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Abstract

Now days, water contamination caused by various sources have drawn a series attention. In addition to this,
antimicrobial caused diseases have become series issue worldwide, especially for developing countries.
The focus of the present study was biogenic synthesis of Co304 NPs, TiO,/rGO, and ZnO/CuO NCs within
various volume ratios in the presence of peel extract of ST, CS, and MA, respectively. It was observed that
Co304 NPs were stable above 450°C, and were spherical in shape, and had the average crystalline size of,
13.5-19.45 nm, and band gap energy of 3.25- 3.37 eV for the 1:2, 1:1 and 2:1volume ratios, respectively.
SEM-EDS, TEM, HRTEM and SAED confirm that the NPs were spherical in shape and crystalline.
Thermal analysis of green synthesized TiO;, based NPs confirmed that the pristine NPs were found to be
stable above 500°C having average crystalline size in the range of 7-27 nm and 13-22 nm for the CS and
MA, respectively. The average crystalline size of CS and MA peel extract templated synthesized TiO,/rGO
NCs were found to be in the range of 7-15and 11-12nm, respectively. The band gap energy was calculated
to be in the range of 3.17-3.29 eV and 3.10-3.38 eV for the CS and MA mediated synthesized TiO, NPs,
respectively. While E4 of CS and MA peel extract templated formed TiO,/rGO NCs were found in the
range of 2.85-3.11 eV and 3.07-3.11 eV, respectively. SEM analysis proved that TiO, NPs and TiO,/rGO
NCs were spherical in shape. TEM, HRTEM, and SAED confirmed that the NPs and NCs nanocatalysts
were spherical and crystalline. The average crystalline size of ZnO NPs were found to be within 24.9-28.2
nm for the 1:1, 1:2, and 1:3, respectively and 17.0 nm for CuO NPs. The average crystalline sizes of
ZnO/CuO NCs were found within the range of 22.6-22.9 nm for 10%, 15%, 20% and 25%, respectively.
SEM and TEM analysis confirmed that ZnO NPs, CuO NPs, and ZnO/CuO NCs were spherical shape. Eg
of ZnO NPs were 3.24-.24 eV for the 1:1, 1:2, and 1:3, respectively. E; of CuO NPs were estimated to be
1.7 eV and that of ZnO/CuO NCs decreased from 3.24 to 3.05eV. 94.28%, 94.25%, and 90% of MB
degradation were achieved in the presence of TiO,/rGO-1.5¢c, TiO,/rGO-1.5m, and ZnO/CuO (20%)
catalyst, respectively. ZnO/CuO (20%) NCs and Co304 (1:2) NPs showed 22 and 27 mm ZOl, respectively.
ZnO/CuO (20%) and Co304 (1:2 and 1:1) NPs showed 0.40 and 0.00 MGI against Alternaria Solani,
respectively.

Keywords: Metal oxide nanoparticles, nanocomposites, peel extract, biosynthesis, photocatalysis and
antimicrobial.
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1. Introduction

The natural environment has been exposed to various natural and artificial hazardous problems due to
overpopulation growth, advancements in urbanization, accumulation of agricultural fruit and vegetable
wastes and industrial wastes including organic dyes, pesticides, inorganic contaminants and detergents,
heavy and toxic metal ions, the decomposition of toxic and poisonous gases and chemical species
produced from various chemical industries. Among these, the discharge of various types and nature of dye
effluents from various chemical industries and sources such as dye stuffs, textiles, paint and varnishes,
inks, plastics, pulp and paper, food, rubber and cosmetics to the environment is a prime cause of concern
nowadays worldwide. When those pollutants and dyes are discarded into the water bodies without
adequate treatment, they could results in changing the color of water bodies, promoting significant
changes in the hydrological cycle; thus could lead to severe diseases and even to the death of human
beings. Thus, the degradation and removal of those organic dyes from water bodies is of great
environmental and industrial importance. A number of miscellaneous methods such as ion exchange,
reverse osmosis, membrane filtration, adsorption processes, chlorination, chemical precipitation and
electrochemical methods, sedimentation-flocculation and coagulation as well molecular sieving have been
widely explored for water treatment containing wastes but those protocols cannot completely degrade the
organic pollutants and also results in the formation of secondary pollutants (Fathima et al. 2008; Soni et
al. 2021).

Recent studies have shown that advanced oxidation process (AOPs) using heterogeneous green mediated
synthesized catalyst in the presence of visible light irradiation are the best alternative techniques for the
decontamination of wastewater as compared to conventional methods due to low-cost and high stability,
nontoxicity, absence of resistance to mass transfer and secondary pollution, operation under ambient
conditions, high surface area to volume ratio, energy efficient, environmentally safe and more importantly
the potential for decomposing the recalcitrant organic pollutants at short reaction time into less and zero
harmful forms. One of the AOPs is heterogeneous photocatalysis using semiconducting metal oxides
nanoparticles especially prepared via green methods. In this process, the electron-hole pairs degrade the
dye molecules present within the water into less or zero harmful components(Fan and Fang 2020; Luque-
Morales et al. 2021).

Currently, various semiconductor-based nanomaterials have attracted a significant interest for the
purification and treatment of wastewater via the method of AOP (photocatalysis) technique. Among these,
nano sized metal oxide photocatalysts such as TiO,, CuO, C0304, ZnO, ZnS, CdS, Fe;03, MgO, Mn,0s,



Zr0O,, V7,05, Nb,Os, WO3, and many others have been investigated and used in the process of wastewater
decontamination (Sivachidambaram et al., 2017a). Particularly, wastewater decontamination using high
surface area semiconductor NCs photocatalysts prepared via numerous techniques has shown improved
potential. Previously, it has been reported that TiO, and ZnO NPs has been abundantly used and selected
as the most reliable candidate as an environmentally clean and pristine photocatalyst due to its desired
chemical properties, favorable optical effects, chemically balanced and photochemical stability, dielectric
properties, biological and chemical inertness, high redox potential and good photocatalytic efficiency and
non-toxicity. In order to improve and enhance the photocatalytic activity of TiO, and ZnO NPs, several
approaches have been revised such as metallic and non-metallic doping, conductive polymer doping, dye
sensitization and formation of composite by using various synthesis methods. Among these adapted
techniques of preventing the electron-hole recombination rate, TiO,-based composite nano-photocatalysts
are the most reliable and cost-effective candidates. Previously, TiO, based NCs materials such as
TiO,/Zn0O, g/TiO,, BisTiz012/BiyTi,O7 and Au/TiO, was synthesized via various chemical synthetic
protocols for photocatalytic applications (Prajapati & Mondal, 2021). Various physico-chemical synthesis
protocols for ZnO and TiO,-based NCs including the green approach were also reported. Among these
techniques, the green synthesis approach is ecofriendly, inexpensive, and easily manageable as it involves
the use of green alternative starting materials (extract of plants, bacteria, algae, and fungi) as a template
and green solvents such as ethanol and distilled water, and non-toxic and less toxic precursors/salts.
Moreover, using of peel extract as a capping and reducing agent for the synthesis of various types of
metal oxide NPs and NCs could be the most preferable technique; since this way provides more
advantages such as in one way the environment is cleaned while using the peels which pollutes the
environment once discarded to the environment as a waste and in the other side, those peels could be

accessed from the environment with zero cost (Nainani and Thakur 2016; Saranya et al. 2018).

In addition to water pollution, nowadays, one of the global health concerns is the increasing of
antimicrobial resistance caused by many microorganisms against drugs, because some pathogens which
were curable in past now are becoming untreatable such as Methicillin-resistant staphylococcus Aureus.
To address this battle and to overcome frightening situation of microbial resistance to antibiotics, using
metal oxide NPs synthesized via easily achievable techniques as antimicrobial agent are becoming the
best alternative options worldwide. Cobalt oxide and ZnO NPs are one of the inorganic nanomaterials
which can be used for such antimicrobial activities because of its interesting various physico-chemical
properties. A rapid increment in the development of new antimicrobial inorganic and organic materials
has been observed as consequence of the spread of antibiotic resistant infection disease, which has
become a major issue in the current health care. It has been reported that, synthesis of various types of
2



NPs and NCs via various chemical and green methods for the desired applications were intensified
(Kiflom Gebremedhn et al. 2019). Currently, the biomediated synthesis protocols of NPs and NCs using
various types of green capping and reducing agents such as various parts of green plants, waste of fruits
and vegetables were reported. However, synthesis of various types of NPs and NCs using peel waste
extract of vegetables and fruits as capping and reducing agent were not exploited. Hence, instead of using
toxic and expensive chemicals, using green plants as a capping and reducing agent for the synthesis of
various types of NCs and NPs for the desired applications is highly recommended (Sivachidambaram et
al. 2017). Therefore, the present work focuses and intensifies on the synthesis of TiO,, ZnO and CuO NPs
followed by synthesis of TiO,/rGO and CuO NCs within various volume ratios, characterization using
TGA/DTA, XRD, SEM-EDS, TEM, HRTEM, SAED, UV-DRs and FTIR and to investigate the
photocatalytic degradation of methylene blue dye under visible light irradiation and to carry out test of
their antibacterial and antifungal activities on some selected microbes.

1.2. Statements of the Problem

Previously, several studies and reports have been focused on investigating the photocatalytic activity of
chemically synthesized and in some extent green mediated obtained single TiO,, ZnO and Co3O4 NPs for
the remediation of polluted water caused by various sources and as well as cost effective nano-drugs.
Moreover, earlier reports show that TiO,/rGO, ZnO/CuO NCs and Co3O4 NPs were synthesized by
various chemical synthesis protocols for the remediation and recovery of wastewater contaminated by
numerous sources and their application on drug resistance microbes such as bacteria and fungi. However,
to the knowledge of we the researchers, still now there is no any scientific report on the green synthesis of
TiO,/rGO and ZnO/CuO NCs and Co304 NPs in the presence of peel extract of CS, MA, and ST as cost
effective capping and reducing agent for the efficient photocatalytic degradation of methylene blue dye
under visible light irradiation and to investigate the antimicrobial activity. Furthermore, no previous
comparative works were presented on the effect of CS, MA, and ST peel waste extracts on the green

alternative synthesis of TiO,/rGO NCs and their effect on the degradation of MB dye.

1.3. Objectives

1.3.1. General objective

Biomediated synthesis of some selected nano-based metal oxides and NCs metal oxides using
environmentally available agricultural fruit and vegetable waste materials for photocatalytic and

antimicrobial applications.



1.3.2. Specific objectives

The specific objectives of this study were:

v’ Preparation of extracts from agricultural fruit waste materials of banana (Musa acuminate), Orange
(Citrus sinensis), and potato (Solanum tuberosum) peel.

v Biomediated synthesis of C0o304, TiO,, ZnO, CuO NPs, TiO,/rGO and ZnO/CuO NCs.

v’ Characterization of synthesized NPs and NCs using TGA/DTA, XRD, UV-DRs, SEM, EDS, TEM,
HRTEM, SAED and FTIR techniques.

v' Evalutation of the photocatalytic activity of the synthesized TiO2/rGO and ZnO/CuO NCs towards MB
dye degradation.

v Evaluation of antifungal and antibacterial activity of Co3;0, NPs and ZnO/CuO NCs towards
Fusarium oxysporum and Alternaria solani and K. Pneumoniae, E.Coli, S. Typhi, B. Subtilis and

S.Aureus strains, respectively.

1.4. Significance of the Study

Biomediated synthesis of NPs and NCs involves the use of both different parts of green plants and waste
materials. However, using green plants is not recommended and is not an economic way, since it may lead
for the existence of hostile environment. Instead, using different fruit waste material extracts can avoid
many adverse effects associated with environmental pollution. Therefore, the project provides an insight
as waste materials that can pollute the environment can be recycled and used as capping and reducing
agent in the synthesis of nanomaterials; in one way the environment is cleaned and in other way they can
be used to synthesize NPs without any cost (too green method). The project was also help and creates an
opportunities for chemistry masters/undergraduate students of ASTU. The work also provides an insight
how different biosynthesized nanomaterials obtained using fruit waste extracts and precursor salts can be
used as antimicrobial drug for different types of fungi and bacteria strains that can affect human beings
and leads for series health problems and even for death. Moreover, textile and chemical industries can be
benefited and share experience from this project, as they can treat waste water released from their
factories using such easily synthesized nano catalysts. In addition, the project also provides an insight to
pharmaceutical laboratories, as they can synthesize environmentally friendly nano range biocide drugs,

instead of using commercially synthesized drugs as antimicrobial agent.



1.5. Scope of the Study

This study was encompasses on the collection of agricultural fruit and vegetable wastes followed by
surface cleaning and separation of the peel. Biogenic synthesis of CuO, TiO,, ZnO, Co304 NPs and
TiO,/rGO and ZnO/CuO NCs in the presence of peel waste extract of CS, MA, and ST as both capping
and reducing agent. Then it was followed by characterization using TGA/DTA, XRD, SEM, EDS, TEM,
HRTEM, SAED, UV-DRs and FTIR. Those biogenic synthesized NPs and NCs were investigated as cost
effective green catalyst and green nano-drug and applied on some selected drug resistance bacteria and

fungi.



2. Literature Review

2.1. Nanomaterials

New technologies often create new challenges to science in addition to their benefits, raise concerns about
health and various environmental problems. Nanotechnology is becoming a new area of increasing
research and industrial interest since the 1980. Nanotechnology is dealing with the production of materials
in a nanometer scale level, normally from 1 to 100 nm. The development of nanotechnology has resulted
in a growing public debate on the toxicity and environmental impact of direct and indirect exposures to
(NPs). The word “nano” is originated from a Greek word whose meaning is extremely small or dwarf
particles. NPs are cluster of atoms having at least one dimension in the size range of 1 - 100 nm (Pan et
al., 2021).

Nano structured materials have attracted the attention of researchers because of their variety of anticipated
features in the technology. Owing to their unique optical, magnetic, catalytic, and electrical properties, NPs
have potential applications in various fields. The physicochemical properties of NPs are different as
compared to those of their bulk counterparts owing to the fact that surface area to volume ratio increases as
the size decreases. Various semiconductor oxide NPs play an important role in various applications such as
self- cleaning, gas sensors, optics, Photoelectrochemical devices, solar cell applications, photocatalysis,
cosmetic industry, antimicrobial activity and medicinal applications. The integration of nanotechnology
into larger systems has provided breakthrough solutions to many current environmental, medical, and
industrial problems, including smart materials, nano-manufacturing, electronics, drug delivery, energy and
water, biotechnology, information technology, and national security. This is due to the fact that metal oxide
semiconductor nanomaterials are inexpensive, non-toxic; possess high surface area to volume ratio,
exhibiting tunable properties which can be modified by size reduction, doping, sensitizers, composite form,
and affording facility for multi electron transfer process and capable of extended use without substantial
loss. Figure 1 shows general application of NPs in different areas (Tilahun Bekele et al. 2021; Aldalbahi et
al. 2020).
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Figure 1: Applications of NPs in various areas.
2.2. Synthesis Methods of Nanomaterials

Generally, nanomaterials can be fabricated through two main approaches, i.e., “top - down” and “bottom -
up” approaches. Top-down approach involves the reduction of large materials in its bulk form in to nano
scales by applying mechanical force, large particles nano particles. Using this method is not safe because it
creates particles with wide size distribution and the produced NPs can be impure. Bottom - up approach
involves the joining of atoms by atoms to form NPs. According to research reports, various types of NPs
and NCs could be fabricated via various physico-chemical techniques such as chemical vapour deposition,
micro emulsion, chemical precipitation, hydrothermal, solvothermal, sol-gel, electrochemical and green
methods. Among those mentioned protocols, green synthesis of NPs/NCs is getting increased attention
because of its simplicity, fastness, ecofriendly and nontoxicity, involves the use of green solvents such as
distilled water and ethanol and economical approach. It involves three important steps during the synthesis
process such as solvent medium selection, environmental benign reducing and capping agent selection, and
non-toxic substances for NPs stability selection. Figure 2 summarizes synthesis protocols of NPs/NCs
(Bekele et al. 2021; Ajayan and Hebsur 2021).
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Figure 2: Synthesis methods of NPs.

Biosynthesis of NPs is a kind of bottom up approach where the main reaction occurring is
reduction/oxidation. The microbial enzyme or the plant phytochemicals with antioxidant or reducing
properties are usually responsible for the preparation of metal and metal oxide NPs. Basically, green
chemistry and biological processes have led to develop an environment-friendly process for the synthesis of
nanomaterials. A vast array of biological resources available in nature including living plants, plant
products and plant extracts, algae, fungi, yeast, bacteria and viruses could all be employed for synthesis of
various nanomaterials. Biological methods are considered and regarded as safe, cost effective,
biocompatible, non-toxic sustainable and environment friendly processes. Furthermore, most bioprocesses
occur under normal air, pressure, and temperature; resulting in vast energy savings, high-yield, and low
cost (Adino et al., 2021).

2.3. Biosynthesis of NPs and NCs

Biosynthesis of NPs and NCs using extract of green plant parts (steam, root, leaf, flower, peel and stem)
and numerous types of microorganism such as bacteria, fungi, algae and even virus has a number of
advantages over conventional methods. The need for biosynthesis of NPs rose as the physical and chemical
processes were too costy, involves the use of toxic reagents and chemicals. So, in the search for cheaper
pathways for the biosynthesis of NPs and NCs, scientists used microorganisms and plant extracts. Due to
the diversity of plants, NPs synthesis from plant extract has known an interesting subject across the world
as different plant species are being rapidly investigated and used in NPs synthesis. Currently, it has been
8



reported that, instead of using green alternative plant parts for the synthesis of various NPS and NCs for the
desired applications, using another too green alternative capping and stabilizing agent is highly
recommended (Mittal et al., 2013). Since, in one way the environment is cleaned and on the other side, it
can be used to synthesize NPS and NCs with zero cost. In general, the biogenic method of synthesis
process involves three important steps, (1) solvent medium (2) environmental benign reducing agent
selection and (3) selection of non-toxic capping agent in nanomaterials synthesis. Researchers reported that
the rate of synthesis of NPs is very high when they use plant extracts instead of microorganisms for
biosynthesis of metal NPs, which is a more rapid and reproducible process. The nature of extract used
highly affects and alters the kind of NPs to be synthesized in a highly critical manner with the source of
extract being used is the most vital factor affecting the morphology, size, and optical behavior of
synthesized NPs (Bekele et al. 2020; Phiwdang et al. 2013).

2.3.1. Biosynthesis of ZnO/CuO NCs

The current attempt in nanotechnology is fabrication of nanomaterials with green procedures, unique
characteristics, and high efficiency to be used in various fields (Azeez et al., 2018). The incorporation of
metals to an oxide matrix can result in potential materials having chemical/physical properties leading to
enhanced performance in various applications. In oxide matrix system having composite materials with
matching band potentials, the metal could behave as isolated entity or possess modified property due to
interactions between metal and oxygen, which considerably improves the performance of a material and
charge separation efficiency. Among metal oxides, zinc oxide (ZnO), an intriguing n-type, direct band gap
semiconductor, has drawn attention owing to its appealing properties of green characteristics, excellent
stability, single-step synthesis route and low price ZnO NPs is given much attention for biological activity.
Previously, it has been reported on the biological activity and applicability of ZnO, MgO and CaO NPs for
quantitative assessment against Escherichia coli and Staphylococcus aureus. ZnO NPs inhibit the bacterial
growth by damaging cell membrane and damaged wall shows strong antibacterial activity on spectrum of
bacteria (Sawai 2003; (Truong et al. 2022; Fagier 2021).

(Rajith Kumar et al., 2020) synthesized ZnO/CuO NCs in the presence of Calotropis gigantea leaf extract
as capping and reducing agent. The XRD analysis confirmed that the average crystallite size of ZnO-CuO
NCs was found to be 35 nm having irregular shape as it was supported from the SEM analysis. Moreover,
the synthesized NCs were confirmed for the degradation of MB dye with the aid of visible annular type
photoreactor under UV light irradiation and the analysis depicts that the synthesized NCs showed
degradation efficiency is found to be 97.93% at 105 min. Furthermore, (Mohammadi-Aloucheh et al.,

2018) and his co-workers reported on the green synthesis of ZnO/CuO NCs in the presence of Mentha
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longifolia leaf extract as a green alternative template. From the XRD analysis, within the ZnO/CuO NCs,
other than the peaks of hexagonal crystalline phase of ZnO, the reflection peaks of CuO with low intensity
were observed, according to its low weight percentages. Additionally, ZnO/CuO NCs, prepared in the
presence of the leaf extract, mean particle sizes were decreased, which were in accordance with the results
of the XRD analysis. The green synthesized NCs showed antibacterial activity of ZnO/CuO NCs against E.
coli was higher than that observed for S. aureus.

2.3.2. Biosynthesis of TiO2/rGO NCs

Previously, it has been reported that TiO, NPs has been abundantly used and selected as the most reliable
candidate as an environmentally clean and pristine photocatalyst due to its desired chemical properties,
favorable optical effects, chemically balanced and photochemical stability, dielectric properties, biological
and chemical inertness, high redox potential, and good photocatalytic efficiency and nontoxicity. Even
though TiO, NPs is a material of choice as effective photocatalyst candidate for the purification of water
contains pollutants, several limitations such as fast recombination of photo excited electron-hole pairs, wide
band gap energy (=3.2 e¢V), and agglomeration have been reported. This intern implies that single TiO;
nanocatalyst could tend to aggregate, agglomerate, narrow spectral band, and show high photo-generated
charge recombination rate and these results in shrinking surface area and inferior photocatalytic
performance and so lower degradation efficiency. In order to improve and enhance the photocatalytic
activity of TiO, NPs, several approaches have been revised such as metallic and nonmetallic doping,
conductive polymer doping, dye sensitization, and formation of composite by using various synthesis
methods. Among these adapted techniques of preventing the electron-hole recombination rate, TiO,-based
composite nanophotocatalysts such as TiO,/rGO NCs are the most reliable and cost-effective candidates
(Yu et al., 2020).

(Kong et al., 2016) reported on the synthesis of TiO2/rGO NCs with enhanced photoelectrochemical
performance. The XRD analysis depicts that after hydrothermal treatment of the as-prepared GO nano-
sheet a very broad diffraction peak was observed, which means that the GO has been transformed to rGO
with significantly less functionalities. UV-Vis diffuse reflectance spectra have been measured to investigate
optical absorption of TiO,/rGO NCs. The absorption edges of the TiO,/rGO NCs show a slight red shift to
longer wavelength indicated by the tangents of each curve, probably due to the formation of Ti-O-C bond
between the interface of TiO, and rGO, which leads to the band gap of the NCs to become narrow. When
the rGO mass ratio in the NCs increases from 0.5 wt% to 1.5 wt%, the improvement of the photocatalytic
activity is remarkable due to large surface area and electronic conductivity of rGO, resulting is that the

photogenerated electrons transport to the surface of the NCs more easily, thus inhibiting the recombination
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between photoinduced electrons and holes. Furthermore, (Wang et al., 2013) synthesized TiO,/rGO NCs
for the degradation of phenol aqueous. It has been found that the adsorption of TiO,-rGO NCs was greatly
improved with increasing amount of rGO in the TiO,-rGO. Since, the photocatalytic decomposition of
organic substances takes place on the surface of the prepared photocatalyst, the enrichment of organic
substances close to the photocatalyst is an important contributing factor for achieving higher photocatalytic
performance. In general in the science of NCs synthesis, especially in the presence of extracts of plants,
various volume ratios of extract with the TiO,/rGO NCs should be done, till highly optimized and best

performing NCs will be obtained.
2.3.3. Biosynthesis of Co304 NPs

Reports showed that synthesis of Co3O4 NPs has been reported using various methods such as thermal
decomposition, template method, hydrothermal method, microwave-assisted, and chemical spray pyrolysis
(Bekele et al., 2022). These methods are usually consume more energy, are capital intensive, and use toxic
chemicals in the preparation process. As an alternative to these traditional methods, green synthesis is
considered to be a safe, economic, and ecological method for the preparation of NPs. Such green methods
used raw materials like microscopic organism especially a bacterium or fungus, polymeric substance
occurring in living organism-alginate and bioactive molecule contained in plants. Previously, CozO4 NPs
have been synthesized by green synthesis method using plants such as Calotropis gigantea, Moringa
oleifera, Aspalathus linearis, Terminalia chebula, Sageretia thea, Calotropis procera, Manihot esculenta
Crantz, Euphorbia heteropyhlla L., Phytolacca dodecandra and many others. Previously, (Adino et al.,
2021) and his co-authors reports on the green synthesis of CozO4 NPs in the presence of leaf extract of
Phytolacca dodecandra for antibacterial activity. The report showed that average crystalline size of
biologically synthesized Co3;04 NPs were found to be 10.79 nm with high diffraction peak broadening
having spherical in shape as was confirmed by the SEM analysis. And the antibacterial potential of the
green synthesized nano-drug was found to be very effective towards E.coli. Furthermore, (Dewi et al.,
2019) synthesized Co304 NPs in the presence of Euphorbia heterophylla L. leaves extract as a green
template. The photocatalytic activity of Co3O4 NPs was performed for the degradation of methylene blue
was about 63.105% under visible light irradiation for 3 hours. In addition, Co3O4 NPs were synthesized
using Camellia sinensi (L.) Kuntze and Apium graveolens extract, which is a green method of NPs
synthesis that does not introduce harmful substances into the environment and ensures cost effectiveness.
The average particle size was calculated to be in the range of 21-55 nm and it showed inhibited the growth
of S. aureus, P. aerugino (Urabe & Aziz, 2019).
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2.4. Applications of NPs and NCs
2.4.1. Photocatalytic Applications of TiO,/rGO and ZnO/CuO NCs

The intensification of human activities associated with economic development has caused the increase of
waste generation and the pollution of various parts of the natural ecosystem, particularly the numerous
types of water bodies, which is the pillar resource for the existence of every living thing. It has been
reported that the textile industries, leather and dye industries, pesticide factories, cosmetic, detergent and
chemical industries for instance involves the use of highly reactive dyes, such as methylene blue and
methyl orange, which are harmful to the natural environment due to their high carcinogenic and mutagenic
nature and as well their less degradation nature by conventional techniques (Zelekew et al. 2021;
Nasrollahzadeh et al. 2017). When those pollutants and dyes are discarded into the water bodies without
adequate treatment, they could results in changing the color of water bodies, promoting significant changes
in the hydrological cycle; thus could lead to severe diseases such as cancer and even to the death of human
beings. Thus, the degradation and removal of those organic dyes from water bodies is of great
environmental and industrial importance. A number of miscellaneous methods such as ion exchange,
reverse osmosis, membrane filtration, adsorption processes, chlorination, chemical precipitation and
electrochemical methods, sedimentation-flocculation and coagulation as well molecular sieving have been
widely explored for water treatment containing wastes but those protocols cannot completely degrade the
organic pollutants and also results in the formation of secondary pollutants (Rambabu et al. 2021; Jokar et
al. 2019). Recent studies have shown that advanced oxidation process (AOPSs) using heterogeneous green
mediated synthesized catalysis in the presence of visible light irradiation are the best alternative techniques
for the decontamination of wastewater as compared to conventional methods due to low-cost and high
stability, nontoxicity, absence of resistance to mass transfer and secondary pollution, operation under
ambient conditions, high surface area to volume ratio, energy efficient, environmentally safe and more
importantly the potential for decomposing the recalcitrant organic pollutants at short reaction time into less
and zero harmful forms (Huang et al. 2021;Yin et al. 2020).

Currently, various semiconductor-based nanomaterials have attracted a significant interest for the
purification and treatment of wastewater (Thatikayala & Min, 2021). Among these, nanosized metal oxide
photocatalysts such as TiO,, CuO, Co30,4, ZnO, ZnS, CdS, Fe;03, MgO, Mn,03, ZrO,, V,0s, Nb,Os, and
WO; have been investigated and used in the process of wastewater decontamination. Particularly,
wastewater decontamination using high surface area semiconductor NCs photocatalysts prepared via
numerous techniques has shown improved potential. Previously, it has been reported that ZnO and TiO;

NPs has been abundantly used and selected as reliable candidate and an environmentally clean and pristine
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photocatalyst due to their desired chemical properties, favorable optical effects, chemically balanced and
photochemical stability, dielectric properties, biological and chemical inertness, high redox potential, and
good photocatalytic efficiency and nontoxicity. Even though ZnO and TiO, NPs are a material of choice as
effective photocatalyst candidate for the purification of water contains pollutants, several limitations such
as fast recombination of photo excited electron-hole pairs, wide band gap energy, and agglomeration have
been reported. This intern implies that single ZnO and TiO, nanocatalysts could tend to aggregate,
agglomerate, narrow spectral band, and show high photo-generated charge recombination rate and these
results in shrinking surface area and inferior photocatalytic performance and so lower degradation
efficiency (Shimi et al. 2022; Pal et al. 2018).

Now today, in order to enhance the photocatalytic degradation performance of those single metal oxide
NPs, various advanced improvement techniques are carried out such as metallic and non-metallic doping,
conductive polymer doping, dye sensitization, and formation of composite by using various synthesis
methods. Previously, several methods have been explored and used for metal oxide NCs synthesis for the
desired applications such as hydrothermal, electrochemistry, wet chemical, microwave method,
coprecipitation, sol-gel, precipitation, wet impregnation and thermal decomposition (Pavan Kumar et al.,
2015). However, these classical methods used to synthesize metal oxide NCs and NPs involves the use of
hazardous and expensive capping and reducing agent chemicals, which could result in negative effect for
the ecology of the natural ecosystem. As a result, an alternative green synthesis of NCs has received special
attention of the researchers, specifically via green protocols, due to their availability, cost effectiveness,
involves the use of too green solvents and reagents such as ethanol and distilled water and environmental
friendless. Furthermore, the green synthesis method could be performed using various parts of green plants
such as roots, stems, flowers, fruits, peels, and their combinations, which is available with minimal cost.
Moreover, using of peel extract as a capping and reducing agent for the synthesis of various types of
MONPs and NCs could be the most preferable technique; since this way provides more advantages such as
in one way the environment is cleaned while using the peels which pollutes the environment once discarded
to the environment as a waste and in the other side, those peels could be accessed from the environment
with zero cost (Muniandy et al. 2017; Sabir et al. 2020; Chen et al. 2020).

(Lv et al., 2021) and his co-authors synthesized CuO loaded ZnO NCs for the degradation of MB under
visible light irradiation. The analysis proves that CuO loaded ZnO NCs showed enhanced result as
compared to the relative single oxide NPs. This might be due to the increased surface area of the NCs,
which allows for the adsorption of more MB dye on the surface of the NCs in the presence of visible light.
Similarly, (Shinde et al., 2022) synthesized ZnO/CuO NCs for crystal violet dye degradation. The UV-Vis
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absorption study clearly showed that the concentration of CV dye in the solution continuously decreases as
the contact of the CV dye with the catalyst increases from 0 to 120 min. The decrease concentration is
attributed to the efficient photodegradation of CV dye using ZnO/CuO NCs photocatalyst. Furthermore,
(Prajapati & Mondal, 2021) report on the green synthesis of CuO-ZnO-C NCs using marigold (Tagetes
spp.) flower extract for the degradation of Congo red dye. The result showed that at low pH of the dye
solution, the surface of the NCs formed more positively charged due to the protonation up to pHPZC of
NCs, which was an excellent binding condition between positively charged NCs surface and anionic dye
molecules. On the other hand, increasing the pH of dye solution, the surface of both NPs formed negatively
charged surface due to OH groups, which reduces the adsorption capacity of the NCs due to the same
charge density between NCs and dye molecules.

2.4.2. Antimicrobial Applications of ZnO/CuO NCs and Co304 NPs

Microbial infectious diseases are serious health problem that has drawn the public attention in worldwide
human health threat, which extends to economic and social complications. Since the discovery of Penicillin
in 1928, huge improvements in global health and life expectancy have been observed. However, due to the
excessive use of antibiotics, antimicrobial resistance has emerged as one of the greatest threat to human
health worldwide. Due to development of drug resistance in pathogenic bacteria and fungi, the commonly
treated illnesses yesterday are becoming lethal today. Hence, new strategies and approaches are highly
demanded to take the major health care challenge posed by rapidly spreading antibiotic resistant bacteria
and fungi (Bloom & Cadarette, 2019).

Report supports that in recent years, the frequency of fungal infections and fungal contamination in daily
life has rapidly grown due to the serious threats of environmental pollution and climate change (Singh et
al., 2018). The progression of fungal infections and contamination not only increases the chances of human
illness, but is also one of the leading causes of economic loss during the harvest and storage of agricultural
products (Seventer et al., 2020). Many varieties of harmful fungi such as Pathogenic fungi, Magnaporthe
oryzae, Penicillium, and Aspergillus Niger can cause disease in agronomic, horticulture, ornamental, and
forest plants. Magnaporthe oryzae is a fungus that causes blast in rice and can also infect many other cereal
crops such as barley, oats, and rye grass. Neoscytalidium dimidiatum is another fungus that causes disease
in many host plants. Today, many new and highly effective antifungal materials have been investigated to
replace longstanding and traditional and less effective antifungal agents. In recent years, several types of
nanomaterials such as single oxides, NCs, and others have been synthesized by various methods and
demonstrated to be resistant to fungi, along with their superior physical and chemical properties (Phiwdang

et al., 2013).
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(Uyen et al., 2020), reports on the synthesis of CuO-ZnO NCs as effective antifungal drug against
Magnaporthe Oryzae, Penicillium, Aspergillus and Neoscytalidium Dimidiatum. The analysis proved that,
as the concentration of the drug is increased, the inhibition level also improved. Of the four types of fungi,
Aspergillus and Penicillium were found to be completely inhibited with a concentration of 5 mg/mL of
CuO-ZnO NCs. The remaining two kinds of fungi, the minimum inhibitory concentration were 10 mg/mL.
CuO-ZnO NCs showed enhanced inhibition towards Penicillium and Aspergillus than that of Magnaporthe
and Neoscytalidium. This might be due to the distinct growth morphology and the constitutive tolerant of
each fungus. The resistance of bacteria and fungi to the available antibiotics and drugs is at an alarming
rate. Therefore, there is a need for strong antifungal agents that can destroy fungi that are resistant to the
drugs available. Recently, Co30, NPs have attracted considerable attention because they are more
economical than the noble MNPs and show different properties. Co304 NPs have been explored as a
therapeutic agent for the treatment of diseases, such as microbial infection, which make them attractive for
biomedical applications. Co30,4 NPs are nontoxic in the body at lower levels, have strong activities against
bacteria and fungi at lower concentrations, and have fewer side effects than antibiotics. Various reports on
the antifungal activity of green-synthesized CozO4 NPs were intensively conducted, and the result showed
as the green synthesized NPs have strong antifungal activities against Candida krusei, Candida
guilliermondii, Candida glabrata, and Candida albicans. Similarly, Co304 NPs synthesized using flower
extract of H. Rosa-sinensis and showed enhanced antifungal activity against Aspergillus flavus and A.
Niger (Ertas et al., 2015).

In addition to fungal caused diseases spread worldwide, bacteria infectious diseases are also fatal to the world
community, which needs serious attention. It has been reported that, ulcerative skin infections arising from the
colonization and development of Gram-positive bacteria, Gram-negative bacteria, and multidrug-resistant
bacteria are significant health-care problems that seriously affect human skin (Govindasamy et al., 2021). A
prospective quantitative study reported that the prevalence rates of skin pressure ulcers (PUs) are 15.5% in
Kuala Lumpur, Malaysia, 33% in Palestine, and 16% in Bandung, Indonesia. Skin infection has been found
in 60 (74.0%) of the collected samples from PUs of hospitalized patients, and these PUs primarily comprise
Enterobacteriaceae strains (49.0%), such as Escherichia coli (E. coli), Klebsiella pneumoniae (K.
pneumoniae), Enterobacter spp., and Proteus spp.; followed by Staphylococcus aureus (S. aureus) (28.0%)
and nonfermenting GNB (23.0%), mostly Pseudomonas aeruginosa (P. aeruginosa), Acinetobacter spp.,
and methicillin-resistant S. aureus (MRSA). (Mohammadi-Aloucheh et al., 2018) reports on the green
synthesis of ZnO and ZnO/CuO NCs s in Mentha Longifolia leaf extract as antibacterial agent towards
Escherichia coli (Gram-negative), and Staphylococcus aureus (Gram-positive). XRD analysis confirms as

the synthesized ZnO/CuO NCs within various compositions, their peaks were corresponding to hexagonal
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crystalline phase having spherical morphology as can be checked by the SEM-TEM analysis. The formed
NCs were found to be very effective to the target bacteria.

(Thatikayala & Min, 2021) reports on the antibacterial activity of Ginkgo leave extract-assisted synthesis of
ZnO/CuO NCs. The XRD result confirms that the change in lattice parameters of the green ZnO/CuO NCs
compared with the standard values of pure ZnO and CuO due to the ion doing and grain refinement results
in intra-granular coupling intimate contact between both the phases of ZnO and CuO and advances the
effectiveness for the formation of heterojunction. The TEM images of ZnO/CuO NCs appear nearly
spherical with a particle diameter of 22 to 26 nm. Each ZnO has formed a heterojunction with CuO and has
a thickness of 11 to 15 nm of particle size. The antibacterial activities of ginkgo leaf extract, synthesized
ZnO, CuO, and ZnO/CuO NCs were examined by agar well diffusion method toward gram-positive (S.
aureus) and gram-negative (E.coli) bacteria at 50, 100, 150, and 200 uL). The report proved that the
antibacterial activity of the green synthesized NPs and NCs potential increase with an increase in
concentration. Moreover, the ZnO/CuO NCs exhibited higher antibacterial activity than ZnO and CuO due
to synergistic bactericidal effect between ZnO and CuO, respectively.

Furthermore, many reports were carried out on the green synthesis of Co30O4 NPs to investigate its
antibacterial activity (Ren et al., 2009). In addition to its suitable physico-chemical properties, Co304 NPs
is an antiferromagnetic material and mainly has biomedical. Cobalt contains vitamin B12, which is more
essential for human health. In its spinel structure, all the bivalent ions (Co?*) occupied in the tetrahedral
sites, and trivalent ions (Co*) occupied the octahedral sites and O ions are present in 32(e) sites in a cubic
close-packed structure. (Kombaiah et al., 2018) reports on the green fabrication of Co3O4 NPs using Vitis
vinifera extract and investigates its potential antibacterial activity towards Gram-negative (Pseudomonas
aeruginosa, and Escherichia coli) and Gram-positive (Staphylococcus aureus and Bacillus subtilis)
bacterial pathogens. The enhanced zone of inhibition was observed against S. aureus, this indicates that the
bacteria have not developed resistance towards the prepared samples and this intern proved the biocidal
activity of the green nano-drug. Moreover, nanorods are considered as efficient in causing abrasive action
on the cell wall which may lead to the membrane damage. The enhanced bioactivities of the nanorods are
contributed due to the improved surface area. Additionally, (Urabe & Aziz, 2019) reports on the
biosynthesis of Co304 NPs using extract of Camellia sinensis (L.) Kuntze and Apium graveolens L. and
deal their antibacterial activity. Coz0, NPs with Apium graveolens and Co3O4 NPs with Camellia sinensis
leave extract templated showed zone of inhibition against S. aureus and P. aerugino as 22, 25, 27 and 29,

respectively. The enhanced antibacterial activity of the synthesized Co3O4 nano-drugs synthesized via the
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presence of two plant extract might be due to their high surface area to volume ratio and as well due to the
production of ROS, which results enhance the killing of those bacterial cells.

3. Methodology

3. 1. Chemicals and Reagents

The necessary chemicals, solvents, and reagents used in this work were titanium tetra butoxide (Ti(OC4Hg)4
97%, Sigma-Aldrich), sulfuric acid (H2SO4 98%, Sigma-Aldrich), phosphoric acid (HsPO4 65%, Sigma-
Aldrich), hydrochloric acid (HCI 36-38%, Sigma-Aldrich), hydrogen peroxide (H,O, 30%, Sigma-Aldrich),
potassium permanganate (KMnO,, Alpha), Barium chloride (BaCl,, Alpha), methylene blue (C16H1sCIN3S,
99%, LOBA Chemia), ethanol (C,HsOH 97%, Silva, Ethiopia), graphite powder (diameter 6 mm, 99.995%
trace metals basis, Sigma-Aldrich), zinc (I1) acetate dehydrate [Zn(CH3 COQ),-2H,0] (99% pure), copper
(1) nitrate trihydrate [Cu(NO3),.3H20] (99% pure), sodium hydroxide (NaOH 97% pure) and ethanol
(sigma Aldrich, 97% pure), acetone (Sigma-Aldrich), dimethyl sulfoxide (DEMSO, Sigma-Aldrich), and
Muiller-Hinton agar (Sigma-Aldrich) and Cobalt nitrate hexahydrate (98%, Sigma Aldrich). All those
chemicals and reagents area of analytical grades and were used without conducting further purification

process.
3.2. Apparatuses and Instruments

The laboratory apparatus and equipments used for this work were beakers, conical flasks, funnel,
volumetric flasks, borosilicate glass, scissors, mortar and pestle, PDA plates, Whatman filter paper number-
2, crucible dish, cuvette, spatula, analytical balance, hot plate with Magnetic Stirrer, drying oven and
muffle furnace. Different instruments were also used such as thermo gravimetric analysis (TGA/DTA,
DTG-60H Shimadzu Co., South Korea), FTIR (T/IR-6600 type A, JASCO Company, Japan), XRD (XRD-
7000, Shimadzu Co., South Korea), UV-DRS (OPTIMA UV-Vis spectrometer SP-3000 Plus, SHIMADZU
Corporation, Japan). The scanning electron microscopy with energy-dispersive X-ray spectroscopy (SEM-
EDX-EVO 18 model with low vacuum facility and ALTO 1000 Cryo attachment) and transmission
electron microscope with high-resolution (JEOL JEM 2100 HRTEM) were used for understanding
morphological and structural features of the peel mediated synthesized NPs and NCs. Furthermore,
photocatalytic degradation studies of MB dye using ZnO and TiO, nanocatalyst and TiO,/rGO and
ZnO/CuO NCs catalyst were carried out in 125mL of Pyrex flask type reactor under 150W halogen lamp
irradiation. Degradation analysis was followed and recorded using double beam UV-visible
spectrophotometer(SM-1600 spectrometer MAALAB, India).
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3. 3. Fruit Peel Waste Collection and Extraction
3.3.1. Collection and Extraction of Musa Acuminata Peel

MA peel was obtained from local fruit market located in Adama city, East Showa Zone, Oromia Regional
state, Ethiopia. The collected peels were surface cleaned and washed several times with distilled water as
presented in Figure3 to avoid any surface contaminants. Then after, the peels were allowed to dry under
shadow and ground into a moderately fine powder using micro plant grinding machine. Afterwards, 30 g of
the fine peel powder was taken and dissolved within 300 mL of distilled water and stirred for an hour at
50°C. Finally, the boiled suspension were allowed room temperature cooling and filtered using Whitman

filter paper and stored in a refrigerator at 4°C for further use (Ertas et al., 2015). Peel waste extract of CS

= 7
»; Grinding

and ST were conducted following the same procedure.

. Dried peel of Musa acuminata .
Musa acuminata peel P Powder of Musa acuminata peel

Boiled at
50°C

Extract of musa acuminata

Figure 3: Schematic representations of MA fruit peel extract.

3.4. Biogenic Synthesis of TiO,/rGO, ZnO/CuO, and Co304 Nanomaterials
3.4.1. Biogenic Synthesis of TiO2/rGO NCs using SC and MA Peel Extract

Fresh and healthy fruits of CS (sweet orange) and Musa acuminata (banana) were collected from the local

market of Adama City, Oromia Region, Ethiopia. The collected samples were washed several times using
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distilled water to remove surface dust particles. Then, the peel parts were taken using knife and allowed
shadow drying. The peels were then grinded and packed in a glass bottle followed by covering with
aluminum foil to avoid photodegradation. The extraction was carried out by taking 15 g of fine peel powder
of each peel and then added into 500 mL conical flask separately followed by adding 250 mL of distilled
water. Each of the mixtures of water and peel powder present in the separated conical flask was then boiled
at a constant temperature of 70°C for 45 minutes while string using a magnetic stirrer at 1000 rpm and
cooled to room temperature and filtered using watchman filter paper (Mobeen Amanulla & Sundaram,
2019). Finally, the filtrates were stored at 4°C in a refrigerator for the synthesis of TiO, NPs and TiO,/rGO
NCs.

TiO, NPs were synthesized via sol-gel method using titanium tetra-butoxide as a precursor in the presence
of CS and MA as capping and reducing agent in three different volume ratios (1:2, 1:1, and 2:1). In typical
reaction, 0.25 M of 40, 50, and 60 mL of CysH3604 titanium precursor solutions were added into three
different Erlenmeyer flasks followed by stirring for about 30 minutes to maintain homogeneity. Then, in
each erlenmeyer flask containing the precursor solution, 60, 50, and 40 mL of CS peel extract were added
drop by drop, respectively and labeled as 1:2 (TiO,-0.5¢), 1:1 (TiO,-1c), and 2:1 (TiO,-2c). The reaction
mixtures were stirred for about 5 hours using magnetic stirrer at room temperature. Then afterward, 17 mL
of 1 M NaOH solution was added drop wise to facilitate precipitation and was stirred for about 30 minutes
in order to maintain the homogeneity of the solution and the formed suspensions were kept at 4°C in a
refrigerator for overnight for further use. The three different volume ratio suspensions were then
centrifuged three times at 4000 rpm followed by washing three times using distilled water and absolute
ethanol followed by collecting using crucible ceramic dish and then oven dry (Umekar et al., 2020). The
thermal stability of the dried samples was tested by taking the 1:1 ratio from each of the peel waste
mediated synthesized TiO, samples. Based on the thermal stability result, the three ratios of CS peel extract
mediated synthesized TiO, NPs were calcined at 500°C for about 4 hours. The same protocol was followed
for the MA peel extract mediated synthesis of TiO, NPs and labeled as 1:2 (TiO,-0.5m), 1:1 (TiO,-1m), and
2:1 (TiO2-2m). Figure 4 shows the schematic synthetic procedure of TiO, NPs in the presence of CS peel

waste extract.
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Figure 4: Schematic green synthesis procedure of TiO; (1:1) NPs in the presenc of CS peel extract.

Synthesis of GO was carried out following the modified Tour Method (Habte et al., 2019). The synthesis
procedure involved oxidation of graphite using strong oxidizing agent (KMnQOy) in the presence of H3PO,
to prevent further possible oxidation. Then after, 0.5 g of graphite powder was exfoliated using 90 mL of
H,SO, followed by addition of 50 mL CS peel waste extract in the presence of H3PO, at 0°C in ice bath
followed by gradual and stepwise addition of 4.5 g KMnQO4. Then, the components were stirred for about 8
hours while heating at 50°C using a temperature-controlled water bath. As the reaction time was extended
and increased, the mixture turned out to paste. The reaction was then terminated by the addition of 250 mL
of distilled water followed by addition of 10 mL H,0, (30%) solution to reduce residual KMnQ, to soluble
manganese sulfate (MnSQO,) in an acidic medium. The formed suspension was then filtered to remove the
metal sulfate and a graphite oxide filter cake was produced. The cake was then again washed using 5% of
HCI until the sulfate ions are completely removed, which was confirmed using BaCl, solution. The formed
graphite oxide was washed three times at each centrifugation process at 1000 rpm for 30 minutes. The
collected graphite oxide was added to 100 mL of distilled water and stirred followed by heating at 60°C for
8 hours in water bath. The brown colored GO solution was dried at 60°C for 6 hours in oven drier. Figure 5
displays the resulting schematic synthesis protocol of GO in the presence of peel waste extract of CS as a

green alternative template.
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Figure 5: Diagrammatic synthesis procedure of rGO using CS peels extract.

The TiO,/rGO NCs were prepared using synthesized GO and TiO; via precipitation method in the presence
of peel waste extract of CS and MA as both reducing and stabilizing agent. In a typical procedure, GO
suspension was prepared by dispersing dried 30, 60 and 90 mg powders in 100 mL of distilled water by the
process of sonication. Subsequently, 60 mg of TiO, and 50 mL of CS extract were added into the GO slurry
and stirred for about 8 h at room temperature. Then, the solution turned to gray from brown colors
indicating the reduction of GO to reduced graphene oxide (rGO). The gray residue of the formed
rGO/TiO,-0.5¢, rGO/TiO,-1c, and rGO/TiO,-1.5¢ NCs were then centrifuged for a minimum of 30 minutes
followed by washing three times using distilled water and absolute ethanol sequentially at each step of
centrifugation to remove impurities. The obtained NCs were then kept in vacuumed oven at 100°C for about
24 hours for further analysis (Stengl et al., 2013). The same procedure was followed for the MA peel
extract mediated synthesis and labeled as TiO,/rGO-0.5m,TiO,/rGO-1m and TiO,/rGO-1.5m NCs.

3.4.2. Biogenic Synthesis of ZnO/CuO NCs using MA Peel Extract

The synthesis of ZnO NPs via green sol gel method was carried out by dissolving 4.04 g of zinc (1) acetate
dihydrate [Zn (CH3COO),-2H,0] within 66 mL distilled water to prepare 0.27M precursor salt of
concentration followed by drop wise addition of this solution into 33 mL of aqueous extract of MA peel
under continues stirring up on placing it on a magnetic stirrer at room temperature. After 2:30 hrs stirring, 1
M aqueous solution of NaOH was added drop wisely into the suspension under stirring to adjust the pH to

12. Then, the suspension was stirred for additional 1:30 hrs to maintain the homogenous distribution of the
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added base. The formed suspension mixture was kept for about 24 hrs within a refrigerator. Then after, the
formed gel was centrifuged three times followed by washing with distilled water and ethanol at each
consecutive step. Then, the formed ZnO NPs was dried in an oven at 60°C for an hour followed by thermal
stability analysis and based on the thermal analysis result it was calcined at 450°C for about 2 hrs. The
same step was repeated for 0.36 M and 0.55 M of zinc acetate while keeping the volume of the peel extract
constant. For simplification, the synthesized samples were labeled as 1:1, 1:2, and 1:3 indicating 0.27 M,
0.36 M and 0.55 M of zinc acetate for the same volume (33 mL) of peel extract, respectively. The same
procedure was carried out for the green synthesis of CuO NPs, which was performed by dissolving 4.56 g
of Cu(NOs)2.3H,0 in 66 mL distilled water while using the same volume of the peel extract (Multiple &
Perspectives, 2022).

The ZnO/CuO NCs were synthesized by the sol gel method in the presence of 33 mL of suspension of peel
of MA. In the case of the ZnO/CuO (10%) NCs synthesis, 2.29 g of zinc (Il) acetate dehydrate
[Zn(CH3CO0),-2H,0] and 0.337g of copper (I1) nitrate trihydrate [Cu (NO3),.3H,0] were each dissolved
in 40 mL of distilled water in different beaker. Then, 40 mL zinc acetate solution was added drop by drop
into 33 mL of aqueous extract of the peel upon continues stirring. After 30 min continuous stirring, 40 mL
copper nitrate solution was added drop by drop to the above solution. After 30 min of stirring, the pH of the
solution was adjusted to be 12 after drop wise addition of an aqueous solution of 1 M NaOH. After
continuous stirring for about 3 hrs, the solution was kept for about 24 hrs to form a gel and washed with
distilled water and ethanol three times. Then, the gel was dried in an oven at 60°C and calcined at 500°C for
2 hrs to obtain the required ZnO/CuO (10%) NCs. For synthesis of ZnO/CuO NCs with (15%), 20% and
(25%) proportions, the amounts of copper nitrate used were 0.53g, 0.76g, and 1.01g, respectively for the
same gram (2.29) of zinc acetate precursor with same volume (33 mL) of extract. For simplification, they
were labeled as ZC10, ZC15, ZC20, and ZC25, to represent ZnO/CuO (10%), ZnO/CuO (15%), ZnO/CuO
(20%) and ZnO/CuO (25%), respectively. Figure 6 depicts the schematic green synthesis protocol of
ZnO/CuO (20%) NCs (Yulizar et al., 2018).
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Figure 6: Schematic green synthesizes representation of ZnO/CuO (20%) NCs.

3.4.3. Biogenic Synthesis of Co3O4 NPs using ST Peel Extract

Co304 NPs were synthesized as described below: first 0.25 M of cobalt nitrate solution was prepared. The
synthesis method was carried out within three volume ratio of extract and precursor salt as: 50 mL of
0.25M cobalt nitrate solution was mixed with 50 mL of extract (1:1), 66.7 mL of 0.25 M cobalt nitrate
solution was mixed with 33.3 mL of extract (2:1), and 33.3 mL of 0.25M of cobalt nitrate solution was
mixed with 66.7 mL of extract (1:2) in Erlenmeyer flask. Then the three samples were allowed to be stirred
for about three and half an hour by placing on a magnetic stirrer individually. After stirring time
completion, pH of the solutions was checked using a pH meter and then after, a small amount of 1 M
NaOH solution was added to reach a pH of 12 as pH control and as a precipitating agent. Then after, the
formed suspensions were placed within a refrigerator for overnight. The suspensions were centrifuged for
about a minimum of three times followed by washing with DH,0 and absolute ethanol within each step for
each sample. After that, the samples were dried using sample drying oven. The dried samples were calcined
at 450°C for three hours using furnace. The samples were grind into powder and ready for various
characterization techniques followed by applications. Figure 7, depicts the schematic synthesis procedure
of Coz04 NPs in the presence of peel waste extract of ST as too green alternative template to control the
over growth of the NPs (Magdalane et al., 2019).
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Figure 7: Diagrammatical biogenic syntheses of Co3O4 NPs.

3.5 Characterization Techniques

Thermal stability analysis study was done using a simultaneous TGA-DAT (DTG-60H, SHIMADZU
Corporation, Japan). The crystal structure, average crystalline size, and phase stability of synthesized ZnO
NPs, Co304 NPs, TiO, NPs, ZnO/CuO NCs and TiO,/rGO NCs were analyzed by using XRD (XRD-7000,
SHIMADZU Corporation, Japan) equipped with a Cu target for generating a Cu Ka radiation with A =
0.15406 nm and recorded in the range from 10-80°. The morphological structure of each type of
synthesized NPs and NCs were investigated using SEM (SEM-EDX-EVO 18 model with low vacuum
facility and ALTO 1000 Cryo attachment). For further analysis and insights, the synthesized NPs and NCs
were characterized using TEM, HRTEM, and SAED techniques (JEOL JEM 2100 HRTEM). The optical
properties were studied using UV-DRS (OPTIMA UV-Vis spectrometer SP-3000 Plus, SHIMADZU
Corporation, Japan). Functional group analysis was studied using FTIR (FT/IR-6600 type A, Jasco
Company, Japan) characterization techniques. The Photocatalytic degradation studies of the synthesized
nanocatalysts were carried out within 125 mL of Pyrex flask type reactor under 150W halogen lamp
irradiation. The degradation analysis was followed and recorded using Double Beam UV-Visible
spectrophotometer (SM-1600 spectrometer MAALAB, India).

3.6. Method of Photocatalysis using ZnO/CuO and TiO2/rGO Nanocatalysts

The photocatalytic activities of the synthesized ZnO/CuO and TiO,/rGO green nanocatalysts were

evaluated by the degradation of an aqueous solution of different concentration of MB under visible light
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irradiation. The reactions were carried out in a discontinuous mechanical stirring photoreactor with 400 W
Osram lamps. The lamp was placed inside a quartz container with two cabins: one contained the lamp and
the other makes water to pass into a recirculation channel for temperature control. Before irradiation, 35 mg
of catalyst from each type were added to the stock dye solution (20 ppm of 220 mL) individually and
sonicated in the dark for 30 min to maintain the adsorption-desorption equilibrium. Afterwards, the visible
lamp was switched on, and the aliquots of the aqueous suspension were collected from the reactor every 15
min and then centrifuged to remove the suspended green catalyst particles. The concentrations of MB were
determined using absorbance data obtained from UV-Visible spectrophotometer at around 664 nm (Cahino
et al., 2019). Figure 8 displays the photocatalytic degradation of MB dye in the presence of ZnO/CuO NCs
green catalyst. At the end, the percentages of photocatalytic degradation efficiencies of the green fabricated
nanocatalysts were calculated using equation (1).

Ag_A,

Degradation (%) = ( A

)* 100 (1

Where, Ao is the initial absorbance of dye solution, and A is the dye solution absorbance at a certain
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Figure 8: Photocatalytic degradation of MB in the presence of ZnO/CuO NC green catalyst.

In the same manner, the degradation study of MB using green synthesized TiO, and TiO,/rGO catalysts
were studied following the same protocol. Under here, the various parameters such as catalyst dosage,
effect of pH and initial dye concentration, which can affect the degradation of MB dye under visible light

irradiation, were studied.
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3.7. Method of Antimicrobial
3.7.1. Method of Antibacteria using ZnO/CuO and Co30O4 Nanomaterials

The antibacterial performance of green synthesized ZnO/CuO NCs and Co304 NPs was investigated against
K. pneumoniae, E.Coli, S. Typhi, B. Subtilis and S.Aureus strains via disc diffusion method. Initially 1.5 g
nutrient broth agar was prepared in 100 mL distilled water and then after, it was subjected to sterilization.
The prepared cultures were inoculated in nutrient broth and were kept on a rotary shaker at 35 °C £2 °C for
24 hrs at 160 rpm. Ampicillin and DMSO were used as positive control/standard and solvent, respectively.
Then, the nutrient agar was prepared within 100 mL distilled water using 6 g nutrient agar and 0.8 g agar-
agar followed by well shaking till it became uniformly homogenized. The plates were then inoculated by
dipping a sterile cotton wool swab into the resulting suspension followed by complete drying. Then, the
plates were incubated at 37 °C for about 24 hrs and then were checked for the zone of inhibition (Bekele et
al. 2020; Hafeez et al. 2020).

3.7.2. Method of Antifungal using ZnO/CuO and Co3z04 Nanomaterials

The antifungal activities of biogenic synthesized ZnO/CuO (10, 15, and 20%) NCs and Co304 (1:2, 1:1,
and 2:1) NPs performed against Fusarium oxysporum and Alternaria solani fungi pathogens via food
poising method using 10 mg/mL from each of the prepared nanomaterials in the presence of mock as a
standard/control. The methods were used from previously developed protocol by Melkassa Plant protection
team (Gabrekiristos, 2020). The pepper sample was collected from Mareko fana Dugda district and
designated as 4DGK, while tomato sample was collected from Wash Melkasa research center, Ethiopia.
The pathogens were cultured in potato dextrose broth at room temperature. The cultured pathogens were
then placed on an orbital shaking incubator at 200 rpm. 100 pL from the prepared aliquot culture was taken
into the potato dextrose agar on the PDA plate using sterile cotton swab. After that, each of the PDA plates
was allowed to stand for 10 min to allow for culture absorption process. Then, 5 mm size wells were
punched into the agar with help of sterile gel puncher. Aliquots of ZnO/CuO NCs and Co304 NPs and
Mock as positive control were poured into wells on all plates using a micropipette. The PDA plates, which
consist of each of the ZnO/CuO NCs of Co30, NPs with the corresponding fungal species was then
incubated in the upside-down position at room temperature for about 10 and 18 days for Fusarium
oxysporum and Alternaria solani, respectively. After incubation period, the mycelia growth of inhibition in

terms of cm was measured (Jamdagni et al. 2018; Dananjaya et al. 2018).
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4. Results and Discussion
4. 1. Characterization of TiO,and TiO,/rGO NCs
4.1.1. TGA/DTA Analysis of TiO, NPs

Thermo gravimetric and differential thermal analysis was performed as a function of temperature as it can
be shown in Figure 9. Figures 9a and 9b show the TGA/DTA of TiO, synthesized using peel extract of CS
and musa acuminate of a 1:1 volume ratio, respectively. As presented in Figures 9a and 9b, weight losses
were observed in three stages for the TiO, NPs synthesized using both peel extracts.
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Figure 9: TGA/DTA curves of (a) CS and (b) MA mediated synthesis of TiO, NPs.

The first stage weight loss observed between 40-194°C which were attributed to the removal of physically
and chemically entrapped water and other moisture content from the surface of the synthesized TiO, NPs.
The second stage weight loss observed in the range of 195-503°C which could be attributed to the losses
of organic residues and organic molecules/compounds as a result of combustion and carbonization of
biomass materials from the synthesized TiO, NPs. Furthermore, no considerable weight loss was
observed above 510°C which proved that the synthesized TiO, NPs using CS (Figure 9a) and MA (Figure
9b) peel waste extract was found to be nearly pure and thermally stable and hence temperature of 450°C

was selected as a calcination temperature (Bekele et al., 2021).
4.1.2. XRD Analysis of TiO,/rGO NCs

Figure 10 depicts the XRD patterns of TiO, NPs and TiO,/rGO NCs synthesized using various volume
ratios of CS and MA. As observed from Figures 10a and 10b, TiO,-0.5¢, TiO,-1c, TiO,-1.5¢, TiO,-0.5m,
TiO2-1m and TiO,-1.5m showed diffraction peaks at 26 ~ 25.3°, 38.4°, 48.55°, 55.55°, 62.66°, 69.77° and
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75.29° indexed to the crystalline planes of (101), (004), (200), (105), (204), (116) and (215), respectively.
This corresponds to the standard pattern of the anatase crystalline phase form of TiO, NPs with JCPDS
card number of 21-1272 with tetragonal structure. The absence of any foreign materials and secondary
phases is an indication of the high purity and stability of the NPs and NCs synthesized using fruit peel
waste extracts. Among the various volume ratios of TiO, NPs, TiO,-0.5¢ and TiO,-0.5m NPs showed less
crystalline nature as compared to the other volume ratios due to the large amount of the peel extracts used
which is in good agreement with previous reports. The average crystalline size of the synthesized NPs from
various volume ratios were calculated using the Debye Scherer’s equation (Tilahun Bekele et al., 2021) and
were found to be 27, 12, and 7 nm for the TiO,-0.5¢c, TiO,-1c and TiO,-2c and 22.4, 16.3 and 13.4 nm for
Ti0,-0.5m, TiO2-1m and TiO2-2m, respectively.
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Figure 10: XRD spectra of (a) CS -TiO, NPs, (b) MA-TiO; NPs, (¢) CS -TiO,/rGO NCs, (d) MA-TiO,/rGO
NCs, (e) TiO2 NPs rGO-c and TiO,/rGO- CS NCs and (f) TiO, NPs rGO-m and TiO,/rGO- MA NCs.

Figures 10c and 10d provide the XRD pattern of CS and MA peel extract synthesis of TiO,-1c, TiO,/rGO-
1c, GO, TiO2-1m,GO and TiO,/rGO-1m, respectively. It was found that the synthesized TiO,-rGO NCs
possess a diffraction pattern similar to that of a single TiO, NPs. Due to the small quantity and low
intensity of rGO, there was no separate peak for the rGO within the TiO,-rGO NCs. Previously, similar
results were reported for the TiO;-activated carbon NCs(Xing et al., 2016). In addition to this, in both of
the peel waste extracted mediated synthesis, the low peak intensity was due to the incomplete oxidation of
graphite oxide and the cluster of bioactive constituents of the peel waste extract of CS and MA added
during the synthesis process (Khannam et al., 2016). Figures 10e and 10f present CS and MA mediated
synthesized TiO,, TiO,-rGO and GO. The resulted diffraction pattern of GO showed a broad and relatively
strong characteristic peak at 20 =10.1°, which corresponding to the (001) plane and this indicates the
formation of GO sheets. The calculated average crystalline size of GO mediated CS and MA was found to
be 9.8 and 9.5 nm, respectively. The spacing between GO sheets was attributed due to the presence of
oxygen functional groups such as hydroxyl, carboxyl and epoxide groups on the carbon backbones as
supported by the previously reported work (Ali et al., 2018). In both of the peel waste extracted mediated
synthesized GO sheet, an incomplete oxidation of graphite powder was exhibiting a strong and sharp

diffraction peak at 26.1°, which in turn is corresponding to the (002) plane (Chong et al., 2015).

4.1.3. SEM-EDS Analysis of TiO,/rGO NCs

Figures 11a and 11b clearly depict that the obtained rGO shows a wrinkled and crumpled morphology

which is stacked together and form a typical multi-layer structure. This multi-layer structure of rGO is
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important in providing additional rough surface for the deposition of CS and MA templated synthesized
TiO, NPs into rGO (Farooq et al., 2020). Figures 11(c-e) and 11(f-h) show the SEM images of TiO,-0.5c,
TiO,-1c, TiO2-2¢, TiO,-0.5m, TiO2-1m and TiO2-2m NPs, respectively, and the images were found to
possess spherical shaped surface morphology in the presence of distinct edges having wide rough surface.
In both of the peel waste extract mediated synthesized TiO, NPs using different volume ratios, the particle
size was found to be increased with an increase in the amount of the peel waste extracts, which is in
agreement with calculated average crystalline size from the XRD analysis. Furthermore, homogenized and

small particle size TiO, NPs was obtained while using peel extract of CS due to its rich in biomolecules.

Moreover, Figures 11(i-k) and 11(l-n) show the corresponding SEM images of TiO,/rGO-0.5¢, TiO,/rGO-
1c, TiO,/rGO-1.5¢, TiO./rGO-0.5m, TiO,/rGO-1m and TiO,/rGO-1.5m NCs, respectively. As can be
observed from Figures 11a and 11b, the rGO shows the wrinkled and crumpled morphology, while the CS
and MA based synthesized NCs showed cross-linked TiO, NPs on the surface of the rGO sheet that formed
the network structures within the rGO/TiO; NCs. It has been found that as the amount of rGO content is
small, images of reduced graphene oxide-modified TiO, NCs does not show a clear-cut presence of rGO
flakes, rather it shows the uniform distribution of TiO, NPs. The uniform distribution of TiO, NPs is due to
very small amount of rGO with respect to TiO, NPs and intercalation of rGO inside the TiO, NPs matrix
(Y. C. Cao et al., 2015). However, as the content of rGO is increased from 30-90 mg, the size becomes
clearly visible and this provides more surfaces for the deposition of green synthesized TiO, NPs, which

intern is necessary for the photocatalytic degradation of MB dye (Amir Faiz et al., 2020).
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Figure 11: SEM micrograph of green synthesized rGO/ CS peel (a), rGO/ MA peel (b), TiO,-0.5¢ (c), TiO,-
1c (d), TiO,-1.5¢c (e), TiO2-0.5m (f), TiO2-Im (g),TiO2-1.5m (h),TiO./rGO-0.5(i), TiO2/rGO-1c (j),
TiO,/rGO-1.5¢ (K), TiO2/rGO-0.5M (1), TiO/rGO-1M (m) and TiO,/rGO-1.5M (n).

The differences in the photocatalytic performance of those various compositions of TiO,/rGO NCs
obtained in the presence of peel waste extracts of CS and MA could be attributed to the amount of rGO to
TiO, composition ratio, in addition to the differences in the morphological structure. Moreover, Figures
12a-d depicts the corresponding EDS spectra of TiO,/CS and TiO,/MA NPs, TiO./rGO/CS and
TiO,/rGO/MA NCs, respectively. As can be presented in Figures 13a and b, the dominant and major peaks
are Ti and O. The presence of minor peaks such as Na, K, Si and Ca might be attributed from fruit waste
extracts. Moreover, the foreign peaks might also introduce during the preparation of samples using silica
ceramic dishes for SEM-EDS characterization (Kusiak-Nejman & Morawski, 2019). Figure 12c¢ and d
presents the EDS spectra of TiO,/rGO/CS and TiO,/rGO/MA NCs, respectively. In both of the Figures, in

addition to the presence of Ti and O, presence of C confirms the presence of reduced graphene.
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Figure 12: EDS spectra of (a) TiO2/CS NPs, (b) TiO2/MA NPs, (c) TiO,/rGO/CS NCs and TiO,/rGO/MA
NCs.

4.1.4. TEM-HRTEM and SAED Analysis of TiO,/rGO NCs

Figures 13(a-d) show TEM micrographs of CS mediated obtained TiO,NPs (a) and TiO,/rGO (b) and MA
peel waste obtained TiO, NPs (c) and TiO,/rGO NCs (d). The TEM images of these peels waste extracted
mediated synthesized TiO, NPs using various volume ratios reveals that the NPs were found to have good
crystalline nature without aggregations and agglomerations. This is in agreement with the XRD results and
intern confirms the formation of pure TiO, NPs. The absence of aggregations and agglomerations were
achieved due to the presence of bioactive capping and reducing agents from the peel waste extract of CS
and MA. Furthermore, it can be observed from Figures 13c and 13d that rGO is found to be covered with
the green synthesized spherical anatase TiO, NPs. The presented Figures also showed crumpled, hexagonal,
and rhombic like large surface morphological structure due to the presence of the high surface area of the
rGO sheets. It is also observed that the surface of rGO sheets was found to be packed densely with the
green obtained TiO, NPs which showed good combination of rGO sheets and TiO, NPs and efficient TiO,
NPs loading on the surface sheet of rGO (Joshi et al. 2020; Ramos et al. 2020). The corresponding
HRTEM images in Figures (13e-h) clearly showed that the lattice fringes of the rGO were parallel to the
edges of the anatase TiO, NPs. The lattice fringes also clearly indicate that the particles are nanocrystalline

with an anatase phase form as it is also confirmed from the XRD data.
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Figure 13: TEM image of TiO,/CS NPs (a), TiO,/rGO/CS NCs (b), TiO, MA NPs (c) and TiO,/rGO/MA
NCs (d). HRTEM image of TiO/MA (e), TiO2/CS (f), TiO./rGO/ MA NCs (g), TiO»/rGO/ CS NCs (h).
SAED pattern of TiO,/CS (i), TIO2/MA (j), TiO2/rGO/MA NCs (k), TiO,/rGO/CS NCs (I).

The Figures indicated that the reduced graphene particles were well doped in the presence of the peel waste
extracts with a dense layer of TiO, NCs having d-spacing value of 0.3, 0.33, 0.35 and 0.31 nm for the
TIO2/MA (e), TiO,/CS (f), TiO,/rGO/ MA NCs (g) and TiO,/rGO/CS NCs, respectively, corresponding to
the dip; of TiO, anatase structured NPs. The slight variation in the d-spacing value of TiO, NPs and
TiO,/rGO NCs may results from the presence of different bioactive molecules of the MA and CS.
Moreover, Figures 13(i-1) presents SAED pattern of the green synthesized TiO, NPs and TiO,/rGO NCs
obtained in the presence of the peel waste extract of CS and MA. Figures 13(i-j) showed the SAED of TiO,
NPs and the resulting SAED pattern proves the presence of clear ring diffraction patterns and does not
indicate the presence of any dislocations in the lattice planes, which confirms that the prepared TiO, NPs
have high crystallinity nature. The clear white circular spots around the center of SAED pattern confirm
(101), (004), (200), (105), (211), (204), (220), and (215) miller indices as also supported by the XRD

analysis assuring anatase lattice planes of biosynthesized TiO, NPs. Similarly, Figures 13k and 13l indicate
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the SAED analysis of the TiO,/rGO/MA and TiO,/rGO/CS NCs, respectively, and similar pattern was
observed as in the case of the single green synthesized TiO, NPs (Siddeeg 2020; Heo et al. 2019).

4.1.5. Band Gap Energy Analysis of TiO,/rGO NCs

Figures 14 (a-f) shows the tauc plot of absorption spectra of TiO, NPs prepared using different volume
ratios of titanium precursor salt and peel waste extract of CS (a-c) and MA (d-f). The optical band gap
energy for each of the volume ratio of TiO, NPs was calculated using tauc plot method. The band gap
energy (Eg) were found to be 3.17, 3.28, 3.29, 3.10, 3.33 and 3.38 eV for the TiO,-0.5c, TiO-1c, TiO-2c,
TiO,-0.5m, TiO,-1m and TiO2-2m, respectively. This is again found to be in cloth agreement with the work
reported by (AlShammari et al., 2020). As presented in Figure 14, it was found that increasing rGO
concentrations in the composite tends to decrease energy band gap in each of the peel waste extract
mediated synthesized TiO,/rGO. In addition to this, it is noted that the presence of rGO influences light
absorption properties of the composite significantly showing increase in light absorption intensity in the
UV region and a red shift in the absorption edge around 400 nm as supported by the previous report.
Furthermore, the TiO,/rGO NCs show a red shift in the absorption edge compared to single TiO, NPs.

Similar phenomenon related to the present study was also reported by (Zhang et al., 2010).

0.4 0.4

o |T005¢ a) TiO,-Lc b)
Z 03
>
=02 02
€
L0l
Eg: 3.17eV Eg= 3.28 eV
00 r . 0.0 ; ;
2 hv(ev) 3 4 2 hv (eV) 3 4
04 0.2
o |TiOp-2c C) TiO,-0.5m
203
z
3 0.11
¥ 0.2
Z
0.1 Eg=3.10eV
Eg=3.29eV 0.0
o0 2 hv(ev) 3 4 2 hvEv) 3 1
04 0.4
T|02-1m T|02'2m f)
0.31
03
g 0.2-
E 0.2
E 0.11
n.‘ —
501 Eg=3.33eV ool Eg=3.38eV
2 ey 3 4 2 ey 3 4

35



0.4 0.4

TiO, /rGO-0.5¢ TiO /rGO-1¢ '
g 034 0.3 ’
<
Z 0.2
= 0.21
& o4/ Eg=3.1leV Eg=3.20 eV
= 0.14
0.0 ; — | ; .
0.08 hvev) 3 4 04— hv(ev) 3 : 4
TiO,/fGO-1.5¢ TiO,/rGO-0.5m )
g 0.34
<
Zz
30'06' 0.2
&
L
Eg=2.85 eV 011 Eg=2.96¢eV
0.04 r r T .
015 2 hv ev) 3 4 2 ey 3 4
TiO,/rGO-1m K) TiO,/rGO-1.5m
N 0.3
< 0.104
% 0.21
Z o] Eg=3.11eV
i, 00 Eg=3.07 eV 011
2 hv (eV) 3 4 2 hv (eV) 3 4

Figure 14: Tauc plots of TiO, NPs and TiO,/rGO NCs obtained using CS and MA peel waste extract.

4.1.6. FTIR Analysis of TiO,/rGO NCs

As depicted in Figure 15a, the peel extract of CS shows various absorption bands, stretching, and bending
mode of vibration located at around 3447.81, 2920.53, 2327.68, 1637.89, 1449.65 and 1076.51 cm™ and
similarly MA peel waste powder shows various absorption peeks located at 3433.64, 2920.50, 2324.60,
1639.52, 1405.71, 1090.65 cm™. In both case of the peel waste extract, the broad band at 3447.81 and
3433.64 cm™ is assigned to hydrogen bonded-OH stretching mode of vibration (Kong et al., 2016). The
bands centered at around 2920.53 and 2920.50 cm™ represents H-C-H, C-H bond stretching of alkanes, and
-C-H groups associated by H-bond. The week band observed at 1639.52 and 1641.73 cm™ is attributed to
the amide group vibration, which could be a characteristic peak of both proteins and enzymes present in
both of the peel extracts (AlShammari et al., 2020). Figures 15a and 15b also show stretching vibrations
located at 1405.71 and 1449.65 cm’ for the CS and MA peel extract, respectively, which indicates the
binding of proteins on the surface of TiO, NPs and thereby contributes to the stabilization of green TiO;
NPs. The bands observed at around 1090.65 and 1076.55 cm™ for CS and MA, respectively indicates the
presence of C-O and aliphatic amines (L. Li et al., 2016). Figure 15a and 15b also show the corresponding

FTIR spectra of GO and rGO. GO displayed numerous typical absorption bands corresponds to oxygen
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functionalities present on GO sheet. The band at 1725 cm™ is credited to the C = O and the wide band
around 3000-3600 cm™ is ascribed to the O-H (hydroxyl) stretching vibrations of the C-OH groups due to
moisture absorbed onto the surface of prepared sample. The band corresponds to 1056 cm™ and 1248 cm™
are credited to C-O (carboxylates) and C-O-C (epoxide) stretching modes, respectively. The sp? hybridized
carbon (C = C) skeleton vibration peak could be seen in GO around 1633 cm™ (Leén et al., 2017).

(@
NN
Ages N

o -
M rGO
rGO

o) o0 “‘\/_/’—"/\/"\/\__/
caI.TiO2

uncal. TiOy

Percent transmittance (%)
Percent transmittance (%6)

uncal.TlO2

C-H “c c-0
O-H i c=C on CH c=C «o

4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
Wave number (cm ™) Wave number (cm'l)

Figure 15: FTIR spectra of (a) CS, templated synthesized GO, rGO, TiO; and TiO,/rGO and (b) MA, MA
templated synthesized GO, rGO, TiO, and TiO,/rGO NCs.

Compared to GO, rGO shows significant reduction in absorption intensities due to the presence of oxygen
containing functional groups like carboxylates, epoxide, and carbonyl compounds, indicating the green
reduction of GO to rGO by both CS and MA peel waste extracts (Shimi et al., 2022). As can be presented
in Figure 15a and 1b, the peaks centered at 2854.33 and 2921 76 cm™ in the spectrum of rGO are due to the
stretching vibration of H-C-H and -C-H groups of alkanes associated by H-bond as well. FT-IR spectra of
TiO, showed the broad band around and below 1000 cm™, which indicates replicate Ti-O-Ti linkage within
TiO, nano pours. Furthermore, the spectra of TiO,/rGO exhibited low intensity band frequency compared
to the CS and MA stabilized GO and rGO, which is formed by the amalgamation of (Ti-O-Ti) and (Ti-O-C)
linkages; owing to the chemical interaction of TiO, with rGO sheets. This analysis confirms that the green
reduction of GO and coupling with TiO, NPs on the green obtained rGO sheets. In addition to this, the CS
and MA templated obtained TiO, NPs could be susceptible to the interactions with the functional groups of
rGO in the formation of TiO,rGO NCs (Leon et al., 2017).
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4.2. Characterization of ZnO/CuO NCs
4.2.1. TGA/DTA Analysis of ZnO and CuO NPs

The thermo gravimetric analysis and differential thermal analysis (TGA/DTA) curves of the as-prepared
ZnO NPs and CuO NPs are displayed in Figure 16. The TGA/DTA analysis was performed to determine
thermal stability and weight percentages of the binded peel extract over the samples. Figure 16a shows the
TGA/DTA curve for the ZnO NPs sample with three main stages of weight loss. The three endothermic
peaks indicated by bend Ed;, Ed, and Eds in the DTA curve with a first weight loss of 5.76% at 80°C and
from 140-155°C in the TGA curve can be associated to the removal of surface accumulated water
molecules and the decomposition of chemically bound groups especially ethanol containing, respectively.
The second weight loss (6.4%) in the range of 175-380°C, accompanied by one endothermic and one strong
exothermic peak indicated by bend Eds and Ex in the DTA curve, which might be attributed to the
decomposition of organic compounds of the peel extract. Furthermore, the thermal stability of ZnO NPs
was achieved after third mass loss of 0.134%, in between the temperatures of 380 and 450°C. These weight
losses occurred due to the decomposition of the residual precursors and removal of gases such as CO; in air
with formation of ZnO NPs. It has been found that, above 450°C there was no any negligible weight loss
from the synthesized NPs, indicating that the surface impurities were removed and the ZnO NPs are
thermally stable. The analysis shows that, 450°C calcination temperatures would be suitable for
synthesizing ZnO NPs (Bayrami et al., 2018).
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Figure 16: TGA-DTA curves of as-synthesized (a) ZnO and (b) CuO NPs synthesized in the presence of
MA.
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Furthermore, Figure 16b shows the TGA/DTA curve for CuO NPs. The first endothermic peak (Ed,)
between 80°C and 100°Cin DTA curve (14% weight loss from TGA curve) could be associated with
dehydration of water molecules from the prepared sample. In further heating of these samples between the
temperature range of 200°C and 350°C, the sample showed weight loss of 22.9% with strong exothermic
and weak endothermic peaks (Ex and Ed2) as presented in the DTA curve. This could be associated with
the decomposition of organic compounds from the peel extract attached to the surface of the CuO sample
(Bayrami et al., 2018). Furthermore, thermal stability of CuO sample was obtained after mass loss of 1.9%,
with weak endothermic peaks between the temperatures of 350°C and 450°C. Moreover, this peak could
ascribe to desorption and subsequent evaporation of some organic molecules belong to peel of MA. These
weight losses can be attributed to the decomposition of Cu salt to form CuO NPs. In the same manner,
based on the TGA/DTA analysis, 450°C would be a satisfactory temperature for the precursor
decomposition to acquire the CuO NPs, followed by synthesis of ZnO/CuO NCs in the presence of the peel
extract of MA (Asemani and Anarjan 2019 ; Ananda Murthy et al. 2021).

4.2.2. XRD Analysis of ZnO/CuO NCs

The crystalline structure and phase purity of the synthesized ZnO NPs, CuO NPs, and ZnO/ZnO NCs were
followed by characterization by XRD technique. Figure 17a depicts the XRD patterns of the green
synthesized ZnO NPs within different precursor concentration and peel extract (1:1, 1:2, and 1:3).
According to the XRD patterns, the synthesized ZnO NPs formed within the 1:1, 1:2, and 1:3 volume ratios
showed the same pattern as standard ZnO with the same plane value. The diffraction peaks located at (100),
(002), (101), (102), (110),(103), (100), (112) and (201) with its corresponding 26 values of 31.83°, 34.49°,
36.32°,47.60°, 56.67°, 63.52°, 67.60°, 68.03°, and 69.15°, respectively which were found to be consistent
with standard JCPDS of (00-036-1451) (Gawade et al., 2017). This indicates that the peaks are belongs to
hexagonal wurtzite structure of ZnO and hence the green synthesized ZnO NPs within various volume ratio
of the precursor salt and the peel waste extract were found to be highly pure. Since, no other peaks have

been detected in the green synthesized sample, which proves the purity of ZnO NPs.

In addition to these, a sharp and narrow diffraction peak for each volume ratio of the green synthesized
ZnO NPs were observed, which is due to the reduction of zinc ions by organic compound present in the
peel extract of MA and stabilization of resultant NPs. Similar results were also reported by (Elumalai &
Velmurugan, 2015), which indicates the ZnO NPs were well crystalline in structure. The calculated average
crystalline size was estimated as 25, 28, and 28 nm for the 1:1, 1:2, and 1:3 ratios of ZnO NPs,
respectively. It can be seen that the synthesized ZnO NPs with 0.27 M of precursor concentration has

possess the smallest average crystallite size and therefore the precursor concentration 0.27 M (1:1) was
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considered for further studies (for the synthesize of the ZnO/CuO NCs within various compositions in the
presence of peel suspension). XRD pattern of pure ZnO (1:1) NPs, CuO NPs, and ZnO/CuO NCs are
presented in Figure 17b. As discussed under Figure 17a, the XRD results of pure ZnO NPs demonstrate the
hexagonal wurtzite structure. Similarly, XRD patterns of pure CuO are presented in Figure 17b. The peaks
appeared at 20 values of 32.55°, 35.57°, 38.77 °, 48.87 °, 53.50 °, 58.23 °, 61.59 °, 66.138 °, 68.02 °, 72.40 °
and 75.10 ° and well matched with the corresponding miller indices plane of (110), (002), (111), (202),
(020), (202), (113), (311), (113), (311) and (004), respectively; which reveal the crystalline plane of CuO
monoclinic phase with JCPDS of 0481548). In the case of ZnO/CuO NCs other than the peaks of
hexagonal crystalline phase of ZnO, the reflection peaks of CuO were observed=at 26 values of 32.54,
35.57°, 38.7°, 48.84°, 53.48° and 58.16° which corresponds to the (110), (002), (111), (202), (020), and
(202), respectively which reveal that the crystalline plane of CuO monoclinic phase (JCPDS CuO 048-
1548) (Abraham et al., 2018). There is no additional peak in the synthesized NCs, indicating that the
composite consists of ZnO and CuO NPs without any external foreign materials and impurities.
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Figure 17: XRD spectra of synthesized (a) ZnO (1:1, 1:2, and1:3) NPs and (b) CuO NPs and ZnO/CuQO
(10%, 15%, 20% and 25%) NCs.

Furthermore, Figure 17b indicates that both ZnO and CuO NPs phases are present within the XRD graph of
the NCs and the peaks do not affect each other, which confirms the formation of ZnO/CuO NCs. The
ZC10, ZC15, ZC20 and ZC25 shows the XRD pattern of coupled ZnO/CuO NCs with different wt% of
copper nitrate precursor. The addition of copper nitrate of 10 wt% (ZC10) showed the reflection peaks of
CuO with low intensity, which is attributed to the low content of CuO in the NCs. However, with an
increase in the copper content from 15% to 25%, CuO peaks within the ZnO/CuO NCs have been observed

with increased intensity. Furthermore, minor shifts were observed in the 26 values of ZnO/CuO NCs. The
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shift from 31.84" to 31.76°, 34.49" to 34.41" and 36.32" to 36.23" were observed, which indicates that the
typical peak of ZnO was changed within the ZnO/CuO NCs. The trivial shifts indicate that the modification
of ZnO with CuO can affect the structure of ZnO (Y. Cao et al., 2021).

4.2.3. SEM-EDS Analysis of ZnO/CuO NCs

In order to asertain additional information about the green mediated synthesized ZnO NPs, CuO NPs, and
their compoistes, morphological characterization was carried out using SEM techingue. Figures 18(a-c)
represnt the SEM images of the synthesized ZnO NPs within 1:1, 1:2, 1:3, resepctively. The SEM image of
the green obtained ZnO NPs showed clear crystals of spherical shape in which the particles are inclined
together and polydispersed due to the presence of numerous bioactive molecules from the peel of MA that
prevents the overgrowth followed by stabilization of the ZnO NPs (Tilahun et al., 2022). Among the three
ratios of ZnO NPs, ZnO (1:1) NPs provides a more homogenized shape due to the well bi-association of
molecules of MA peel with the Zn®* cations during the synthesis process; and again, this prevents from the
formation of aggregation. Moreover, even if the spherical shape is dominant in all of the ZnO NPs, road
shaped structure is also observed, which fits with the previously reported work (Demissie et al., 2020).
Figure 18 (d) displays the SEM image of the CuO NPs obtained via green synthesis in the presence of the
peel extract of MA. The SEM image proves the presence of well polydispersed, spherical shaped
distribution of CuO NPs with clear distribution of particles. In addition, the image shows the effect of
biomolecules of the peel due to the existence of some aggregation/agglomeration. The agglomeration is
actually formed due to the auto organization of small structures, which might be formed by self-assembling
of CuO NPs (Ahamed et al. 2014; A. et al. 2021). The auto organization of structures and self-assembling
of CuO NPs are viable as the extract of MA peel waste works as structure directing agent during the
synthesis process. Figures 18 (a-h) represent the SEM image of the green synthesized ZnO (1:1, 1:2, and
1:3) NPs, CuO NPs, and ZnO/CuO (10%, 15%, 20% and 25%) NCs.
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Figure 18: SEM image of ZnO NPs (1:1, 1:2, and 1:3) represented by (a, b, and c), respectively, CuO NPs

(d), ZnO/CuO NCs (10%, 15%, 20% and 25%) represented by (e, f, g and h), respectively, which was

synthesized in the presence of MA peel extract.

Again Figures 18 (e-h) showed the SEM image of ZnO/CuO NCs synthesized in the presence of peel
extract of MA with various w/w% of CuO. Like that of the single biosynthesized ZnO and CuO NPs, the
resulted NCs also possess spheroid and rice grains like morphology. Furthermore, the composites are
found to be within the size range of nanometers, which are in concordance with the XRD analysis. The
synthesized NCs showed low level of agglomeration because they didn’t form a large cluster due to the
existence of the suspension of the peel of MA extract (Ait Ahmed et al., 2019). Formation of
agglomeration can usually be demonstrated by the formation of large cluster. However, it has been
found that as the w/w% of CuO is increased, the particles size easily visible, which is again found to be
in good agreement with the average crystalline size calculations and analysis too. It has been observed
that as the w/w% of CuO is increased with the presence of the peel extract, the ZnO/CuO particles were
agglomerated to form a sponge-like bunch of particles on the surface. This agglomeration could be
induced by densification resulting in narrow space between particles and this could be also attributed by

the narrow pores size of ZnO NPs (Ruan et al., 2020).

In order to ascertain further information on the biogenic synthesis of ZnO/CuO NCs, EDS analysis was
carried out. Figures 19a-c represents the EDS spectra of ZnO NPs, CuO NPs, and ZnO/CuO NCs,
respectively. The EDS analysis (Figure 19a) of the ZnO NPs indicates that our sample contains zinc,
oxygen, and gold as essential elements. The EDX spectra displayed two robust peaks of zinc and

oxygen, correspondingly typical for ZnO NPs. The high intensity of zinc and oxygen peaks shows that
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the sample is completely ZnO NPs. Figure 19b displays the chemical composition result of green CuO
NPs. The EDS studies of CuO NPs present three peaks in between 1kV and 10kV that are directly

related to Cu in the tested material. The results indicate that the reaction product is composed of high

purity CuO NPs which agrees with the result obtained from XRD. The EDS analysis also revealed the

formation of nonstoichiometric CuO NPs with oxygen vacancy (Ruan et al., 2020). Moreover, the EDS

spectra of ZnO/CuO NCs are displayed in Figure 19c, which reveals that the green synthesized NCs are

highly pure, without any secondary impurities. Furthermore, Figure 19c proved the presence of Zn, Cu

and O which is an indication of formation of ZnO/CuO NCs.
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Figure 19: EDS spectra of (a) ZnO NPs, (b) CuO NPs, and (c) ZnO/CuO NCs.

4.2.4. TEM-HRTEM and SAED Analysis of ZnO/CuO NCs

Figures 20(a-c) and 21 (d-f) display TEM and HRTEM images of green synthesized ZnO (1:1) NPs, CuO
NPs, and ZnO/CuO (20%) NCs, respectively. The analysis was carried out to gather and ascertain
additional feature of the MA peel waste extract templated synthesized NPs and NCs such as morphology
and crystallinity nature, in addition to the XRD and SEM analysis. Figure 20(a) shows the TEM
micrograph of ZnO NPs synthesized within 1:1 ratio. Moreover, Figure 20(a) indicates that the synthesized
ZnO NPs possess quasi-spherical shape and irregular shapes, which is also found to fit with the SEM
analysis. Low level of agglomeration is observed and forms a cluster-like structure in the sample.
Individual particles are also present in the images and this intern proves the role of the peel extract, which

proves the formation of green ZnO NPs catalysts (Sathappan et al., 2021). The particle sizes of ZnO NPs
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are found to be around 20 nm, in accordance with the result of the XRD. Figure 20(b) showed the resulting
TEM micrograph of green obtained CuO NPs. The Figure proves that the 20 nm resolution studies with
TEM analysis revealed that the particles were found to be spherical in shape, less-agglomerated and also
the particles are polydispersed. The polydispersion of the particles is a confirmation of the role of the peel
extract, which also confirmed from SEM analysis (Luc et al., 2019).

Figure 20: TEM micrograph of (a) ZnO (1:1) NPs, (b) CuO NPs, (c) ZnO/CuO (20%) NCs, (d) HRTEM
image of ZnO (1:1) NPs, (e) HRTEM image of CuO NPs and (f) HRTEM image of ZnO/CuO (20%) NCs.

Furthermore, Figure 20(c) proved the resulted TEM image of ZnO/CuO (20%) NCs synthesized using
suspension of peel of MA. As can be seen from the Figure 20(c), the NCs showed spherical shape with less
agglomeration and polydispersed surface. Moreover, the image showed relatively homogenized surface as
compared to the individual nanoxides due to the insertion of CuO into the pores size of ZnO NPs in
addition to the presence of the peel extract. Figures 20(d-f) depict the HRTEM image of MA peel
templated synthesized ZnO (1:1), NPs, CuO NPs, and ZnO/CuO (20%) NCs, respectively (Thatikayala &
Min, 2021). Figures 20(d) and 20(f) with higher magnification present the high-resolution transmission
electron microscope (HRTEM) of ZnO and CuO NPs, respectively. The particles with a fringe width of
0.248 and 0.252 nm were confirmed the formation of green nano crystalline ZnO and CuO NPs,

respectively.

Moreover, Figure 21(f) showed the HRTEM image of ZnO/CuO (20%) NC with formation of clear
nanocrystalline surface. The image also proves the presence of aggregation of fine particles with porous

nature and reflects the presence and interactions with the extract of MA biomaterials. The HRTEM image
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also shows the formation of heterojunction between ZnO and CuO with distinct lattices of (100) and (110)
planes of ZnO match with the lattice spacing of 0.243 and 0.248 nm, respectively.

Figure 21: SAED pattern of (a) ZnO (1:1) NPs, (b) CuO NPs, and (c) ZnO/CuO (20%) NCs.

In addition to this, Figure 20(f) proves the existence of defect sites between the fringes, which is occurred
due to the coupling phenomena. Hence, the HRTEM result shows the strongly anchored surfaces in the
green synthesized ZnO and CuO NCs with a small lattice mismatch; and gain the result found to be well
correlate with the lattice parameter values of the XRD analysis. The crystalline nature of the peel mediated
synthesized ZnO (1:1) and CuO NPs and ZnO/CuO (20%) NCs also checked via surface area electron
diffraction pattern (SAED) analysis, as represented in Figures 21(a-c), respectively. Moreover, the presence
of white bright spots in the center of the SAED pattern within Figures 21(a-c), is an indication of the
polycrystalline and nanocrystalline nature of ZnO NPs and CuO NPs as well their composites too (Ananda
Murthy et al., 2021). In addition to (100) and (110) planes of hexagonal ZnO NPs and lattice planes of
monoclinic CuO NPs within the XRD analysis, the same phenomenon was also observed in the SAED
pattern, which again strongly confirms the formation of green ZnO/CuO (20%) NCs (Zhu et al., 2018). In
all of the NPs and NCs, the presence of the ring like diffraction pattern is also another confirmation of
nanocrystalline formation. Based on SEM, TEM, HRTEM and SAED analysis, it is possible to deduce the
formation of ZnO (1:1) NPs, CuO NPs and ZnO/CuO (20%) NCs in the presence of MA peel waste extract.

45



Moreover, this analysis technique provides morphology, the polydispersed nature and as well the
nanocrystalline phase of the biosynthesized NPs and NCs.

4.2.5. UV-DRS Analysis of ZnO/CuO NCs

UV-DRS spectra analysis technique could provide useful information about the electronic absorption
properties of the NPs and NCs. The optical absorption properties of the as-prepared NPs and NCs were
followed by characterization using UV-DRS and depicted in Figures 22(a-d). Here Figure 22(a) presents
the absorption spectra of the green synthesized ZnO NPs synthesized in the presence of the peel extract
with different concentration of zinc precursor. From the spectra, it was noticed that intensity of light
absorption by ZnO NPs increases between 387 and 400 nm with increase in concentration of zinc acetate.
The increase in absorption intensity could be due to the increase in the crystalline size with precursor
concentration, which has close agreement with previous similar reports. The E4 determination of ZnO NPs
was carried out by Tauc plot as illustrated in Figure 22 (b). The Eq of ZnO (1:1, 1:2, and 1:3) NPs and CuO
NPs as well ZnO/CuO (10-25%) NCs were calculated based on the Kubelka-Munk theory. Accordingly,
the Eq of ZnO NPs were found to be 3.24, 3.25 and 3.24 eV for the 1:1, 1:2, and 1:3 ratios, respectively and
have close agreement with previous study reports (Singh et al., 2019). The E4 of all the as synthesized ZnO
NPs are smaller than the E4 of the bulk ZnO (3.37 eV).The decrease in band gap of ZnO NPs synthesized
with peel extract is attributed to the quantum confinement effect. In addition, the variation in band gap
energy of the synthesized ZnO NPs within various volume ratios is due to the variation in the amount of
extract and precursor salt. Since, as the amount of extract added into the precursor salt is increased, the
optical property of the formed NPs will be decreased and so light absorption behavior also altered.
Moreover, Figure 22(c) depicts the absorption spectra of the green synthesized ZnO, CuO, ZC10%, ZC1%,
ZC20% and ZC 25% NPs and NCs.

As indicated in the Figure, all the green synthesized NPs of ZnO and CuO NPs exhibit strong absorption
peaks around 390 nm. However, the band edges of the peaks of the NCs are extended into the visible
region, indicating the insertion of CuO, which creates additional states in the band gap of ZnO, resulting in
the red shift of the band edge of the NCs. The absorption intensities of ZnO/CuO composites were all
obviously higher compared to pure ZnO NPs. Further observation demonstrates that the absorbance in the
visible light region and UV light region increases with Cu dosage, and all the benefits that come from the
synergistic effect of CuO and ZnO. It is clearly observed that the appropriate CuO adding into ZnO leads to
a red shift in the optical absorption edge, which could be due to the strong interfacial coupling between
ZnO and CuO NPs. This red-shift in absorption would be important for the photocatalytic degradation of

MB dye (Saravanakkumar et al., 2018).
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Figure 22: UV-DRS spectra of (a) ZnO NPs, (b) Tauc plot of ZnO NPs (c) UV-Vis DRS spectra of ZnO
NPs, CuO NPs, and ZnO/CuO NCs and (d) Tauc plot of CuO NPs, ZnO NPs and ZnO/CuO NCs.

Figure 22 (d) illustrated the Tauc plot of CuO, ZnO, ZC10, ZC15, ZC20 and ZC25 NPs and NCs and E,
value was found to be 1.65, 3.24, 3.22, 3.21, 3.18 and 3.16 eV, respectively; which are in good agreement
with the previous works. The observed band gap narrowing with the loading of CuO content was ascribed
to the formation of interfacial contact among ZnO NPs and CuO NPs and due to ZnO NPs network defects
as a result of incorporation of CuO (Prajapati & Mondal, 2021). The narrower band gap suggests easier
excitation for an electron from the valence band to the conduction band in the oxide semiconductor. It has
been found that the band gaps of green synthesized ZnO NPs are relatively high while that of ZnO/CuO
NCs becomes low, which confirms that an increase in CuO ratio in the NCs results in a tangible decrease in
the band gap energies. Hence, UV-DRS results confirmed that ZnO/CuO NCs can be selected as best
photocatalyst in the visible light area. Furthermore, ZnO/CuO (15%), and ZnO/CuO (20%) NCs had strong
absorption in visible region due to the presence of biomolecules from the leaf extract (K. Xu et al., 2017).
Therefore, the results obtained from the UV-Vis DRS spectra were found to fit with the TGA/DTA
analyses, confirming the presence of biomolecules from the peel extract, which is adsorbed over the surface
of the as-prepared samples (Abebe & Murthy, 2022).
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4.2.6. FTIR Analysis of ZnO/CuO NCs

In order to inspect the role of the peel extract, FTIR characterization was employed and carried out in the
range of 400-4000 cm™. The FT-IR spectra of the peel extract and prepared NPs and NCs are shown in
Figure 23. The FT-IR spectra of green assisted synthesized NPs and NCs showed broad absorption band in
between 3400-3700 cm™, representing stretching vibration of O-H group, which confirm the presence of
hydroxyl groups from the polyphenolic, alkaloids, flavonoids, alcoholic, and carboxylic compounds of
extract in the synthesis of NPs and NCs (Nur et al., 2018). This intern confirms the presence of various
capping and reducing bioactive molecules in the peel extract of MA. Moreover, this peal might also
attribute to reversible dissociative absorption of hydrogen on Zn and O. The spectra of ZnO NPs, CuO NPs,
and ZC20% NCs exhibited a band at wave numbers of 2854 and 2922 cm™, which were ascribed to the
stretching vibration of C-H bond in CH, and CH3; groups, respectively (Prajapati & Mondal, 2021). The
weak band located at around 2280 cm™ were attributed to the C-H stretching of aldehyde molecules and the
band near 2343 cm™could be the absorption of atmospheric CO, on the metallic cation. In addition, the
absorption peaks for carbonyl C=0 stretching and O-H bending in alcohol were observed at1637and 1411
m™, respectively (G.K. et al., 2015).
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Figure 23: FTIR spectra of uncalcined and calcined ZnO and CuO NPs and ZnO/CuO (20%) NCs.

The peaks around 1086 cm™and 1040 cm™ were due to C-O stretching in secondary alcohol and C-N
stretching modes of aliphatic amines, respectively. These peaks might also relate to the anti-symmetric
stretching vibration of NOs", caused by the precursor groups. Furthermore, slight bands at 730-630cm™,
830 cm™, and at 960 cm™ may corresponds to the C=C bending vibrations of unsaturated hydrocarbons

present within the extract of the peel. Those peaks disappear in the calcined samples as they were burned
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out and this implies that, after calcination the peel template NPs and NCs were formed and pure. The
absorption peaks around 458 and 410 cm™ in both calcined and un calcined ZnO samples are assigned to
Zn-0O bond similar to the previously report work that the vibration of Zn-O appeared in the range of 542-
424cm™. This again intern confirms the wurtzite structure of ZnO NPs, as supported under the XRD
analysis. The wavenumbers of 544-486 cm™ in both calcined and uncalcined CuO samples are assigned to
Cu-O stretching band that the vibrations of the Cu-O are in the range of 600-490 cm™ (Asamoah et al.,
2020). The peak appeared in the range of 543-430cm™ for the coupled metal oxide ZnO/CuO NCs
corresponds to the combined absorptions of Zn-O and Cu-O bonds. The shift of wavenumber at 458-400
cm™(Zn-O bond) was observed as the CuO is added to ZnO. The shift of wavenumber indicated that the
addition of CuO may change the structure of ZnO NPs. What’s important is that the FT-IR spectrum of
ZnO/CuO NCs displays a low intensity peak at 1411, 1040, 730, 830 and 960 cm™, indicating the decrease
of concentration of organic molecules of the peel extract after calcination process was carried out.
However, some organic functional groups have not been completely removed after calcination and still
their vibration bands appeared in the calcined sample. This may not implies that the green synthesized NPs
and NCs are impure, instead the analysis confirms the role of the extract used during the synthesis process
as green alternative template (Taghavi Fardood et al. 2017; Sherly et al. 2015).

4.3. Characterization of Co3;0, NPs
4.3.1. TGA/DTA Analysis of Co3O4 NPs

Figure 24 displays the TGA/DTA curve of Solanum tuberosum peel waste extract templated synthesized
Co304 NPs. The processes performed during the heating were recorded by the TG and DTA curve depicted
in Figure 24. Weight loss continued up to 346°C associated with a strong exothermic peak in the DTA
curve, which can be observed in the samples with organic content due to the combustion of organic
molecules. Therefore, heating at 346°C is necessary to obtain Co304 NPs from precipitates. As a result of

thermal analysis, 450°C were used as calcination temperature (Samuel et al., 2020).
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Figure 24: TGA/DTA curve of ST peel extract mediated synthesized Co304 NPs.
4.3.2. XRD Analysis of Co3O4 NPs
Figure 25 shows the XRD pattern of Co304 NPs synthesized within different volume ratio of precursor salt
and extract. The diffraction peaks located ~at 20 of 19.01°; 31.37°; 36.85°; 38.5°; 44.88°; 55.71°; 59.4°;
65.26°; 74.31° and 77.5° corresponded to the miller indices (hkl) value of 111; 220; 311; 222; 400; 422;
511; 440; 533 and 622, respectively having JCPDS card number of 00-042-1467.
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Figure 25: XRD pattern of Co304 NPs synthesized within (a) 1:2, (b) 1:1 and (c) 2:1 respectively.

This XRD result was found to be within good agreement presented in the literature. The XRD peaks are
found to be very sharp indicating good crystallinity of the sample grains. The diffraction peaks of volume
ratio (2:1) showed good crystalline as compared to the remaining volume ratios(Adino et al., 2021). This
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indicating that it has narrow diffraction peaks and has larger crystalline size as depicted in Figure 25b. The
calculated average crystalline size of Co30,4 (1:1) was small as compared to Co30,4 (1:2), indicating it has
lower precursor salt. The minor peaks reflect the impurities present in the synthesized NPs in the form of
water soluble and water insoluble impurities that may be present on the surface of the synthesized NPs.
Under the XRD spectra no additional diffraction peaks were found, indicating the formation of pure Co304
NPs. XRD results also indicated that the (311) plane was the preferred growth plane as (311) peak was the
most intense (Luo et al., 2019).

The obtained crystalline size of Co30, NPs was 26, 19, and 28 nm for the 1:2, 1:1, and 2:1 volume ratios,
respectively. CozO4 NPs biosynthesized using a volume ratio of 1:1 shows narrow diffraction peaks,
indicating that it has a good crystalline structure as compared to the remaining ratio of synthesized Co304
NPs; because of high the maximum volume ratio of precursor salts (lower extracts) as compared to the
amount of extract used. However, in the diffraction patterns of the Co304 synthesized using volume ratios
of 2:1 and 1:2, a decrease in the intensity and a widening of the diffraction peaks are observed as compared
to 1:1 samples, which is attributed to the decrease in the size of the crystals because of low concentration of
precursor salts (higher ST extract) were present in the samples. The diffraction pattern of Cos0, formed
using 1:2 ratios are rigid and narrow diffraction peaks are observed as compared to Co3O,4 synthesized
within 1:1 volume ratio. This indicates that CosO4 (1:1) has a good crystalline structure because of the
existence of high amount of ST peel extract used during the synthesis process as a stabilizing and a capping
agent which fits with the porosity of the Co3O,4 precursor salt (Abass et al., 2021). The average crystalline
size of Co304 (2:1) was found to be larger than the remaining ratios, indicating that it has narrow

diffraction peaks and has good crystalline structure as depicted in Figure 25.

4.3.3. SEM-EDS Analysis of Co3O4 NPs

The SEM analysis result confirms that all the three ratios of Co304 NPs possess nearly spherical structural
morphology. As can be depicted in Figure 26a-c, the SEM images of Co304 NPs are too crystalline. In
addition, Co30O4 NPs are scattered over the surface without any aggregated particles, which is attributed due
to the presence of extract of ST peel waste extract. Moreover, Figure 26d presents the resulting EDS
spectra of Co304 NPs. It has been found that the EDS spectrum contains Co and O as a major peak and C
minor peak. The presence of C within the EDS spectrum is an indication as Co3O4 NPs was formed via
green protocol; C is obtained due to from peel waste extract of ST (Mohammadi et al. 2021; Okwunodulu
et al. 2019).

51



~ s 4
5

-

.-,.
. ;‘t
‘

2 -
o
~

%

? ? ~
$3400 5,00V SEHm >GI00K SE

Figure 26: SEM spectra of Co304 NPs synthesized within volume ratio of (a) 1:2, (b) 1:1), (c) 2:1 and (d)
EDS spectra of Co304 (1:1) NPs.

4.3.4. TEM-HRTEM and SAED Analysis of Co30O4 NPs

The TEM image of the biogenic synthesized Co3O,4 (1:1) NPs at 50 magnification scale are presented in
Figure 27. The morphology was found to be spherical as confirmed by SEM analysis too. Assembled
spheres indicated presence of improved connectivity, dispersibility, and homogeneity between the formed
particles. Moreover, the HRTEM image also confirms the poly-nanocrystalline nature of green Co3O4 (1:1)
NPs, and it has been found to have a well-defined shape and visible grain boundaries, which can be
achieved via a controlled synthesis procedure in the presence of bioactive molecules from the crude extract
of ST peel waste extract (Sivachidambaram et al., 2017b). In addition to this, the crystallinity nature of the
biogenic synthesized Coz0,4 (1:1) NPs also confirmed by SAED characterization techniques. The SAED
pattern (Figure 27c) with high magnification image having lattice fringes of 0.25 nm are exactly coincide
with the lattice planes in XRD pattern of CozO4 NPs (Bekele et al., 2022).
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Figure 27: (a) TEM, (b) HRTEM, and (c) SAED pattern of Co3O4 NPs.

4.3.5. UV-DRS Analysis of Co304 NPs

The band gap energy of synthesized NPs was estimated by using ultra violet visible diffuse reflectance
spectroscopy (UV-DRS). The band gap is the minimum energy needed for an electron to be excited from
the top of the valence band to the bottom the conduction band. Once that minimum energy is reached then
the sample can start absorbing light and electrons are excited from the valence band to the conduction band.
The bandgap energy was determined based on the numerical derivative of the optical absorption coefficient
using Tauc’s plot method and presented in Figure 28. The bandgap energy of CozO4 NPs was found to be
3.25, 3.33, and 3.37 eV for the 1:1, 1:2, and 2:1 volume ratios of Co precursor salt and potato peel extract,

respectively.
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Figure 28: (a) UV-DRS spectra and (b) Tauc plot of CozO4 NPs.
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The variation in the E4 for the different kinds of biosynthesized CozO4 NPs is due to the variation in
volume ratio between Co precursor salt and the peel extract that leads the biosynthesized Co3;O4 NPs to
absorb at different regions of UV-Vis light. Broadening of the spectrum indicates the polydispersed nature
of the biosynthesized NPs and the blue shift of the absorption curve results in the reduction of the bandgap
energy. If the size of the particle is very small light interacts with the samples instead of absorption as a
result parts of the light scattered and reflected. UV-Vis spectroscopy result showed that the typical peaks of
Co0304 NPs were detected in the range of maximum wavelength between 427-741 nm and these peaks
indicated the transfer processes of Co (1) and Co (I11) with oxygen, respectively (Igwe & Ekebo, 2018).

4.3.6. FTIR Analysis of Co304 NPs

Figure 29 shows the FTIR spectra of calcined and uncalcined Co30, NPs and peel extract of ST and were
recorded in the range of 4000-400 cm™. FTIR spectrophotometer was used to analyze the functional group
of ST mediated synthesized Co304 NPs.
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Figure 29: FTIR spectra of (a) ST peel, (b) uncalcined Co304 NPs, and (c) calcined CozO4 NPs.

The wavelength of 4000-400 cm™ was used for the analysis of functional groups of CosO, NPs, as can be
depicted in Figure 29. The -OH functional groups could be observed at the frequency of 3500-3000 cm™.
The C=0 functional group could be observed at the wavenumber of 1840.11cm™for extract of ST peel
powder and 1780.45 cm™ for the calcined and uncalcined CosO4 NPs. The wavenumber of 2917.55 cm™
are the C-H and C-O vibrations of an aromatic aldehyde. While the absorption peak observed at
1631.18 cm™ corresponds to C =0 peak, which indicates the ketone functional group and also the ammine

functional group. The broad peak observed in the range of 1384.33-720.780 cm™ corresponds to C-C
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stretching of the aromatic groups obtained from the peel extract of ST as well as the saturated primary
alcohol containing the C-O bond (Mohammadi et al., 2021).

4.4. Photocatalytic Degradation Activity of NCs on Methylene Blue Dye
4.4.1. Photocatalytic Degradation of MBD by TiO,/rGO NCs

Figures 30a and e show the changes in the MB absorption spectra during photocatalytic degradation with
TiOz-2c (a) and TiO,-2m (e) nano-photocatalyst at different solar irradiation times varying from 0 to 60
min. As it can be observed from the Figures, the degradation of MB using TiO only nano-photocatalyst is
very low indicating low photocatalytic activity of TiO, only NPs. From the result presented, only 62% and
58.5% of the dye was adsorbed in the presence of TiO,-2c and TiO,-2m nano-photocatalysts, respectively.
The low photocatalyst adsorbed efficiency of TiO2 only NPs could be attributed to the high electron-hole

recombination rate (Zelekew et al., 2021).

Figure 30 also depicts photocatalyst degradation of MB of CS peel extract mediated synthesized TiO,/rGO
(b-d) and MA mediated synthesized TiO,/rGO (f-h) nano-photocatalysts using different volume ratios.
Among the various TiO,/rGO NCs photocatalysts, TiO,/rGO-1.5¢ and TiO,/rGO-1.5m showed the highest
degradation efficiency of 94.28% and 94.25%, respectively, after 60 min irradiation. Moreover, the result
showed that the visible light photocatalytic degradation of MB is dependent on the concentration of rGO
composited with TiO, nano-photocatalyst. As supported by the previous report, high surface area of the
NCs photocatalysts promotes increased dye adsorption on its surface. Furthermore, the improved in
photocatalytic performance of TiO,/rGO nano photocatalysts might also be due to the decrease in the
electron-hole recombination rate since rGO in TiO,/rGO NCs can act as an electron acceptor (X. Li et al.,
2013).
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Figure 30: Visible lights Photocatalytic degradation of CS and MA templated synthesized TiO, NPs and
TiO2/rGO NCs.

Reaction kinetics study models for the photocatalytic degradation of MB dye using both TiO; nanocatalysts
and TiO2/rGO composite nanocatalysts were tested by using first and second order pseudo kinetic models.
As it can be observed from Figure 31a, the photocatalytic degradation of MB fit pseudo first order model
with the correlation constant of R? = 0.95 min™ for the TiO,-2c and R? = 0.953 for the TiO,-m nano-

photocatalysts.
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Figure 31: Pseudo first (a) and pseudo second (b) order kinetic models for Photocatalytic degradation of
MB dye using CS and MA templated synthesized TiO, NPs and TiO2/rGO NCs.

Table 1 represents the corresponding calculated parameters for first order and second order Kinetic data
model of MB dye degraded by green formed TiO, nanocatalyst and TiO,/rGO NCs under visible light

irradiation.

Table 1: The calculated pseudo first and second order kinetic data.

First order (In(Ad/Aj)= -kt) data Second order (1/A= kt + 1/A,) data
Catalyst Intercept  slope R® Catalyst Intercept  slope R®
Control -0.098 -0.006  0.955 Control 0.42581 0.00287  0.9802
TiO,-2¢ -0.01 -0.014 0.95 TiO;-2c 0.37816 0.00846  0.88616

TiO,/rGO-0.5¢c  -0.051 -0.024 0.83 TiO./rGO-0.5c 1.09519 0.07185 0.85933
TiO,/rGO-1c -0.94 -0.03 0.8 TiO./rGO-1c 1.04936 0.06333  0.85933

TiO,/rGO-1.5¢c  -1.07 -0.036  0.828 TiO./rGO-1.5¢c 1.09519 0.07185 0.85933
TiOz-2m -0.098 -0.011  0.953 TiO,-2m 0.41428 0.00688 0.8976

TiO,/rGO-0.5m -0.084 -0.02 0.66 TiOx/rGO-0.5m 0.5731  0.03761  0.81955
TiOL/rGO-1m -0.75 -0.02 0.79  TiO/rGO-Im  0.8615  0.03209  0.92895
TiOy/rGO-1.5m -1.07 -0.035 0.819 TiO./rGO-1.5m 1.31106 0.09163 0.97396
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Furthermore, the photocatalytic degradation of MB in the presence of green templated TiO2/rGO green
nanocatalysts were found to be fit with pseudo second order kinetics with rate constant of 0.974 min™ for
TiO,/rGO-1.5m. The implication of fitting with first and second order kinetics, confirms the stability of the
catalyst as well confirms that the rate of degradation of MB dye in the presence of those catalyst is both

first and second order.

Figure 32 (a-c) showed the influence of pH of the solution on the degradation eff iciency of methylene
blue using TiO,/rGO nanophotocatalysts at pH 1, 7, and 13 (strong acid, neutral and strong base media),
respectively. The change in the pH of the solution influences the surface of the nanocomposite-catalyst,
thereby causing a change in adsorption and the reaction rate (Azeez et al., 2018). The point of zero charges
of the TiO,/rGO-1.5¢ was estimated to be at pH 7 and as a result the photocatalyst surface could possess

negative charge at pH > 7, and positive charge at pH < 7.
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Figure 32: Effect of pH (a-c) and % of degradation (d) on the photocatalytic degradation of MB in the
presence of TiO,/rGO-1.5¢ NCs.

It was observed that, when the pH of solution changed from pH 1 to pH 7, the degradation efficiency of the

NC increased from 18.1 to 90.7, respectively. The low degradation efficiency of MB in the presence of
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TiO,/rGO nanophotocatalysts at pH 1 could be due to the electrostatic repulsion between the positively
charged green nanophotocatalysts surface and the cationic methylene blue, while no such repulsion occurs
at pH 7. The photocatalytic degradation of MB dye in the presence of green templated synthesized
TiO,/rGO nanophotocatalysts was found to be dependent on the pH value. This pH dependence of
photocatalyst activity of the NC might be due to its effect on the NC’s surface charge, size, and valance and
conductance bond positions (I. Khan et al., 2020). As could be depicted in Figure 32c, the highest
degradation of MB dye was obtained at pH 13 with degradation efficiency of 99.4%. This indicates that
alkaline pH favored the adsorption of the dye due to the electrostatic attraction between the negatively
charged catalyst surface and cationic methylene blue dye. Furthermore, the neutral pH is known as the zero
point of charge where the surface of CS mediated synthesized TiO,/rGO NCs has no dye concentration
(Zhang et al., 2010).

Figure 33 shows the effect of initial MB dye concentration in the presence of CS fruit peel extract
templated synthesized TiO,/rGO-1.5¢ NCs photocatalyst. The effect of initial MB dye concentrations on
the photocatalytic efficiency of the TiO,/rGO-1.5¢c was investigated by varying the concentration of MB
dye (10, 20, and 30 ppm) while fixing the amount of the photocatalyst NC (30 mg/L) at pH of 7. It has been
found that a significant decrease in the percentage of degradation was observed with an increase in the
initial dye concentration of MB dye (Mahlake et al., 2019). This might be caused by the saturation of the
surface of the green TiO2/rGO nanocomposite catalysts. In addition, the decrease in photodegradation with
increase in initial concentration of MB might also be caused by the interference for visible light to penetrate
and reach the catalyst surface, thereby lowering the production of OH" radicals. Furthermore, the reaction
rates were found to be decreased with an increase in concentration of MB with rate constants of 0.04 min
! for 10 mg/L, 0.03 min™ for 20 mg/L and 0.02 min™ for 30 mg/L (Figure 33d).
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Figure 33: Effect of initial concentration of MB in the presence of synthesized TiO,/rGO-1.5¢c NCs green

catalyst.

In order to gain further information on the degradation removal of MB dye, the dosage of green templated

TiO,/rGO-1.5¢c nanocomposite photocatalyst was also altered in the range of 20 mg/L, 30, and 50 mg/L

while keeping the pH and the dye concentration to be 7 and 10 mg/L, respectively.
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Figure 34: Effect of CS peel extract mediated synthesized TiO2/rGO-1.5¢c NCs green catalyst dosage on the
photocatalytic degradation of MB.

As it is depicted in Figure 34(a-c), maximum degradation efficiency of 90.92% and 90.70%) were obtained
with 50 and 30 mg TiO,/rGO-1.5¢ dosage, respectively, due to increase in the total number of active sites
as the dosage of the photocatalyst is increased (Gnanaprakasam et al. 2015; Sathiyan et al. 2020).The effect
of visible light illumination contact time from 0-60 min interval was carried out using 20 mg/L aqueous

solution of MB dye at pH 7 in the presence of 30 mg TiO,/rGO-1.5c are presented in Figure 35.
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Figure 35: Effect of contact time (a) and % of degradation (b) on the degradation of MB using optimized
CS peel extracts templated TiO,/rGO-1.5¢ NCs green catalyst.

The reaction was started in dark condition for 10 minutes to attain sorption-desorption equilibrium between
the catalytic surface and the dye. The result showed that a noticeable gradual increase of photocatalytic rate
with increasing illumination time. After 60 min, the rate reached its optimum removal efficiency, 94.4%
and a linear relationship between degradation of MB dye with increase in contact time was observed. This
is because prolonging irradiation time allows light to fall on the catalyst surfaces and induce formation of

photon excited species and enhances the photocatalytic activities (Li et al. 2019; Meng et al. 2011).

4.4.2. Photocatalytic Degradation of MBD by ZnO/CuO NCs

The photocatalytic activity of the green ZnO, CuO, and ZnO/CuO nanocatalysts were investigated for the
decomposition of MB under visible light irradiation. Figures 36a and 36b illustrate the absorption spectra
for the decomposition of MB dye solution under visible light in the presence of ZnO and CuO single green
nanocatalyst, respectively. The single green ZnO nanocatalyst showed photocatalytic activity efficiency of
57%, which should be ascribed to the numerous oxygen vacancies on the green obtained ZnO catalyst
surface, while the lower photocatalytic activity (50%) of CuO nano-catalyst could be as a result of rapid
recombination of photo generated electrons and holes (U. Khan et al., 2022). However, all the ZnO/CuO
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green NCs catalysts have showed better photocatalytic performance as presented in Figure 36 than pure
ZnO and CuO green single oxide nanocatalysts. The higher photocatalytic activity of ZnO/CuO NCs could
be associated with copper oxide, which acts as electron trap that inhibits e~/h* recombination.
Furthermore, the synergistic effect of ZnO and CuO green nanocatalysts could enhance the photocatalytic
activity by forming heterojunction at the interface of the two semiconductors, which are effectively
separated due to the band coupling between ZnO and CuO. In addition to this, the improvement in the
photocatalytic performance of the CuO/ZnO NCs is that these NCs utilize visible light in addition to the
UV light (Harish et al., 2017).
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Figure 36: MB dye degradation under visible light irradiation in the presence of (a) ZnO and (b) CuO green

nanocatalysts.

Many reports have suggested that there is an optimum CuO loading in CuO/ZnO NCs. Therefore, this study
also attempted to investigate the optimum CuO loading in the ZC green catalyst. Figure 37(a-d) shows the
reduction of MB dye solution under visible light by using green ZnO/CuO photocatalyst with different CuO
loadings ranging from 10-25% into ZnO and the Figure illustrates the degradation rate of MB raise with the

increasing of CuO loading.
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Figure 37: MB dye degradation under visible light irradiation in the presence of (a) ZC10, (b) ZC15, (c)
ZC20 and (d) ZC25 green NCs catalyst.

Furthermore, Figure 37a also illustrate that the degradation efficiency is found to be increased with an
increase with CuO loading up to 10% CuO content and decreased for further increase of CuO (25%). The
variation of the photocatalytic efficiency should be mainly connected with the change of CuO crystallite
size as observed in XRD analysis. When CuO crystallites gradually grow up, the crystalline quality is
improved, which is favorable for photo generated electrons and holes to migrate to crystal surface.
However, with the further grown-up of CuO crystallites, photo catalytic activity was declined. These could
be related to two main reasons; firstly as CuO crystalline is grown, charge carriers need more time to
migrate to crystal surface to participate in redox reactions, which increases the possibility of the
recombination of photo generated electrons and holes inside the crystallites; secondly the over dose of
CuO could blocked the active site of ZnO. Similar findings were also reported by Sherly et al., which
supports the present work. It means that the ratio of CuO to ZnO in the CuO/ZnO NCs is very important for
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the photocatalytic degradation of MB dye under visible light irradiation (Xu et al. 2017b; Tadesse et al.
2021).

The plot of In(C/Cy) verses irradiation time gives the rate constant for the synthesized green nanocatalyst as
shown in Figure 38(b and c). The rate constant for ZnO, CuO, ZC nanocatalysts were tabulated in Table
(2). Among biosynthesized ZnO/CuO NCs catalysts, the ZC20 possess the highest degradation constant
(0.035/min) which is about 5 times higher than that of ZnO (0.007/min).

Table 2: The rate constant and degradation efficiency of ZnO, CuO, and ZnO/CuQO green nanocatalysts
based MB dye under visible light irradiation.

Catalysts K (min®  Degradation efficiency (%)
ZnO 0.007 57
CuO 0.006 50
ZC10 0.015 60
ZC15 0.022 80
ZC20 0.035 90
ZC25 0.016 70
90% @ (b)

Degradation efficiency(%o)

-2.0 T T T T T

ZnO  CuO _ zZC10 ZCl5 ZC20 ZC25 0 0 2 3 40 50 60
Green nanocatalyst Time (min)

-
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Figure 38: (a) MB dye degradation using green catalysts, (b) kinetics of MB dye degradation, and (c) rate

constant of MB dye degradation.

Table 3: The calculated first order kinetic data model of ZnO/CuO nanocatalyst based MB dye degradation.

Catalyst Intercept Slope R?

Blank 0.45519 0.45519 -0.31738
ZnO 0.07566 -0.00484 -0.22031
CuO 0.19028 -0.0045 -0.22459
ZC10 0.21907 -0.01146 0.13062
ZC15 0.11727 -0.01813 0.49517
ZC20 0.21445 -0.02991 0.65169
ZC25 0.19891 -0.01238 0.1051

Previously, it is widely reported that due to varying interaction between catalyst and pollutant in different

medium, dye solution pH plays a significant role in photodegradation reaction in the presence of effective
green nanocatalysts (Mardikar et al., 2020). In this study, 35 mg of ZnO/CuO (20%) green NCs catalysts

with MB concentration of 10 mg/L were exposed to visible light irradiation, as can be showed in Figures
39a and 39b. The photocatalytic activity was tested at pH 4, 7, and 10 in the presence of 1M NaOH and 1M

HCI as pH adjustment.
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Figure 39: Photodegradation rate kinetics of MB dye at (a) different pH and (b) corresponding degradation
efficiency.

Figures 39a and 39b demonstrate that under acidic conditions, the degradation efficiency of MB in the
presence of the NCs green catalyst was found to be low. However, as the pH increases to neutral and
alkaline values, the degradation ability of the samples gradually increases from 63% to 97% with K value
of 0.0161, 0.031 and 0.050/min. This is based on the variation in electrostatic forces existing between MB
molecules and catalyst surface at different pH. The surface of the nanocomposites is negatively charged in
an alkaline medium and positively charged in acidic medium. Because MB is a cationic dye, its structure
becomes positively charged when it is dissolved in water. Unsurprisingly, the degradation rate of MB is
therefore higher in alkaline media due to an increase in opposite-charge interactions between the solution

and the surface of the green nanocomposites catalyst.

The influence of the photocatalyst dosage on the degradation of MB using various ZnO/CuQO
nanocomposite catalysts was studied by adjusting the amount of photo catalyst as 10 mg, 25mg, 35 mg and
50 mg under neutral conditions with an initial MB concentration of 10 mg/L. The results are displayed in
Figure 40a and 40b. As displayed on InC/Co Figure 40a and dye degradation bar graphs Figure 40b,
increasing the photo catalyst dosage from 10 mg to 35 mg resulted in an increase in the reaction rate and
degradation efficiency of MB. However, at higher photocatalyst dosage (50 mg), the degradation
efficiency tended to decrease. The reason generally advanced for this result is that increasing the amount of
photo catalyst increases the available surface area or the number of active sites on the photo catalyst
surface, which consequently increases the number of hydroxyl and superoxide radicals (Tolosana-
Moranchel et al., 2021).
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Figure 40: Photodegradation rate kinetics of MB in the presence of ZnO/CuO (20%) catalyst dosages and
(b) corresponding degradation efficiency.

Furthermore, as the amount of solid catalyst increases, the transparency of the solution decreases and also
the number of active sites decreases due aggregation/agglomeration. The scattering of light in the
suspension prevents light from reaching some particles, and thus some of the photocatalyst surface
becomes unavailable for light absorption. Therefore, above the optimum amount of catalyst, the
degradation efficiency decreases due to the increased opacity of the suspension. The other factor that alters
the degradation efficiency of dyes is their initial concentration, depicted in Figure 41b. The effect of initial
MB concentration was investigated by using 5 mg/L, 10 mg/L, and 20 mg/L of MB concentration in the
presence of 35 mg ZC green formed photocatalyst under neutral condition. The results showed that the
degradation efficiency is very high at low concentrations of MB dye and gradually decreases as the dye

concentration increases from 5-20 mg.
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Figure 41: (a) Photodegradation rate kinetics of MB using ZC catalyst with various initial dye
concentrations and (b) corresponding degradation efficiency.

Figure 42 displays the possible photocatalytic mechanism of methylene blue in the presence of ZnO/CuO
NCs.
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Figure 42: Schematic diagram for photodegradation mechanism of MB dye by ZC green nanocatalysts

Since the rate of degradation is proportional to the number of hydroxyl radicals and superoxide ions
(*OH/O") formed at the photocatalysts surface, increasing dye molecules could block more active sites
available for light absorption and reduce the interaction of light with these sites for “OH generation.
Another possible explanation for this result is the effect of light irradiation in the MB dyes. At a high MB
dye concentration, a significant amount of light can be absorbed by the dye molecules rather than by the
photocatalysts, this results in the decreases in the formation of hydroxy! radicals ("OH) and superoxide ions
('O and in the photocatalytic activity (Khang, 2017).

4.5. Antimicrobial Activity of ZnO/CuO NCs and Co304 NPs
4.5.1. Antibacterial Activity of ZnO/CuO NCs

The antibacterial activity of the synthesized ZnO (1:1, 1:2, 1:3), CuO, and ZnO/CuO nanomaterials were
investigated towards E.Coli, S. Typhi, B. Subtilis and S.Aureus at 50, 75, and 100 mg/mL concentration. As
can be presented in Figures 42(a-c) and Table 4, the synthesized ZnO NPs formed within 1:1, 1:2, and 1:3
volume ratios showed promised antibacterial activity. The biosynthesized ZnO NPs showed antibacterial
effect on all the tested bacterial strains. Moreover, the antibacterial activity of ZnO increased with an

increase concentration. In addition to this, the bactericidal effect of green ZnO NPs was found higher for
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Gram-positive bacteria than Gram-negative bacteria strains and this difference might was attributed based
on the difference in the structural composition of Gram-positive and Gram-negative bacteria (cell
membrane is double layered). Among the various volume ratios of ZnO NPs, ZnO (1:3) found to be
effective (20 mm zone of inhibition) against S. Aureus as compared to the remaining two volume ratios of
ZnO NPs. This is due to the fact that the 1:3 volume ratios contains excess amount of MA peel extract
compared to 1:1 and 1:2 volume ratios (Samuel et al., 2020). This again results in the production of more
free radical species (ROS), which cause for the death of more S.Aureus cell. Next to the 1:3 volume ratios,
1:2 volume ratios showed 12 mm zone of inhibition against E.coli (Saka et al. 2022; Droepenu et al. 2021).

The antibacterial activity performance of CuO NPs is presented in Figure 42d and Table 4. The
antibacterial activity of MA mediated synthesized CuO NPs was checked using E.coli, S. Typhi, B. Subtilis
and S.Aureus at 50, 75, and 100 mg/mL concentration in the presence of Erythromycin as positive control.
The antibacterial activity of green CuO NPs was found higher for Gram-negative bacteria than Gram-
positive bacteria and was based on the difference in the structural composition of Gram-positive and Gram-
negative bacteria. Green CuO NPs showed more enhanced (21 mm zone of inhibition) activity against
E.coli strain. As can be supported with the previously reported work, one factor that can alter the
antibacterial activity of nanomaterials is the morphological similarity between the bacterial cell and the
synthesized drug (Andualem et al., 2020). The antibacterial activity of ZnO/CuO (10, 15, 20 and 25 NCs
are depicted in Figures 42 (e-h) and Table 4. The formed NCs showed antibacterial performance towards
E.Coli, S. Typhi, B. Subtilis and S.Aureus.

e < N e

Figure 43: Antibacteria activity of green synthesized (a) ZnO (1:1), (b) ZnO (1:2), (c) ZnO (1:3), (d) CuO,
(e) ZnO/CuO (10), (f) ZnO/CuO (15), (g) ZnO/CuO (20) and (h) ZnO/CuO (25%).
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The result proves that the antibacterial activity of ZnO/CuO NCs dependent on the amount of Cu loaded
onto ZnO. Furthermore, the ability of resistance of those pathogenic bacteria in the presence of the
ZnO/CuO (20%) nanocomposite was significantly reduced by increasing the CuO content. However,
continuous addition of Cu into ZnO leads decreasing the antibacterial performance. This intern
significantly indicates that the optimized NCs for the proposed bacteria pathogens are the ZnO/CuO (20%)
composition.

Table 4: The antibacterial activity of ZnO NPs, CuO NPs, and ZnO/CuO NCs.

Zone of inhibition (mm)

(Gram negative spp. (Gram positive spp.

NPs Conc.(mg/mL) E.coli S. hiphi B. subtilis S.aureus
Zn0( 1:1) 30, 75, and 100 6.6.6 65.8.6 0.7.10 6.6.6
Zn0 (1:2) 50, 75, and 100 6.6.12 6.6.6 6.6.11 6.6.10
Zn0 (1:3) 50, 75, and 100 6.6.6 6.6.6 6.6.6 6.6.20
CuO 50,75, and 100 6.6.21 8.6.9 6.6.9 6.6.6
Zn0O/CuO (10) 30,73, and 100 6.6.7 6.6.6 6.6.6 6.6.6
Zn0O/CuO (15) 50,75, and 100 6.6.6 6.6.6 6.6.6 6.6.9
Zn0O/Cu0(20) 50, 75, and 100 8,10.22 6.8.9 6.6.6 9.7.6
Zn0/Cu0(25) 30, 75, and 100 6.6.6 6.6.6 6.6.6 6.6.6
Ervthromvcin +ve control 28 28 24 24

On the other hand, resistance ability of those bacteria strains decreased with increasing concentration of the
drug, as can be confirmed from Table 4 and Figure 42. The green NCs exhibited less antibacterial activity
towards both Gram-negative and Gram-positive strains. This might be contributed due to the fewer
amounts of extract used and as well the un-fit of the shape of the pathogens and the NCs (Mohammadi-
Aloucheh et al., 2018).

In general the antibacterial activity mechanism of green ZnO NPs, CuO NPs and ZnO/CuO NCs might be
attributed to the penetration and disintegration of the cell membrane by NPs, which lead to cell lysis. The
release of H,0, from the surface of the small sized green synthesized NPs and NCs also reported as the
possible mechanism for bactericidal activity. The generation of H,O, is found to highly dependent on the
surface area of green ZnO NPs and this intern results in the penetration of cell membrane of the bacteria by
the released H,O, and cause damage to kill the bacteria. Furthermore, the presence of various bioactive
molecules such saturated and unsaturated alkanes and alkenes, alkaloids, terpenoids, flavonoids, tannins,
carbohydrates, sterols, saponins, proteins and amino acids within the peel extract of MA showed potential
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bacterial activity against the tested bacteria (Kalia et al. 2021; G.K. et al. 2015).

4.5.2. Antibacterial Activity of Co304 NPs

The antibacterial activity of the biogenic synthesized CosO4 NPs using three volume ratios of 1:1, 1:2, and
2:1 has also been tested. It has been found that, as the concentration of Co3;O, NPs increased, their
antibacterial performance also improved. As can be depicted in Figure 43 supported with Table 5, almost
all of the volume ratios of Co30, NPs showed enhanced antibacterial performance towards K. pneumonia
strains. This might be due to their structural morphology, which fits with the bacterial cell and this intern

enables the nano-drug to kill more bacterial cell wall.

Figure 44: Antibacterial activity of Co3O4 NPs biosynthesized in (a) 1:1, (b) 1:2, and (c) 2:1.

Moreover, the antibacterial activity for the three volume ratios was found to be enhanced with an increasing
amount of the peel waste extract of the template. The 1:2 volume ratios of Co304 NPs showed the highest
zone of inhibition (27 nm) towards K. pneumonia, as compared to the counter parts volume ratios. This
might be due to the fact that as the amount of peel extract used during the synthesis process is high, the
more reduced oxygen species radicals to be produced. This implies that as the ROS production is high,
there is a possibility to react (Kkill) the bacterial cell; since as literature supports most of the bacteria cell are
positively charged and so their reaction with ROS is high (Bekele et al. 2022; Adino et al. 2021).

Furthermore, Table 5 showed that the 1:1 ratio showed 25 mm zone of inhibition against K. pneumonia,
next to the 1:2 ratio. The result has been found to fit with the previously published works. Since the 1:1
volume ratio contains high amount of extract as compared to the 2:1 ratios and so it contains high amount
of ROS relative to the 2:1 volume ratios (Hafeez et al., 2020: Bekele et al., 2022).

Figure 45, presents the possible antibacterial mechanism in the presence of Co30O4, ZnO, CuO, and
ZnO/CuO NCs.
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Figure 45: The possible antibacterial activity mechanism in the presence of Co3;04 ZnO, CuO and
ZnO/CuO NCs.

Table 5: The zone of inhibition of green formed Co3;04 NPs against the selected bacteria strains.

Zone of inhibition (mm)

Gram negative spp. Gram positive spp.
NPs Conc.img/mL) E.coli K. pneumoniae B. subiilis S Aureus
Co304(1:1) 50, 75, and 100 6.6.6 6,20, 25 7.6.6 6.6.6
Co304(1:2) 30, 75, and 100 6.6.6 6,22, 27 7.6.6 6.6.6
Co304(2:1) 50, 75, and 100 6.12.6 6.16, 24 6.6.6 6.6.6
Ervthromwvcin(+ve) control 28 28 24 24

In general the antibacterial activity of nanoparticles towards both Gram negative and Gram positive strains
depends on various factories such as shape/structural geometry relationship between the bacteria and
nanoparticles, average crystalline size of the nanoparticles, the concentration of nanoparticles and the

nature/strain of bacteria (weather Gram negative/Gram positive) (Thatikayala & Min, 2021).

4.5.3. Antifungal Activity of ZnO/CuO NCs and Co30,4 NPs

The peel of MA templated ZnO/CuO NCs was evaluated against Fusarium oxysporum, isolated from wilt
pepper and Alternaria Solani, isolated from tomato fruit. It has been found that the synthesized NCs

showed a promised antifungal activity against both Fusarium oxysporum and Alternaria Solani. Moreover,
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the synthesized ZnO and CuO NPs also found to have antifungal activity against the proposed fungal
strains. As can be supported in Figures 46a and 46c, those fungal species highly affects pepper and tomato
and as a result searching cost effective and environmentally friendly drugs against those fungal species are
at a high alarming rate. As proved in Table 6, all of the biotemplated synthesized NPs and NCs showed
enhanced antifungal activity. Biotemplated synthesized ZnO NPs showed 2.53 and 1.00 cm mycelia growth
of inhibition (MGI) against Fusarium oxysporum and Alternaria Solani fungal strains, respectively. This
directly confirms that the biotemplated synthesized ZnO NPs found to be very effective in preventing and
slow down the growth of Alternaria Solani of tomato as compared to Fusarium oxysporum of pepper
(Figure 47a(l) and Figure 48a(l). Bio-formed CuO NPs showed 3.00 and 2.98 cm MGI against Alternaria
Solani and, Fusarium oxysporum (Figure 47a (11) and Figure 48a (1), respectively (Phiwdang et al., 2013).
From this, CuO NPs is found to be promised potential candidate and effective in preventing the growth of
Fusarium oxysporum strains. The variation in the antifungal activity of green ZnO NPs and CuO NPs might
be due to the amount of ROS production as well their physico-chemical properties. Similar results related
to the present findings were also reported by (Amin et al., 2021). Both ZnO NPs and CuO NPs inhibited
growth of Fusarium oxysporum and Alternaria Solani fungal by affecting cellular functions, which results
in distortion in fungal hyphae followed by preventing the expansion of conidia and conidiophores and
finally leads to cell death. In addition, previous report supports that nutrients’ availability within potato
dextrose agar plays fundamental role for the capacity of the fungi to recover from the antagonistic effect of
nanoparticles (He et al., 2011).

Figure 46: (a) Blight symptom on tomato caused by Alternaria solani, (b) blight symptom on hot pepper
caused by Fusarium oxysporum, (c) Alternaria solani culture grown on potato dextrose agar and (d)

Fusarium oxysporum culture grown on potato dextrose agar.
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The ZnO/CuO NCs synthesized within 10, 15, and 20% showed enhanced antifungal activity against
Fusarium oxysporum and Alternaria solani of pepper and tomato, respectively. The green synthesized
Zn0O/Cu0O (10%) NCs, ZnO/CuO (15%) NCs and ZnO/CuO (20%) NCs showed MGI of 2.53, 3.00, and
1.80 cm against Fusarium oxysporum fungi, respectively (Figure 47b).

Table 6: Summery of antifungal activity of ZnO/CuO NCs and Co304 NPs.

Fusarium oxysporum (MGI in cm) after 10 days | Alternaria Solani (MGI in cm) after
post incubation 18 days post incubation

Treatments MGI (cm) Treatments MGI (cm)
Zn0O 2.53 Zn0O 1.00
CuO 2.98 CuO 3.00
ZnO/CuO (10%) 2.53 ZnO/CuO (10%) 1.00
ZnO/CuO (15%) 3.00 ZnO/CuO (15%) 1.10
ZnO/CuO (20%) 1.80 ZnO/CuO (20%) 0.40
C0304 (1:2) 3.15 C0304 (1:2) 0.00
Co304 (1:1) 3.00 Co304 (1:1) 0.00
C0304 (2:1) 2.98 C0304 (2:1) 1.40
Mock 3.30 Mock 3.20

Moreover, ZnO/CuO (10%) NCs, ZnO/CuO (15%) NCs and ZnO/CuO (20%) NCs showed a promised
MGI of 1.00, 1.10, and 0.40 cm towards Alternaria solani of tomato, respectively (Figure 48b). All of the
synthesized ZnO/CuO NCs showed enhanced and promised antifungal activity in protecting pepper and
tomato fruits. As can be supported with Table 6, the green synthesized ZnO/CuO (20%) NCs showed
enhanced antifungal activity as compared to the counterpart NCs. This in turn confirms that, the ZnO/CuO
(20%) NCs are the most optimized nanomaterial to the phytopathogenic fungi. This again confirms that the
existence of ZnO within the CuO matrix results in enhance the antifungal properties of CuO within the NCs
(Sardella et al., 2018). This might be due to the greater and better in charge transfer between CuO and ZnO
can enhance the fungi inhibition functionality of CuQO. Electron transition within CuO still occurs, but pure
ZnO by itself cannot be activated due to its broad Eg (3.37 eV) and exciton binding energy (60 meV), that
could be allude of the antifungal activity of the NCs (Mohamed et al., 2021).
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In in addition to this, functional groups of nanomaterials also the other factor, which is responsible to
initiate the cell membrane damage of the fungal. Figure 47, presents the MGI of synthesized ZnO and CuO

NPs in the presence of Mock as a standard, against the growth of Alternaria solani.

Figure 47: MGI against Alternaria solani in the presence of (a) ZnO and CuO NPs and Mock, (b) Co304
NPs (2:1, 1:1, and 1:2), (¢) ZnO/CuO (10%, 15% and 20%). Where 1, Il, and Il in (a) stands for ZnO,
CuO, and Mock MGI while 1, I, and 111 in (b) stands for Co3O4 NPs synthesized within 2:1, 1:1, and 1:2
volume ratio, respectively and I, 11, and 1111 in (c) represents ZnO/CuO NPs synthesized within 10, 15, and

20% composition, respectively.

The antifungal activity of ZnO/CuO NCs proves that the growth of Fusarium oxysporum of pepper and
Alternaria solani of tomato were inhibited at a concentration of 10 mg/mL of (Phiwdang et al., 2013).
Antifungal activity of green synthesized CozO, NPs also carried out against Fusarium oxysporum and
Alternaria Solani using optimized concentration (10 mg/mL) via the food poisoning method in vitro

condition (Figure 47c¢ and 48c).
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Figure 48: MGI against Fusarium oxysporum in the presence of (a) ZnO and CuO NPs and Mock, (b)
ZnO/CuO (10, 15, and 20%), and (c¢) Co304(1:2, 1:1, and 2:1) NPs, respectively. Where I, I, and 111 in (a)
stands for ZnO, CuO, and Mock MGI while 1, 11, and Il in (b) stands for Co304 NPs synthesized within
1:2:1, 1:1, and 2:1 volume ratio, respectively and I, 11, and I111 in (c) represents ZnO/CuO NPs synthesized
within 10, 15, and 20% composition, respectively. In Figure 47 and 48 (AltC control; Alt: treatment).

As depicted in Table 6, Co3O4 NPs synthesized within volume ratio of 1:2, 1:1, and 2:1 NPs showed highly
enhanced activity in preventing the growth of Fusarium oxysporum of pepper with MGI of 3.15, 3.00, and
2.98 cm, respectively. Of the various cobalt oxide NPs, Co30,4 (2:1) NPs possessed enhanced activity in
preventing the growth of Fusarium oxysporum, compared to the counterpart volume ratios. This might be
contributed due to its relatively homogenized morphology, as can be confirmed from its SEM-TEM
analysis. Moreover, the enhanced antifungal activity of Co3O,4 (2:1) NPs might be achieved due to its
enhanced optical properties as compared to the counter parts. Since as the optical property is improved,
oxidation of nanoparticles also enhanced; this in turn oxidation of nanoparticles occurs due to
electromagnetic attractions between the fungal cell membrane and NPs and ended in preventing of fungal
growth and killing the cell (Anuradha and Raji 2021). Furthermore, the growth of Alternaria solani of
tomato after 18 day of post-incubation were checked and its growth were evaluated by the biotemplated
synthesized Co304 (1:2, 1:1, and 2:1) NPs. The measured MGI value proved that Co304 NPs synthesized
within a volume ratio of 1:2, 1:1, and 2:1 showed 0.00, 0.00, and 1.40 cm, respectively. Comparatively,
Co304 NPs has been found the most promised nano-drug in preventing the growth of Alternaria solani
strain, which affects tomato productivity. Specifically, the 1:2 and 1:1 volume ratio prevent the growth of

Alternaria solani 100%. So, instead of using commercially and too costy antifungal drugs, the present
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findings proves a promised way in the fabrication of green nano-drug materials followed by scaling-up and
directly applying to the various agricultural products. As compared to the previous works reported by
(Waris et al. 2021), the present study has been found to show enhanced activity towards the pathogenic
species.

5. Conclusions and Recommendations

5.1. Conclusions

In the present findings, TiO,/rGO NCs were synthesized within various compositions in the presence of
peel waste extract of Citrus sinensis and Musa acuminata. In addition, ZnO/CuO NCs were also
synthesized using peel waste extract of Musa acuminata. Moreover, Co3O4 NPs were also effectively
synthesized within various volume ratios using extract of Solanum tuberosum peel extract. The synthesized
NPs and NCs were followed by characterization using TGA/DTA, XRD, SEM, EDS, TEM, HRTEM,
SAED, UV-DRS and FTIR techniques. The synthesized TiO,/rGO and ZnO/CuO NCs were used as a green
alternative green catalyst for the degradation of methylene blue dye in the presence of visible light
irradiation as a source. Furthermore, the synthesized ZnO/CuO NCs and Co304 NPs were investigated as
antibacterial and antifungal agent.

TGAJ/DTA analysis confirms as TiO, NPs were found to be stable above 550°C having average crystalline
size in the range of 7-27nm and 13-22nm for the CS and MA, respectively. The band gap energy was
calculated to be in the range of 3.17-3.29 eV and 3.10-3.38 eV for the CS and MA mediated synthesized
TiO, NPs, respectively. The average crystalline sizes of TiO,/rGO NCs were found to be in the range of 7-
15and 11-12nm for CS and MA, respectively. While Eg of TiO,/rGO NCs were found in the range of 2.85-
3.11 eV and 3.07-3.11 eV for the CS and MA, respectively. SEM analysis proved that TiO, NPs and
TiO,/rGO NCs were spherical in shape. TEM, HRTEM, and SAED confirmed that NPs and NCs
nanocatalysts were spherical and crystalline. ZnO NPs, CuO NPs, and ZnO/CuO NCs were found to be
stable above 450°C. The average crystalline size of ZnO NPs were found to be 25, 28, and 28nm for 1:1,
1:2, and 1:3 volume ratios, respectively and 17.0 nm for CuO NPs. The average crystalline sizes of
ZnO/CuO NCs were 23, 23, 23 and 23 nm for 10%, 15%, 20% and 25%, respectively. SEM and TEM part
analysis confirms that ZnO, CuO, and ZnO/CuO NCs were found to be spherical shape. E; of ZnO NPs
were calculated as 3.24, 3.25 and 3.24 eV for the 1:1, 1:2, and 1:3, respectively. E; of CuO NPs were
estimated as 1.7 eV and while for ZnO/CuO NCs decreased from 3.24-3.05eV. FTIR study confirms
presence of amines, carboxylic acids, alcohols, phenols, proteins, flavonoids and enzymes. It was observed
that Co304 NPs were stable above 400°C, and were spherical in shape, and had the average crystalline size
of 18.8, 13.5, 19.45) nm, and band gap energy of 3.25, 3.33, and 3.37 eV for the 1:2, 1:1 and 2:1volume

ratios, respectively. SEM-EDS, TEM, HRTEM and SAED confirm that the NPs were spherical in shape
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and too crystalline. 94.28%, 94.25%, and 90% of MB degradation were achieved in the presence of
TiO,/rGO-1.5¢, TiO./rGO-1.5m, and ZnO/CuO NCs catalysts, respectively. The antibacterial activities
were found to be increased with increasing concentration of the nano-drug. The antibacterial activity of the
synthesized ZnO/CuO (20%) NCs showed 22 mm zone of inhibition and found to be very effective as
compared to the counterpart ratios. Moreover, synthesized Co3O4 (1:2) NPs were effective towards K.
pneumoniae strain. ZnO NPs showed 2.53 and 1.00 cm MGI against Fusarium oxysporum and Alternaria
solani, respectively. While CuO NPs showed 2.98 and 3.00 cm MGI Fusarium oxysporum and Alternaria
solani, respectively. Co304 (2:1) NPs showed 2.98 MGI against Fusarium oxysporum. While Co304 (1:2
and 1:1) NPs showed 0.00 cm MGI against Alternaria solani. ZnO/CuO (20%) NCs showed 1.80 cm and
0.40 cm MGI against Fusarium oxysporum and Alternaria solani, respectively.

5.2. Recommendations

The present findings provides a promising approach for the development, design and scaling up of various
nano-based materials, which can play a great role in environmental remediation and as well for the
treatment of nano-based bioacid drugs. Moreover, as can be confirmed from the present study, the
efficiency of nanomaterials as cost effective environmental remediation to eradicate any pollutants of
water, numerous factors should be considered. So, the following possible suggestions should be considered.
To be effective in wastewater removal, instead of binary nano-composites, developing of ternary core-shell,
doped and nanocomposites could improve the surface area and so the number of active sites of the catalyst.
This inter could enhance the degradation efficiency. Furthermore, the various factors such as effect of
concentration, synthesis temperature, calcination temperature, pH, concentration of the crude and related
parameters should be considered. In addition to this, to improve the biomedical applications of
nanomaterials, synthesis affecting factors should be under taken. In order to write the exact reaction
mechanism between the extract and precursor salt, the natural products of the extract should be purified
followed by NMR characterization. Finally, in order to carry out a comparative study, experimentally and

computationally method should be applied for environmental remediation as well as antimicrobial activity.
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