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PREAMBLE

Research and developments in nanotechnology are leading to acceptance of this §echnolog
in dayto-day life as it continues to provide solutions and alternatives to technological,

environmental, and health challenges. Nanostructures are the matter of interest for all
applications of Nanotechnology wherein shape and size of the nanoparticles (NPs) determing
their characteristic property. Due to the growing demand for various Nanoparticles, it is
necessary to develop synthesis methods that are cost-effective and environment-friendly. Th
majority of the existing procedures used for nanoparticle synthesis rely upon physical and
chemical methods that sometimes involve toxic and hazardous chemicals. Moreover, the
specific requirement for size and shape of nanoparticles cannot be met with the physico
chemical methods. In this respect, biological methods involving microorganisms or plant
extracts are more effective. The integration of the principles of green chemistry to

nanotechnology toward the synthesis of “green” nanoparticles is a current requirement.




LITERATURE REVIEW

The discipline of nanotechnology is swiftly evolving as an interdisciplinary science,
interfacing chemical, medical, environmental and physical sciences not leaving behind
diverse engineering fields, with myriad of applications in the development of biosensors and
biomedical devices, alternative energy generation and environmental restBtatamious
nanostructures such as thin films, nanospheres, nanorods, and a variety of nanoparticles (bo

metallic and non-metallic) are increasingly contributing to several innovative applications.

Industrial revolution in the twentieth century has led to the accumulation of huge
quantities of harmful industrial wastes resulting in numerous health probfer@mce its
advent, nanotechnology has been showing potential in many improbable areas creating the
implemental in the form of Nanoparticles. Conventional procedures for nanoparticle
synthesis incorporate physical or chemical routes, involving toxic chemicals as chemical
precursors to transform macro or bulk materials into the nanoparticulate foi@ee of the
objects of this research is to reduce the use of hazardous procedures througtvalterrtati
on NP synthesis. Application of green chemistry principles to the field of nanotechnology
was introduced by researchers about a decade agdritetly, “green” nanotechnological

processes are assumed to have the capability to produce new products by utilizing eco

friendly materials™. Such processes have involved plant metabolites and plant extracts and

products of biological macromolecules such as nucleic acids, peptides or proteins,
carbohydrates, and lipids as well. It is now well-proven that the biological route for synthesis

of nanoparticles saves energy and creates comparatively less amount of harmful waste.

Green nanotechnology encourages not only fundamental but also goal-oriented
research in both the academic and industrial fields for the design and development of Gree
Nanoparticles (GNPs! '], Green nanoparticles have already been used in the defsign o
smart electronic devices, life-saving nano-pharmaceuticals, and in substitute green energ

production devices as well.




In the present review, we are focusing on the various methods involved in the green

synthesis of Nanopatrticles using specific bio-molecules present in plant extracts as precursor

with emphasis on the antimicrobial activity of NPE. The limitations of green

nanotechnology in development of green silver nanoparticles and its antimicrobial activity
along with the strategies to improve the production of green antimicrobial drugs have also

been discussed.

The size, shape, and surface morphology of NPs play a vital role in controlling their
physical, chemical, optical, and electronic properties. The NPs that attract the attention of

most researchers are produced from bulk silver and'fbld

Due to the outbreak of multi-drug resistant microorganisms to common antimicrobial
drugs available in the market, the focus of the researchers across the globe has shifted to th
development of novel antimicrobial agents. Nano-materials, in the form of biosensors for
pathogen detection and as a therapeutic tool against bacteria, fungi, and viruses hav
provided a promising alternative to deal with this subject of corffeffhe properties of

Nanoparticles are attributed to their high surface area to volume ratio at nano-dimensions.

Silver has been known for its antimicrobial activity since the ancient days. It was used
for storing drinking water in ancient times. The formulation of silver has changed from bulk
silver in coins, replaced by ionic silver to the current colloidal silver. Silver, whether in ionic
or nanoparticle form, is highly toxic to microorganisﬁ?é It is the most toxic metal known
for its activity against microorganisms. Other metals follow silver in respect of antimicrobial
activity as shown below:

Ag>Hg>Cu>Cd>Cr>Pb>Co>Au>2Zn>Fe>Mn>Mo>Sn

Furthermore, silver in nanoparticle form is more efficient than silver ions in terms of
its antimicrobial activity. Adding to that, it is also known to exert lower toxicity to

mammalian cells as wéll.

Even though antibacterial properties have been known for a long time, the use of

silver for infectious diseases was over-shadowed by the discovery of antibiBtics

However, the outbreak of infectious diseases caused by antibiotic-resistant pathogenid

bacteria has brought the focus back on silver and its colloidal forms. At present, clothing,
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respirators, household water filters, contraceptives, antibacterial sprays, cosmetics, detergen(
dietary supplements, cell phones, laptop keyboards, and children's toys are among thg
products being marketed that purportedly exploit the antimicrobial properties of silver

nanomaterials.

Apart from capitalizing the antimicrobial potential of the nano-form of silver, it is
required to focus upon the green methods of synthesis of silver nanoparticles so as to countg
the environmental peril being caused by the exhaustive use of chemicals for the
implementation and fabrication of silveanoparticles!®. The precursors, which are being
used presently for the production of Green silver nanopatrticles, involve plant extracts, bio-
macromolecules and peptidé8. Synthesis of Green silver nanoparticles using plant extracts
is a very simple and cost-effective way that satisfies the demand of the research communit

and eliminates the possibility of environmental hazards simultaneously.

Till date several groups had reported synthesis of Ag-nanoparticles by green method
using extracts of plant tissues, fruits, vegetables, microorganisms etc. Some of these workg
which used plant materials, are described.

Synthesis of silver nanoparticles (AgNPs) usiualyalthia longifolia leaf extract as
reducing and capping agent along with D-sorbitol used to increase the stability of the
nanoparticles has been reported by S. Kaviya Ef'alThe experiment was conducted with
two different concentrations (TOM and 10* M) of silver nitrate. The effect of temperature
on the synthesis of AgNPs was investigated by stirring at room temperatf@ 2l at
60°C. The UV-visible spectra of NPs showed a blue shift with increasing temperature at both
concentrations. FT-IR analysis shedvhat the bio moieties played an important role in the
reduction of Ag ions and the growth of AgNPs. The size and morphology of nanoparticles
were determined by TEM. The synthesized silver nanopartiaes found to be highly toxi

against Gram-positive bacteria than Gram-negative bacteria.

In another paper, the following report of study was found. A green rapid biogenic

synthesis of silver nanoparticles (AgNPs) usifgminalia chebula (T. chebula) agqueous

extract was demonstratédf’. The formation of silver nanoparticles was confirmed by

Surface Plasmon Resonance (SPR) at 452 nm usingviklble spectrophotometer. The

reduction of silver ions to silver nanoparticles Taychebula extract was completed within
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20 min  which was evidenced potentiometrically. Synthesized nanoparticles were
characterized using UWis spectroscopy, Fourier transformed infrared spectroscopy (FT-
IR), powder X-ray diffraction (XRD), transmission electron microscopy (TEM) and atomic
force microscopy (AFM). In addition, it showed good antimicrobial activity towards both
Gram-positive bacteriaS( aureus ATCC 25923) and Gram-negative bacterig. (coli ATCC

25922). Industrially it may be a smart option for the preparation of silver nanoparticles.

The design, synthesis and characterization of biologically synthesized nanomaterials
have become an area of significant interest. It was reported that the extracellular synthesis o
gold and silver nanopatrticles usiggiblica officinalis (amla, Indian Gooseberry) fruit extract
could be a smart option for producing gold and silver nanoparticles through eco-friendly
route ?®. On treating aqueous silver sulfate and chloroauric acid solutionsEwittica
officinalis fruit extract, rapid reduction of the silver and chloroaurate ions is observed leading
to the formation of highly stable silver and gold nanoparticles in solution. Transmission
Electron Microscopy analysis of the silver and gold nanopatrticles indicated that they ranged
in size from 10 to 20 nm and 15 to 25 nm respectively.

In another experiment, five plant leaf extracts (Pine, Persimmon, Ginkgo, Magnolia

and Platanus) were used and compared for their extracellular synthesis of metallic silver

nanoparticled?®.. Stable silver nanoparticles were formed by treating aqueous solution of

AgNOs with the plant leaf extracts as reducing agent of Ag(+) to Ag(0). UV-visible

spectroscopy was used to monitor the quantitative formation of silver nanoparticles.
Magnolia leaf broth was the best reducing agent in terms of synthesis rate and conversion t(
silver nanopatrticles. Only 11 min was required for more than 90% conversion at the reaction
temperature of 95 degrees C using Magnolia leaf broth. The synthesized silver nanopatrticles
were characterized with inductively coupled plasma spectrometry (ICP), energy dispersive X-
ray spectroscopy (EDS), scanning electron microscopy (SEM), transmission electron
microscopy (TEM), and particle analyzer. The average particle size ranged from 15 to 500
nm. The particle size could be controlled by changing the reaction temperature, leaf broth
concentration and AgN£concentration. This environmental-friendly method of biological

silver nanoparticles production provided rates of synthesis faster or comparable to those o
chemical methods and can potentially be used in various human contacting areas such gg

cosmetics, foods and medical applications.
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The eco-friendly synthesis of nanoparticles through various biological mearsi help
to explore various plants for their ability to synthesize silver nanoparticles (AGRP$)
was found in a report that AQNPs were synthesized by using rhizome extiiciscdrea
batatas at 80 degree Celsius as well as room temperature 25 degree Celsius. AgNPs werg¢
characterized under UV-vis spectrophotometer, SEM, FTIR, XRD, and EDX. The
antimicrobial activity of AQNPs was evaluated on gram positi/esifbstilis andS. aureus),
gram negativeH. coli), and fungi §& cerivisae and C. albicans). At room temperature,
cerivisae and C. albicans were found to be more susceptible to AgNPs than at 80 degree
Celsius?*,

A biogenic approach for green synthesis of silver nanoparticles using extract of
Foeniculum vulgare and its activity againstaphylococcus aureus andEscherichia coli was
reported. In this study, the synthesis of silver nanoparticles was detected by changing colo
from green to brown after treatment with AgNO3 (1mM) and the UV-visible
spectrophotometer analysis showed the absorbance peak at about 427 nm indicating thig
synthesis of silver nanoparticl&8!. Nanoparticle Tracking and Analysis (NTA) by LM-20
was used for multi-parameter analysis, allowing for characterization of particle size and
particle distribution of silver nanoparticles synthesized from the extrdetwafigare. NTA
revealed the poly-dispersed nanopatrticles in the range of 18-83 nm. Phyto-synthesized silve
nanoparticles showed antibacterial activity againsStaghyl ococcus aureus (ATCC-25923)
and Escherichia coli (ATCC-39403). The silver nanoparticles also demonstrated remarkable
antibacterial activity against two human pathogenic bacteria when used in combination with
commercially available antibiotics. The bactericidal activity of the standard antibiotics was
significantly enhanced in presence of silver nanopatrticles against pathogenic bacteria.

The medicinal plants have also been used for this purpose. Green synthesis of silve

nanoparticles using tobacco leaf extract was reported ad*%eSynthesized nanoparticles

were characterized using UV-Vis absorption spectroscopy, TEM, EDAX, FT-IR and

photoluminescence study, respectively. UV-Vis absorption spectroscopy of prepared silver
colloidal solution showed absorption maxima at 418 nm. Excitation maximum and emission
maximum obtained from photoluminescence study were found at 414 and 576 nm,
respectively. TEM analysis showed average particle size of 8 nm, while SAED pattern

confirmed the crystalline nature of synthesized nanoparticles. EDAX analysis showed




proportion of silver (54.55%) among other elements in nanoparteseudomonas

aeruginosa andEscherichia coli showed highest sensitivity towards silver nanoparticles.

Preparation of silver nanoparticles was performed using extract of leaves of lemon

tree Citrus limon) that can act as reducing agent for the silver nanopartileEhese silver

nanoparticles were used for durable textile finish on cotton and silk fabrics. Remarkable
antimicrobial activity vasobserved in the treated fabrics. The antimicrobial activity of silver
nanoparticles derived from lemon leaves showed enhancement in activity due to synergistig
effect of silver and essential oil components of lemon leaves. This reporedhbes
extracellular synthesis of highly stable silver nanoparticles by biotransformation using the
extract of lemon leaves by controlled reduction of thé Am to Ad. Further the silver
nanoparticles were used for antifungal treatment of fabrics which was tested by antifungal
activity assessment of textile material by Agar diffusion method adaiisatium oxysporum
andAlternaria brassicicola. Formation of the metallic nanopatrticles was established by FT-
IR, UV-Visible spectroscopy, transmission electron microscopy, scanning electron
microscopy, atomic force microscof5¥.




OBJECTIVE

The principal objectives of this research work are:

. Synthesis of silver nanoparticles from silver salts using biological route

. Characterization of these synthesized silver nanoparticles
. Determination of the size and shape of silver nanoparticles

. Study of its antimicrobial activity against a few common bacteria




ABSTRACT

Nanotechnolgy is an expanding area of research where we use to deal with the materials i
nano-dimensions. The conventional procedures for synthesizing metal nanoparticles neeg
sophisticated and costly instruments or high-priced chemicals. Moreover, the techniques ma
not be environmentally safe. Therefore ‘green’ technologies for synthesis of nanoparticles are

always preferred. In this dissertation a ‘green’ method for Silver nanoparticle synthesis is

described. The method is simple, convenient and eco-friendly.

In the recent past, many researchers followed this biological route for nanoparticle synthesis
On the basis of their observations, it was inferred that plant bodies rich in ascorbic acid or
Vitamin C, a reducing carbohydrate, might be useful for metal nanoparticle preparation.
Hence a few locally available fruits including grapéti§ vinifera), which are known to

contain relatively high amount of ascorbic acid, were selected for silver nanoparticle
synthesis. It was supposed that the fruit extract will act as capping agent as well. Silver
nanoparticles were prepared from aqueous solution of silver nitrate using different volumes

of fruit extract.

Usually change in colour of the agueous salt solution of a metal is indicative of metal
nanoparticle formation. In the present study also distinct color change of the silver nitrate
solution after a certain period following addition of grape frwiti¢§ vinifera) extract was
observed indicating formation of silver nanoparticles. The color change with addition of
different volumes of silver nitrate solution was analyzed using a UV-Vis spectrophotometer,
and the absorbance vs. wavelength curve showed a peak for silver. Later the nanoparticlelp
were separated out from the mixture by ultra-centrifugation. The pellet formed at the bottom
of the centrifuge tube was dispersed in a small volume of de-ionized water after aspirating the
supernatant fluid carefully. The dispersed material was scanned under a high resolutio
Transmission Electron Microscope (TEM). The TEM images showed the size distribution of

the nanoparticles and the average size was found to be 18-20 nm. By Dynamic Light
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Scattering analysis, average size of the silver nanoparticles came out to be 19 nm; thus thif
DLS study corroborated exactly with that of TEM. Later the particles were dried using a
Vacuum dryer and characterized by XRD and EDX. The results of these analyses confirmed

formation of silver nanopatrticles.

Antibacterial activity of the synthesized silver nanoparticles was tested with one
Gram-positive Bacillus subtilis) and one Gram-negativ&gcherichia coli) bacterium. The
nanoparticles exhibited antibacterial activity similar to that of the metal salt solution. Since
the effective concentration of the metal was much less in the nanoparticle preparation, it ma

be concluded that the nanoparticles are more effective against tested microorganisms.

Keywords: ‘Green’ synthesis, Silver nanoparticles, Grapes (Vitis vinifera) fruit extract,

UV-Vis spectroscopy, DLS, TEM, XRD, EDX, Antibacterial activiBacillus subtilis, E.

coli




MATERIALSAND METHODS

MATERIALS:

CHEMICALS-

1. Silver Nitrate— Purchased from local chemical suppliers
2. Nutrient Agar Powder- Purchased from chemical suppliers

OTHER MATERIALS-

1. Fresh grapesvtisvinifera) — Collected from local market
2. De-ionized water- Collected from DI plant

BACTERIAL STRAINS-

1. Bacillussubtilis— Collected from Bidhan Nagar College, Kolkata
2. Escherichia coli — Collected from Bidhan Nagar College, Kolkata

OTHER APPARATUS-

Weight Machine
Micropipette

Petri dish of 11 cm diameter
Centrifuge machine
Heater

Stirrer

Ultracentrifuge machine
Autoclave

. Culture tubes

10.Test tubes
11.Inoculating needle
12.Funrel

13.Refrigerator
14.Vacuum drier

©CoNoukrwhE




METHODS

1. PREPARATION OF SILVER NANOPARTICLES

The synthesis procedure comprises of four simple steps:

. Preparation of fruit extract of grapedtis vinifera)
. Preparation of silver nitrate solutions of different concentrations
. Addition of the fruit extract to the silver nitrate solutions

. Incubation at room temperature to allow nanoparticles formation

1.1 Preparation of grapefruit (Vitisvinifera) extract

A large number of plant extracts has already been used to synthesize metal nanoparticlefp
from metal salts. But the preparation methods of those plant extracts were complicated. Herg

we had used a very easy and effective technique to prepare the required fruit extract.

. Relatively fresh greegrapes VYitis vinifera) were purchased from the local market.

. Grapes (200g) were thoroughly washed by sterile water.
. The grapes were removed from the stalk, washed again and smashed inside a grinder
. The smashed grapes were then filtered to remove the debris.
. At the end, the filtered juice was centrifuged at 5000 rpm for 15 minutes to obtain the
liquid fruit extract.
The extract was preserved inside a refrigerator for future use.




Fig 1.Centrifuge Machine

1.2 Preparation of Silver Nitrate solutions

Analytical grade silver nitrate (AgN{) a costly chemical, was purchased from local
laboratory chemical suppliers. A 50 mM stock solution of AgNi©chloride-free distilled

water was prepared according to the following calculations.

The molecular weight of AN
[Ag-107.87, N-14, O-16]

=107.87 + 14 + (16 x 3) = 169.87
Therefore, Molar mass of AQNG- 169.87 g

Therefore, 50 ml of 50 mM solution will contain 420 mg or 0.42 g of AgNO

Calculations:

Density Volume Required amount of AghO

1000 mM 1000 mi 169.87 g

1 mM 1000 mi (169.87/1000) g

50 mM 1000 ml (169.87 x 50)/1000 g

50 mM 1ml (169.87 x 50)/(1000 x 1000) g

50 mM 50 ml (169.87 x 50 x 50)/()0= 420 mg or 0.42 g

Weighed amount of AgN©was carefully transferred in a 50-ml volumetric flask and

de4onized water was added drop-wise while swirling to dissolve the salt up to the mark. The
solution was diluted as required and all the solutions were kept away from light (the

containers were wrapped with brown papers) and kept in dark.
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1.3 Preparation of silver nanoparticles by adding grape fruit extract to AQNO3 solutions

Before addition of fruit extract to the AgNQ@olution, the volume of 50 mM AgNolution
required to attain a specific concentration (5mM, 10mM, 20mM and 25mM) of the salt was

calculated as follows.

Volume of stock Volume of distilled Volume of fruit Final concentration of

solution H,0 extract* AgNO;3

0.4ml 1.6ml 2mi 5mM

0.8ml 1.2ml 2mi 10 mM*

1.6ml 0.4ml 2ml 20mM

2.0ml 0.0ml 2mi 25mM

*One blank (A) contained only the extract and no salt; another blanto{@ined no extract but 10 mM
AgNO;3,

A set of six test tubes (Experimental 4, Contrel @e for the juice only and another

for AgNO; only) were taken and marked. In five test tubes (Experimental 4, Control B)

requisite volumes of AgNgsolution and water were added one after another as shown in the
table above; water (2 ml) was added in the rest tube (Control A). In five tubes (Experimental
4, Control A), 2 ml extract was poured and in the rest (Control B) only 2 ml water. The

contents were mixed thoroughly and left at room temperature in dark.

Following image shows initial color of the mixtures in the six test tubes.




Fig 2.Color of the samples immediately after the mixing

1.4 Observation

After 24 hours, distinct change in the color of experimental samples was observed but colour

of the controls remained unchanged. The colour of experimental samples (four mixtures of
silver nitrate and fruit extracturned light wine-red, which became deeper after 48 hr
incubation. Change in colour in the experimental samples clearly indicated formation of
silver nanoparticles (Figs. 1 & 2). Previous works in other laboratories also reported similar

hue of colour change due to silver nanoparticle formation.
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Fig.3.Color change of samples observed after 24 hours

Fig.4.Color of samples became darker after 48 hours




All the four experimental samples were centrifuged at a low speed and the
supernatants were taken out by aspiration. The clear wine-red liquidamarzedby a UV-
Vis spectrophotometer. The results of UV-Vis analysis revealed that the sample with 10 mM
silver nitrate concentration exhibited maximum absorbance at ~450anfeature indicative

of silver nanoparticle formation.

To get a concentrated solution of the nanoparticles free from organic contents of fruit
juice, the solution was subjected to ultracentrifugation at 30000 rpm for 12 hours. Thereafter

the supernatant was aspirated out from the centrifuge tube and the loose precipitate formed

the bottom was dispersed in a small volume of deionised water. It was used in further

analysis for determining various parameters like size, shape, chemical composition.

Fig 5.Ultracentrifuge Machine

After the ultracentrifugation, we removed the organic liquid from the centrifuge tube
gradually and at the bottom of the centrifuge tube, we observed very small amount of brown
precipitate (though there was no distinct button formation). We decanted the precipitate
carefully using small amount of de-ionized water and stored it inside a small protected

container. The particles remained in the suspension with a very high concentration.




2. DESCRIPTION OF CHARACTERIZATION METHODS

For characterization of the Green silver nanoparticles following methods were necessary b
means of which we can confirm the production of Silver nanoparticles; we can have an idea
of its size distribution profile and surface morphology and above all, we can determine the
actual particle size as well. The following instruments were used to characterize the Gree

silver nanopatrticles that we synthesized biologically.

UV-VIS SPECTROSCOPY
DYNAMIC LIGHT SCATTERING

. TRANSMISSION ELECTRON MICROSCOPY

. X-RAY DIFFRACTION

. SCANNING ELECTRON MICROSCOPY
ENERGY DISPERSIVE X-RAY SPECTROSCOPY

2.1 UV-VIS SPECTROSCOPY

UV-Vis spectroscopy can be comprehended as absorption spectroscopy in the spectral regio
of ultra-violet and visible spectra. Generally, it uses light in visible and near-UV range.
Ultraviolet and visible light are energetic enough to promote outer electrons to higher energy
levels, and UV-Vis spectroscopy is usually applied to molecules in solution. The UV-Vis

spectra have broad features that are of limited use for sample identification butare ver

useful for quantitative measurements. The concentration of an analyte in solution can be

determined by measuring the absorbance at specific wavelength and applying the Beer-

Lambert Law.

Since the UV-Vis range spans the range of human visual acuity of approximately 400
- 750 nm, UV-Vis spectroscopy is useful to characterize the absorption, transmission, and

reflectivity of a variety of technologically important materials, such as pigments, coatings etc.

The light source is usually a deuterium discharge lamp for UV measurements and a
tungsten-halogen lamp for visible and near infra-red measurements. The instruments

automatically swap lamps when scanning between the UV and visible regions. Most
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commercial UV-Vis absorption spectrometers use one of three overall optical designs: a fixed

or scanning spectrometer with a single light beam and sample holder, a scanning

spectrometer with dual light beams and dual sample holders for simultaneous measurement g
baseline and sample of interest, or a non-scanning spectrometer with an array detector fo
simultaneous measurement of multiple wavelengths. In single-beam and dual-beam

spectrometers, the light from a lamp is dispersed before reaching the sample cell. In an arra

detector instrument, all wavelengths pass through the sample and the dispersing element
between the sample and the array detector. The dual beam spectrophotometer was used [jo

obtain the absorbance vs wavelength curve of silver nanopatrticles in this research.

Fig 6.UV-Vis Spectrophotometer

Fig 7.UV Cuvete
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The dynamic light scattering (DLS) or photon correlation spectroscopy is a method
frequently used in the study of material science and geology to obtain the size distribution
profile of nanoparticles present in suspension or solution. Dynamic Light Scattering Analyzer
is the instrument required for DLS analysis.

The working principle of DLS states that the particles, emulsions and molecules in
suspension undergo Brownian motion. This is the motion induced by the bombardment by
solvent molecules that themselves are moving due to their thermal energy.

Fig 8.Dynamic Light Scattering Analyzer

If the particles or molecules are illuminated with a laser, the intensity of the scattered
light fluctuates at a rate that is dependent upon the size of the particles as smaller particles aif

“kicked” further by the solvent molecules and move more rapidly. Analysis of these intensity

fluctuations yields the velocity of the Brownian motion and hence the particle size using the

Stokes-Einstein relationship. The diameter that is measured in Dynamic Light Scattering is
called the hydrodynamic diameter and refers to how a particle diffuses within a fluid. The
diameter obtained by this technique is that of a sphere that has the same translationg
diffusion coefficient as the particle being measured.

The translational diffusion coefficient will depend not only on the size of the particle
“core”, but also on any surface structure, as well as the concentration and type of ions in the
medium. This means that the size can be larger than measured by electron microscopy. DL
analysis is a non-invasive, well-established technique for measuring the size of molecules ant

particles typically in the submicron region, and with the latest technology lower than 1 nm.
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DLS study was performed to know about the size distribution profile of green silver

nanoparticles produced through biological route.

2.3 TRANSMISSION ELECTRON MICROSCOPY

Transmission Electron Microscopy offers the highest resolution we can achieve. This method
helps us to observe the particle size of a material in nano-dimension and study the crysta

structure meticulously.

In a High Resolution Transmission Electron Microscope (TEM), a thin sample or
specimen is irradiated with a sharp high-energy electron beam (usually in the range: 100-20(
keV). The beam is strongly focused by magnetic lenses. The first few lenses before the

specimen permit variation of the illumination aperture and the size of the illuminated area.

The electron intensity distribution of the beam after interaction with the specimen is
imaged onto a fluorescent screen by the objective lens and the post-objective lens syste

Images are recorded by a digital CCD camera and can be reproduced or displaged

computer monitor as well.

Fig 9.Transmission Electron Microscope




Fig 10.TEM grid

There are certain limitations of this technique too. Some of the materials may require
extensive sample preparation steps for making a sample that is thin enough to be electro
transparent, which makes this procedure relatively time consuming with comparatively low
throughput of samples. The internal structure of the sample can be affected during the
preparation process as well. Adding to that, the viewing field is relatively small, which raises
the probability that the region studied may not be the characteristic of the entire sample.
There is also possibility that the sample may be harmed by the powerful electron beam,

mainly in the case of biological samples.

A few important applications of TEM include the observation of nanostructures and
morphology, viewing of particle size in nano-dimension, study of the crystalline and nano-
crystalline structure, defect and damage analysis, transmission electron diffraction (TED),
phase identification etc. TEM analysis was done to know the particle size and other

crystalline information in this study.
2.4 X-RAY DIFFRACTION
X-ray diffraction is an analytical technique is generally used for phase identification of a

crystalline material and can provide information on unit cell dimensions as well. X-ray

diffraction is now a common technique for studying crystal structures and atomic spacing.




Fig 11.X-ray Diffractometer

X-ray diffraction is based on constructive interference of monochromatic X-rays and
a crystalline sample. These X-rays are generated by a cathode ray tube, filtered to produc
monochromatic radiation, collimated to concentrate, and directed toward the sample. The
interaction of the incident rays with the sample produces constructive interference (and a
diffracted ray) when conditions satisfy Bragg's Lamk & 2dsinf). This law relates the
wavelength X) of electromagnetic radiation to the diffraction ang@leand the lattice spacing
(d) in a crystalline sample. These diffracted X-rays are then detected, processed and counted}
By scanning the sample through a rangefodigles, all possible diffraction directions of the
lattice should be attained due to the random orientation of the powdered material. Conversio
of the diffraction peaks to d-spacings allows identification of a metal because each metal has
a set of uniqued-spacings. Typically, this is achieved by comparisord-spacings with

standard reference patterns.

XRD technique is widely used to identify unknown crystalline materials like minerals,
inorganic compounds etc. ldentification of unknown solids is necessary for the studies

geology, environmental science, material science, engineering and biology. Other important

applications are determination of the dimensions of unit cell, crystalline material

characterization, purity test of samples etc. For this experiment XRD helped to verify the

presence of silver and its dominant planes.




2.5 SCANNING ELECTRON MICROSCOPY

Scanning electron microscopy (SEM) is a technique that uses electrons instead of light to
form an output image. Since their development in the early 1950's, SEMs have thrown lights
in many new areas of research including material science and nanotechnology. The SEM ha

allowed researchers to examine a much larger variety of specimens.
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Fig 12.Scanning Electron Microscope

Fig 13.SEM sample holder

The SEM has many advantages over traditional microscopes. The SEM has a large
depth of field, which allows more of a specimen to be in focus at one time. The SEM also has

much higher resolution; so closely spaced specimens can be magnified at much higher levels
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Since SEM uses electromagnets rather than lenses, the researchers have much more controljin
the degree of magnification. All of these advantages, as well as the actual strikingly clear

images, make the SEM one of the most useful instruments in research today.

The SEM is an instrument that produces a largely magnified image by using electrons
instead of light to form image. A beam of electrons is produced at the top of the microscope
by an electron gun. The electron beam follows a vertical path through the microscope, which
is held within a vacuum. The beam travels through electromagnetic fields and lenses, whic
focus the beam down toward the sample. Once the beam hits a sample, electrons and X-rayf
are ejected from the sample. Detectors collect these X-rays, backscattered electrons, a
secondary electrons and convert them into a signal that is sent to a screen similar to 3

television screen. This produces the final image of the surface.

Because the SEM utilizes vacuum conditions and uses electrons to form an image,
special preparations must be done to the sample. All water must be removed from the
samples because the water would vaporize in the vacuum. All metals are conductive and
require no preparation before use whereas all non-metals need to be coated by a thin layer
conductive material (using a "sputter coater)". The surface morphology of the biologically

synthesized silver nanoparticles was studied by means of this.

2.6 ENERGY DISPERSIVE X-RAY SPECTROSCOPY

Energy Dispersive X-Ray Spectroscopy (EDX) is a technique that provides the elemental
curve as output. This analytical technique is generally used in conjunction with the Scanning
Electron Microscopy (SEM). EDX technique primarily detects the X-rays emitted from the

sample during the process of bombardment by an electron beam for characterizing the

elemental composition of the sample of interest.
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Fig 14.Energy Dispersive X-ray Spectroscope

When a sample is bombarded by the electron beam of SEM, electrons are evicted
from the atoms that comprise the surface of the sample. The resulting electron vacancies arp
filled by electrons from a higher energy state, and an X-ray is emitted to balance the ener
difference between the two energy states of electrons. The energy of emitted Xnay is a

important characteristic of the element from which it was emitted.

The EDS X-ray detector measures the relative abundance of emitted X-rays versus
their energy. The detector is typically lithium-drifted silicon, solid-state device. When an
incident X-ray strikes the detector, it creates a charge pulse that is proportional to the energ
of the X-ray. The charge pulse is converted to a voltage pulse (which remains proportional to
the x-ray energy) by a charge-sensitive preamplifier. The signal is then senuttichannel
analyzer where the pulses are sorted by voltage. The energy (as determined from the voltagg
measurement) for each incident x-ray is sent to a computer for display and further evaluatio
of data. The spectrum of x-ray energy versus counts is evaluated to determine the elements

composition of the sampled volume.

The sample X-ray energy values from the EDS spectrum are compared with known
characteristic x-ray energy values to determine the presence of an element in the sample
Elements with atomic numbers ranging from that of beryllium to uranium can be detected.
Quantitative results can be obtained from the relative x-ray counts at the characteristic energ
levels for the sample constituents. Some typical applications include alloy identification,
foreign material analysis, coating composition analysis etc. EDX helped to verify the

presence of silver in the sample and its percentage as well.
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3. ANTIBACTERIAL ACTIVITY OF SILVER NANOPARTICLES

In previous chapters preparation and characterization of Ag-nanoparticles have bee
described. Since silver and its salts exhibit strong antibacterial activity, this property was
evaluated for the Ag-nanoparticles prepared by us and presented in this chapter. Severa
groups had already studied the antimicrobial activity of chemically synthesized silver
nanoparticles; but in this chapter we have described the antimicrobial activity of biologically

synthesized (using grape fruit extract) silver nanopatrticles.

3.1 Culturing and Preservation of Bacteria

The conventional cup-plate method was useddetermine the antibacterial activity of
biologically prepared Agranoparticles is. It’s a screening test generally done for verifying
antimicrobial activity of samples. For performitige experiment, cultures of test bacterial
strains-Bacillus subtilis (a Gram-positive bacterium) artchirichia coli (a Gram-negative

bacterium), were collected from Microbiology Department, Bidhan Nagar College, Kolkata.

The strains were grown and preserved in the culture media following standard procedures.

3.1.1 Preparing an enriched medium

The medium for selective growth of a bacterial strain may differ for various bacteria but each
medium must contain such components which should support growth by providing the basic
elements needed for growth and the source of energy. In this study, Nutrient Agar medium
was used which supports growth of a wide range of bacteria incl@acifus subtilis and
Eschirichia coli. The dehydrated medium, a product of Hi-Media (India) was constituted as
prescribed. &r 100 ml Nutrient Agar medium, 2.8 g Nutrient agar powder was added in 100
ml distilled water; for the cup-plate method, 0.5 g of agar powder was added in addition t

the medium. The medium kept in cotton-plugged glass container was sterilized in an
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autoclave at 12C for 15 mins. It was distributed inside a laminar hood either in culture
tubes of on Petri dishes when hot (aboltG}%nd allowed to solidify.

Fig 15.Autoclave Machine

3.1.2 Serial subculture

Microorganisms should be preserved in a manner that will allow their long-term survival and
genetic stability. The method of preservation depends on the organism. Subculturing in a
suitable gelled medium after intervals is a popular method for the preservation of bacteria

Serial subculture in liquid medium is also a simple method where cultures are transferred ta

fresh medium of same type and allowed to grow in an incubator’@t 8Ve mentioned the

bacterial strains in both liquid and gelled medium.




Fig 16.Bacterial Incubator

3.2 Evaluation of antibacterial activity of Ag-nanoparticles by cup-plate method

Nutrient agar medium (25 ml) was taken in two 100-ml Erlenmeyer flasks and sterilized.

After cooling the medium at about 45 freshly grown liquid culture (0.25 ml) d&acillus

subtilis and Escherichia coli was added in either of the flask, mixed thoroughly but quickly,
and poured in four (two for each bacterium) Petri dishes equally. The dishes were kept af
room temperature in a laminar hood. After the medium was solidified, three cups of ~0.5 cm
diameter were made by a cork-borer at three corners of each Petri dish at about 1. cm awa
from the disk-wall (Fig 17). Occasionally some liquid may come out from the gelled medium
in the cups, which is removed by aspiration by a Pasteur pipette or a micro-pipette. Thereafte
samples were added in each well of each Petri dish.




Fig 17.The Petri dish after punching the cups

The Petri dishes were marked as D1, D2, D3 #dthe cups were also marked as well.

D1 and D2 were seeded wih subtilis whereas D3 and D4 with. coli.

As control, 0.1 ml of sterile fruit juice was added in one cup in D1; in two other cups of
D1, 0.1 ml of silver nitrate and fruit extract mixture with 10 mM and 3.33 mM concentrations
respectively were added. In D2, suspension of AgNPs was added in one cup and the mixtur
of silver nitrate and fruit extract with 10 mM and 3.33 mM respectively were added in two
other cups. The same combination of samples was applied in D3 and D4Bvkeliewas
seeded. The suspension of Ag-nanoparticles was prepared by ultracentrifugation of the clea
supernatant derived from the mixture of 10 mM AgNlution with the grape extract after

48 hours incubation as described before.

After adding the samples in the cups, the dishes were kept in a refrigerator for an hour for|

proper absorption of the samples into the surrounding medium from the well. The plates were

then transferred into an incubator set &iC3% allow bacterial growth on the medium. After

24 hrs the plates were taken out of the incubator and observed for zone of bacterial growt

inhibition around the cups.




3.3 Formation of the ‘Zone of Inhibition’

After 24 hours of incubation at 32, distinct zone of bacterial growth inhibition was

observed around all the experimental and positive control cups whereas no such zone wa
formed around the cups containing grape juice only. The results strongly suggest that silve
nanoparticles possess antibacterial activity similar to AgNDe particles show activity

against both Gram-positive and Gram-negative bacterial strains used in this study though thg

inhibition zone appears better in case of the Gram-negative bact&triooh,




RESULTS & DISCUSSION
1. CHARACTERIZATION OF SILVER NANOPARTICLES

1.1 UV-Vis Spectroscopy

After addition of grape fruit\(itis vinifera) extract to the aqueous solution of AgNOGf
different concentrations, the mixture showed a gradual change in color at room temperaturg
with time from yellowish to wine-red and the colour intensified after 48 hours. The color is
characteristic of the surface plasmon resonance (SPR) of silver nanoparticles. The contro
sets showed no change in color under the same experimental conditions. The reduction o©

silver ion to silver nanoparticle was reflectedspectral data obtained by usingJ&-Vis

spectrophotometer. It shows an absorbance peak around 450 nm for all four samples (Figl18

which s specific for silver nanoparticles.

Absorbance
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Fig 18.The absorbance spectrum of silver nanoparticles showing
maximum absorbance near 450nm

1.2 Dynamic Light Scattering Analysis




Dynamic light scattering or Photon Correlation Spectroscopy is a technique used in material
physics for determining the size distribution profile of nanoparticles in suspension or
polymers in solution. Light scattering technique is used here to determine the size distribution
profile of nanoparticles present in the final solution after ultracentrifugation. The study
revealed that the average particle size of Ag nanoparticles range within 2-40 nm with averagg

size of approximately 19-20 nm as shown in tigel®.

%ize Distrbution by Intensity
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Fig 19.The DLS curve shows the average particle size as 19nm

1.3 Transmission Electron Microscopy

The grid for the TEM analysis of Ag-nanoparticles was prepared by placing a drop of the

nanoparticles suspension on the carbon-coated copper grid and allowing the water tg

evaporate inside a vacuum dryer. Scanning under TEM (Philips CM-10) revealed that the

average mean size of silver nanoparticles was 18-20 nm and the tiny particles were seemed
be spherical in morphology as shown in the following images (Fig 20). The images also show

the existence of nano-crystalline structure in the particles.
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Fig 21.TEM image$A-E) showing nano-crystalline structure on the surface of Ag-

nanoparticles.

1.4 X-Ray Diffraction

The suspension of silver nanoparticles was dried inside a vacuum chamber for 24 hours s(
thata small amount of dry silver nanoparticles can be obtained for X-ray diffraction (XRD)
analysis. The XRD curve (Fig 22) confirmed that the nanoparticles are nothing but silver

Interpretation of tls XRD pattern reveals the existence of diffraction lines at low angles (5°

to 75°). The silver nanoparticles showed the two pefikdver at 20 = 38° and 44° that can

be assigned to the (111) and (200) facets of silver, respectively, which go very well with the
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values manipulated for face centered cubic structure of silver nano-crystals (according to
JCPDS: File No. 4-783).

Fig 22.The XRD pattern shows two peaks assigned for (111) and (200) planes of silver

1.5 Scanning Electron Microscopy

Scanning Electron Microscopy is done for revealing the surface morphology of particles.

Here, the bead for the SEM analysis was prepared by placing a drop of the silver nano-
particle suspension on the carbon tape attached to the head of cylindrical bead and it was
dried inside a vacuum dryer for a couple of hours. The particles on the top of the bead were

scannedy Scanning Electron Microscope and the following image (Fig 23) was obtained.




ZEkU
Fig 23 SEM image showing surface morphology of the silver nanoparticles
1.6 Energy Dispersive X-ray Spectroscopy
Energy Dispersive X-ray Spectroscopy or EDX is a technique that is mainly used to identify

the presence of different elements in a sample. It is necessary to verify the presence o

desired element in a sample. In the present study, this technique was used to verify thg

presence oAg and the curve (Fig 24) showed a small peak of the element along with those
of C and O.

Fig 24. EDX curve of Ag-nanoparticles showing the presence of
Ag and other elements (C and O).
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Elements | Weight % | Atomic %
CK 25.44 31.9
OK 71.98 67.74
AgL 2.58 0.36
Total 100 100

2. OBSERVATION OF ZONE OF INHIBITION

The following images show zone of inhibition as observed during the experiment

Fig 25.The disk D1 shows Inhibition Zone for silver nitrate with fruit extract where negative
control shows no result




Fig 26.The disk D2 shows Inhibition Zone for silver nitrate with fruit extract where
AgNPs shows the same result

Fig 27.The disk D3 shows Inhibition Zone for samples of silver nitrate with fruit extract
where negative control shows no result




Fig 28.The disk D4 shows Inhibition Zone for silver nitrate with fruit extract where
AgNPs shows the same result

The distinct Zone of Inhibition was observed around the cup wherein the suspension of
AgNPs was applied as shown above. The mixtures of AQNO3 and fruit extract with 10 mM
and 3.33 mM concentrations also prevented the bacterial growth. The sterile juice of grapes

showed no result. The same microbiological test was performed against two common fungi-

A. niger andA. wentii but the biologically synthesized silver nanopatrticles did not show any

positive result.

At the end of this antimicrobial screening test, it is confirmed that the biologically
synthesized Silver Nanoparticles (SNP) possess effective antibacterial property. Therefore

applications of SNPs can cover a large domain of medical, leather and food technologies.




CONCLUSION: FUTURE SCOPE OF RESEARCH

The objective set for this studyed been to prepare metal nanoparticles in a simple, cost-

effective and eco-friendly way unlike chemical procedures. We used the extrgcpef

fruits (Vitis vinifera) as a reducing and capping agent. By this method of preparation, the
problems of environmental pollution were avoided. We successfully characterized the
biologically synthesizedAg-nanoparticles, which had an average size of 18-20 nm. These
nanoparticles showed antibacterial activity agafstbtilis andE. coli.

A long term research is required to overcome these limitations and implement this procedure

for large scale productions. A few applications of these Green Silver Nanoparticles are:

1. We proved the effective antibacterial property of these nanoparticles; hence we can
think of its medicinal usage.
. Due to the highest conductive properties, we can implement these Silver nanoparticles
in advanced portable gadgets.
3. We can specifically use these nanopatrticles in the production of clothing, leather
items and coatings because it can protect these items from the attack of harmful

microbes.
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APPENDI X

ABBREVIATIONS

F M : Atomic Force Microscope
LS : Dynamic Light Scattering
D X : Energy Dispersive X-ray
pectroscope

ESE M ; Field Emission Scanning
lectron Microscope

TIR : Fourier Transform Infra-red

G S NPs ; ; Green Silver Nanoparticles

I R ; Near Infra-red

Ps : Nanoparticles

E M : Scanning Electron Microscope
NPs : Silver Nanoparticles
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TED : Transmission Electron
Diffraction

TE M : Transmission Electron

Microscope
UV-Vis : Ultra Violet Visible
X RD : X-ray Diffraction




