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ABSTRACT

In this study, rapid, simple approach was applied for synthesis of environmental friendly
nano-material. Silver Nanoparticles (AgNPs) and Silver Nanoparticle Bentonite (Bent)
Nanocomposite (Ag-Bent NCs) were prepared using H. abyssinica jeaf extract as reducing
and capping agent for antibacterial application. Various advanced techniques like: X-ray
diffraction (XRD), Fourier-transform infrared (FTIR) spectroscopy Ultraviolet-visible
(UV-Vis) spectrophotometer and Atomic absorption spectroscopy (AAS) were used to
characterize bentonite, AgNPs and Ag-Bent NCs for the phase analysis, crystallites size,
functional group and compositional analysis respectively. UV-Visible spectrophotometer
revealed the absorbance peak in range of 410-423nm for AgNPs and 368nm of AgNPs and
488nm of Bentonite in Ag-Bent NCs. XRD analysis result indicated that the synthesized
AgNPs and Ag-Bent NCs found to possess a FCC structure. The average crystallite size of
the Ag NPs estimated from XRD diffraction pattern using Debye Scherrer’s formula was
found to be 21.76nm for the 1:4 ratio of AgNOs to leaf extract in volume that capped
nanomaterial and has a smaller particle size than the others. XRD results for Ag-Bent
show that Ag NPs and bentonite are well combined in synthesizing Ag-Bent NCs. The
FTIR analysis shows the presence of hydroxyl, carbonyl, alkyl, amide, alcohol and nitro
functional group in NPs and NCs. And also shows the weak interaction between silver
nanoparticles with the surface of Bentonite due to the presence of van der Waals
interactions. AgNP demonstrated high-antibacterial activity against Staphylococcus
aureus (Gram positive) as evaluated by means of inhibition zone of 15nm and Ag-Bent is
good for both gram positive and negative bacteria but best for gram negative (Escherichia
coli) bacteria with inhibition zone of 20nm, compared to ciprofloxacin which was used as a

positive control in Agar disk diffusion method.

Keywords: Bentonite, Nanocomposite, Silver nanoparticles, H. abyssinica, Antibacterial

activity.
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CHAPTER 1

INTRODUCTION

1.1. Background of the Study

Developments of inorganic antibacterial materials that inhabit bacterial growth have been
of great interest in recent years due to the increasing of antibiotics resistance bacteria and
their potential use in everyday products [1]. Antibacterial inorganic materials based on
metallic ion with antibacterial properties, like Silver (Ag"),Copper (Cu), Titanium(Ti),
Zinc (Zn) and Gold (Au) which are loaded on to clay [2,3] zeolite [4,5] and other have
been used as a carriers with good results due to their high ion exchange capacity, high
surface area and sorptive capacity, negative surface charge, chemical inertness and low or
null toxicity [6]. Metal and metal oxide nanoparticles have gained a lot of attention as
antibacterial materials. Nanoparticles are fascinating because of their high reactivity due to
the large surface area to volume ratio [7].

From metal nanoparticles, silver(Ag) metal is used in many cases for disinfection, as
coatings as well as in ionic or nanoparticulate form [8]. It has been known for its
antibacterial and therapeutic capabilities for ages. As a result, Ag-based compounds have
become increasingly popular as antibacterial agents [9]. These agents included Ag
nanoparticles [10], Ag nanocomposite [11] and Ag sulfadiazine [12]. On the other hand,
there are also various innovative Ag based products which have been produced and studied
recently such as sutures modified by Ag-loaded montmorillonite [13], Ag nanoparticle—
ionic silsesquioxane [14], nano-Ag fluoride in treating dental decay in children [15] and
incorporation of silver nanoparticles into acrylic bone cement [16]. Silver Nanoparticles
(AgNPs) have attracted a lot of attention among noble metal nanoparticles because of their
appealing physicochemical features. Various researchers have been reported in biological
science, drug delivery, water treatment, and as an antibacterial compound against both
Gram (+) and Gram (-) bacteria [17].

Considering that such nanomaterials can be hazardous and fatal, hybrid processes in
combining nanoparticles with other environmentally friendly, inert and stable materials is
underway to take advantage of their full properties in various applications. Furthermore,

combining nanoparticles with other substrates/fillers would result in composites with
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innovative and enhanced capabilities that the separate components could not achieve. The
nanoparticle must be applied on substrates such as graphite, zeolite, carbon nanotubes,

clays, or polymer materials in order to be used as an antibacterial agent [18].

In this regard, clay mineral-based antibacterial complexes have been developed by a
variety of method involving between the clay minerals and antibacterial substances to
increase the strength of the interactions between clay and NPs. Clay minerals are hydrated
alumino-silicates that contain alkaline and alkaline earth metals in general. They are great
fillers for metal composites and good metal ion supporters [19]. Clays such as
montmorillonite, sepionite, bentonite, palygorskite, halloysite and zeolite are being
considered as low-cost fillers and commonly used supporting substrates for nanoparticles
[18].

Among the clay, bentonite is considered as the main source in bioactive fields. It consists
of microcrystalline particles of montmorillonite (MMT) which belongs to 2:1
phyllosilicate clays which mean that it has one octahedral sheet of aluminum ions
sandwiched between two tetrahedral sheets of silicon ions. The structural characteristics
and multifarious application of bentonite are improved by replacing exchangeable
inorganic cations (e.g. Na*,Ca?*,H* K*) on the interior and exterior surfaces with inorganic
cations such as Ag nanoparticles [20]. Because of its low cost and availability as well as its
stable mechanical and chemical property, bentonites are being used for ion exchange and
adsorption applications [21], Because of this feature, they can be used for incorporation of
various positively (cationic) charged inorganic compounds.

In this work, we present a simple method for the preparation of silver nanoparticles
(AgNPs) and Silver —Bentonite nanocomposite (Ag-Bent NCs) using the leaf of H.
abyssinica under different characterizations and antibacterial activity. The plant is chosen
as a reducing agent for the synthesis of Ag nanoparticles. Bentonite was used as the
protective colloid preventing the Ag NPs from aggregation. The antibacterial activities of

the samples were investigated and compared with one another.

1.2. Statement of the Problem

In recent years, the continuous emergence of resistant or multi-resistant strain of
microorganisms towards the drugs used clinically raises the need for the search of new

antimicrobials substance and different antibacterial activities have been developed from
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different materials. For centuries, people have used silver for its antibacterial qualities.

Silver nano have better qualities than the bulk one.

Silver nanoparticles (AgNPs) are widely used in a growing number of applications due to
their unique properties. However, with the accelerating introduction of AgNPs into
commercial products, there is likelihood of their release into the environment, which gives
rise to health and environmental concerns, as it is reported that the type of incorporation

greatly affects the nanoparticle release.

In the last few years, clay mineral-based antibacterial complexes have been prepared using
a variety of methods that strengthen the bond between clay minerals and antibacterial
nanoparticles. According to researchers, clays has no adverse effect, is abundant, non-toxic
and inexpensive, has a great adsorption properties, and is environmentally being. Silver
nanoparticle loaded into bentonite which would improve the binding ability of silver with
the clay and reduce the release of silver into environment, interact with soil and sediment

to form inert aggregate and enhance the antibacterial activity of the silver nano-particle.

Therefore, in this research it is intended to synthesis, characterize silver nanoparticle and
silver-bentonite nanocomposite using utilization of bioactive compounds present in H.

abyssinica leaf aqueous extract for antibacterial application.
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1.3. Objectives of the Study

1.3.1. General Objective
e The general objective of this study is to synthesis and characterizes Silver
Nanoparticles and Silver- Bentonite Nanocomposite for antibacterial

activities.

1.3.2. Specific Objectives
The Specific Objectives of this study are:-

e To synthesis AgNPs and Ag-Bent NCs using silver nitrate, activated
bentonite and plant leaf extract and characterize using AAS, UV-vis, XRD
and FT-IR.

e To assess the antibacterial activities of the synthesized AgNP and Ag-Bent
NCs using agar diffusion method against gram negative (Escherichia coli)

and gram positive (Staphylococcus aureus).

1.4. Significance of the Study

it is expected that this work will contribute to a better understanding of the synthesis of
AgNPs and Ag-Bent NCs by using leaf extract. This work also provides the investigation
results of anti-bacterial, Ag-Bent NCs, on the selected gram positive and gram negative
strains. And also using locally available, environmentally friendly natural raw materials
like clay and plant extracts may help to develop alternative and improved green
antibacterial agents. Furthermore, report obtained here will provide documentary information

that can be referred by other researchers interested to work.
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CHAPTER 2

LITERATURE REVIEW

2.1. Clay Minerals

The term "Clay" refers to a naturally occurring material made up mostly of fine-grained
minerals that is normally flexible and plastic when wet but hardens when dried or burnt.
"Clay mineral" refers to phyllosilicate minerals, which are layer silicates that form at the

earth's surface as a result of chemical weathering of other silicate minerals [22].

These materials are characterized by their extremely small size (a few micrometers at the
most extreme) and their preferred development occurs under surface (alterites, soils, and
residue) or subterranean (diagenesis and aqueous adjustments) environments [23]. Clays
are lamellar aluminosilicates that have a variety of physicochemical properties, such as
swelling, adsorption, ion exchange, and surface acidity [24]. They are important part of
the phyllosilicates or sheet silicate family of minerals, which have layered structures
composed of polymeric SiOs tetrahedral sheets linked to sheets of (Al, Mg, Fe)(O,0H)s
octahedral [22].

Common clay minerals are Kaolinite (1:1phyllosilicates), Smectite (montmorillonite-
MMT) (2:1phyllosilicates), Sepiolite (2:1linvertedribbons), Illite(2(T):1(0)), Chlorite, and
Vermiculite [25]. They are very different, even though each is composed of octahedral and
tetrahedral sheets as their basic building blocks. However, the arrangement and
composition of the octahedral and tetrahedral sheets account for most of the differences in

their physical and chemical properties [23].

2.2. Bentonite Clay

From the smectite clay family, bentonite clay, which is an aluminum phyllosilicate clay
material that mainly formed by aged volcanic ash known as “montmorillonite”, which
their physical properties are established by this clay mineral. This substance resulted from
the alteration of glassy material ejected from volcanoes or the alteration of silica-bearing

rocks like granite and basalt during geological time. In addition to MMT it also contains a
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variety of accessory minerals such as attapulgite, kaolin, mica, and illite, as well as

minerals such as quartz, feldspar, calcite, and gypsum [21].

The chemical properties of bentonite can be altered by adding highly ionic, stable, and
higher density species to the bentonite clay interlayer through an ion-exchange and
sorption process. Thermal and chemical changes can improve the adsorption capability of
bentonite. For enhancing the adsorption capacity of bentonite, a variety of surface

modification techniques, including as heat and acid treatment, can be utilized [26].

2.2.1. Structure of Bentonite

This montmorillonite-based clay is characterized as a 2:1 phyllosilicate clay, with one
octahedral sheet sandwiched between two silica tetrahedral sheets forming a unit crystal
structure. Positive cations and water molecules make up the interlayer between units. Due
to this crystalline arrangement, smectites are able to expand and contract the interlayer
while maintaining two dimensional crystallographic integrity [7]. Because of its structure,
it can be used as an antibacterial and antifungal carrier. The porous structure of bentonite
is roughly divided into three categories: micropores, mesopores, and macropores,
according to Babaki, H.et al. Micropores are smaller than 2nm, between 2nm and 50 nm

are mesopores and larger than 50nm are macropores [27]

} Interlayer <
(a) o ) .
Apical oxyge ) opane
CaIoNYEED Si plane = =4 Tetrahedral sheet )
)
Basal oxygens w____ Q. OH plane”/ |
Al, Mg plane %' 7 Layer
O. OH plane J
> ~—2 Tetrahedral sheet | |
Si plane )
0 e
Silicon Oxygen o ) Crystal
Adsorbed cations S Interlayer S or
and water ( f-e
) O <0 ) micelle
Aluminum,  Hydroxide t‘: pl;l:: )
magnesium P == Tetrahedral sheet
O, OH plane )
Al. Mg plane o > Layer
O.OH plsnc\ |
. ——2 Tetrahedral sheet
== Si plane )
O plane )
> Interlayer
\ )

Figure 1: Diagram for the Structure of bentonite clay
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As a result, they are classified as expandable 2:1 phyllosilicate clays with permanent
charges that may interchange cations and anion. Both layers of these sheets contain oxygen
atoms. These three —layer units are stacked (piled up) one on top of the other, with oxygen
in surrounding layers next to each other. This results a weak bond, enabling water and
other polar molecules to pass between layers and cause the mineral structure to expand
(swelling). Silicon can be replaced by aluminum or iron in tetrahedral coordination [28].
Isomorphous substitution allows magnesium, iron, lithium, chromium, zinc, or nickel to be
substituted for aluminum in the octahedral coordination. The different montmorillonite
clay minerals are formed by differences in replacements within the lattice in terms of
location and elemental content [29].The molecular formula for montmorillonite is usually

expressed as:
(12Ca, Na)(Al,Mg,Fe)a(Si,Al)sO20(0OH)4 .xH20 , general chemical formula [30]

2.2.2. Types of Bentonite Clay

Bentonite clay can be classified in to K, Na, Ca, and Al bentonite depending on the
dominant element constituent, but the main two types Sodium (Na) and Calcium (Ca) are

recognized, and the uses of each depend on specific physical properties.
2.2.2.1.  Sodium Bentonite

Sodium bentonite has a single water layer particles that contain Na* as the exchangeable
ion. When wet, it swells and absorbs up to several times its dry mass in water. Swelling of
bentonite is mostly induced by montmorillonite swelling [31]. This swelling is an
important property of clay mineral, because of this it is the most useful that can absorbs
large quantities of water and swelling to many times their original volume and gives rise to
permanent suspension of gel like masses [32].They are mainly used as bonding clay for

different applications.

2.2.2.2. Calcium Bentonite

Calcium bentonite is a useful adsorbent of ions in solution, as well as fats and oils. It has a
double water layer with Ca?* as the exchangeable ion. Calcium bentonites are non-swelling
and break down to finely granular aggregate that is widely used as an absorbent clay

sometimes called fuller’s earth [32].
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By using an ion exchange method, calcium bentonite may be transformed to sodium
bentonite (also known as sodium activation or sodium beneficiation) to display several of
sodium bentonite's properties. Using a soluble sodium salt, such as sodium carbonate, and
by soda activation has high montmorillonite content. Some properties of sodium-
beneficiated calcium bentonite (or sodium-activated bentonite) are high swell potential,

small particle size, and high specific surface area than Ca-montmorillonite [33].

2.2.3. Properties of Bentonite Clay

The widespread use of bentonite can be attributed to its physical and chemical properties
such as small particle size, high porosity, large surface area and high cation exchange
capacity. It has excellent adsorption capacity and its adsorption ability is determined by the
chemical nature and pore structure [34]. The physico-chemical properties such as
adsorption capacity largely depend on the presence micro and mesopores; and, the effect
of macropores is found to be insignificant [27]. The exceptional adsorption properties and
cationic exchange capacity originated from the fundamental crystalline arrangement,
which consists of two tetrahedral layers of silica connected by one octahedral layer of
alumina. Each one is separated by an interlayer gap, which contains exchangeable cations
(Na*, Ca®*, Mg?") to counteract the structural superficies' apparent negative charge caused

by isomorphic replacements of less-charged cations in the octahedral sheet [35].

Bentonite clay is naturally highly absorbent and has supercharged electrical energy that
produces a strong negative charge that aids in the removal of positively charged heavy
metals and poisons from the body. It has antimicrobial properties. As a result, it can be
used to treat and cure diseased skin diseases caused by microbial infections [36]. It is also
has particular potential to eliminate inorganic and organic contaminant from the
surroundings because of its mechanical stability, chemical inertness, abundance,

distinctive structural properties and large surface areas [37].

And other properties like

» Itis an odorless grey/cream color with an almost soft, very fine consistency. Unlike
some other clays, it doesn’t stain and is easy to work with in beauty and natural

remedy recipes.
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» Healing clays like bentonite have a high concentration of minerals including silica,
calcium, magnesium, sodium, iron, and potassium. It also absorbs and removes
toxins, heavy metals, impurities, and chemicals.

» It is a common ingredient in detox and cleansing products. Common external uses
include poultices, mud packs, detox baths, and skin care recipes.

» Bentonite clay is a unique clay due to its ability to produce an “electrical charge”
when hydrated. Upon contact with fluid its electrical components change, carrying
a strong negative charge which bonds to the positive charge in many toxins. When
it comes in contact with a toxin, chemical, or heavy metal, the clay will absorb the
toxin and release its minerals for the body to use. Bentonite also helps get oxygen
to cells as it pulls excess hydrogen and allows the cells to replace it with oxygen

instead.

2.2.4. Antibacterial Activity of Bentonite Clay

Bentonite is a widely distributed, low-cost mineral that possesses high ion adsorption,
porosity, and microbial adhesion, as well as being environmentally friendly [38]. It is also
considered as the main source in bioactive fields and it has been used in ancient and
modern medicines because of their special layer structures, specific surface areas, cation
exchange capacity, and a wide range of multifarious and potential biomedical applications.
Its microcrystalline particles of montmorillonite which may interact strongly with certain
antimicrobials, affecting their bioavailability [20]. Potentially, this interaction can be
highly advantageous in the design of modified-release systems for the controlled
administration of antibacterial substances, which nowadays is one of the most interesting
fields for pharmaceutical and veterinary applications [39]. As the montmorillonites layer
structure gives the antimicrobial and antifungal carrier, it has the property of antibacterial
and it can adhere to pathogens and excrete them, reinforce intestinal mucosal barrier and
help regeneration of epithelium [40]. Pharmacology studies have revealed that
montmorillonite (MMT) adsorbed bacteria such as E. coli, S. aureus and immobilize cell

toxins [41].
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2.3. Silver Metal and Silver Nanoparticles

2.3.1. Silver for Antibacterial Activity

Silver (Ag) is the metal of abundance, among the gracious metals for future applications in
the areas of living organisms and biological systems. As it is a noble metal, silver is not
attacked by water or acids. However, silver metal continuously releases small amounts of
ions, which act antibacterially at the metal surface [8]. It has a long history of use in
medicine as an antimicrobial agent. Silver ions have been found to have antibacterial
effects on some microbes. Several studies have demonstrated that silver ions are
selectively toxic for prokaryotic microorganisms, with little effect on eukaryotic cell [42].
I. Sondi and B. Salopek-Sondi reported that silver ions and silver-based compounds are
highly toxic to microorganisms showing strong biocidal effects on as many as 16 species

of bacteria including E. coli [43].

Silver is generally used in the nitrate form to induce the antimicrobial effect but when
silver nanoparticles are used, there is a huge increase in the surface area available for the
microbes to be exposed. Hernandez Sierra et al compared the anti-Streptococcus mutans
activity of nano scale silver, gold, and zinc oxide and found that silver nanoparticles
(AgNPs) worked best [44]. Antibacterial activity against Aspergillus niger, Bacillus
subtilis, S. aureus, E. coli, Proteus vulgaris and other investigations also reported the
better results [43].

Silver is a well-known antibacterial agent against more than 650 microorganisms from
various classes such as gram-positive and gram-negative, fungi or viruses. The material
has recently found use in the form of silver nanoparticle. Out of the metals with
antimicrobial properties, it was found that silver has the most effective antibacterial action

and is the least toxic to animal cell [45].

2.4. Nanotechnology

In this era, nanotechnology is one of the most interesting area which is used to describe the
creation and utilization of materials with structural features between those of atoms and
bulk materials with at least one dimension in the nano range [46]. Nanotechnology refers
to any technology that is implemented at the nanoscale and has applications in the real

world. It has been defined as research and development at the atomic, molecular and
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macromolecular scale. It is also defined as the control or restructuring of matter at the
atomic and molecular levels in the size range of about 1 to 100 nm [47]. Nanoscale
materials find use in a variety of different areas, such as electronic, magnetic and
optoelectronic, biomedical, pharmaceutical, cosmetic, energy, environmental, catalytic,
and materials applications [48]. The properties of matter at the nanoscale are different
from those at a larger scale. The unique physical and chemical properties of nanomaterials
can be exploited for commercial applications and for novel performance that benefits
society [49]. Because of the potential of this technology, there has been a worldwide

increase in investment in nanotechnology research and development.

2.5. Nanoparticles

Nanoparticles are considered to be the building blocks for nanotechnology and are referred
to particles with at least one dimension <100 nm [48]. Nanoparticles have a nanoscale
dimension, and they are very small sized particles with enhanced catalytic reactivity,
thermal conductivity, non-linear optical performance and chemical steadiness owing to its
large surface area to volume ratio. Surface area to volume ratio in nanoparticles have a
significant effect on the nanoparticle’s properties. The application of nanoparticles have
been used in different industry, health, food, space, chemical and cosmetics industry
depending on the nano scale dimension of the nanomaterial [50]. Nanoparticles are of
great scientific interest as they are a bridge between bulk substances and their molecular or
atomic structure. A bulk substance has constant physical and chemical properties
irrespective of its size; nevertheless, at the nanoscale these properties depend more or less
on particle size [51]. The bulk particles have different properties from those of
nanoparticles that have the same chemical substance. Nanoparticles basically change their
properties of substance when their size is reduced to the nanometer range. When a bulk
material is reduced into small size particles with one or more dimension (length, width, or
thickness) in the nanometer range or even smaller, the individual particles show

unexpected properties different from those of the bulk materials [52] .
2.5.1. Surface Area and Size

It has been found that properties vary with particle size. Particle size and surface area play

a major role in interaction of materials with biological system. Seemingly, decreasing the

11|Page



size of the materials leads to an exponential increase in surface area to volume ratio,

thereby making the nanomaterial surface more reactive [51].

2.5.2. Approaches for the Synthesis of Nanoparticles

There are two general approaches for synthesis of nanomaterials; top-down and bottom-up
approach [53]. These approaches further divide into various subclasses based on the
operation, reaction condition and adopted protocols [54]. Fig. 2 shows bottom up and top

down approaches subclass:

Nanoparticles
Synthesis Methods

Bottom-Up Top-Down
Synthesis synthesis

- Mechanical Milling
-Sol-gel process Biological via - Sputtering
- Spinning Fungi, Bacteria, - Laser ablation
- Laser Pyrolysis yeast, plant, algae - Chemical etching
- Templates - Electro-explosion

- Condensation

- Chemical vapour
deposition

Figure 2: Approaches for the synthesis of Nanoparticles [55]

From Figure 2 top down approach is destructive approach starting from larger molecule,
which decomposed into smaller units and then these units are converted into suitable NPs.
Examples of this method are grinding/milling, physical vapor deposition (PVD) and other
decomposition techniques [54]. Bottom up approach is employed in reverse as NPs are
formed from relatively simpler substances; therefore this approach is also called building
up approach. Examples of this case are sedimentation and reduction techniques. It includes

sol gel, green synthesis, spinning, and biochemical synthesis [54]. In another way, there
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are three basic methods for the synthesis of nanoparticles named physical, chemical and

biological methods.

Physical and chemical methods are widely used for the synthesis of nanoparticles,
unfortunately, these methods have some drawbacks such as their use of high energy or
hazardous chemicals, great expense and production of large amounts of toxic byproducts
that create environmental contamination. To overcome these limitations of physical and
chemical methods, ecofriendly, facile, low cost and nontoxic methodologies are essential
for metal nanoparticle synthesis by avoiding the use of toxic and expensive chemicals and
solvents. Recently, biological synthesis of metal nanoparticles has been highlighted, which

is safe, ecofriendly, facile, nontoxic and economical [56].
2.6. Green synthesis of Nanoparticles

Biosynthesis of nanoparticles is a method of synthesizing nanoparticles with biomedical
uses utilizing microbes and plants. This method is eco-friendly, cost-effective,
biocompatible, safe, and environmentally beneficial. Plants, bacteria, fungi, algae, and
other organisms are all used in green synthesis [57]. NPs synthesized from biomimetic

approach show more catalytic activity and limit the use of expensive and toxic chemicals.

Bio-reduction involves reducing metal ions or metal oxides to 0 valence metal NPs with
the help of phytochemicals like polysaccharides, polyphenolic compounds, vitamins,
amino acids, alkaloids, terpenoids secreted from the plant [53-54]. So, green synthesized
nanoparticles have a wide range of applications in the food, pharmaceutical, and cosmetic
industries, and have thus become a prominent study topic. This calls for an alternative
method known as biogenic/biosynthesis that is more biocompatible, facile, and non-toxic.
Biosynthesis procedures produce nanoparticles that are more stable using various plant
leaves, roots, fruits, and seeds extract that are rich in flavonoid, phenol, tannin, amino acid,

and alkaloid phytochemicals as a reducing agent for the synthesis
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Figure 3: Schematic illustration of the procedure for green synthesis of silver

nanoparticles [59].

Plant parts like leaf, stem, root, fruit, and seed have been used for Ag NPs synthesis
because of the exclusive phytochemicals that they produce. Natural extracts of plant parts
are a very environmentally friendly and inexpensive procedure that does not require the
use of any intermediate base groups. It takes a less of the time, requires no expensive
equipment or precursors, and produces a highly pure and quantity-enriched product devoid
of impurities [58].

Plants are the most preferred source of environmentally friendly Stabilizer for NPs
synthesis because they allow for large-scale production and the creation of stable
nanoparticles of various shapes and sizes [59]. Among them, plant-based materials are the
best candidates, because it is believed that polyphenols present in their composition are the
active key to the synthesis [60]. There have been several studies on the synthesis of AgNPs
using various plants such as manilkarazapota(L) seed [61], Rosmarinus leaf [62],
Fritillaria flower [63], Allium rotundum |, Falcaria vulgaris Bernh, and Ferulago
angulate Boiss [64], Artemisia Absinthium [65], Latex of Jatropha curcas [66],Capsicum

anannuum [67], Mulberry leaves [68], Cinnamomum camphora [69]. Use of plants in
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synthesis of nanoparticles is quite novel leading to truly green chemistry which provide

advancement over chemical and physical method [70].

2.6.1. Green synthesis of Silver nanoparticle

Silver nanoparticles (AgNPs) are among the noble metal nanoparticles that have a wide
area of interest since they have too many applications in difference field. Because of these
applications, many methods for synthesis of AgNPs have been developed [71], including
biological, chemical, photochemical and electrochemical processes. Krithiga, N et al
reported the chemical reduction using hazardous reducing agents, such as sodium
borohydride, formaldehyde and ammonia is typically employed for AgNPs preparation,
limiting the use of AgNPs for biological or medical applications [70]. AgNPs are
accounted to acquire effective antiplatelet, antifungal, antiviral, antimicrobial agent and
anti-inflammatory against different pathogens [72]. Some antimicrobial agents are
extremely irritant and toxic and there is much interest in finding ways to formulate new

types of safe and cost-effective biocidal materials [43].

The desire to develop an eco-friendly approach for the synthesis of nanoparticles has
arisen as a result of growing awareness of green chemistry and other biological processes.
This approach has several advantages, including simplicity, cost-effectiveness,
compatibility for biomedical and pharmaceutical applications, as well as large-scale
commercial production [73].

2.6.2. Hagenia abyssinica leaf for Silver nanoparticles synthesis

Hagenia abyssinica is the sole species of the genus Hagenia and belongs to a monotypic
genus in the family Rosaceae, also it is most intimately interrelated to the monospecific
genus Leucosidea [74]. Rosaceae is a large family containing more than 100 genera and
2,000 species of herbs, shrubs, and trees [75]. Hagenia abyssinica is a slender tree up to 20
m tall, with a short trunk and thick branches. The bark, flower, leaf, and root parts of H.
abyssinica have been used for both medical and nonmedical purposes [76]. This dioecious
tree species is known by its common name ‘kosso’ in Ethiopia. Currently, it is however
sparsely distributed in mountainous areas in Central, South-western and South-eastern
parts of Ethiopia. The species is also found in different parts of Africa such as Kenya,

Tanzania, Burundi, Sudan, Democratic Republic of Congo, Malawi, Uganda and Rwanda
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[77]. Historically, H. abyssinica has been one of the most famous plants of Africa since it
was used by Merck of Germany already in 1870 for the production of kosins
(phloroglucinols), a crystalline substance derived from the female flowers [78]. In Ethiopia
female inflorescence dried flowers are traditionally used as an anthelmintic remedy,
particularly it has been used for its potent anti-tapeworm activity and at one time was
included in most European pharmacopoeias as an effective drug against intestinal worms
[76]. The flowers contain Phloroglucinol derivatives similar to those of Dryopteris ferns
[79]. H. abyssinica has been used as a remedy for intestinal parasites, especially against
cestodes and it has served as an anthelmintic in ruminants and also against tapeworms in
humans [80]. This strong medicine when taken in large quantities; it is sometimes taken as
an abortifacient [81], in traditional medicine the extract is used as abortifacient which
initiated investigations examining it as a potential contraceptive agent [74]. Also its roots
are cooked with meat and the soup drunk for general illness and malaria, while bark
hammered and added to cold water and the liquid drunk as a remedy for diarrhea and
stomach-ache [82]. Besides being a source of medicine, H. abyssinica has been utilized for
various other purposes such as construction, furniture, fuelwood, soil fertility management,

as fertile soil formation, soil conservation, as well as rainwater conservation [76].

Figure 4: Image of H. abyssinica tree along with its flowers [83].
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H. abyssinica plant provides a rich and rare combination of zeatin, and it is loaded in
nourishment owing to the presence of essential phytochemicals, It is rich in
phytochemicals particularly secondary metabolites such as tannins, terpenoids, flavonoids,
Saponins, alkaloids, phlobathanins and phenol compounds which act as reducing,
stabilization agents and that have been demonstrated to have antibacterial properties.
which are compounds that help in the characterization of this plant as a natural reducing
agent of remarkable efficiency [84]. Those biological active ingredients tend to reduce
growth of bulk inorganic complex compounds into nanoparticles [60]. Due to their strong
tendency for chelating metals, these bioactive chemicals, such as phenol compounds,
function as a ligand, particle size controller, and antioxidant, bind to metal ions and reduce
and cap them to form nanoparticles. This compound have a very high tendency to bind
metal ions that interact with polyphenol compounds and helps in the nucleation and
formation of NPs due to the presence of hydroxyl and carboxylic groups [81]. In
particular, the leaves extract of H. abyssinica are used owing to their medicinal values and
chemical constituents which helps in the reduction of toxic contents from the AgNPs [83]
H.abyssinica leaf extracts were utilized in exchange to the chemical reagents as a potential
reducing agent due to its medicinal activity. All these applications were as a result of those
phytochemicals [82].
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Figure 5: Schematic diagram of biological active compounds [85]

Extracts made from the leaves have strong natural antibacterial properties and some
antibacterial action against gram-positive and gram-negative bacteria, according to
research so far [69,79]. As it can be observed, there is a feasible alternative that allows
minimizing environmental impacts, as well as obtaining better yields in the process of
metal particles impregnation on a nanometric scale [60]. This extract used during the
synthesis process plays an important role as it contributes/ influences the resultant

nanoparticle characteristic.

In this article, we report the synthesis of Ag nanoparticles using the H. abyssinica natural
extract as an effective capping and reducing agent. Their structural, optical, and

antibacterial activity are presented.

2.7. Nanocomposite

2.7.1. Silver-Bentonite Nanocomposite
‘Nanocomposites’ refers to composites of more than one Gibbsian solid phase where at
least one dimension is in the nanometre range and typically all solid phases are in the 1-20
nm range. The solid phases can be amorphous, semi-crystalline or crystalline or
combinations thereof. They can be inorganic or organic, or both, and essentially of any

composition [86].

Nanocomposites has become a very important field since such materials exhibit
unexpected synergistically properties derived from components formed by combing
inorganic nanoclusters, fullerenes, clays, metals, oxides or semiconductors with numerous
inorganic, organic or organic polymers and organometallic compounds, biological
molecules, and enzymes [87]. They can dramatically improve properties like:- electrical

conductivity, decreased gas, water and hydrocarbon permeability, dimensional stability,
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flame retardant, high strength, chemical resistance, thermal stability, optical clarity,

surface appearance.

Nanocomposite materials synthesized by integrating nanostructured materials within the
interlayer space of clay minerals have recently attracted a lot of attention due to their

unusual physicochemical properties and possible applications in a variety of fields [88].

There are a limited number of studies that report the use of metal clay nanocomposite, a
few studies have been conducted on the use of metal clay nanocomposite as an example
copper- montmorillonite, Guo etal. Contemplated the adsorption properties of Cu?* loaded
montmorillonite (Cu- MMT) clays for E. coli K88. Their technique for preparation of this
composite were mixing or blending and ion exchange of MMT and Cu?* (CuSQO4.5H20) in
solution [89]. Bagchi et al. synthesized copper nanoparticle based clay composite by in-
situ reduction of a copper ammonium complexion. They assessed the antimicrobial action

of the composite against E. coli, S. aureus, P. aeruginosa and E. faecalis [90].

Bentonite (MMT) is used as matrix for silver, in order to enlarge the clay’s adsorption
power and surface area; some of the studies in this area employ acidic mediums and/or
high temperatures. Such routine can obviously improve the antimicrobial activity of a
bentonite, but with a direct effect on the structure of the montmorillonites, which certainly

affects their essential properties [92, 93].

To aggravate this problem, silver cations are very reactive and easily transformed into
elementary silver by the high Ag* reduction power to Ag due to the poor stability of silver
ions in aqueous solution after exposure to light or heat. This compromises greatly the
microbiologic performance, once only ionic silver reacts over microorganisms [91]. To
prevent that, some researches propose the use of chelates to stabilize the silver ions, but at
more complexity and cost to the method. Researches have demonstrated bentonite
intercalated with Ag® and other bacteriostatic beings provide a strong antimicrobial
activity to the clay this since silver ion have antibacterial action and have most noteworthy

antimicrobial activity.

These metals/clay composites usually prepared by ion exchange of positively charged
metal ions and alkali ions present in a surface layer of clay or by synthesis of nanoparticles

and immobilization them on the clay by various techniques such as ion exchange processes
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and sol-gel [94,95]. Nevertheless, many of these method typically entail multiple steps
combined with ultrasonication and stirring that take long hours or even days followed by

chemical reduction of the precursor metal salts.

In recent years, clay mineral-based antibacterial complexes have been prepared by
progression of procedures between the clay minerals and antibacterial substances.
Recently, Rivera-Garza et al. revealed the elimination of the pathogenic microorganisms,
E. coli and Enterococcus faecalis from water by silver-loaded clinoptilolite/heulandite
mineral. They have been found that antibacterial action of the exchanged samples were an
element of exchange level against Pseudomonasaeruginosa and E. coli [95]. In another
work, a vermiculite-silver hybrid material shows strong antibacterial action against S.

aureus [96].

The properties of natural montmorillonite and silver-composites demonstrate that the
antimicrobial properties have increased [97]. Seckin and his partners have explored the
antimicrobial properties of montmorillonite poly vinyl pyridinium matrix composites and
reported a decrease in the number of bacterium cells in water [92].In different
examinations, substitutable ions of montmorillonite were replaced by silver showed better

antimicrobial properties in comparison to other metals.
2.8. Characterization Technique

2.8.1. UV-vis Spectroscopy

Ultraviolet-visible (UV-Vis) spectroscopy is one of the most popular analytical techniques
because it is very versatile and able to detect nearly every molecule. UV-visible
spectrometers can be used to measure the absorbance of ultra violet or visible light by a
sample, either at a single wavelength or perform a scan over a range in the spectrum. The
UV region ranges from 190 to 400 nm and the visible region from 400 to 800 nm. With
UV-Vis spectroscopy, the UV-Vis light is passed through a sample and the transmittance
of light by a sample is measured. From the transmittance (T), the absorbance can be
calculated as A=-log (T). An absorbance spectrum is obtained that shows the absorbance
of a compound at different wavelengths. The amount of absorbance at any wavelength is
due to the chemical structure of the molecule [98].
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The technique can be used both quantitatively and qualitatively. UV-Vis can be used in a
qualitative manner, to identify functional groups or confirm the identity of a compound by
matching the absorbance spectrum. It can also be used in a quantitative manner, as
concentration of the analyte is related to the absorbance using Beer's Law. UV-Vis
spectroscopy is used to quantify the amount of DNA or protein in a sample, for water
analysis, and as a detector for many types of chromatography. Kinetics of chemical
reactions is also measured with UV-Vis spectroscopy by taking repeated UV-Vis
measurements over time. UV-Vis measurements are generally taken with a
spectrophotometer. UV-Vis is also a very popular detector for other analytical techniques,

such as chromatography, because it can detect many compounds.

Typically, UV-Vis is not the most sensitive spectroscopy technique, because not a lot of
light is absorbed over a short path length. Other spectroscopy techniques such as
fluorescence have higher sensitivity, but they are not as generally applicable, as most
molecules are not fluorescent. UV-Vis has a similar sensitivity to other absorbance

measurements, such as infrared spectroscopy.

2.8.2. X-ray powder diffraction analysis

X-ray powder diffraction (XRD) analysis is the most widely used technique for the
identification of minerals/mineralogy analysis [99]. Identification of minerals is
particularly useful for the ready determination of the nature and relative abundance of the
clay minerals and other fine clay materials. The theoretical basic (i.e. minerals) will
diffract a beam of incident pattern that characterizes each mineral species. The diffraction
patterns are monitored using X-ray powder diffractometer, modem versions of which

allow them to be stored and interpreted [99].

Id
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Figure 6: Principle of Bragg’s equation [22]
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For constructive interference between these waves, the path difference must be an integral

number of wavelengths, this leads to Bragg’s Equation.

Where n = number of wavelength(Order of Diffraction), d = the space between the planes,

0 = the angle of diffraction, and A = wavelength

It needs to be emphasized that XRD analysis can only be used to detect crystalline solids
(i.e. minerals) present in abundances usually crystalline or ‘amorphous’ phases cannot be
detected using this method [100].

Samples of clay materials for XRD analysis are usually prepared in two forms; a finely
ground (5-10 microns) randomly oriented powder and an oriented clay (< 2um) fraction.
The finely ground whole rock powder is needed for the whole rock analysis. Apart from
the identification of non-clay minerals and examination of the oriented clay fraction
specimens is usually necessary for the detailed analysis of the clay minerals that are
concentrated in the clay fraction. Clay fraction (<2um) were separated by centrifuging
according to Stokes Law [101]

2
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Where V = the settling velocity

pg = density of the mineral grain (2.6 - 2.8 g/cm? for clay minerals)

pw = density of water (1g/cm?)

g = acceleration due to gravity (980 cm/sec?)

r = radius of the mineral particle (10-4 cm for clays)

1 = viscosity of water (102 gcm/sec?)

X-ray powder diffraction (XRD) is the most widely used techniques for the

characterization of Ag-NPs and Ag-Bent NC. Basically, XRD provides information
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regarding the crystalline structure, nature of the phase, lattice parameters and crystalline
grain size. The latter parameter is estimated by using the Scherrer’s equation using the
broadening of the most intense peak of an XRD measurement for a specific sample of the
synthesized nanoparticles. The mean particle size (D) from XRD analysis is calculated by

using Debye-Scherrer’s formula.

0.89A4

D=————......... 3
AwcosH 3)
Where A is the wave length of the incident X-ray beam (A=1.540A for Cu ko), 0 is the
Bragg's diffraction angle and Aw is the width of the X-ray pattern line at half peak height

in radiance.

2.8.3. Fourier transform infrared spectroscopy(FTIR)

Fourier transformed infrared spectroscopy (FTIR) is a technique used to get the
information about the chemical bonding in a material. It is used to identify the elemental
constituents of a material and it helps to get structural identification and quantitative
information about the synthesized nanoparticle [102]. The samples measured on spectrum
65 FT-IR (PerkinElmer) in the range 4000-400 cm-1 (resolution: 4 cm-1, number of
scans:4) using /KBr pellets.

2.8.4 Atomic Absorption Spectrometry (AAS)

Atomic absorption spectrometry (AAS)is a spectro analytical procedure for the
quantitative determination of chemical elements using the absorption of optical radiation
(light). AAS detects elements in either liquid or solid samples through the application of
characteristic wavelengths of electromagnetic radiation from a light source. Individual
elements will absorb wavelengths differently, and these absorbance are measured against
standards. It can be used to determine over 70 different elements in solution, or directly in

solid samples via electro-thermal vaporization[103].
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2.9. Antibacterial strains

S. aureus and E. coli account for the majority of clinical mastitis cases in cattle, whereas,
S. aureus is the most prevalent pathogen associated with human mastitis [104]. Striking
differences exist between the courses of bovine intramammary infection caused by S.
aureus and E. coli. Intramammary infection by E. coli is acute in nature and generally
clears within a few days. In contrast, infection by S. aureus is often less severe but results
in a chronic infection that can persist for the life of the animal [105]. So, developing
resistant with biocompatible application material is very important to save life from those

bacteria.

The antibacterial activity of Ag-Nanoparticles, and Ag-Bentonite nanocomposite will be
evaluated by agar disk diffusion technique (ADT) against gram positive (S. aureus) and

Gram negative (E. coli) bacteria.
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CHAPTER 3

MATERIALS AND METHODS

3.1. Materials
3.1.1 Study Sites

The raw Bentonite clay was obtained from Gewane Afar Regional State, Ethiopia and
H.abyssinica was collected from Oromia regional state, East Arsi Zone (Qarsa town),
Ethiopia. Bio —synthesis of AgNPs and Ag-Bent NCs using H. abyssinica plant leaf extract
was carried out in the Applied Chemistry laboratory of Adama Science and Technology
University (ASTU). The UV-Vis characterization and antibacterial activity were tested in
the Applied Biology laboratory; XRD analysis were conducted at Materials Science
Engineering laboratory, ASTU. Analysis of bentonite was conducted at Geological Survey
of Ethiopia laboratory and FTIR analysis were performed at Addis Ababa University.

3.1.2 Chemicals and reagents

Source of raw Bentonite used in this study were taken from Awash Sebat of Awash region
where the sample originated from Gewane Afar region Ethiopia and the H. abyssinica was

collected from around Oromia region state, East Arsi Zone (Qarsa town), Ethiopia.

The chemicals and reagents were analytical grade and used without further purification.
Silver Nitrate (AgNOz3) (LOBA CHEMI) was used as precursor for the synthesis of Silver
Nanoparticles (Ag NPs), distilled water and ethanol (Wasse PHARMA PLC., 96-99%)
was used as a synthesis medium and for washing purposes, respectively, sodium carbonate
(Na2CO3) was used to activate Ca- bentonite, sodium pyrophosphate (NasP207) was used
as precipitating agent, sodium hydroxide (NaOH) was used to adjust pH,
Dimethylsulpoxide (DMSO) was used as solvent in this experiment.

3.1.3 Apparatus and Instruments

The apparatus used in the experiment were: centrifuge, hot plate, electronic balance,
mechanical shaker, Whatman’s filter paper, oven, beakers (different size), Mortar and

Pestle, Volumetric flask.
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The instruments used were UV- Spectrophotometer (Perkin-elementary, Germany),
Fourier transform Infrared spectroscopy (FTIR) (Perkin Elmer, Spectrum 65 FTIR, and
USA), X-ray Powder Diffusion (XRD-700 shimadzuco, South Korea)(Cu-Kal radiation
(A=1.5406 A°) operating at 45 KV and 30 mA) and Atomic Absorption
Spectroscopy(AAS).

3.2 Methods

3.2.1 Preparation of plant leaf extract

The leaves of H.abyssinica plant was surface cleaned and washed repeatedly with tap
water followed by distilled water to remove dust particles and then allowed to dry under
shadow for 15 days with good ventilation and in darkness to remove moisture content from
the leaves. The dried leaves were ground using grinding machine and were stored in
darkness in a dry place until to the next step.

The extraction was carried out by placing 20 g of powdered leaves in a beaker containing
400 ml of deionized water. Then, the beaker was covered with aluminum foil to prevent
the effect of light. After that the mixture was shaken using mechanical shaker for 30 min
and allowed to warm at 50 °C for 1 hr using magnetic stirrer, then it was allowed to cool
down to room temperature overnight. The prepared solution was filtered through
Whatman’s No.1 filter paper to get clear solution. The filtrate was stored at 4 °C for

further experiments [106].

3.2.2 Phytochemicals Screening on extracts from H. abyssinica:

The medicinal value of traditionally important plant species is due to presence of some
chemical substances which produce a definite physiological action like alkaloids, tannins,
flavonoids, saponins, etc [107]. To promote a proper use and our knowledge the
preliminary phytochemical screening for the flowers of H. abyssinica were carried out to
analyze the presence of compounds namely: Saponins, Anthraquinones, Flavonoids,

Phenols, Alkaloids, Tannins, Terpenoids, Steroids, Phlobatannins and Glycosides.
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Test for Saponins: 3 mL of the plant leaf extract was mixed with 5 mL of distilled water
were added and shaken vigorously in a test-tube for about 5 min, leave to settle for 30min.
Frothing (appearance of creamy miss of small bubbles) which shows the presence of
saponins [108]

Test for flavonoids: To 3ml plant extract with 10 mL of ethyl acetate were mixed and
heated with a steam bath for 3 min. The mixtures were filtered and 4 mL of the filtrate
were shaken with 1 mL of dilute ammonia solution and a yellow coloration were observed,

which shows the presence of flavonoids [109].

Test for Phenols: 2ml of plant extracts were put and treated with a few drops of 2% of
FeCls in test tube; bluish green or black coloration were indicated the presence of phenols
[74].

Test for Alkaloids: 5ml of plant extract was dissolved in 10 mL of 10% ammonia solution
and extracted with 15 mL of chloroform. The chloroform portion was evaporated to
dryness and the resultant residue dissolved in 15 mL of dilute sulphuric acid. . Reddish

brown color was formed which showed the presence of alkaloids [108].

Test for Tannins: A few drops of 10% ferric chloride (FeCls) solution were added to 2
mL of the aqueous solution of the plant leaf extract. The occurrence of blackish blue color

showed the presence of tannins [109].

Test for Terpenoids: 0.5 g of each crude powders were separately dissolved in 5 mL of
methanol. 2 mL of the extract were treated with 1 mL of 2, 4- dinitrophenyl hydrazine
were dissolved in 100 mL of 2M HCI. Yellow-orange colorations were observed as an

indication of Terpenoids [74].

Test for Steroids: 3ml of plant extracts were dissolved in 5 mL of methanol. 1 mL of the
extract were treated with 0.5 mL of acetic acid anhydride and cooled in ice. This mixed
with 0.5 mL of chloroform and 1 mL of concentrated sulphuric acid was then added
carefully by means of a pipette. At the separations level of the two liquids, reddish-brown

rings were formed, as indication of the presence of steroids [83].

Test for Phlobatannins: 2 mL of plant extracts were added to 2 mL of 1% HCI and the
mixture was boiled. Deposition of a red precipitates were taken as an evidence for the
presence of phlobatannins [83] ,but the yellow precipitate was form which indicates zero
presence of phlobatannin.
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3.2.3 Green Synthesis of Ag NPs

The Ag nanoparticles were synthesized using different volumes ratios of 0.2 M AgNOs
solution with leaf extract prepared from 20 g in 400 ml distilled water. First 100 ml of
plant leaf extract was mixed with 100 ml of 0.2 M AgNO3 solution (1:1), next 200 ml of
0.2 M AgNO:s solution and 400 ml leaf extract solution (1:2), followed by adding drop
wise 100 ml of 0.2M AgNOs solution with constant stirring to 400 ml of leaf extract (1:4)
at the temperature of 50 °C. The solution pH was adjusted to pH 12 by drop wise addition
of 1M NaOH. The mixture has been incubated in dark chamber to minimize photo-
activation of silver nitrate at room temperature until a color change observed. Then, the
solution was centrifuged for 15 min at 10000 rpm, the obtained Ag-NPs (Figure 7) was
filtered by Whatman’s No#l and washed by deionized water and ethanol to remove
impurities. Thereafter, the NPs was allowed to dry and ground so as to be used for further

analysis [82].

IM NaOH

Temperature
(50 °C)

Figure 7: Image for the synthesis of Ag NPs.

The colorless solution changed to dark brown which indicates the formation of Silver
Nanoparticles (AgNPs). The formation of the AgNPs during the reduction process is
indicated by change in the color observed with different time interval Omin, 15min, 30min

and 1hr, respectively from colorless to dark brown within reaction duration.

Figure 8: Change in the color observed during AgNPs Synthesis
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3.2.4 Purification of Bentonite

Primarily sand fraction (> 75um) were removed by wet sieve then the clay fraction was
separated from silt by centrifugation of sedimentation from suspension according to Stokes
law. The suspension pass through 75um IS sieve (clay and silt) were stirred for more than
30 min with addition of 0.0005 mol/l sodium pyrophosphate as deflocculating agent then
the suspension transferred in to large cylinder to settle. According to Stokes low clay
particles settle in a velocity of 902D2 mm/sec (where D is the diameter of the clay
particle)[100], then the distance on the cylinder was measured and the amount of water
was poured off and collected then filtered to separate the clay fraction from water and left

to dry.

3.2.5 Activation of Bentonite

The bentonite sample was activated by sodium carbonate (Na2COz) according to N.
Yildizet al [110]. The soda (Na2COz) with the mass 5g and 100g of bentonite sample were
added to 500 ml of boiling water. The suspension was stirred slowly and continuously with
a magnetic stirrer and was boiled for 1 hr at 50°C. After activation, it was allowed to cool
down at room temperature and was diluted with more distilled water .The diluted
suspension was dispersed homogeneously and allowed to stand for 24 hrs to settle the
impurities, especially quartz. After 24 hrs, the supernatant was decanted and the
sedimentation process was repeated until the supernatant became clear. The collected
supernatants were centrifuged at 20000 rpm to 20 min to settle the clay sample and dried at
60°C to obtain the activated bentonite. The dried sample was further ground to obtain fine
powder for further experiment [111].

3.2.6 Synthesis of Ag-Bentonite Nanocomposite

The preparation of Ag-Bentonite composite were carried out as follow: in two different
beakers with 100 ml distilled water 3g of activated Bentonite were added to prepare
bentonite suspensions, and 100 ml solution of 0.1M and 0.2M of AgNOs were separately
added to each beaker and stirred for 24 hrs at room temperature, followed by adding fresh
200ml and 400ml of leaf extract respectively, to obtain the dark brown AgNOs/Bent
suspensions through vigorously stirring on magnetic stirrer for 1 hr at a temperature of 60-

°C. The suspensions of Ag/Bent NCs obtained were then centrifuged at 15,000 rpm for 5
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minutes, and the precipitates washed 4 times using distilled water in order to remove the

silver ion and other residues, and dried overnight at 40°C under vacuum [112].

3.2.7 Characterization methods
3.2.7.1 XRD Spectroscopy

Analysis of the crystal phases and average crystalline size analysis of the synthesized Ag-
NPs and Ag-Bent prepared through green method using H. abyssinica leaf extract was
done with an X-ray diffractometer. X-ray diffraction (XRD-700 shimadzuco, South Korea)
was performed with 26 ranges from 10° to 80° (Bragg angles) for AgNP and 0° to 80° for
Ag-Bent NCs with Ni-filtered Cu Ka radiation of 0.1540 nm (X=1.54A), with scan rate

1.5°/min(2° min ) 3 (deg/min), a working voltage of about 40 kV, and a working current
of about 30 mA. The powder samples were mounted into a top-loaded circular sample

holder to be rotated in the instrument at 50 rpm.

3.2.7.2 UV-Visible Spectroscopy

For the electronic absorption measurements and Optical properties of H. abyssinica leaf
extract based green synthesized Ag-NPs and Ag-Bent NC were determined by UV-Vis
spectroscopy (SM-1600 Dual beam UV-VIS Spectrometer, Azzota Corp., USA). 3 mL
solution of Ag-NPs and Ag-Bent was taken in a cuvette and scanned using double beam
UV-Vis-spectrophotometry from 200 nm to 800 nm wavelengths and their maximum

absorbance was recorded.

3.2.7.3 FTIR Spectroscopy

The functional group present in AgNPs and Ag-Bent NCs were analyzed by the Perkin
Elmer Spectrum 65 Spectrum BX FTIR (at Addis Ababa University, Department of
chemistry, Ethiopia). A portion of the prepared samples were pulverized to a fine powder
in an agate mortar and pestle. A small portion of the material weighing approximately 2
mg was then ground and mixed thoroughly with 40 mg of dried potassium bromide (KBr).
The powder was distributed evenly within the die by first rotating the plunger, and the
assembly was placed in a press. The die was disassembled and the KBr disc carefully
removed and placed in a sample holder. The beam splitters used were KBr for the mid-IR
region 4000 to 400 cm™ and the resolution was 4 cm™.
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3.2.8 Atomic absorption analysis of Bentonite

The Raw bentonite and Na-activated bentonite samples were characterized by using AAS
to determine their chemical composition. For complete silicate analysis of both samples
0.1 gram of each was added separately to 1.5 g of lithium boron oxide (LiBO>) and the
mixtures was heated in a furnace for 45min at 950°C. After they were cooled overnight,
the mixtures were stirred by a magnetic stirrer, washed and transferred to round bottom
flasks with addition of lanthanum chloride (LaCls). The prepared solutions were used to
determine metals like Ca, K, Al, K, Mg, Fe, Na, etc. The amount of silica was determined
by taking 0.1g each samples, 3mL of HCI and 2 mL of boric acid directly read by the
instrument and the amount of TiO, and P.Os was determined by UV-Vis

spectrophotometer[113].

The Raw bentonite chemical compositions analysis using atomic absorption spectrometer

before activation results indicated in Table 1 below.

Table 1. Chemical analysis of the raw bentonite sample.

Code  SiO; Al,Os Fe.O; CaO MgO Na.O K20 P20s TiOs H20 LOI
% 5550 12.64 770 310 25 138 097 064 035 438 0938
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3.2.9 Antibacterial Activity
3.2.9.1 Disc Diffusion Method

In vitro antibacterial susceptibility test was determined by disc diffusion method against
the bacterial species representing Gram negatives (E. coil) and Gram positives (S. aureus).
The medium was prepared by dissolving 38 g of Mueller Hinton agar medium in 1000 mL
of distilled water and autoclaved at 121 °C for 15 min. The autoclaved medium was
poured into sterile plates (20-25 mL/plate) and the plates were allowed to solidify under
sterile condition at room temperature. After solidification, the plates were seeded with
overnight grown culture approximately 1.5 X 10® CFU/mL (McFarland standard) by
swabbing evenly on to the surface of the medium with a sterile cotton swab.

Ag NPs and Ag-Bent NCs at the concentrations of 125ug/mL were prepared by dissolving
in DMSO. Whatman’s filter paper No. 1 was used to prepare discs approximately 6 mm in
diameter. The sterile discs were infused with AgNP and Ag-Bent NCs and position on the
surface of the medium with sterile forceps and gently pressed down to ensure contact with
the MHA. Ciprofloxacin (as control positive)] was used as standard antibiotic and then
plates were inverted and then incubated at 37°C for 24 hrs. After incubation the inhibition
zone produced by Ag NPs and Ag-Bent NCs were evaluated by measuring the diameter

(mm) of the clear zone around the disc against the test organisms using a ruler [114].

Also the antibacterial activity of Raw Bentonite (unpurified), Ca-Bentonite (purified) and
Na-Activated Bentonite was tested against gram negative and gram-positive bacteria

strains of E.coli and S.aureus respectively, using this method.
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CHAPTER 4

RESULT AND DISCUSSION

4.1. Phytochemical screening of Hagenia abyssinica plant leaf extracts
result

H. abyssinica plant extracts were rich in different phytochemicals with different functional
groups, which acts as a natural stabilizer. These phytochemicals were revealed to be
present in extracts of H. abyssinica which are known to have antimicrobial activity and the

results are in good agreement with a previous report [115].

Table 2: Phytochemical screening of the H. abyssinica plant leaves aqueous extracts.

Phytochemical Constituent | Observation Result
Saponins A foam /frothing/ +
Flavonoids Yellow color +
Phenols Bluish green +
Alkaloids Reddish Brown color | +
Tannins Brownish greens +
Terpenoids Yellow color +
Phlobatannins Greenish yellow _

+ = the presence of phytochemical constituents - = the absence of phytochemical
constituents

The present study demonstrates that Hagenia abyssinica is a good source of various
phytochemical such as Saponins, Flavonoids, Phenols, Terpenoids, Alkaloids, and
Tannins that can be used for reducing silver ion to silver metal and as a capping agent to

prevent agglomeration of the silver nanoparticles.
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4.2 Activation of Bentonite Analysis

Table 6 shows the major elemental silicate analysis of sodium activated samples. The
compositions of activated bentonite with Na,COs that Ca?* ions were exchanged by Na*
ions where Na2O became 5.90 % from 1.41 % when 5% of NaCOs was added, but the
CaO content decreased the percentage changed from 3.15 to <0.01, indicating that Ca®*
has been replaced by Na* in MMT. This is because divalent ions like Ca?* have been
replaced by Na'[116]. Hence, Na* smectite clay is one of the preferred layered materials
for the preparation of nanocomposites because of its high cation exchange capacity, high
surface area, strong adsorption /absorption capacities within their interlamellar spaces and
thus swelling capacity[113].

The increment of H2O percentage is related to the activation. Because the swelling
capacity of Na-bentonite was greater due to the location of Na+ in between the Octahedral
and Tetrahedral layer, water could hydrate in the clay mineral due to weak electrostatic
interaction between the sodium ion and the negatively charged smectite layer, allowing
excess water molecules to enter. Smaller ions tend to have greater hydration energies, and
thus within the interlayer of clays can attract more water than large ions. The degree of
attraction to the clay surface of Na* is less, so a Na* is more conductive to swelling when
present at the clay surface, because adjacent negatively charged layers can be made to
repel one another during the absorption of water into the interlayer. On the other hand,
Ca?* saturation results in only limited swelling because the attraction of the cation for

adjacent surface is stronger[116]. Ca ions of the samples are replaced by Na ions.

The result for the rest of chemical compositions shows; decrease of SiO2 and Al>Oz after
Na>COs, activation, followed by sedimentation, confirmed the removal of minor amount of
quartz impurity and the proportional increase of the clay mineral content. In contrast the
MgO content remained unaffected. The percentage of Fe;O3, KO and CaO is also
decreased but Small amounts of Fe;Os3, K-O and CaO were still present in the purified
sample. The K20 is most probably due to illite and CaO to trace amounts of calcite and/or
feldspar. The studied bentonite clay was free of the toxic trace elements Pb and As, since
the concentrations of both elements were below the detection limit of ICP-AES (0.05 ppm

and 0.01 ppm for As and Pb respectively)[111].
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Table 3: Chemical analysis (AAS Analysis) of bentonite after sodium activation

Oxides% | SiO2 | Al2O3 | Fe20O3 | CaO | MgO | Na2O | KoO | P20s | TiO2 | H2O | LOI
Raw 5550 |12.64 |7.70 |3.10 |25 138 [0.97 [0.64 |0.35 |4.38 |98
5%Na- 55.15 |12.20 | 6.86 |<0.01 |25 590 [094 |055 |0.36 |[531 |88
bent

4.3 Characterization of Synthesized Ag-NPs and Ag-Bent NCs
4.3.1 X-ray Diffraction (XRD) Analysis

X-ray diffraction (XRD) was used to evaluate the phase purity and crystallinity of the
produced AgNPs and Ag-Bent NCs. According to the XRD pattern, the product is mostly
composed of Silver (Ag) in Silver Nanoparticles (AgNPs) peaks and bentonite and Ag in
Ag-Bent NC peaks. Diffraction peaks for Ag NPs (Figure 9) are seen at 20 values of
38.074°, 44.365°, 64.485°, and 77.424°, corresponding to (hkl) values of (111), (200),
(220), and (311) Bragg's reflections for AgNPs, which are comparable and are evident in
all patterns, which are previously reported by H. Bar et,al [117] and suggest that the
synthesized AgNPs using aqueous extract of H. abyssinica leaves is found to possess a
FCC structure which were in good agreement with reference to the unit cell of FCC
structure of silver nano-crystals (Joint Committee on Powder Diffraction Standards: File
No. 04-0783) [118].

The increase in phytochemical in the higher concentration of H. abyssinica reduce the
silver ion and helps in the formation of small particles which gives intense surface
plasmon resonance [83]. The high intense peak for FCC materials is generally (111)
reflection, which is observed in the sample. The intensity of peaks reflected the high
degree of crystallinity of the silver nanoparticles. However, the diffraction peaks are broad
which indicating that the crystallite size is very small [119]. The XRD shows that silver
nanoparticles formed are crystalline. The average particle size of synthesized AgNPs is
calculated from FWHM of the diffraction peaks using Debye-Scherrer equation. The size
of the Ag nanoparticles estimated from the Debye—Scherrer formula are 1:1, 1:2 and 1:4
with size of 23.05, 22.99 and 21.76 nm, respectively. The results clearly show that
biomolecules present in the leaf extract reduced and capped silver ions to silver

nanoparticles in a bio-synthesis process. The XRD pattern thus clearly shows that the

35|Page




silver nanoparticles formed by the reduction of Ag* ion by H. abyssinica leaf broth are
crystalline in nature. The unassigned peaks, marked with # at 20 = 27.75 °, 32.20 ° and
46.2 ° in Figure 9 could be due to the crystallization of bioorganic phase that occur on the
surface of the silver nanoparticles and also are thought to be related to crystalline and

amorphous organic phase[120]
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Figure 9: XRD Patterns of the AgNPs

The average particle size of different AGQNOs and H. abyssinica leaf extract ratio 1:1,1:2
and 1:4 was found to be 23.05 nm, 22.99 nm and 21.76 nm which was derived from the
FWHM of more intense peak corresponding to 111, 200, 220 and 311 using Scherrer’s
formula. The difference in size could be due to the effect of the volume of plant extract on
AgNPs [121].

This result confirms AgNPs 1:4 that the capped nanomaterial by the plant extract has a
smaller particle size than AgNP 1:1 and 1:2, as the concentration of plant leaf extract
increases the particle size decreases. This was due to the fact that the greater amount of the
plant extract used during the synthesis process results in effective capping and stabilizing
the synthesized nanoparticles and hindered from aggregation. Therefore, the crystallinity

of AgNPs prepared using high volume of plant extract is better.
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Table 4 also shows that the average crystal size of AgNPs synthesized by using 1:4 ratios
by volume of precursor salt and plant extract was less than their corresponding to the other
two ratios. This may also be due to the high concentrations of bio-molecules from plants
that present in the NPs that could highly stabilize the nanoparticles by capping and hinders

further crystal growth [83].

Table 4: The crystalline size, lattice parameter value of biosynthesized Ag NPs peaks

Sample Peak FWHM Size of Average d-spacing hkl
inratio | position(26) NPs(nm) size(nm) (nm)
38.07 0.31206 26.93 2.36 111
AgNPs 44.02 0.43909 19.51 23.05 2.06 200
11
64.46 0.47474 19.78 1.45 220
77.36 0.39182 25.97 1.23 311
38.12 0.4353 19.79 2.36 111
AgNPs 44.02 0.33345 25.78 22.99 2.06 200
1:2
64.49 0.39564 23.74 1.44 220
77.40 0.45076 22.63 1.23 311
38.10 0.3600 23.6 2.36 111
AgNPs 44,12 0.600 14 2.04 200
1:4
64.44 0.600 20.36 21.76 1.44 220
77.34 0.5200 29.12 1.23 311
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4.3.1.1 XRD analysis for Activated Bentonite

The XRD characterization of the clay samples aimed to confirm the presence of associated
minerals and clay minerals. Figure 10 presents the x-ray diffraction results of activated
bentonite clay which shows the diffraction peaks at around the angles 15.81 °, 19.80 °,
26.42 °, 30.61 °, 34.68 °, 37.17 °and 61.4 ° which corresponds to the crystal planes of
(211), (220), (400), (332), (431), (440) and (842) as majority phases. The inter-planar
distance calculated according to Bragg equation: 2dsinf= A. Impurities such as kaolinite
and quartz were found in the XRD patterns of the bentonite clays obtained in this study. .
Similar XRD results were obtained when they performed the characterization of bentonite
clay by Muhammad et al [122]. In the clay composition, the characteristic peaks of

montmorillonite (M), gypsum (G), and kaolonite (K) were presented in Figure 10 table 4.
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Figure 10: XRD result of Activated Bentonite
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Table 5: XRD result for Activated Bentonite

Peak Miller index Reflection d-spacing(d(nm))
position(20)
15.81 (211) Kaolinte(K) 5.61
19.80 (220) MMT(M) 4.48
26.42 (400) Quartz(Q) 3.37
30.61 (332) Gpysum(G) 2.92
34.68 (431) Kaolinte(K) 2.59
37.17 (440) MMT(M) 2.42
61.48 (842) MMT(M) 1.51

4.3.1.2 XRD analysis for Ag-Bent NCs

The XRD pattern were employed to determine reflections of activated bentonite and Ag*-
exchanged bentonite in the AgNP-Bentonite, which bentonite is the predominant clay
component in the sample, and to mineral admixture such as quartz, kaoline and gypsum.
The existence of silver nanoparticles was verified by the XRD pattern after nanoparticles
of Ag were deposited on the clay, peaks are observed corresponding to the formation Ag in
the composites at 20 values of 38.08°, 44.42°, 64.40° and 77.84°, corresponding to the
reflections of crystallographic planes (111), (200), (220) and (311) plane, which confirm
the face centered cubic (fcc) crystal structure with the major peaks. The results were
consistent with the data in ICPD file No. 00-004-7383. (Fm3m). Figure 11 also shows the
XRD patterns of bentonite in which the diffraction peaks are at 26~ 8.6°, 15.8°, , 20.08°,
26.04°, 29.42°, 30.68°, 34.74° corresponds to (001), (211), (220), (400), (330), (332),
(431) planes are due to the silicate unit. With increasing Ag NPs in the solid support
matrix, the intensities of (111), (200), (220), and (311) reflections owing to the Ag NPs
phase also increased [123]. The presence of the diffraction patterns of Ag and bentonite

confirms that the prepared composites are composed of these two species.
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As the concentration of Ag precursor decreases, the AgNPs distinctive peaks found in Ag-
bentonite NCs also decreased. As a result, the Ag characteristics peak intensity in Ag-
bentonite NCs is lower in Ag-bentonite NCs (0.1M) than that of Ag-bentonite NCs (0.2M).
It’s observed that the intensity of Ag characteristic peaks in Ag-bentonite NCs (0.1M) is
weak compared to Ag-Bent NCs (0.2M). The capacity of Ag to connect nearby silicate
units between layers accounts for the broadening of the peaks. The left hand peaks (below
20 of 30°) strongly show the bentonite character, while the right hand peaks (above 26 of
30°) strongly show the Ag character, which are compressed as a result of Ag bridged the

neighboring silicate units of bentonite in XRD spectra of all Ag-bentonite NCs.
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Figure 11: XRD patterns of the Ag-Bent NCs

The XRD pattern of Ag-bentonite clearly shows that in the presence of a high
concentration of Ag solution (0.2M), the composite characteristics peak intensity and
interlayer spacing value increase, whereas the composite characteristics peak intensity and
interlayer spacing value decrease in Ag-bentonite NCs with a low concentration of Ag
solution (0.1M). However, decreasing amount of Ag content is accompanied with formation
of smaller size NCs. This might be due to more enough amount of bentonite clay
responsible for capping and preventing AgNPs from agglomeration. For the smaller

particles the peak broadening are larger and some of the peaks begin to overlap to a rather

40|Page



large extend. As the particles become smaller the signal also gets weaker. In general, it is
clear from XRD data analysis of Ag-bentonite NCs that increase in the number of Ag
samples led to increased reflection intensity and narrowing. Recrystallization and
continued development of Ag crystallites produce an increase in intensity and narrowing,
as have shown (Figure 11). The XRD patterns of Ag-Bent NCs revealed no diffraction

peaks related to contaminants, demonstrating the great purity of the produced products.
The average diameter of crystallites (D) is calculated by using Debye-Scherer equation.
Inter-planar d-spacing was also calculated using Bragg’s Law equation (Table 5):

2d sin 6 = nA, Where, 0 is Bragg’s angle of diffraction and n= 1.

Table 6: Average particle size and inter-planar d-spacing for the major peaks of Ag-
bentonite NCs and bentonite.

Sample Peak 26(°) B (rad) D (hm) Average (nm) d(nm)
38.06 0.9800 9.59 2.35
Ag-Bent 44.13 0.8717 10.30 10.70 2.05
(0.1M)
77.37 0.8906 12.23 1.23
38.13 0.9100 9.65 2.36
Ag-Bent 44.20 0.8873 10.18 10.34 2.05
(0.2M)
77.52 0.9523 11.21 1.23
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4.3.2 UV-Vis Analysais

UV-Vis spectrophotometer is useful in characterization and can provide certain
information about shape, size, and stability of nanoparticles. The plasmonic absorbance
phenomenon of nanoparticles makes it detectable by UV-Vis spectrophotometer [124].

4.3.2.1 UV-Vis for AgNPs

The UV-visible absorption spectra of Ag nanoparticles synthesized at different
concentrations of leaf extract with 0.2M of AgNO3 at 1:1, 1:2 and 1:4 were recorded and
analyzed by UV spectra of Plasmon resonance band at 410 nm, 419 nm and 423 nm
respectively in Figure 12. This absorption bands are basically due to a surface Plasmon
resonance of Ag NPs, consistent with previous reports of peak in the absorption spectrum
of 400-500 nm due to SPR in AgNPs [125]. The formation of the AgNPs during the
reduction process is indicated by change in the color of the reaction solution from colorless
to dark brown within reaction duration. The appearance of the brown color and of the
peaks was due to the excitation of the Surface Plasmon Resonance (SPR), Maximum
absorbance at 423 nm was observed, similar characteristic property of silver nanoparticle
reported by Shakeel Ahmed al et [106]. Metal nanoparticles have free electrons, which
yield a surface plasmon resonance (SPR) absorption band, due to the mutual vibration of
electrons of metal nanoparticles, when they align in resonance with light. A single SPR
band is expected in the absorption spectra of spherical metal nanoparticles, whereas
anisotropic particles could give rise to two or more SPR bands depending on the shape of
the particles [126]. In this case, a single SPR band is observed, which leads one to predict
that the particles are spherical in shape. If we increase the leaf extract concentration, there
is increase in wavelength from 410 nm up to 423 nm as presented in Figurel2. On
increasing concentration of extract there is increase in intensity of absorption. The slight
variation in the values of absorbance signifies that the changes are the particle size. In this

study, a single SPR band is exhibited, which shows no agglomeration of AgNPs [127]

The peak position of UV-visible spectra are related to nanoparticle size, with blue shifted
or moved to lower wavelength or greater energy as nanoparticle crystal size decreased
[128]. The blue shift (hypsochromic shift) occurs due to reduction in the size of particles
from large size to small size. Further increase in extract volume resulted in a substantial

broadening of absorbance peak. There is also a disappearance of broadening. Broadening
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and a red shift are attributed to agglomeration or increase in size of the particles [128].
This might be due to the increase in absorbance could be attributed to the larger particle
size of AgNPs. In this study, increasing the volume of the plant extract was used to
optimize the size of the AgNPs synthesized. A decrease in particle size was observed when
increasing the volume of plant extract. Organic reducing and capping agents are present in
various concentration in different volumes of extracts. This suggests that at larger extract
concentrations, the biomolecules function as a reducing agent, capping the nanoparticle
surfaces and preventing aggregation. The flavonoids and terpenoids present in H.
abyssinica extract act like natural reducing agent which is responsible for reducing silver
to silver nanoparticle. The UV-vis spectra recorded, implied that most rapid bio reduction

was achieved using H. abyssinica leaf extract as reducing agent [129].
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Figure 12: UV-Vis spectra of AgNPs and Ag-Bent NCs

43 |Page



4.3.2.2 UV-Vis for Ag-Bent NC

The UV-Vis absorption spectra of Act-bentonite and Ag-Bent NCs are shown in Figurel3.
The UV-Vis spectrum of AgNPs (1:4) and Act-bentonite shows an absorption peak at
approximately 430 nm and 364 nm, respectively. Ag-Bent NCs has two different peak that

indicative of the formation of a fine layer of AgNPs on the Bentonite.

The result indicates that particles with smaller diameters are synthesized at higher leaf
extract concentrations, which favors the adsorption of nanoparticles on the clay’s surface.
This reduction shows that a possible greater adsorption of clay nanoparticles occurred
because there was no colloid agglomeration and the particles formed presented smaller
diameter. Ag remains synthesized on solid phase (MMT) during the process of its
reduction to metallic Ag, while Ag ions are removed from the interlayer and then reduced
and adsorbed on the outer surface and edges of the clay[130].

After the ion exchange process, the intensity of the absorbance bands of AgNPs with the
ratio of 1:4 and bentonite decreases. The peak of the AgNPs shifts a red shift from 430nm
to 488nm and the bentonite peak shifts from 364nm to 368nm. The absorption spectra also
indicated that the intercalated AgNPs formed between adjacent MMT lamellar layers were
smaller, but that most of the Ag NPs were formed at the MMT suspension interface. The
AgNOs / Bent was colorless, but after the addition of the leaf extract to the suspensions,
they turned brown and dark brown, indicating the formation of Ag NPs in the bentonite
suspensions. The formation of Ag NPs was also followed by measuring the surface
plasmon resonance (SPR) bands of the Ag-Bent NCs suspensions at a wavelength of 300
700 nm [112]. The absorption peak due to SPR of Ag was slightly red-shifted to higher
wavelength, which indicated the increase in the size of Ag NPs. The absorption peak for
0.2M of AgNOs was considerably increased and was red-shifted to 368 nm. Higher
concentration of metal nanoparticles may also lead to the red-shift of SPR band [32].
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Figure 13: UV-Vis absorption spectra of Ag NPs, bentonite and Ag-bentonite NCs.

4.3.3 FT-IR Spectra Analysis

Figure 14 shows the FTIR spectra of activated bentonite indicates that montmorillonite is
the dominant mineral phase in bentonite. The montmorillonite presented bands in the
region of approximately at 3557 cm™ is due to stretching vibrations of structural OH
groups (hydroxyl group) of montmorillonite and a broad band at 3424 cm™ of the OH
stretching vibration and structural adsorbed water, coordinated to octahedral AI** cations.
In the lower frequency region, montmorillonite had a strong band at 1020 cm™ bonding to
the Si—O stretching vibration of bentonite mineral. The absorption band at 1635 cm™ was
attributed to the OH deformation mode of water. The clay spectrum also contains a band in
the region 600-800 cm™ which indicated the presence of quartz. In addition the peaks at
461cm™ angular Si-O-Si vibrations and 523 cm™ band is related to the angular Si-OH-Al

(octahedral layers of aluminosilicates) vibration in the bentonite [131].
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Figure 14: FTIR spectra of Activated Bentonite

Figure 15 shows the FT-IR spectra of the optimized AgNPs (1:4) and Ag-Bent NCs (0.2M,
1:4). The common spectrum absorption peaks detected at around 3559 cm™, 3438 cm™,
and 1635 cm™ on the surface of nanomaterials indicate typical stretching vibration of the
hydroxyl functional group (O-H), stretching vibration of C-H, and bending vibration of O-
H, respectively. The stretching vibration of the C=C group was also found in the 1610-
1680 cm™ range [132].The bonds or functional groups such as -C-O-C—, —-C-O, and —
C=C- derived from heterocyclic compounds, e.g., alkaloid or flavones and the amide (1)
bond derived from the proteins that are present in the leaves extract are the capping ligands
of the nanoparticles. The peaks belong to carbonyl, alcohol, and nitro functional groups
confirms the presence of alkaloid, phenol, terpenoids, polysaccharides and flavonoid
present in the H. abyssinica leaves extract which is responsible for the reduction of Ag*
ions to AgNPs. These functional groups have been observed on the surface of AgNPs
produced from leaf extracts [133]. The wide and strong bands at 3559-2925 cm1 were
caused by bonded hydroxyl (—OH) or amine groups (—-NH) in the H. abyssinica extract, as
well as aliphatic C—H. The carboxyl group (C=0) stretching vibrations are responsible for
the peak at 1635 cm™ [134]. The peak at 1020 cm™ is due to Ag-NP banding with oxygen
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from hydroxyl group of H. abyssinica compound. The vibration bands in the 3559 cm™
area related to O—H stretching, whereas 3438 cm™ the interlayer O—H stretching (H
bonding), 1635 cm™ corresponded to H-O—H bending. In contrast, these peaks were either
absent or displayed drastically reduced intensities in the corresponding silver nanoparticle
spectra. This seems to suggest that functional groups in this region are involved in the
reduction and stabilization of the AgNPs by their subsequent oxidation. Additionally, ether
linkages, C-O and C-O-C functional groups are thought to be groups of flavones,
terpenoids and polysaccharides present in H. abyssinica leaf extract [83]. These reducing
agents are able to donate electron pairs to the metals when the reduction occurs on the
particles' surface. Also the polyphenols act as capping agent as they introduce negative

charge on the reduced metal's surface [83]

After coating of AgNPs with bentonite peaks appeared around 459 cm™(Si—-O-Al), 520
cm? (Si-O-Mg), (Peaks emerged around 465 cm™ (Si-O-Al), 516 cm™ (Si-O-Mg), and
465 cm (Si-O-Mg) when AgNPs were coated with bentonite.). The stretching vibration
of Si-O was also attributed to the bands at 1020 and 770 cm™, which was typically
considered as evidence for a three-dimensional amorphous silica phase [135]. The band at
682 cm* was due to AI-OH, while (Al, Mg)-OH caused the band at 770 cm™. Si—O-Si
bending vibration was attributed to the band between 520 and 459 cm™ [136]. The
characteristic AgNPs peak seen at 460 cm™! was symmetric with Si-O-Al. The band
observed in the region of 1413-1635 cm in both composite reveals that the leaves extract
and silver precursor was successfully incorporated with the produced nanoclay. These
results confirmed that with the increased amounts of Ag NPs in the Ag-Bent NC at 3438
cm™ broad peak was due to the presence of van der Waals interactions between the
hydroxyl groups of MMT layers and the partial positive charge on the surface of Ag-NPs
[137].
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Figure 15: FTIR spectra of Ag NPs and Ag-Bent NCs

4.3.4 Antibacterial Activity Analysis

In this study, H. abyssinica plant extract synthesized Ag-Bent NC and Ag NPs at
concentration of 125ug/ml, in different ratios and types were tested for antibacterial
activity using gram-negative and gram-positive bacteria strains of Escherichia coli and

Staphylococcus aureus using disc diffusion method. Ciprofloxacin was used as positive
control.

4.3.4.1 Antibacterial activity of AgNPs

Figure 16 illustrates photographs of the antibacterial tests and the results obtained are
summarized and the diameter of inhibition zones (in millimeters) measured is shown in
Table 7. The clear zone diameter of the bacterial inhibition zone was correlated to
antibiotic activity (ciprofloxacin) for gram-positive and gram-negative bacteria. The
presence of an inhibition zone clearly indicates the antibacterial effect of the nanoparticles.
Results showed that Ag NPs have significant antimicrobial activity against the tested
pathogenic bacteria. The result specify that Ag NPs with the ratio of 1:4 has higher

antibacterial activity advantage than Ag NPs with ratio of 1:1 and 1:2. The zone diameter
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increased as the size of Ag NPs decreased, because of the bactericidal activity of Ag°.
These data are consistent with previously reported studies [133-135]. The zone diameter
increased as the size of silver ion-containing Ag nanoparticles decreased, due to
bactericide of Ag°. These results may indicate the ability of silver nanoparticles to make
silver ions more “antimicrobialy active”. All synthesized AgNPs (1:1, 1:2 and 1:4) tested
for antibacterial activity showed high activity against S. aureus bacteria with inhibition
zone of 13nm, 13.5nm and 15nm when compared to E. coli bacteria with 11nm, 12nm and
13nm respectively, in comparison to standard antibiotics. It is postulated that the
incorporation of silver nanoparticles into the membrane structure occurs. The zone
diameter between Ag* ion-containing silver nanoparticles and Ag* ions against S. aureus
suggest a bacteria membrane exhibiting permeability, leaving the bacterial cells incapable
of properly regulating transport through the membrane and causing cell death [141].

The synthesized nanoparticles were smaller than bacteria pore, they could cross the cell
membrane freely. Smaller particles having a larger surface area available for interaction
will have a stronger bactericidal effect than will larger particle. Ag NPs are able to
penetrate the bacteria and cause further damage, possibly by interacting with sulfur- and
phosphorus-containing compounds such as DNA [140]. Yuet Yind et al reported that the
smaller size of AgNPs could cause more toxicity to the bacteria and show better
bactericidal effect compared to the larger particles as they have larger surface area [142].
Because of their small particle size, AgNPs can easily reach the nuclear content of bacteria
and they show a large and impressive surface area, where contact with bacteria is the
greatest [143] and also enable AgNPs to adhere to the cell wall and penetrate into the
bacteria cell easily, which in turn improves their antibacterial activity against bacteria
[142]. This could be the reason why these nanoparticles have the best antibacterial effect.
The presence of AgNPs is very important, which reinforces the idea that the larger the
surface area, the greater the antibacterial activity. The diameters of the inhibition zones in

agar plates are given in mm below.

The mechanism of action of the antimicrobial activity of silver nanoparticles is based on
their penetration in the bacteria cell and reaction with thiol and phosphate groups that are
present in membrane proteins or enzymes. Therefore, silver nanoparticles bind to the cell

membrane inhibiting cellular respiration and division and leading to cell death.
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Figure 16: Antibacterial activity of Ag NPs Synthesis by using H. abyssinica extract on a)

E.coli and b) S. aureus

Table 7: Antibacterial activity of synthesis Ag NPs

Concentration of Ag  NPs Zone of inhibition in mm
(125pg/ml) in different ratios
Escherichia coli Staphylococcus aureus
Ag NPsin 1:1 11 13
Ag NPsin 1:2 12 135
Ag NPs in 1:4 13 15
AgNO; 7.5 9
Ciprofloxacin 16.5 17

4.3.4.2 Antibacterial activity of Activated-Bent and Ag-Bent

Figure 17 a, b and table 8 antibacterial activity results showed that the Activated- Bent
(Na-Bent) has exhibited strong antibacterial activity against both gram-positive (S. aureus)
and gram-negative (E. coli) bacteria than Raw and Ca-Bent (purified). Moreover,
Activated-Bent (Na-Bent) performed better antibacterial activity on gram-negative (E.
coli) bacteria than the gram-positive (S. aureus) in comparison to standard antibiotics.
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Inhibition zone values were obtained for the synthesized composites of Ag-Bent showed
excellent antibacterial property against E. coli and S. aureus bacteria. The presence of an
enhanced inhibition zone clearly unveiled (Figure 17 and table 9) the antibacterial property
of the nanocomposites. Table 9 shows that the Ag-Bent (0.2M, 1:4 ratio) had high and
remarkable antibacterial activity against gram-negative and gram-positive bacteria better
than Ag-Bent (0.1M, 1:2 ratio) and other bentonites because the material contained more
silver nanoparticles in its structure. The bactericidal effect of Ag nanoparticles in the
composites can be explained by their nano-scale size and exceptional properties. That
exhibits pronounced bacterial effects towards a broad range of microorganisms. Their
small size (enhanced) allows for better penetration, dispersion and interaction with the
bacteria which causes cellular inactivation and disrupting the cell membrane which leads
to cell death hence their effectiveness as bactericidal material is increased. Furthermore, a

combination of the two composites results an excellent antibacterial activity [144].

Antibacterial activity of the composites can be attributed to chemical and physical
properties of the nanoparticles together with the large surface area of the clay. This means
that a large amount of nanoparticles with smaller size were highly dispersed per unit area
of the bentonite surfaces, thus, maximizing antibacterial activity. In such combinations,
nanoparticles are largely attached on bentonite surfaces which ensure uniform dispersion,
as unsupported nanoparticles tend to agglomerate and hence reducing their final properties
[144]. It has been stated that the release of ions include Ag*, Si**, AI**, and Mg* from the
nanocomposite are accountable for the exhibited antibacterial property of the materials.
Under normal environment, bacterial cell walls are negatively charged due to the presence
of carboxyl, hydroxyl, and phosphate groups in lipid bilayer at the cell surface. All
released cations from the nanocomposite bind to the above groups that inhibit the normal
metabolism of the cellular processes [140,141]. This is the main reason for the
antibacterial activity exhibited by the nanocomposites. Ag-Bent nanocomposite is
appropriate for a gram-negative E. coli bacterium because the outer periplasmic region is
very thin and teichoic acid is absent. Because of this reason, nanocomposite material can
easily penetrate the cell walls and kill the bacteria [147]. The results also indicated that the
examined Ag-Bent nanocomposite was a promising antibacterial material that could kill

harmful bacteria.
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The different sensitivities of gram positive and gram-negative bacteria could be explained
in accordance with the morphological differences between these microorganisms, due to
different polarities of their cell membrane. Smaller negative charge S. aureus membrane
than E. coli. This would allow a higher level of penetration of negatively charged free
radicals such as, superoxide radical anions and peroxide ions, causing S. aureus damage

and cell death at lower concentrations than those required to damage E. coli.

The prepared H. abyssinica mediated AgNPs has the gain of mutual properties of Ag
(metal) and H. abyssinica (biomaterial). AgNPs have larger surface area. This means that
the area for contact with bacteria is higher, which makes AgNPs excellent antibacterial

agents.

Figure 17: Antibacterial activity of Bent and Ag-Bent NC Synthesis by using H. abyssinica

extract on a) E.coli and b) S. aureus
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Table 8: Antibacterial activity of Bentonite

Concentration of Bentonite Zone of inhibition in mm
(125pg/ml) in different Types
Escherichia coli Staphylococcus aureus
Raw Bentonite(unpurified)- C | 13 12
Ca- Bentonite(purified)- D 14 145
Na-Activated Bent - G 15 16.5
Ciprofloxacin 16.5 17

Figure 17 table 8 shows the antibacterial activity of activated bentonite. Bentonite was
traditionally known clay for healing and treating infections. The antibacterial activity of
bentonite clay was found to be very less compared to positive control. The inhibition zone
were recorded against S. aureus followed by E.coli. The inhibition zone is minimum. This

might be due to the low concentration of bactericidal mineral present in clay.

The entire bacteria destroyed by the bentonite leachate had significantly higher amounts of
Al, P, Fe, Cu, and Pb than the surviving bacteria. Some antibacterial clay's action has been

attributed to exchangeable metal ions and the mineralogical makeup of the clay [148].

The activated bentonite treated bacteria had substantially lower Mg and Ca concentrations.
This is due to the activation of bentonite with Na*, which causes ion exchange between
Na* and Ca®" and Mg?", resulting in an increase in clay basicity (>10). Because
antibacterial clay leachates have a pH of 10, the high concentration of Al in the MMT

leachate is also of importance [122].
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Table 9: Antibacterial activity of Ag-Bent NCs

Concentration of Ag-Bent NC
(125pg/ml) in different ratio

Zone of inhibition in mm

Escherichia coli

Staphylococcus aureus

Ag-Bent NC(0.1M, 1:2) - F 19 17
Ag-Bent NC(0.2M, 1:4) - E 20 19
Ciprofloxacin 16.5 17
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CONCLUSION AND RECOMMENDATION

Conclusion
In this study, AgNP and Ag-Bent have been synthesized successfully via simple and cost-
effective Co-precipitation method using H. abyssinica leaf that act like both a reducing and
capping agent. The Bentonite in the composite were purified and activated. The
biosynthesized AgNPs and Ag-Bent NCs were investigated by using different techniques
such as X-ray powder Diffractometry (XRD), Fourier transformed Infrared spectroscopy
(FTIR) and UV-vis spectroscopy. The crystallinity of AgNPs and Ag-Bent NCs were
demonstrated from XRD analysis and the analysis showed all the diffraction peaks fit well
with the spherical structure of AgNP and bentonite. The average crystalline size of the
AgNPs synthesized from volume ratios of AgNOz and plant extract were found AgNP(1:1)
23.05nm, AgNPs(1:2) 22.99nm and AgNPs(1:4) 21.76 nm and Average size AgNPs in
Ag-Bent NCs synthesized from different concertation of AgNOz 0.1M (1:2) and 0.2M
(1:4) were found to be 10.70nm and 10.34nm respectively. The UV-visible absorption
spectra showed the peak characteristic of the SPR band of Ag-NPs (1:4) at 423 nm and
368nm of AgNPs and 488nm of Bentonite in Ag-Bent NCs (0.2M). FT-IR suggested that
the interactions between Ag-NPs with the surface of MMT were weak due to the presence
of van der Waals interactions. The biosynthesized Ag NPs and Ag-Bent NC were found to
have a high antibacterial activity against S. aureus and E. coli. Generally, addition of silver
nanoparticle to the surface of bentonite increase antibacterial activity. The zone of
inhibition of AgNPs for 1:4 ratio on gram negative and Ag-Bent for 0.2M 1:4 ratio on

gram positive were 15 mm and 20 mm respectively.
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Recommendations

Based on the results of this investigation, we recommend;

v" Since the tested compounds displayed potent antibacterial and antioxidant activity,
it is necessary to evaluate other activities including antifungal, anticancer, and

other activity.

v"In this study, Ag-Bent NPs showed a great antibacterial activity against the bacteria
strain, so further studies is suggested to conduct the potential Ag-Bent NCs in the
combination with various types of material which is expected to be relevant and

advantageous for potential industrial applications.

v Adsorption parameter such as temperature and pH are important to optimize
activity of nanomaterials, but due to time and laboratory facility constraint it was

not studied under this research work.

v" It is suggested to take leaching test to evaluate the stability of the nanocomposites.
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