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ABSTRACT

The green synthesis approach was employed in this study for the preparation of silver
nanoparticles (AgNPs) using the aqueous extract of Curcuma longa rhizome. The
metabolites present in C. longa play important role in the reduction of Ag*to Ag° and
capping of AgNPs. The confirmation of AgNPs formation was observed through a
characteristic SPR band of Ag® at 428 nm in UV-Visible spectroscopy and these were
found to be stable for more than 20 days. The AgNPs were face-centered cubic (fcc)
crystalline, predicted from the XRD data having an average size of 6.66 nm. The FTIR
spectra provided insights into the functional groups present in the extract, which played
a role in stabilizing the AgNPs. The strong and wide peak at 3632 cm™ observed in the
rhizome extract was significantly weakened in the nanoparticles, suggesting the
participation of hydroxyl group (-OH) present in the extract’s compounds in the
reduction of silver ions. Without modifying the suspension of AgNPs, a colorimetric
technique was used for heavy and toxic metal sensing in the aqueous medium. The
obtained AgNPs were found to be highly sensitive and selective towards Hg?* ion which
can be detected by the naked eye as the AgNPs suspension turned colorless on the
addition of 45 pL of 1 mM Hg**. The photocatalytic property of synthesized AgNPs
was observed towards the organic dyes, and it also demonstrated sensing capabilities
for formaldehyde. These results suggest an application of AgNPs influenced by

Curcuma longa for degradation of dyes and metal sensing.

Keywords: Green synthesis, Nanoparticle, Silver nanoparticle, Mercury sensor,

Sensing, Photocatalytic activity, Degradation
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CHAPTER

1 INTRODUCTION

1.1 Introduction of Nanoparticle

In the current scenario, Nanotechnology is attracting a lot of attention as an emerging
field of research focused on the progress of nanomaterials and nanoparticles for usage
in  numerous industries, including catalysis, electrochemistry, biomedicine,
pharmaceuticals, sensors, food technology, cosmetics, etc. In the last few years, a new
word in the world of nanoparticles, metal nanoparticles has emerged. Metallic
nanoparticles are created from noble metals like gold, silver, and platinum that have
beneficial effects on health and are used in the production of nanoparticles
(Bhattacharya & Mukherjee, 2008). Because of their unique properties that are
beneficial for catalysis, composite-like polymer preparations (Moura et al., 2017),
disease diagnosis and treatment (Banerjee et al., 2017), sensor technology (Gomez-
Romero, 2001; Krélikowska et al., 2003) and electronic magnetic properties and
antimicrobial activities (Krélikowska et al., 2003; Zhao & Stevens, 1998). Researchers
are currently concentrating on the synthesis of nanomaterials, nanostructures, and metal

nanoparticles.

In specific applications in the medical, commercial, and ecological fields, nanoparticles
exhibit physicochemical properties that produce unique electrical, mechanical, optical,
and imaging capabilities that are highly wanted (Dong et al., 2014; Ma, 2003;
Todescato et al., 2016). Additionally, they have reported on the applications for optical,
florescence, and photocatalytic activities (Olteanu et al., 2016; Rogozea et al., 2016)
used in an array of physical, biological, biomedical, and pharmaceutical sectors
(Krdlikowska et al., 2003).

Nanoparticles are a diverse class of materials that contain substances that are particulate
and have a dimension of at least 10 nm and less than 100 nm (Laurent et al., 2010).
NPs are distinctive and make suitable choices for a variety of applications, including
thermal properties, mechanical properties, magnetic properties, and electronic and
optical properties. These physicochemical qualities include huge surface area,

mechanical strength, optical activity, and chemical reactivity. Manufactured



nanoparticles may have practical applications in several fields, including medicine,
engineering, catalysis, and environmental remediation. This is because of their special

material properties and submicroscopic size.

Due to its innovative developments and numerous uses in the current environment, the
area of nanotechnology is growing rapidly and is becoming increasingly important. Due
to their distinctive physiochemical features, such as their catalytic, optical, electronic,
magnetic, and antibacterial activities, metal nanoparticles have received substantial
study. Additionally, they have a large specific surface area and a more surface atom
content (Krélikowska et al., 2003; Zhao & Stevens, 1998). Nanoparticles disclose size-
and shape-dependent properties that are of interest for applications vary from
biosensing and catalysts to optics, antibacterial activity, computer transistors,
electrometers, chemical sensors, wireless electronic logic, and memory systems (Lee et
al., 2008; Tang et al., 2006). These particles have numerous uses in a variety of
industries, including medical imaging, nanocomposites, filtration, drug delivery, and
tumor hyperthermia (Panigrahi et al., 2004; Pissuwan et al., 2006). Unique
physiochemical characteristics of NPs include their surface area, strong reactivity,

variable pore size, and distinctive particle shape (Siddiqui et al., 2015).

Nanomaterials are defined as substances with organized components that have at least
one dimension smaller than 100 nm. Because of their extremely numerous size and
great surface to-volume ratio, nanoparticles have variety of physiochemical
characteristics than bulk materials with the similar chemical composition. These
variations include melting point, optical absorption, thermal conductivity, biological
and satire qualities, photocatalytic activity, and mechanical, biological, and satirical

properties.

1.2. Classification of Nanoparticles

Since nanoparticles may exhibit spherical, tubular, or irregular shapes as well as exist
in fused, aggregated, or agglomerated forms, they can be categorized according to their

dimensions, morphology, composition, uniformity, and agglomeration.

Siegel classified nanostructured materials dimensionality into the following four

categories: (Buzea et al., 2007)

i.  Zero dimensional (OD) nanoclusters



ii.  One-dimensional (1D) multilayers
iii.  Two-dimensional (2D) nanograined layers
iv.  Three-dimensional (3D) equiaxed bulk solids
Based on chemical composition, nanoparticles are mainly divided into two categories.

i.  Organic nanoparticles which contains carbon NPs (fullerenes)
ii.  Inorganic nanoparticles which contains noble metal NPs (silver, gold, copper

etc.), semiconductor NPs (Zinc oxide, titanium oxide etc.), and magnetic NPs.

Based on their source of origin and synthesis, nanoparticles can be categorized into two

types.

I.  Natural NPs (synthesized by natural processes)
ii.  Engineered NPs (synthesized in lab) (Lidén, 2011)

1.3 Synthesis of Nanoparticles

Both top-down and bottom-up methods can be used for the synthesis of nanomaterials.
Top-down synthesis uses chemical, physical, or biological energy to break down larger
structures into smaller ones. In order to generate a massive nanostructure, bottom-up
synthesis uses various chemical, physical, or biological events that start at the atomic
level (Das et al., 2017). This approach is mostly used to construct nanostructured

carriers (NC) using chemical and biological techniques.

For the synthesis of NPs, a wide range of physical and chemical techniques have been
researched, which includes laser ablation, pyrolysis, chemical or physical vapor
deposition, lithography, electro-deposition, sol-gel, etc. These techniques are either
costly or use hazardous materials, for example- organic solvents and toxic reducing
agents (Choi & Park, 2011). Green methods for synthesis have been created to avoid
potentially hazardous chemicals. These techniques have generated a lot of interest
because they are ecofriendly, rapid, facile, and energy-efficient. The biological method
seems to be an excellent match in the present situation. To synthesize silver
nanoparticles, natural materials which include plants (Gardea-Torresdey et al., 2002) ,
bacteria (Joerger et al., 2000), fungi (Bhainsa & D’Souza, 2006), and yeast are
employed.
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Figure 1.1: Different approaches of synthesis to the silver nanoparticles

(Ahmad, et al., 2016a)

1.3.1 Need for Green Synthesis

The major reaction that takes place during the biosynthesis of nanoparticles is
reduction/oxidation. The high expenses of the physical and chemical techniques
increased the requirement for the biosynthesis of nanoparticles. This is not a concern
for biosynthesized nanoparticles produced using green synthesis (Begum et al., 2009).
Green synthesis is an advancement over chemical and physical methods because it is
more convenient to scale up for large-scale synthesis, less expensive, and more
environmentally friendly. It also reduced the need for harmful chemicals, high pressure,
energy, and temperature (Kouvaris et al., 2012; Song & Kim, 2009). As a result,
experiments to create NPs using biological techniques were made, and they were

successful, benefiting the field of nanotechnology.

1.4 Importance of Nanomaterials

The properties that result as particle size decreases from milli to micro to nano are better
than those of conventional materials. Large surface atom and surface energy fractions

may have an impact on the mechanical, thermal, and catalytic properties of



nanomaterials. Compared to their bulk materials, the increased surface area to volume
ratio causes crystal defects to exhibit lower melting points (Buffat & Borel, 1976) and
higher mechanical strengths. Thus, more and more potential applications of

nanomaterials are being discovered.

1.5 Silver Nanoparticles

Silver is a soft, white, glossy element that is not soluble in water. The good therapeutic
capabilities of silver have made it one of the most well-known metallic nanoparticles
since ancient times. The AgNPs are beneficial for biological detection and imaging
(Jain et al., 2008) because they have significant optical characteristics. Silver
nanoparticles (AgNPs) have been utilized extensively in the production of creams, food
packaging and preservation systems, water purification systems, electronics, household
goods, ointments, and medical implants. (Silver, 2003). Finely scattered metallic silver
exhibits special qualities like chemical stability, excellent electrical conductivity and
catalytic activity, as well as other more specialized ones like anti bacteriostatic effects
and non-linear optical behavior, among others. Because of the simplicity of their
manufacture and chemical changes, AgNPs are special in nanoscale systems. In the
disciplines of electronics, material sciences, and medical, AgNPs are used in the
development of new technology. AgNPs are the subject of greater research globally due

to its broad variety of applications.

A rare combination of valuable properties, including high electrical double-layer
capacitance, catalytic activity, well-developed surfaces, and unique optical properties
associated with the Surface Plasmon Resonance (SPR), are present in silver
nanoparticles, according to fundamental studies carried out over the past three decades.
As a result, they are utilized as a component in the creation of new electrical, optical,

and sensor technologies.

1.5.1 Why Silver Nanoparticle?

One of the fundamental elements that naturally occur on our planet is silver. Many
disorders, including mental illness, epilepsy, nicotine addiction, gastroenteritis, and
infectious diseases including syphilis and gonorrhea, have been treated with the aid of
soluble silver compounds like silver slats. Metallic silver seems to have little negative

effects on health, however soluble silver complexes can be dangerous since they are



more easily absorbed. Metallic silver appears to pose minimal risk, even though the
presence of free silver ions determines the acute toxicity of silver in the environment.
The immune, cardiovascular, neurological, or reproductive systems are not thought to
be harmed by silver in any form, and it is not considered to be carcinogenic (Drake &
Hazelwood, 2005). As these technology and goods spread throughout the global
economy, silver demand will probably increase as it finds new applications, particularly
in the textile, plastics, and medical factories, altering the pattern of Ag emission (Furst
& Schlauder, 1978)

The creation of lotions, food packaging and preservation, water purification systems,
electronics, household products, ointments, and medical implants has all made
extensive use of silver nanoparticles (Silver, 2003). Ag is among all metallic
nanoparticles well known due to its exceptional therapeutic qualities since ancient
times. The use of AgNPs in biological imaging and detection is advantageous (Jain et

al., 2008) because they have significant optical characteristics.

1.5.2 Fabrication of AgNPs

In addition to naturally occurring nanomaterial, "top-down" and "bottom-up"
approaches are currently used to create nanoparticles. These strategies were created as

a result of Feynman's address to the American Physical Society in 1959.

i.  Top-down approach: Bulk material is fragmented to yield the particle at the
nanoscale
ii.  Bottom-up approach: To create nanostructured materials, individual atoms and

molecules are brought together or self-assembled.
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Figure 1.2: Synthesis from the top-down and bottom-up of nano fabrication.

(Rawat, 2015)

1.5 3. Protocaols for the Biosynthesis of AgNPs

AgNPs are generated by a simple, one-step process that does not produce harmful or
expensive chemicals, making them safe, inexpensive, and environmentally friendly.
Recent years have included intense research into the biosynthesis of AgNPs of various
sizes, shapes, levels of stability, and antibacterial activity in both plants and

microorganisms (Vanlalveni et al., 2021).

1.5.3.1 From Plant Extract

Many different plant parts, including leaves, roots, flowers, rhizomes, etc., have been
effectively used to produce AgNPs (Ahmad et al., 2017; Erenler et al., 2021; Sumitha
et al., 2018). To eliminate trash and other unwanted materials, various plant parts are
gathered from various sources, properly cleaned with tap water, and then washed once
more with distilled water. The sections are then used to manufacture the extract after
being dried and crushed to make powder. As continuous high-temperature heating may
cause the phytochemicals in the biomass extract to degrade, the chopped or crushed
plant parts are normally heated below 60 °C for a brief period to create the extract.
AgNPs were created by adding plant extracts with various pH levels while heating
solutions with variable concentrations of Ag salt as a metal precursor at various
temperatures (Ajitha et al., 2015; Ali et al., 2015; Dhand et al., 2016). The biomaterials
in the extract prevent the need for chemical stabilizers by serving as both a reducing
agent and a stabilizing agent for the synthesis of AgNPs (Biswas et al., 2018;



Manikandan et al., 2015). Visual color changes or UV-Vis spectroscopy can be used to
monitor the growth of AgNPs. The latter clearly shows a significant peak caused by the
surface plasmon resonance (SPR) of AgNPs at around 430-450 nm (Biswas et al.,
2018). Once the AgNPs have been properly mediated, the mixture is centrifuged at a
high rpm to separate the NPs, followed by suitable solvent washing and drying in a low-

temperature oven (Kathiraven et al., 2015; Kokila et al., 2015).

1.5.3.2 From Microbes

Today, it has been proven to be a great technique to use microbial cells to produce metal
nanoparticles. Excellent biofactories for manufacturing AgNPs can be found in the cells
of microorganisms (Jha et al., 2009; Vigneshwaran et al., 2007). As a suspension in
sterile, distilled water that also contains the culture medium, the cultures are initially
permitted to grow and develop. The precursor of AgNPs is then added to the cultivated
microbe in varying concentrations, followed by continuous mechanical stirring in the
dark. A UV-Vis spectrophotometer is used to track the reaction's expansion. To separate
the created AgNPs, the mixture is centrifuged for 10 to 15 minutes at a speed of around
3000 rpm (Ahmad, et al., 2016b; Shivaji et al., 2011).

1.6 Characterization of Silver Nanoparticles

Nanoparticle's behavior, bio-distribution, safety, and efficacy are significantly influenced
by their physicochemical characteristics. To ascertain the beneficial properties of the
produced particles, AgNP characterization has therefore become crucial. The materials
are characterized using a variety of analytical techniques, including scanning electron
microscopy (SEM), transmission electron microscopy (TEM), X-ray diffractometry
(XRD), Fourier transform infrared spectroscopy (FTIR), dynamic light scattering (DLS),
and atomic force microscopy (AFM).

1.6.1 UV-Visible Spectroscopy

UV-Vis spectroscopy is a very beneficial and reliable method for the initial
characterisation of produced nanoparticles. It is also employed to monitor AgNP
production and stability (Sastry et al., 1998). AgNPs strongly interact with specific light
wavelengths because of their unique optical properties. Finally, UV-Vis spectroscopy
does not require calibration to characterize the particles in colloidal suspensions

because it is quick, simple, sensitive, selective for different types of NPs, and only takes



a short period of time for quantification. UV-Vis spectroscopy is a very beneficial and
reliable method for the initial characterization of produced nanoparticles. It is also
employed to monitor AgNP production and stability (Huang et al., 2007; Leung et al.,
2006; Noginov et al., 2007; Taleb et al., 1998; Tomaszewska et al., 2013). The valence
band and conduction band, in which electrons can freely flow, are relatively near to one
another in AgNPs. A surface plasmon resonance (SPR) absorption band is created as a
result of the free electrons in the silver nanoparticles collectively oscillating in
resonance with the light wave. Depending on the size of the particles, the dielectric
medium, and the chemical environment, AgNPs absorb differently (He et al., 2002;
Link & EI-Sayed, 2003; Taleb et al., 1998). It is well known that this peak, which is
related to a surface plasmon, may be observed for different metal nanoparticles with
sizes ranging from 1 to 100 nm (Henglein, 1993; Sastry et al., 1997, 1998). Over the
course of more than a year, biologically created AgNPs were examined, and UV-Vis
spectroscopy was used to locate an SPR peak at the same wavelength.

1.6.2 X-Ray Diffraction (XRD)

The popular analytical method known as X-ray diffraction (XRD) has been used to
examine crystal and molecular structures (Leung et al., 2006), qualitatively identify
different chemicals and exhibit the physico-chemical and structural properties of the
sample. Thus, XRD can be used to examine the structural properties of a wide range of
materials, including inorganic catalysts, superconductors, biomolecules, glasses,
polymers, and more (Macaluso, 2009). The investigation of these materials requires the
use of diffraction patterns. By contrasting the diffracted beams with the reference
database stored in the Joint Committee on Powder Diffraction Standards (JCPDS)
libraryc, 2010), Quantitative chemical species resolution, crystallinity assessment,
isomorphous substitution detection, molecular size measurements, and more have all
been done (Ananias et al., 2013; Dey et al., 2009). A multitude of diffraction patterns,
which are illustrations of the physico-chemical characteristics of the crystal formations,
are created when an X-ray reflection is reflected off of any crystal. Each substance has
a unique diffraction beam, which makes it feasible to characterize and distinguish each
substance. Diffracted beams normally come from a powder specimen. The purity or
impurity of the sample materials can also be seen in the diffracted patterns. As a result,
XRD has been used to define and identify the materials of forensic samples, industrial
samples, and geological sample materials for a very long time (Cassie & Baxter, 1944;



Dolatmoradi et al., 2013; A. Khan et al., 2013; Kou et al., 2012; Pavlidou &
Papaspyrides, 2008; Sinha Ray & Okamoto, 2003; Vaia & Liu, 2002; Yazdian et al.,
2013; Zawrah et al., 2013).

1.6.3 Dynamic Light Scattering

The physicochemical characterization of synthesized nanomaterials is crucial for the
evaluation of biological activities using radiation scattering techniques (Inagaki et al.,
2013; Lin et al., 2014a; Sapsford et al., 2011). A surface measuring between a
submicron and 1 nanometer can be used by DLS to investigate the size distribution of
microscopic particles in solution or suspension (Lin et al., 2014a; Sapsford et al., 2011).
A technique that depends on light and particle interaction is dynamic light scattering.
This technique can be applied to measure narrow molecule size distributions,
particularly those between 2 and 500 nm (Tomaszewska et al., 2013). DLS is the
method most frequently utilized for the characterization of nanoparticles (Jans et al.,
2009; Khlebtsov & Khlebtsov, 2011; Zanetti-Ramos et al., 2009). To quantify the light
scattered from a laser that passes through a colloid, DLS largely relies on Rayleigh
scattering from the suspended nanoparticles (Fissan et al., 2014). Then, by examining
the modulation of the scattered light intensity as a function of time, the hydrodynamic
size of the particles may be determined (Dieckmann et al., 2009; Koppel, 2003). Any
nanomaterial must be characterized in solution to be judged for its hazardous potential.
As a result, DLS is mostly employed for determining particle size and size distributions
in physiological or aqueous solutions (Murdock et al., 2008). Typically, DLS yields
bigger sizes than TEM, which may be explained by Brownian motion. DLS is a
nondestructive technique used to determine the average diameter of nanoparticles
dissolving in liquids. It has the unique benefit of investigating numerous particles at
once, but it consists a variety of sample-specific drawbacks (Kou et al., 2012; Lange,
1995).

1.6.4 Fourier Transform Infrared (FTIR) Spectroscopy

With FTIR, we may obtain accuracy, consistency, and a great signal-to-noise ratio.
Using FTIR spectroscopy, which allows for the detection of minute absorbance
variations on the scale of nanometers, it is able to discriminate between the small
absorption bands of functionally active residues and the vast framework absorption of
the entire protein while doing difference spectroscopy (Gerwert, 1999; Jung, 2000; S.
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Kim & Barry, 2001, 2001; Mantele et al., 1988; Vogel & Siebert, 2000). In academic
and commercial research, In order to determine whether biomolecules are involved in
the formation of nanoparticles, FTIR spectroscopy is regularly used (Lin et al., 2014b;
Perevedentseva et al., 2010; Shang et al., 2007). The study of nano-scaled materials has
also benefited from the expansion of FTIR, as demonstrated by the discovery of
functional molecules covalently transferred to gold, silver, graphene, and carbon
nanoparticles, as well as the combination of an enzyme and a substrate in a catalytic
reaction (Barth & Zscherp, 2002; Baudot et al., 2010). It is also a non-intrusive
technique. Last but not least, benefits of FTIR spectrometers over dispersive ones
include rapid data gathering, a strong signal, a good signal-to-noise ratio, and reduced
sample heating (Kumar & Barth, 2010). A recent advancement in FTIR technology is
called attenuated total reflection (ATR)-FTIR spectroscopy (Goormaghtigh et al., 1999;
Harrick & Beckmann, 1974; Hind et al., 2001). The chemical characteristics of the
polymer plane can be identified using ATR-FTIR, and Compared to traditional FTIR,
sample preparation is easier (Kazarian & Chan, 2006; Lin et al., 2014c; Liu & Webster,
2007). How biological molecules contribute to the process that turns silver nitrate into
silver can be determined using FTIR, which is a useful, practical, non-invasive,

affordable, and simple method.

1.6.5 X-Ray Photoelectron Spectroscopy (XPS)

The value of an empirical formula can be calculated by the quantitative spectroscopic
surface chemical analysis technique called XPS (Acosta et al., 2005; Manna et al.,
2001) ESCA, or electron spectroscopy for chemical analysis, is another name for XPS.
XPS serves a distinct function in providing access to qualitative, quantitative, and
speciation knowledge on the sensor surface (Desimoni & Brunetti, 2015). A high
vacuum is used for XPS operations. When a nanomaterial is exposed to X-rays,
electrons are released, and the amount and kinetic energy of these released electrons
are measured to produce an XPS spectrum (Acosta et al., 2005; Manna et al., 2001).
Kinetic energy can be used to compute the binding energy. P=S, aromatic rings, C-O,
and C=0 are all starburst macromolecules that can be recognized and explained using
XPS.
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1.6.6 Scanning Electron Microscopy

To understand further about nanomaterials, various high-resolution microscopy
techniques have recently been developed with the help of the fields of nanoscience and
nanotechnology (Wang, 2000). These techniques use a beam of extremely powerful
electrons to study objects at extremely fine scales. SEM is a surface imaging technique
for electron microscopy that is completely able of resolving varied molecule sizes, size
distributions, forms of nanomaterials, and the micro- and nanoscale surface
morphology of the produced particles (Fissan et al., 2014; Hall et al., 2007; Lin et al.,
2014a). By manually counting and measuring the particles or by utilizing specialized
software, we may utilize SEM to evaluate the morphology of the particles and generate
a histogram from the images (Fissan et al., 2014). Using SEM and energy-dispersive
X-ray spectroscopy (EDX), silver powder's shape and chemical composition can be
investigated. SEM has the drawback of not being capable to resolve interior structure,
but it can still offer useful insight into the purity and level of molecule aggregation. To
determine the morphology of nanoparticles smaller than 10 nm, contemporary high-

resolution SEM is used.

1.6.7 Transmission Electron Microscopy

The useful, popular, and relevant TEM technique for the characterization of
nanomaterials can be used to quantitatively assess molecule and/or grain size, size
distribution, and shape (Lin et al., 2014c; Williams & Carter, 1996). The magnification
of TEM is significantly influenced by the distance between the objective lens and the
sample as well as the length between the objective lens and its image plane (Williams
& Carter, 1996). Compared to SEM, TEM has two advantages: higher spatial resolution
and the ability to perform more analytical researches (Hall et al., 2007; Lin et al., 2014c;
Williams & Carter, 1996). The necessity for a strong vacuum and thin sample sections
are two limitations of TEM (Hall et al., 2007; Lin et al., 2014c), as well as the necessity
of lengthy sample preparation. Therefore, to provide the best photos possible, sample

preparation is crucial.

1.7 Applications of AgNPs

Applications for AgNPs are numerous and include biomedical research, food

preservation, home appliances, and the healthcare sector. The various applications of
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AgNPs have gotten their own book reviews and chapters. The primary topic of this
article is the use of AgNPs in many biological and therapeutic applications, including
antibacterial, antifungal, antiviral, anti-inflammatory, anti-cancer, and anti-angiogenic.
Here, we especially discussed earlier seminal works and concluded with current
research. Figure presents a schematic diagram for a range of AgNPs applications (
Zhang et al., 2016).

Antibacterial
activity

Heavy metal

Dye sensing

degradation

Applications
of AgNPs

Water
treatment

Antifungal

Biosensing

Figure 1.3: Applications of AgNPs

1.7.1 Detection of Metal lons

The identification of these substances is crucial because heavy metal toxicity is one of
the biggest risks to all living things. Various instrumental analytical techniques can be
used to determine the amount of heavy and hazardous metals in various materials. The
most frequently used techniques are capillary electrophoresis (CE), X-ray fluorescence
spectroscopy (XFS), microprobes (MP), inductively coupled plasma/atomic emission
spectrometry (ICP-AES), inductively coupled plasma-mass spectroscopy (ICP-MS),
ion chromatography ultraviolet-visible spectroscopy (IC-UV-Vis), and atomic
absorption spectroscopy (AAS) (Hoang et al., 2013; Li et al., 2013; Yuan et al., 2013).

Although analytical methods are the preferred approaches for the detection of different
macromolecules, it would be beneficial to develop methods for the selective naked-eye

detection of metal ions in aqueous environments that do not call for a particular
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apparatus, particularly for field testing (Yoosaf et al., 2007). Due to the dependence of
the plasmon shift on chemical environment around the AgNPs, the sensing of metal
ions is based on the surface plasmon resonance (SPR) of AgNPs (Hamad et al., 2014).
Furthermore, homogeneous nanoparticle size & shape are not necessary for SPR when

used with colorimetric sensors (Yoosaf et al., 2007).

1.7.2 Silver Nanoparticles as Antibacterial Agents

The pathogenic microbes are capable of causing a variety of diseases and are
continually evolving with a diverse genetic makeup (Kyriacou et al., 2004). Although
there are several commercially accessible antibiotic medicines, using traditional

therapy caused these harmful bacteria to develop resistance (Kim et al., 2007).

AgNPs are among the most potent materials and display unique properties (electronic,
magnetic, and optical) as a result of their elevated specific surface area and large
number of atoms that can interconnect with the environment. These beneficial
properties also encourage the production of reactive oxygen. Research in the area of
applied nanotechnology has increased as a result of the rise in bacterial resistance to

metallic ions and traditional antibiotics (Ouda, 2014).

The AgNPs have a lot of potential against a variety of gram-negative, gram-positive,
and antibiotic-resistant bacterial strains, as is well documented (Kim et al., 2007). Low
particle sizes and low concentrations of antimicrobial agents can kill bacterial strains.
This is coupled with the advantage of demonstrating decreased toxicity to human health
and the environment in the case of nanoparticles made through green synthesis,
sparking strong interest in their development to combat pathogenic microorganisms
(Khan et al., 2019).

The antibacterial activity of AgNPs via pathogenic bacteria involves two different
mechanisms of action: the first one (i) involves the nanoparticles adhering to and
piercing the bacterial cell membrane, altering it (due to interactions of silver ions with
proteins and phosphorous within the cell, preventing the electron transport), and the
second one (ii) The bacterial cell wall is involved (as a result of the interlinkage of
silver ions with sulfur and phosphorus). AgNPs are designed particularly to assault a
number of targets present in germs, including proteins, thiol groups, and cellular walls.
Bacteria are often unable to build resistance to AgNPs (MubarakAli et al., 2011).
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Depending on their physicochemical properties, AgNPs have a significant potential for
usage as antibacterial agents. Because of their combined effectiveness against
pathogenic microbes, low production costs, and superior thermal and radiation
durability (UV and visible), AgNPs are the potential in biomedical applications to

minimize infections.
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Figure 1.4: Visual summary of several phenomena affecting AgNps dissolution

(Le Ouay & Stellacci, 2015)

1.7.3 Photocatalytic Activity

One Advanced Oxidation Process (AOP) that is helpful in the destruction of different
pollutants, including colors, medicines, pesticides, herbicides, hydrocarbons, and the
inactivation of microorganisms, is photocatalysis. It has a broad range of uses in
wastewater treatment because it may activate a metal-based photocatalyst (typically a
semiconductor) using either UV or visible light to enhance oxi-reduction activities on
the catalytic surface (Diez et al., 2018). In this first phase, an electron enters the
semiconductor's conduction band (CB) from the valence band (VB), where it creates an
electron-hole pair (¢ " cg and h *vg) (Gongalves et al., 2019). Additionally, the
production of reactive oxygen species (ROS) in this process is made easier by the water

molecules and dissolved oxygen (Carvalho Oliveira Cambrussi et al., 2019).
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As a result, ROS (mostly HO" and O2™) have a propensity to react non-selectively and
mineralize any organic matter (Zerjav et al., 2020). Therefore, through redox processes,
heterogeneous photocatalysis reduces or oxidizes organic molecules when exposed to
light. After being exposed to band gap light, the catalyst surface produces electron-hole
pairs that serve as an activator for these reactions (Gaya & Abdullah, 2008).

Supported,

AgNPs + hy —» ethTyg eeee- E,
- . E
O, +e"cp — 0, 2
h* g+ Hy0 — s HO+H® - B
e cgth¥vg ——— heatloss 777 Ey
...... Es

HO' + HO: — » H0 .
A T 6

02 4 H202 _ HO +OH + 02

0, +H" ——> HOO e B
HO + organic matter O, ——> (CO, +H,0 ~  ------ Eg

As a result, Eq. (1) depicts the activation of a semiconductor-based metal photocatalyst
that produces an electron-hole pair. Organic matter degradation is caused by ROS
production, which is referred to in equations (2), (3), (6), and (7). The process results
in unwanted recombination in equations (4) and (5). Eqg. (4) denotes the spontaneous
process of electron-hole pair recombination which reduces the effectiveness of
photocatalytic degradation, and Eq. (5) denotes the formation of hydrogen peroxide.
For the hydroxyl radicals to oxidize the organic substance, Eq. (8) is valid. The main
benefit of AgNPs is that organic chemicals are destroyed during treatment rather than

being transported from one phase to another, as is the case with some traditional
homogenous treatment procedures.
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Figure 1.5: Photocatalytic degradation of dyes

(Marimuthu et al., 2020)

In the current research, low-cost ecofriendly AgNPs were mediated by using the
Curcuma longa. The colorimetric sensing ability towards heavy metals, sensing of

formaldehyde as well as photocatalytic degradation of dyes are checked.

1.8 Objective of the Study

1.8.1 General Objective

R

% Synthesis of the nanomaterial for the sensing of heavy metals and application

in sensing of formaldehyde as well as photocatalytic degradation of dyes.

1.8.2 Specific Objectives

% Preparation of the extract of rhizome of Curcuma longa.

%+ To synthesize the AgNPs using an aqueous extract of the rhizome of Curcuma
longa.

% To study the stability and size of the AgNPs using UV spectroscopy, X-ray
diffraction.

% To study the metal sensing activity of synthesized AgNPs.

%+ To study the photocatalytic degradation of dyes

% To study the sensing of Formaldehyde.
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CHAPTER 11

2 LITERATURE REVIEW

2.1 Plant Description

Turmeric (Curcuma longa) is a flowering plant of the ginger family with a long history
of medicinal use due to its potent anti-inflammatory properties. Its most active
constituent is curcumin, which has been widely studied. However, curcumin has
extremely limited bioavailability (Wen et al., 2007). A tall herb with broad, oblong
leaves that are pale green on the underside and dark green on the upper surface. It’s
little, brown seeds are found in the yellow-white flowers that grow on a spike-like stalk.
The only means of reproduction for turmeric is through its strong underground stem, or

rhizome, which is surrounded by the roots of previous leaves.
Classification of Plant
Kingdom: Plantae
Phylum: Tracheophyta
Class: Liliopsida
Order: Zingiberales
Family: Zingiberaceae

Genus: Curcuma

Species: longa Figure 2.1: Curcuma longa

The rhizomes are finger-like lateral offshoots that branch out from a central bulbous
part and are brownish-yellow in hue. The rhizome contains a significant amount of the
distinctive yellow substance, even though it is present throughout the entire plant.
Turmeric comes in many kinds that can be identified by the names of the places where
they are grown. It is believed that turmeric grown in the hills is of higher quality than
turmeric grown on the plains. The quality and yield of even the same variety planted in
the plains and on the hills differ significantly (Kovatcheva, n.d.). The tuber of this plant
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is of great medicinal value. The juice of the fresh rhizome is used as an anti-parasitic for
many skin diseases. Oil of turmeric, distilled from the dried rhizome, shows antiseptic

properties.

2.2 History of Nanomaterials

For more than 2,000 years, colloidal silver and gold have been used medicinally and
have been crucial to preserving human health. To maintain a healthy immune system,
ancient Greece, Egypt, Macedonia, and Rome employed silver. The "father of
medicine,” Hippocrates, noted in his medical writings that silver possessed
advantageous curative and disease-preventive powers. He lauded silver for its capacity

to heal wounds and regenerate tissue (Daniel & Astruc, 2004).

The word "Nano" is derived from the Greek word, which means "dwarf" (Rai et al.,
2008) Richard Feynman introduced the idea of nanotechnology on December 29, 1959,
at a speech at the California Institute of Technology (Feynman, n.d.). Also, Norio
Taniguchi first used the word "Nanotechnology” in 1974 to describe one molecule's
ability to process, distort, and consolidate material (Corbett et al., 2000). The same bulk
material has different characteristics at the nanoscale. Metal nanoparticles are employed
in a wide range of applications, including bio composite production, the production of
electronic devices, the healing of wounds, and anti-bacterial properties (Ramsden &
Téth-Boconadi, 1990).

Several physical and chemical methods, including milling and chemical degradation,
were used to mediates nanoparticles and increase their effectiveness at the beginning of
the 20" century (Ahmad, et al., 2016a). However, these traditional methods use
expensive and hazardous chemicals and cannot be regarded as an environmentally
friendly procedure of nanoparticles (Vijayan et al., 2016). nanoparticles .The
manufacture of metal and metal oxide NPs using a bio-genic process, which involved
aqueous plant extract and bacteria, has recently attracted the attention of finders because
it is stable, clinically adaptable, biocompatible, and cost-effective (Ahmad, et al.,
2016a), (Annu, et al., 2016). Utilizing plant extract, microbes, and other materials,
several metal and metal oxide nanoparticles have already been produced (Olteanu et
al., 2016). Plant biomass is extensively sought after by our organization and others as a
catalyst for chemical methods in addition to its extensive uses in the production of NPs

due to its global availability, renewability, and environmentally friendly character
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(Changmai et al., 2019; Rajkumari et al., 2019) and biodiesel productions (Changmai
et al., 2020; Nath et al., 2019).

Because of the simplicity of their manufacture and chemical changes, AgNPs are
special in nanoscale systems. AgNPs are utilized in the creation of novel technologies
in the fields of electronics, material sciences, and medicine. As a result of their wide
range of applications, experts from all over the world are conducting more studies on
AgNPs (Mulvaney, 1996). A rare combination of valuable properties, including high
electrical double-layer capacitance, catalytic activity, well-developed surfaces, and
unique optical properties associated with the Surface Plasmon Resonance (SPR), is
displayed by silver nanoparticles, according to fundamental studies conducted in the
last three decades (Meyers et al., 2006). Because of this, these are used as a material in

the creation of novel electrical, optical, and sensor devices.

Researchers have focused a lot of their emphasis recently on developing efficient green
chemistry methods that produce silver nanoparticles with the required morphology and
size by employing natural reducing, capping, and stabilizing compounds. AgNPs can
be produced using biological techniques rather than harsh, hazardous, or expensive
chemical agents (Ankamwar et al., 2005; Bhainsa & D’Souza, 2006). Considering
green synthesis, compounds with dual properties, such as reducing and capping agents,
are favored nowadays since the reaction only requires one step (Mohanpuria et al.,
2008).

Several fungi species were used to mediate the formation of nanoparticles of various
sizes including Aspergillus niger (Janardhanan et al., 2013), Neurospora crassa
(Castro-Longoria et al., 2011), Fusarium solani (Sebesta et al., 2023), etc. The first
time generated of AgNPs was reported using the bacteria Pseudomonas stutzeri AG259
strain (Haefeli et al., 1984). Other reports that demonstrated the use of other bacterial
strains in the synthesis of AgNPs are; Escherichia coli (EI-Shanshoury et al., 2011),
Bacillus subtilis (Saifuddin et al., NaN/NaN/NaN),etc. Similarly, extracellular
mediated of AgNPs by several algal species has been reported. The marine alga such
as; Chaetomorpha linum (Kannan et al., 2013), Caulerpa resmosa (Kathiraven et al.,

2015)and Sargassum polycystum were also explored to synthesize AgNPs.
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Figure 2.2: Yearly publications on green silver nanoparticle production from 2001 to 2019

(Vanlalveni et al., 2021)

The statistical data analysis in Fig. 1 showed an increase in the number of research
publications that have been published in the field of biogenic synthesis of AgNPs. The
term "Green synthesis of silver nanoparticles"” was used in the "SciFinder Database" to
find these data in September 2020. It has grown dramatically from a meager 259
publications in 2001 to 3374 publications in 2019. Thus, the goal of this review is to
encourage researchers to investigate natural resources for the production of silver
nanoparticles using a variety of plants and their organs, a process known as
nanobiotechnology. This review will also provide strategies for using several routes to

produce silver nanoparticles that can benefit people.

Azadirachta indica (neem) leaves served as an inspiration for the synthesis of AgNPs,
according to Verma and colleagues, who also assessed how the pH of the solution
affected the growth of nanoparticles (Verma & Mehata, 2016). By altering the charge
of the biomolecules, which may affect both their capping and stabilizing capabilities, a
change in pH has an effect on the shape and size of the particles. They have observed
that the UV spectrum's absorption maxima moves from 383 to 415 nm as the pH climbs
from 9 to 13, indicating an increase in absorption intensity. Anandalakshmi and
coworkers showed that Pedalium murex leaf extract produced AgNPs (Anandalakshmi
et al., 2016). When tested against a range of bacteria, the produced NPs displayed the
highest ZOI of 10.5 mm (on a 15 L mL1 scale) against E. coli and P. aeruginosa and
the lowest activity against Klebsiella pneumoniae (8.5 mm). The size and shape of the

resultant AgNPs were clarified using TEM. The particles had diameters of about 50 nm
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and were primarily spherical, according to the TEM images. Ahmed et al. reported
Azadirachta indica increased AgNP production (Ahmed et al., 2016).

In contrast to the plant extract, the generated NPs showed equivalent potency (9 mm
ZOl) against E. coli and S. aureus. More recently, AgNPs with an average size of 3.46
nm were made utilizing a leaf extract from the Solanum nigrum plant (Vanlalveni et al.,
2021)

With NPs as tiny as 1.74 nm, this is one of the tiniest biogenic AgNPs ever documented.
AgNP production was verified by SPR bands in UV-visible spectroscopy at 442 nm.
The effectiveness of AgNPs as an antibacterial agent is strongly influenced by the shape
of the nanoparticles, according to several cited literature. When circular, disc-like, and
triangle-shaped AgNPs were compared to each other as antimicrobial agents, spherical
AgNPs were shown to be more active than disc-like AgNPs and triangular AgNPs
(Madivoli et al., 2020), (Lee et al., 2016). Coptis chinensis rhizome extract was used
for the green synthesis of AgNPs with a size of 15 nm. Chitosan was used to make
additional surface modifications to the synthesized AgNPs. AgNPs, both unmodified
and chitosan-modified, were examined for their bactericidal ability against B. subtilis
and E. coli bacteria. According to the findings, the chitosan-modified AgNPs were more
effective at inhibiting the bacterial strains than free AgNPs. Recently, rhizome extract
of Coptidis (Khanetal., 2019), Curcuma longa (turmeric), (Alsammarraie et al., 2018),
Canna indica L. (Selvi et al., 2019)and Ferula foetida (asafoetida gum) (Devanesan et
al., 2020) was used for the green synthesis of circular AgNPs with size in the nanometer
range. Several bacterial strains were used to test the generated AgNPs for their
bactericidal activity, and it was shown that the NPs are effective at causing bacterial
cell destruction. The AgNPs produced by Canna indica L. shown superior bactericidal
activities against E. coli when compared to other bacteria including S. aureus and K.
pneumoniae. However, while comparing the bactericidal activity of Canna indica L.
produced AgNPs with that of Gentamicin, it was found that the NP is less effective than
Gentamicin (Vanlalveni et al., 2021).
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Table 2.1: Various rhizomes extract used for the green synthesis of AgNPs

S.N  Plants Plant parts  Shape and size References

1 Bergenia ciliate Rhizome Spherical; 35 nm (Phull et al., 2016)

2 Dryopteris crassirhizoma Rhizome Spherical; 5-60 nm (Lee et al., 2016)

3 Coptis chinensis Rhizome Spherical; 15 nm (Lok et al., 2006)

4 Coptidis rhizome Rhizome Spherical; 30 nm (Sharma et al., 2018)

5 Curcuma longa Rhizome Spherical; 18 £ 0.5 nm (Alsammarraie et al., 2018)
(Turmeric)

6 Canna indica L Rhizome Spherical; 2070 nm  (Selvi et al., 2019)

7 Ferula foetida (asafoetida gum) Rhizome Spherical; 5.6-8.6 nm  (Devanesan et al., 2020)

(Vanlalveni et al., 2021).

When the produced AgNPs were used to test their antibacterial efficacy against
different kinds of bacteria, it was found that they have good cell disruption capabilities.
The research reported a quick, easy approach for making environmentally friendly C-
Ag nanoparticles and suggests its multidimensional nano application in the
pharmaceutical, medicinal, and food refining industries. That work also showed that by
adjusting the weight of curcumin, which was utilized as a reducing and capping agent
in the reduction process, the size and quality of C-Ag NPs could be improved (Khan et
al., 2019a). Curcumin (CUR), a natural polyphenol derived from turmeric with
documented antibacterial, antioxidant, and anti-inflammatory activities, is a well-
known remedy for healing wounds (Gupta et al., 2019). Along with its medicinal
properties, CUR has been used to produce AgNPs as a reducing and capping agent
(Gupta et al., 2020).

Numerous studies have recently been undertaken on the effects of curcumin or
curcumin nanoparticles alone or in conjunction with other food additives on
monogastric farm animals, poultry, and fish. This work also showed that by adjusting
the weight of curcumin, which is utilized as a reducing and capping agent in the
reduction process, the size and quality of C-Ag NPs could be improved. However, in-
vitro investigations and edible polysaccharide films have not yet taken use of the
antibacterial and antimicrobial capabilities of these green-produced C-Ag NPs (Khan

et al., 2019b). Silver nanoparticles have gained popularity recently for the treatment of
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wounds. In the present study, Curcumin, a naturally occurring polyphenolic compound,
which is popularly utilized as a wound-healing agent, was used as a natural reducing
agent to produce green nanoparticles (Gupta et al., 2020). Since biosynthesis of Ag-
NPs utilizing green resources like C. longa is pollution- and environment-free, it is
preferable to chemical synthesis. One can conclude from the findings of this study that
C. longa tuber powder can be useful in the bio-reduction and stabilization of silver ions
to Ag-NPs (Shameli et al., 2012). These nanoparticles made from turmeric oil have the
potential to function well as antioxidants. As a result, it can be utilized for mass
production and the targeted administration of medications for conditions such as cancer,

dermatitis, AIDS, and excessive cholesterol (Christopher et al., 2021).

Environment and human health may be negatively impacted by heavy metal ions, it is
crucial to monitor the concentrations of potentially harmful metal ions in aquatic
ecosystems (Campbell et al., 2003). Copper in drinking water at high levels is harmful
to human health, and it is extremely hazardous to many bacteria and viruses as well as
algae, (Alvarez et al., 2021). According to Zietz and his coworker, several occurrences
of liver injury in infants have been linked to high copper intake (Zietz et al., 2003). Due
to the high toxicity of many Hg compounds or mercury-based pollutants, which are
mostly produced by coal-burning power plants, are a major environmental issue (Wang
et al., 2004). Hg*?, one of the most dangerous metal ions, damages a number of human
body parts causing severe symptoms and declining health (Zahir et al., 2005; Zheng et
al., 2003). To safeguard the environment and the general public's health, it is crucial to
develop sensitive and focused methods for detecting the presence of Hg*? and Cu*?

ions.

Cu*? and Hg*? ion detection techniques have been widely documented up to this point.
The majority of them include chromogenic sensors (Banthia & Samanta, 2005),
chemosensors with chemodosimeter (Kim et al., 2008), functionality fluorescent
chemosensors (Zhang et al., 2011) inductively coupled plasma mass spectroscopy
(Becker et al., 2007) and ICP-AES (Inductively Coupled Plasma Atomic Emission
Spectroscopy) ( Liu et al., 2005) for detection of Cu*2 ions. . Thin gold films (Morris
& Szulczewski, 2002), polymeric materials (Tang et al., 2006), bio-composites (Ono
and Togashi 2004), chemosensors (Lee et al., 2009), and other materials can be used to
create chemical sensors for the detection of Hg*2.
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It is still conceivable to create new, practical assays to find Cu*? and Hg*? in real
samples. The exploration of colorimetry using gold and silver nanoparticles for
chemical detection and biosensing of various substances (Zhao et al., 2008), including
viruses (Niikura et al., 2009) a malignant cell (Medley et al., 2008), toxins (Uzawa et
al., 2008), heavy metals (Fan et al., 2009; Mulyaningsih et al., 2023), pesticides
(Barman et al., 2013), and numerous more organic and inorganic contaminants in water
have increased recently (Daniel et al., 2009; Xiao & Yu, 2010).

It is well known that AgNPs and their composites display higher catalytic activity in
the area of dye degradation and removal. Kundu and coworkers studied the methylene
blue degradation by arsine in the presence of silver nanoparticles (Ghosh et al., 2002).
The reduction of the phenosafranine dye was also examined by Mallick and coworkers
using the catalytic activity of these nanoparticles (Mallick et al., 2006).

2.3 Research Gap

Most researches have been carried out by chemical method for the synthesis of silver
nanoparticles but few researches are known on the green synthesis method. Silver
nanoparticles are used comparatively less in degradation of harmful organic dyes.
Considering the growing threats to all living organisms, researchers have drawn
attention in the metal sensing activity using nanoparticles as their identification is the
most. This present research emphasizes the green synthesis of silver nanoparticles
which is still very challenging because only a few works have been done. Besides that,
this work also focuses on its application in organic dyes degradation and metal sensing

activity.
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CHAPTER 111

3 MATERIALS AND METHODS

The present study was performed at the Laboratory of the Central Department of
Chemistry, Tribhuvan University, Kritipur. The details of materials, experiments, and

procedures employed throughout this research were discussed as follows:

3.1 Materials

3.1.1 Chemicals

The following chemical reagents were used in this research: AgNOs (Fischer
Scientific), distilled water, Ethanol, Whatman Filter Paper No. 1, NaOH, CrCls
(Himedia), ZnS04.7H20 (E. Merk), As;O3, HgCl, (Fischer Scientific), BaCl,.2H20
(Analar), Ni(NO3)2.6H.0 (Merk), CuCl2.2H,0 (Fischer Scientific), MnSOa4 (Fischer
Scientific), NaBHa,. All the chemicals and materials were used as provided by the

company without any further purification.

3.1.2 Plant Material

The plant material used in this study was Curcuma longa.

Figure 3.1 : Powder of Curcuma longa rhizome ( Li et al., 2020)
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Figure 3.1 is the figure of powder of Curcuma longa rhizome. Curcuma longa
commonly known as “Besaar” belongs to Zingiberaceae family, genus Curcuma. It is
a tropical climate-adapted tuberous herbaceous perennial plant with yellow flowers and
broad leaves (Akpolat et al., 2018; Prasad et al., 2014). Coughs, diabetes,
dermatological ailments, respiratory issues, cardiovascular and hepatobiliary diseases,
arthritis, irritable bowel syndrome (IBS), peptic ulcers, psoriasis, and atherosclerosis
are just a few of the illnesses for which the turmeric plant is utilized as a traditional
medication and treatment (Kenawy et al., 2019). Turmeric plants typically contain
0.76% alkaloid, 0.45% saponin, 0.03% sterol, 0.82% phytic acid, 0.40% flavonoid and
0.08% phenol. Fresh tuber of Curcuma longa was collected from the hometown
Tilottama-2, Rupandehi. The air-dried tuber of the plant was used for the experimental

work.

3.2 Biosynthesis of AgNPs

The biosynthesis of AgNPs using Curcuma longa extract was done by following a

reported procedure with some modification (Chandraker et al., 2019).

3.2.1 Preparation of Plant Extract

The harvested tuber was properly cleaned with running tap water and then with distilled
water. It was then left to dry at room temperature for fifteen days in the shade. An
electrical blender was used to turn the air-dried tuber into powder, which was then
stored in plastic bags for future use. 2 g of the powder sample and 100 mL of distilled
water were heated at 40 °C for around 30 minutes on a magnetic stirrer to create the
tuber broth solution. They were first filtered through regular filter paper and then
Whatman Filter Paper No. 1 after cooling at ambient temperature. The residual extract
was retained at 4 °C for future studies, while the filtrates from the filtration process

were employed for the tests.
3.2.2 Preparation of Silver Nitrate Solution.

A volumetric flask was used to combine 4.247g of AgNOs with 500 mL of distilled
water to create a stock solution that contains 50 mM AgNOs. 1mM AgNOs was
prepared by diluting 10 mL of the stock solution to 500 mL in order to create AgNPs.
For next tests, all of the solutions in volumetric flasks were covered in a black covering
and kept in the dark.
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3.2.3 Biosynthesis of AgNPs

For the reduction of Ag® ions, 5 mL of plant extract was mixed dropwise to 20 mL aq.
AgNO3 solution on a stirrer for 35 minutes at 25°C and kept for 24 hr at dark for further
analysis. The solution's pH was stabilized at 11 by mixing 0.1 M NaOH. It was noticed
that the solution colour has changed. To verify a formation of AgNPs, the UV-Vis

spectra were taken at various time intervals.

3.2.4 Purification of AgNPs

The solution was centrifuged using a Sorvall ST 8R centrifuge at 8500 rpm for 25
minutes at room temperature after being reduced for 24 hours. The resulting particle
was disappeared in distilled water after the supernatant liquid was removed. For the
removal of any substance that had been adsorbed to the plane of the AgNps, the
centrifugation operation was repeated three times. Absolute ethanol was then added. As
a result, for further investigation, pure AgNPs were preserved in a dessicator which was
kept in an eppendorf tube and fully covered with aluminum foil.

3.3 Characterization Techniques

X-ray Diffraction (XRD), Fourier Transform Infra-Red (FTIR), and UV-Vis
spectrophotometers were used to characterize the synthesized AgNPs.

3.3.1 UV-Vis Spectroscopy

The optical property of AgNPs was decided by UV-Vis spectrophotometer
(Specord,Germa 200 plus, Germany). After AgNOs was added to the solution of plant
extract, the spectra were observed in various time intervals between 300 nm to 700 nm.
The UV-Vis spectra were taken by diluting (10 times) the nanoparticle dispersion. To

examine the stability of the nanoparticle, UV-Vis spectrum was taken up to 1 month.

3.3.2 Fourier Transform Infra-Red (FTIR)

An FTIR spectrometer (Perkin-Elmer LS-55-Luminescence spectrometer) was used to
determine the chemical makeup of the produced AgNPs. The dried powders were

characterized from the range 4000-500 cm™.
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Figure 3.2: Schematic representation of various steps involved in the execution of

experiments

3.3.3 X-ray Diffraction (XRD)

By using X-ray diffraction spectroscopy (Philips PAN analytical) in NAST, it was
possible to detect the different phases and grain sizes of synthesized AgNPs. With
CuKa radiation, the produced AgNPs were examined at 30 kV of voltage, 20 pA of

current, and 0.030/s of scan speed. The phases that were present in the synthesized
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samples were determined utilizing the search and match feature of the X' pert high score
software. Normally, the working environment were typically 2 theta
scanning temperature from 20 to 90 degrees. The particle size of the obtained samples

was calculated by using Scherer’s equation as follows:

Do K XA
~ B Cosb

Where, D = crystallite or grain size,
K= Dimensionless shape factor, of a value close to unity (~0.9)
A = Wavelength of the radiation, (0.154 nm for Cu Ka)
0 = Bragg's angle (the 20 value of chosen peak) in radian

B = Full width at half maximum of the XRD peak (should be in radian)

3.4 Metal Sensing Activity of AgNPs

The metal sensing activity of the synthesized AgNPs was performed by the colorimetric

method with some modifications (Puente et al., 2019).

3.4.1 Preparation of Metal Salt Solution

The solution of the 10 different heavy metal salts was prepared in deionized water. For

the preliminary test, 0.01M solution of each metal salt was prepared.
The amount of salt required to prepare the solution was calculated by using the formula:

Molarity (0.01M) X Molecular weight (grams) X Volume (mL)
1000

Weight taken =

For the further experiment, the solution was diluted by adding distilled in the required

volume.
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Table 3.1: The amount of metal salt required for the experiment

Salt Used Molecular Weight (in grams) Weight(W)
CrClz.6H20 266.45 0.266
ZnS04.7H,0 287.54 0.288
HgCl 271.50 0.272
As;03 197.84 0.198
BaCl,.2H-0 24421 0.244
Ni(NO)3.6H.0 290.81 0.291
CuCl2.2H20 170.48 0.170
MnSO4 169.06 0.169

W= Weight required to prepare 0.01 M in 100 mL (in grams)

3.4.2 Metal Colorimetric Sensing

In a standard detection test, 4 mL of a noble metal nanoparticle dissolution were
combined with 1 mL of the metal solution. The ions that were used for the experiments
were , Ba?*, Hg?*, Cu?*, Mn?*, Zn?*, As®*, Ni?*, and Cr®*at a concentration of 0.01M.
UV-Vis spectrophotometry was used to observe and assess the color change of the

resultant solution.

By reducing their concentration, metal ions sensed during the first phase of the

experiment were further examined.

In order to evaluate the detection limit of the produced AgNPs, different volumes (20—
600 pL) of that metal ion were blended with 1 mL of the nanoparticle dissolution. After

that, UV-Vis spectrophotometry was used to analyze the resulting dispersion.

3.5 Dye Degradation Assay

AgNPs have the peculiar potential of degrading organic dye therefore they can be
applied in various organic dyes such as methylene blue (MB) and Methyl orange (MO).
This research was mainly focused on the activity of methylene blue and Methyl orange

using AgNPs with the aid of hydrogen peroxide (H205).
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In the beginning, the stock solution of methylene blue and methyl orange was prepared
to dissolve 25 mg of MB and MO in 250 mL of distilled water for the 1000 ppm
concentration and again it was diluted to 100 ppm concentration. Then 2 mL of AgNPs
with 2 times dilution was mixed to 20 mL of dye solution in the presence of 0.5 Mor %
H>0- following the continuous exposure to sunlight. Then, a color shift was noticed
while being periodically examined by a UV-Vis spectrophotometer at precise time
intervals. At various time intervals, the absorbance maxima were measured in order to
track the reactivity of the resultant solution. The degradation efficiency was estimated

as:

o Ao — A
Efficiency (%) = * 100

In which, efficiency (%) represents the degradation efficiency of dye
Ao=absorbance of dye solution at zero time

A= absorbance of dye solution in suspension after time t

3.6 Detection of Formaldehyde Solution

For this experiment, in the inception, 40% formaldehyde solution was taken and diluted
in the various concentration such as 30%, 20%, 10%, and finally 1% then in each test
tube 2 mL of each concentration was taken and 1 mL of silver nanoparticle with dilution
was added to each of them then alteration color of the resulting solution was discerned
and all of them were monitored using the UV-Vis spectrophotometer for the further

confirmation.

3.7 Data Analysis

Data analysis and graphical plots were performed using X’ pert high score plus, Image

J, Origin 2019b, and MS Excel.
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CHAPTER 1V

4 RESULTS AND DISCUSSION

4.1 Green synthesis of AgNPs

The green synthesis of AgNPs was followed by a distinct color change. The aqueous
AgNO3 solution and turmeric extracts were initially colored yellow (Figure 4.1).
However, the mixture's hue evolved from light brown to brown to brown-reddish after
24 hours of gently stirring at room temperature. This shift in color was seen as
confirmation that the AgNPs had been successfully synthesized. The aqueous solution's
color shift may be caused by the surface excitation of the plasmon resonance
phenomenon of silver metal (Shameli et al., 2014). Turmeric powders contain some
proteins as well as terpenoids. Additionally, turmeric includes higher levels of
compounds including sesquiterpenes, zingiberene, and -phellandrene (Sathishkumar et
al., 2010). Curcumin, a polyphenolic bioactive ingredient that greatly contributes to its

distinctive flavor and color, makes up the majority of these components

After adding plant extract and AgNO3 Colour changed after 24 hr
Figure 4.1: Colour change during the synthesis of AgNPs nanoparticles

. According to studies, proteins found in turmeric powder served as capping agents for
the AgNPs, preventing them from aggregating in AETP and helping to stabilize the

biosynthesized AgNPs. These substances are cysteine or residues of free amino groups
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(Gole et al., 2001). Sathishkumar and coworkers proposed a method for stabilizing
AgNPs that uses proteins extracted from the C. longa tuber powder as a capping agent
(Sathishkumar et al., 2010). Strong reducing agents, these functional groups led to the
production of metal nanoparticles (Asti et al., 2014; Sankar et al., 2017; Zhao et al.,
2010).

4.2 Characterization of AgNPs

4.2.1 UV-Vis Spectrometry

The resulting nanoparticles' size, shape, morphology, composition, and dielectric
environment change the SPR bands (Kelly et al., 2003; Stepanov, 2004). It is obvious
from UV-visible absorption spectra (figure) that the broad SPR band had a peak at 426
nm after 24 hours of stirring. This peak demonstrates the presence of a constant
dispersion of hydrosol silver nanoparticles (Loiseau et al., 2019; Zargar et al., 2011).
The sample's absorption spectra were evaluated for the Ag-NPs emulsion stability test
after 48 hours and even after 20 days (figure 4.2). The spectra for these two samples
indicated slight changes in their peak strength, although that the Ag-NPs absorption
peak changed slightly from 426 to 427 nm. The absorption peak of 48 hr and 20 days
are the same, which is almost the same as the absorption peak recorded at 24 hr of
synthesis. It was also reported that initial visual confirmation of the color change from
pale white to reddish brown and subsequent confirmation of the production of AgNPs
by UV-visible spectra taken at various times provided preliminary evidence. AgNPs
are confirmed by a sharp peak in the UV-visible spectrum at an absorption wavelength
between 400 and 450 nm (Singh et al., 2014). The absorption peak of this nanoparticle
is almost the same as the reported in article which confirms the presence of AgNPs.
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Figure 4.2 : UV-visible absorption spectra of Curcuma longa at different time 24 hr, 48 hr
and 20 days.

4.2.2: X-Ray Diffraction

XRD was used to determine the crystallite or grain size of the synthesized AgNPs. The
distinctive peak exhibited in the XRD image further displayed and demonstrated

AgNPs made with Curcuma longa extract (Figure 4.3).

800
Ag

600 h
f-:\ F‘—‘
=
a1
R
a2 o =" —
S S P =
—

M ~— S—
200 L\V/"\,\/"W \/.N\('\_\/ \»1/ VA A /'\-“’\_,/\w\,«\_”v\-v\-\a-/\./\\_/—’w/\

JCPDS no:01-087-0718

0 ‘ ‘ ‘

20 30 40 50 60 70 80 90
2 Theta (degree)

Figure 4.3: XRD patterns of Curcuma longa mediated AgNPs
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The four distinct diffraction peaks of the 2 theta values of 38.32°, 44.16° 64.70° and
77.64° can be, accordingly, indexed as (111), (200), (220), and (311). The typical face
center cubic (FCC) silver lines that connect all diffraction peaks are in greater accord
with the powder data of JCPDS file no 01-087-0718. The XRD pattern makes it

abundantly evident that the AgNPs made using Curcuma longa are crystalline.

Table 4.1: Calculation of size of IONPs

No. 20 (in degree) hkl FWHM Grain size Average
(nm) grain size
(nm)
1 38.32 111 1.745 5.033 6.66
2 44.16 200 1.521 5.883
3 64.70 220 1.193 8.230
4 77.64 311 1.418 7.509

Using the Debye-Scherrer formula, the average crystallite size of AgNPs was calculated
from the FWHM of peaks and was found to be 6.66 nm. The identical outcome, which
demonstrates that the AgNPs are crystalline in nature, face-centered, and cubic, as

reported by Roy and coworkers (Roy et al., 2015).

4.2.3 Study of Biomolecular Reduction by FTIR

To learn more about the functional groups that are active in the biomolecules involved
in the bioreduction of Ag*and the capping of AgNPs, FTIR spectra of both Curcuma
longa extract and synthetic AgNPs were conducted. The range that the FTIR analysis
has shown is 500 to 4000 cm™.

The FTIR spectra indicate the absorption bands at 3262, 2929, 2848, 1632, 1518, 1435,
1373, 1219, and 1045 cm™ showed the presence of capping agents with the

nanoparticles as shown in Figure 4.4 (A).

The broad and strong band at 3262 cm™ was attributed to the O-H stretching vibration
of alcohol and phenol. The bands at 2929 cm™ and 2848 cm™ correspond to the aromatic

compound C-H stretching vibration. The presence of C-C and C-N stretching
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vibrations, which caused the peaks at 1632 cm™, indicated the existence of proteins
(Prakash et al., 2013). N-H stretching vibrations, which are found in the amide linkage
of the proteins, reached their peak at 1435 cm™. The proteins' N-H and C-N (amines)
stretch vibrations were assigned to the bands at 1373 cm™ and 1045 cm?, respectively.
The elongation of the C-N bond in amines led to the band at 1219 cm™. The weak broad
strong signal at 3262 cm™ in nanoparticles shows that the extract's -OH group was
engaged in the reduction of silver ions. Since the peak at 1045 cm can be attributed to
the C-OH of the phenols, which support the reduction of Ag™ into Ag® by the sharing
of polyphenols like flavanoids and triterpenoids, these results are more in line with
Litvin and MinaeV's findings (Litvin & Minaev, 2013).

100 [~ ]
90 ‘I I‘l‘.‘." |‘ | e "
80 H, / |

70 |

Transmittance (%)

60

50

40 \
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

(A)

37



110 -
100 m S
90 - \ | |

\ 1o LN /
80 - Voo HAYARE

Transmittance (%)

70 - vy
Il
60 - | A

50 T T T T T T T T T T T T T 1
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

(B)
Figure 4.4: FTIR spectra of: (A) Curcuma longa extract (B) AgNPs
4.3 Application of Synthesized AgNPs in Analysis

Using plant extract to synthesis AgNPs is a quick, efficient, and environmentally
friendly method that was applied in this study. AgNPs may have numerous analytical

uses in various industries. In this work, some of them were investigated.

4.3.1 Colorimetric Sensing of AgNPs

AgNPs mediated by Curcuma longa were used to investigate the selective colorimetric
sensing capability for several heavy metals in an aqueous solution. For the colorimetric
detection in this work, 8 different metal ions were tested.

The color change of AgNPs following the addition of several heavy metal solutions
with a concentration of 0.01M can be seen in the figure 4.5.
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Figure 4.5: Color change of nanoparticle dispersion after the addition of the metal solution

After the addition of 0.01M metal solution, max value underwent a bathochromic shift,
and the AgNPs' absorbance decreased, with the exception of Hg?*, as shown in (figure.
4.5).
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Figure 4.6: UV-Vis spectra of Silver NPs dissolution with various metal ions.
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While no noticeable color change was seen in the remaining metal solution, the reddish
brown colored AgNPs solution was selectively transformed by the addition of Hg?* into

a completely colorless solution that is readily visible to the naked eye.

The Amax Value of AgNPs did not change significantly when Cu?* was added (418 nm
to 417 nm); nevertheless, Fe?* showed the greatest shift (417 nm to 435 nm). Ni%* and
Zn?* ions showed a comparable red shift in the SPR absorption of AgNPs from 418 nm
to 430 nm. The max value of AgNPs shifted from 417 nm to 425 nm, 423 nm, 428 nm,
421 nm, and 429 nm when further metal ions Ba%*, Cr®*, Mn?*, As®*, and Cd*" were

introduced.

AgNPs and Hg?* failed to show a peak in their dispersion, which may have been the
result of Hg?* interacting with the biomolecules that had been adsorbed on the surface
of the AgNPs. The newly created biologically formed AgNPs had a significant SPR
absorption band and were yellowish-brown in color. The silver NPs solution which was
previously yellow became uncoloured in the presence of Hg?*, and the SPR band
expanded and shifted to blue. This shows that AgNPs have a specific sensitivity to the
Hg?* ion.

4.3.1.1 Sensitivity of AgNPs towards Hg?* lons

By adding various volumes of Hg?* ions mixture to the 1 mL AgNPs dissolution at 25
°C, the sensitive nature of the green-produced AgNPs was investigated. A noticeable
color change and UV-Vis spectra were used to determine the smallest detectable Hg?*
ion in the aqueous system. The figure shows the color shift that occurred after mixing
the various volumes of Hg?* mixtures sequentially from 20 to 600 pL. From yellowish
brown, yellow, light yellow, and translucent salmon, the color shifted to transparent.

(A)
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(B)
Figure 4.7: Color change on the addition of (A) 20-600 uL of Hg?* (B) 25-80 pL of Hg?*

When 20 pL of Hg?* was added, the solution held a light yellow color, but when 50
uL or more of Hg?* solution was added in the first phase of the experiment, as shown

in figure 4.7 (A), the solution became colorless.

The experiment's second step involved the addition of various quantities ranging from
25 t0 80 pL. AgNPs dispersion turned completely colorless when 45uL of Hg?* solution

was added, demonstrating the sensing scale of the AgNPs as shown in Figure 4.8 (B).
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Figure 4.8: UV-Vis Spectra of Silver nanoparticles with (A) 20-800 pL of Hg?* (B) 25-80pL
of Hg?*

After adding various amounts of Hg?* ion solutions, the UV-Vis spectra were captured.
As shown in Figure 4.8 (A), it proved that the SPR band blue-shifted with decreasing
peak strength and broadened with increasing Hg?* ion solution volume. After the
addition of the 30 pL and greater volume of Hg?* solution, the AgNPs SPR band
vanished as in Figure 4.8(B).

It is conceivable that the outcome is the result of a redox reaction between Hg?* and
Ag'. Hg?" has a tendency to oxidize to Ag* due to its larger reduction potential, i.e
(E%g2+mg =+ 0.80V) than Ag® (E%g+/ag = +0.85V)1%. The reaction between AgNPs and
Hg?* produced metallic mercury. By radiolytically generating an amalgam or another
protective covering around the silver particle, the SPR band widened and the blue shift
took place. On the surface of silver, the freshly produced metallic mercury could

provide a strong bond.
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4.3.2 Photocatalytic Degradation of Methylene Blue

The methylene blue of 10 ppm concentration has intense color before adding AgNPs
and H202. With the addition of 0.5 mL H20. and 1 mL AgNPs to the MB solution, the
blue color of the solution fades away to some extent. In this work, the oxidative

degradation of Methylene blue was tested using produced silver nanoparticles.

In the figure above, the UV spectrum of Methylene blue with AgNPs and hydrogen
peroxide solution is recorded in different time intervals of 0 min, 20 min, 40 min, 60

min and so on with continuous sunlight.

The methylene blue dye's initial 603 nm absorption peaks slowly decreased with
increasing exposure duration, which points to methylene blue's photocatalytic
degradation reaction. Methylene blue dye's absorption peak was lowered, absorption
band for AgNPs was increased. The progressive decrease in the absorbance value of
the dye approaching the baseline and an enhanced peak indicate that the photocatalytic
degradation of the dyes is occured. The percentage of degradation efficiency of AgNPs
at 140 min was calculated as 85.39%. As the dye AgNPs complex was exposed to
sunlight for longer periods, the degradation percentage emerged. It is reported that
absorption peak for methylene blue dye was centered at 660 nm in noticeable region
which diminished and in the end, it disappeared while increasing the reaction time,
which demonstrates that the dye had been degraded (Vanaja et al., 2014). The
methylene blue dye's absorption peak cantered at 603 nm in the noticeable area, but as
the reaction time increased, the peak decreased until it eventually disappeared proving
that the dye experienced degradation which is confirmed by the reported article.

o—A

A
Efficiency (%) = * 100

In which efficiency (%) represents the degradation efficiency of dye.
Ao= absorbance of dye solution at zero time.

A= absorbance of dye solution in suspension after time t.
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Figure4.9: UV-Vis absorption at different time of methylene blue in presence of AgNPs

Table 4.2: Calculation dye degradation efficiency of methylene blue by synthesized AgNPs

Time (min) Maximum absorbance Degradation (%0)
0 3.85286 0
20 3.56367 7.50592
40 3.40719 11.56732
60 2.68421 30.332
80 1.94737 49.45655
100 1.18874 69.14661
120 0.89955 76.65248
140 0.56282 85.39219
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Figure 4.10: Graphical representation of degradation of methylene blue by AgNPs

4.3.3 Photocatalytic Degradation of Methyl Orange (MO)

The methyl orange (MO) of 10 ppm concentration has intense color before adding
AgNPs and H20. With the addition of 0.5 mL H2O, and 1 mL AgNPs to the MO
solution, the dark orange color of the solution vanish away to some extent. This
experiment tested if synthesized AgNPs could help MO oxidatively degrade.

In the figure 4.11, the UV spectrum of MO with AgNPs and hydrogen peroxide solution
is recorded in different time intervals of 0 min, 20 min, 40 min, 60 min and so on with
continuous sunlight. Using a sun irradiation approach and biometrically generated
AgNPs at various time intervals, the photocatalytic degradation of the color MO was
studied. It has been found that the methyl orange solution's characteristic absorption
peak measured at 460 nm. Within 2 hours of incubation, a decrease in peak intensity
allowed researchers to see the degradation of MO. Without exposure to AgNPs, the
peak position of the MO solution is not altered significantly. According to Kansal and
coworkers, solar light decolorized methyl orange more quickly than other irradiation
methods when there was a metal catalyst involved (Kansal et al., 2008). Ag nanoparticle
adsorption on the MO solution started slowly and then gradually increased over time.
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Overall, the excitation of SPR, which is nothing more than an oscillation of charge
density that can circulate at the interface between metal and dielectric media, may be
the reason for AgNPs visible light photocatalytic activities (Garcia, 2011). According
to Wang and his coworker, under ambient temperature and apparent light illumination,
AgNPs work well as dyes and organic compound photocatalysts because they are

highly effective and stable (Wang et al., 2008).

A
* 100

A
Efficiency (%) =
In which efficiency (%) represents the degradation efficiency of dye.

Ao= absorbance of dye solution at zero time.

A= absorbance of dye solution in suspension after time t.

100 min

Absorbance

. I , | . I . I
300 400 500 600 700
Wavelength (nm)

Figure 4.11: UV-Vis absorption at different times of methyl orange in the presence of AgNPs
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Table 4.3: Calculation of degradation efficiency of MO by synthesized AgNPs

Time (min) Maximum absorbance Degradation (%0)
0 4.83701 0
20 4.618 4.52787
40 4.32513 10.58263
60 3.90492 19.26989
80 3.73684 22.74479
100 3.33192 31.11615
35

Degradation(%

0 20 40 60 80 100
Time (min)

Figure 4.12: Graphical representation methyl orange degradation by AgNPs

4.3.4 Detection of Formaldehyde

In the experiment, five samples of formaldehyde with different percentage
concentrations were subjected to the observation for colorimetric sensing. The

observation was carried out with 40%, 30%, 20%, 10%, and 1% formaldehyde solution.

At first, the color of the formaldehyde in all concentrations is clear and transparent i.e.

no color. In the experiment, after the addition of silver nanoparticles resulting alteration

47



occurs respectively. In the beginning, the color 1% of formaldehyde becomes yellowish
red color and likewise, 10%, 20%, and 30% formaldehyde solution fade in the color
from yellowish red and in the 40% solution it turns to little yellow .That alteration in
the color of formaldehyde into different colors indicates the change in LSPR properties
of AgNPs which is because of the interaction of the electromagnetic radiation and the
electrons on the surface of AgNPs (Proposition et al., 2020). And, in 40% there will
higher concentration of formaldehyde and in 1% will be a lesser concentration of

formaldehyde and color changes likewise.

After the observation of the color change of the formaldehyde solution, all the resulting
solutions were subjected to a UV-Visible spectrophotometer and absorbance was

measured, and results obtained is shown in figure 4.13.

——— 40% formalin|
0.50 + —— 30% formalin
—— 20% formalin
0.45 —— 10% formalin
1 1% formalin |
o 0.40-
O
C
@©
2 0.354
(@]
2 ]
Q
<< 0.30
0.25 -
0.20
0.15 - T T T " T : )
300 350 400 450 500

Wavelength (nm)

Figure 4.13(A): UV spectra of different formaldehyde without AgNPs
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Figure 4.13 (B): UV spectra after adding AgNPs

In the figure above, UV spectra of different percentage concentration solutions of
formaldehyde without AgNPs are recorded and it is observed that there is no significant
peak in the range of 400nm- 500nm i.e., of the peak range of AgNPs. After the addition
of AgNPs in (figure 4.13(B), the peak intensity is highest for the AgNPs without
formaldehyde then after 1% formaldehyde + AgNPs solution and accordingly decrease
the intensity of the resulting mixture and finally 40% formaldehyde + AgNPs solution
gives the lowest peak in comparison to other because of the aggregation of the
nanoparticles by formaldehyde and very less amount of nanoparticle is present in that
solution. In 1% formaldehyde + AgNPs solution, there is a less amount of formaldehyde
concentration and less no of silver aggregated and shows an intense peak comparatively
than that of other solutions. This change in color and peak absorbance is because of the
interaction between the formaldehyde solution and AgNPs (Qin et al., 2018). Higher
the concentration of formaldehyde, the lesser the peak intensity, and the lower the

concentration of formaldehyde, the higher the peak intensity or absorbance.

49



CHAPTER YV

5 CONCLUSION

The present study concluded that the green synthesis of AgNPs, C. longa extract as
reducing and capping agent, having advantages such as, ease in availability, ecofriendly
with which the process can be scaled up economic viability. The secondary metabolites
were responsible in the green synthesis of AgNPs. To elucidate precise mechanism and
to comprehend the entire procedure behind green synthesis of silver NPs, further study
is required. The formation of AgNPs were further characterized by FTIR and XRD that
also revealed the formation of AgNPs. The biosynthesized nanoparticle showed the
good sensing activity towards Hg?*. Moreover, IONPs showed excellent photocatalytic
organic dye degradation efficiency of 85.39 % and 31.11% in 140 minutes and 100
minutes, for methylene blue and methyl orange respectively. The synthesized AgNPs
exhibited the good sensing property in different concentration of formaldehyde.
Therefore, green synthesized AgNPs could be employed to detect the hazardous Hg?*
ion in aqueous medium to save the environment from mercury pollution and in catalytic

reduction of organic dyes.
The present research work leaves the following future prospects.

» Further optimization of protocol (effect of temperature, AGNO3, concentration,
plant extracts concentration) is necessary for the large scale production of
AgNPs.

» Comprehensive study is required to prepare the AgNps based sensor and
application in catalysis.

» The toxicity should be tested for commercialization of the AgNPs.

> Besides the study of sensing and catalytic activity of AgNPs, other properties

and their possible application should be studied.
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APPENDIX

Calculation of Amount of AgNOs required:
Molecular weight = 169.873 g/mol
Amount of AgNOs required to prepare 50 mM AgNOs

Molarity X Molecular weight X Volume of solution
1000

Weight taken =

= (50 X 10X 169.873 X 500) / 1000
= 4.246825 g ~ 4.247 g in 500 mL distilled water
Dilution of 50 mM AgNOsto prepare 500 mL of AgNOs
VVolume of 50 mM AgNO:s required
= (Final Molarity X Final volume) /Initial Molarity
= (1 mM X 500 mL) /50 mM
=10 mL

Amount of following metal salt required to prepare 100 mL of 0.01 M were calculated
by using above formula as follows:

CrCls. 6H20

Weight required = (0.01 X 266.45 X 100) / 1000 = 0.266 g

ZnS04.7H20

Weight required = (0.01 X 287.54 X 100) / 1000 = 0.288 ¢

HgCl,

Weight required = (0.01 X 271.50 X 100) / 1000 =0.272 ¢

As,03

Weight required = (0.01 X 197.84 X 100) / 1000 = 0.198 g

BaCl,.2H.0
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Weight required = (0.01 X 244.21 X 100) / 1000 = 0.244 g
Ni(NO)3.6H.0
Weight required = (0.01 X 290.81 X 100) / 1000 = 0.291 g

CuCl».2H,0

Weight required = (0.01 X 170.48 X 100) / 1000 =0.170 g

MnSQO4
Weight required = (0.01 X 169.06 X 100) / 1000 = 0.169 g

Photographs of some important instruments

Centriuge UV-Vis Spectrophotometer

FAITHFUL

-~

g

Magnetic Stirrer
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Photographs while performing the experiment

During collection of nanoparticles Taking the absorbance in UV-
Visible spectrophotometer

Maintaining the temperature in magnetic stirrir
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