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ABSTRACT
In this study, CuO NPs, ZnO NPs, and CuO@ZnO NCs were synthesized by green
chemistry approach using the leaves extract of Artemisia vulgaris. The Leaves extract
was characterized by qualitative chemical tests and spectroscopic measurements.
Bioactive compounds present in Artemisia vulgaris act as stabilizing and reducing
agents. UV-visible spectroscopy, FTIR, EDX, XRD, and FESEM were used to
characterize the formation of CuO, ZnO, and CuO@ZnO NPs. XRD pattern revealed
the crystalline nature of nanoparticles. The size of CuO NPs, ZnO NPs, and
CuO@ZnO NCs were found to be 17.24, 20.74, and 19-24 nm, respectively. The
synthesized NPs and NCs were used for the catalytic photodegradation of Methylene
blue. The MB was degraded at room temperature under exposure to UV light. The
degradation efficiency of CuO, ZnO, and 2 %CuO@ZnO were found to be 52 %, 68
%, and 98 %, respectively. Therefore, it was found that CuO@ZnO nanocomposites
have potential to degrade MB as organic dye, and can be used for wastewater

treatment.

Keywords: Green chemistry; Artemisia vulgaris; CuO@ZnO NCs; Methylene blue; Photocatalytic

degradation;
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CHAPTER 1

INTRODUCTION
1.1. Background

Nanoscience deals with the study of nanomaterials i.e. materials with a nanomateric
dimension (10 m). Based on their dimension nanomaterials can be further classified
into nanoparticles, nanorods, nanotubes, nanosheets, nanofilms, etc. (Neupane, 2018).
Whereas nanotechnology seeks to design functional nanomaterials of targeted
properties like profound surface area, physical and chemical properties, suitable size
distribution, etc. The synthesis of these materials is based on the principle/theory of
nanoscience (Aritonang et al., 2019;Ebrahiminezhad et al., 2016;Tahvilian et al.,
2019). Because of their tunable properties, nanomaterials can be used in varieties of
fields including the environment, food, optics, healthcare, chemical industries,
biosensor, medication delivery, cancer therapy, material science and engineering,
electrical and communication engineering, computer science and information
technology, etc. (Roy, 2017).

Recently, nanotechnology is gaining much attention due to its versatile applications
and technological applications though it has insidiously entered into human
civilization since immemorial time. The use of nanomaterials and nanoscale
formation process dates back to ancient time (Tolochko, 2009). But the credit of
nanoscience goes to Richard Feynman, a physicist, because of his to the establishment
and generalization of this field (Feynman, 1960). Also, to Nario Taniguchi for his
contribution in the field of nanotechnology (Goyal, 2017). In this era of
nanotechnology, the discovery of various nanomaterials like carbon nanotubes,
fullerenes, and quantum dots with unique mechanical, thermal, and electrical
properties have been reported (Alivisatos et al., 1996; Iijima, 1991; Kroto et al.,
1985).

Similarly, the development of molecular scale transistors, material designs for
targeted drug delivery, nanosensors, etc. have been explored (Tolochko, 2009).
Hereafter, this field is mature and multidisciplinary with many practical applications
in the areas such as electronics, medicine, energy, and material science.

Ongoing research in nanotechnology continues to explore the possibilities of
manipulating materials at the nanoscale and developing new nanomaterials with

unique properties.



1.2. Classification of Nanomaterial

Nanomaterials can be classified based on their size, composition, and properties. Here

are some commonly recognized categories of nanomaterials with examples.

1.2.1. Classification based on composition

Based on the composition of the nanomaterials they are classified into five types as

shown in scheme 1.

Carbon-based
nanomaterials

Metal-based
nanomaterials

Semiconductor-
based
nanomaterials

Polymeric
nanomaterials

Biological
nanomaterials

*These include fullerenes, carbon nanotubes, and graphene. They have unique
electrical, thermal, and mechanical properties, making them suitable for various

applications (Iijima, 1991).

*These include nanoparticles of metals such as gold, silver, and platinum, and metal
oxides such as titanium dioxide and zinc oxide. They are used in areas such as

catalysis, sensing, and biomedical applications (Mirkin et al., 1996).

*These include quantum dots and nanowires made from materials such as silicon
and gallium arsenide. They have unique electronic and optical properties, making

them useful in areas such as solar cells and electronics (Alivisatos, 1996).

*These include dendrimers, polymersomes, and polymeric nanoparticles. They
are used in areas such as drug delivery, imaging, and tissue engineering

(Tomalia et al., 2007).

*These include viruses, liposomes, and exosomes. They are used in areas such as

drug delivery, gene therapy, and vaccines (Johnstone et al., 1987).

Scheme 1: Classification of nanomaterials based on composition

1.2.2. Classification based on dimensions

Nanomaterials can be classified based on their dimensions into four different classes

such as zero dimensional, one dimensional, two dimensional and three dimensional

nanomaterials (Kolahalam et al., 2019) shown in scheme 2.
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Scheme 2: Classification of nanomaterials based on the dimension

1.3. Synthesis Approaches of Nanomaterials

b

There are two synthesis approaches categorized as ‘top-down’ and ‘bottom-up

approaches as shown in scheme 3 below.

Top-down approach
Larger materials are pulverized into smaller particles
by mechanical as well as chemical techniques.
Mechanical alloying, high pressure torsion,
nanolithography are common techniques (Kanchi &
Ahmed, 2018). The main disadvantage of this method
is the toughness of getting the desired particle size

and shape (Thakore et al., 2014).

Bottom-Up approach

Larger materials are created by the chemical fusion of
the smaller ions (Kolahalam et al., 2019). Physical
vapor deposition, chemical vapor deposition, sprey
conversion, sol-gel, electrospinning, co-precipitation
method, microwave assisted method are common
techniques. It produces homogeneous, stable
nanoparticles that can be modified in terms of desired
size, shape, and composition by adding a capping agent
(Kanchi & Ahmed, 2018).

Scheme 3: Top down and bottom up approach



1.4. Green synthesis of nanomaterials

Green synthesis of nanomaterials is the bottom up approach. It is the process of
synthesis of nanomaterials by utilizing non-hazardous, renewable, and low-cost
materials as raw materials. The main theme of green approach is to find new ways to
create the best chemical products and processes by obeying the principle of green
chemistry (Anastas & Warner, 1998).

A large-scale manufacturing with minimal contamination has resulted from the
synthesis of nanomaterials employing a variety of sources, including bacteria, fungi,
algae, and plants, due to the growing popularity of green technologies (Ahmad et al.,
2019). Herein, plant extract, microorganisms, biological templates, etc. are used as
capping or stabilizing agents (Daphne et al.,, 2018). Among these, synthesis of
nanomaterials using bacteria, fungi, algae, and biological templates are limited
because of their super specificity towards nanoparticles. So, in the broad-spectrum
synthesis of nanomaterials plant extracts are highly recommended.

Plants are regarded as highly desirable system for nanoparticles range of bioactive
secondary metabolites with profound reducing potential (Pandey et al., 2013). The
benefit of using plant extract includes not having to go through laborious and
expensive steps of growth and storage, safe and ease of scaling up for commercial
manufacturing (Kouhbanani et al., 2018). And a notable advantage is that no separate
reducing, capping, stabilizing agents are to be added in the whole synthesis process

i.e. plant extract itself functions as all (M. Khan et al., 2018; Marslin et al., 2018).

1.5. Green Synthesis of Nanocomposite

A nanocomposite is a composite of two or more nanomaterials, in which one of the
components has at least one dimension in nanoscopic size and have special physical
and chemical properties (Pandya et al., 2013). As compared to mono metallic
nanomaterial, nanocomposites have more reactive sites and are more stable, efficient,
and efficacious (Reshmy et al., 2021). There are various methods such as co-
precipitation, hydrothermal, sol-gel, chemical vapour deposition, wet impregnation,
thermal decomposition, complex directed hybridization, direct heating,
electrospinning, microwave synthesis, biosynthesis, etc. for the synthesis of
nanocomposite (Das & Srivastava, 2018). However, they are limited due to high cost,
toxicity, and accessibility. In this context, green method of nanomaterial synthesis can

be the best alternative approach. The synthesis of CuO/ZnO nanocomposites (NCs)

4



has been described utilizing plant extracts such as Clerodendrum infortunatum (S. A.
Khan et al., 2018), Melissa officinalis L. (Bordbar et al., 2018), Vaccinium
arctostaphylos L. (Mohammadi-Aloucheh et al., 2018), Ginkgo biloba (Thatikayala &
Min, 2021), V. sinaiticum (Bekru et al., 2022), and Aegle marmelos (Basavegowda et
al., 2022), bark of Theobroma cacao (Yulizar et al., 2018), Dovyalis caffra (Adeyemi
et al., 2022), Mentha longifolia (Fouda et al., 2020) and Nettle leaf (Kalia et al.,
2021).

More focused on the synthesis of CuO@ZnO nanocomposites is because of their wide
varieties of applications such as catalysts with high activity and specificity, metal
semiconductor junctions, thermoelectric effect for applications such as heating air, air
conditioning, biomedical devices, military devices, refrigeration, electricity
generation, wearable textile, etc. (Bisht et al., 2021), photocatalytic degradation of
pollutant, gas sensor, solar cell, H> generation, humidity sensor, optoelectronic and
magnetic storage devices, other environmental, domestic, and commercial
applications (Das & Srivastava, 2018). Among them, the photocatalytic activity of the

CuO@Zn0O nanocomposites is focused in this study.

1.6. Photocatalytic activity

Photocatalytic activity is the ability of a substance to speed up a chemical reaction by
absorbing light energy. Meanwhile, when a photocatalyst material is exposed to light,
it can produce electron-hole pairs that trigger redox reactions with molecules that
have been adsorbed on its surface or in the surroundings. This beautiful property of
the material can be used for degrading contaminants in water. Not limited to this, it
can be used to increase the efficiency of solar cells, prepare fuels from carbon
dioxide, and produce hydrogen from water (X. Li et al., 2022).

One of the most effective methods for fully mineralizing harmful organic pollutants
has developed as photocatalysis, a nicely shaped offshoot of sophisticated oxidation
processes. Its effectiveness and economic viability are further attested by the
employment of low-cost resources including semiconductor materials, water, and
light photons for the creation of O2” and OH™ (Mansournia & Ghaderi, 2017).
Photocatalytic activities are anticipated to be present in CuO@ZnO nanocomposites.
The study of these nanocomposites as photocatalysts opens up new possibilities for

pollution remediation in textile and dyes-related industries. The photochemical

5



oxidative reaction is a specific instance of photocatalysis in which a semiconductor
surface is activated by UV light to produce free active oxygen species radicals such
‘OH, 'Oz and °"O;H. These species are thought to be the main players in the
breakdown of organic pollutants. Under UV irradiation, the photo-induced electron-
hole pairs in ZnO often split from one another. Positive holes (h") are left in the
valence band as the electrons (¢) transit from the valence band to the conduction band
under the excitation by photons. Following the separation of electrons and holes,
dissolved oxygen (O2) adsorbed on the surface of the catalyst will react with photo-
induced electrons to form superoxide anion radical (‘O2’), and the holes (h") in the
valence band will be positive enough to produce hydroxyl radicals from the adsorbed
hydroxide ions and water molecules (Ahmed et al., 2010; Lathasree et al., 2004;
Mansournia et al., 2016). In order to ascertain these phenomena, the green synthesis

of CuO@ZnO nanocomposite is recommended.

1.7. Plant Description

Artemisia vulgaris, commonly known as mugwort and locally known as titepati in
Nepal has a long history of its use in traditional systems of medicine in different parts
of the world. This species is distributed worldwide (Weston et al., 2005)
(Coopoosamy, 2015; Ivanescu et al., 2015; Sugiyama, 2015). The vegetative part of

the plant with taxonomical classification is shown in figure 1.

Taxonomics classification
Kingdom: Plantae
Division: Magnoliophyta
Class: Magnoliopsida
Order: Asterales

Family: Asteraceae
Genus: Artemisia

Species: vulgaris

Common Name: Mugworth

Nepali Name: Titepati

Figure 1.1: Artemisia vulgaris plant (focusing leaves)



Artemisia vulgaris is a herb with 70-150 cm long, highly branched shrub, having
pinatissect or bipinatissectas leaves with lanceolate or oblong segments, soft, white
silver dorsally (Abiri et al., 2018). The leaves are sessile and pinnate, 5-20 cm long,
dark green, and covered with thick white tomentose hairs on the underside. Mugwort
rhizomes are light-brown, up to 1 cm in diameter, and can delve 7 to 18 cm into the
soil. The blooms are virtually glabrous in appearance and reddish brown or yellowish
in color. Oval shaped, measuring 3—4 mm length by 2 mm broad, are flower heads.
Flowers are grouped in a cluster like an inflorescence (Barney & DiTommaso, 2003;
Corréa-Ferreira et al., 2014). The plant is bitter in taste and aromatic in nature, and the
root is pungent and sweet.

Artemisia vulgaris is known to possess various types of secondary metabolites such as
falvonoids like apigenin, chrysoeriol, diosmetin, eriodictyol, eupafolin,
homoeriodictyol, isoquercitrin, isorhamnetin, jaceosidine, kaempferol 3,7-dimethyl
ether, kaempferol, kaempferol-3-glucoside, kaempferol 3-rutinoside, kaempferol 7-
glucoside, Luteolin, Luteolin 7-glucoside, Luteolin rutinoside, chrysosplenetin,
artemetin, quercetin, quercetin 3,3’-dimethyl ether, quercetin 3,7,3’-trimethyl ether,
quercetin 3,7-dimethyl ether, quercetin 3-galactoside, quercetin 3-glucoside, quercetin
7-glucoside, quercetin-3-malonylglucoside, quercetrin, rutin, tricine, vitexin),
phenolic acids like 1,3-O-dicaffeoylquinic acid/1,4-Odicaff, 1,5-O-dicaffeoylquinic
acid, 3,4-O-dicaffeoylquinic acid, 3,5-O-dicaffeoylquinic acid, 3-O-caffeoylquinic
acid, 4,5-O-dicaffeoylquinic acid, 5-O-caffeoylquinic acid, 5-O-feruloylquinic acid,
gallic acid, protocatechuic acid glucoside, organic acids like malic acid, quinic acid,
trihydroxy-octadecenoic acid, tuberonic acid glucoside, Sesquiterpene like
artemisinin, eudesmane dialcohol, new sesquiterpene 1, Sesquiterpenic acid like 3-
oxoeudesma-1,4,11(13)-trien-7aH-12-o0ic acid, la-hydroxyeudesma-2,4(15),11(13)-
trien-50,7aH-12-0ic acid, Sesquiterpene glucoside like artemisinic acid glucoside
isomer 1, artemisinic acid glucoside isomer 2, Sesquiterpene lactone like 1,2,3,4-
diepoxy-11(13) eudesmenl2,8-olide, wvulgarin, yomogin, Ignan glucoside like
tracheloside, monoterpene like dehydrovomifoliol, monoamine neurotransmitter
like 5-HT,5- hydroxytryptamine, etc. (Lee et al., 1998, 1999; Nguyen et al., 2016)
(Supplimentary table-S2).

Artemisia vulgaris has been used since ancient times for ethnopharmacological
purposes such as antibacterial, antipyretic, anti-fertility, antitumor, and anti-malarial

activities (Shanmuganathan et al., 2018).



1.8. Statement of problem

Environmental protection is one of the main topics of scientific societies, due to the
rapid development of industry, and improved people’s living standards. Modern
civilization also brings the serious environmental pollution, especially water
pollution. Water pollutions cause an adverse effect on human health and to the entire
ecosystem. Especially organic pollutants are the most troublesome substances such as
textile waste water and dyes. These types of pollutants are very difficult to be
decomposed in the natural environment and cause serious problems. Different
treatments were developed for water treatment such as filtration, oxidation,
adsorption, and photocatalytic techniques. Many monometallic oxide nanomaterials
such as ZnO, CuO, Fe>03, SnO», TiO,, etc. have been studied as photocatalysts but
most of them have some obvious drawbacks as a photocatalyst, such as high
recombination efficiency of photogenerated electrons and holes, the fact that it can
only be excited by ultraviolet light with photon energy greater than the band-gap
energy, and so on.

So to improve the photocatalytic behavior eco-friendly, convenient, and cost effective
method has been used to prepare bimetallic CuO@ZnO nanocomposites by using leaf
extract of Artemisia vulgaris which has nontoxic and natural capping agent that are

easily available for everyone.

1.9. Objectives of the study
1.9.1. General Objectives
The general objective of this study is to carry out the green synthesis of CuO@ZnO
nanocomposites using Artemisia vulgaris leaf extract and study of its photocatalytic
activities on methylene blue.
1.9.2. Specific Objectives
The specific objectives of this study can be figured out as follows:
» Preparation of methanol extract of leaf and conduction of its
phytochemical screening.
» Synthesis of CuO@ZnO nanocomposite using Artemisia vulgaris leaf
extract as reducing and stabilizing agents by green method.
» Characterization of CuO@ZnO nanocomposite.

» Study of photocatalytic activities against Methylene Blue (MB).



CHAPTER 2
LITERATURE REVIEW

Various semiconductor nanomaterials, and metal oxides including TiO2, ZnO, SnO>,
Fe»03, etc. have been intensively studied as photocatalysts due to band matching, high
photocatalytic activity performance, and stability against optical corrosion. In
particular, ZnO has some distinct advantages over others such as direct band gap,
simple customized structure, ease of crystallization, anisotropic growth, and higher
exciton binding energy and electron mobility (Mansournia & Ghaderi, 2017).
However, ZnO has some obvious drawbacks as a photocatalyst, such as high
recombination efficiency of photogenerated electrons and holes, the fact that it can
only be excited by ultraviolet light with photon energy greater than the band-gap
energy, and so on. The above-mentioned key difficulties must be resolved in order for
ZnO materials to become viable photocatalysts (L. Xu et al., 2017).

Many efforts have been made to improve the photocatalytic effectiveness of ZnO
nanostructures by changing their morphology, modifying ZnO with non-metal doping,
and adding transition metals or forming composite (Qi et al., 2020).

CuO has received a lot of attention among these narrow bandgap semiconductors due
to some advantages such as very stable physical and chemical properties and a
bandgap of 1.5-2.1 eV. The nanocomposites formed by ZnO and CuO can use not
only UV light but also visible light, making them suitable for use as photocatalysts
with a visible light response (Das & Srivastava, 2018; L. Xu et al., 2017).

The nanocomposite demonstrated the highest photocatalytic performance when the
molar ratio of ZnO: CuO was 2:1, which was generated using a microwave-assisted
urea-nitrate combustion technique. This indicates that the amount of CuO in
CuO/ZnO composites has a significant impact on photocatalytic activity. Although
several CuO/ZnO nanocomposites have been made earlier using the hydrothermal
approach, the procedures are rather complicated, and the influence of CuO contents
on the photocatalytic performance of CuO/ZnO nanocomposites is rarely described
(Sherly et al., 2015).

In a straightforward, economical, two-step hydrothermal process, Mansournia &
Ghaderi, (2017) produced pure ZnO, CuO, and CuO@ZnO nanoparticles with
success. The synthesized core shell CuO@ZnO has undergone rigorous

morphological, crystallographic, structural, and photovoltaic characterization.



CuO@ZnO NC formation was verified by the XRD examination. Moreover, as
formed ZnO and CuO have typical crystal sizes of roughly 26 and 21 nm,
respectively. The breakdown of MB dye under UV irradiation was used to test the
photocatalytic activity of CuO@ZnO. In comparison to using pure ZnO nanoparticles,
a significant rise in the photocatalytic efficiency was seen when using 0.4 and 2%
CuO@ZnO nanocomposites. After 90 minutes of UV exposure, the degradation of
MB with 0.4 and 2% CuO@ZnO is measured to be 94% and 96%, respectively.

In the work by Yulizer, using Theobroma cacao seed bark extract, green synthesis of
Zn0O/CuO nanocomposites has been explored. Fluorescence spectrometer, UV-vis,
DRS, FTIR, SEM, EDX, TEM, and XRD were used to identify the nanocomposites.
ZnO/CuO nanocomposite measured 20-50 nm in size, according to TEM (Yulizar et
al., 2018).

Plant extracts provided biomolecules that are safe, environmentally friendly,
inexpensive, and readily available. As a result, biomolecules are a possible alternative
to toxic compounds. Biomolecules discovered in extract serve an important function
as reducing agents, stabilizing agents, or both of which have an impact on the
properties and morphologies of the nanoparticles that result (M. Khan et al., 2018;
Marslin et al., 2018).

According to Bordbar (Bordbar et al., 2018), in the absence of dangerous and toxic
components, a CuO/ZnO nanocomposite was synthesized employing Melissa
afficinalis L. leaf extract as a moderate, renewable, and non-toxic reducing agent and
effective stabilizer. Nanocomposite has been characterized using SEM, EDX, TEM,
and XRD. By using TEM analysis to examine the morphology of the CuO/ZnO
nanocomposite, it was discovered that ZnO nanoparticles were joined to spherical,
narrow-sized 10 to 20 nm CuO nanoparticles. Additionally, CuO/ZnO nanocomposite
has demonstrated good catalytic activity in the aqueous degradation of 4-nitrophenol
and Rhodamine B at room temperature.

CuO/ZnO is one of the metal oxide nanocomposites that researchers are most
interested in because of its non-toxicity, cost-effectiveness, and availability. It has a
high energy density as well as excellent electrical and piezoelectric capabilities.
CuO/ZnO nanocomposites outperform pure ZnO and CuO nanostructures in terms of
physicochemical properties. The development of a CuO/ZnO heterojunction also
improves optical and electrical properties, which are thought to be useful in

photocatalysis (Sakib, Masum, Hoinkis, Islam, Molla, et al., 2019).
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Sakib, Masum, Hoinkis, Islam, & Molla, (2019) created CuO/ZnO composites by a
straightforward mechanochemical combustion process. The estimated grains were
determined to be 32.16 and 32.13 nm for ZnO and 5% CuO/ZnO, respectively,
according to the XRD pattern, which revealed the crystal structure of wurtzite ZnO.
The particles appear to be spheroid-shaped, according to SEM photographs. During
sun irradiation, CuO/ZnO NCs demonstrated strong photocatalytic activity against
MB dye. After 2 hours of sun exposure, the degradation value of MB with 5%
CuO/ZnO is determined to be 98%. The photodegradation of MB is significantly
influenced by the reactive species ‘O, and OH radicals.

Without using a template, ZnO/CuO heterostructure hollow spheres were created.
ZnO/CuO has a spherelike shape (4 nm) after coupling with CuO and is formed of
nanoparticles (20 nm). The ZnO/CuO hollow spherical is an excellent photocatalyst
and potentially destroys 97.8% of the RhB under natural sun irradiation within 100
min (Chen et al., 2020).

By utilizing the biomass filtrate of Penicillium carylophilum, the biosynthesis process
has been expanded to allow for the manufacture of CuO/ZnO nanocomposites at
various ratios. FTIR, XRD, TEM, SEM, EDX, and XPS were used to characterize all
of the synthesized nanocomposites. The findings of XRD and TEM analysis showed
that nanocomposites sizes ranged from 10 to 55 nm. MB was used to assess the
produced nanocomposites' photocatalytic degradation effectiveness. By increasing the
percentage of ZnO nanoparticles in the nanocomposite formulation, high
photodegradation effectiveness was attained; 97% of organic MB dye was eliminated
after 85 minutes of exposure using 20% CuO/ZnO nanocomposites (Fouda et al.,
2020).

According to the research done by Thatikayala & Min, (2021), Biogenic nanocrystals
(ZnO/CuO) were created from Ginkgo bioloba leaf extract and used as photocatalytic
and antibacterial agents, according to research by Thatikayala et al., 2021. The
creation of a crystalline ZnO/CuO nanocrystal was evident in the XRD patterns, and
the globular shape in the HRTEM pictures suggested that the material was porous.
After 60 minutes of UV exposure, the maximal photocatalytic degradation efficiency
of MB dye with ZnO/CuO nanocrystal was 99%, which was much greater than the
efficiency of the bare nanocrystals (75% for ZnO and 36% for CuO). Against Gram-

negative bacteria, it also demonstrated strong antibacterial action.
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Jery O. Aldeyemi's paper from 2022 claims that CuO-ZnO nanocomposites were
effectively made utilizing phytochemical extract from Dovyalis caffra leaves. The
characterization of synthesized nanocomposites was done using XRD, UV-VIS, SEM,
FTIR, TEM, and EDX. The XRD examination verified the existence of hexagonal
ZnO and monoclinic CuO, both of which were confirmed in the CuO-ZnO. When
tested on MCF7 breast cancer cells, these newly created nanocomposites performed
better than the corresponding metal oxides but only marginally better than
conventional medications (Adeyemi et al., 2022).

For the fabrication of CuO-ZnO nanocomposites, (Bekru et al., 2022) employed an
aqueous extract of verbascum sinaiticum. In order to investigate the crystallinity,
optical characteristics, morphology, and other qualities of CuO-ZnO samples, XRD,
spectroscopic, and microscopic techniques were utilized. For ZnO, CuO, and CuO-
ZnO samples, the average crystallite sizes were 22, 14, and 18 nm, respectively. Also,
the reduction and degradation of 4-nitrophenol and MB were examined for
photocatalytic activity. The photocatalytic activity against MB dye in CuO-ZnO
nanocomposites with 20% CuO was improved, with a rate constant of 0.017 min as
opposed to 0.0027 min for ZnO nanoparticles.

In the work by Basavegowda et al, (2022), the bimetallic p-ZnO/n-CuO
nanocomposite's photocatalytic activity against 4-nitroaniline and methyl orange was
investigated using Aegle marmelos extract. By reducing 90 % of 4-nitroaniline in 20
minutes and degrading 96 % of Methyl orange in 10 minutes, it has been discovered
that ZnO/CuO hetero-nanocomposite has high photocatalytic activity.

As per the study, the synthesis of CuO/ZnO nanocomposite using Artemisia vulgaris
plant extract has not been reported yet.

As reported, aqueous extracts of Artemisia vulgaris leaves contain phytochemicals
such as flavonoids, triterpenoids, glycosides, polyphenols, Saponins, and proteins
(Thangjam et al., 2020) providing significant phytochemicals as a promising
candidate for nanoparticle synthesis.

Considering the aforesaid studies into account, CuO@ZnO nanocomposites will be
generated in this investigation utilizing an eco-friendly green approach using
Artemisia vulgaris leaf extract as a reducing agent to achieve the enhanced

photocatalytic activity.
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CHAPTER 3

MATERIALS AND METHODS
3.1.Materials

3.1.1. Sample collection and study area

Artemisia vulgaris leaves were gathered from Sainamaina municipality ward No 11
(27°41'31.9" N and 83°15'39.4" E), Rupendehi, Nepal in September, 2022. The Amrit
Campus in Thamel, Kathmandu, is part of the research area. It has a decent vibe and
facilities for conducting experiments in order to complete the research. The leaf of

Artemisia vulgaris has been used for this study.

Sample collection
area

Sainamaina

AT Butwall|

7zad,

Tilottama
GRS

Dayanagar
AR

’ Collected Samples ‘

Figure 3.1: Sample collection area and collected samples

3.1.2. Equipment
Digital weighing balance, Spectrophotometer (Labrotonics-2802), Hot air Oven,
Muffle Furnace, UV lamp, Sonicatar, Magnetic stirrer, Auto deluxe digital pH meter

(Labrotonics-10, India), Dryer, Other glasswares.

3.1.3. Chemicals
All the chemicals used for this study were of analytical grade and were used as
received without further purification.

a) Methanol ( 99.8 %, EMPARTA®)

b) Cupric nitrate trihydrate ( 95-103 %, Qualigens)

¢) Zinc nitrate hexahydrate (96-103 %, Fisher Scientific)

d) Sodium hydroxide pellets ( 97 %, LOBA CHEMIE PVT.LTD)

e) Methylene blue ( 70 %, s.d. fine-chem limited)
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3.2. Preparation Methods

3.2.1. Preparation of Artemisia vulgaris leaves extract

Artemisia vulgaris leaves were washed with distilled water, dried in the shade for 10-
12 days, and then crushed to a fine powder using a pulverizing mill. The leaf extract
was prepared by soaking 100 g of leaf powder in 750 mL methanol for 10 days and
then filtered to obtain the extract.

Soaked 1n
Methanol
for 10 days . Filtered

Leaves of A. vulgaris Powder form

Leaf extract

Scheme 4: Schematic representation of the leaf extract preparation.

3.2.2. Phytochemical Analysis

The bioactive substances in Artemisia vulgaris leaf extract can be identified with the
use of phytochemical investigation. By examining the color reactions with certain
reagents for particular bioactive compounds, the existence of the bioactive chemical
was established.

3.2.3. Synthesis of CuO NPs

For the synthesis of CuO NPs slight modification was done in a previously reported
protocol (Bekru et al.,, 2022). Firstly, 5.0 g of Cu(NO3)2.3H>,O was taken and
dissolved in 20 mL distilled water (DW) and heated at 70 °C under a magnetic stirrer.
While it is being stirred, 25 mL of plant extract was slowly added to the solution and
2 mL (5 M) NaOH was added for adjusting the alkaline pH and then stirred for 60
min. Subsequently, the mixture was sonicated for 10 min. After that, the mixture was
centrifuged, filtered, and washed with DW and ethanol. Thus obtained precipitate was
dried at 80 °C for 12 hrs and crushed to make powder by a pestle. Eventually, the
powder form was calcined for 3 hrs at 400 °C using a muffle furnace. The resulting

product was pure CuO NPs.

3.2.4. Synthesis of ZnO NPs

For the synthesis of ZnO NPs slight modification was in a previously reported
protocol (Bekru et al.,, 2022). Firstly, 5.0 g of Zn(NO3)2.6H>O was taken and
dissolved in 20 mL DW and heated at 70 °C under a magnetic stirrer. While it is

being stirred, 25 mL of plant extract was slowly added to the solution and 2 mL (5 M)
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Cu(NO,),.3H,0

NaOH was added for adjusting the alkaline pH and then stirred for 60 min.
Subsequently, the mixture was sonicated for 10 min. After that, the mixture was
centrifuged, filtered and washed with DW and ethanol. Thus obtained precipitate was
dried at 80 °C for 12 hrs and crushed to make powder by a pestle. Eventually, the
powder form was calcined for 3 hrs at 400 °C using a muffle furnace. The resulting

product was pure ZnO NPs.

3.2.5. Synthesis of CuO@ZnO nanocomposites

Typically, 2.5 g of Cu(NO3)2.3H20 and 2.5 g of Zn(NO3),.6H,O were taken and
dissolved in 20 mL DW and heated at 70 °C under a magnetic stirrer. While it is
being stirred, 25 mL of plant extract was slowly added to the solution and 2 mL (5 M)
NaOH was added for adjusting the alkaline pH and then stirred for 60 min.
Subsequently, the mixture was sonicated for 10 min. After that, the mixture was
centrifuged, filtered and washed with DW and ethanol, thus obtained precipitate was
dried at 80 °C for 12 hrs and crushed to made powder by a pestle. Eventually, the
powder form was calcined for 3 hrs at 400 °C using a muffle furnace. The resulting
product was 50 % CuO@ZnO nanocomposite.Similarly, other samples with CuO
content of 2, 5 and 25 % by wt % were prepared using (NO3)2.3H20 (0.1 g, 0.25 g and
1.25 g) and Zn (NO3)2.6H20 (4.9 g, 4.75 g, and 3.75 g), respectively.

Zn(NO,),4H,0
¥ ! Dried at 80°C [

Centrifuged for 12 hrs

—
Washed

&
Filtered

Calcined at
& 400°C for 3

Magnetic stirring at 70 °C for 1 hr

Scheme 5: Schematic design for the synthesis of CuO@ZnO NCs.

3.3. Physicochemical Characterization

Structural and morphological characterizations were carried out using different
instruments, such as UV spectroscopy, FT-IR, XRD, EDX, and FESEM.
Photocatalytic efficacy of as-synthesized composite materials was performed using
Methylene Blue solution as a model compound. The phytochemical test was based on
the chemical test method where visual changes were noted.

UV-visible spectroscopy was used to determine the formation of CuO NPs, ZnO NPs,
CuO@ZnO nanocomposites. UV- visible spectrometer (Labrotonics, model LT2802)

15
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having double beam wavelength from 200 to 800 nm was run through the sample
solution (at a concentration of 1 mg/10 mL distilled water) using a cuvette and
absorbance was observed. It was carried out in the Department of Chemistry, Amrit
Campus, Kathmandu.

Fourier Transform Infrared (FTIR) Spectroscopy was used to identify the functional
group associated with the sample as a stabilizing and reducing agent. The FTIR
spectra were recorded with an FTIR spectrometer (PerkinElmer 10.6.2) at the cut off
range 400-4000 cm™ with scan interval 4 cm’'. It was also carried out in the
Department of Chemistry, Amrit Campus, Kathmandu.

The crystallinity and crystal phase of the obtained materials were probed by an X-ray
diffraction (XRD) instrument (Cu Ko (A = 1.5406 A) radiation on a Rigaku
diffractometer, INCASR, Bengaluru, India). The crystal structure of the synthesized
CuO, ZnO, and CuO@ZnO was examined by XRD. The surface morphology of
thecomposite was studied using Field emission scanning electron microscopy
(FESEM, Hitachi, Tokyo, Japan) equipped with energy dispersive x-ray spectroscopy
(EDX).

The whole experiment was carried out based on the following framework.

—> uv

Sample collection _»| Extractpreparation

i

Synthesis of
CuO@ZnO NCs

l

Photocatalytic activity

FTIR

|
:

Characteri
zation of
CuO@ZnO
NCs

EDX

FE-SEM

Scheme 6: Systematic organization of the study work

3.3.1. Photocatalytic activity

Photocatalytic activities of the CuO/ZnO NCs were investigated by exposing 50 mL
of 5 ppm methylene blue (MB) containing 30 mg of CuO/ZnO nanocomposite with
constant magnetic stirring in a glass beaker under UV light (a series of six Philips UV
lamps 15 W having a center wavelength of 254 nm positioned at 20 cm a distant over
the suspension surface) source. In order to ensure adsorption/desorption equilibrium,

the solution was stirred for 30 min in dark, prior to the irradiation. The absorbance of
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the irradiated sample solution was recorded wusing UV-double beam
spectrophotometer in each 15 min interval. The experimental conditions for all set of
experiments are tabulated in table 2. The percentage of photocatalytic degradation (D

%) was evaluated by using equation (1).

Co—Ct

D %= Co

x 100 ..(D)

Where, C, and C; are concentration at time 0 and t. k is rate constant

Table No.1: Experimental Conditions

Methylene Blue 50 mL, 5 ppm
Photocatalyst CuO@ZnO composites, 30 mg for 50 mL MB (5 ppm)
Temperature 25°C
pH Natural
Light source UV light
Irradiation time 0- 90 min
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CHAPTER 4
RESULTS AND DISCUSSION
4.1. Phytochemical analysis

Methanol extract from leaves of Artemisia vulgaris was successfully carried out.
Phytochemical analysis of methanol extract of leaf of Artemisia vulgaris was done
according to the standard protocol (Supplementary Table S2).

The results are tabulated below;

Alkaloids Absent
Flavonoids Present
Saponins Present
Terpenoids Present
Quionens Present
polyphenols Present
Proteins Present
Glycosides Present

As per the study, alkaloids was found to be absent in the leaves extract, whereas the
bioactive compounds like Flavonoids, Saponins, Terpenoids, Quionens, Polyphenols,
Proteins, and Glycosides were found to be present. These bioactive phytoconstituents
were believed to act as reducing as well as stabilizing agents for the synthesis of
nanomaterials. While, study performed by Thangjam et al., (2020) showed that, leaves
extract of Artemisia vulgaris contained phytochemicals such as flavonoids,
triterpenoids, glycosides, polyphenols, Saponins, and proteins (Thangjam et al.,

2020). Our finding is in good agreement with the finding.

4.2. UV-Vis Spectroscopy

Finding of UV-vis spectroscopic characterizations are shown in figure 4.1. It is found
that all of the produced materials, including ZnO, CuO, and CuO@ZnO, substantially
absorb in the UV area at 325 nm. Nevertheless, the CuO@ZnO nanocomposites also
exhibited shoulder peaks in UV-vis spectra around 430 nm. The red shift in the UV-
VIS absorbance of the composite could be associated with the agglomeration of
particles into relatively larger sizes or may be due to the some sort of defeats.

In comparison to ZnO, the CuO, and CuO@ZnO showed a broad peak. The

absorption peaks get widened with the percentage increase of CuO. It has been
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reported that the presence of CuO causes larger adsorption in the visible region
(Bekru et al., 2022).

Likewise, our finding, Kalia et al., (2021) found that the UV absorbance maxima of
the CuO and ZnO nanoparticles were at 320 nm and 330 nm, respectively. ZnO
nanoparticles and CuO-ZnO nanocomposites were discovered to have UV absorption
maxima at 374 nm (Bekru et al., 2022). Bimetallic Cu-Zn nanoparticles were
synthesized by Merugu et al., (2021), and their UV-visible spectra also revealed peaks
at 338 nm. Similarly, Minal & Prakash, (2016) determined that the wavelength of Cu-
Zn nanoparticles’ UV-visible spectrum is 401 nm. The variation in the UV-VIS
absorption of copper oxide/zinc oxide nanocomposites could be associated with the
different particle size and attachment/doping of different phytochemical constituents

onto the particles.

— Extract

—— CuO
—Zn0O
50%CuO@Zn0O
25%Cu0@ZnO
5%Cu0@Zn0
2%Cu0@Zn0

Absorbance

T . T - 1 X
300 400 500 600
Wavelength (cm™)

Figure 4.1: UV-visible spectra of CuO, ZnO, and CuO@ZnO nanocomposites

4.3. FTIR

The functional groups present in as-synthesized products were investigated using
FTIR Spectroscopy. The FTIR spectra of plant extract and synthesized nanostructure
were shown in figure 4.2. In the spectra of leaves extract, the board spectrum at 3323
cm™!' was due to the O-H bond stretching. Similarly, the C—H stretching of alkane has
resulted in a band at 2945 cm™! and 2833 cm™!. C=0 stretching of alkene, cyclic
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alkene, imine, oxime, etc. are resulted in a band at 1656 cm™'. The C-H bending of
alkane give rise to band at 1449 cm™'and 1413 cm™!. An absorption peak at 1114 cm™!
was ascribed to C-N stretching, and band at 1022 ¢m™' was attributed to of ester and
tertiary alcohol. These peaks assigned were carried out accordance to the
Spectrometric identification of organic compounds (Silverstein & Bassler, 1962). The
functionalities present in the methanolic extract of leaves of Artemisia vulgaris were
found to be well-indexed with some previously published report (Karki et al., 2023).
Hereafter, in the spectra of ZnO NPs, O-H bond stretching of the phenolic group was
observed at 3450 and 3369 cm’!, likewise, the peaks as 1645 ¢m™ and 1370 cm’!
attributed as C=0 stretching and stretching modes of nitrate anions, respectively.

On the same way, in the spectra of CuO NPs, the peak at 3451 cm™! assigned as O-H
stretching, peaks at 2924 and 2818 c¢cm™ attributed as C-H stretching, 1745 ¢cm™ as
C=0 stretching and 1465 cm™ as C-H bending (Karki et al., 2023; Mansournia &
Ghaderi, 2017; Silverstein & Bassler, 1962). Furthermore, in all spectra of
synthesized NPs and NCs, the bands appeared in the range of 400- 650 cm™ were
assigned as metal-oxygen (M-O) stretching vibrations which was well indexed to

some reports (Mansournia & Ghaderi, 2017).
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Figure 4.2: FTIR spectra of as-synthesized CuO, ZnO, CuO@ZnO, and Plant Extract
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4.4. XRD
The crystallinity of the synthesized materials was examined by using XRD. The
comparison of the XRD patterns of the as synthesized nanostructure is shown in
figure 4.3. The XRD pattern of zinc oxide nanostructure was appeared at 20 values of
31.7°, 34.38°, 36.2°, 47.52°, 56.52°,62.8° and 67.9° which were well indexed to the
(100), (002), (101), (102), (110), (103) and (112) plane of hexagonal ZnO,
respectively, with JCPDS card no: 05-0664, space group: p63/mc, cell constant:
a=b=3.249 A and ¢=5.205 A (G. Li et al., 2015). Similarly, the XRD patterns of
copper oxide nanostructure appeared at 20 values of 32.62°, 35.70°, 38.88°, 48.92°,
53.34°, 58.40°, 61.7°, 66.46° and 68.16" which were in good agreement to (110), (11-
1), (111), (20-2), (020), (202), (11-3), (31-1), and (220) plane of monoclinic CuO,
respectively, with JCPDS card no: 41-05682, space group: Ci2/Ci, cell constant:
a=4.6949 A , b=3.4382 A , and ¢=5.187 A (Smura et al., 2011). The diffraction peaks
of CuO@ZnO at 20 values were matched with the diffraction peak of ZnO and CuO,
confirming the formation of CuO@ZnO NCs.
These synthetic ZnO and CuO nanostructures' XRD patterns showed no extra peaks,
indicating that the materials were single-phase and hence extremely pure.
Additionally, the Debye-Scherrer equation (3) was used to compute the average
crystallite size of the produced Zinc oxide and Copper oxide nanoparticles.

K\

= Boos0 )

Where,

D= Crystallite size of materials

A= Wavelength of Cu Ka radiation (0.15406 nm)

0 = Bragg’s angle

B = Corrected half width of the diffraction peak (in radian)
K= Shape factor which usually equals to 0.94

Furthermore, the average crystallite size of as-synthesized CuO, ZnO, and CuO@ZnO

nanostructures were found at around 17.24 nm and 20.74 nm, and 19-24 nm,

respectively.
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Figure 4.3: XRD patterns of the as-synthesized samples: CuO, ZnO, 50%CuO@ZnO,
25%CuO@Zn0, 5%CuO@Zn0O, and 2%CuO@ZnO.

As seen in the figure 4.3, the intensity of ZnO peaks were significantly decreased with
an increasing percentage of CuO in the CuO@ZnO nanocomposite structures. Hence,
among the nanocomposites, the intensity of ZnO peaks were maximum at
2%CuO@ZnO nanocomposite whereas minimum at 50%CuO@ZnO. Meanwhile, the
intensity of CuO peaks increased with increasing percentage of CuO in the
CuO@Zn0O nanocomposite structures, and the intensity of the CuO peaks were found
to be maximum at 50%CuO@ZnO whereas minimum at 2%CuO@ZnO
nanocompostes. However, in lower percentages of copper oxide, XRD technique is
not able to verify the presence of CuO, due to the small amount of CuO coated on
Zn0 i.e. CuO peaks were found to be in a negligible amount at 2% CuO@ZnO NCs.
These findings are in good agreement with other’s report presented by ( Bekru et al.,
2022; Fouda et al., 2020; Mansournia & Ghaderi, 2017; Sakib, Masum, Hoinkis,
Islam, & Molla, 2019; Yulizar et al., 2018).
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4.5. FE-SEM

The surface morphology of as-synthesized CuO@ZnO nanocomposite is shown in
figure 4.4. The image shows the particles of nanosize dimension. As there is no
significant aggregation of composite nanoparticles, the leaf extract of Artemisia

vulgaris serves as a good capping agent.
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Figure 4.4: FE-SEM of 2% CuO@ZnO nanocomposites at different magnifications.

4.6. EDX spectroscopy

Energy dispersive X-ray spectroscopy (EDX) was employed to further demonstrate
the production of CuO@ZnO nanocomposites. This method showed that the elements
zinc, copper, and oxygen were present in every synthetic NCs. For instance, figure 4.5
shows the EDX spectrum of the nanocomposites with the smallest quantity of copper
(2% CuO@ZnO).
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Figure 4.5: EDX spectrum of a typical 2 %CuO@ZnO NCs

Element At.No. Mass (%) Mass Norm. (%) Atom (%) Abs. error (%)

[3 sigma]
0) 8 22.13 27.67 60.91 9.98
Cu 29 6.92 8.65 4.79 1.38
Zn 30 50.94 63.68 34.30 6.13

79.99 100.00 100.00

4.7. Photocatalytic activity

4.7.1. Wavelength scanning

The absorbance spectra of MB solution containing CuO, ZnO, and various ratios of
CuO@ZnO nanocomposites are shown in figure 4.6 (a-f). A prominent peak at 665
nm of pure MB solution was recorded. Pure MB solution with the addition of
different catalysts was subjected for 90 minutes to UV light irradiation. A subsequent
decrease in the absorbance of the solution in each successive interval was observed.
As compared to pure ZnO and CuO nanoparticles, the absorption band of CuO@ZnO
nanocomposites was observed to be more reduced. The absorption spectra were found
to be much lower in CuO@ZnO as the quantity of CuO dropped. Research showed

that MB degraded in as-synthesized nanocomposites when exposed to UV exposure.

24



12 1.2

A —— Omin B [—— 0 min
=15 min |—— 15 min
1.0 4
0.8 4
3
3 g
] E=1 i
-E : 2 0.6
.2 <
. 0.4 4
0.2 4
0.0 T T T 0.0
550 600 650 700 750 550 600 650 i
Wavelength (cm™) Wavelength (ecm™)
1.2 - 12
c O:m l’ D —— 0 min
b m{n —— 15 min
1.0 1 30 min 101 —— 30 min
45 mf“ ——— 45 min|
(EO mfn ——— 60 min
084 78 mfn 084 —— 75 min
8 90 min § —— 90 min|
g i
£ 06 206
2 2
<
0.4 4 044
az) /\
0.0 T T T 0.0 Y -/\ \ T
550 600 650 700 750 550 600 650 . 700 750
Wavelength (cm™) Wavelength (cm™)
1.2 - 12
E o s F [0 min
4 e —— 15 min|
10 - 101 30 min
——45 min 45 min
50 o |60 min|
038 75 min 081 ——75 min
§ 90min ] —— 90 min|
g 0.6 go.s L
< <
04 04 -
0.2 /\ 02
0.0 Ll /\ \ 00 ’ ///\\ T

T
650 700 750

550 600 650 700 750 550 )
Wavelength (cm™)

Wavelength (cm™)

Figure 4.6: Photocatalytic removal of MB using (A) CuO, (B) ZnO, (C) 50%
CuO@ZnO, (D) 25% CuO@ZnO, (E) 5% CuO@ZnO, and (F) 2% CuO@ZnO
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4.7.2. Photocatalytic degradation and degradation efficiency

For the photodegradation of MB in the presence of UV light, CuO, ZnO, and different
ratios of CuO@ZnO nanocomposites were utilized to assess the photocatalytic
performance. Figure 4.7 illustrates the role played by copper concentration in the
photodegradation of MB. The deterioration rate increased as the quantity of copper
decreased, reaching its peak at 2% CuO@ZnO.

Figure 4.8 compares the degradation efficiency of all the green synthesized catalysts
at 90 min, evaluated by using the equation 1.

The order of degradation rate is as follows: CuO < ZnO < 50%CuO@ZnO < 25%
CuO@ZnO < 5% CuO@ZnO < 2% CuO@ZnO.

The degradation efficiency of CuO, ZnO, 50%CuO@ZnO, 25%CuO@ZnO,
5%CuO@Zn0, and 2%CuO@7Zn0O were found to be 52%, 68%, 75%, 83%, 87%, and
98% respectively.

In comparison to ZnO NPs alone, all CuO@ZnO samples performed better. With a
98% degradation efficiency, 2% CuO@ZnO displayed the highest photocatalytic
activity. According to earlier research, the reduced performance of CuO@ZnO with
higher CuO concentration beyond the optimal value may be due to increased
aggregation of CuO that obscures surface photoactive sites or increased e/h

recombination rates (Babu et al., 2019).

The transfer of e and h* from CuO to ZnO, is energetically prohibited at higher CuO
coating levels (50%CuO@Zn0O), where the majority of photons may be directly
absorbed by CuO. Thus, more CuO coating results in a reduction in the amount of
superoxide anion radical production (*O2") and the catalyst's degradative activity.
Whereas, with lower amount of CuO coating, NCs have significant potential to
generate superoxide and hydroxyl radicals due to the potential of excited electron
transfer from conduction band of thin layer CuO to that of ZnO, and transfer of holes
from Valence band of ZnO to that of CuO, which is also an energetically permitted
process. Moreover, in moderate CuO coated NCs the production and reduction of
superoxide radicals and hydroxyl radicals both are impacted by the energetically
preferred process of transfer of electrons and holes pairs (Chang et al., 2013;
Khanchandani et al., 2012; Qamar et al., 2015; S. Xu et al., 2010). Hence, it was
found that the activity of composite increased with decreased in amount of copper

content.
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Figure 4.7. Photocatalytic degradation of MB solution under UV light in the presence
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Figure 4.8. Degradation efficiency at the time of 90 minutes.
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Table No.3: The comparison of photocatalytic efficiency of CuO@ZnO nanocomposite against organic

pollutants reported in some papers;

Methods of Pollutants | Amount of Conc. Of | Light Time | D% | Reference
synthesis photocatalyst pollutant source
Mechanochemical | MB 20 mg, | 5 ppm Sunlight | 2 hrs 98% | Sakib, &
combustion 5%CuQ/ZnO Molla, 2019
MW assisted | MB 20 mg, | 10 ppm Visible 105 82% | Bekru et al.,
using GH leaves 20%Cu0/ZnO light min 2022
Green  synthesis | MB 40 mg, | 10 ppm Visible 85 97% | Fouda et al.,
using penicillium CuO/Zn0x0/30 light min 2020
corylophillium
Noval MB 20 mg, | 5 ppm UV light | 90 96% | Mansournia &
hydrothermal 2%CuO@Zn0O min Ghaderi, 2017
Green method | RhB 5mg 2.5x107 Sunlight | 5% 100 | Bordbar et al.,
using Melissa M cycle | % 2018
officinalis aq.
leaves extract 4-NP
Hydrothermal RhB 10g 1x10° mol | Natural 100 97.8 | Chen et al.,

L sunlight | min % 2020
Green  synthesis | 4- 0.2 mg 0.025 mM | Sunlight | 20 90% | Basavegowda
using Aegle | nitroanili min et al., 2022
marmelos leaf | ne
extarct MO 10 96%

min
One step bio | MO 0.04 mg, | 10 ppm UV light | 60 83% | Thatikayala &
combustion using 0.2%Cu0O/ZnO min 99% | Min, 2021
Ginko leaf extract | MB
One step | MB 20 mg, | 6 mg/L Xelamp | 120 82% | Xuetal., 2017
hydrothermal 2:1Zn;Cu min
CuO/ZnO
Hydrothermal MB 6%7Zn0O- 1.5 mg/ | UVlight | 120 89% | Taufique et
24%CuO 200 mL min al., 2018

water
Photodeposition MO 50 mg 10 mg/L UV lamp | 120 93% | Wang et al.,
method min 2011
Green  method | MB 30 mg 5 ppm UV lamp
using A.vulgaris 90 98% | This paper
leaf extract min
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4.7.3. Degradation mechanism

CuO@ZnO has a higher photocatalytic effectiveness than pure ZnO due to the
interfacial charge separation and strong charge separation. Using a CuO@ZnO
nanocomposite, the predicted process for improved dye photodegradation is put forth
in figure.In this study, the green technique employing Artemisia vulgaris leaf extract
may have created a heterojunction between the surfaces of ZnO and CuO
semiconductors and triggered the photodegradation of dyes, which was a key
component of the photocatalysis mechanism.

The schematic diagram of the CuO@ZnO heterojunction's excitation and transfer of
electrons and holes under UV light irradiation is shown in Fig.4.9. The heterojunction
created by CuO and ZnO helped to separate the photogenerated carriers (Chabri et al.,
2016).

ZnO and CuO were found to have valence band potentials of 2.42 and 1.43 ev,
respectively, and conduction band potentials of -0.14 ev and -0.38 ev,
respectively(Thatikayala & Min, 2021). Since, CuO is a narrow band-gap
semiconductor, the CuO@ZnO hollow sphere can produce photogenerated electrons
and holes after irradiation by UV light. The location of conduction and valence bands
of CuO is higher than those of ZnO's, which is thermodynamically beneficial for the
transfer of charge carriers created by light (Sherly et al., 2015). The photogenerated
electrons will move from the conduction band of CuO to that of ZnO when exposed to
UV radiation, whereas the photogenerated holes will move from the valence band of
ZnO to that of CuO. Thus, due to the buildup of charge carriers like e in ZnO's
conduction band and h™ in CuO's valence band, the oxidation and reduction

mechanisms over the surfaces of ZnO and CuO, respectively, result in the generation
of superoxide ('O2) and hydroxyl ('OH) radicals with the interaction of dissolved

oxygen (O2) and H»O, respectively. Last but not least, the dye (MB) molecules engage
in interactions with photogenerated radicals and fragment into more basic compounds.
The dye molecules engage with photogenerated radicals and break down into smaller,
less harmful organic compounds, which are then further transformed into CO> and
water molecules, respectively (Karnati et al., 2018).

Here we proposed the following possible degradation mechanism of MB with

CuO@ZnO in the presence of UV light.
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CHAPTER 5

CONCLUSION
Highly efficient CuO@ZnO NCs have been successfully synthesized using leaves

extract of Artemisia vulgaris through cost-effective, environmentally friendly, non-
hazards green method. Thus synthesized CuO@ZnO NCs have been found to show
significant photocatalytic activities. Thus synthesized NCs were used for the catalytic
photodegradation of methylene blue (MB) and found to shown significant
photocatalytic activities. The degradation efficiency of CuO, ZnO, 50% CuO@ZnO,
25% CuO@ZnO, 5% CuO@ZnO, and 2% CuO@ZnO were found to be 52 %, 68 %,
75 %, 83 %, 87 %, and 98 % respectively. Since, the nanocomposite with the lower
concentration of CuO coated on ZnO exhibited effective separation and transport of
photo-induced electro-hole pairs than that of pure ZnO, the composite with the lower
amount of CuO coated on ZnO nanostructures enhanced the yield of photocatalytic
degradation as compared to the higher amount of CuO coated on ZnO nanostructures.
Therefore, it was found that, CuO@ZnO nanocomposites have potential to degrade

MB as organic dye, and can be used for the wastewater treatment.
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Supplementary

Table-S1: Various phytochemical present in Artemisia vulgaris

Class Compounds Parts of plant Reference
Flavonoid apigenin leaf Karabegovic et al., 2011.
chrysoeriol Whole plant Lee et al., 1998, 1999
diosmetin Whole plant Lee et al., 1998, 1999
eriodictyol Whole plant Lee et al., 1998, 1999
eupafolin Whole plant Lee et al., 1998, 1999
homoeriodictyol Whole plant Lee et al., 1998, 1999
isoquercitrin Aerial part Ivanescu et al., 2010
isorhamnetin whole plant Lee et al, 1998, 1999;
Ivanescu et al., 2015
jaceosidine whole plant Lee et al., 1998, 1999
kaempferol 3,7-dimethyl ether | Aerial part M. T. Nikolova &
Ivancheva, 2005;Nikolova
& VELICKOVIC, 2007;M.
Nikolova et al., 2004
kaempferol Aerial part Ivanescu et al., 2010
kaempferol-3-glucoside leaf Melguizo-Melguizo et al.,

2014

kaempferol 3-rutinoside

whole plant

Lee et al., 1998, 1999

kaempferol 7-glucoside

whole plant

Lee et al., 1998, 1999

Luteolin

Aerial part

Ivanescu et al., 2010

Luteolin 7-glucoside

whole plant

Lee et al., 1998, 1999

Luteolin rutinoside leaf Melguizo-Melguizo et al.,
2014

chrysosplenetin Aerial part M. Nikolova et al., 2004

artemetin Aerial part M. Nikolova et al., 2004;
Nikolova &
VELICKOVIC, 2007

quercetin Aerial part Nikolova &
VELICKOVIC, 2007;

Ivanescu et al., 2010

quercetin 3,3’-dimethyl ether

Aerial part, leaf

Karabegovi¢ et al., 2011;
M. Nikolova et al., 2004;
M. Nikolova &
VELICKOVIC, 2007

quercetin 3,7,3’-trimethyl ether

Aerial part, leaf

Karabegovi¢ et al., 2011;
M. Nikolova et al., 2004;
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M. T. Nikolova &
Ivancheva, 2005; M.
Nikolova &

VELICKOVIC, 2007

quercetin 3,7-dimethyl ether

Aerial part, leaf

Karabegovi¢ et al., 2011;
M. Nikolova &
VELICKOVIC, 2007

quercetin 3-galactoside

Leaf, whole plant

Karabegovi¢ et al., 2011;
Lee et al, 1998, 1999;
Melguizo-Melguizo et al.,

2014

quercetin 3-glucoside

whole plant

Lee et al., 1998, 1999

quercetin 7-glucoside

whole plant

Lee et al., 1998, 1999

quercetin-3-malonylglucoside leaf Melguizo-Melguizo et al.,
2014
quercetrin Aerial part, | Ivanescu et al., 2010; Lee et
whole plant al., 1998, 1999
rutin Aerial part,leaf, | Coopoosamy, 2015;
whole plant Ivanescu et al., 2010; Lee et
al., 1998, 1999; Melguizo-
Melguizo et al., 2014; Pires
et al., 2009
tricine whole plant Lee et al., 1998, 1999
vitexin whole plant Lee et al., 1998, 1999
phenolic acid 1,3-O-dicaffeoylquinic Leaf Melguizo-Melguizo et al.,
acid/1,4-Odicaff 2014
1,5-O-dicaffeoylquinic acid flowering tops, | Carnat et al, 2000;
Leaf Melguizo-Melguizo et al.,
2014
3,4-O-dicaffeoylquinic acid Leaf Melguizo-Melguizo et al.,
2014
3,5-0-dicaffeoylquinic acid flowering tops, | Carnat et al, 2000;
Leaf Melguizo-Melguizo et al.,
2014
3-O-caffeoylquinic acid Leaf Melguizo-Melguizo et al.,
2014
4,5-O-dicaffeoylquinic acid Leaf Melguizo-Melguizo et al.,
2014
5-O-caffeoylquinic acid Aerial part, Leaf | Ivanescu et al, 2010;
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Melguizo-Melguizo et al.,

2014

5-O-feruloylquinic acid

Leaf

Melguizo-Melguizo et al.,

2014

gallic acid

whole plant

Coopoosamy, 2015

protocatechuic acid glucoside Leaf Melguizo-Melguizo et al.,
2014
organic acid malic acid Leaf Melguizo-Melguizo et al.,
2014
quinic acid Leaf Melguizo-Melguizo et al.,
2014
trihydroxy-octadecenoic acid Leaf Melguizo-Melguizo et al.,
2014
tuberonic acid glucoside Leaf Melguizo-Melguizo et al.,

2014

sesquiterpene artemisinin Lleaf, stem and | Sarajietal., 2013
root
eudesmane dialcohol Aerial part Marco et al., 1991
new sesquiterpene 1 Leaf Ragasa et al., 2008
sesquiterpenic 3-oxoeudesma-1,4,11(13)- Aerial part Marco et al., 1991
acid trien-7aH-12-oic acid
la-hydroxyeudesma- Aerial part Marco et al., 1991
2,4(15),11(13)- trien-5a,7aH-
12-oic acid
sesquiterpene artemisinic  acid  glucoside | Leaf Melguizo-Melguizo et al.,
glucoside isomer 1 2014
artemisinic  acid  glucoside | Leaf Melguizo-Melguizo et al.,
isomer 2 2014
sesquiterpene 1,2,3,4-diepoxy-11(13) leaf Natividad et al., 2011;
lactone eudesmenl2,8-olide Tigno et al., 2000

vulgarin whole plant Geissman & Ellestad, 1962
yomogin Leaf Natividad et al., 2011,
Tigno et al., 2000
ignan glucoside | tracheloside Leaf Melguizo-Melguizo et al.,
2014
monoterpene dehydrovomifoliol Leaf Melguizo-Melguizo et al.,
2014
monoamine 5-HT,5- hydroxytryptamine Leaf Nguyen et al., 2016
neurotransmitter
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Table-S2: Phytochemical Analysis Protocol

S.N. | Experiment Observation Inference
1 Test for alkaloids
a. Mayer’s test Presence of
3 drops of Mayer’s reagent+ 2 mL of Yellowish ppt. alkaloids
extract, shake well
b. Dragendorff’s test
3 drops Dragendorft’s reagent+ 2 mL Yellowish ppt. Presence of
extract, shake well alkaloids
2 Test for flavonoids
5 mL dil. Ammonia solution+ extract+ conc. Yellow color Presence of
Sulphuric acidfrom side of the tube flavonoids
3 Test for terpenoids Reddish brown Presence of
2 mL CHCL;3 + 5 mL extract + 3 mL conc. color terpenoids
H2S04 slowly
4 Test for saponins Appearance of Presence of
5 mL extract + 20 mL distilled water, shake frothing saponins
vigorously
5 Test for quinones Yellow colored Presence of
2 mL extract + Conc. HCI ppt. quinones
6 Test for polyphenols Black color Presence of
3 drops of 5 % FeCl3 + 2 mL extract, shake polyphenols
7 Test for glycosides Violet ring at Presence of
3 drops of Molish’s reagent + 2 mL extract, junction of two glycosides
shake well + few drops Conc. H2SO4 slowly layers
from the side tube and allow to stand for few
minutes
8 Test for proteins Presence of

Biuret Test: 2 mL 5 % NaOH + 2 mL extract +
CuSO4 solution

Pink color

proteins
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