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Chapter 1 INTRODUCTION

Intensive urbanization, industrialization, as well as population pressure on
finite natural resources and, to a lesser extent, natural activity, have all put an
enormous strain on the global environment through releasing harmful toxins. One of
the most serious environmental issues is water contamination. Textile, leather and
paper industries release anthropogenic substances such as malachite green and
methylene blue etc., which contaminate both surface and ground water sources. Every
year 280000 tons of dyes are used by the dyeing industries and are discharged directly
into the stream. Malachite Green (MG) is used as a coloring agent by food, wool,
paper, jute, cotton, leather, and acrylic (as an additive) industries. Malachite green has
been in controversy due to its toxicity for all the living organisms. Malachite green is
extremely carcinogenic and can cause cancer and mutagenicity in many species such
as fish, algae, and bacteria. The dyes also hinders the penetration of sunlight in
aquatic system and also cause myriads of other diseases in living organisms even at
low concentration. Fishes treated with malachite green have shown its carcinogenic

effects on immune and reproductive system.

Nanotechnology has become one of the fastest emerging field of modern
sciences which provides the platform to design, construct and manipulate the
nanoparticles for removal of dyes from the varied nature of waste waters.
Nanoparticles may help in removal of dyes specifically as being target specific, non-
toxic and cost effective in nature. The nanoparticles produced through various
physical and chemical processes cause many environmental related problems. As the
Physical and chemical methods are hazardous, laborious and non-ecofriendly, there is
an urgent need to explore nanoparticles that can be produced biologically and are less

harmful for the environment (Saratale et al., 2018).
1.1 ‘Green waste’ — values and scope

Green waste (food, agro-industrial, and forest leftovers) is a well-known

polyphenol source. Their unique properties of chelation, adsorption, reduction,
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complexation, nutrient cycling, antimicrobial activities and plant growth, makes them
an excellent natural and relatively effective agents of cleaning environmental toxins.
Existing bio-remedial techniques such as biosorption, phytoextraction, and
coagulation have found effective in the removal of heavy metals, pathogenic microbes
and dyes from contaminated soil and water. Polyphenol-rich natural extracts are
increasingly being used in green nanoparticle synthesis ( in the manufacture of
particles between 1 and 100 nanometers in size) utilizing biological entities (such as
microbes or plant biomass) as a therapeutic agent in the detoxification of harmful
contaminants. Current bioremediation methods, on the other hand, are not fully

naturally derived.

Therefore there is an urgent need to synthesize eco-friendly nanoparticles by
utilizing biogenic products that are non- toxic, easily degradable and have regenerative
capabilities too. Green synthesis of nanoparticles employs green methodology and the
chemicals that are used during the synthesis process are not harmful. Moreover, the
process of green synthesis can be performed at normal room temperature and pressure.
Green synthesis is the utilization of biological agents including plants part extract,
microbes, agro-industrial waste (fruits and vegetable peel waste) and others. Formation
of nanoparticle using green synthesis method is stable, simple, rapid, cost-effective,

ecofriendly and non-toxic (EI-Gendy et al., 2019).
1.2 Green waste as renewable polyphenol source

Phenols are a collection of phytochemicals that can be found in all of plant's
vegetative organs and subsequently preserved in dead plant parts found in green
waste. Plant phenolic compounds are responsible for 40% of all organic carbon in the
biosphere. Chemically, phenolic compounds are defined with at least one aromatic
ring with one (phenol) or more (polyphenols) hydroxyl substituents, as well as their
functional derivatives (e.g., glycosides and esters). Polyphenols are water soluble
compounds with a molecular mass of 500 to 4,000 Dalton possessing 12 to 16
phenolic hydroxyl groups and 5 to 7 aromatic rings per 1,000 Dalton, according to

Haslam et al. (2010).
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Furthermore, Low and high molecular weight substances, such as phenolic
acids and lignin, are classified as (poly) phenols. The most crucial class of
polyphenols is phenolic acids, which includes polymeric structures such as lignans,
stilbenes, hydrolysable tannins, and flavonoids. Flavonoids include flavones,
isoflavones, flavanones, anthocyanidins (pigments responsible for the color in most
fruits), flavanols (the most common flavonoids in food, such as quercetin and
kaempferol). These polyphenols are primarily produced by nature in plants by the
shikimate or malonate secondary metabolite pathways, or both. Thousands of
polyphenols (almost 8,000) have been identified and linked to variety of health
benefits, because of their biological qualities, such as antioxidant, anticancer, and
anti-inflammatory, catalytic degradation capabilities and in chemical defense

mechanism.

Polyphenols' ability to scavenge free radicals, bind metal ions, and contribute
hydrogen atoms or electrons are the key functional features. Bioavailability,
molecular size, stability and the ability of polyphenols to conjugate with other
phytochemicals or phenolic compounds, are all important factors in their functional
activity. The activity of phenolic compounds is determined by the number and
position of hydroxyl groups in respect to carboxyl functional groups. Emerging
findings suggest that there are various potential mechanisms of action by which
polyphenols may promote bioremediation owing to their metal chelation and radical
stabilization activities (Skapin et al., 2007). Before understanding the remedial
opportunities offered by polyphenols, it is important to understand the source,

availability and variations in concentration of polyphenols in natural wastes.
1.3 Sources of Polyphenols
1.3.1. Food and agro-industrial waste

Almost all types of food and agro-industrial leftovers (fruits, vegetables,
oilseeds, nuts, cereals and beverages) include polyphenols. The main sources of these
wastes are industries and households. Polyphenols have been found in a variety of

foods and beverages. Rice (Oryza sativa) husk (Tripathi et al., 2014), peanut hulls,
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(Arachis hypogaea) hulls (Nair et al., 2002), hazelnut (Corylus avellana) shells
(Azizi et al., 2014), leftover coffee grounds (Coffea arabica) Nagarajan et al., 2013,

apple pomace (Malus sp.) (Dobrucka et al., 2016) and a variety of other wastes.

Gorinstein et al., (2014) found 15% higher total polyphenolic content in peel of
citrus fruits (oranges - Citrus sinensis and lemons — Citrus limon) than those in the
peeled fruits. Since, the citrus industry produces large quantities of peel and seed
residues, which account for nearly 50% of the total fruit weight, with maximum
phenols, they can be considered as a potential source of polyphenols. Nutshells and
residues from fruit juice production, notably peels and pomace, contain comparatively
high amounts of total polyphenols in contrast to dried minor residues obtained from

agro-food-industries and forest debris.
1.3.2. Forest and garden waste

It is important to note that, among green wastes, forest and garden wastes
haven't been thoroughly investigated as phenolic compounds sources. Fresh tree
leaves, on the other hand, have lately been examined for their polyphenolic content
and are commonly used for green nanoparticle production due to stabilizing, capping,
and reducing potentials of polyphenols (Fu et al., 2015). The principal polyphenolic

elements of forestry wastes include flavonoids and tannins.

According to Sultana et al., (2015) the bark of Neem (Azadirachta indica),
Babul (Acacia nilotica), and Arjun (Terminalia arjuna) trees contains a total
polyphenolic content of 7.8-16.5 mg/g™, with flavonoids alone accounting for 75% of
the total polyphenolic content. Eucalyptus (Eucalyptus sp.) bark contains 0.11-0.22
mg/g™ of total phenols, 2.48% lignin, 41.63% cellulose, and 62.47% total sugars,
according to Vazquez et al., (2016).

Polyphenolic concentrations in dry residues from cultivation or harvesting
activities from trees within and around of forests, orchards, and landscape
management (including residential and urban green areas) are yet unknown. This is
especially important as phenolic chemicals are abundant in forestry wastes as well as

agro-industrial residues, and if further investigated, could have practical significance.
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Other methods of producing nanoparticles includes chemical reduction via different
organic and inorganic reducing agents, electrochemical techniques, irradiation method,
mechanical grinding etc. (Choi et al., 2011). Nanoparticles based on metals like zinc,
copper, silver, titanium, iron, gold etc., can be produced by various physical and
chemical methods within the range of 1-100nm (Sukri et al., 2019). In earlier studies,
successful attempts have been made to degrade cationic dyes by Ag-nanoparticles using
fruit waste, degradation of congo red dye using ZnO nano-photocatalyst using

Artocarpus leaves extract etc.
1.4 Zinc oxide nanoparticles

Metal oxide nanoparticles synthesis through green synthesis method has been
a highly lucrative research area over last decade. Various biocomponents like
bacteria, fungi, plant extract are promising source of substrates used in the fabrication
of nano materials. Out of various options Plant extract based synthesis is preferred for
the controlled nanoparticles synthesis (shape, size and other specific feature). Also the
growing, extensive usage of dyes in textile, paper and other industries are growing
concern for environmentalist over the globe. ZnO nanoparticles is a white powder
which is nearly soluble in water. It has been widely used in various materials and
products including glass, paints, adhesive, food supplements (Zn nutrients), fire
retardants etc. Naturally occurring zinc oxide mineral “zincite” is quite rare in earth’s
crust. The color of the zincite depends on the impurities that it possess. As zincite is
rare, most of the commercially usage of zinc oxide is fulfilled by synthetic
production. Zinc oxide is non-toxic to human skin which makes it suitable

accompaniment for textile usage.
1.4.1. Importance of zinc oxide nanoparticle

1. It can be used in pharmaceutical products, plastic and rubber manufacturing,

cosmetics, food supplements, skin care products etc.

2. ZnO nanoparticles are found to be useful in the treatment of leukemia and

carcinoma.

3. It shows strong antibacterial properties.

Introduction ............... &



4. ltisused in the degradation of various hazardous dyes.
5. Itis non-toxic to humans.
6. Itisalso used as a drug carrier.

Properties of nanomaterial like high surface area, high thermal and electrical
conductivity, antimicrobial, biocompatibility and catalytic property to disintegrate
organic material are responsible for their diverse usage. The large band gap (about
3.37eV) & exciton binding energy 60meV (Hadia et al., 2014) of ZnO semiconductor
reduces its size and also affects its conductivity. The 3.1-3.3 eV band gap of zinc
oxide has been used in various applications, such as biosensors, drug carrier,
antibacterial agent, cosmetics etc. The biocompatibility and the catalytic and reductive
property of Zinc oxide nanoparticles (ZnO-NPs) makes it a good choice for waste
water treatment. ZnO-NPs can be used in degradation of pesticides (Khan et al.,
2020), dyes (Sukri et al., 2019), adsorption of heavy metals (Hadadian et al., 2018)

etc.

Further, global fruit production has experienced a remarkable spike in recent
years. India stood 2" in production of fruit after china (2017-18). During 2017-18,
India produced 97.2 million metric tons of fruits, as per national horticulture database
published by National Horticulture Board. Due to low shelf life and seasonal
availability, the fruits are usually processed in the form of bottled juices, pickles,
dried, jellies etc., to increase their life. This generates huge amount of waste and if not
managed causes various environmental problems. These organic waste can also be
utilized to generate bio-nanoparticles for the removal of dyes. To keep this in view,
the present study has conducted to synthesis and characterize ZnO-NPs using multiple
fruit peel waste of pomegranate, banana, grapes, oranges and apples has done using
various techniques like UV-visible spectroscopy, dynamic light scattering (DLS), X-
ray diffraction (XRD), Fourier transform infra-red spectroscopy (FT-IR) and scanning
electron microscope (SEM). Furthermore, the evaluation of cationic dye degradation

property of synthesized nanoparticles has also been observed.
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Considering the above mentioned facts, the present work had been planned to

achieve the following objectives:

1. Synthesis of zinc oxide nanoparticles via green synthesis, employing fruits

peel waste.
2. Surface and chemical characterization of synthesized zinc oxide nanoparticles.

3. Investigation and optimization of malachite green (dye) removal efficiency of
mixed fruit peel derived zinc oxide nanoparticles at varying pH, dye

concentration, nanoparticles dose and time interval.
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Chapter 2 REVIEW OF LITERATURE

“K. E. Drexler” is known as the father of nanotechnology. He was the one
who explained the subject of nanotechnology in depth and thus played a main role in
popularizing the subject. There are various products of nanotechnology, such as
nanotube, nano filters, nanoparticles, nanospheres etc., that are used in different
sectors like food processing, pharmacology, waste water treatment, targeted therapy,
nano-sensors, nanocoating etc. Along with the benefits that nanoparticles offers, they
pose immense potential for the removal of various environmental contaminants,
which is the primary concern of mankind (Choi et al., 2011). It has the potential to
contribute in the long-term water quality related issues. Various treatment
technologies have made immense development in past few years in handling the

contaminated waste water, using nanotechnology.

Although their production through various physical and chemical processes
cause many environmental problems such as disposal of nano-contaminants and nano-
wastes. On the other hand the green synthesis of nanoparticles is environment
friendly, easy to manage and non-toxic method. In green synthesis, the biological
extract is used as a reducing agents to reduce the precursor metal compound to metal
nanoparticles. Compounds like flavonoids, alkaloids, phenols and polyphenols
obtained from plant part (leaves, fruit etc.) extract act as reducing agents. In previous
studies, different plants part extract have also been used in degradation and removal

of various environmental pollutants (Saratael et al., 2018).
2.1 Approaches for synthesis of nanoparticles

Metal nanoparticles is an active area of applied research in nanotechnology,
mainly because of their large surface area and capability to transfer electrons from
donor to acceptors. There are various methods of synthesizing nanoparticles. These

technologies use “Top-Down” and “Bottom-Up” approaches.
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2.1.1 Top- down Approach

In “Top Down” approach (destructive approach), nanoparticles are reduced in
size using various physical and chemical methods. Attrition and milling are the two
most common methods of making nanoparticles using top down method. In top-down
approach milling, cutting and shaping methods are used to mold the material into

desired model and micro-fabrication (figure 2.1).

Photolithography and inkjet printing are the techniques included in micro-
patterning. The most common approach in top-down method starts with the selection
of appropriate material and then shaping the functionality from inner material. This
method is similar to the method used in semiconductor industries, for the synthesis of
devices having silicon, copper etc. Another method is laser pyrolysis, an easy and
effective method of synthesizing nano powders. The energy current between the
carbon dioxide laser and the reagent increase the temperature in the reactive zone and
cause vibration of molecules. The above method is simple way of particle synthesis in
the range of 15-20 nm. lonic/electronic irradiation, etching, mechanical milling and
sputtering are few another ways of producing nanoparticle, using top down approach
(Jamkhande et al., 2019).

2.1.2 Bottom-Up Approach

In bottom-up approach (constructive method) the nanoparticles are synthesis
employing small entities, such as atoms and molecules, for which the
oxidation/reduction reactions are the main proponents. Bottom-up approach in
comparison, utilize chemical characteristics of individual substances to form product.
It involves different methods like supercritical fluid, sol gel technique, atomic
condensation, electrochemical precipitation, vapor deposition etc. Biological system
is found to be suitable for this approach, in which the chemical components of life act
as reducing and stabilizing agents to carry out the production of nanoparticles with

minimum defect and homogenous composition (De Oliveira et al., 2018)
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SYNTHESIS OF NANOAPRTICLES

Top down approach Bottom up approach
-y e -
gy — - - &
= oo feet
Bulk Powder Nawnoparticles Cluster Atoms

Figure 2.1: Top-down and Bottom-up approaches of nanoparticles synthesis.

2.2 Synthesis of Zinc Oxide nanoparticles

Metal oxide nanoparticles can be synthesized via physical, chemical and
biological methods (figure 2.2). Every method has its own characters and benefits,
but our focus is more on the biological way of synthesizing nanoparticles as its clean,

facile and environment friendly.

Zinc oxide is of tremendous economic and industrial relevance because of its
diverse qualities, which allow it to be used in a variety of industries, including the
rubber sector, biomedical field, and metal surface treatment. The key properties of
zinc oxide includes its semi conductivity, antibacterial activity and UV absorption.
With the introduction of Nanotechnology, these qualities can be improved by
increasing the surface area of the material i.e. by reducing particle size and by

changing the shape.
2.2.1 Physical Methods

Physical vapor deposition, Arc plasma method, ultrasonic irradiation are some

of the most popular physical methods of nanoparticle synthesis.

Yang et al. (2006) reviewed the synthesis of zinc nanoparticles using laser
ablation of a solid target in confined liquid medium. The focus was to understand the

mechanism of crystal growth. He also explained the effect of liquid confinement,
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phase transition and Kinetic growth of the nanocrystals. Other applications of laser
ablation includes surface patterning, surface cleaning, and surface coating. Theoretical
analysis and experimental results indicates that laser ablation technique of a solid
target in confined liquid medium is an effective way to synthesize nanocrystals.

Following are the benefits of using laser ablation technique :-
1. Chemically simple and clean.

2. Can be performed in normal conditions. High temperature and pressure is not

required.

3. Novel phase formation of nanocrystals may involve both solid and liquid

phase.

Submicron zinc oxide nanoparticles were successfully developed using one
step aqueous precipitation method. Different morphologies such as flower and
snowflakes were obtained by changing the reaction temperature. Findings of the
author suggest that self-aggregation and orientation aggregation enhanced by
increasing temperature could be the possible mechanism behind the formation of
nanostructure. Findings also suggests different structure anomalies such as differences
in mass distribution and crystalline structure. The XPS characterization revealed the
presence of Zn(OH), and absorbed carbon species ion ZnO surface. In addition, UV
emission and UV excitation centered in 390 nm and 360 nm respectively, for the

sample synthesized at 60°C.

Another laser ablation method of preparation of zinc oxide nanoparticles using
zinc metal plate and liquid medium with different surfactant solutions such as
Cationic, anionic, amphoteric and nonionic was performed by Hiroyuki Usui et al.
(2004). The nanoparticles were acquired in deionized water and in each surfactant
solutions. There was a decline in the average particles size with increasing amphoteric
and nonionic surfactant concentration. The quantum size of ZnO particles was
reported around 7nm. Various defect emission peaks were also reported, which might

be attributed to either due to impurity or lattice defects.
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Figure 2.2: Methods of zinc oxide nanoparticles synthesis.
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Wei Jin et al. (2007) employed chemical vapor synthesis (CVS) which is a
modified form of chemical vapor deposition (CVD), for the synthesis of Cr doped
ZnO nanoparticles. The obtained nanocrystalline particles were subjected to nitrogen
adsorption, energy dispersive X-ray analysis (EDX) and other characterization
techniques. He observed increase in particles size with increasing doping
concentration. ZnO nanoparticle with mean diameter 27nm and equi-axial
morphology with slight agglomeration were observed. The maximum accumulation of
Cr was found partially on the distorted tetrahedral site and the reason behind the
formation of distorted sites might be due to segregation of chromium atom to the

particle surface.

Marco stoller et al. (2020) used spinning disc reactor (SDR) with the aim of
intensified (mass) nano-ZnO production. They aim to prepare needle shape zinc oxide
nanoparticles. At nanoscale with this shape, the particles of Zn oxide display their
maximum ultraviolet absorbance and photocatalytic activity. Average dimension of
approximately 56nm was obtained after operating at different conditions, such as at
different disk rotational velocity, initial concentration of Zn precursor and base
solution, inlet reagent flow rate and inlet distance from disk center. The spinning disk
reactor allows a uninterrupted production of nanoparticles with a capacity of 57 kg/d,
with initial precursor concentration of 0.5 M and inlet flow rate of 1 L/minute . In the
long run, the spinning disk rector found appropriate as a process-intensified

equipment for ZnO nanoparticles synthesis.
2.2.2 Chemical Methods

Heidi van den et al. (2006) reviewed water based chemical routes of
synthesizing zinc nanoparticles, alternative to conventional processing and gas phase
synthesis. Sodium bis (2-ethylhexyl) sulfosuccinate, heptane and zinc chloride were
mix to prepare an emulsion at 70°C to produce ZnO nanoparticles. PCS analysis of
the emulsion represents ZnO particles of approximately 12nm in the core of micro-
emulsion. A novel method for the synthesis of zinc oxide nanoparticles using ethanol-
in-oil microemulsion with Zn-DEHSS (diethylhexyl sulfosuccinate) as surfactant. The

microemulsion consist of Zn-DEHSS as surfactant, isooctane as continuous phase and
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dry ethanol as dispersive phase. The Nanoparticles obtained were in the range of 10-
13nm.

Zinc oxide nanoparticles of spherical shape with 3 to 4 nm size have been
prepared by Vafaee et al. (2006). They employed TEA (triethanolamine) as surfactant
for the preparation of ZnO nanoparticles. Different concentration of zinc acetate
dihydrate, as precursor was used to prepare ZnO sols. Furthermore, pre-synthesized
solution of ethanol and triethanolamine was mixed with the zinc acetate dihydrate
solution and was stirred for 30 min. at 60°C. The novel sol-gel method represent the

best optical properties can be obtain at 0.5M concentration of zinc acetate dihydrate.

Xiuping Jiang et al. (2010) synthesize rod-like ZnO particles employing sol-
gel method. They mixed ethylene diamine (EDA) to the reaction system of
Zn(Ac)2.2H,0 and H,C,04.2H,0. The length and diameter of nanoparticles were
about 0.2-1.5 micrometer and 20-200nm respectively, when observed using XRD and
TEM. Experimental results also proved that the morphology of the zinc oxide
nanoparticles can be controlled by regulating the quantities of EDA, which also plays
a crucial role in the synthesis of rod-like structure. The XRD spectra of zinc oxide
particles with EDA shows different peaks, assign to those of standard hexagonal

phase ZnO. No separate peak of impurities were observed.

Skapin et al. (2009) prepared nanosized zinc oxide particles using simple
precipitation method. First, hydrozincite was prepared by adding Na,COj3 solution and
ethanol with different concentration to zinc acetate precursor. They observed, for
hydrolysis the initial concentration of precursor and water used, influence the zinc of
hydrozincite particles. The process of formation of ZnO nanoparticle commence at
200°C and particles of 20-50 nm were obtained at around 600°C, without
agglomeration. At around 300-600°C, more pronounced XRD peaks represents the

formation of ZnO nanoparticles.
2.2.3 Biological Methods
2.2.3.1 Bacterial Mediated

Bio-synthesis experiment of zinc oxide nanoparticles using bacteria Bacillus

licheniformis MTCC 9555 and its photocatalytic activity was performed by
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Tripathi et al. (2014). Agglomeration of zinc oxide nanoparticles was found in the
form of ZnO nanorods. Further, the EDX showed the presence of elemental Zinc and
Oxygen. XRD analysis represented the hexagonal wurtzite structure and crystalline
nature of ZnO nanoparticles. Electron microscopy proved the it had three dimensional
appearance with a range of 200-300 nm. Possible reaction mechanism behind the

synthesis of nanoparticle was —
Zn(02CCHj3)2(H20), — Zn(0,CCHs3),
Zn(0,CCHs); — Zn** + 2[0,CCH3]
Zn?* + 20H" — Zn(OH); = ZnO + H,0

Binoj nair et al. (2002) extracted the lactobacillus species to prepare the
Coalescence of different elements in order to form submicron crystallite structure.
The lactobacillus was extracted from buttermilk, after curdling it at 27°C for 24 hrs.
In the filtrate that contained lactobacillus, 5mg of AuCl,.3H,O and 1mg of AgNO3
was added and left for 24hrs. First the solution turned light blue and then after 2 days
it turned pale brown. Later sodium citrate was added to it, and further heated at
200°C. Citrate covered nanoparticles were prepared, with diameter 20-30 um. The

smallest particle observed are in the range of 15nm and largest around 500nm.
2.2.3.2 Fungi Mediated

The study by Arya rajan et al. (2016) reports the synthesis of zinc oxide
nanoparticles employing fungus Aspergillus fumigatus. 10 ml of 1 mM zinc sulphate,
as precursor was added to the 10 ml of filtrate containing aspergillus. The solution
was incubated in orbital shaker under 150 rpm at 32°C and 6.5 pH, for 72 hrs. White
precipitation was collected and centrifuged at 10,000 rpm for 10 min. and lyophilized.
Peak absorption was observed at 240- 385 nm by UV spectrometer and the spherical
shape nanoparticles with avg. size 60-80 nm was observed under scanning electron

microscope (SEM).
2.2.3.3 Algae Mediated

Susan azizi et al. (2013) used one pot method to synthesize zinc nanoparticles

using the brown marine macroalgae, Sargassum muticum. 2 gm (in 100mL) of heated
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and filtered dried algae powder was mixed with 2 mM zinc acetate dehydrate to
prepare a solution, which was further agitated for 4 hrs. at 70°C. The pale white
principate obtained was then centrifuged at 4000rpm and dried at 100°C, overnight
using oven. The size of the nanoparticles were found to be around 42nm and
maximum absorption was observed at 334nm. The involvement of sulfate and
hydroxyl moieties of polysaccharide was revealed to be involve in the formation of

ZnO nanoparticles by FTIR spectra.

In an experiment by Sangeeta Nagarajan et al. (2013) green, red and brown
algae i.e. Caulerpa peltata, Hypnea valencia and Sargassum myriocystum,
respectively, were used in the synthesis of zinc oxide nanoparticles. All these sea
weeds were collected from gulf of mannar. The average size of the nanoparticles
obtained were in the range of 36nm. Effect of concentration, effects of seaweed
filtrate concentration, effect of temperature and effect of pH was observed. Following

were the observations —

1. By increasing the concentration of zinc nitrate, increase in absorption peak

was observed.
2. No absorption peak was observed on increasing the temperature.

3. At low pH, agglomeration of zinc nanoparticles takes place and at high pH no

absorption peak is observed.

4. Absorption peak at pH 8 represents the reduction of zinc nitrate to zinc

nanoparticles.
2.2.3.4 Plant Mediated

Synthesis of ZnO-NPs from Hippophae rhamnoides leaves extract via co-
precipitation method of 20nm using XRD. They found that Eosin Y and Malachite
green dye was photocatalyzed and degraded up to 95% and 89% respectively by using

ZnO-NPs derived from leaves extract of hippophae rhamnoides.
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Sukri et al. (2019) biosynthesize zinc oxide nanoparticles (ZnO-NPs) using
Punica granatum (pomegranate) fruit peel extract at four different temperature.
Mostly spherical and hexagonal shape ZnO-NPs were obtained in the mean size of
32.9 nm and 81.84 nm at 600°C and 700°C respectively. Also they found that smaller

size ZnO-NPs were more effective in cytotoxic assay at concentration >31.25 ug/ml.

A Review documented by Agarwal et al. (2018) is a comprehensive study of
synthesis and characterization methods used for green synthesis of ZnO-NPs using
different bioproducts. Green synthesis of ZnO-NPs is employed using bacteria, plants,
fungus, algae etc. ZnO-NPs had been in recent studies because of its large band gap
and high exciton binding energy. Table 2.1 represents the different plant parts used to

synthesized zinc oxide nanoparticles, along with the size and the instruments used.

Photocatalytic activity of zinc oxide nanoparticles (ZnO-NPs) through green
synthesis using different fruit peel extracts of Lycopersicon esculentum (tomato),
citrus sinensis (orange), citrus paradisi (grape fruit), citrus aurantifolia (lemon) as
reducing agents was performed by Nava et al. (2017). They reported that the Surface
morphology of the nanoparticle varies in shapes and sizes due to different chemical
composition of fruit extract. Also, The photocatalytic activity of ZnO nanoparticles

aided with UV-light exhibited maximum degradation (97%) of dye within 180 min..

Synthesis of ZnO-NPs using sol-gel approach capped with EDTA, citric acid
and oleic acid was also performed to study photocatalytic activity and the kinetics of
degradation of malachite green dye. EDTA capped ZnO-NPs reported to be of rod
shaped and the smallest of size 29nm. Under sunlight EDTA capped ZnO-NPs
showed better discoloration of dye. EDTA reported to be the best capping agent
among three for the ZnO-NPs by Meena et al. (2018). In an another research
Shanker et al. (2017) have reviewed the uses of ZnO, TiO, and Fe nanoparticles to
remove dye pollution from waste water and compare their applications through
adsorption and degradation method. Among dye removal techniques, adsorption was

found most effective and cheap.
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Table 2.1: Different plants and their parts employed in ZnO-NPs synthesis.

S.NO. | PLANT NAME PART USED NPs | AVG. SIZE (nm) REFERENCE
01. Azadirachta indica Fresh leaves Zn 18 (XRD) Elumalai et al.
(2015)
02. Aloe vera Leaf extract Zn 8-20 (XRD) Ali et al. (2016)
03. Trifolium pratense Flower Zn 60-70 (XRD) Dobrucka et al.
(2016)
04. Rosa canina Fruit extract Zn 13-25 (DLS & XRD) | Jafarirad et al.
(2016)
05. E. crassipes Leaf extract Zn 32-36 (SEM & TEM) | Vanathi et al.
(2014)
06. Ocimum basilicum Leaf extract Zn 50 (TEM & EDS) Abdul Salam et
al. (2014)
07. Anisochilus Leaf extract Zn 20-40 (FE-SEM) Anbuvannan et
carnosus al. (2015)
08. Cocus nucifera Coconut water | Zn 20-80 (TEM) Krupa et al.
(2015)
09. Gossypium Cellulosic fiber | Zn 13 (XRD Aladpoosh et al.
(2015)
10. Moringa oleifera Leaf Zn 24 (XRD) Elumalai et al.
(2015)
11. Parthenium Leaf extract Zn 22-35 (XRD & TEM) | Vafaee et al.
hysterophorus L. (2016)
12. Plectranthus Leaf extract Zn 50-180 (SEM) Rajiv et al.
amboinicus (2013)
13. Vitex negundo Leaf Zn 75-80 (SEM & EDX) | Fuetal. (2015)
14, Vitex negundo Flower Zn 70-130 (XRD) Ambika et al.
(2015)
15. Nephelium Fruit peel Zn 50 (XRD) Sundrarajan et
lappaceum al. (2015)
16. Calatropis gigantea | Fresh leaves Zn 30-35 (SEM) Yuvakkumar et
al. (2015)
17. Sphathodea Leaf extract Zn 30-50 (TEM) Tripathi et al.
campanulata (2015)
18. Solanum nigrum Leaf extract Zn 20-30 (XRD) Rames et al.
(2015)
19. Phyllanthus niruri Leaf extract Zn 25 (FE-SEM) Anbuvannan et
al. (2015)
20. Agathosma betulina | Dry leaves Zn 12-26 (TEM) Thema et al.
(2015)
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Production of multifunctional zinc oxide nanoparticles for dye and
antimicrobial treatment in waste water was conducted by Rambabu et al. (2021).
Phoenix dactylifera (Date palm) waste was used as bio-reductant to synthesize ZnO-
NPs of diameter 30nm. DSC/TG analysis displayed the thermal stability of ZnO-NPs
with <10% wt.% loss up to 700°C. Rapid decomposition rate with 90% degradation

efficiency was observed against Eosin Yellow and Methylene Blue dye.

Fabrication of zinc oxide nanoparticles through green synthesis strategy using
Abelmoschus esculentus (okra) mucilage was documented by Prasad et al. (2019) for
cationic dye degradation. Hexagonal wurtzite structure of ZnO was confirmed by
XRD with avg. size of 29nm, elongated and rod like structure. Selective
photodegradation of targeted dye was observed, where 125mg of the ZnO-NPs
removed 100% of the Methylene Blue solution (32mg/L) within 60min. and 100mg of
ZnO-NPs was needed in removal of Rhodamine B (9.5mg/L) within 50min..
Photodegradation was confirmed by liquid chromatography- mass spectrometry

analysis.

Mallikarjunaswamy et al. (2019) reported the synthesis of ZnO-NPs by
microwave irradiation method using Aegle marmelos (Indian bale) juice as fuel. Also,
the degradation of Methylenenblue was observed using above synthesized
nanoparticles. Photoluminescence spectrum showed the excitation wavelength of
370nm and emission peak at 388nm and 468nm corresponding to Zn vacancies and 0
vacancies respectively. After 35 min. of UV (A-617nm) irradiation, the dye

degradation efficiency was found to be 96%.

Iron oxide nanoparticles modified with tangerine peel extract (Ti-Fe3O,4) were
also utilized to carry batch adsorption experiment for the removal of lead from
aqueous solution. They observed 99% removal of Pb*? with 0.6 g/l of Ti-Fe;O. at an
initial concentration of Pb at 10 ppm. Also, the adsorption isotherm was found to be
monolayer on the homogenous surface of the adsorbent. Besides, EI-Gendy et al.
(2019) also reviewed that Nano-biocides of biological origin such as metal
nanoparticles proved to be marvellous waste water treatment agents and have various

opportunities and limitation in removal of contaminants.
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Sharma et al. (2018) reported the different biomolecules that are present in
plants and can be utilized in the synthesis of nanoparticles. They reported, plant
extracts possess a combination of biomolecules including amino acids, proteins,
enzymes, alkaloids, polysaccharides, saponins, tannins, terpenoids, phenolics,
vitamins, and flavonoids, that can be incorporated during nanoparticle synthesis.
These biomolecules are also capable of chelating and reducing metal ions to their
nanoparticle state. Table 2.2 represents the list of different biomolecules that can be

used in synthesis of nanoparticles.

Various fruit peel extracts were utilised as reducing agents to convert zinc
nitrate, which was used as a source of zinc ions, to its nanoparticle state (Nava et al.,
2017). The peels of Citrus aurantifolia (lemon) and Citrus paradisi (grapefruit) were
heated to physiologically manufacture ZnO NPs. Presence of flavonoids, carotenoids,
and limonoids functioned as reducing agents. Band at 618cm™ was observed in all
samples, suggesting the presence of the Zn-O bond. In structure, all samples showed
the identical hexagonal crystal development. UV light aided methylene blue
degradation was used to examine the zinc oxide nanoparticles photocatalytic
capabilities. When compared to chemically manufactured commercially available zinc
oxide nanoparticles, most samples showed a disintegration rate of roughly 97% after

180 minutes.

The biogenesis of ZnO NPs was reported by Chaudhuri and Malodia, (2017)
using Calotropis gigantean leaf hot water extract. The interaction of 15 ml of leaf
extract with 200 mM zinc acetate salt resulted in the formation of ZnO NPs with a
diameter of 20nm. At roughly 350nm, an absorption band developed that is unique to
ZnO-NPs. The polydispersity index (Pdl) of the DLS data was 0.245, with a single
peak at 11nm (100 percent). They were highly crystalline, with an average size of 10
nm, according to the XRD examination. EDX revealed the presence of oxygen and
zinc, with atomic percentages of 68.69 and 33.31, respectively. AFM experiments
yielded two-dimensional (2D) and three-dimensional (3D) pictures of ZnO-NPs,
revealing that they were monodispersed with size ranges between 1.5 and 8.5 nm. The
production of ZnO-NPs was facilitated by the presence of phytochemicals, flavonoids,

and volatile essential oils.
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The work by Jamkhande et al. (2019) intended to biosynthesize zinc oxide
nanoparticles (ZnO NPs) via facile and modern route using aqueous Ziziphus jujuba
leaves extract assisted by microwave and explore their photocatalytic degradation of
methyl orange (anionic dye) and methylene blue (cationic dye) under solar irradiation.
The biosynthesized microwave assisted ZnO-NPs were characterized and the results
showed well-defined spherical-like shape with an outstanding band gap (2.70 eV),
average particle size of 25nm and specific surface area of 11.4 m?/g. Under solar
irradiation, the photocatalytic degradation of the MO and MB dyes by biosynthesized
ZnO NPs was investigated, and the results demonstrated the ZnO-NP’s selective
character for the adsorption and subsequent photocatalytic destruction of the MO dye

compared to the MB dye.

Table 2.2: Biomolecules used in the synthesis of nanopatrticles.

Class of Examples Chemical structure Type of
compounds NPs
produced

Polysaccharides Alginic acid 9 Zinc
oxide

HO
HO/’/,, \\\\\OH NPs

—— Ol (9] aanil

HO CH

0 OH

Zinc
oxide
NPs

Vitamins Ascorbic acid

Review of Literature ............... e



22

Sugar alcohol  Mannitol OH OH Zinc
5 oxide
: NPs
OH OH
Sugar 2,3-Dihydro-3,5- 0 Iron
derivatives dihydroxy-6-methyl- oxide
4H-pyran-4-one NPs
(DDMP) HO OH
@

Flavonoids Kaempferol OH | Zinc
oxide
NPs

HO 0

OH

OH 0
Flavonoids Hesperitin 0, Zinc
\ oxide
NPs

HO o ‘\\\ OH
OH O
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Flavonoids

Phytosterols

Phytosterols

Glucose
derivatives

Furano-
flavonoids

Zinc
oxide and
titanium
dioxide
NPs

Quercitrin

Zinc
oxide
NPs

Sitosterol

Zinc
oxide
NPs

stigmasterol

Zinc
oxide
NPs

Glucoside

Karanjin Zinc
oxide
NPs




Phenolic
compounds

24

Pongamol OCH; O 0

Pongapin

Pongaglabrone 0
0

2- Q Zinc
methylanthraquinone oxide
NPs

Romelle et al. (2016) performed an experiment on selected fruit peels to

investigate their chemical composition. Peels of fresh fruits (pineapple, apple, mango,

pomegranate, banana) were removed and examined for their nutrients and anti-

nutrients contents. The lipids, proteins, ash, crude fibre and carbohydrates content in

fruit peels were respectively from 3.36 + 0.37 to 12.61 + 0.63%, from 2.80 + 0.17 to
18.96 + 0.92%, from 1.39 + 0.14 to 12.45 + 0.38%, from 11.81 + 0.06 to 26.31 +
0.01% and from 32.16 + 1.22 to 63.80 + 0.16%. The phenolic contents of fruit peels
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ranged from 0.91 + 0.06 to 24.06 = 0.89%. Oxalates, hydrogen cyanide, phytates and
alkaloids levels in fruit peels were also within threshold safe limit. Table 2.3 shows

the alkaloids, phytates and phenolic contents of sampled fruit peel waste.

Table 2.3: Percentage level of Reducing agents in different fruits peel.

Fruit peels Alkaloids Phytates content ~ Total phenolics
content (%) (%) content (%)
Pineapple 16.19 + 3.28 1.99+0.01 1.42 +£0.09
Mango 834+121 1.63+£0.10 24.06 £ 0.89
Apple 7.99+1.19 1.42 +£0.20 8.86 +0.09
Banana 6.88 +0.78 6.02 +0.61 7.40 +0.17
Orange 5.44+0.72 2.34 £ 0.47 13.54 + 0.96
Pomegranate 6.50 £ 0.62 1.33+£0.10 22.67 £0.27
Watermelon 10.09 +1.78 0.70+0.17 0.91+0.06

Values are means + standard deviations of three replicate measurements.
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The experiment was conducted at the Department of environmental sciences,
college of basic sciences and humanities, G.B. Pant University of Agriculture and
Technology in the month of April-May with the avg. room temperature of 32°C. The
GPS coordinates are, 29.0229°N 79.4879°E and the elevation is 243.84m (800ft)
above sea level which is considered as Tarai region of Uttarakhand. This chapter is
about the material used and the procedure adopted, to fulfil the goals of present
investigation. This includes biosynthesis, characterization and photocatalytic activity

of zinc oxide nanoparticles derived from mixed fruit peel waste.
3.1 Chemicals and Reagents

Zinc nitrate hexahydrate was obtained from sigma Aldrich chemicals
(analytical grade), ethanol was procured from Hi-media laboratories India, sodium
hydroxide was taken from Hi- media laboratories India, and Malachite green from
SRL chemicals India.

3.2 Plastic Wares and Glass Wares

The glass wares used during the study were procured from Borosil, India Ltd.

The plastic wares were supplied by Tarson, India and Polylab, India.
3.3 Instruments Used

Table 3.1: List of Instruments

Name of Instruments Manufacturer

Double beam UV-Vis Model 5704 — ECI Hyderabad, India
Spectrophotometer

pH meter Model L1 -120 — Elico India Ltd., New Delhi.
Digital balance Model AD-60 B - Adair Dutt and Company, New Delhi.
Grinder (1.H.P.) Scientronic Instruments, New Delhi.

Hot air oven Universal Indian Equipment Corporation, India.
Refrigerator BPL Ltd., India

Centrifuge Neuation Technologies Pvt. Ltd

Muffle furnace Biological Enterprises

Hot plate Marco Scientific Work, New Delhi
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3.4 Collection of mixed fruits peel waste

All the fruits (apple, grapes, oranges, banana and pomegranate) were collected
from nearest supermarket, G.B. Pant University of Agriculture and Technology,

Pantnagar, Uttarakhand.
3.5 Preparation of mixed fruits peel extract

Fresh fruits were collected and washed thoroughly, first with tap water and
then with distilled water to clean the dust particles or any kind of impurities. After
this, fruits were carefully peeled, as thin as possible, using kitchen knife and then
further chopped into small pieces. 100gm of each chopped fruit peels were weighted
carefully and then mixed. The mixed chopped fruit peels were then oven dried at
60°C for 36hrs (figure 3.1). Dried fruits peels were grounded into fine powder using
electrical mixer grinder. For the preparation of leaf extract, 20gm of mixed fruit peel
powder was dissolved in 100ml of distilled at room temperature in beaker using glass
rod. This mixture was then transferred to conical flask for autoclave. The mixture was
autoclaved at 121°C temperature and 15 pounds per square inch pressure for 30min.,
to eliminate any kind of contamination. After autoclaving the extract for desired
duration, it was flirted using a normal size mesh to remove all the undissolved chunks
of peel powder (figure 3.2). The obtained extract was then centrifuged at 8000rpm for
10min. to remove the colloidal particles and the finally filtered using what man no. 1
to get pure extract. After several layer of filtration, 40ml of stock mixed fruit peel

extract was obtained, which was then stored at 4°C for further experiment.
3.6 Biogenic synthesis of zinc oxide nanoparticles

Zinc nitrate hexahydrate [Zn(NO3)..6H,O] was used as the precursor
compound for Zn nanoparticles synthesis. Its stock solution was prepared by
dissolving 1.25gm of zinc nitrate hexahydrate in 100ml distilled water. To regulate
the pH of the nanoparticle synthesis reaction, 0.2M stock solution of sodium

hydroxide was also prepared.

20ml of fruit peel extract was added to 80ml of zinc nitrate hexahydrate

solution with continuous stirring. The obtained solution had light brown colour
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(figure 3.3). This solution was then transferred to preheated (70°C) hot plate with
magnetic stirring 500rpm, by magnetic stirrer. Sodium hydroxide was added dropwise

with continuous stirring, after the solution kept over hot plate got little warmed.

Collect fresh fruits

!
Wash the fruits with distilled water
!
Peel the fruits as thin as possible
!
Oven dry it at 60°C for 36hrs
!
Ground the peel into fine powder using electrical grinder
!
Add 20gm of mixed fruit peel powder into 100ml of water
!
Autoclave it for 30mins. at 121°C temp. and 15psi pressure
!
Filter the solution using normal mesh to remove large particles
!
Centrifuge the solution at 8000rpm for 10min.
!
Filter again using Whatman no. 1
!

Store the filtrate at 4°C

Figure 3.1: Process flow chart for preparation of mixed fruit peel extract.
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Figure 3.2: Fruits peel extract preparation (a) collection of peels, (b) weighing of peels, (c) weighing of peel powder and (d) collection of
fruits peel extract
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The solution was continuously stirred for 2hr. After 2hr the initial brown colour
solution was changed to pale yellow with white precipitation. The formation of white
precipitation represents the formation of nanoparticles. After bringing the pale yellow
colour solution to room temperature, it was transferred to test tube and centrifuged at
8000rpm for 15min., twice. The fine white precipitation was collected into petri dish
using ethanol and spatula. The procured white colour precipitate was then oven heated
at 60°C for 12hrs. to carry the conversion of Zn(OH), to zinc oxide nanoparticles.
Next day, the obtained white colour precipitate was transferred to glass vials and
stored at 25°C for further studies (figure 3.4).

3.7 Photocatalytic activity of zinc oxide nanoparticles
3.7.1 Effect of ZnO NPs loading

The efficiency of biosynthesized ZnO NPs was assessed by its capacity to
degrade malachite green dye. A 20ppm stock solution of malachite green was
prepared by dissolving 20mg of malachite green to 1000ml. Different concentrations
of ZnO NPs, i.e. 50ppm, 100ppm, 150 ppm, 250ppm were mixed with malachite
green solution. The mixture was then agitated to obtain adsorption equilibrium. After
mixing, the solutions were transferred to direct sunlight. At specific time intervals,
small samples were measured against absorbance to evaluate the photocatalytic
degradation of dye. The catalytic activity was continued for 0, 50, 100, 150, 200, 250
minutes. Later, the graphs and the degradation percentages was calculated using

obtained absorbance value, to estimate the effectiveness of ZnO NPs.
Percentage (%) degradation of dye was calculated by the given formula:
% Degradation =[ (A - A)/A_ ] X 100
Where,
A = Initial absorbance

A = Absorbance of dye after photocatalytic degradation.
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3.7.2 Effect of dye concentration

After performing the catalyst loading experiment, the best catalyst load was
picked and added to different concentrations of dye. The zinc oxide nanoparticles
were added to 10, 15, 20, 25, 50, 100ppm concentrations of dye. After fixed intervals
the absorbance of the samples were measured. Graphs and the degradation
percentages were calculated using obtained absorbance value, to estimate the

effectiveness of ZnO NPs at different dye concentration.

Selection of precursor compound for the synthesis of zinc oxide nanoparticles
(zinc nitrate hexahydrate, zinc acetate etc.)

!

Add 1.25gm of zinc nitrate hexahydrate to 100ml distilled water to prepare its
stock solution

1
Add 20ml of fruit peel extract to 80ml of Zn(NO3),.6H,0 solution

!

Keep the mixture on pre-heated (70°C) hot plate with continuous stirring

!

Boil the solution until the colour changes from dark green to pale yellow with white
ppt. indicating the formation of zinc oxide nanoparticles

!

Centrifuge the pale yellow solution at 8000rpm for 15mins.

!

Collect the white precipitate after centrifuge using ethanol

!
Oven dry the wet precipitate at 60°C for 12hrs

!

Collect and store the zinc oxide nanoparticles at 25°C

Figure 3.3: Flow chart of the biosynthesis of zinc oxide nanoparticles
from mixed fruits peel extract.
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Figure 3.4: ZnO NPs preparation (a) reaction between zinc precursor and fruits peel extract, (b) wet ZnO NPs (c) oven dried
ZnO NPs and (d) MG degradation experiment setup
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3.7.3 Effect of pH

To evaluate the effect of pH on the degradation process, experiments at
different pH were performed. The best dye and nanoparticle concentration was used
from the previous experiments and the dye degradation experiments were performed
again at pH 5, 7, 9 and 10. The pH of the samples were adjusted using 0.1N HCL and
0.1N NaOH, before adding the nanoparticles. The mixture was then agitated to obtain
adsorption equilibrium. At specific time intervals, small samples were measured
against absorbance to evaluate the photocatalytic degradation of dye. Observations
were recorded after 0, 15, 30, 45, 60mins. The graphs and the degradation percentages
was calculated using obtained absorbance value, to estimate the effectiveness of ZnO-

NPs in degrading MG dye at different pH conditions.
3.8 Characterization Studies
3.8.1 UV- visible spectrophotometer

UV-vis spectroscopy was used to validate, the generation of metal oxide
nanoparticles by green synthesis and photodegradation of malachite green employing
the zinc oxide nanoparticles. The presence of nanoparticles was indicated by the
presence of an absorbance peak in the region of 300-700nm. The experiment was

carried out using an Ultrospec 2100 pro with a cuvette length of 10nm.
3.8.2 Dynamic light scattering (DLS) analysis

The DLS technique is used to estimate the hydrodynamic diameter of
nanoparticles. It calculates the Z-average (d.nm.) and PDI value of nanoparticles at a
constant temperature of 25°C. As a reference, we utilised the refractive index of
1.3328, the dielectric constant of 78.3, and the viscosity of pure water. As dynamic
light scattering is a spectroscopic measurement technique, it relies on the numerical
transformation of spectral measurement data into size distributions in the sample. The
basic principle of dynamic light scattering (DLS) is to detect coherent light scattered
by scattering objects such as big molecules or fine particles in a time-resolved

manner.
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3.8.3- Fourier transform infrared (FTIR)

The functional group contained in physiologically reduced nanoparticles was
identified using the FTIR. It is designed to operate between 400-4000cm™ range for

absorption maxima.
3.8.4 Scanning electron microscopy (SEM)

The high resolution Scanning Electron Microscope is an excellent and
extensively used tool for determining shape and size since image acquisition and
sample preparation are easy and quick. Furthermore, the SEM resolution technique
can determine surface morphology, absolute particle size, aggregation, dispersion,
crystal structure and surface functionalities. It also explains the nanoparticles shape,
crystallinity, and porosity. Although the SEM picture is a two-dimensional (2D)
depiction of three-dimensional (3D) objects from a specific viewing angle, it does
contain a certain amount of 3D information that can be utilised to reconstruct the
geometry of a simple structure with sub-nm precision using model-based

measurement.
3.8.5. Energy Dispersive X-ray Spectroscopy (EDS/EDX)

EDX is used to measures the X-rays emitted by the sample. Because X-ray
energy is a significant aspect of an atom's electronic structure, it can utilized to
perform both qualitative and quantitative study of the sample. Elements with atomic
numbers ranging from beryllium to uranium can be identified using EDX. The
minimal detection limit range falls from 0.1 to a few atomic percent, depending on the
sample element and EDX detector. Background signal intensities can be refined to get
intensities of characteristic peak of the forming elements based on the specified
sensitivity factor, which can be experimental or computed, and thus quantitative

findings can be produced.
3.8.6 X-Ray Diffraction (XRD)

X-ray diffraction is used to address information related to solid crystal
formations. It contain strain defects, lattice constants, material identification,

geometry, stress, individual crystal orientation, average grain size in crystal structures.
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In XRD, an X-ray beam is incident on the sample to be studied and is diffracted by
crystalline phases according to Bragg’s law. Powder diffraction patterns are recorded
using a diffractometer, and relative intensities of diffraction lines and d-values are
calculated to identify an unknown chemical. The acquired data is compared to the
Powder Diffraction File (PDF) database, which contains typical line patterns of
numerous substances. The International Centre for Diffraction Data (ICDD) updates
its PDF database once a year, including about 60,000-line patterns of various

crystallographic phases.
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Chapter 4 RESULTS AND DISCUSSION

The outcomes of the experiments conducted is described in this chapter. The
results of synthesis of ZnO NPs and degradation of malachite green dye were
examined and outcomes are presented with the support of tables and figures. The
discussions on significant experiments results obtained during the investigation have

also mentioned in this chapters.
4.1 UV-Visible Spectrophotometric analysis

ZnO NPs was procured after oven drying the obtained pale white precipitate.
The powder was suspended in deionized water and sonicated for 15min. to observe
the UV-visible spectrum, which revealed an excitonic absorption peak around
370nm-378nm (Figure 4.1). The peak 378nm indicates the formation of ZnO NPs
(Nava et al., 2017). Zinc oxide’s characteristic absorption peak might detected due to
intrinsic band gap as excited electrons from its valance band travels to conduction

band.
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Figure 4.1: UV-Vis spectrum for ZnO NPs.
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4.2 Dynamic light scattering (DLS) analysis

DLS is a new and widely used method for calculating hydrodynamic
diameter of nanoparticle suspension based on the Brownian motions shown by the
particles. Average hydrodynamic diameter of 162.1nm was reported through DLS
analysis (Figure 4.2), which is significantly bigger than the sizes reported by FE-
SEM. This deviation in nanoparticle sizes could be due to their polydisperse nature.
The polydispersity of nanoparticles indicates their nature. The Pdl value for the
sample was found to be 0.194. Polydispersity is a term used to describe the degree
of “non-uniformity” in a distribution, which in the case of nanoparticle suspensions
could be linked to the occurrence of nanoparticles as aggregates or agglomerates,
resulting in variability in calculated particle size compared to actual particle size

(Pragati et al., 2016).

Results
Size (d.nm): % Number: St Dev (d.n...
Z-Average (d.nm): 162.1 Peak 1: 9237 100.0 31.17
Pdl: 0.194 Peak 2: 0.000 0.0 0.000
Intercept: 0.940 Peak 3: 0.000 0.0 0.000

Result quality : Good

Size Distribution by Number
25—..............................................-...--.......--..: ................
‘-“20 ............................... l.............:.' ................. Femi e
= L ot :
8 | :
5 L R e LR ....\..-........-...: ...............
e | .' :
B o P O PP
£ I .
=1 ~ | .
z ‘ :
5 ........................................... L..-..'?\-.......--...: ...............
L \._ -
1] == — = t \-'- ---E— —t——++]
0.1 1 10 100 1000 10000
Size (d.nm)
| Record 19: ONP 100 ppm 1|

Figure 4.2: DLS report of ZnO NPs suspension.

Results and Discussion ............... &



38
4.3 Fourier Transform Infrared Spectroscopy (FT-IR)

The size, shape, and functionalization of ZnO NPs generated through
optimization were determined using several analytical techniques. To begin, FT-IR
spectroscopy was used to assess the involvement of fruit peel extract in the reduction
and stabilisation of nanoparticles. FTIR spectra revealed peaks at 3589.6, 3424.02,
2375.42, 1645.95, 1456.7, 1395.15, 863.95, and 674.76cm™ (Figure 4.3).

The peak at 3589.6cm™ and 3424.02cm™ represents the H bonded OH stretch
and N-H stretch, respectively. The peak at 2375.42cm™ corresponds to C stretching
vibrations, or alkynes stretching vibrations. The stretching bands of C=0 functional
groups produce the 1645.95cm™ peak. The amine (-NH) vibration stretch in protein
amide bonds is represented by the peak at 1396.15cm™. The 863.95cm™ and
674.76cm™ peaks, respectively, correlate to alkanes and alkynes bends (Yanli Gao et
al., 2020).
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Figure 4.3: FTIR spectrum for ZnO NPs.
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4.4 X-Ray Diffraction (XRD): Structural analysis

To characterized the structural properties of sample Phillips PANA lytical
X'PERT PRO Diffractometer with Cu target (A=1.5404) was used. In XRD, X-ray
beam is made incident on sample to be analysed and get diffracted by crystalline

phases according to Bragg‘s law. The Bragg‘s equation is given as follows:
nd=2dsinf

Where, n is known as the order of reflection and is an integer, A is the X-rays
wavelength, 6 is the angle between the incident beam and the normal to the reflecting
lattice plane and d is spacing between crystal planes in the given sample. Figure 4.4
shows the XRD patterns of synthesized ZnO NPs. Diffraction peaks were found in
sample. The planes (100), (002), (101), (102), (110), (103), (200),(112), and (201)
confirm the formation of pure hexagonal wurtzite phase ZnO, which agrees well with

the standard ICDD card No. 01-079-0205 (Sukri et al., 2019).

4.5 Field emission scanning electron microscopy (FE-SEM) and Energy
Dispersive X- Ray Analysis (EDX)

Field emission Scanning electron microscopy (FE-SEM) images of ZnO NPs
are shown in figures 4.6a, 4.6b and 4.6(c), respectively. As shown in figures 4.6, few
ZnO NPs are in spherical shape and most of them are in triangular shape. At some
locations agglomeration can also be seen. The size of the nanoparticles were found to
be in the range of 60-100nm. The EDX spectra shown in figure 4.5, confirms the
presence of zinc and oxygen. EDX for ZnO NPs also represents peaks for carbon and
calcium. The elements C and Ca are significant nutrients in fruits peel used, and the
occurrence of their peaks in ZnO NP’s EDX spectrum could have come from the

extract used (Anju devi et al., 2020).
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Figure 4.4: XRD spectrum for ZnO NPs.
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4.6 Photocatalytic Study

Effect on photocatalytic activity of synthesized ZnO NPs towards the
degradation of Malachite green dye was investigated at different conditions such as
different initial ZnO NPs concentration, dye concentration and pH, process of which

is already explained.
4.6.1 Effect of ZnO NPs concentration

Experiments were carried out with varying doses of ZnO NPs (50ppm,
100ppm, 150ppm and 250ppm) while the dye concentration and pH were kept
constant at 20ppm and 7, respectively. The absorption spectra was recorded after
every 50mins. of irradiation and was recorded up to 250mins. Figure 4.7 (a)-(d)
represents the absorbance spectra of ZnO NPs dosage at 50, 100, 150 and 250ppm
respectively. The line graph in figure 4.8 displays percent degradation vs. irradiation
duration and the bar graph in figure 4.9 displays percent degradation vs. ZnO NPs
concentration at different irradiation duration, and it can be shown that the
degradation efficiency improves with ZnO NPs loading and declines as the ZnO NPs
amount is increased. Previous studies have shown, with more nanoparticles, the
availability of active sites (hydroxyl and oxygen radicals) rises, resulting in increased
photocatalytic activity. However, after reaching an optimum value, high ZnO NPs
dose causes agglomeration, which reduces the active sites for dye molecule
adsorption. Additionally, a larger ZnO NPs concentration might also induce turbidity,

which lowers light penetration due to scattering (Anju devi et al., 2020).

Table 4.1: Percent degradation of MG dye at different ZnO NPs concentration.

Time
Concentration 0 50 100 150 200 250
(min.) (min.) (min.) (min.) (min.) (min.)
50 ppm 0 8.52 21.23 33.50 42.60 63.07
100 ppm 0 19.56 32.73 51.94 67.84 83.81
150 ppm 0 33.95 50.73 72.83 85.71 93.08
250 ppm 0 20.36 46.02 59.12 64.04 70.47
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Effect of ZnO NPs concentration
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Figure 4.8: Percent degradation vs ZnO NPs concentration graph.
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4.6.2. Effect on dye degradation

Textile effluent of any typical industry has the dye concentration range from
0.15 to 0.2gL™. For varied dye concentrations of 10ppm, 15ppm, 20ppm, 25ppm,
50ppm and 100ppm, with fixed amount of ZnO NPs at 150ppm and pH 7, the
influence of the initial dye concentration on the photocatalytic activity was
investigated (figure 4.10). For varying initial dye concentrations, different
degradation was observed, as shown in table 4.2. Figure 4.11 depicts the percent
degradation with dye concentration and irradiation time. Another figure 4.12
represents the percentage degradation of malachite green with time, in presence of
nanoparticles. The degradation efficiency was shown to improve with dye
concentration and then decrease, with 20ppm vyielding the best results. As the dye
concentration rises, the reaction between dye molecules and catalyst becomes easier,
increasing the percentage of dye breakdown. When the dye concentration reaches an
optimum level, the dye molecules cover the catalyst, preventing light from entering
and creating a screen effect. As a result, electron-hole formation will be reduced, and

photodegradation will be reduced (Pragati jamdagni et al., 2016).

Table 4.2: Percentage degradation of MG dye at different dye concentration.

Time

Concentration | 50 100 150 200 250

(min.) (min.) (min.) (min.) (min.) (min.)
10 ppm 0 23.02 38.90 50.68 65.72 72.66
15 ppm 0 16.94 39.62 53.4 66.19 81.28
20 ppm 0 38.94 50.26 63.81 78.84 87.53
25 ppm 0 24.89 34.39 48.33 68.81 78.81
50 ppm 0 15.12 26.95 35.28 48.54 60.51
100 ppm 0 12.19 16.68 18.17 24.34 35.55
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4.6.3. Effect of pH

The pH of a solution is a critical factor that can influence the degradation of
organic dyes. Experiments on the degradation of MG solution at different pH levels
(5, 7, 9, and 10) were carried out with catalyst load and dye concentration fixed at
150ppm and 20ppm, respectively. The degradation was shown to increase with
increasing pH and decrease with increasing pH. The maximum amount of degradation
obtained at pH 9, 91.63% of the dye was degraded after just one hour of irradiation.
Figure 4.13 illustrates the absorption spectra of dye at different pH. Another figure
4.14 and figure 4.15 depicts the relation between dye degradation percentage vs pH

and dye degradation percentage vs time, respectively.

The absorption of MG dye is determined by the catalyst's surface charge,
which is determined by the catalyst's pzc (point zero charge). The pzc value of ZnO
ranges from 8 to 9. Because MG is a cationic dye, the surface becomes positively
charged at pH < pzc, repelling the dye molecules, whereas at pH > pzc, the surface
becomes negatively charged, attracting the dye molecules. But at much higher pH the
cationic form of Malachite green dye, transforms itself to neutral form, which has no

attraction to the negatively charged solution (Chen et al., 2006).

Table 4.3: Percentage degradation of MG dye at different pH.

Time
pH
0 15 30 45 60

(min.) (min.) (min.) (min.) (min.)
pH 5 0 1.51 5.59 7.89 19.88
pH 7 0 18.82 37.06 44.70 57.40
pH 9 0 28.76 71.75 78.34 91.63
pH 10 0 24.22 44.70 50.62 59.51
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Chapter 5 SUMMARY AND CONCLUSION

For better upcoming of nanotechnology, biosynthesis or green synthesis
method should be used for the synthesis of nanoparticles to save environment and to
avoid the use of dangerous chemical reducing agents and organic solvents. Due of the
high durability, toxicity, and tendency to bioaccumulate in living species, dyes
released in natural media have always been a major source of concern. Untreated
discharged dyes block sunlight from reaching the bulk of the water system, thereby
reducing the photosynthetic activity of aquatic system. The biological oxygen demand
of contaminated water becomes considerably higher which pose significant
environmental threat to the biota. In order to reduce the acute diverse effect of dyes,
several techniques have been developed. The present study, titled “Biosynthesis of
zinc oxide nanoparticles employing fruits peel waste and their efficiency for
degrading malachite green dye” used fruits peel extract to synthesize zinc oxide
nanoparticles. The extract of fruits peels worked as a reducing agent, as they are the
rich source of polyphenols, flavonoids, alkaloids etc. No harsh chemicals were used
during the entire study. The prepared fruits peel extract was mixed with the zinc oxide
precursor in the ration of 1:5 for the synthesis of nanoparticles and during the reaction
the optimum pH was maintained using NaOH. The obtained wet pale white
precipitate was oven dried to procure nanoparticles. Several techniques were used to
characterize synthesised nanoparticles, such as UV-Visible spectroscopy, Dynamic
light scattering (DLS) analysis, Fourier transform infrared spectroscopy (FT-IR),
X-ray diffraction (XRD) analysis, Field emission scanning electron microscopy
(FE-SEM) and Energy dispersive X-ray analysis(EDX). 50ppm solution of obtained
nanoparticles were prepared and sonicated for 15 min. to observe under UV- vis
spectrophotometer. The UV-Vis spectrum of the sample gave a sharp peak at 378nm
which is characterized peak for ZnO. The FT-IR was done to identify the functional
group associated with ZnO NPs. FTIR revealed peaks at 3589.6, 3424.02, 2375.42,
1645.95, 1456.7, 1395.15, 863.95, and 674.76 cm™ which corresponds to OH stretch,

N-H stretch, alkynes stretching vibrations, C=0 functional groups, amine (-NH)
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vibration, alkanes bends and alkynes bends respectively. To characterized the
structural properties of sample XRD was done. Diffraction peaks were found in
sample. The planes (100), (002), (101), (102), (110), (103), (200), (112), and (201)
confirm the formation of pure hexagonal wurtzite phase ZnO, which agrees well with
the standard ICDD card No. 01-079-0205. Average hydrodynamic diameter of
162.1nm was reported through DLS analysis, which is significantly bigger than the
sizes reported by FE-SEM. This deviation in nanoparticle sizes could be due to their
polydisperse nature. According to FE-SEM images, few nanoparticles were in
spherical shape and others were found to be in triangular shape. The size of the
nanoparticles were found to be in the range of 60-100nm. EDX for ZnO NPs
represented additional peaks for carbon and calcium along with the peaks of zinc and
oxygen. The elements C and Ca are significant nutrients in fruits peel used, and the
occurrence of their peaks in ZnO NP’s EDX spectrum could have come from the
extract used. Further, the photocatalytic activities were also performed to assess the
degradation capabilities of synthesized ZnO NPs. Experiments were carried out using
varying dosage of ZnO NPs (50ppm, 100ppm, 150ppm and 250ppm) while the dye
concentration and pH were kept constant at 20ppm and 7, respectively. The minimum
degradation of MG dye is observed at 50ppm ZnO NPs concentration, 63.07% and
maximum degradation was observed with 150ppm concentration of ZnO NPs which
is 93.08%. For varied dye concentrations of 10ppm, 15ppm, 20ppm, 25ppm, 50ppm
and 100ppm, with fixed amount of ZnO NPs at 150ppm and pH 7, the influence of the
initial dye concentration on the photocatalytic activity was investigated. As the dye
concentration rises, the reaction between dye molecules and catalyst becomes easier,
increasing the percentage of dye breakdown and after the dye concentration reaches
an optimum level, the dye molecules cover the catalyst, preventing light from entering
and creating a screen effect. At 20ppm concentration of MG dye, best degradation
was observed. Experiments on the degradation of MG solution at different pH levels
(5, 7, 9, and 10) were carried out with ZnO NPs load and dye concentration fixed at
150ppm and 20ppm, respectively. The degradation increased with increasing pH and
decrease on further increasing pH. The maximum degradation was obtained at pH 9

(91.63%), just after one hour of irradiation.
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The results of present study revealed that the use of natural and eco-friendly
sources of reducing agents for the synthesis of ZnO NPs exhibit great photo-catalytic
activity against MG dye and can be used to treat waste water. Therefore it can be
stated that the utilization of biogenic process helps in designing of nanoparticles with

the utmost stability as well as activity.
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ABSTRACT

One of the major challenges in the 215t century is to satisfy the human
requirement of clean water. Discharge of several untreated chemical and biological
pollutants has deteriorated the drinking water quality. To minimize the effects of toxic
chemicals, biological reduction agents are being explored worldwide for nanoparticle
fabrication. The present study was undertaken to assess the synthesis of Zinc oxide
nanoparticles (ZnO NPs) from multiple fruits peel waste and their application for
degradation of Malachite green dye. The fruit peels contain active biomolecules such as
flavonoids, phenolic acids and alkaloids in large quantity. The synthesized nanoparticles
were characterized using various techniques such as UV-Vis Spectroscopy, FT-IR), DLS,
XRD analysi, FE-SEM and EDX. Precursors used in synthesis were Zinc nitrate
hexahydrate and NaOH, method used was bio-reduction and the prepared nanoparticles
were employed under different parameters for degradation of malachite green dye. The
size range of nanoparticles obtained was within the range of 60-100nm as reported by FE-
SEM. X-ray diffraction studies confirmed the crystalline nature of the nanoparticles. The
maximum malachite green degradation, about 93.08% was obtained at pH 7, ZnO NPs
concentration 150ppm and dye concentration 20ppm under solar irradiation. The results
revealed that the pretreated mixed fruit peel waste is a promising resource for
synthesizing nanoparticles due to the phytochemicals that act as good reducing and

stabilizing agent, and can be further employed for the sake of environmental pollution

remediation.
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