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ABSTRACT 

Silver nanoparticles (AgNPs), having intriguing properties, have potential in medical application 

due their bioactivity. This work comprises of synthesis, characterization, and investigation of 

antibacterial action of AgNPs. To synthesize the NPs, a chemical route was adopted in which tlie 

silver nitrate was used as metal precursor and sodium borohydride (NaBH4) was taken as reducing 

agent. This reducing agent is helpful for controlling the shape and size of silver nanoparticles. 

Furthermore, we have used Polyvinylpyrrolidone (PVP) and Mercaptopropionic acid (MPA) 

surfactant as a stabilizing agent to prevent nanoparticles from agglomeration and also reduce the 

size. The as-synthesized silver nanoparticles samples were characterized using X-ray diffiaction 

(XRD), UV-Vis spectroscopy, and scanning electron microscopy (SEM). The findings show the 

formation of crystalline AgNPs and characteristic surface plasmon resonance absorption property. 

To test antibacterial action of the NPs, cultures of Bacillussubtilis, Pseudomonasaeruginosa, E.coli, 

Staphylococcus aureus bacteria were used. Using a standared method called 'well diffusion 

method', the antimicrobial property of silver nanoparticles was analyzed by measuring the 

inhibition zone. Results suggest that Ag nanoparticles prepared in this work can be used as effective 

growth inhibitors in various microorganisms, making them applicable to diverse medical devices 

and antimicrobial control systems. 

Keywords: Silver nanoparticles, chemical reduction, well diffusion method, antibacterial action, 

PVP, MPA. 

IV 



CONTENTS 

CHAPTER 1: INTRODUCTION 

I.l. Introduction of Nanotechnology 6-8 

CHAPTER 2: LITERATURE REVIEW 

2.1. History and concept of Nanotechnology 10-11 

2.1.1. Types of nanoparticles 11 

2.2. Silver nanoparticles 11-17 

2.2.1. Mechanism and action of silver nanoparticles on microorganisms 12-14 

2.2.2. Application and uses of AgNPs and their incorporation into 

another material 14-16 

2.2.3. Toxicity of AgNPs 16-17 

2.2.4. Objectives 17 

CHAPTER 3: MATERIALS AND METHODS 

3.1. Synthesis 19-21 

3.1.1. Chemical used 19 

3.1.2. Experimental detail 19-21 

3.2. Well Diffusion Method 21 

3.3. Characterization Techniques 22-26 

3.3.1. XRD Analysis and Working Principle 22-24 

3.3.2. UV-Vis Spectroscopy 24-25 

3.3.3. Scanning Electron Microscope (SEM) 25-26 

CHAPTER 4: RESULTS AND DISCUSSION 

4.1. Result and Discussion 28-35 



4.1.1. Structural Characterization 28-32 

4.1.1(a) XRD Analysis 28-29 

4.1.2. (b) Uv-Vis analysis 30-31 

4.1.3. (c) SEM analysis 31-32 

4.2. Antibacterial Assay 33-35 

4.2.1. (a) Antimicrobial Test 33 

4.2.2. (b) Well Diffusion Test of AgNPs 35 

CHAPTERS: CONCLUSION 

5.1. Conclusion 37 

REFERENCES 38-42 



LIST OF FIGURES & TABLE 

S.NO. 

2.1 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

4.1 

4.2 

4.3 

4.4 

FIGURES 

Action of silver nanoparticles on bacterial cell 

Flow chart showing the synthesis of AgNPs using MPA and PVP as 

Stabilizer by using co-precipitation metiiod 

Prepared AgNPs with PVP and MPA 

X-Ray Diffractometer 

Schematic diagram of XRD 

UV-visible spectrophotometer 

Scanning Electron Microscope 

(a) XRD of Ag-NPs (PVP stabilized) 

(b) XRD of Ag-NPs (MPA stabilized) 

(a) UV-Vis spectra of the AgNPs with PVP and 

(b) Ag nanoparticles prepared using MPA 

(a) & (b) SEM images of AgNPs stabilized with PVP and MPA 

Antibacterial activity test 

PAGE NO 

12 

19 

20 

21 

23 

24 

25 

27-28 

29-30 

31 

33 

S.NO. 

2.1 

4.1 

TABLE 

Applications of silver nanoparticles in pharmaceutics, medicine, and 
dentistry 

In vitro antimicrobial activity of synthetic chemical compounds 
through agar well diffusion method 

PAGE NO. 

14-15 

34 



LIST OF ABBREVIATIONS 

UV-Vis Ultra Violet Visible Spectroscopy 

SEM Scanning Electron Microscope 

XRD X-Ray Diffraction 

PW Polyvinylpyrrolidone 

MPA Mercaptopropionic Acid 

AgNPs Silver Nanoparticles 

AgN03 Silver-Nitrate 

(iL Micro Litter 

nm Nano-Meter 

mm Millimetre 



CHAPTERl r 

INTRODUCTION . , ; . 
1 ^ 3 ' ^ * / • • • * • • • • . ' * - i ' - ••' •'"••••'•••«.•••• . ^ ' v - f , • • • . * • , - • ; : - • ' . . / • • 
f - t i F - i ^ i ' i i i i j«-".--j;- •• • ' i - . i * •" ^ - 'li- " •'••••J-' * • • . ' 



1.1 Introduction of Nanotechnology 

Nanotechnology (sometimes shortened to "nanotech") is the science and technology of matter 

on an atomic and molecular scale. Generally, nanotechnology used in the materials, devices, 

and other structures with in nanometres. Quantum mechanical effects are important at this 

quantum-realm scale. Nanotechnology has a vast number of applications in the technology, 

medicine and in the space research. Nanotechnology needs to be developed as the future 

technology so the government is highly interested to spend billion dollars of money in 

nanotechnology research. 

Nanoparticles exhibit various interesting properties based on their specific characteristics 

such as size, distribution and structure. There have been important and effective 

developments in the field of nanotechnology in the present and past years, with several 

methods we are able to synthesize-

nanoparticles of specific size and shape dependmg on the demand and use. Current 

applications of nanoparticles and nanomaterials are hike rapidly. 

Nanotechnology is very diverse, ranging from extensions of conventional device physics to 

completely new approaches based upon molecular self-assembly, from established modem 

materials with dimensions on the nano-scale to direct control of matter on the atomic scale. 

Nanotechnology entails its appliance in the fields of science (surface science), organic 

chemistry, genetic engineering, semiconductor physics, electronics, etc. Nanoparticles, 

because of their nano size, have potential properties compared to the bulk form of the same 

material, thus proposed many new developments in the fields of nano-electro mechanical 

structure, biomedicine, and bio nanotechnology. 

Nano-crystalline silver nanoparticles have shown indigenous properties in the bimolecular 

detection, antimicrobial activity, therapeutics, and in the diagnostic techniques. The metallic 

nanoparticles can be synthesized fix)m the different methods like physical, chemical and 

biological methods. Nanotechnology is an attractive technology due to its fascinating features 

that include light weight, high perfomance, inexpensiveness, small size and durablity. The 

nanotechnology is based on nanomaterials, microprocessors, new catalysts, compact energy 

sources, solar cells, tissue or organ regeneration, and in small smart implants and beyond -

molecular level, supercomputing, advance materials. 

Nanotechnology is also being used in medicine for diagnosis, drug delivery and enhancement 

the technology for treatments of many diseases and disorders. Nanotechnology is an 

extraordinarily dynamic technology; modernize the various types of imique products with its 



future medical applications on early disease detection, medication, and inhibition of disease. 

Nano-Electro Mechanical Systems (NEMS) is one of the examples of nanotechnology. 

Due to unique physical properties of nanoparticles that include catalytic activity, optical 

properties, electrical and electronic properties, antimicrobial properties, and magnetic 

properties it has received high interest for their novel methods of synthesis. Over the past few 

years, the synthesis of metal nanoparticles and there usage in the welfare of human being is 

an important topic of research in modem technology and science. 

The Nanoparticles can show the antibacterial activity via several mechanisms. The 

nanoparticles can release the ions which interact with the organelles inside the cell and stop 

or cause the problem in their proper functioning like they attack the mitochondria and cause 

the problem to generate the ATP production and also they can interact with the sulphur 

containing compound like the DNA and protein and hence stop the replication property of 

DNA and functioning of protein inside the cell. 

Because of the above property of metallic nanoparticles they can be used in the biomedical 

engineering for the coating of the medical mstrument for the stoppage of rejection of the 

immunity and prevent the activity of the microorganism to grow on the surface of 

transplanted device in the body, this appliance of nanoparticles extends the life of 

transplanted device for many years in the body without eliminated. 

Different types of nanomaterial like copper, zinc, titanium, magnesium, and silver have come 

up but silver nanoparticles have tested to be better efficient as it has good antibacterial 

activity against various fungal diseases, bacteria, harmful viruses and other micro-organisms. 

The ongoing research tells that silver ion or metalUc silver as well as silver nanoparticles can 

be used in medicine for bum therapy, dental materials, coating in the stainless materials, 

textile industry, polluted water treatment, body lotion and creams etc. 

In the modem nanotechnology field the nanoparticles surfaces interact with the biomolecules, 

the conjugation of biomolecule with the nanomaterial surface is done on the solution. These 

conjugated nanoparticles are used for the dmg delivery, biosensors, nano medicine, and 

detection of the biomolecule like DNA, protein and toxic substance in the body. The antibody 

conjugated nanoparticles are used for detection of antigen and vice-versa. The semiconductor 

nanocrystal are used in the bioimaging, and in the targeted dmg delivery. 



The above fascinating antibacterial activities of silver nanoparticles have been widely studied 

by several research groups [5-10]. To utilize AgNPs for applications, synthesis of the 

materials with high crystallinity and stability is needed. As such, synthesizing fine 

nanoparticles of Ag with high stability has been an interesting area of research. 
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2.1 History and concept of nanotechnology 

In the last couple of [66-68] decades large scale progress take place in the area of 

Nanoscience. Richard Feynman describes the concept of nanotechnology in his famed lecture 

in California institute of technology 29th December, 1959. In 1960 name; "There is plenty of 

room at the bottom" Richard Feynman published article and explain the concept of 

nanomaterials. He said that if a little bit of information need only 100 atoms, then all the 

books ever written can be store in a cube with sides 0.02 inch long. In 1974 first describes the 

word Nanotechnology by Norio Taniguchi at international conference in Tokyo. According to 

him, "Nanotechnology mainly consists of the processing of, separation, deformation, and 

consolidation of material by one atom or by one molecule". K. Eric Drexler in 1980 another 

researcher gave technological conclusion in nano scale. The crucial thing in nano dimension 

is the properties of particles are heaving a big difference than bulk scale properties. 

In 1981, Binnig and Rohrer invented the scanning tunnelling microscope (STM) 

[www .timetoast.com] .The first technical paper on molecular engineering with atomic 

precision was published in 1981. While Bucky-ball was discovered in 1985, FuUerene is 

molecule that is made up of carbon, in the form of a hollow sphere, ellipsoid or tube. It was 

discovered by Kroto, Smalley and Curl in 1985. Interestingly, in 1989, scientists at the IBM 

Research Centre, San Jose, California, spelled out the company's logo using 35 xenon atoms 

and further demonstrated how nanoparticles can be manipulated. The term Nano fluids 

coined [11] by Choi in 1995 is a system in which nanoparticles are suspended in base fluids 

like water, ethyl glycol, etc. 

Commercial applications of nanotechnology started in 2000. Until the beginning of the 20th 

century, the atomic theory was considered only as a mere hypothesis. It was finally approved 

as a fact by the skill full experiments of the French Physicist Jean Baptiste 

Perrin.[www.foresight.org/nanodot]. In 2009, the Environmental Protection Agency (EPA) 

changed their strategy in order to receive more knowledge on how manufactured 

nanomaterials may harm human health and the enviroiunent. 

In 2010, researchers at the University of California, Los Angeles (UCLA) reported that they 

have imaged a virus structure at the atomic level. The electron-microscopic study of 

nanoparticles was published in journal Nature on 17 February 2011, and it was the first time 

in history that measurement of atomic structure of nanoparticle was possible. The first 

programmable nanowire circuit for nano-processors was developed in 2011; 

[www.foresight.org/nanodot]. 
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Now days novel nanomaterials are produce and fabricated beciause of the interest in 

nanotechnology. Using "bottom-up" approach atoms/molecules can be assembled into 

nanoscale building blocks and further mto multiused devices. 

2.1.1 Tj^es of Nanoparticles 

Nanoparticles are commonly classified into two groups, (i ) organic nanoparticles which 

include carbon nanoparticles like fuUerenes while, some other inorganic nanoparticles consist 

of metallic nanoparticles, like gold, copper, iron and silver and (ii) semi-conductor 

nanoparticles like titanium oxide and zinc oxide. Metal nanoparticles (Gold, copper and 

silver) are mostly used because of their remarkable material properties with good functional 

adaptability. Due to their size features and advantages over available chemical imaging drug 

contents and medicine, metal nanoparticles have been consider as potential tools for medical 

imaging as well as for treating diseases. They have also been mostly used for cellular delivery 

due to their versatile features like good and easily availability, better activity, good 

compatibility, and good efficient of targeted drug delivery and controlled release of drugs. 

2.2 Silver Nanoparticles 

While firequently described as being "silver" some are composed of a large percentage of 

silver oxide due to their large ratio of surface to bulk silver atoms. Silver nanoparticles are 

the one of important area of research because of its uncommon properties (e.g., size and 

shape depending optical, electrical, and magnetic properties). AgNPs are one of the 

auspicious products in the nanotechnology related manufacturing industry. The medical 

property of the silver is known from 200 years ago. In old-aged Indian medical system 

(A3airveda) silver has been described as therapeutic agent for many diseases. 

Many physical and chemical methods are used for the synthesizing and stabilization of the 

silver AgNPs. The most popular and good method are chemical method. The method 

involves chemical reduction process by a variety of chemicals as a reducing agents. 

Electrochemical techniques, physicochemical reduction, and radiolysis are generally used for 

the synthesis of silver nanoparticles. Shape and size of nanoparticles and their distribution are 

the relevant characteristics of nanoparticle systems. These particles serve as an interesting 
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area of research as microbicides due to their efficient in small quantity, minimiun toxicity and 

hatmM effects. 

Ag nanoparticles are widely used in nano formulation. Because of its antibacterial activity, 

silver can be also used in the filters to clean and purify drinking water and clean the 

swimming pool water to remove the harmful microorganisms. 

At the nano-scale, the silver particles exhibit deviating ph3^ico-chemical properties and 

biological activities co-related with the regular metal .This is due to the larger surface-to-

volume ratio, allow big amoimt of atoms to interact with their surroundings. Silver has been 

described as being 'oligodynamic', that is, its ions are capable of causing a bacteriostatic 

(growth inhibition) or even a bactericidal (antibacterial) impact. 

Therefore, it has the ability to exert a bactericidal effect at minute concentration. Medical 

product is improved by the use of nano-silver due to the unique properties of silver at 

nanoscale. Silver is a soft white lustrous element, and hence an important use of silver 

nanoparticles is to give a product a silver finish. Strong antimicrobial activity pave the major 

direction for development of nano-silver products. Examples are food packaging materials 

and food supplements, textiles, electronics, household appliances, cosmetics and medical 

advices, water disinfectants. 

2.2.1 Mechanism and action of silver nanoparticles on microorganisms 

The exact mechanism of the AgNPs showing antibacterial effect is not certainly known. 

However, there are many hypothetical theories given by scientist. The AgNPs release the 

silver ions, which accumulate on the cell wall and penetrate it or cause the pits on the wall 

[24-28]. Because of this they change the structure of the cell and cause the mutation on the 

cell and cause the cell death. The formation of free radicals by the silver nanoparticle may be 

considered to be another mechanism by which the cells die. Other mechanism of action of the 

silver to inhibit the growth of microbes is the protein inactivation. It is thought that silver 

atoms bind to thiol groups (-SH) in enzymes and subsequently [29] cause the deactivation of 

enzymes. Silver make a stable S-Ag bonds with thiol-containing compounds in the cell 

membrane, which worked astrans membrane energy generation and ion transport. 

Silver can be administered to cells in a various number of ways. [30-32] Silver salts such as 

silver nitrate (AgNOa) are effective at providing a large quantity of silver ions. The bacterial 

cells in contact with silver take in silver ions, which stop many actions in the cell and cause 
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destruction of the cells. Silver ions [33] cause inhibition of respiratory enzyme and generates 

the reactive oxygen species and attack the cell itself. Silver is a soft acid, because [34] of its 

natural tendency of an acid to react with a base, in this case, a soft acid to react with a soft 

base. The cells are generally made up of sulfur and phosphorus which are soft bases. The 

action of these nanoparticles on the cell can cause the reaction to take place and subsequently 

lead to cell death 

Silver ion enter to cell 
n 

Accumulation of 

silver ion 

Intetact with DNA strand and 

denaVure the DNA molecule 

SilveX ion enters to the 

mitochoiKlria, in the cell and 

stop gtsqerating the 

production of 

Figure 2.1. Action of silver nanoparticles on bacterial cell 
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In other suggested mechanism is that the Ag+ ions enter to the the cell and interact between 

the purine [35-37] and pyrimidine base pairs of nucleic acid and break the hydrogen bonding 

between the two anti-parallel strands and denaturing the DNA molecule. The interaction of 

the silver nanoparticles with the sulfur and phosphorus of the DNA can lead to problems in 

the DNA replication of the bacteria and thus terminate the microbes. 

2.2.2 Application and uses of AgNPs and their incorporation into another material 

Nanoparticles due to their small sizes and large surface to volume ratio which cause the big 

difference in there chemical and physical property [1] and application, like in their biological, 

electrical, mechanical, thermal, optical and medical etc. Additional applications include 

molecular diagnostics and photonic machine, which take the advantage of these unique 

optical properties of these nanomaterials [40]. Usually common property is the use of silver 

nanoparticles for antibacterial coatmgs of instrument used in biomedical engineering, and 

many textiles industry, keyboards; body wound dressings, silver nanoparticles that 

continuously release a low level of silver ions to provide protection against bacteria and 

viruses. 

By controlling shape and size at nanometer scale we can construct and produce the materials 

witli novel applications. [42] Nanoparticles' properties depend on the size and shape, and 

hence good to be used in the applications ranging from bio-sensing and in optics, 

antibacterial activity, computer transistors, electrometers, chemical sensors, and in electronic 

logic and memory devices.Silver nanoparticles (AgNPs) are widely used as antimicrobial 

agents in health industry, food preservation and have a large number of applications in 

climate safety and in cosmetics [5]. It exhibits antibacterial effects against diseases causing 

microorganisms; for example Escherichia coli. Bacillus suhtilis, Vibria cholera, 

Pseudomonas aeruginosa, Syphillis typhus, and S.aureus. 

It can also be used for alteration of polymer based diffraction gratings which has application 

in used in the grating light reflection spectroscopy for sensing. Furthermore, the 

electrochemical properties of silver nanoparticles incorporated them in nano-scale sensors 

which can provide quick response times and slow detection limits. Apatite-coated 

Ag/AgBr/titanium dioxide (Ti02) formulate by deposition of silver to produce electron-hole 

pairs by enhancing the excitation wavelength to the visible-light region, AgBr, and hydroxy 

apatite as photosensitive material and adsorption bioceramic, respectively. In new study the 
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sol-gel method has been used to synthesize the nanoparticle photocatalysts made of silver, 

carbon, and sulfur doped titanium dioxide. [7] Silver/Ti02 nanocomposites and poly(vinyl 

alcohol)- capped colloidal silver-Ti02 nano-composites have also been synthesized. 

Nanocomposites, which are produced, are very effective toward destroying bacteria, e.g. 

Escherichiacoli. In medical devices, the silver nanoparticles play an important role (e.g., 

polymethylmetacrylate bone cement, surgical masks and implantable devices) to increase 

their antimicrobial activities. 

AgNPs have also been used in the air disinfection, removal of toxic, allergic and air borne 

pathogens. The WHO research and evaluation on the air pollution shows that, the air borne 

pathogen release some toxic which are harmftil to human health. To avoid growth of these 

pathogen in the air filter the Ag integrated or Ag coated filter are used. In the recent work the 

silver nanoparticles hybrid with the carbon nanotube are synthesized and deposited on the 

surface of air filter, because of this the efficiency of air filter against pathogen increased due 

to surface area of Ag-NPs is increased by CNT. 

The silver another crucial role in the water treatment, water contaminated water borne 

bacteria and other toxic microorganism cause the death of many people in the world wide. So 

there is excessive need for the [8] treatments of water to control the micro bacterial 

contamination and decrease or to kill the waterbome diseases. To avert this problem the Ag

NPs porous ceramic composite construct by using3-aminopropyltriethoxysilane (APTES) 

used as molecule bring together. This composite can be accumulated for a long periods and is 

durable under washing without losing the NPs. 

Table 2.1. Applications of silver nanoparticles in pharmaceutics, medicine, and 

dentistry 

liVgiNPs in- Phariftiacfe«tiis- «SiWMed!ciii 

> Inhibition growth of viruses and bacterial cell by stopping DNA replication 
> In biosensors for detection of toxic substance 
> Coating of vascular graft 
> Coating of surgical and medical instrument 

Antimicrobial effect against many infectious microorganism 
> Used in water filters 
> Can be used in air for removing harmful pathogen 
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> Silver Is used as dental filling 
> Mix with the material to synthesize the formation of dental material 

Used as alloys and ceramics to fix and removal Intraoral prostheses 

> Used in the formation of ceramics and in nanocomposite for dentistry 
purposes 

2.2.3 Toxicity of AgNPs 

The intriguing physical and chemical property of fiie AgNPs make them to use in our daily 

activity, and [5] also its antibacterial and antimicrobial activity' made them useful to take part 

in tiie medical field. However, this nano-silver [41-45] causes some adverse effect on the 

human health. The nanoparticles can easily pass or penetrate through the blood vessels and 

damage the cell of the body and can also accumulate on the body parts like kidney, brain, 

vessel, respiratory tract, intestinal problem and other important [46] parts of the body. 

If the nano-silver enters to the skin of humans and all living beings it causes permanently 

bluish-gray discoloration of the skin (argyria) [58]. The argyria and argyosis are [47-50] 

classified as two types localized and generalized, the local argyria is caused by direct influence of 

silver ions and silver metals. Tliey enter into body by sweat gland or through mucus membrane 

and they affect the hands. Also, generalized argyrosis effect on the living organisms. There are 

only few research held on the toxicity of [51] AgNPs. In one study, in vitro toxicity assay of 

AgNPs in rat liver cells has shown that even low-level exposure to Ag NPs resulted in 

oxidative stress and impaired mitochondrial function. 

Ag NPs are toxic to in-vi,tro mouse stem cells as they damage the mitochondrial function and 

cause [52-53] leakage in cell membranes. Nano-silver aggregates are more cytotoxic than 

asbestos. There is proof that shows the silver ions cause changes in the permeability of the 

cell membrane to potassium and sodium ions [54] at concentrations that do not even limit 

sodium, potassium, ATP, or mitochondrial activity. The literature also confirms that silver 

can induce toxic effects on the reproduction and cytokine expression by peripheral blood 

mononuclear cells. 
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In new studies have also found that when the nanoparticles are stored over a long period of 

time there is release of silver ion from them. Hence, it has to be said that aged nano-silver is 

high toxic than new nano-silver. AgNPs with its [56,59] antimicrobial activity can inhibit the 

growth of many friendly microorganism in the soil. By showing toxic effects on denitrifying 

bacteria, silver can interrupt the denitrification action, which involves the conversion of 

nitrates into nitrogen gas which is essential for the plants. 

2.2.4 Objectives 

1. Synthesis of silver nanoparticles via chemical reduction method. 

2. Stabilizing silver nanoparticles using surfactants in order to prevent agglomeration 

and hence to get fme nanoparticles of Ag. 

3. Examine the antibacterial action of as-synthesized AgNPs against bacterial stain. 
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This chapter comprised of the details of materials used, experimental setup used for the 

synthesis and characterization of Ag-NPs, and the preparation of well diffusion plate for the 

antibacterial test. 

3.1 SYNTHESIS 

3.1.1 Chemical used 

The pure and good quality of chemicals is used in the synthesis of silver nanoparticles. Silver 

nitrate (AgNOs), Sodium borohydride (NaBH^), Polyvinylpyrrolidone (PVP), 

Mercaptopropionic acid (MPA), Acetone, Ethanol were used in this work. 

3.1.2 Experimental detail 

In the synthesis process t\vo samples of silver nanoparticles using two different surfactant 

PVP and MUA were prepared. 

Four separate solutions A, B, C and D were prepared as follows: 

• Solution A contains 0.4 M NaBH4 (97.9%) in 150 ml deionized water. 

• Solution B contains 0.2 M AgNOs (99.9%) in 50 ml deionized water. 

• Solution C contains 0.5 gram PVP in 15 ml DI water. 

• Solution D contains 15 ml MUA in liquid form. 

Note: Deionized water and other solution like, MUA was measured by measuring cylinder to 

put in the Erlenmeyer flask. The every glassware used in the experiment was washed with the 

acetone using tissue paper. 

A magnetic stir bar was added to solution A and placed in ice batli on stir plate. Ice bath was 

used to slow down a reaction. Stiring and cooling the liquid for about 20 minutes were 

carried out. Temperature of the stir plate or hot plate was off After 20 minutes, 50 ml of 0.2 

M of silver nitrate into stirring NaBH 4 solution at approximately 1 drop per second was 

added while continuing stirring until all the silver nitrate solution was finished and the 

solution color changed into darker yellow and then after complete stir the solution color 

changed into dark. A solution C was added to prevent agglomeration. After the 1 hour, the 

solution in flask was placed in a dark place and covered with the aluminum foil. Finally, the 
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whole solution was filtered by a filter paper and put into the oven at 80°c for dry. After 4 

hours a black dry grain was seen. Synthesis process of AgNPs is also depicted in figure 3.1. 

Sodium Borohydride 

+ Deiomze water 

V 19 Minutes 

Ice bath is used l_j j - j 
Put on a stir at room 

Temp 

Iz. 
Add silver nitrate 

(AgNOs) 

Drop by drop 

Make two solution samples 

Stop stirring 

Add PVP 

Drop by drop 

yf yf 

AddMPA 

Drop by drop 

Wet powder is filtered and 
evaporated 120c° in oven 

i> 
Grinding 

A 
Ag NPs capped MPA and AGNPs 

coated PVP formation 

Figure 3.1. Flow chart showing the synthesis of AgNPs using MPA and PVP as 
Stabilizer by using co-precipitation method 
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Figure 3.2. Prepared AgNPs with PVP and MPA 

3.2 Well Diffusion Method 

The antibacterial experiment is performing in the Kurukshetra University (with the 

HardeepsinghluUi, research scholar) in the microbiology department by using the agar well 

diffusion method. The chemical were used are nutrient agar, peptone, dextran and NaCl are 

mixed by using the double distilled water for the growth of bacteria. After that media is fonn, 

which is autoclaved and cooled at room temperature. This is used to remove the 

contamination from the plates. Then the media is pour into the petridishes for the 

solidification at room temperature, after sometimes the media in the plates become solidify. 

Then the cultures of different bacteria which aie already grown in the lab are spread in the 

surface of agar plates. Then agar plates with culture are incubated at 37Cfor 24h.The 6 wells 

are made in each plate and has diameter 8mm. 

21 



3.3 CHARACTERIZATION 

The as-synthesized AgNPs samples were characterized using XRD, SEM, UV-visible 

spectroscopy. The details of these techniques are given below. 

3.3.1 XRD Analysis and Working Principle 

X-ray diffraction gives the structural information (crystallinity, grain size etc) of materials 

and is based on the scattering of X-rays from the electron clouds of the individual atoins in 

the system. XRD analysis has been done using instrument RIGAKU diffractometer in our 

lab (Figure 3.3). 

Figure 3.3. X-Ray Diffractometer 
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XRD can be used to determine different phases/compounds present in material by 

calculating or comparing with the standard value of lattice parameters. Bragg gave a 

mathematical equation to establish a relationship between wavelength of the striking X-ray, 

and the distance between the layers and the angle of diffraction as follows: 

rik= 2d sin 9 

X = wavelength of X-ray used 

9 = Angle between incident X-rays and plane of the crystal. The diffracted beam makes 

an angle 29. 

d = Distance between planes of the constituent particles in a crystal. 

n = An integer (1, 2, 3, 4....etc) 

The particle size of the material is determined by Scherrer's equation as follows: 

D~0.9A//?cose 

Where D is the crystallite size 

A is the X-ray wavelength 

fS FWHM (Full Width at Half Maximum) 

9 is diffraction angel 
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Figure 3.4. Schematic diagram of XRD 

3.3.2 UV-Vis Spectroscopy 

UV-Visible spectrum is a graphical representation of the amount of liglit absorbed or 

transmitted by matter as a function of the wavelength. A UV-visible spectrophotometer 

measures absorbance or transmittance from the UV range to which the human eye is not 

sensitive to the visible wavelength range to which the human eye is sensitive. Ultraviolet-

visible (UV-Vis) spectroscopy is the technique to obtain the absorbance spectra of a 

nanoparticles and the compound dissolved in distilled water, in the particular chemical 

solution or as a solid. The data of absorption spectra of solution or the compound can be 

related to the concentration of the sample by Beer's Law. 

The UV-visible spectroscopy of the silver nanoparticles show its optical property, and the 

scan range of the sample are set into from 200nm to 600nm with 3nm slit size carried out in a 
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quartz cuvette at room temperature. By using a blank reference the correction of base line of 

the spectrophotometer is carried out. In the present work UV-Vis absorption spectra values 

were recorded using CAMSPECUV-visible spectrophotometer (Figure 3.4). Infomiation 

collected from the scans were stored and aiialyzed by the CAMSPEC software. 

Figure 3.5. UV-visible spectrophotometer 

3.3.3 Scanning Electron Microscope (SEM) 

The scanning electron microscope is generally used to create the images which are 

impossible to see with the naked eyes by striking them flow of electron, and see the things 

upto lOnm. In the scanning electron microscope the electron beam are focused to a very small 

spot size electrostatic or magnetic lense. The elctron are accelerated upto 30 keV, there is 

another SEM type called FE-SEM by this we can obtain resolution upto 2 to 3 nm. The one 

drawback of SEM is that it is unable to detect the insulating and biological sample. 
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Figure 3.6, Scanning Electron Microscope 

in the present work, all samples were investigated using a JEOL SEM model JSM-6390 

(Figure 3.5). Prior to the SEM measurements, samples were gold sputtered to eliminate any 

charging effect. 
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4.1 Result and Discussion 

4.1.1 Structural Characterization 

4.1.1 (a) XRD Analysis 

The XRD pattern in the figures 4.1 (a) & (b) shows the four different sharp peaks or 

diffraction peaks around 38° which are indexed by the (111) of the cubic face centered cubic 

structure. These sharp peaks of diffraction of silver nanoparticles might show because of the 

use of surfactant or stabilizer. The intensive reflections of the energetic X-ray scattering in 

the crystalline phase and it may be due to the capping agents. Generally, the broad peaks in 

the XRD patterns of solids are attributed to particle size effects. 
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Figure 4.1. (a) XRD of Ag-NPs (PVP stabiHzed), (b) XRD of Ag-NPs (MPA 
stabilized) 

In figure 4.1 (a) the peaks of PVP capped AgNPs are at 38.01°, 44.16°, 64.33°, 77.33° and 

these peaks are assigned and show (111), (200), (220) and (311) planes. This indicates that 

material is face centered cubic cell which is matching to cubic structure silver (JCPDS card 

no. 03-0921). Similarly, in figure 4.2 (b), peaks at 37.31°, 43.39°, 63.69°, 76.56° show (111), 

(200), (220) and (311) planes respectively that is matching with JCPDS card no. 04-0783. 

The results show that highly crystalline (sharper peaks in XRD patterns, figure l(a)-(b)) 

AgNPs are formed using PVP and MPA surfactants. 
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4.1.2 (b) Uv-Vis analysis 

Reduction of silver ions into silver nanoparticles during exposure to sodium borohydride was 

observed as a result of the color change. The color change is due to the phenomenon called 

Surface Plasmon Resonance. The UV-Vis absorption spectra of the AgNPs were shown in 

Figure 4.1 (a). Absorption spectra of AgNPs with PVP show a peak at arouad 358nm which 

is tlie surface plasmon resonance peak (1,9) and it confirms the formation of AgNPs. 

Similarly, absorption spectra of AgNPs with MPA (Figure 4.2 b ) show peak ~ 394nm. 

3.0-

2 .5 -

= 2.0 H 

= 1.5 H 
.n 
o 
CO 

S 10 

0 . 5 -

0.0 

|AgNPs-PVP| 

400 
— I — 

600 

Wavelength (nm) 

(a) 

30 



3 

O 
C 
CO 

o w 
< 

3.0-| 

2.8-

2.6-

2.4 

2.2 

2.0-

1.8-

1.6-

1.4-

1.2-

1.0 

0.8-

0.6-

AgNPs-MPA 

400 

Wavelength (nm) 

— I 
600 

(b) 

Figure 4.2. (a) UV-Vis spectra of the AgNPs with PVP and 
(b) Ag nanoparticles prepared using MPA 

Position of plasmon peak of absorption spectra is changed due to the shape and size of tlie 

nanoparticles. We observe some change in peak position of AgNPs stabilized with PVP and 

MPA and this could be due to some change in particle size/shape. 

4.1.3 (c) SEM analysis 

Figure 4.3 (a)-(b) show the SEM image of AgNPs synthesized via chemical reduction method 

and by using PVP and MPA as stabilizer. SEM provided further insight into the morphology 

and size details of the silver nanoparticles. However, with limited resolution of the SEM used 

in this study, we could not estimate the exact size of the nanoparticle. 
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Figure 4.3. (a) & (b) SEM images of AgNPs stabilized with PVP and MPA 
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4.2 ANTIBACTERIAL ASSAY 

4.2.1 (a) Antimicrobial Test 

Antibacterial action of as-prepared AgNPs stabilized with PVP nanoparticles synthesized was 

investigateD against the four different bacteria E.coli, Bacillus subtilis, Pseudomonas 

aeruginosa, Staphylococcusaureus. For the antibacterial evaluation these nanoparticles were 

dispersed in the distilled water using the technique called ultrasonication. The different 

concentrations of dispersed Ag nanoparticles are taken for the test. 

4.2.2 (b) Well Diffusion Test of AgNPs 

The effect of different concentration of PVP capped and MPA capped Ag nanoparticles on 

the different bacteria was performed. In this well diffusion test the different concentration of 

the Ag nanoparticles/nanopowder (200, 300, 400 ^/ml) are dispersed in the water and loaded 

in the well in the agar plate, in which the different bacteria are grown in the plate. The well 1, 

2 & 3 are loaded with MPA capped Ag NPs and 4, 5 & 6 are with PVP capped AgNPs. After 

24 hrs the clear inhibition zone treated with Ag nanoparticles are seen on the agar plates, and 

these zone are compared with the standard antibiotics like Ciprofloxacin. The figure 4.4 

shows the inhibition zone on the petridishes, these zone of inhibition are measured by caliper 

or by using the simple ruler. 

The table 2 (a) & (b) show the amount of dosages, compound and the inhibition zone 

diameter in the mm, and also the effect of different dosages of nanoparticles on the bacteria 

and how much of inhibition zone achieved. The antimicrobial action of PVP and MPA silver 

nanoparticles was measured in term of zone of inhibition (Table 2) and MIC values were 

found to be in the range of 225-250ng/ml. 
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capped Ag Nanoparticles by using different concentration 200,300, 400 yJmX (well 1,2,& 
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Table 4.1 (a) & (b): In vitro antimicrobial activity of synthetic chemical compounds 
through agar well diffusion method 

(a) 

Compound/Bioactive 
agent 

Dosages of Ag NPs 

(PVP,MPA) 

Zone of Inhibition 
of capped Ag NPs 
(withPVP,MPA) 

Standards 

Bacterial Strains (Zone of inhibition in mm) 

Bacillus subtilis 

200 
^ig/ml 

10 
(PVP) 

19 
(MPA) 

300 
Hg/ml 

13 

21 

400 
Hg/ml 

15 

23 

Staphylococcus aureus 

200 
Hg/ml 

11 

18 

300 
Hg/ml 

14 

25 

400 
Hg/ml 

17 

27 

21 mm (Ciprofloxacin) 30 meg/disc 

(b) 

Compound 

Dosages Ag NPs 

(PVP, MPA) 

Zone of Inhibition 
of capped Ag NPs 
with (PVP,MPA) 

Standards 

Bacterial Strains (Zone of inhibition in mm) 

E.coli 

200 
Hg/ml 

7 (PVP) 

17 
(MPA) 

300 
^g/ml 

9 

20 

400 
^ig/ml 

12 

21 

Pseudomonas aeruginosa 

200 
Hg/ml 

11 

20 

300 
^g/ml 

13 

23 

400 
Mg/ml 

16 

25 

21 mm (Ciprofloxacin) 30 meg/disc 
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5.1 Conclusion 

The silver nanoparticles (AgNPs) have been successfully synthesized via chemical reduction 

method. To stabilize the nanoparticles and in order to get fine particles two different 

surfactants, PVP and MPA have been utilized during the synthesis process. The formation of 

silver nanoparticles is confhmed using UV-visible spectroscopy and XRD characterization 

techniques. The capping agent PVP and MPA cause the stability, prevent aggregation and 

increase the bacterial activity of the silver nanoparticles. Subsequently, in order evaluate the 

antibacterial activity of the as-synthesized AgNPs, antibacterial tests against different 

bacterial strains have been carried out. It is found that AgNPs, synthesized in this study, 

exhibits good antibacterial activity. The results suggest that these capped silver nanoparticles 

can be used in the antifimgal and antibacterial drugs in future. Ag NPs hold a great promise to 

be utilized to overcome various serious problems in society. 

Ag-NPs has remarkable application in biological field and several other research fields that 

include biochemistry, garments, detergents, soap industry, water purification, and surgical 

instruments. Importantly, it can be used in anticancer activity. Very recently EI-Deeb et al. 

[34] demonstrated anti-proliferative effect of Ag-NPs against colon cancer. Studies on 

disinfectant ability of AgNPs against viral infections are needed to prevent fatal diseases such 

as diarrhea and cholera. For environmental pollution removal application, new class of 

material, AgNPs embedded in complex composite systems (which can have features of 

magnetic, molecular sieve and metallic NPs properties) can be utilized efficiently as sorbent 

and catalyst. Fabrics in garments can be fimctionalized with Ag-NPs to retard contamination. 

However, diuability of such fimctionalized materials during washing of the garment is a 

prime concern and needs to be considered for future commercialization. Besides its 

applications in nanobiotechnology, AgNPs having siuface plasmon absorption property find 

its applications in various nanoelectronic devices or components that include solar cells, 

photodetectors, and nanoconductive adhesives. As such, research in this area are still ongoing 

and development of silver nanoparticles based nanotechnology is needed in future. 
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