4000
om-1

Figure 4.4: FT-IR comparative spectrum of synthesized CuO NPs and BPE.
FT-IR measurement was performed to identify the possible significant
functional groups that responsible for reducing and capping CuO NPs.
Furthermore, FTIR spectra also can be used to identify the characteristics peak
of Cu-O bonding. Based on the FTIR spectrum of CuO NPs, the most

significant absorption peak at 520 cm™ was assigned to Cu-O bond confirmed
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the formation of CuO NPs. There is a study reported that CuO (M-O)
stretching occurs at 528 cm™. (Sundaramurthy and Parthiban., 2015) This was
supported by another strong intensity peak at 1384 cm™ indicates the presence
of Cu?*-O* stretching mode which in accordance with the finding by (Li,
2008). There is no other absorption peak at 700 -500 cm™ possibly attributed
to Cu(1)-O vibration (~623 cm™) in the spectrum which excluded the presence
of any Cu,0 nanoparticles. (Kooti and Matouri., 2010) A weak broad peak at
3422 cm™ was corresponds to the O-H stretch (H-bonded alcohols) due to the
presence of absorbed water molecules. Nanoparticles are capable in absorbing
moisture from surrounding by having high surface area to volume ratio. (Luna,
et al., 2015; Shyla, 2015) Absorption peaks at 2930 cm™ and 2851 cm™ were
attributed to asymmetric and symmetric C-H stretching mode which caused by
the phenolic compounds. C=0 vibration produced a peak at 1632 cm™ from
the carboxylic acid group whereas specific peak at 2374 cm™ represents NH*
stretching in charged amines (C=NH"). Shifting of these following peaks were
observed in IR spectrum of CuO NPs such as 3437 to 3422, 2920 to 2030,
2364 to 2374 and 1638 to 1632 indicates that carboxyl, hydroxyl group in
banana peel extract was taking part in the synthesis of CuO NPs. It was
suggested that carbonyl and hydroxyl group are strongly attracted towards the
copper oxide thus surrounded on surface of nanoparticles in order to stabilize

the nanoparticles and prevent agglomeration. (Ganapuram, et al., 2015)

In IR spectrum of CuO NPs, an adsorption peak at 831 cm™ was attributed to
NH, amine group followed by another peak at 702 cm™ resulted from C-H

bending out of plane. However, these peaks correspond to the functional
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groups of biomolecules from banana peel were found to be absence in IR
spectrum of banana peel extract. Some peaks missed out from IR spectrum of
banana peel extract due to inappropriate preparation method of extracting

active compounds from banana peel.

4.2.4 Scanning Electron Microscopy

]

X13000 RS x20000

Figure 4.5: SEM images of CuO NPs with different magnifications X = 13000,
22000 and 45000.

From the SEM image, it can be seen that the majority of the nanoparticles are
in irregular and dumbbell shape. Many of the nanoparticles were exist in
highly agglomerated form. As a result, the average particle sizes of CuO NPs

were found out to be 91.0 nm.
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4.2.5 Particle Size Analyser
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Figure 4.6: Size distribution histogram of CuO NPs.

Table 4.1: Crystalline sizes and average particle sizes of CuO NPs.

Sample Crystalline size, XRD  Particle size, PSA (nm)
(nm)
CuO NPs 22.60 120-138
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Particle size distribution histogram above revealed that the most intense peak
(indicated by blue arrow) whose centred at 120-138 nm tells that majority of
the particle sizes lie within this range with only small amount of them
(indicated by green arrow) having a larger particle size of 631-724 nm as a
result of agglomeration. This is agreed with the SEM images showing particles

clumped together to form larger particles.

4.3 Degradation of dye solution by CuO NPs

In this study, degradation of Congo red and Malachite green dye solution were
performed to study photocatalytic activity of CuO NPs. UV-Vis Single Beam
Spectrophotometer was used in this research study to measure the absorbance
of dye solution before degradation and after degradation at time, t of exposure

under sunlight radiation.

4.3.1 Congo red dye degradation under solar irradiation

Figure 4.8 showed the UV-Vis spectra of dye degradation of Congo red
solution by CuO NPs as a function of contact time. At different time intervals,
the absorbance measurements of Congo red solution was recorded at Amax =
495 nm. The Amax of Congo red was found closely matched with the Amax Of

505 nm reported by (Guo, et al., 2013).
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Figure 4.7: Molecular structure of Congo Red. (Shu, et al., 2015)

Based on the spectra, it was clearly seen that the intensity of absorption peak
at Amax decreases as reaction time increases from 0 minutes to 150 minutes.
The absorbance depends on the number of molecules reacted with it. In other
words, the highest adsorption peak of degraded dye contains highest
concentration of Congo red dye solution yet to be degraded. From the UV-Vis
spectra, the wavelength range was measured at the range between 200 to 800
nm. Two adsorption peaks were observed, one of the peaks was seen at 345
nm and the other one at 495 nm which corresponds to a study by (Ganapuram,
et al., 2015) claiming that Congo red showed adsorption at 498 nm (m > 7)

and 350 nm (n > 7).

New peak was appeared at around 370 nm which served as an evident for the
destruction of Congo red dye molecules through the photodegradation.
Decolourization was attributed to biodegradation with two outcomes either the
peak corresponds to the maximum wavelength completely flattened or being

shifted to another wavelength giving rise to generation of new peak in the
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spectrum. (Babu, et al., 2015) Formation of new peak was due to the different
intermediate metabolites formed during degradation (decolourization) of
Congo red. However, the degraded products that give rise to this new peak
cannot be defined exactly as the degradation mechanism of Congo red upon

solar irradiation has not been devised.

It was observed that a large gap appeared in between the control and the first
time interval, the degradation efficiency was shooting up to 47.21 % at the
first 15 minutes. The rapid removal of dye solution at the initial adsorption
stage leading to a drastic decrement in absorbance reflects the adsorption
capability of dye molecules to the nanoparticles surface. (Movahedi, et al.,
2009) After the adding of CuO NPs, the solution was stirred for 30 minutes
and reached equilibrium between adsorption and desorption. The dye
molecules were allowed to adsorb on the surface active sites where adsorption
occurs through two oxygen atoms of sulphonate group of Congo red with CuO
particles surface. As time increases, the surface active sites of CuO NPs was
gradually occupied by dye molecules and reached a saturation point.
Consequently, less number of surface active sites were be available for further
adsorption then followed by photodegradation which was a relatively slow
process. This explained why there is only a slight increase in degradation
percentage over contact time up to 150 minutes. From the calculation, the
highest degradation percentage achieved by CuO NPs on Congo red was
88.83 %. Furthermore, the dye degradation can also be visually detected by the

gradual colour change from red to almost colourless as shown in Figure 4.9.
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Figure 4.8: UV-Vis spectra of Congo red dye degradation as a function of time.
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Figure 4.9: Decolourization of Congo red solution at different time intervals.
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Figure 4.10: Degradation percentage of Congo red at different time intervals.

4.3.2 Malachite green dye degradation under solar irradiation

In this study, degradation of Malachite green by CuO NPs was also
investigated. Aliquot of each of the sample will be taken at different time
intervals and the absorbance of the samples were measured
spectrophotometrically at Amax = 618 nm which similar to study done by

(Ameta, et al., 2014) which reported maximum wavelength of 620 nm.
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Figure 4.11: Molecular structure of Malachite green. (Kumawat, et al., 2015)

It was observed that the absorbance of dye solution decreases against time.
Thereafter, the concentration of dye solution decreases as reaction time
increases. This can be clearly indicated by the decolouration of Malachite
green from greenish-blue to almost colourless solution. The UV-Vis spectra of
Malachite green dye degradation showed the similar trend as what we obtained
for Congo red dye solution. The intensity of adsorption peaks at 618 nm
decrease with increasing irradiation time. At the beginning of the reaction, dye
degraded tremendously as compared with the degradation rate for the
subsequently time intervals thereby the rate of degradation was seen to be very
slow after the first 10 minutes. The degradation at the initial stage was very
rapid but no hypsochromic shift was seen in this spectrum. This demonstrated
that photodegradation mechanism of cleavage at the whole conjugated
chromophore group of Malachite green structure was more favoured. (Chen, et
al., 2006) In addition, the other two peaks centred at ~ 420 nm and ~ 310 nm
slowly decrease as well. At the same time, it can be observed that a new peak

arisen at around 350 nm over time. This can be explained by random
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decomposition of Malachite green in many ways as destruction of
polyaromatic rings or formation of intermediate products without conjugated
system can give rise to the appearance of this new peak. (Afshar et al., 2011)
There is another possible mechanism which happened during the irradiation.
Malachite green dye molecules absorbed energy and formed excited singlet
state underwent intersystem crossing (ISC) to triplet state. Malachite green
was then converted into its leuco form upon being reduced by superoxide
anion radical (O2") resulted from abstraction of excited electron by oxygen
molecule. Eventually leuco form of Malachite green will degrade to other
degradation products. Figure 4.12 shows the tentative photocatalytic

mechanism of Malachite green.

MG, it MG, (singlet state) 4.2)
MG, = MG, " (triplet state) 4.2)
semiconductor it e” (CB)+ h* (VB) (4.3)
e” + 0, —» 0Oy 4.4
03 + MG;" (triplet state) — leuco MG (4.5)
leuco MG — degradation products (4.6)

Figure 4.12: Tentative photocatalytic mechanism of Malachite green. (Ameta,

Papnai and Ameta, 2014)

The degradation effect on Malachite green was not that prominent after the
first 10 minutes exposure to sunlight. At the beginning stage, adsorption is
more likely to happen (rapid process). Thereafter, dye degraded in slow rate
after adsorption throughout the whole photodegradation process. This is
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because the surface active sites of CuO NPs were already being occupied by

previous dye molecules hence the number of available, free surface active sites

of nanoparticles for the subsequent adsorption will be greatly reduced. This

will indirectly influence the rate of degradation because adsorption must be

happened first then followed by degradation of the dye molecules. In this case,

the highest degradation percentage achieved was 91.78 % and the

decolourization of Malachite green can be seen at Figure 4.14.
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Figure 4.13: UV-Vis spectra of Malachite green dye degradation as a function

of time.

10

20

30 60 90 120 180 240 (min)

Figure 4.14: Decolourization of Malachite green solution at different time

intervals.
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Figure 4.16: Degradation percentage of Malachite green at different time

intervals.
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4.3.3 Degradation comparison of Congo red and Malachite green dye

solution

Photocatalytic activity of CuO NPS on Congo red and Malachite green dye
solution were evaluated. On the contrary, degradation efficiency of Congo red
and Malachite green were found to be 88.83 % and 91.78 % respectively. On
the other hand, the degradation efficiencies at the 120 mins were 85.53 % for
Congo red and 86.24 % for Malachite green. It was observed that the
degradation of Malachite green was higher as compared to Congo red. It
showed that photocatalyic degradation not merely on destruction of conjugate
system only but also the intermediate products. (Katwal, et al., 2015) Based on
the structure itself, Malachite green was found out to be more susceptible to
oxidation where Congo red is more stable due to the presence of biphenyl
group and naphthenic group providing large steric hindrance effect. Effect of
contact time on degradation (decolouration) of dye was illustrated in Figure
4.8 and 4.13 for Congo red and Malachite green solution. It can be seen that
dye degradation increases over time exposure. As mentioned earlier, both dye
showed rapid initial degradation which is due to interaction of nanoparticle
surface and dye molecules. As a result, this interaction happened to be faster

than solute-solute interactions. (Roy and Mondal, 2014)
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CHAPTER 5

CONCLUSION

In this study, CuO NPs was successfully synthesized by green synthetic
pathway. Cavendish banana peel was utilized as a natural reducing and capping
agent in synthesizing CuO NPs. The identification of CuO NPs was done by
characterization techniques such as XRD, EDX, FT-IR, SEM and PSA. XRD
diffractogram confirmed the sample was CuO NPs with crystalline size of
22.60 nm. Synthesized CuO NPs is a nanostructure with low crystallinity of
16.1844 % only. Furthermore, SEM image revealed the average particle size
was 91.0 nm and exist in dumbbell and irregular shape of highly agglomerated

form.

Besides, CuO NPs has been proven to be possessing excellent photocatalytic
activity. Photocatalytic degradation effect exerted on Congo red and Malachite
green was a great success as it showed degradation efficiency of 88.83 % and
91.78 % respectively. Consequently, the longer the time exposure, the better
the photocatalytic degradation on dye tested. In most cases, absorbance
measurement of first dye sample was a rapid drop as photocatalytic
degradation occurs in two pathways: (i) adsorption of dye molecules onto
surface of nanoparticles, (ii) degradation of dye molecules by CuO NPs.

Adsorption will be taken place prior expose to sunlight whereby adsorption is
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relatively fast process hence leading to the sudden decrease in absorbance at
initial stage of dye degradation. On the other hand, the free surface actives of
nanoparticles will be getting exhausted over reaction time as more and more of
them being occupied by dye molecules. Therefore, the degradation rate

becomes slower at the subsequent time intervals.

Application of CuO NPs as a photocatalyst in degrading the commercial dye in
wastewater treatment can be included in future study. Depth of the wastewater
(sunlight penetration), sunlight intensity and reusability of CuO NPs have to be
taken into consideration as all these factors could affect the degradation effect
of CuO NPs exerted on the commercial dye. Furthermore, it was suggested to
carry out GC-MS and LC-MS to determine the intermediate products formed
during dye degradation thus propose a tentative mechanism through the

fragmentation pathway.
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Figure: Information of crystallinity of CuO NPs.
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Appendix B

Calculation of Crystalline Size using Debye-Scherrer Equation

To calculate g

(FWHM in 26 x 1)

180°

(0.36880 x 1)

180°

6.4368x 1073

Debye-Scherrer Equation

D =

kA
(Bcos©)

(0.9 x 1.5406 x 10710 m)
(6.4368 x 1073 cos 17.7623°)

1.38654 x 10710
(6.1300 x 10-3)

2.26x107 8% m

22.60 nm

where

B = width of a diffraction peak at full-width half maximum

FWHM = full-width half maximum

D = crystalline size in diameter

k = shape factor (usually is 0.9)

A = wavelength of X-ray source (Cu Kq radiation = 1.5406 x 10-1m)

0 = diffraction angle
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Appendix C

(Ao —

Degradation percentage =

where

A
2 x 100 %

Ao = initial absorbance of dye solution

As= absorbance of dye solution at different time intervals

Effects of Contact Time in Degradation of Congo Red by CuO NPs

Contact Degradation
Initial absorbance Final absorbance
time (min) percentage (%)
0 0.394 0.394 0
15 0.394 0.208 47.21
30 0.394 0.193 51.02
45 0.394 0.138 64.97
60 0.394 0.122 69.04
90 0.394 0.091 76.90
120 0.394 0.057 85.53
150 0.394 0.044 88.83

Table: Degradation percentage of Congo red as a function of contact time.
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Appendix D

Contact time Initial Final Degradation
(min) absorbance absorbance percentage (%)
0 1.533 1.533 0
10 1.533 0.425 72.28
20 1.533 0.298 80.56
30 1.533 0.284 81.47
60 1.533 0.268 82.52
90 1.533 0.249 83.76
120 1.533 0.211 86.24
180 1.533 0.183 88.06
240 1.533 0.126 91.78

Table: Degradation percentage of Malachite green as a function of contact

time.
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Appendix E

%%t Bagic Data Process *i%

Group : Rampar
Data : WHLsample2

t Strongest 3 peaks

no. peak  2Theta d I/Il  FVHM Intensity Integrated Int
no. (deg) (2) (deq) (Counts)  (Counts)
1 1 35.5246  2.52500 100  0.36880 1157 23511
2 9§ 38.7323  2.32180 87  0.49090 1012 29943
11 48.7628  1.B6e00 22 0.47430 249 6544

t Peak Data List

peak  2Theta d I/1l  FWEM Intensity Integrated Int
na. (deg) (2) (deg) (Counts)  (Counts)
1 24,2234 3.67127 3 0.23890 38 694
2 28.3238  3.14842 19 0.24900 218 2883
3 30.1133  2.96527 6 0.37330 63 1713
4 31.2946  2.85598 4 0.35930 43 1042
3 32.4%6  2.73303 8  0.30890 94 1623
6 34.9400  2.56590 4 0.20000 43 1239
1 35.5246  2.52500 100  0.36880 1157 23511
8 36.4113  2.46552 9 0.29120 102 1994
9 38.7923  2.32180 BT  0.49090 1012 29343
10 40.4846  2.22e36 11  0.27330 132 2186
11 48.7628  1.86600 22 0.47430 249 6344
12 49.3000  1.84691 3 0.22000 39 170
13 50.0975  1.81937 4 0.29500 48 828
14 33.4800  1.71200 6 0.52000 69 1785
15 33.7800  1.70313 3 0.31200 37 333
16 58.2900  1.581ee 11  0.58000 133 4344
17 £1.5218  1.30609 17  0.48360 199 3393
18 £3.0739  1.43220 6 0.26350 13 930
19 £3.6800  1.42044 8 0.35200 94 2644
20 £3.9400  1.41547 12 0.00000 135 0
21 £6.3000  1.40866 19  0.33000 216 3307
22 68.0187  1.37719 13 0.60250 154 5663
23 72,3941 1.30433 5 0.47830 a6 1797
24 73.3800  1.28623 3 0.26000 1 642
25 75.0600  1.26449 8 0.52000 87 2176
26 75.4400  1.25907 4 0.33600 a1 1062
21 78.2150  1.22119 4 0.22340 46 124

Figure: XRD information of synthesized nanoparticles (Part I).
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Appendix F

# Data Infomation

Group

Data

Sample MNmae
Comment
Date & Time

$# Measurement Condition
X-ray tube

Slits

target
voltage
current

Auto S5lit
divergence slit
scatter slit

receiving slit

Scanning

drive axis
scan range
scan mode

scan speed
sampling pitch
preset time

$# Data Process Condition
Smoothing

smoothing points

B.G.Subtruction

sampling points

repeat times

FEal-a2 Separate

Eal a2 ratio

Peak Search

differential points
FiWHM threhold

intensity threhold

FWHM ratio

{n-1}/n

System error Correctiomn
Precise peak Correction

Figure: XRD information of synthesized nanoparticles (Part I1).
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Figure: Synthesized CuO NPs, JCPDS 048-1548.
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