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 Abstract  

Understanding is on the rise concerning the use of nanomaterials environmental/health 

management solutions. In the current study, silver and gold nanoparticles (AgNPs and 

AuNPs respectively) were prepared for this purpose and characterized with UV–visible, 

transmission electron microscopy (TEM), dynamic light scattering and zeta potential.  

First, spherical and prism colloidal AgNPs were capped with poly-L-arginine and tested 

for their biological activity. Prism shaped AgNPs exhibited stronger growth inhibitory 

effects against E.coli, P. aeruginosa and S. enterica, where MBC was 0.65 μg/mL), 

whereas it was 2.7 μg/mL for spherical ones. Maximum mortality percentage of HeLa cell 

line was 80% for AgNP-prism nanocomposite, capped with poly L arginine and polyvinyl 

pyrollidone (PLA-PVP) at 11 g/mL concentration. It was also found that PVP capped 

AgNP nanoprisms were able to detect mercury (Hg2+) by colorimetric estimation (blue to 

yellow color); TEM  and spectrophotometry revealed the change in morphology of the 

prismatic to spherical shaped AgNPs; energy dispersive x-ray spectroscopy (EDX) also 

confirmed the formation of nano-alloy with Hg2+. Linear relationship was found between 

surface plasmon resonance (SPR) for the position shift of the AgNP nanoprisms and Hg2+ 

(Conc. 0-5 µmol/L conc.; detection limit, 0.5 µmol/L; pH, 7 – 9).  

Additionally, AuNP nanoshell conjugates were using for their biosensing capacity for 

bacteria, such as E. coli, P. aeruginosa, S. enterica and S. aureus. by colorimetric method 

(color change, yellow to red); bacterial concentrations upto 10 CFU/mL could be detected 

easily. AuNP-conjugates comprised of cetyl trimethyl ammonium bromide (CTAB) 

capped AuNP nanoshells , conjugated with the enzyme, β-galactosidase. The bacterial 

surfaces (bearing electronegative surface functional groups) could electrostatically attract 

CTAB capped AuNP nanoshells, whereas the enzyme, β-galactosidase was freed 

meanwhile. Here, chlorophenol-red-β-D-galactopyranoside (CPRG), which is yellow in 

color, was used as substrate to attract β-galactosidase (freed from the AuNP nanoshell 

complex), resulting in red chromophore chlorophenol red. With the increased 

concentration of bacterial cell, more absorption was seen by spectrophotometer, which 



xiii 

 

clearly proved our hypothesis. Hence our studies suggest the possible antibacterial, 

biosensing, and anticancer applications of AgNPs and AuNPs. 

 

Key words: PVP capped AgNP, SEM, TEM, EDX, UV–visible, CTAB-functionalized gold 

nanoshells, CPRG, β-galactosidase, Chlorophenol red. 
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Chapter  1    INTRODUCTION 

 

 

1.1 Nanobiotechnology 

The technology which deals with the materials at nanoscale usually less than 100 nm 

in size. The nano-scaled particles have definitive properties, such as increased surface-

to-volume ratio, and they present different types of chemical and the biological activity 

than general bulk particles. Nano represents 10−9 in unit; this means that nanometer is 

the one billionth of a meter on the scale (Herizchi et al., 2016).  

Although the existence of nanoparticles in nature is ages old; and also they had been 

identified centuries ago, but their true understanding took ample time to develop. It is 

more recently that these nanoparticles have been characterized and their application 

have widespread in a range of goods used in everyday life. The understanding of 

fundamental particles of matter and their optical properties have paralleled the 

understanding of nanoparticles and their related applications. Today, we not only have 

developed a reasonable understanding of nanoparticles but also we have been able to 

derive their applications in numerous ways. 

 

1.2 Applications of Nanotechnology 

Nanotechnology is gaining popularity now a days because of its most general 

application of undisputed consent. Its applications are advancing such as medicine, 

food, best air quality, cleaning water, in electronics, in catalysis, in fuel cells, solar cells, 

batteries and manufacturing of fabrics (Sergeev and Shabatina, 2008). It is generally 

accepted that nanoparticles are collections of atoms of approximately 1–100 nm of size 

(El-Nour et al., 2010). 

Living organisms are made up of cells that are approximately 10 μm in size. Very small 

probes without interference of cellular machinery can be developed by using 

nanoparticles. It is strong driving force to develop nanotechnology for understanding 

biological processes. Some of the biological applications include drug and gene 

delivery (Suk et al., 2016), fluorescent biological labels (Schade et al., 2015), detection 

of proteins(Liang et al., 2017), probing of DNA structure (Singhal et al., 2017), tissue 

engineering (Vial et al., 2017), tumor destruction via heating (hyperthermia) (Sohail et 

al., 2017), purification of biological molecules and cells (Iype et al., 2017) and bio 
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detection of pathogens (Driskell and Tripp, 2009). Nanotechnology is continuously 

improving the medical advancements. Nanoparticles can be engineered for their 

biocompatibility, size, shape and selectivity. 

 

1.3 Various synthesis approaches of AgNPs 

Nanostructures of different types can be prepared by various procedures, such as 

physical methods (Kabashin and Meunier, 2003; Magnusson et al., 1999; Quadros and 

Marr, 2010), biological methods (Evanoff and Chumanov, 2004; Sharma et al., 2009), 

(Gudikandula and Maringanti, 2016), photochemical methods (Evanoff and 

Chumanov, 2004) and chemical methods (Butts et al., 2008). 

All these methods have their own merits and demerits. For example, physical method 

involves rapid processing which are time effective and do not use or contain toxic 

chemicals whereas a major disadvantage of this method is that it demands a big deal of 

energy consumption. Similarly, photo-induced synthetic method demands a big deal of 

expensive equipment (Sygletou et al., 2016). As can be seen in Figure 1.1, there is range 

of procedures by which silver nanoparticles may be prepared.  

 

Figure 1.1 Different approaches for synthesis of silver nanoparticles 

 

1.4 Synthesis of silver nanoparticles by various methods 

Laser ablation and evaporation-condensation are the very important physical methods 

of nanoparticle (NP) synthesis. The size of NPs and their homogeneity are the best 

aspect of physical synthesis methodology as compared to chemical processes. This 
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includes some demerits of tube furnace usage that requires a great amount of energy 

and occupies a large space during the operational procedures. As the environmental 

temperature increases it becomes tough job to achieve thermal stability; and also this is 

time consuming (Chen and Yeh, 2002; Mafune et al.,2002;Tamaki et al.,2003). The 

colloids of the metals can be synthesized by laser ablation technique without the use of 

hazardous chemical reagents in the solutions. This technique can easily be used for the 

preparation of pure metal colloids. During this technique, preheating time is always 

required for furnace to get a proper operating temperature for the procedures (Tsuji et 

al., 2003b). Silver nano-spheroids of 20-50 nm can be formed by laser ablation method 

in the water with the help of femto-second laser pulses recorded at 800 nm. 

 

1.4.1 Biological methods 

Biological methods used for the synthesis of metallic NPs are usually highly productive, 

cost effective, harmless, and ecofriendly. Various natural sources, such as plants and 

plant products, algae, yeast, fungi, and bacteria may be used for synthesis of 

nanoparticles (Pugazhenthiran et al., 2009). For example, algae can be used for the 

production of some noble metal nanoparticle; some algae have been tried to yield silver 

and gold NPs; some plants can be used to make silver, zinc oxide, gold, platinum, 

magnetite, and palladium NPs; bacteria and yeasts have been in use for the production 

of metal NPs; and similarly, fungi is used for gold, silver and cadmium NPs synthesis 

(Masarovicova and Kral'ova, 2013). 

 

1.4.2 Photochemical Method 

Silver nanoparticle (AgNP) synthesis can be executed by the use of photons. Various 

shapes of AgNPs can be synthesized by this method. The shape and the size of the 

AgNPs can easily be measured with the help of color of light used to initiate a 

photochemical growth process (Arvizo et al., 2012). Usually, with the help of light, i.e., 

UV light alters colloidal solutions of the spherical AgNPs into more stable bigger 

nanoparticles with various sizes and shapes (Wang and Liu, 2016). In photochemical 

method, AgNPs can be prepared in the form of solutions of colloidal silver.  It involves 

photo-reduction of the silver salts, such as silver perchlorate, silver nitrate and the 

availability of polymers as stabilizers which may include poly methacrylic acid 

(PMAA), Polyvinylpyrolidone (PVP), and Polymethyl methacrylate (PMMA). The 
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photochemical production of the AgNPs can be regulated by the concentrations of 

polymer stabilizer and selecting the light sources (Zhang et al., 2016a). 

 

1.4.3 Chemical Method 

Chemical reduction method is commonly applied synthetic method. Synthesis of Ag-

nanostructures in solution may have three main components: reducing agents, which is 

the metal precursor and may be the capping agents. Mostly used reducing agents may 

involve sodium citrate, sodium borohydride, ascorbic acid, different type of alcohols, 

and certain hydrazine compounds. Metal cations can be reduced easily to produce metal 

nanoparticles. 

Stable colloidal silver nanoparticles can be rapidly prepared in colloidal dispersions, 

organic solvents or water. Ascorbic acid, elemental hydrogen, trisodium citrate and 

sodium borohydride are commonly used reductants. AgNPs can be generally 

synthesized by reduction of silver ions (Ag2+) in the colloidal form with a range of 

nanometer size. Primarily, Silver Ag2+ ions were reduced and silver atoms at zero valent 

state are formed which then aggregate into the oligomeric groups and clusters. These 

clusters finally form colloidal Ag nanoparticles (Mollick et al., 2014; Pourjavadi and 

Soleyman, 2011; Sharma et al., 2009; Singh et al., 2010; Sreekanth and Lee, 2011). 

Recent studies indicated that use of the powerful reductant, for example sodium 

borohydride, produced small sized nanoparticles that are almost mono-dispersed, but 

production of the larger nanoparticles was a challenge. Trisodium citrate is the weak 

reducing agent, which result in slow reduction process and polydispersity ((Jeong and 

Park, 2014). 

Chemical reduction method is the common method for synthesis of AgNPs by using 

organic and inorganic compounds as reducing agents. Usually, different reducing 

agents like sodium borohydride (NaBH4), trisodium citrate, polyol process, N, N-

dimethylformamide (DMF), sodium borohydride (NaBH4), poly ethylene glycol-block 

polymers and Tollens reagent are basically utilized for the reduction of silver ions (Ag+) 

as reducing agents in the aqueous solutions. 

Metallic Ag0 at zero valent stage are formed by reduction of Ag2+ to form oligomeric 

clusters in the form of colloids (Dong et al., 2014; Huang et al., 2014; Khan et al., 2011; 

Kheybari et al., 2010; Li et al., 2010; Shabanzadeh et al., 2014). 
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1.5 Synthesis of Anisotropic AgNPs 

Different shapes of stable AgNPs can be prepared through chemical reduction method 

by the use of different reducing agents like hydrazine (Wiley et al., 2005), ascorbic acid 

(Lee et al., 2007), dimethylformamide (Zhang et al., 2014a), ammonium formate (Il 

Won et al., 2010), and sodium borohydride (Dong et al., 2010). The reducing agent 

assigns the size, shape and distribution of AgNPs formed by reducing the metal salt. 

Different concentrations of hydrogen peroxide have also been reported for the 

formation of anisotropic AgNPs (Vasileva et al., 2011). Reducing agents like citrate 

and borohydride react slowly with hydrogen peroxide because it is a neutral reagent. 

Hydrogen peroxide (H2O2) is rapidly decomposed to oxygen and water at the surface 

of metallic silver and bubbles evolve when AgNPs become large and the color will 

change to dark orange from pale yellow. Less stable morphologies of AgNPs like 

spherical, platelets and irregular will dissolve and result in oxidative etching. Generally, 

Ag nanoprisms are prepared with the help of chemical reduction methods or by other 

methods. Both methods depend on few variables, such as respective salt with metal 

precursor, and reducing agents which are present in solution medium. Chemical 

methods require stabilizing agents (form example, trisodium citrate, etc.) and certain 

oxidizing agents (H2O2) to produce oxidative etching in solution. When a molecule of 

O2 and a ligand are present, both at a time in the solution, it results in aforementioned 

reaction. This may result in a strong oxidation for both seeds and nuclei (Vasileva et 

al., 2011). Seeds present significant surface defects in colloidal solution. These clusters 

will change to triangular plates or hexagonal (Wiley et al., 2005). Ultraviolet or visible 

light is required to reduce silver ions (Ag2+) in assisted methods and do not require 

oxidizing etching agents to grow anisotropic silver (Endo et al., 2008). Different 

morphologies of silver nanoparticles are prepared by changing experimental conditions 

as shown in Figure 1.2. 
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Figure 1.2 Different Morphologies of silver NP 

Reference source: http://www.sigmaaldrich.com/technical 

documents/articles/materials- science/nanomaterials/silver-nanoparticles.html 

 

1.5.1 Surface Plasmon Resonance  

Nano Particles show different behavior as compared to their bulk material as they are 

different in their electron density and their dimensions. This characteristic phenomenon 

is referred as quantum size effect. Certain examples of this effect include LSPR of the 

metallic NPs where geometric limits and delocalized electrons can be seen with the 

light. 

Different Plasmon resonance values are concerned with the shapes and sizes of the 

nanoparticles. Different ranges of absorbance of the UV wavelengths show difference 

in their absorbance and peaks with reference to the color of the NPs. 

Plasmon resonance of the AgNPs mainly depends upon many factors. For example 

shapes and sizes of the particles, distance between the particles and dielectric constants 

of the metal and surfaces (Stamplecoskie et al., 2011; Tanyeli et al., 2013). AgNPs of 

the spherical shapes show peaks of the UV visible spectroscopy at the 400nm range and 

these peaks mainly depend upon the shape and size of the AgNPs. 

1.6 Synthesis of Gold Nanoparticles 

Most commonly studied materials in the field of nanotechnology are the gold 

nanoparticles (AuNPs). Recent research in AuNPs has based upon their unusual 
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localized surface plasmon resonance (SPR) behavior as well as their sizes and the 

shapes which primarily determine the physicochemical properties of the particles that 

are not detected in bulk Au (Li et al., 2014; Liu et al., 2012). Surface chemistry of 

AuNPs allow binding with thiols and amines (Ahmed et al., 2014; Campardelli et al., 

2014), permitting the easy capping of the NPs with several proteins, polymers and 

biomolecules. These characteristics have directed to noteworthy biomedical 

applications comprising selective targeting (Adeli et al., 2011; Wan et al., 2014; Wang 

et al., 2011), cellular imaging (Boisselier and Astruc, 2009; Liu and Lu, 2003), and 

biosensing (Ide and Davis, 2014; Lee et al., 2015). Although AuNPs are usually 

supposed to be chemically inactive, current evidence reveals their great catalytic 

activity that appears at considerably small particle sizes ((James and Driskell, 2013; 

Mikami et al., 2013; Pieters and Prins, 2012), different techniques which include 

thermal, chemical, sono-chemical and electrochemical procedures and pathways, have 

been known for AuNPs synthesis (Mandal, 2014; Porta and Rossi, 2003; Yu et al., 

1997). Schematic representation of the synthetic route to form gold nanoparticles 

(AuNPs) as was shown in Figure 1.3. There are a several techniques which are reported 

in literature about synthesis of AuNPs but most effective and well defined synthesis 

methods are gone through here that are related to this research. 
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.  

Figure 1.3 Schematic representation of the synthetic route to form gold nanoparticles 

(AuNPs) 

 

1.6.1 Physical Synthesis for AuNP 

γ- Irradiation method can be used to synthesize high purity AuNPs with 

controllable size. AuNPs with the size range of 2-40 nm can be prepared by this method. 

Stabilizer such as polysaccharide alginate are utilized (Tanaka et al., 2013). AuNPs are 

synthesized with size range of 2-7 nm by single step γ-irradiation method by using 

bovine serum albumin (BSA) protein as stabilizer (Dominguez-Medina et al., 2012). 

Additionally, other physical technique were utilized, such as laser ablation methods 

(Sylvestre et al., 2004), ultrasonic waves (Jiang et al., 2004), microwaves (Tsuji et al., 

2003a), solvothermal method (Ahmad et al., 2013a), photochemical and 

electrochemical reduction (Abdelrasoul et al., 2014; Ahmed and Narain, 2010; Kim et 

al., 2002) is reviewed in literature for AuNPs synthesis. 

 

1.6.2 Biological Synthesis for AuNP 

The advancement of environmental friendly technologies in AuNPs synthesis is of 

significant importance to enhance their biological applications. Nowadays, various 

microorganisms can be used to synthesize AuNPs with well-known shape, size, 
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morphology and chemical composition. Many medical and technological areas have 

been explored by using these AuNPs. Environmentally acceptable “green chemistry” 

procedures for synthesis of AuNPs are thought to be clean, safe and nontoxic (Li et al., 

2011). Microbes like fungi, yeast, bacteria and actinomycetes are used for intracellular 

and extracellular synthesis of AuNPs (Narayanan and Sakthivel, 2010). 

 

1.6.3 Chemical Synthesis for AuNP 

In chemical methods AuNPs are synthesized by reduction of Hydrochloroauric acid 

(HAuCl4), by the usage of stabilizing agent of certain types. HAuCl4, is dissolved in 

the solution and is quickly stirred while addition of a reducing agent (Jana et al., 2001). 

Chemical reduction method is applied for the preparation of AuNPs , which include 

reducing agents, for example amines and borohydrides (Newman and Blanchard, 

2006), hydrazine, formaldehyde , hydroxylamine (Jana, 2005), citric, polyols, oxalic 

acids, sugars, carbon monoxide, the hydrogen peroxide sulfites, acetylene, and some 

other electronic reducing  agents  comprising  transition-metal which are rich in 

electrons and some other complexes (Xia et al., 2009) and stabilization agents for 

example sulfur ligands (in  particular  thiolates), trisodium citrate  dehydrate, Nitrogen-

based ligands, Oxygen-based ligands,  phosphorus ligands, polymers, dendrimers, and 

surfactants (for example, CTAB). Some types of stabilizing agent are added to avoid 

the aggregation of the nanoparticles (Johnson et al., 1998 ; Huang and Yang, 2004).    

 

1.6.4 Turkevich method  

Hydrochloric auric acid (HAuCl4) was reduced by aqueous solution of citrate to 

produce gold nanoparticles which is one of the renowned methods for the AuNPs 

synthesis (Turkevich et al., 1951). Aqueous solution of HAuCl4 is kept on boiling, then 

trisodium citrate is added rapidly with constant stirring. After few minutes, the color of 

solution is changed from yellow to wine red.   

Aforementioned method yields AuNPs with size in the range 20-25 nm in diameter. 

The citrate ions work as both reducing and stabilizing agents (Kimling et al., 2006). 

 

1.6.5 The Brust-Schiffrin method  

The Brust-Schiffrin method was discovered by Brust and Schiffrin in 1994. This 

method allowed an easy approach to the synthesis of thermally stable and air-stable 
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AuNPs of controlled size and low dispersity. In this technique, AuCl4 was  transferred  

to  a  toluene  phase  from  an  aqueous  solution  using  tetraoctylammonium  bromide  

(TOAB) as the phase-transfer agent, and reduced by NaBH4, in the presence of 

dodecanethiol. Addition of the reducing agent causes a color change of the organic 

phase, from orange to deep brown. This clearly indicates the formation of AuNPs (Brust 

et al., 1994). 

 

1.6.6 Electrochemical method  

Production of nanoparticles by electrochemical method was first studied by (Reetz and 

Maase, 1999). Nano scale size-selective studies of transition metal nanoparticles can be 

formed by electrochemical methods by applying tetra alkyl ammonium salts as 

stabilizing agent in the non-aqueous solution. Glassy carbon electrodes may be 

developed by using these types of electrochemical synthesis methods that are capped 

with AuNPs on the surface of carbon nanotubes which may have multi walled coating 

surface (Song et al., 2005). 

 

1.6.7 Seeding growth method   

Gold nanoparticles which are synthesized range from 5 to 40 nm in size as the ratio of 

metal salt to seed is changed the size of particle can be controlled and that was in the 

range 5-40 nm (Wang et al., 2011). Advantage of this method was that it is simple, 

quick, and cost-effective procedures; Sodium borohydrate (NaBH4) played role as 

reducing agent, while trisodium citrate provide OH to the solution (Lee et al., 2007). 

 

1.7 General Applications of Silver Nanoparticles 

Photo-voltanic, biological and chemical sensors can be prepared from silver 

nanoparticles by exploiting the following properties like thermal, optical and electrical 

properties. Conductive inks, fillers and pastes are some examples which employ high 

stability to AgNPs with reference to the electrical conductivity and these also show low 

sintering temperatures. A progressively general application involve AgNPs for the 

antimicrobial coatings in titanium prosthetics, dental resins, and fabrics, biomedical 

instruments such as keyboards, wound dressings, now have AgNPs that constantly 

release a very low amount of  silver ions and nanoparticles to defend and  protect the 

wounded areas from the bacterial infections. Further applications include chemical 
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sensing, photonic devices, biological sensing, and molecular diagnostics which 

improve the innovative optical, and some other concerned properties of nanomaterials 

as shown in Figure 1.4. 

 

 

 

Figure 1.4 General overview of the silver nanoparticles applications 

  

Colloidal silver nanoparticles are used for making nanoparticle inks that are dispersed 

in stable form. For obtaining high dispersion solubility, size of nanoparticle may be 50 

nm or less for the use as silver inks (Park et al., 2015). Additionally, properties such as 

shape, size and monodispersity of the nanoparticles are the key components. Because 

the conductivity intensely depends on the density of nanoparticles filled into the 

superstructure that results after desiccating the ink vehicle from a printed trace. 

 

1.7.1 Antibacterial applications  

Activity of the AgNPs mainly depends upon the shape and size of the AgNPs (Franci 

et al., 2015). Antibacterial properties of the AgNPs mainly depend on the shape and 

size of the AgNPs. Along with all these factors, stability of the AgNPs in the media, 

coating types and the final charges, influence the activity of the AgNPs with the 
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bacterial cells (Helmlinger et al., 2016; Lu et al., 2015; Peretyazhko et al., 2014; 

Shaban et al., 2015).  

For the proper evaluations of the AgNPs proper stabilization and dispersions of the 

AgNPs are very essential. Interactions between bacteria and AgNPs are because of the 

shape and size of the silver NPs (Carlson et al., 2008; Duran et al., 2010; Lara et al., 

2011; Pal et al., 2007). Silver nanoparticles have also been studied for analytical 

measurements making use 

of the shift in the wavelength of these plasmonic nanoparticles when they interact with 

molecules (Ahumada et al.,2016; Alarcon et al 2012). However, it has been reported 

that stable nanosilver does have a much lower minimal inhibitory concentration than 

its dissolved ionic counterpart (Alarcon et al., 2012), and silver ions in solution are 

powerful antimicrobials, but they are easily sequestered by chloride, phosphate, 

proteins, and other cellular components (Xiu  et al., 2011). To improve their efficacy 

and stability in biomedical and other applications, the nanoparticles often need to be 

coated with non-toxic and non-inflammatory capping agents like collagen, peptides and 

biopolymers, preferably without significantly changing their size, shape, and 

antimicrobial properties (Alarcon et al., 2012, 2015, 2016; Allison et al 2017). Some 

findings concerning the action of AgNPs suggest that the bactericidal mode can be 

influenced by the stability of the particles (Alarcon et al., 2015), and as one example 

AgNPs conjugated with poly-lysine were less effective compared to collagen-capped 

AgNPs due aggregation. 

Multidrug resistant bacteria are of serious concerns for the health specialist as they 

show great resistances to different antibiotics, therefore it is the need of the time that 

some new antibacterial techniques should be developed (da Costa et al., 2013). 

Antimicrobial activity of AgNPs can further be developed using further researches and 

new innovations in the field. Antibacterial effect of AgNPs can be enhanced by 

influence of different factors as shown in Figure 1.5. 
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Figure 1.5 Enhancement of antimicrobial activity of silver nanoparticles 

  

1.7.2 Size dependent Application of Silver Nanoparticles 

Larger surface areas of the AgNPs facilitate the smooth entry of the AgNPs inside the 

cell and hence their interaction percentage is increased with comparison to the other 

large size particles of different nature (Bekele et al., 2016; He et al., 2016; Knauer and 

Koehler, 2016).  

Because of decrease in size of particle the contact surface area of the particles increased 

bactericidal activity increased as for example surface contact increased by 109 as 

decreasing particle size from 10 μm to 10 nm.Smaller the size, efficient the particles 

for entry and reaction inside the cell. Hence one can easily say that the size of the NPs 

effect bactericidal activity (Devi et al., 2014; Lin et al., 2013; Lu et al., 2014). 

 

1.7.3  Shape dependent Application of Silver NP 

AgNPs react differently with different biosystems and demand is going to be increased 

as microbicide. Nanoparticles with same size but different shapes have different surface 

area with regard to shape to interact with microorganism. (Pal et al., 2007) reported that 

the antibacterial properties of AgNPs depend upon the various shapes of the NPs. 
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Shape of the NPs play a great role toward the efficacy of the nanoparticles in the 

antibacterial studies. Different shaped NPs show differential growth inhibition in the 

bacteria. (Ahmad et al., 2013b; Ibrahim et al., 2014; Rojas-Andrade et al., 2015; Roy 

et al., 2015). 

As investigated by (Pal et al., 2007) triangular NPs with truncation, performed bacterial 

inhibitory function with Ag value nearly of 1 µg. While in case of spherical 

nanoparticles this value increased to12.5 µg. The nanoparticles with the rod shaped 

require a value ranging from 50 to 100 µg of silver content values. In this manner, the 

AgNPs of various shapes differently behave with bacterial cell. 

 

1.7.4 Effect of Capping Agent 

As the stability of NPs is ligand-specific, so it is possible that the non-capped NPs may 

not carry on similarly. It is subsequently critical to examine the colloidal stability for 

particular conditions. 

AgNPs are frequently synthesized within the availability of capping agents, for 

example, surfactants or polymers, which act as capping and stabilizing agent for AgNPs 

formation (Sharma et al., 2009; Tanner et al., 2015) to avoid molecule aggregation and 

acquire stable AgNPs. Colloidal stability of such NPs varied with different ionic values, 

charges, acidity, and availability of organic species (Moore et al., 2015; Pfeiffer et al., 

2014). 

 

1.7.5 Effect of surface charge density of AgNP 

A positive value of zeta potential supports the interaction between the particles and 

bacteria (gram-negative and gram-positive) (Cardoso et al., 2014). The productivity of 

the ionic silver against microbes with contrarily charged layers is identified with the 

electrostatic forces brought on by the positive potentials of the nanoparticles 

(Abbaszadegan et al., 2015). In the present review, the positive zeta potential of AgNP 

is one of the perspectives that may clarify the ideal results of its action as an 

antimicrobial agent. 

Nanoparticle surface charge is a determining factor of cellular uptake (Yue  et al., 2011; 

Silhavy et al., 2010) and those with cations present on their surface more easily bind 

and are internalized due to electrostatic interactions with the negatively charged cell 

surface. However, some negatively charged silver nanoparticles have also been 



15 

 

reported as effective anti-bacterial agents (Salvioni et al., 2017; Stephens et al., 2015). 

In one example, the linking of calix[n]arenes to Ag nanoparticles may reduce the 

strongly negative charge of the calix-arene tail groups, thereby aiding in membrane 

penetration of Ag nanoparticles (Stephens et al., 2015). The efficacy of negatively 

charged AgNPs may also be explained by the redox potential of Ag0 atoms on the NP 

surface, which is expected to trigger the generation of free radicals leading to reactive 

oxygen species production Jung et al.,2008; Nel et al., 2009; Thill et al.,2006).  

It was reported that the opposite surface charges could advance the interactions between 

the bacterial cell membranes and AgNPs (Hamouda Devi et al., 2014; Baker, 2000). 

When the content of NaBH4 is increased for AgNPs formation, it leads to the reduction 

in the zeta potential of the resultant silver nanoparticles. The reason between the 

increments of the proportion of NaBH4 in connection to the particles size enlargement 

of the nanoparticles is because of the release of electrons brought about by NaBH4. 

Since when the concentration of NaBH4 is increased, it provides good quantity of free 

electrons , which further cause the reductions in the zeta potential , which influence the 

aggregation and agglomeration of the  silver nanoparticles (Agnihotri et al., 2014). 

The action against bacterium is encouraged by the electrostatic communications and 

interactive relations between the positively charged AgNPs and negative charge bearing 

microbial cell membranes. Besides, these electrostatic forces appeared to be another 

important concept as to the antibacterial activity of Ag nanoparticles (AgNPs) 

(Abbaszadegan et al., 2015). 

Presumably the shape, size, cationic properties and positive zeta potential of AgNP 

encourages the antimicrobial activity against gram positive bacterium. It is known that 

the zeta potential estimations of synthetic AgNPs typified by the formed cationic 

surfactants act more noteworthy than +30 mV which be sign and account for the high 

stability of AgNPs, which block the process of agglomeration. The high estimation of 

the zeta potential show that the surface charge on silver nanoparticles is high enough 

so that the electrostatic forces of repulsion between nanoparticles remain always high 

up to the extent, which prevent particles agglomeration and keep them stable. The 

positive values of zeta potential is mostly because of the utilized capping agent with 

their cationic surfactant, which along with them carry positive charges. (Shaban et al., 

2015). In this work, the main focus was to establish the role of modified particle 

morphology, charge, and coating on the antibacterial properties. Silver nanoparticles 
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are less susceptible to being intercepted if properly protected with an appropriate 

coating agent.  

 

1.7.6 Interaction of bacterial membrane with AgNP 

A few scientists argued that silver species discharge Ag2+ ion and further they interact 

with thiol functional group in microbial proteins, influencing the DNA replication (Lan 

et al., 2013). It is additionally reported that Ag2+ ions leads to uncoupling of the 

respiratory chain from the oxidative phosphorylation or block the proton-motive 

process and forces over the cytoplasmic channels (Dananjaya et al., 2016). 

Bacterial contaminations remain a noteworthy reason for death, sickness and financial 

losses for a huge number of individuals around the world, and quick development of 

antibiotic resistant microbes have made the circumstances more confused. 

Advancement of drug resistance bacteria against normal antimicrobials preferences to 

new medication or material to battle against pathogenic microorganisms. At this time, 

the nanoparticle based sterilization and other therapeutic techniques has been 

considered as a promising option for enhancing the diagnostic and preventive 

framework because of their exceptional chemical and physical properties (Mirzajani et 

al., 2013). 

To comprehend these issues, green synthesis method of metallic nanoparticles utilizing 

proteins or different biomolecules has achieved huge significance (Crespo et al., 2012). 

To upgrade the biomedical uses of biosynthesized AgNPs, it is fundamental to 

comprehend the interaction of AgNPs with the microorganisms and their consequent 

cell reactions. Despite that, the crucial molecular mechanism of antibacterial action of 

AgNPs did not seem to be exceptionally well; there is still discussion on the activity of 

the AgNPs. 

Different procedures have been proposed for AgNPs intervened cell death including 

interruption of the cell envelope, oxidation of the cell components and its organelles, 

inactivation of the respiratory chain compounds, creation of the Reactive oxygen 

species (ROS), decay of the cell segments, and so on (Ramalingam et al., 2016). It is 

reported for AgNPs that they execute the bacterial cells through cell inhibition mode 

(Gurunathan et al., 2014). As the AgNPs come in contact with the cell membrane of 

bacteria, the porosity of membrane increases which generate penetrable pits. This 

prompts an osmotic fall in the cells and discharges the intracellular materials. The other 
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conceivable system incorporates binding of AgNPs with the cell surface proteins or 

carbohydrates moieties harms the cell membrane, which causes denaturation of the 

compounds and disturbance of the electron transport pathway prompting the cell death 

(Yuan et al., 2013). 

Antibacterial activity of the AgNPs is mainly concerned with the oxidative stress and 

under this stress, reactive oxygen species are produced, which induce further stress 

(Kora and Rastogi, 2013; Ribeiro et al., 2015 ;Zhang et al., 2013). Formation of ROS 

species such as hydroxyl radicals OH•, superoxide ions O2 → H2O2 are the resultant of 

the inhibition of respiratory enzymes by AgNPs , these ROS further react to form 

hydroperoxyl radicals, which induce cell and cellular component’s damage by synthesis 

oxidative decomposition.  

During all the antibacterial activities and pathways, the interaction of AgNPs with the 

bacterial cells disintegrates the cell membrane and harm the bacteria in certain way.  

However particle size have role in the entry of AgNPs in the bacterial cells, certain 

structural contents of the bacterial cell wall may effect these interaction. Gram-negative 

bacteria have a minute peptidoglycan layer ranges 2–3 nm between outer and the 

cytoplasmic membrane (Silhavy et al., 2010). In comparison, Gram-positive bacteria 

deficient of the outermost membrane, but they have a thick peptidoglycan layer of about 

30 nm around its outer region. (Hoiczyk & Hansel, 2000). 

The Gram-positive bacterial thick cell wall plays an important role as a protective 

barrier against the entry of AgNPs or Ag+ ions into cell cytoplasm. Because of this thick 

barrier, Gram-positive bacteria are more resistant to the entry of AgNPs. The cell wall 

also have some other content as well, i.e. lipids and other protein components, 

surrounding a lipid membrane which aid in more protection against invasions.  

Gram-negative bacteria on the contrast have a much thinner peptidoglycan layer present 

in between two cell membranes. The outer membrane may have proteins, such as 

porins, and lipopolysaccharides (LPS), sometimes also referred as endotoxin. Both 

types of bacteria may contain flagella on their cells.  

Biosensing can be performed by using intracellular cell contents such as, proteins, 

DNA, and RNA. The microbial strains may regulate the biological availability of Ag2+ 

ions produced from the AgNPs by changing:  

(i) The extracellular disintegration of the AgNPs by means of bacterial 

exudates (peptides, bio surfactants, organic acids)  
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(ii) The cell take-up of Ag+ ions through cell-NP interactions, structure and 

charge mediated interactions of the cell wall (Bava et al., 2013). The cell 

content of Gram-positive microbes is very rich in teichoic acids, where its 

basic role is to give rigidity by pulling in cations, for example, Mg2+ 

(Swoboda et al., 2010). Antimicrobial Peptides are viewed as fabulous 

antimicrobial agents (Destoumieux-Garzon et al., 2016) on the grounds that 

their macrocyclicamido functional group can take part in the metal–ligand 

p-bonding, delivering the complex with Ca2+ and Mg2+ cations.polymyxin 

E (PE) and Bacitracin A (BA)are polypeptides which have cationic 

macrocyclicamido as a functional group, which are known as antimicrobial 

peptides (AMPs). 

The Peptides were used by (Mei et al., 2013), for the formation of AgNPs for the 

treatment of gram-negative bacteria (E. coli and P. aeruginosa) and gram-positive 

bacteria (Staphylococcus aureus and Bacillus amyloliquefaciens) (Lopez-Heras et al., 

2015). The immobilization of peptides on the AgNP surface expanded their 

antimicrobial movement upto the 10 times without causing any side effects of the 

bacterial resistance. In this way, it has been proposed that Bacitracin A and polymyxin 

E on the AgNP surface can chelate Mg2+ and Ca2+ and concentrate them from the first 

restricting site in teichoic acids, in this way harming the bacterial cell wall (Mei et al., 

2013). In addition, a similar review demonstrated the availability of BA/PE-

nanoparticles inside the nucleoid of the bacteria.  Recent discoveries proposed that 

AgNPs can attach to ribosomes, chromosomes, and bringing about an inhibition of 

action of ribosomes and concealment of replication of the DNA, eventually causing cell 

damage (Morones et al., 2005). 

It is trusted that significant antimicrobial impact of AgNPs is intervened by incomplete 

oxidation and the final release of Ag+ ions. Peptidoglycan present in the bacterial cell 

wall and membrane associate with the AgNPs, thus disturbing protein formation, 

preventing DNA replication and finally causing cell lysis. Antimicrobial action of 

AgNPs lower the bacterial resistance rates. Likewise AgNPs can specifically harm and 

enter the cell membrane and cell wall. 

Latest reports describe the significance of interactions in the antimicrobial action of 

AgNPs, as they can translocate over, and progress towards inside the cell, through the 

vesicles or the cytoplasm, whose consequent breakdown caused by an oxidizing and 
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acidic pH of plasma membrane might prompt high concentrations of Ag2+ ions (Lopez-

Heras et al., 2015). 

One reason which makes AgNPs interesting as antibacterial agents in the way that 

microscopic organisms are not prone to resistance to antibiotics, because of the 

extensive variety of understandable interactions of Ag2+ ions within the biological 

molecules as shown in Figure 1.6 (Kiziltepe et al., 2012). 

Though the effect of AgNPs on physicochemical properties, such as surface charge, 

roughness, chemical composition, cell wall rigidity, and adhesion property, of the 

bacterial cell are yet need further researches and few are under considerations in the 

recent ages.  

 

1.8 Anticancerous effect on HeLa cell line 

In 2012, 8.2 million cancer-related deaths and almost 14 million new cancer cases were 

estimated. Lung cancer is causing greatest mortality (1.5 million deaths), as compare to 

the other types of the Cancer(s).Other data are recorded further include by liver 

(745,000 deaths), stomach (72,000 deaths),  colorectal (694,000 deaths), breast (521000 

deaths) and esophageal cancer (400,000 deaths)  (Rao et al., 2016). 

In the next two decades new cancers cases are increasing by 70% or more than that 

(Joshi, 2014).  Almost 70 % of the cancer deaths occur in the populations of Africa, 

Asia, Central and South America, and other 60% of the total new annual cancer cases 

are reported worldwide (Moten et al., 2014). 

Various types of cancer are treated by several available therapies. Most common and 

feasible treatment include chemotherapy in combination with cytotoxic agents to 

control many types of cancer (Sledge et al., 2014). However, these treatment 

approaches sometime cause serious side effects, particularly multidrug resistance 

(MDR) (Beretta and Cavalieri, 2016; Ozben, 2006). Various undesirable side effects of 

chemotherapy alone or in combination with cytotoxic drug therapy or radiation therapy 

are common during these therapies (Lam et al., 2016). On the basis of these unwanted 

side effects, the National Cancer Institute (USA) has encouraged the researches and 

investigation of the potential antitumor activities by using plant extracts (Ekor, 2014). 

Nanoparticles cast a pivotal role in treatment of several chronic diseases by using 

natural ingredients, including cancer. Metallic nanoparticles, silver nanoparticles 

(AgNPs) are a good choice in disease management due to their particular interaction 
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and communications with and disintegration of the mitochondrial respiratory chain. 

DNA of the cell is damaged by AgNPs as it disrupt mitochondrial function which result 

by the generation of ROS and which further suppress ATP synthesis. The 

characterizations of the nanoparticles are important for estimating the potential toxicity 

of nanoparticles, yet main parameters which affect the biological activity of AgNPs 

have not been fully tested and need further findings in this regard. A full 

characterization of AgNPs may be required according to the following points. i.e. 

measurements of size, shape, material’s basic chemistry, solubility, surface area, 

dispersion state, surface chemistry, and many other physico-chemical properties 

(Contado, 2015; Theodorou et al., 2015). 

Many researchers in the field of nanotechnology have reported that AgNPs significantly 

cause cell necrosis or apoptosis in numerous cell types e.g. AgNP less than 3 nm in size 

may induce cytotoxicity in macrophages (Park et al., 2010; Zhang et al., 2014). 

The Reduction in the cell viability was additionally seen in liver and neuron cells which 

were exposed to AgNPs (Connolly et al., 2015; Xu et al., 2013; Zuberek et al., 2015). 

Gender related tissue distribution of AgNPs, genotoxicity and 28-days oral toxicity in 

rodent was examined (Loeschner et al., 2011). Subchronic inward breath lethality of 

AgNPs was additionally examined (Park et al., 2013). In those reports, 

histopathological examinations showed dose dependent response in lesions identified 

with AgNP administration, including chronic alveolar aggravation, and little 

granulomatous sores. In any case, coordinate proof on toxic impacts of non-modified 

AgNPs was not completely recorded in the cell and at the molecular level. This is not 

completely studied in light of the fact that unmodified AgNPs are unstable in cell 

culture media of cell lines. 

 

1.9 Silver nanoparticles based biological Sensor 

Biosensor based surface plasmon resonance (SPR) is a kind of optical sensor that uses 

surface plasmon polariton (SPP) waves. Use of SPR as biosensors to screen and give 

data about organic procedures indicates exceptionally encouraging outcomes 

particularly in contemplating biomolecular associations. SPR-based biosensor is 

exceptionally delicate and receptive to changes in the refractive record of the analyte, 

so biosensors of this kind can be utilized to identify the presence of biomolecules with 

biocompatible component which is utilized as the material of the analyte as DNA, 

protein, catalysts, antibodies and peptides (Singh, 2016). In such manner, among noble 
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metal nonmaterial, silver nanoparticles (AgNPs) have gotten extensive consideration 

because of their appealing physicochemical properties. AgNPs display a more 

extraordinary SPR band than AuNPs. Additionally, the (AgNP) SPR band is more 

sensitive to natural and ecological adjustments. These two properties permit the 

identification of a lower concentrations of target species when functionalized AgNPs 

are utilized rather than gold ones (Lismont and Dreesen, 2012). It is outstanding that 

nanostructures with sharp edges or gaps can improve SERS values (Liu et al., 2014). 

The geometry of particles significantly affects the optical properties, nanoparticles with 

sharp edges for the most part display high detection sensitivity, nanorods, nanostars , 

nanoholes , and bipyramids have all been used for the development of nanoparticle 

plasmonic sensors (Guo et al., 2015). 

 

1.9.1 AgNP as Chemosensor with special emphasis on detection of heavy 

metal  

This term “heavy metal” refers to any metallic component that is moderately high in 

density and is harmful or noxious at lower values e.g. chromium (Cr), cadmium (Cd), 

thallium (Tl), arsenic (As), mercury (Hg), and lead (Pb). Although heavy metals are 

components that are present through all the world's outside layer, pollution and human 

activities resulted from different exercises, for example, refining and mining 

operations, mechanical creation and utilization of non-metals and metallic compounds 

(Shallari et al., 1998; Tchounwou et al., 2012). Natural pollution can likewise happen 

through metal decompositions at natural level, climatic changes, soil disintegration of 

metal, draining of substantial materials, sediments re-suspension and  the metal 

vanishing from the water assets to the soil and the ground water (Nriagu, 1989). Normal 

marvels, for example, volcanic emissions and weathering have been said for addition 

of heavy metal contamination to the soil systems (He et al., 2005; Jung, 2008; Nriagu, 

1989) . Modern sources incorporate metal coal consuming in power plants, preparing 

in refineries, oil burning and high strain lines, plastics, materials, microelectronics, 

wood protection and paper handling (Arruti et al., 2010). 

Harmful impacts may be the brain damage, along with the damages of the kidneys and 

lungs (Horowitz et al., 2002). Mercury may cause about a few ailments, including 

Hunter-Russell syndrome (Tokuomi et al., 1977), acrodynia (Mutter and Yeter, 2008) 

and Minamata disease (Davidson et al., 2004). Methylmercury is a known neurotoxin 



22 

 

that represents a critical wellbeing danger to people. Various anaerobic bacterial species 

methylate oxidized mercury to methylmercury on the earth (Hu et al., 2016). 

Hg2+ is a standout amongst the most poisonous heavy metal particles and represents a 

noteworthy hazard to human wellbeing even following a minute exposure of it. Hg2+ 

can bring about long term harm to natural living systems by upsetting organic and 

cellular events at the cellular level, which results in disease productions, and trigger the 

onset of many diseases, for example, cancer and cancer like diseases (Li et al., 2013). 

Mercury explicitly accumulates in the food chains of life, however its poisonous quality 

is not clear (Hosseini et al., 2013). As indicated by the Environment Protection Agency 

(EPA) rules, Hg2+ must be below than 2 ppb (10 nM) in drinking water. The World 

Health Organization (WHO) suggests a greatest admission of methylmercury of 1.6 μg 

kg−1 per week (Bose-O'Reilly et al., 2010). United States Environmental Protection 

Agency (EPA) and the National Research Council (NRC)  ((Zahir et al., 2005) built up 

a reference measurements of 0.1 μg/kg  of the body weight every day for  the average 

adult organism. Organo-mercury was restricted from rural use in the 1970s in Europe 

and somewhere else (Grandjean et al., 2010). These days it is notable that any mercury 

discharged into the earth experiences biogeochemical change forms and can be changed 

over into the most harmful methylmercury, which may cause serious threats to human 

health in certain ways. Along these lines, industrial nations and countries have 

attempted extraordinary actions to displace any mercury in items (e.g. amalgam fillings, 

thermometers, switches) and modern procedures (impetus in e.g. acetaldehyde 

generation, amalgam in chlorine-antacid electrolysis) by different substances or 

procedures in late decades. Despite the fact that various methodologies for Hg2+ 

recognition have been created (Rustagi and Singh, 2010), techniques with a high level 

of precision and truthfulness are as yet expected to meet the functional prerequisite. 

Moreover, an assay that could be utilized to recognize distinctive parts of analytes 

would be an awesome favorable position. 

Old methodologies are operational for the investigation of heavy metals in the earth, 

yet have certain confinements, for example, tedious specimen preparation, and the 

prerequisite of costly apparatus and trained people to work on them. In spite of the fact 

that the conventional instrumental systems, for example cold vapor nuclear 

fluorescence spectrometry, adsorption spectroscopy, and gas chromatography give the 

immediate and quantitative recognition of Hg2+concentration (Wang et al., 2010; Yoon 

et al., 2005). To date, a few strategies giving the optical input to the recognition of Hg2+ 
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in light of fluorophores (Xie et al., 2010) chromogenic redox based fluorescent strategy 

(Caballero et al., 2005), chromophores (Cho et al., 2003), polymer (Guney and Cebeci, 

2010), and noble metal-based tests (Kim et al., 2001) have been created as appeared in 

Figure 1.6. In such manner, amongst the metallic nonmaterial of the noble metals, 

AgNPs have gotten extensive consideration because of their appealing physic-chemical 

types of properties. Surface plasmon resonance and vast viable diffusing cross segment 

of AgNPs make them perfect possibility for using in sub-atomic and molecular labeling 

((Mody et al., 2010). Schematic representation of some routes leading to heavy metal 

sensing using silver nanoparticle as shown in Figure 1.7. 

 

Figure 1.6 Schematic representation of antibacterial activity of silver ions (Chaloupka 

et al., 2010) 
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Figure 1.7 Schematic representation of some routes leading to heavy metal sensing 

using silver nanoparticle 

 

1.9.2 Galvanic reactions of Hg2+ with Ag nanoparticles  

In galvanic exchange reactions, a zero valent first metal reacts with the ions of second 

metal. If the redox potentials of the metals are sufficiently different, this results in 

oxidation of the first metal and reduction of the second. In the present case, the primary 

metal is AgNPs and the second metal ions are Hg2+. The AgNPs undergo an interaction 

with Hg2+ found in traces by means of redox reaction amongst Ag0 and Hg2+ would 

result in the formation of Ag-Hg nanoalloy as shown in Figure 1.8(Kumar et al., 2010). 

The surface plasmon resonance was changed by nanoalloy formation, the peak position 

of the material and intensity confirmed this change. This idea can be applied to 

determine Hg ions in water.  
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Figure 1.8 Schematic representation of galvanic reactions of Hg2+ with AgNP 

1.10 Application of Gold Nanoparticles  

Artists used colloidal AuNP for a long time because of the colors changes distributed 

by their association with visible light. Furthermore, these are types of optical-

electronics properties of noble metal particles have been explored and used in high 

innovations, for example, sensory probes, organic photovoltaics, beneficial agents, 

catalysis, electronic conductors and drug delivery in biological and medical 

applications as shown in Figure 1.9. Properties of AuNPs could be modified by altering 

the shape, surface chemistry, size, optical and electronic or aggregation state.  

 

Figure 1.9 General overview of the Gold nanoparticles applications 
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1.10.1  Surface Plasmon Resonance of Gold Nanoparticles (AuNPs) 

Noble metal like gold have free electrons in d subshell which are permitted to pass 

through the solid. Free electrons in metal oscillate because of surface plasmon 

resonance standing oscillation are produced as the particle is polarized on metal surface 

with electron density. Absorption and scattering spectroscopy determined the resonance 

condition which depend upon the shape, dielectric constants and size of both the 

surrounding material and the metal. 

This phenomenon is termed as the surface plasmon resonance, since it is placed at the 

surface as shown in Figure 1.10. As the shape or size of the nanoparticle changes, shift 

in the electric field density alters the surface geometry. The optical properties of 

nanoparticles is represented by absorption and scattering spectra which is produced by 

oscillation of electrons (Zhang et al., 2016c). 

 

Figure 1.10 The diameter of gold nanoparticles determines the wavelengths of light 

absorbed 

Reference source: http://www.webexhibits.org/causesofcolor/9.html 

http://www.cytodiagnostics.com/store/pc/Silver-Nanoparticle Properties-d11.htm 

 

1.10.2 Colorimetric Sensors  

Colorimetric sensors gained increasing considerations because of their fast, high 

sensitivity and simplicity of estimation. Size of noble metal nanoparticles especially 

gold and silver nanoparticles can be controlled which has been the focus of interest in 

light of the fact that the color changes related with the surface plasmon resonance band 

which is related with various parameters, for example, the shape and size of the 

molecule, the adsorbed species, the separation between particles and the dielectric 
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properties of the medium. Likewise, they have been used with unprecedented 

achievement for the sensing of a range of analytes, for instance, metal particles, lectins 

, antibodies, and distinctive analytes (Li et al., 2009).  

 

1.10.3 Chemical Sensors  

AuNPs have been broadly utilized as logical tests in biotechnological and substance 

frameworks. The distance dependent SPR property of AuNPs accumulation induced by 

DNA hybridization was exploited for building up a colorimetric sensor for DNA, Hg2+ 

detection (Liu et al., 2009). Besides, functionalized AuNPs become interesting 

nanomaterials for detecting heavy metal ions (Chai et al., 2010).  

 

1.10.4 Aptamers based Chemosensors  

AuNPs that were modified with two kinds of oligonucleotides after the addition of the 

complementary DNA target, which acted as a cross linker to achieve a color change 

from red to purple (Zhao et al., 2007). A type II assay was identified for the detection 

of Pb2+ ions in which the aggregated AuNPs, crosslinked by cleaved DNA enzymes, 

were isolated into dispersed AuNPs with presence of Pb2+ (Zhao et al., 2007). Moreover 

the concept was extended for the sensing of small organic compounds, (for instance, 

ATP) by using AuNPs crosslinked by DNA aptamers. Aptamers are single-stranded 

(ss) DNA or RNA molecules settled on by in vitro decision for binding to a selected 

target with high affinity and specificity (Kong and Byun, 2013).  

 

1.11 Biosensors  

Continuous improvement in pathogen identification has driven a change in sensing 

technologies. Recently, most commonly used methods for pathogen detection can be 

categorized into three classes: culture and colony counting, polymerase chain reaction 

(PCR) based systems and immunological assays (Mariani et al., 2014). These 

techniques offer high sensitivity and specificity, giving both quantitative and qualitative 

information, which is often a requirement (Fan et al., 2015; Verma et al., 2015).  

This method recommends isolation and development of a suspected pathogen by visual 

observation. During colony growth when inherent amplification takes place, this 

method is valuable for detection of low levels of living organisms (i.e., single cells). 
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Unfortunately, ordinarily results are direct using this methodology on account of long 

incubation periods and the necessity for laborious work. 

Initial results often require at least 2 days depending on the pathogen, with 

conformation after 7–10 days (Verma et al., 2015). Besides, the colony counting 

strategy requires a pathogen to be cultured which may not generally be the situation 

given severe environmental or dietary necessities.  

Fast detection of pathogens is vital to limit unfavorable wellbeing effects of 

nosocomial, foodborne, and waterborne infections. AuNPs are to a great degree 

successful at recognizing pathogens because of their capacity to give a direct and quick 

color change when their condition is adjusted.  

Surface plasmon resonance (SPR) biosensors display innovation for quick and delicate 

discovery of compound and natural analytes in vital applications of environmental 

monitoring, medical diagnostics and food control (Narsaiah et al., 2012). SPR offers 

the advantage of direct label free detection technique that depends on the estimation of 

refractive index changes accompanied with the binding of target analyte. The particular 

capture of target analyte on metallic sensor surface with joined biomolecular detection 

components is tested by resonantly excited surface plasmons. These modes start from 

coupled oscillations of charge density and the related electromagnetic field occurring 

at a distance up to roughly hundred nanometers from the metal (Wang et al., 2012). 

Various techniques about detection of bacteria by gold nanoparticles are described in 

Figure 1.11. 
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Figure 1.11 Various approaches about colorimetric biosensor of Gold Nanoparticles 

 

1.11.1 Principles of gold nanoparticle with emphasis on microbial sensing  

The optical properties of gold nanoparticles make them exceptionally famous for 

pathogen detection. The majority of these assays depend on the essential standard of 

surface plasmon resonance to recognize changes in nanoparticle aggregation states 

(Padmavathy et al., 2012). The peak absorbance of gold nanoparticles relies on upon 

their size and shape. Spherical nanoparticles with mean particle sizes ranging from 9 to 

99 nm have been seen with absorbance peaks from 517 to 575 nm, respectively 

(Bakthavathsalam et al., 2012). Gold nanorods show two absorbance peaks: one 

comparing to transverse band (around 520 nm) and another relating to the longitudinal 

band (in the infrared region). The longitudinal band is typically more sensitive when 

gold nanorods are utilized as biosensors (Huang et al., 2010).  

 

 1.11.2 Cationic gold nanoparticles and interaction with cell envelop  

Bacterial cell wall has a negative charge. In gram positive bacteria the reason of this 

negative charge is the presence of teichoic acids linked to either the peptidoglycan or 

to the underlying plasma membrane. These teichoic acids are negatively charged as a 

result of presence of phosphate in their structure. The Gram negative bacteria have an 
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external covering of phospholipids and lipopolysaccharides. The lipopolysaccharides 

confer a strongly negative charge to surface of Gram negative bacterial cells. 

Various schemes are built in view of the interactions among bacterial cell envelop and 

gold nanoparticles and compared with traditional methods. AuNPs are commonly 

stabilized electrostatically, where cetyltrimethylammonium bromide (CTAB) capped 

nanoparticles are positively charged.  

Star-shaped gold nanoparticles have additionally been utilized for the colorimetric 

detection of pathogens, where the absorption peak is represented by the particle size 

and level of branching (Verma et al., 2015). Smaller particles are all the more colloidal 

stable however bigger particles can be more sensitive. Along these lines, enhancement 

of particle size is important yet once in a while investigated for pathogen detection 

(Arvizo et al., 2010; Singh and Lillard, 2009). Most commonly, spherical gold 

nanoparticles in the size range of 13–20 nm with absorbance peak around 520 nm have 

been utilized in biosensors because of simplicity of synthesis.  

The peak absorbance wavelength is sensitive to the distance between particles. Upon 

aggregation, the surface plasmon resonance of individual particles ends up noticeably 

coupled and shift the absorbance spectrum (Anker et al., 2008; Yockell-Lelievre et al., 

2015). This shift can be sufficiently large to deliver a visible color change, which makes 

the methods good for fast purpose of-care diagnostics. Peak absorbance wavelengths 

display a red-shift with increase in size, normally giving stable (non-aggregated) 

nanoparticles a red color, while aggregated nanoparticles seem blue (Kim and Lee, 

2009). Utilization of an ultraviolet–visible spectrophotometer can help measure the 

move in the surface plasmon resonance peak. The lipopolysaccharides impart a strongly 

negative charge to surface of Gram negative bacterial cells as shown in Figure 1.12. 
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Figure 1.12 Bacterial architecture and targets for biosensing 

Reference Source:http://cmr.asm.org/content/27/3/631/F6.expansion.html 

 

1.11.3 Competitive Enzyme test with bacteria  

Strategically, the scheme can be planned with the end goal that decide charged AuNPs 

will specifically bind to bacterial cell wall carrying lipopolysaccharides in Gram-

negative bacteria and negative charge from teichoic acids in Gram-positive. The 

electrostatic interactions amongst nanoparticles and bacteria then result in aggregation 

of nanoparticles and henceforth, a color change (Thiramanas and Laocharoensuk, 

2016).  

Competitive aggregations of cationic AuNP take place on to their bacteria surface or 

enzyme happened in presence of an anionic enzyme (β galactosidase). Since interaction 

between nanoparticles and enzyme has been established to suppress enzyme activity, 

this behavior can be tracked followed utilizing (chromogenic) substrate which is 

specifically catalyzed by β Gal enzyme as shown in Figure 1.13. 
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Figure 1.13 Strategically representation of the sensing system can be designed based 

on the  competitive inhibition of positively charged AuNPs preferentially binding  to  

bacterial cell wall carrying negative charge from teichoic acids in Gram-positive and 

lipopolypolysaccharide in gram negative bacteria (Miranda et al., 2011). 

 

 1.11.4 Antibodies marked gold nanoparticles  

Immunosensors are a vital group of biosensors in light of the identification of antigen–

antibody complex formation. The core rule of immunoassays is the particular 

recognition of the objective of interest by an antibody, which is the key component in 

any test. A few types of antibodies have been presented for antibody based detecting of 

bacteria and toxins (Huang et al., 2015). 

Optical immunoassays depend on direct color generation interceded by AuNPs either 

on solid surfaces or in solutions. The immunosensor-based pathogen recognition 

consolidate monoclonal or polyclonal antibodies conjugated with gold nanoparticles. 

The conjugation of nanoparticles with antibodies combines the optical properties of the 

nanoparticles themselves with the particular and specific recognition capacity of the 

antibodies to antigens (Zhang et al., 2015). The simple color change from pink to purple 

would permit the detection of the target being referred to Figure 1.14.  
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Figure 1.14 Schematic representation of a colorimetric AuNPs based approach to 

selectively sense bacteria with antibody-conjugated AuNPs 

 

1.11.5 Aptamer approach  

Nucleic acid aptamers are generally short single-stranded DNA or RNA 

oligonucleotides that have been designed through repeated rounds of in vitro 

determination (Hong and Sooter, 2015; Zhang et al., 2015). They are made to bind to 

particular targets, for example, small molecules, proteins, nucleic acids, and even cells, 

tissues and microrganisms (Yuan et al., 2014). Attributable to their in vitro 

determination, high affinity and specificity, aptamers are starting to develop as new 

molecular recognition components that oppose antibodies in biosensing applications 

(Luo et al., 2012). Bacterial sensing using aptamer-based gold nano-conjugates as is 

shown in Figure 1.15.  

 

Figure 1.15 Bacterial sensing using aptamer-based gold nano-conjugates 
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Today, availability of clean drinking water is a major issue particularly in the third 

world scenario. And also, the available option for the monitoring and the cleaning of 

the same are insufficient. As has been given above, the use of nanoparticles as biocidal, 

biosensor and chemosensor has been documented but for the sustainable use, their sizes 

and stability is needed to be optimized. Therefore, there is a dire need to initiate the 

investigations in this direction.  

1.12      Objectives of study 

The current study has been designed to develop gold and silver nanoparticles with 

specific properties which would act as reliable chemical and biological sensors as well 

as bactericidal agents based on colorimetric principle.  

 

The objectives of current study are to 

1. Optimize conditions for the synthesis (chemical or biogenic) of silver and gold 

nanoparticles and their conjugates with desired shapes and sizes using suitable 

reducing and capping agents.  

2. Evaluate the capacity of the above mentioned particle for the detection of 

selected bacterial strain(s) based on colorimetric assay. 

3. Evaluate the capacity of these particles and conjugates to act as receptors for the 

detection of ions of selected heavy-metal(s); our particles might be coaxed to 

function as high-intensity colorimetric reporters for the otherwise spectrally 

silent ions. 

4. Test antibacterial potential of anisotropic silver nanoparticles and their 

conjugates for selected Gram negative bacterial strain(s). 
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Chapter 2     LITERATURE REVIEW 

 

2.1 Overview of nanotechnology 

Richard Feynman (1960) in an acclaimed address of him entitled "There's plenty of 

room at the bottom” explained that Nanotechnology deals with the studies of materials 

on the nanometer length scale (1–100 nanometer) and in his discussion he precisely 

anticipated the course of current nanotechnology and nanoscience. 

As reported by Pennycook (2015) in his talk the concept and idea about miniaturization 

and atomic engineering, he accurately predicted the direction of modern 

nanotechnology and nanoscience. Further this idea was described by Lynch et al. 

(2015) that they had the capacity to make and control material at nanoscale 

measurements, which could have some important impacts on the society and later on 

the same idea led to the utilization and incorporation of nanomaterials.  

The term nanotechnology was explained by Robles-Garcia et al.(2016) and Shaalan et 

al. (2016) as an attractive scientific field that included various scientists working in it 

from different fields, such as chemistry, physics, biology, electronics, engineering and 

medicine. 

 

2.2  Historical perspective of nanotechnology 

The term nanotechnology was understood by Dahman (2017) as recent phenomenon 

but it is explained in 1974 by Norio Taniguchi, a physicist at Tokyo Science University. 

According to Hauser (1955) the nanotechnology is a pure science, however it was 

formerly referred as only the science of colloids (colloids are the dispersions of the 

matters with 1 nm-1 µm in size). 

The details were clarified by Auffan et al. (2009) that it is genuinely a science; despites 

of the facts that its central ideas have been under discussion and research for last 50 

years.  

As stated by Schaming and Remita (2015) that it is interesting to know that we have 

been utilizing nanotechnology for over 1000 years. However it has changed during the 

course of time with reference to the techniques and technology, by using which we can 

deals with the materials at the nano-scale. There are various well known examples of 

ancient artefact which were created using nano-composites are: 
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2.3 Noble metal nanoparticles (NMN) 

Faraday (1857) reported that Noble metal nanoparticles show high values of light 

absorption and scattering in the range of the visible region of the spectrum, e.g. gold 

and silver NPs. AuNPs are among the NPs which were used as decorative and 

therapeutic agents for the first time being used nanomaterials in China and Egypt in the 

4-5 century BC. 

Faraday described the first proper article on the formation of AuNPs in 1857 and he 

described the red color as an indicator for the formation of AuNPs. Further Mie (1908) 

built up an answer for Maxwell's equation.   

According to the views reported by Cobley and Xia (2010); Daniel and Astruc (2004); 

Guo and Wang (2011) that the various properties of noble metal nanomaterials (NMNs) 

like optical, size-dependent electrical, chemical and magnetic properties are important, 

for their basic logical enthusiasm, as well as for their numerous innovative applications.  

It was investigated by Haes et al.(2004) that one account the advancement of new 

biosensing phases with upgraded capacities in the particular detection of bioanalytes. 

Additionally, other techniques are also reported such as fluorescence, infrared and 

Raman spectroscopy for characterization of NMNs. 

It was explained by Jain et al.(2007) that other than being profitable resources in our 

everyday lives, noble metals (e.g. gold, silver, and platinum) also have numerous 

fascinating physical and chemical properties. According to Xia (2008) Noble metal 

NPs revealed novel physical and chemical properties that can be used for analysis of 

the change of the biosensing phases.   

According to Calderon-Jimenez et al. (2017); Guerrero-Martinez et al. (2011); Lu et al. 

(2009); Tao et al. (2008); Xia et al. (2009) shape, size, engineering, architecture and 

composition of NMNs are a few imperative significant parameters in deciding and 

improving their potential applications. On a basic level, the physicochemical properties 

of NMNs can be controlled by any of these parameters.  

It was reported by Kimura and Pradeep (2011) that when nano sized or nano scaled 

materials are achieved, such particles may significantly be used for the welfare of the 

human being and his environment positively. 

Further, it was described by Kahnert (2016) that the depiction of the absorption spectra and 

scattering of spherical shaped differently sized particles. 
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 2.4 Overview of the synthesis of nanoparticles 

It was reported by Matijevic (1994); Wang and Xia (2004); Yan and Wang (2017) that 

various procedures are utilized to manufacture diverse nanomaterials. Nanoparticles 

can be delivered from bigger structures (top down) by utilization of ultrafine processors, 

lasers, and vaporization took after by cooling. For complex particles, nanotechnologists 

for the most part want to blend nanostructures by a bottom up approach by arranging 

atoms to shape complex structures with new and valuable properties.  

There are two unique ways to deal with making items with nanoscale components and 

features: 

1. According to Koch (1989) the area of formation of nanostructure has wide 

scope, which in future would be a separate study.  He further reported “ball-

milling” as another type of top down technique, which could be utilized for the 

formation of nanostructure by some controllable method and techniques. Those 

nanostructure building blocks were supposed to be assembled into the new 

material. 

It was stated by Wang and Xia (2004) that the Microelectronics industry uses 

Top-down fabrication method; during this process different features are being 

created by using repeated pattern transfer steps which may involve lithographic 

methods. This top down technique involve semiconductor industry which is 

used for making devices of an electronic substrate such as silicon, utilization for 

the pattern formation i.e. electron beam lithography.  

2. As reported by Dahman (2017) that the Bottom-up manufacture techniques is 

important to the chemicals industry. This technique begins with little units, 

mono particles or even small molecules, which then accumulate and results into 

bigger structures which are important to the sciences. These chemical methods 

depend upon the accessibility of the fitting "metal-organic" atoms as precursor. 

Different techniques may involve like Sol-gel handling varies from the different 

substance forms because of its generally low preparing temperature values. It 

causes the sol-gel handle practical and more flexible. During the spraying 

process the stream of reactants is treated with high flames created for instance 

by plasma spray tools or the carbon dioxide laser tools. The reactant breaks 

down into homogeneous particles in the flame. Fast cooling generates 

nanoparticles.  
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2.4.1 Critical issues for nanostructure synthesis and assembly 

Certain important synthesis and assembly based issues of the nanomaterials are 

depending upon methodologies being used. The basic control point can be classified 

into two types:  

1. It was reported by Murphy et al. (2005) that the interfaces control and nano-

components appropriations depend upon the full structure of the materials. These 

two aspects nanostructure formation are linked, nucleation and growth; in any case, 

they tend to unite and yield agglomerations or coagulation. These issues are 

important to AgNPs and AuNPs and their further agglomeration and coagulations. 

2. It was stated by Fan et al. (2015) that the sizes and synthesis of the nano-cluster 

components, regardless of whether they are powders, aerosol particles, or 

semiconductor quantum dots. 

  

2.5 Synthesis of gold and silver nanoparticles 

Reviews presented by Abou El-Nour et al. (2010): Chung et al. (2016); Siddiqi and 

Husen, (2016b) include numbers of synthetic methods for the formation of AgNPs; 

some most common may involve laser ablation, chemical reduction, electron 

irradiation, gamma irradiation, microwave processing, photochemical strategies and 

biological techniques. These reviews mainly focus on the synthesis of AgNPs by using 

chemical, biological and physical methods. 

 

2.5.1  Physical approach 

It was reported by Gurav et al. (1994) and Schmidt-Ott (1988) that during the physical 

procedures of metallic nanoparticles synthesis, condensation and evaporation play a 

pivotal role, a tube furnance is used at atmospheric pressure during these procedures. 

The source material is converted into a carrier gas by vaporization. 

Different approaches reported by Compagnini et al.(2003); Dolgaev et al. (2002); 

Kabashin and Meunier (2003); Mafuné et al. (2000); Sylvestre et al.(2004); Tsuji et al. 

(2002); Tsuji et al. (2003) explained that the AgNPs and AuNPs could be prepared with 

the laser ablation technique. These reports explain an outline of AgNPs synthesis by 

chemical, physical, and biological approaches.  
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2.5.2  Biological approach 

According to Dickson (1999); Singhal et al. (2011); Spring and Schleifer (1995) few 

famous microbial nanomaterials may include  magnetite silver ions, Pum and Sleytr 

(1999) further reported which are being reduced by the  S-layer bacteria, which are 

found in the calcium and gypsum may also include Pseudomonas sp. Joerger et al. 

(2000) reported that these living beings could had been in the mines. 

Some outstanding cases were reported by Dickson, (1999); Spring and Schleifer, 

(1995); Singhal et al.(2011) about microbial systems where he mentioned the 

combining of inorganic materials incorporate magnetotactic microscopic organisms for 

magnetite NPs formation. 

According to Nair & Pradeep, (2002) reported that the ion reduction leads to the 

synthesis of the AgNPs. Shankar et al. (2003) explained that the Lactic Acid bacteria 

produce nanocrystals particularly of silver, different alloys and the gold. Description 

was given by Shankar et al. (2003, 2004, 2005); Vetchinkina et al. (2017) that different 

sized and shaped NPs are formed by the Actinomycetes and Fungus. 

As Kiran et al. (2011) reported that biosynthetic strategies involve the usage of reducing 

agents, e.g. biological microbes, polysaccharides, plants extracts and fungus, i.e. a new 

field of green chemistry, have raised a reasonable contrasting option to more interesting 

MNPs manufacturing methods.  

Further it was reported by Kiran et al. (2011); Salunke et al. (2016); Siddiqi and Husen 

(2016); Zhang et al. (2016b) that the biosynthesis have been performed by using fungi, 

yeasts, bacteria,  actinomycetes, algae and plants are known to be in a condition for the 

synthesis of nanoparticles,  metallic nanoparticles, mineral and their crystals. 

As Yadav et al. (2015) reported that the nanoparticle synthesis with microscopic 

organisms has increased more interest in the field of nanotechnology. Synthesis by 

microbes and parasites is most innovating than by actinomycetes, yeasts and algae.  

Afterward Ovais et al. (2016) reported that the biosynthesis of NPs has been performed 

by utilizing bacteria, fungi, actinomycetes, yeasts, algae and plant extracts.  

 

2.5.3 Chemical approach 

According to Turkevich et al. (1951) at the first step, the reduction process of silver and 

gold ions take place, which on further process change into oligomeric group by 
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agglomeration. Further Turkevich (1985) reported that those grouping of the particles 

and the colloidal ions leads to agglomerations of the NPs. 

Afterwards Brust et al. (1994) reported that his Brust-Schiffrin method used sodium 

borohydride as a reducing agent, which was much stronger, As a result, this method 

created well-dispersed gold nanoparticles ranging from 1 to 3 nm. 

Another researcher, Hermanson (1996) reported that the Sodium citrate is a weak 

reducing agent, and as such, the Turkevich and Lee-Meisel methods produced relatively 

large nanoparticles, Yuan and Wang, (2010) reported that numerous different strategies 

have been created for the synthesis of various metallic NPs, which might had yield 

spherical and non-spherical NPs of the metals, alloy, pure or shell which could be of 

various metals ,silver, platinum, rhodium, golds etc. 

According to Lee et al. (2010) the surfactant would settle various crystal planes in 

growing nanostructure, permitting controlled growth on that plane via deliberately 

picking a surfactant and particle material. Afterwards Ghosh et al. (2011) reported that 

citrate work as capping and reducing agent for the formation of gold NPs, electrostatic 

force of attraction present among the AuNPs and citrate capping, prevent the NPs to be 

formed in larger sizes.  

Another work presented by Lee et al. (2012) investigated that the most widely 

recognized way to deal with the formation of noble metallic NPs, metallic component 

act as stabilizer, restrains the development of the NPs, stability are increased because 

of the controlled sizes of the particles. 

As reported by You et al. (2013) that the nanoparticles shapes could be controlled by 

including surfactants during synthesis which would bring about an adjustment in 

surface energy and control aggregation of particle.  

Further, Orendorff et al. (2006); Okitsu et al. (2009); Niu et al. (2013) said that various 

nanoparticles shapes have been made including, nanocubes, nanostars , nanoplates, 

nanotriangles , nanowires, nanoshells and nanorods.  

 

As Zhao and Friedrich (2015) explained that one-step synthesis of the NPs mostly yield 

spherical nanoparticles. 

As indicated by Leng et al. (2015) who reported that the Turkevich (1985) method with 

some modifications have resulted in the production of AuNPs with controlled sizes 

ranging from (9–120nm) by just changing the ratio of citrate/Au. He further stressed 

that the Nanoparticles size is mostly affected by the strength and concentration of the 
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reducing agent, stronger reducing agents produce smaller nanoparticles and weaker 

reducing agents producing larger particles.  

As stated by Abbasi et al. (2016) that AuNPs and AgNPs can be synthesized by the 

chemical reduction methods. Citrate, atomic Hydrogen, Sodium Borohydride, and 

sodium ascorbate can be utilized for the organic reductant, and these agents act as 

reducing agent and as well as capping agent for the formation of NPs. Reductions of 

these substances yield nano sized particles in the aqueous medium. 

As illustrated by Genc et al. (2017); Godfrey et al. (2017); Oyama et al. (2011); Sun 

and An, (2011); Sun and Xia, (2002) that the non-spherical nanoparticles are 

synthesized by seed, where the size and shape of the particles can be controlled. e.g. 

nanodiscs, nanocubes , nanorods, and nanoprism.  

Reviews are presented by Hodges et al. (2017); Sun and Xia (2002); Yuan and Wang 

(2010) that the initial shapes of the seeded particles was the yield of the reduction by 

the metallic salt in the solution during the seed mediated formation of the NPs, on 

adding the seeds in the solution NPs were produced due to the reduction of the salts.  

 

2.6 Approaches used to stabilize NP 

It was reported by Shi et al. (2015); Slepička et al. (2015) that for the metallic NPs 

formations it is very essential to have some protecting and stabilizing agents, which 

might help toward the stabilization of the nanoparticles dispersions, when the particles 

were prevented from the aggregation or agglomerations those were the results of the 

activity of the protective and capping agents. They further added that the capping agents 

were widely used as a part of colloidal synthesis to obstruct the nanoparticles growth 

and agglomeration, and also to control the structural characteristics of the resulted 

nanoparticles in a definitive way. They further suggested that the capping agents might 

be in the form of organic, inorganic, monomer or a polymer molecule, the stabilizing 

agent in specific cases could likely acted as a reducing agent,  Those stabilizers could 

be isolated after taking them into significant classifications. 

 

2.6.1 Polymers 

As reported by Abou El-Nour et al. (2010); Brust et al. (1994); Bai et al. (2007);  Layek 

and Nandi (2013) that the mostly utilized polymers were poly (ethylene glycol) (PEG), 

polymethylmethacrylate (PMMA), poly (methacrylic acid) (PMAA),(poly 
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vinylpyrolidone) (PVP), further Bai et al. (2007) synthesized AuNPs by using  

polyacrylamide as reducing and stabilizing agent.  

 

2.6.2 Biopolymers 

It was reported by Kreibig and Vollmer (2013) that the biopolymers might inhibit 

agglomeration and precipitation of the particles; they had been as often as possible 

utilized as capping and reducing agents in synthesis of metallic NPs, Among the 

techniques during the green synthesis methods of AgNPs, water is being utilized as a 

natural solvent and biopolymers as capping and reducing agents simultaneously.   

Several reports were presented by Das et al. (2015); Kangkamano et al. (2017); 

Suarasan et al. (2015) about the most commonly used examples of biopolymers for the 

NPs synthesis which might include starch and chitosan. Generally, Farkhari et al. 

(2016) reported DNA; Lai et al. (2017) reported proteins; Sivaranjana et al. (2017) 

reported cellulose; Vanamudan and Sudhakar (2016) reported guar gum; Vanamudan 

and Sudhakar (2016) reported guar gum; Vanamudan and Sudhakar (2016) reported 

guar gum.  

 

2.6.3 Surfactant 

During recent years it was reported by Khan et al. (2013); Li et al. (2012); Mukherjee 

and Mahapatra (2014) that the gold and silver nanoparticles surfaces were frequently 

changed with surfactant like sodium dodecyl sulfate (SDS) and 

cetyltrimethylammonium bromide (CTAB). 

Further, Verma et al. (2014, 2015, 2016) reported that the selection of surfactants was 

not just essential for the stability of the colloids but it additionally upgrade the 

performance as a sensor for particular applications for instance CTAB capped gold 

nanostars were broadly used for the detection of microscopic organisms like bacteria.  

Recently, Heinz et al. (2017) reported that the colloidal nanoparticles stabilized through 

the addition of different types of surfactants which were a typical practice in 

commercial synthesis.  

 

2.7 Characterization of nanoparticles 

Examples were presented by Hartmann et al. (1993); Murray et al. (2000) presented 

that the molecular size and morphology could be determined by SEM, AFM, and TEM,  
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The AFM created and measured the 3D pictures of the NPs hence volume and length 

of the molecules could be assessed.  

As far as studies was conducted by Cho et al. (2005); Musick et al. (2000); Schmidt-

Ott (1988); Sun and Xia (2002); Sun and An (2011); Zhang et al. (2016c) about the 

NPs formation,  applications and detail  comprehensions need NPs analysis and 

characterizations,  Characterization of the NPs is achieved by various strategies, for 

example, UV–Vis spectroscopy, X-ray photoelectron spectroscopy (XPS), Fourier 

transform infrared spectroscopy (FTIR), transmission electron microscopy (TEM), 

atomic force microscopy (AFM), powder X-ray diffractometry (XRD),  scanning 

electron microscopy (SEM), and dynamic light scattering (DLS). Schmidt-Ott (1988) 

determined various parameters by using these techniques about the morphology and 

structure of the NPs e.g. crystallinity, molecular size, pore size, shape, and surface area.  

Moreover, Panáček et al. (2006) reported that the Particles size distribution could be 

determined by dynamic light scattering, surface plasmon resonance could be measured 

by UV–Vis spectroscopy, which further assisted to confirm the formation of 

nanoparticles, while X-ray diffraction explains the crystallinity of the produced 

particles. 

Further, Parab et al. (2007) reported additionally the intercalation, introduction, and 

dispersion of the nanotubes and NPs in the nanomaterials could be controlled by 

characterization techniques. 

 

2.7.1 History of silver nanoparticles 

It was reported by Bechhold and Bullowa (1919) that since old times silver had been 

taken as a flexible, tool and substance, In old Greece, Rome, Phoenicia, and Macedonia, 

silver was utilized broadly to control contaminations and deterioration in different 

household. Boese (1921) and earlier to him Bechhold (1907) reported the trademark 

"Collargol" , under which several types of nanosilver with a range of 10 nm size had 

been produced and utilized in the medical industries since 1897. 

However, Milton (1968) reported that It is noteworthy that the innovators of AgNPs 

comprehended years before, the feasibility of technology which is being required 

nanosilver, e.g., by the accompanying proclamation for legitimate efficiency, the silver 

must be used under 25 nm in crystallite size, The history of manufacturing and 

utilization of nanosilver had motivated the researcher for further investigations and 
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guided further learning for NPs, in course of the most recent 100 years, regardless of 

the possibility that this examination is not reported under "nano" term. 

It was elucidated by Sigerist (1987) about Hippocrates, the "Father of Medicine", 

showed that silver could had controlled diseases and healed wounds. Around 400 BC, 

he recorded it as only treatment for ulcers "the blossoms of silver alone, in the finest 

powder".  He further added about Herodotus depiction about the King of Persia who 

conveyed with him boiled water in silver cups to avoid ailments. 

After two years, Lea (1889) reported that engineered NPs have separate definition as 

compared to the accidentally synthesized nanoparticles. M.C Lea presented his first 

report 120 years before, in 1889, where he explained the synthesis of citrate-stabilized 

silver colloidal solutions.  

According to Fung and Bowen (1996) the nanosilver items were sold as the counter 

medications and furthermore utilized by doctors to treat different ailments, for example, 

syphilis and other bacterial infections. 

According to Nowack et al. (2011) several other types of the nanosilver synthesis have 

been introduced during the recent discoveries and decades, e.g. Moudry (1953) reported 

the production of 2-20 nm sized ranging nanoparticles of gelatin, Milton (1968) 

explained AgNPs with traces of carbon with the size of 25 nm. 

Then, Nowack et al. (2011) reported that during the early 20th century, therapeutic 

nanosilver colloids were referred to under different trade mark names, e.g. Protargol, 

Argyrol and Collargol.  

 

2.8 Antimicrobial properties of silver nanoparticles 

Previously, Barillo and Marx (2014); Bui et al. (2017); Guggenbichler et al. (1999); 

Zazo et al. (2016) reported that from ancient times, heavy metals (silver, gold and 

copper, etc.) had been widely utilized for the treatment and prevention of various 

pathogenic sicknesses. All noble metals are important but Ag is among the most 

prominent metal that were ordinarily utilized as an antibacterial, hence it have been 

constantly getting favored in medicinal applications of the NPs. 

Further, Bumbudsanpharoke et al.(2015) reported that the Silver is found in nature, it 

has been utilized for centuries for making coins and gems; for water purification; for 

food serving; its use for commercial and electrical applications are among the latest 

discoveries.  
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Moreover, Parani et al. (2016) reported that due to the antimicrobial properties of the 

ionized silver it had been utilized in different products to more than 200 years. More 

recently, health related properties of silver has been evaluated in various customer 

items, including silver-containing garments, coolers, and clothes washers that claim to 

freshen up or deodorizing by different germs.  

2.8.1 Antibiotic resistance and silver nanoparticles 

It was found by Atiyeh et al. (2007); Pereira and Bartolo (2016); Qin (2008) that ionic 

silver, in the correct amounts, is reasonable in treating wounds of different nature.  

Recently, Guzman et al. (2012); Patil and Kim (2017); Shaban and Abd-Elaal (2017) 

reported that the antimicrobial agents had developed resistance to pathogenic bacteria 

and was a noteworthy medical issue, metallic Silver famous for its extensive range of 

antibacterial action against gram positive and gram negative bacteria. Kim et al. 

(2009a); Kim et al. (2012); Panáček et al. 2009; Xia et al. (2016) reported antifungal 

activities of AgNPs. Cameron et al.(2016); Gaafar et al. (2014) investigated about 

killing of protozoans with silver nanocmposites, Castro-Mayorga et al. (2017); 

Tamilselvan et al. (2017) worked on antiviral activities . As far as antibiotic resistance 

is concerned, Gray (2014) and Panáček et al.(2016) reported the presence of anti-biotic 

resistant properties of the bacteria, further they had utilized the antimicrobial properties 

of nanosilver and silver based products, even constituting AgNPs for controlling those 

bacteria.  

Further, Lim et al. (2015); Simoncic and Klemencic (2016); Vanitha et al. (2017) added 

that the AgNPs are particles of the silver that range from 1 to 100 nm, they further 

investigated that there is likewise a push to consolidate AgNPs into an extensive variety 

of therapeutic devices, including bone cement, surgical masks, surgical instruments and 

so on.  

According to Panáček et al. (2016) point of view Ag indicated potential against anti-

microbial resistant life forms, which is one of the significant issues in general medicinal 

services, recently, MNPs has been assumed control by AgNPs.  

Additionally, Austin et al. (2014) reported that when the surface of nanoparticles was 

modified it affected its stability, those surface modifications could be achieved by 

covalent and non-covalent interactions, adding more such adjustments not just permit the 

substitution of conceivably initial stabilizing agents, yet particular natural focusing on 

and their utilization in biosensing applications are additionally conceivable, he further 
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explained that, non-covalent alterations were accomplished through electrostatic 

connections, van der Walls forces of attractions and hydrophobic interactions, however, 

covalent bonding for the most part use coordinate covalent bonds, and link atoms. 

Afterwards, Rai et al. (2015) reported that the biopolymers utilization in AgNPs 

formation created a new arena in the research, when these biopolymers conjugate with 

NPs of the noble metallic nature (platinum, gold, and silver, etc.) as a result, these 

molecules yield better antiviral, antifungal and antibacterial activities.  

 

2.8.2 Mechanism of action of silver nanoparticles 

In view of Ratte (1999); Sambhy et al. (2006); Kim et al. (2009) reported that the 

antibacterial properties of AgNPs were related with its slow oxidation and release of 

Ag+ particles to the environment, it made it a perfect “biocidal agents”, the inhibitory 

impact of Ag+ was accepted to be because of its adsorption to the negatively charged 

bacterial cell wall, deactivating cell and its enzymes, disturbing porosity of the plasma 

membranes, prompting cell lysis, eventually leads to cell death. In addition, the little 

size of these particles facilitate the entrance of these particles through cell layers and 

membranes to influence intracellular mechanisms and reactions of the living cell.  

As indicated by the reports of Kim et al. (2009), AgNPs showed fantastic antifungal 

activities on Candida albicans by disrupting the cell membranes and hindering the 

ordinary sprouting process. Further, Kim et al. (2009a) reported that the bactericidal 

activity is enhanced as silver NP releases silver ions inside bacterial cell. 

Moreover, Xiu et al.(2012) reported that the superb antibacterial properties shown by 

the nanoparticles were because of their very much increased surface which gives them 

an excellent contact in nature, a detailed comprehension of the bactericidal activity of 

nanosilver would have required an appropriate investigation of the membrane bound 

and intracellular nanoparticles, AgNPs were found to enter into the bacterial cell, 

causing damages to the inner mechanisms and finally the demise of the cell. 

In the study of Duran et al.(2016); Fu et al.(2014); Sportelli et al. (2016) reported that 

the cell disturbing components were produced within the cells by metal nanoparticles, 

which were produced as a result of the production of Reactive Oxygen Species (ROS). 

The detailed review of the literature about the antimicrobial action of silver 

nanoparticles is provided in the (table 2.1)  
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Table 2.1 Details of AgNPs and their mechanisms of action against bacteria 

Target organism Mechanism of action References 

Acinetobacter 

baumannii  

Alteration of cell wall and 

cytoplasm  

Łysakowska et al., 2015; 

Salunke et al., 2014 

Escherichia coli  Alteration of membrane 

permeability and respiration  

Dhas et al., 2014; 

Manjumeena et al., 2014; 

Salunke et al., 2014 

Enterococcus 

faecalis 

Alteration of cell wall and 

cytoplasm 

Ahmed et al., 2016 

Klebsiella 

pneumoniae  

Alteration of membrane Kang et al., 2012; 

Manjumeena et al., 2014; 

Naraginti and Sivakumar, 

2014 

Listeria 

monocytogenes  

 

Morphological changes, 

separation of the cytoplasmic 

membrane from the cell wall, 

plasmolysis  

Tamayo et al., 2014 

Micrococcus 

luteus  

Alteration of membrane  Manjumeena et al., 2014 

Nitrifying 

bacteria  

inhibits respiratory activity  Wang et al., 2014a 

Pseudomonas 

aeruginosa  

 

Irreversible damage on 

bacterial cells; Alteration of 

membrane permeability and 

respiration 

Biel et al., 2011; Sondi and 

Salopek-Sondi, 2004; Zhang 

et al., 2014 

Proteus mirabilis  Alteration of cell wall and 

cytoplasm  

Dhas et al., 2014; Hachim, 

2014; Muhsin   

Staphylococcus 

aureus  

Irreversible damage on 

bacterial cells Inhibition of 

bacterial DNA replication, 

bacterial  

Biel et al., 2011; 

Khamhaengpol & Siri, 2017; 

Shameli et al., 2012b 

Salmonella typhi 

 

 

Inhibition of bacterial DNA 

replication, bacterial 

cytoplasm membranes 

damage, modification of 

intracellular ATP levels  

Morones et al., 2005; Shameli 

et al., 2012b 

Vibrio cholera Alteration of membrane 

permeability and respiration  

Morones et al., 2005 

Staphylococcus 

epidermidis 

 

Inhibition of bacterial DNA 

replication, bacterial 

cytoplasm membranes 

damage, modification of 

intracellular ATP levels 

.Inhibition of bacterial DNA 

replication, bacteria 

Jain et al., 2009; Morones et 

al., 2005 
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2.8.3 Effect of size, shape and charges on the antimicrobial activity of 

nanoparticles 

According to Morones et al. (2005) and Raimondi et al.(2005) investigated that 

electronic effects were created and reactivity of nanoparticles was enhanced when 

bacteria interacted with nanoparticles less than 10 nm in size. Bactericidal activity of 

silver nanoparticles was found to be size dependent.  

Furthermore, Atiyeh et al.(2007); Dakal et al.(2016); Morones et al.(2005); Singhal et 

al. (2011) reported that the Small size of the nanoparticle had a significant surface areas 

to contact with the bacterial cells and from then on, it would had a higher rate of contact 

with more smaller nanoparticles than larger nanoparticles. 

In the paper of Morones et al. (2005) reported that the different shapes of silver 

nanoparticles exhibited different bactericidal activity. Further investigations by Pal et 

al., (2007) showed that the truncated triangular silver nanoparticles exhibited 

bactericidal impact at the concentration of 1 µg. While, with spherical nanoparticles 

substance of silver nanoparticles concentration showed same impact records upto 12.5 

µg, in this way, the silver nanoparticles with different shapes viably influenced the 

bacterial cell. 

In review papers of Abbaszadegan et al. (2015); Silva et al., (2014) reported about the 

predominance of the positively charged AgNPs over the negatively charged particles, 

as far as the antibacterial activity, effective surface areas and its utilization, shape and 

size made them incredible candidate for focusing on flexible issues of disease control. 

They further reported that the electrostatic forces generated when nanoparticles with a 

positive zeta potential interacted with bacteria having a negative surface charge exhibit 

closer relationship between the two components and might be the passage in bacterial 

cell membranes and cell lines,  hence, zeta potential was the key parameter for 

controlling the antimicrobial activity and if zeta potential is more positive and with 

small size of the particle impact observed is greater and vice versa. 

 

2.8.4 Surface plasmon resonance from historical perspective  

According to Hunt (1976) changes to the resonance leaded in minimal gold particles 

encourage perceptible changes in coloration. Gold nanoparticles had been used as 

colorants in pottery for 2000 years ago, colored glass windows, stoneware creation and 

finish polish ceramics, moreover as a purple coloration in pieces of clothes etc.  
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Further studies were conducted by Garnett (1906) that all through long extend, 

backpedaling to Roman conditions, there was no understanding of the fundamental 

segments which offer coloration of metallic particles. Maxwell-Garnett cleared up 

extensive bits of the disseminating effects and color changes in two unique papers in 

1904 and 1906. Mie (1908) reported that the size dependent optical properties of metals 

could be quantitatively estimated. 

According to Pileni (2007) new strategies for synthesis of MNPs empowered an 

extensive variety of shapes and sizes of gold particles to be created, in that specific 

situation, colloid chemistry had turned into the tool of decision when it was a demand 

to produce small sized and shaped particles with optimized optical properties. 

Moreover, Hu et al. (2008) reported that the previous decade had seen a big change in 

the comprehension and control of the reaction of small sized metallic nanoparticles. 

This had been driven by the fast advancement of characterization techniques. 

According to Gans (1912) in any case, shape of the nanoparticles might impact their 

optical properties, in spite of the forecasts of Gans in 1912 paper on the color of 

ellipsoids in light of the fact that there were no chemical or physical strategies to control 

the smaller particles. 

It was further stated by Kreibig and Vollmer (2013) that the positively charged gold 

nanoparticles are connecting with model structures for a couple of reasons; Gold is 

artificially inactive and does not oxidize. Besides, this metal has large values of surface 

plasmon resonance in the visible range of the spectrum.  

 

2.9 Sensors 

In papers of Chiang et al. (2011); Lee and El-Sayed (2006); Lv et al. (2016); Rassaei 

et al. (2011); Schade et al. (2015) reported that the biosensors based on the gold and 

silver nanoparticles are strong options to analytical procedures,  especially for high 

specification, sensitivity, small size, and shape. The gold and silver nanoparticles have 

extraordinary potential for biological and chemical sensor applications. 

  

2.10 Localized Surface Plasmon Resonance revolutionized the sensing 

techniques 

According to Jain et al. (2006) and Wilcoxon (2009) reported that the Optical property 

exhibited by noble metal nanoparticles known as localized surface plasmon resonance 
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(LSPR), which happened when light interact with vibrations of the surface electrons. 

At that point when excited with an electromagnetic wave, for example, light, most noble 

metal NPs deliver an extraordinary absorption and scattering because of vibration of 

the conducting electrons situated at the surface of NPs. 

It was also reported that in the specific instance of gold and silver NPs, the LSPR yields 

high absorption coefficients and dispersing properties inside the UV/Visible 

wavelength devices that permits them to have a higher sensitivity in optical detection 

than the traditional organic dyes, making them the ideal candidate for colorimetric 

biosensing applications.  

Furthermore, Jin et al. (2003); Liz-Marzán, (2006); Petryayeva and Krull (2011) 

investigated about the LSPR properties of the MNPs which could be effortlessly 

modulated by their size, shape and composition, they further  tried to distinguish the 

attributes of nanoparticles, adding to the basic science in a way that made the capacity 

to utilize nanoparticles for some applications. 

 

 2.10.1 Optical nanoprobes for sensing applications 

Few Scientists like Lei and Ju (2012) reported that the novel nanomaterial based optical 

nanoprobes had been broadly established in light of high specificity, high sensitivity 

and potential for simple measurement of species in biological and chemical 

investigations,  As the nanotechnology advanced, different sorts of nanomaterials 

having novel optical properties created, for establishing the mechanisms of optical 

nanoprobes. 

Likewise, Zeng et al. (2011) reported that further coordinating receptors (ligand, 

chemical, aptamer, antibodies, polymer and so forth) and the restriction of particular 

targets with chemical information would alter diagnostically helpful optical signals, 

utilizing distinctive recognition systems including UV–Vis spectra/ colorimetry and 

fluorometry. 

Further, Lin et al. (2009) reported that in the detection systems, after the recognition of 

target on, the optical signs could be additionally identified by optical systems. The most 

ordinarily utilized optical recognition methods in nanoprobes is called UV–Vis spectra, 

SERS, colorimetry and fluorescence spectra. 

According to the reports of Mahmoud and El-Sayed, (2010); Quesada-González and 

Merkoçi (2015), the colorimetric test for silver/gold nanomaterial-based nanoprobes 



51 

 

could produce change of color in the visible range of 390–750 nm. Shang et al. (2011) 

reported that the Fluorescence nanomaterial or fluorechrome intervened nanomaterial-

based sensors more often than not utilize fluorescence signals.  

Based on the study of Lee et al. (2010) who reported that the rough nano surface based 

sensors or aggregated nanoparticles based sensors could develop ''hot spot'' for SERS 

labels with the expansion of SERS signs, the quantitative detection of target could be 

analyzed with optical detection methods. As a result, three key parts are incorporated 

in an optical nanoprobe. 

Moreover, Guo and Wang, (2011); Priyadarshini and Pradhan, (2017); Zhu et al. (2015) 

reported that different optical detection systems (UV–Vis spectra, colorimetry, SERS, 

fluorescence and so forth) were utilized by the optical properties of nanomaterial, to 

understand the detection of optical signs interpreted from the target reaction, Along 

these lines, an optical nanoprobe were accessible for the sensing of particular target in 

biological and chemical investigations. 

 

2.10.2  Colorimetric nanoprobes 

In view of Sutariya, et al. (2014) who reported that the advancement of exceptionally 

cost effective, sensitive nanoparticles-based colorimetric nanoprobes attracted 

incredible consideration recently, depending upon their outstanding application in 

biological and environmental examination, colorimetric nanoprobes have been 

generally utilized for detecting an extensive variety of analytes/targets, for example, 

metallic cations, anions, little organic particles, oligonucleotides, proteins, tumor cells, 

bacteria and so on. The principle center of this proposal is to make the detecting 

application utilizing colorimetric detecting methodologies. 

 

2.10.3 Colorimetric Sensing Strategies 

As stated by Chen et al. (2014) that the nanomaterial-based colorimetric techniques are 

regularly in the notice because of the change of optical properties of nanoparticles, In 

light of the surface chemical reaction accompanied by recognizably different color 

change, detecting methodologies can be categorized into: 

1 Aggregations based scheme 

2 Morphology transition based scheme 
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2.10.4 Aggregations based scheme 

Some scientists like Verma et al. (2004, 2014, 2015); Wang et al. (2013) reported that 

the noble metal nanoparticles (Ag/Au) of suitable sizes when the aggregated particles 

induce interparticle surface plasmon coupling, bringing about a noticeable change of 

color from red to blue at nanomolar concentrations. 

Further, Conde et al. (2014) reported that the target analyte could be detected by the 

aggregation of nanoparticles which gave useful colorimetric absorption spectra by the 

change of color. Colorimetric aggregated nanoprobes have been broadly investigated, 

By and large, nanoparticles are modified because of the functional groups, for example, 

oligonucleotides, functional molecule and aptamer, the presence of target analyte could 

propagate the collection by particular collaboration with useful ligands, bringing about 

two types of non-crosslinking, crosslinking and aggregation are set of recent 

applications. 

 

2.10.5 Morphology based colorimetric sensing 

According to reports of Chen et al. (2013) single particle morphology based strategy 

utilized the basic morphology transition and the surface chemical reaction of single 

particle, as the shape and size of nanoparticle changed, the color of nanoparticles also 

changed which was an important thing for the colorimetric nanoprobes.  

In the work of Nitinaivinij et al. (2014) reported that certain types of nanomaterials 

include AuNPs (rods, spheres), Ag-capped AuNPs, Ag nanoprisms have been utilized 

for colorimetric probes depending on the  single particle surface chemical reaction of, 

analyte-mediated morphological changes, which is known as single particle 

morphology-based technique. 
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Chapter    3     MATERIALS AND METHODS 

 

3.1 Synthesis of nanoparticles 

In the present thesis, different protocols concerning nanoparticle synthesis were 

optimized to achieve specific objectives, such as antibacterial activity, biosensing and 

chemical sensing.   

 

3.1.1 Synthesis of spherical silver nanoparticles  

Silver nitrate (AgNO3) 100 mM of 100µl, 1.5 mL of 100 mM trisodium citrate were 

stired together and was diluted to 100 mL water in a flask. The solution was stirred at 

uniform speed, and 1mL of 0.1 M sodium borohydride is quickly added. After 2 

minutes, the colorless solution turned yellow. The subsequent suspension was stored in 

the dark at 4°C. AgNPs stabilized with citrate because of charge repulsion as shown in 

Figure 3.1. 

 

 3.1.2 Poly L- rginine (PLA) capped AgNP 

The AgNPs were left for 24 hours to stabilize after preparation, then PLA (0.01%) 

solution (100 ng/mL) was added to synthesize the AgNPs-PLA nano-composites. At 

the point when the color changed to orange, PVP (0.01 M) solution was added as 

capping agent to stabilize the AgNPs-PLA nano-composites as a final product. 

 

Figure 3.1 Synthesis reaction of citrate-capped silver nanoparticles 
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Figure 3.2 Silver nanoprism synthesis via hydrogen peroxide etching 

 

3.1.3 Synthesis of silver nanoprism 

Silver nitrate (AgNO3) 100 mM of (100µl), 100 mM trisodium citrate (1.5 mL), and 

280 μL of 30% hydrogen peroxide were added and diluted to 100 mL with water in a 

flask. The solution was vigorously stirred for 10 minutes, and 1 mL of sodium 

borohydride (0.1 M) was quickly added. After 2 min., the colorless solution turned 

yellow and afterward quickly darkened until a stable blue color was produced after 5 

min. The subsequent suspension was stored at 4°C. This strategy permitted silver 

nanoprisms to be easily synthesized on a large scale with high stability. The experiment 

can be completed in less than 1 h if the solutions have been prepared before time 

(Panzarasa, 2015). Anisotropic etching of silver nanoparticles was show in Figure 3.2. 

Two types of silver nanocomposites (AgNP-PVP and AgNP-PLA) were prepared in a 

same way as previously described with spherical silver as explained in Figure 3.3, 3.4.  
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Figure 3.3 PVP stabilized spherical and prismatic nanoparticles of silver 

 

Figure 3.4 Poly L-arginine capped silver nanoparticles 

 

3.1.4 Synthesis of cetyltrimethylammonium bromide (CTAB) capped gold 

nano-shell 

Stepwise reaction mechanism was described as follows: 
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Solution of 500 µM of AgNO3 was added to 250 µM of trisodium citrate to make the 

volume of 20 mL. Also, 0.5 mL of freshly prepared NaBH4 (100 mM) was added to this 

solution and uniform stirring was done. The color of solution changed from transparent 

to yellow instantaneously and silver colloids were formed. Silver seeds hence prepared 

were used within 3-8 hours after preparation. 

The Chloroauric acid HAuCl4 (250 µM) and cetyltrimethylammonium bromide 

(CTAB) 100 mM were heated together for 10 min at 100 °C. Freshly prepared ascorbic 

acid (100 mM) 60 µL was added to 10 mL of growth solution. When ascorbic acid was 

added in the reaction solution color was changed from yellow to amber. Ascorbic acid 

is a slight reducing agent which reduced Au3+ to Au+ (Watt et al., 2015). As a result of 

template effect between Ag seeds and Au ions hollow spheres were formed. Hollow 

gold nanoshells were formed when growth of Au take place. (Zhu and Xu, 2014). The 

color of the solutions changed slowly to light red at the beginning indicated that Au 

nanoparticles started to form. As the Au nanoparticles grow which led to a wine red 

color, after 2–3 h, all the solutions were turned a dark wine red and no further change 

of color take place as shown in Figure.3.5. 

 

Figure 3.5 Schematic representation of the steps involved in the preparation of CTAB 

capped gold nano-shells 

 

3.2 Characterization of nanoparticles  

Synthesis and Characterization of nanoparticles and their nanocomposites was 

performed in the Lab of University of Waterloo, Ontario States, Canada. 
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3.2.1 Transmission Electron Microscopy (TEM) 

Aqueous solutions of AgNPs and AuNPs and their nanocomposites (10 μL) each were 

poured separately on copper grids coated with carbon (200 Mesh). Before imaging 

samples were air dried for 60 minutes. TEM characterization was performed using a 

Philips CM10 equipment. 

 

3.2.2 Dynamic Light Scattering and Zeta potential (DLS) 

 NanoZetasizer ZS90 (Malvern, Worcestershire, UK) was used for measuring 

hydrodynamic diameter and zeta potential. The samples were poured into 2 mL cuvettes 

or in a 1 mL clear zeta potential cuvette (DTS1060, Malvern) furnished with cathodes. 

Dispersion Technology software 5.1 (Malvern) was used and the information was 

gathered and analyzed by generating curves for the sizes of the particles as intensity 

distribution or using the graphs or diagrams of zeta potential as a total counts versus 

distribution.. 

 

3.2.3 Elemental Dispersive spectroscopy (EDX) 

Nanoparticles were dried on a carbon coated tape. Elemental analysis of the 

nanoparticles was performed by using energy dispersive X-ray (EDX) equipped and 

attached with the scanning electron microscope (Model, FEI/Philips XL30 FEG 

ESEM). X-ray beam was emitted when atoms in the samples were interacted with the 

electron beam and shell transitions take place. The radiated X-ray has an energy 

characteristics for the parent element. Detection and estimation of the energy permitted 

elemental analysis. 

 

3.2.4 Inductively Coupled Plasma Optical Emission Spectroscopy (OES) 

The AgNPs and its nanocomposites were processed utilizing solid oxidizing acid Nitric 

acid (2-5%) and H2O2 30% in a 1:1 proportion to change the nanoparticles into ionic 

form. When plasma energy is given to a sample from external source, the components 

particle of element (atoms) are excited. Emission rays (spectrum rays) are compared to 

the photon wavelength that are measured at the point when excited atoms come back to 

low energy position.  

Processed samples were checked against standard calibration curve after correction of 

dilution factor to determine the quantity of silver. 
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3.2.5  UV visible (UV-vis)  spectroscopy  

The UV-visible absorbance spectrum shift can give the critical data about the geometry 

and aggregation state of the noble metal NP. A minor change in nanoparticle geometry 

(anisotropy) can produce extraordinary changes in the color (surface plasmon peak 

position of a noble metal nanoparticle), which can hardly be accomplished in the 

spherical nanoparticles (isotropic) through a comparative change in diameter.  

UV–visible spectra were recorded with a 1 cm path length cuvette utilizing a HP 8452a 

diode exhibit UV-Vis spectrophotometer. Deionized water was utilized as the reference 

sample to take the blank spectrum for all estimations. UV-Vis extinction spectra in the 

range of 200–800 nm were recorded at required concentrations of silver and gold 

colloids and their nanocomposites.  

Three types of nanocomposites were prepared with spherical and prismatic silver 

nanoparticles separately. These nanocomposites comprised citrate, PVP and PLA-PVP 

capped.  

Solution of Au nanoshells in the presence of the surfactant cetyltrimethylammonium 

bromide (CTAB) was prepared as described before. Excess of CTAB was removed by 

washing three times with DI water. The absorption spectrum for the subsequent empty 

nanoshells were analyzed. The maximum absorbance and the shifts in the surface 

plasmon resonance were recorded after addition of desired amount of these 

nanocomposites. 

 

3.3 Microbial identifications  

3.3.1 Oxidase Test for Enterobacteriacea  

An intracellular oxidase enzyme was delivered by cytochrome containing organisms. 

Cytochrome c is oxidized and catalyzed by oxidase enzyme. Cytochrome c containing 

life forms use it as a component of the respiratory chains and are oxidase-positive in 

nature and further it turns the reagent into the blue/purple. Bacteria which lack 

cytochrome c enzyme could not oxidize the reagent, rendering it colorless during the 

test, which show that these are oxidase-negative. 

Rods shaped Gram-negative bacteria were identified by testing the ability to produce 

cytochrome oxidase enzyme. The bacterial mass cultured was used on surface of the 

test strip within 24 h, and the result was checked after 20–60 s. An oxidase-positive 

strain showed purple or blue color on the surface of the strip; the nonappearance of 
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color demonstrated an oxidase-negative strain. The oxidase-negative were identified 

with the help of API 20E (S. enterica and E. coli) and oxidase-positive strains were 

mainly identified by using API 20NE (P. aeruginosa) test as shown in Figure 3.6.  

 

 

Figure 3.6 Oxidase test representing (A) no color change indicate negative reaction 

(B) purple color change indicate positive reaction 

 

3.3.2 API 20E kit for E. coli and S. enterica 

API 20E kit was used for Eschericia coli and Salmonella enterica. A vial containing 

NaCl (0.85 %) was opened. A single well isolated colony was picked up with the help 

of pipette from the culture plate. Cultures (18-24 hours old) were emulsified for getting 

a bacterial suspension which is homogenous in nature. After the preparation this 

suspension was immediately used. By using tray and lid on the incubation box about 5 

ml of demineralized or distilled water without using different chemicals which may 

further lead to release the gases (e.g., Cl2, CO2, etc.). For the creation of the humid 

environment, the water was poured into the honey combed wells of the tray. As 

reference strain was used on the flaps of the tray. For final packaging strip was removed 

as shown in (Figure 3.7).  Cupule and tubes of the test were filled in case of trisodium 

citrate (CIT), sodium pyruvate (VP) and gelatin made of bovine origin (GEL) with the 

bacterial suspension except other tubes in which only cup is filled. During the tests 

anaerobiosis was produced by using L-arginine (ADH), L-lysine (LDC), L-ornithine 

(ODC) sodium thiosulfate (H2S) and urea (URE) by mixing with the mineral oil. The 

incubation boxes were closed and incubate at 36°C ± 2°C for 18-24 hours. The strip 

was placed into the incubation box. The various biochemical tests were shown in table 

3.1 as mentioned below: 
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Table 3.1 Identification with various biochemical reactions by using (API20E kit)  

(source: https://apiweb.biomerieux.com/html/en/instructions.html) 

Tests Active Ingredients Reactions/Enzymes Results 

Negative Positive 

ONPG 2-nitrophenyl- β D 
galactopyranoside 

β-galactosidase(ortho 
Nitrophenyl-βD- 
galactosidase 

Colorless Yellow 

ADH L-arginine Arginine Dihydrolase Yellow Red/orange 

LDC L-lysine Lysine Decarboxylase Yellow Red/orange 

ODC L-ornithine Ornithine Decarboxylase Yellow Red/orange 

CIT Trisodium citrate Citrate utilization Pale green/yellow Blue green/blue 

H2S Sodium 
thiosulphate 

H2S production Colourless/greyish Black 
deposit/thin line 

URE Urea Urease Yellow Red/orange 

TDA L-tryptophane Tryptophane deaminase Yellow Reddish brown 

IND L-tryptophane Indole production Colourless pale 
green/yellow 

Pink 

VP Sodium pyruvate Acetoin production Colourless  Pink/red 

GEL Gelatin (bovine 
origin) 

Gelatinase No diffusion Diffusion of 
back pigment 

GLU D-glucose Fermentation/oxidation 
(Glucose) 

Blue/blue green Yellow/ greyish 
yellow 

MAN D-mannitol Fermentation/oxidation 
(Manitol) 

Blue/blue green Yellow 

INO Inositol Fermentation/oxidation 
(Inositol) 

Blue/blue green Yellow 

SOR D-sorbitol Fermentation/oxidation 
(Sorbitol) 

Blue/blue green Yellow 

RHA L-rhamnose Fermentation/oxidation 
Rhamnose 

Blue/blue green Yellow 

SAC D-sucrose Fermentation/oxidation 
Saccharose 

Blue/blue green Yellow 

MEL D-melbiose Fermentation/oxidation 
Melibiose 

Blue/blue green Yellow 

AMY Amygdalin Fermentation/oxidation 
AMYgdalin 

Blue/blue green Yellow 

ARA L-arabinose Fermentation/oxidation 
ARAbinose 

Blue/blue green Yellow 
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LDC L-lysin Lysine decarboxylase 
 

Yellow Red/orange 

ODC L-ornithine Ornithine decarboxylase 
 

Yellow Red/orange 

CIT Trisodium citrate Citrate utilization Pale green/yellow Blue green/blue 

H2S Sodium 
thiosulphate 

H2S production Colorless/greyish Black 
deposit/thin 
film 

URE Urea UREase Yellow Red/orange 

TDA L-tryptophane Tryptophane Deaminase Yellow Red/orange 

IND Sodium pyruvate Acetoin production Colourless pink/ red 

GEL Gelatin (bovine 
origin) 

Gelatinase No diffusion Diffusion of 
black pigment 

GLU D-glucose Fermentation/oxidation 
Glucose 

Blue/blue green Yellow/greyish 
yellow 

MAN D-mannitol Fermentation/oxidation 
Manitol 

Blue/blue green Yellow 

INO Inositol Fermentation/oxidation 
Inositol 

Blue/blue green Yellow 

SOR D-sorbitol Fermentation/oxidation 
Sorbitol 

Blue/blue green Yellow 

RHA L-rhamnose Fermentation/oxidation 
Rhamnose 

Blue/blue green Yellow 

SAC D-sucrose Fermentation/oxidation 
Sacchrose 

Blue/blue green Yellow 

MEL D-melbiose Fermentation/oxidation 
Melbiose 

Blue/blue green Yellow 

AMY Amygadalin Fermentation/oxidation 
AMYgdalin 

Blue/blue green Yellow 

ARA L-arabinose Fermentation/oxidation 
Arabinose 

Blue/blue green Yellow 
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Figure 3.7 Interpretation of test result for identification of members of family 

Enterobacteriacae with API 20E kit (A) showing negative reaction (B) showing 

positive reaction 

(source: https://apiweb.biomerieux.com/jsp/color_check/strip1.jsp) 

The various biochemical tests were shown as mentioned below:  

 Table 3.2 Biochemical tests with API 20 NE kit 

(source: https://apiweb.biomerieux.com/html/en/instructions.html) 

Tests Active 

Ingredients 

Reactions/Enzymes Results 

Negative Positive 

NO3 Potassium 

Nitrate 

Reaction of nitrates to 

nitrites 

NIT1+ NIT2 /5 min 

 

Colorless Pink/red 

Reduction of nitrates to 

nitrogen 

Zn/ 5 min 

Pink Colorless 

TRP L-tryptophan Indole 

production(Tryptophan

) 

James/ intermediate 

Colorless 

Pale 

green/yellow 

Pink 

GLU D-glucose Fermentation(Glucose) Blue to green Yellow 

ADH L-arginine Arginine dihydrolase Yellow Orange/Pink/red 

URE Urea Urease Yellow Orange/Pink/red 

ESC Esculin ferric 

citrate 

Hydrolysis (β-

glucosidase) (Esculin) 

Yellow grey/brown/black 
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GEL Gelatin (bovine 

origin) 

Hydrolysis 

(protease)(Gelatin) 

No pigment 

diffusion 

Diffusion of black 

pigment 

PNPG 4-nitrophenyl-

βD 

galactopyranosid

e 

Β-galactosidase (Para-

Nitrophenyl-βD-

galactopyranosidase) 

Colorless Yellow 

GLU D-glucose Assimilation (Glucose) Transparent Opaque 

ARA L-arabinose Assimilation 

(Arabinose) 

Transparent Opaque 

MNE D-mannose Assimilation (Mannose) Transparent Opaque 

MAN D-mannitol Assimilation (Manitol) Transparent Opaque 

NAG N-acetyl-

glucoseamine 

Assimilation (N-acetyl-

glucoseamine) 

Transparent Opaque 

MAL D-maltose Assimilation (Maltose) Transparent Opaque 

GNT Potassium 

gluconate 

Assimilation 

(Potassium Gluconate) 

Transparent Opaque 

CAP Capric acid Assimilation (Capric 

acid) 

Transparent Opaque 

ADI Adipic acid Assimilation (Adipic 

acid) 

Transparent Opaque 

MLT Malic acid Assimilation (Melate) Transparent Opaque 

CIT Trisodium citrate Assimilation 

(Trisodium Citrate) 

Transparent Opaque 

PAC Phenylacetic 

acid 

Assimilation (Phenyl 

Acetic acid) 

Transparent Opaque 

 

3.3.3 Protocol for API 20NE kit 

The strip was read after the incubation period. Every single spontaneous reaction L. 

arginine, D glucose, esculin, ferric citrate, urea, gelatin from bovine origin, 4 

nitrophenyl β D galactopyranoside (ADH, GLU, ESC, URE, PNPG and GEL) were 

noted on the result sheet. NO3 cupule were filled with one drop of NIT-1 and one drop 

of NIT-2 solution respectively. After 5 minutes red color was recorded on result sheet 

which showed a positive reaction. Generation of nitrogen (tiny air bubbles) showed a 
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negative reaction.  Zn reagent (2-3 mg) was added in the NO3 cupule. If it was positive 

then solution become colorless and reading was recorded on result sheet. If nitrites were 

reduced by zinc the color of cupule was changed to pink-red and the reaction was 

negative. Family Enterobacteriacae was identified with API 20NE kit and test result 

were interpreted as shown in (Figure 3.8). 

 

Figure 3.8 Interpretation of test result for identification of members of family 

Enterobacteriacae with API 20NE kit (A) showing negative reaction (B) showing 

positive reaction 

(source: https://apiweb.biomerieux.com/jsp/color_check/strip1.jsp)Tryptophane test 

(TRP test):  

JAMES reagent (1 drop) was included. The reaction occurred instantly. Entire cupule 

developed pink color which showed a positive reaction on the result sheet. It was 

recorded later on the outcome sheet.  
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3.4 Antimicrobial activity of silver nanoparticles 

Silver nanoparticles were used to perform antimicrobial activities by serially diluting 

the nanoparticle solution and adding freshly prepared inoculum of the bacteria under 

investigation. Examinations were conducted utilizing three types of gram negative 

strains of bacteria which include E.coli, S. enterica and P. aeruginosa. 

 

3.4.1  Minimal Bactericidal Concentration (MBC) determined by plate 

count method 

Two fold dilutions were carried out for each type of nanoparticles and their composites 

separately utilizing deionized water. Each of 0.5 ml of the bacterial suspensions from 

the stock solution was inoculated into the respective tubes containing different 

concentrations of silver nanoparticles (11 to 0.34 μg/mL). A positive control (tubes 

containing inoculum and supplement media without nanoparticles) and a negative 

control (tubes containing Ag nanoparticles and supplement media without inoculum) 

was used for comparison. 

The mass of silver nanoparticle and nanocomposites was analyzed by ICP-OES. Rotary 

shaker was used at 90 rpm and the solution was kept up at 37°C for the period of 12 h. 

After incubation, the bacterial suspension (0.1 mL) was picked and streaked onto the 

surface of an agar plate in laminar flow. Sterile plastic rod was used for streaking to 

uniformly cover the surface. All the agar plates were put in an incubator for colony 

growth at 37°C for 24 hours. Concentration of silver nanoparticles and nanocomposites 

that inhibited the obvious growth of bacteria (99.9%) is known as minimum bactericidal 

concentration (MBC). The whole methodology was repeated three times independently. 

 

3.4.2  Effect of silver nanoparticles on HeLa cell line by MTT assay 

Metabolic activity of cell is assessed by the MTT assay which is a colorimetric test. 

Cells which are viable have oxidoreductase enzymes which is NAD(P)H-dependant  

and reduce the tetrazolium dye MTT (3-(4,5-Dimethylthiazol-2-Yl)-2,5-

Diphenyltetrazolium Bromide)  to its insoluble purple color formazan product as shown 

in (Figure 3.9). 

HeLa Cells were cultured with 10% fetal bovine serum egg albumin and Eagle Medium 

(dulbecco's Modified) under 5% CO2 humidified incubator at 37 oC. HeLa cells were 

maintained with a mixture of 0.53 mM EDTA and 0.05% trypsin at logarithmic stage. 
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The cells were passaged at subconfluency and medium was refreshed and supplemented 

three times each week. The density of cells was maintained at 5 × 103 cells/mL and 

aliquot was prepared containing 100 μL of cells was poured in every well of 96-well 

plates. 

The culture medium was refreshed after every 24 h with AgNPs prepared at particular 

concentrations (11.00. 5.50, 2.75, 1.38, 0.69,0.34, 0.17, 0.09, 0.04, 0.02 and 0.01 

μg/mL). Cell viability was investigated after incubation for further 24h the cells were 

gathered, and afterward stock solution in PBS which is 5 mg/mL and 25 μL of was 

added to every well to accomplish a final concentration (1 mg/mL), except for the 

control clear wells, where PBS(25 μL) was included. 

After incubation for another 2 h, every well is filled with 100 μL isopropanol and 0.04 

N HCl. Multichannel pipettor was used to mix completely by repeated pipetting. 

Uniform blue solution was produced by dissolution of isopropanol to formazan which 

is appropriate for recording of absorbance as represented in (Figure 3.9). Absorbance 

was measured at 570 nm with spectraMax M3 microplate reader. The cell media was 

used to culture HeLa cell line and were standardized for cell viability test. Experiment 

was repeated three times for every concentration and the results were calculated for the 

cell viability.  

 

Figure 3.9 Schematic representation of MTT assay 
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3.5 Heavy metal detection with silver nanoprism 

Anisotropic silver nanoparticles (AgNPs) were prepared by means of borohydride 

reduction procedure and capped with 0.033 % PVP (as described previously). The 

capability of PVP capped Ag NP will be investigated for colorimetric detection of Hg2+ 

in water. The colorimetric sensing principle of Hg2+ is described in the Figure (3.10).  

 

Figure 3.10 Schematic representation of galvanic reactions of Hg2+ with Ag 

nanoprism 

 

3.5.1 Preparation of metal salt solutions for assay  

The PVP capped AgNPs were tested with metal particles in aqueous solutions for 

finding the detecting capacity. All dilutions of various cations as salts (CdCl2, HgCl2, 

K2CrO4, CaCl2.6H2O, NaCl, NaNO3, MgCl2.6H2O, ZnCl2, and PbNO3) were prepared 

in deionized water. The selectivity was assessed by absorption spectra of AgNPs with 

a few metal ions concentrations ranging from 200 nM to 10 nM. 

PH-dependent reaction of PVP capped Ag nanoprism was additionally tested by 

dissolving previously mentioned heavy metal salts in buffers (5 mM phosphate buffer 

saline) with pH ranging from 5 to 9. EDTA solution (10 mM) was dissolved in H2O. It 

will be used as a negative control to build up the selectivity of given technique. The 

chelation procedure will hinder the metal ion and making them inaccessible to attract 

PVP capped silver NP.  
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3.5.2 Analysis of minimum limit of detection of mercury ion by silver 

nano-prism 

The assay for detection of mercury ion in water was led by observing the color change 

(surface plasmon resonance peak shift) of the purple silver nanoprism, and comparing 

changes in absorbance of the assay were measured utilizing a spectrophotometer (HP 

8452A diode array spectrophotometer). The metal salt solution was freshly prepared in 

sodium phosphate buffer of variable pH. The assay was started by mixing 500 µL of 

the sample with 500 µL silver nanoprism aqueous solution (~10 nM). 

After adequate mixing by means of pipetting was performed, the assay solutions of 

various concentrations (10-200 nM) was place at room temperature for a time of 20 

min. A spectrum scan ranging from 400 to 700 nm was recorded after 20 min. The 

absorbance ratio at two wavelengths (A620/A440) was plotted against various 

concentrations of metal salts to check the limit of detection.  

 

3.5.3 Energy Dispersive X-beam spectroscopy (EDX) for elemental 

analysis 

Elemental analysis was performed utilizing EDX equipped with scanning electron 

microscopy as described in section 3.2.3.  

 

3.6 Colorimetric detection of bacteria by gold nanoparticles  

Quaternary amine head groups present on AuNPs surface have positive charge. β-

galactosidase (β-Gal) enzymes capped with CTAB electrostatically bound to bacteria 

thus preventing its activity. Cationic gold nanoparticles can likewise bind to bacteria. 

At the point when both bacteria and β-Gal introduce in a similar solution, the cationic 

nanoparticle will specially bind to bacteria which discharges the β-Galactosidase and 

reestablishes its activity. This binding event can be detected by colorimetric readings. 

This idea is linked to build a gold nanoparticle based scheme for the detection of 

bacteria in water Figure 3.11.  
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Figure 3.11 Schematic representation of competitive enzyme inhibition with bacteria 

and gold nanoparticles3.6.2 Dtermination of surface charge by zetapotential 

 

Zeta potential was utilized to investigate the interaction of CTAB-Au-nanoshells with 

bacteria and enzyme (β-Gal). The zeta potential values of bacteria (S. aureus, E. coli 

and P. aeruginosa) at concentration108 cfu/mL and enzyme (β -Gal, 100 M) were 

recorded before and after the interaction with CTAB-Au-nanoshell by utilizing 

Zetasizer (Malvern ZS 90). 

The best working concentrations for solutions of cationic CTAB-Au-nanoshell-bacteria 

and CTAB-Au-nanoshell-enzyme were determined with respect to nanoparticles and 

enzyme concentrations, volume proportion, and bacteria concentration of 108 cfu/mL 

engaged for the bacteria competitive assay. The zeta potential estimations of as 

prepared solutions were measured after an hour of incubation.  

 

3.6.1  Preparation of bacteria solutions for biosensing 

Manitol salt agar, Mackonkey agar, Cetrimide agar and Eosine methylene blue agar 

was utilized to culture S. aureus, E. coli, P. aeruginosa and S. enterica individually. 
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Purity of these strains was additionally confirmed by utilizing the API kits as depicted 

in previous section 3.4.  

A sterilized inoculating loop was utilized to get single colony of S. aureus, P. 

aeruginosa, E. coli and S. enterica independently and added in nutrient broth (10 mL) 

separately. This broth was then cultured for 16-18 hours at 37oC with constant shaking 

(200 rpm) on an orbital shaker. The turbidity of bacterial solution was adjusted against 

the Mcfarland standard (0.5) at 600 nm by utilizing HP diode array spectrophotometer 

which was identical to 1.5x 108 CFU/mL. 

Standard plate count method with serial dilution was utilized for each culturing group 

to confirm the relation of McFarland turbidity with CFU/mL. Stock solution of bacterial 

cells were centrifuged at 5000 rpm for 15 minutes at 4oC. Pellet was obtained by 

removing the supernatant. The pellet was washed twice and re-suspended in phosphate 

buffer (5 mM, pH 7.4). Bacterial suspension at 108 cfu/mL was 10-fold serial diluted to 

desired concentration in phosphate buffer or drinking water for sensitivity test. 

 

 3.6.2 Confirmation of binding of CTAB-AuNPs with bacteria by TEM 

Bacteria interactions with nanoshells were studied utilizing transmission electron 

microscope. Samples for TEM micrographs were set up by mixing 0.5 mL of bacteria 

(108 cfu/mL) with 0.5 mL of CTAB-Au-nanoshells solution (absorbance 0.04 at 544 

nm).The subsequent mixtures were then allowed to stand for 1 hour to permit complete 

interaction at 37oC. Centrifugation was performed at 3000 rpm of the nanoparticles and 

bacteria complexes for 10 minutes at 20oC to remove excess of unreacted nanoparticles. 

The specimens were washed two times with deionized (DI) water and then re-

suspended in 100 L of DI water. TEM grid was set up by dropping the solution (5 L) 

onto the copper grid coated with carbon and permitted to dry in air overnight. 

 

3.6.3  Determining of the limit of detection for bacterial concentration 

All the solutions of bacteria, CTAB-Au-nanoshell and β-Galactosidase (enzyme) were 

prepared in 5mM phosphate buffer saline. These solutions were prepared in various 

dilutions to determine the best working concentration. The as synthesized gold 

nanoshell at absorbance around 0.8 at 544 nm was additionally diluted 20 times with 

deionized. For a specific assay, 500 L of gold nanoshells were interacted with 400 µL 

of various concentrations of the bacteria (0-107 CFU/mL) in the presence of 100 µL 
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(100 g/mL) of the enzyme. Then mixture was incubated for one hour at room 

temperature. 

At that point 100 M of CPRG was added. After that mixture was left for 30 min at 

room temperature. The enzyme will be allowed to change the yellow CPRG into red 

substrate in the presence of bacteria. The absorbance of bacterial specimen with gold 

nanoshells was taken as a blank. The reaction mixture was examined from 350 to 750 

nm (HP 8453 Diode Array Spectrophotometers). The intensity of the red substrate (575 

nm) can be identified with the different concentrations of the bacteria in the sample. 

The tests were performed in triplicate for each bacterial concentration.  
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Chapter    4      RESULTS 

 

Preliminary work is carried out to synthesize and characterize suitable nanoparticles or 

nanocomposite for antimicrobial and sensing applications.  

The first part of this work is devoted to tune the properties anisotropic nanosilver 

(AgNPs) to destroy infectious microorganisms. The effectiveness of nanosilver was 

explored based on shape of the nanoparticles. This study not only allowed to explore 

biomedical applications of nanosilver but also helped us to understand limitations and 

challenges. 

The second part of the work is dedicated to explore the potential of prismatic silver 

nanoparticles based sensors to detect mercury (Hg) in water. The presence of metal 

ions, especially heavy metals, in various waters at elevated levels can pose a high risk 

to the environment and human health. Drinking water is one of the major sources that 

contribute to the daily intake of heavy metals by humans, and thus a rapid, low-cost and 

sensitive method for detection of heavy metal content in water is desirable (Jung, 2008). 

The third part is dedicated on the developing biosensing schemes employed in 

predicting the presence of pathogenic microorganism in water. For this purpose the gold 

nanoparticles were synthesized suitable for this application. Water is vital to sustain 

life, and a suitable (adequate, safe and manageable) resource must be accessible to all. 

Improving access to safe drinking-water can result in noticeable benefits to health. 

Every effort should be made to achieve drinking-water that is as safe as practicable 

(Ashbolt, 2004). 

The main objective of this work is to fabricate the anisotropic nanoparticles of noble 

metals like silver and gold employing chemical reduction method. The polymers like 

Poly L-arginie and PVP have been used to coat the silver nanoparticles to form the 

nanocomposites which shows the variations in plasmonic resonances. Cetyltrimethyl 

ammonium bromide coated gold nanocomposite were chosen for bacterial sensing due 

to the easy colorimetric readout.  

The characterization of these nanomaterials was performed using Transmission 

Electron Microscopy (TEM), Scanning Electron Microscopy (SEM) coupled with 

Energy Dispersive X-ray spectroscopy (EDX), Dynamic Light Scattering (DLS) and 

Zetapotenial.  
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These nanocomposites are used in versatile plasmonic biosensors and effective 

antibacterial agents. The ability of nanosilver (Ag nanoparticles) to kill infectious 

microbes makes it one of the most attractive antimicrobial, an attractive feature against 

pathogenic resistant to antibiotics (Sotiriou and Pratsinis, 2011). The gold nanoparticles 

(AuNPs) have developed a fantastic possibility for biosensor configuration attributable 

to their vital properties. (McVey et al., 2017), the prepared gold nanocomposites are 

used to identify the  pathogens which is the basic significance to control water born 

diseases. In this project the significant efforts have been made to enhance the sensitivity 

as compared to the traditional strategies.  

 

4.1 Synthesis and characterization 

Optical properties of nanoparticles which depend on shape can be easily determined by 

absorption spectra and the size distribution profile obtained by dynamic light scattering, 

UV-Vis spectra of the yellow (spherical) silver showed an absorption peak at 400 nm 

whereas the blue silver colloid showed an absorption peak at 700 nm as shown in Figure 

4.1 and 4.2 respectively.  

 

Figure 4.1 UV–Vis spectra of AgNPs exhibit an intense absorption peak at 400 nm 

indicates the successful formation of spherical nanoparticles 
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Figure 4.2 UV–Vis spectra of AgNPs exhibit an intense absorption peak near 700 nm 

indicates the successful formation of prismatic NP 

 

 

Figure 4.3 The representative TEM images of spherical nanoparticles 
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Figure 4.4 The representative TEM images of prismatic NP 

 

The size and morphology of nanoparticles were visualized with Transmission Electron 

Microscopy (TEM) which is shown in Figure 4.3 and 4.4, which confirmed a spherical 

shape with 20 nm diameter for the yellow silver colloid while the blue silver showed a 

nanoprism shape with approximate the same size.  

The energy-dispersive x-ray spectroscope (EDX) spectra are shown in Figure 4.5 and 

4.6 which confirmed that the samples with yellow and blue solutions contained only 

pure silver nanoparticles. 
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Figure 4.5 Elemental analysis of spherical nanoparticles performed by energy 

dispersive X-ray spectroscopy (EDX) 

 

 

Figure 4.6 Elemental analysis of prismatic nanoparticles performed by energy 

dispersive X-ray spectroscopy (EDX) 

The size distribution of the AgNPs was measured by dynamic light scattering, which 

showed that the mean diameter of the spherical citrate capped AgNPs was 18.92 nm 

and that of the prismaticAgNPs was 22.5 nm. The diameter of spherical silver capped 

with PVP and PLA-PVP was 23.56 nm and 90.75 nm,respectively as were represented 
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in (Figure 4.7). The diameter of prismatic silver capped with PVP and PLA-PVP was 

24.5 nm and 114 nm respectively as were shown in Figure 4.8.  

 

Figure 4.7 The particle size distribution profile of prismatic silver nanoparticles (P-

AgNP) capped with citrate, PVP and PLA determined by dynamic light scattering 
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Figure 4.8 The particle size distribution profile of prismatic silver nanoparticles (P-

AgNP) capped with citrate, PVP and PLA determined by dynamic light scattering 

The zeta potential of spherical citrate and PVP capped AgNPs was-38 mv and -30 mv, 

respectively while that of prismatic citrate and PVP capped AgNPs was -29.28 and -

25.7 mv, respectively.  In contrast, the zeta potential of spherical AgNPs capped with 

PLA-PVP was +34 mv and prism AgNP capped with PLA-PVP was +28.7 mV. Zeta 

potential results were represented in Figure 4.9 and 4.10.  
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Figure 4.9 The surface zeta potential graph of spherical silver nanoparticles (S-AgNP) 

capped with citrate, PVP and PLA-PVP 

   

 

 

Figure 4.10 The surface zeta potential graph of prismatic silver nanoparticles (P-

AgNP) capped with citrate, PVP and PLA-PVP 

The results of UV-Vis showed that there was no agglomeration and precipitation with 

AgNP-PLA-PVP after one month as shown in (Figure 4.11 (A) and (B)). 
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Figure 4.11 (A) UV–Vis spectra of AgNPs capped with PLA and PVP were stable for 

more than a month curve showed spherical and (B) curve showed prismatic Ag NP 

 

4.2 Coating and Stabilization of Colloidal silver 

PVP protected colloidal silver was used in this work, since citrate-capped AgNPs 

rapidly aggregated in the medium during preliminary experiments. In contrast, the UV 

visible spectra of the PVP protected colloidal silver placed in diluted nutrient broth did 

not result in peak shifts, suggesting that no significant aggregation occurred.  

Another strategy applied in this study was to enhance the interaction of AgNPs with the 

bacterial cells by the functionalization of NPs with PLA first, and then stabilizing with 

PVP. The interaction of PLA with colloidal silver was confirmed with UV-Vis spectral 

shifts, where the absorbance peaks were shifted from 400 to 552 nm for yellow colloidal 

silver, while the blue silver peak shifted from 700 to 624 nm after addition of PLA as 

shown in Figure 4.12.  
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Figure 4.12 (A) Absorption spectra of spherical silver (S-AgNP) capped with citrate, 

PVP and PLA-PVP (B) Absorption spectra of prismatic silver (P-AgNP) capped with 

citrate, PVP and PLA-PVP4.3 Antibacterial activity of silver nanoparticle 

 

The antibacterial activity of the silver was determined against P. aeruginosa, E.coli and 

S. enterica. The role of silver nanoparticles morphology and coating with different 

agents was also explored. 

The underlying recognizable proof of aerobic Gram-negative rods was tested, the 

ability to oxidize cytochrome oxidase by the analyzed strains. Blue or purple–blue color 

of the strip showed an oxidase-positive strain; the nonappearance of color exhibited an 

oxidase-negative one as shown in Figure 4.13. 

 

 

 

 

 

 

 

 

 

 

Figure 4.13 Oxidase test (B, C) showing negative results with 

E. coli and S. enterica and (D) showing positive result with P. 

aeruginosa as compared to (A) control 
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Identification of Oxidase-positive strains were done using API 20NE (P. aeruginosa) 

test and the oxidase-negative ones with API 20E (E.coli and S. enterica). The last and 

specific after effects of API 20NE were examined after full 48 h. Metabolic methods 

during incubation acquired on color changes in miniaturized scale tubes suddenly or 

due to additional reagents as shown in Figure 4.14.The outcomes of those reactions as 

seven-digit numeric key were used to differentiate the examined strain utilizing 

APIweb™ (programming). The outcomes reconfirmed the type and purity of the first 

bacterial strains utilized as a part of the experiment.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.14 API test strip (B) E. coli (C) S. enterica (D) P. aeroginosa as compared to 

(A, E) Control 

 

Thus two different sets (spherical and prismatic) of three different types of colloidal 

silver nanoparticles (citrate capped, AgNP-PVP, AgNP-PLA-PVP) were produced. To 

compare the antibacterial effects of different AgNP morphological shapes and coatings 
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the minimum bactericidal concentration (MBC) assay was carried out in liquid culture 

media using E.coli, P. aeruginosa and S. enterica. The MBC is the lowest concentration 

of antimicrobial agent that completely inhibits growth of the microorganisms. 

Concentrations of AgNPs used in this assay ranged from 11 to 0 µg/mL, initial bacterial 

inoculum of 2×107 CFU/mL and the time and temperature of incubation being 24 h at 

370C, respectively. The MBC measurement was performed in triplicate to confirm the 

value of MBC for each tested bacteria with control in Figure 4.15 and experimental in 

4.16 (A, B, C, D, E, F). The citrate capped AgNP showed a non-inhibitory effect against 

all tested bacteria in the selected range of concentrations and both shapes of colloidal 

silvers. This likely explanation is the immediate aggregation of citrate capped AgNPs 

in the medium of study, which was confirmed by spectrophotometry by a loss of the 

peak absorbance. 

 

Figure 4.15 Control graph with three bacterial strains 
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Figure 4.16 Shape dependent antimicrobial activity of silver nanoparticles coated with 

citrate, PVP and PLA-PVP against E.coli (A and B); P. aeruginosa (C and D); S. 

enterica (E and F) 

 

The zeta potential study of AgNP-PLA-PVP nanomaterials showed positive values of 

+34 and +28.7 mV for spherical AgNPs and prismatic AgNPs, respectively. Zeta 

potential is an essential parameter for indication of stability and charge for aqueous 

AgNP suspensions. Silver nanoprisms showed a greater inhibition activity against 

bacteria, compared with spherical nanoparticles. As the results show, the MBC value 
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of the silver nanoprisms capped with PLA-PVP was 0.65 g/mL lower than the 

spherical ones which was 2.7 g/mL.  

E. coli, S. enterica and P. aeruginosa treated with silver nanoparticles were prepared 

for TEM imaging in order to study the mechanisms of the antibacterial interactions. 

The following nanocomposites were selected because they displayed strong 

antibacterial effects (citrate capped AgNPs, PVP capped AgNPs and PLA-PVP capped 

Ag NPs with spherical and prismatic shapes). As observed in TEM micrographs, a large 

portion of the prismatic AgNPs which were capped with PLA-PVP were trapped around 

the cell walls as compared to spherical AgNPs Figure 4.17-4.18. 

 

 

Figure 4.17 The representative TEM images of (A) E.coli (B) P. aeruginosa (C) S. 

enterica after treatment with spherical silver nanoparticles capped with PLA-PVP 

 

Figure 4.18 The representative TEM images of (A) E.coli (B) P. aeruginosa (C) S. 

enterica after treatment with prismatic silver nanoparticles capped with PLA-PVP 

 

4.3 Cytotoxicity evaluation 

Cell viability was measured by a panel of highly purified and well-characterized AgNPs 

with a specific focus on shape and capping ligand effects, based on an evaluation of the 

activity of mitochondrial dehydrogenases and  the mechanisms of toxicity was explored 

by the well-known MTT assay. Spherical and prismatic silver NPs capped with citrate, 

PVP and PLA-PVP were chosen for this study. The viability of the HeLa cancer cell 

line with NPs decrease in a dose dependent manner. Results showed percentage 
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viability of HeLa cells at various concentrations of AgNPs (11, 5.50, 2.75, 1.38, 0.69, 

0.34, 0.17, 0.09, 0.04 and 0.02 μg/mL). Spherical AgNPs capped with citrate showed 

64-100% while PVP-capped from 46-95 % and PLA-PVP capped 30-98% increase in 

cell viability at the same concentrations. While in case of prismatic AgNPs, the citrate 

capped AgNPs showed 30.07-100% while PVP-capped prismatic AgNPs from 24.07-

100 % and PLA-PVP capped AgNPs 20-95% increase in cell viability at the 

concentrations under study. Results showed that prismatic AgNPs capped with PLA-

PVP have better cytotoxic effect as compared to spherical AgNPs capped with PLA-

PVP. Maximum cell viability decreased in order of AgNP-PLA-PVP capped > AgNP-

PVP capped > AgNP citrate capped as shown in Figure 4.19 and 4.20. Statistical 

significance was determined with Student’s t-test a one-way ANOVA when two groups 

were compared.PLA-PVP capped prismatic silver NPs showed the statisticaly 

significant reduction in cell viability (P<0.05) when  compared with PLA-PVP capped 

spherical silver NPs  from 11 to 0.69 g/mL. It was reported that decrease in the 

viability of bronchial BEAS-2B cell line was observed upon 24 h exposure to 20nm 

citrate-capped, PVP capped AgNPs at 6.25-50 g/mL (Wang et al., 2014b). The similar 

sized AgNPs in present study when capped with PLA and protected PVP showed 

graduall cell death at much lower contration range  0.69 to 11 g/mL. The toxicity of 

the nanoparticles on the HeLa cell line was evaluated. Cytotoxic activity was extremely 

sensitive to the shape and capping of the nanoparticles and the viability measurements 

considerably decreased with increasing doses (0.02–11μg/mL).  

 

Figure 4.19 Cell viability percentage of HeLa cell line after treatment with spherical 

AgNPs capped with citrate, PVP and PLA-PVP 



87 

 

 

Figure 4.20 Cell viability percentage of HeLa cell line after treatment with prismatic 

AgNPs capped with citrate, PVP and PLA-PVP 

 

4.4 Detection of mercury with silver nanoprism 

Silver nanoprisms were prepared via chemical reduction of silver nitrate. The sodium 

citrate and hydrogen peroxide were added before NaBH4, and the solution turned 

yellow first, but after 2 minutes the color had converted to blue. This change was due 

to the shift of surface plasmon resonance of the metallic nanostructures. A proposed 

reaction mechanism was shown in Figure 4.21 for the anisotropic transition from silver 

nanoparticles to nanoprisms in this approach could be justified by the use of a strong 

reductant (sodium borohydride) to induce the reduction of silver nitrate and formation 

of small spherical silver nanoparticles (yellow) at room temperature. Subsequently the 

hydrogen peroxide induces further oxidation of the small particles into Ag+ ions and 

their transformation into nanoprisms at room temperature. 
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              Figure 4.21 Silver nanoprism synthesis via hydrogen peroxide etching 

 

To verify the nature of the prepared colloidal suspension, the SPR peak is presented in 

the UV-Vis absorbance spectra (Figure 4.22).  This interpretation of the UV–Vis 

measurement agrees with the TEM analysis. The morphology of the colloidal silver 

(Figure 4.23 A) clearly confirms the presence of silver nanoprisms with most of the 

particles in the size range 35 nm  5 nm. The particle size distribution profile has also 

been confirmed by DLS represented in Figure 4.23 B. The average size was found to 

be of 34.5 6 nm, which was in good agreement with the TEM results. The 

polydispersity index (PDI) was lower than 0.3 in all cases, which is indicative of a 

monodisperse system.   
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Figure 4.22 UV-vis spectrum of the silver colloid solution indicating nanoprism 

morphology 

 

 

Figure 4.23 (A) TEM micrograph and (B) particle distribution profile of silver 

nanoprisms measured by dynamic light scattering (DLS) 

The particles were negatively charged with a zeta potential of −27.62 mV as shown in 

Figure 4.24. 
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Figure 4.24 Surface charge distribution profile measured by zeta potential 

The elemental analysis of the silver nanoparticles was performed using the energy-

dispersive X-ray spectroscope (EDX) equipped on the SEM. The EDX spectrum 

(Figure 4.25) shows that the prepared samples are pure silver (with clear Ag peaks) 

with no other contaminating substances. The peak corresponding to C is attributed to 

the carbon-capped tape.  

 

Figure 4.25  Elemental analysis of silver nanoprisms performed by energy dispersive 

X ray spectroscopy (EDX) 
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4.4.1 Characteristics of absorption spectra in the presence of Hg+2 

The Ag nanoprisms were used to detect Hg (II) ion based on the blue shift of the 

maximum absorption wavelength.  As shown in (Figure 4.22), silver nanoprisms were 

characterized by a peak at 665 nm (curve 1), and when Hg (II) ion was added the 

maximum absorption wavelength blue shifted, and the absorption intensity gradually 

decreased with increasing the Hg (II) ion content (curves 2–3).  However, a blue shift 

was observed in this experiment, which was induced by Hg (II) ion. In our proposed 

approach, the Hg2+ detection appears to be achieved by forming an Ag/Hg amalgam 

upon reduction of the mercury species to elemental mercury, along with the silver atoms 

as the mercury atoms acceptors (Figure 4.26 A).  

 

Figure 4.26 (A) UV-vis spectra and (B) TEM images of the silver nanoprism in the 

absence (1) and presence of 2.5 µmole/L (2) and 5 μM (3) Hg2+ 

In the preparation of Ag nanoprisms, sodium borohydride and sodium citrate was used 

as reducing and capping agents. The PVP was added to keep Ag nanoprisms in a stable 

dispersed state under different environmental conditions. The TEM imaging shows 

that the sharp edge and vertex of the original prismatic silver gradually disappeared. In 

this work, the reaction of Hg (II) and AgNPs mixture undergo a reshaping process from 
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triangle to spherical, which is accompanied by a marked optical blue shift of the 

spherical nanoparticles (Figure 4.26 A).  

After interacting with Hg2+ ion, silver amalgam was centrifuged, washed three times 

with deionized water to remove the unreacted ions and subjected to transmission 

electron microscopy. Transmission electron microscopy imaging was carried out to 

verify this aspect of the hypothesis. As shown in (Figure 4.26 B), the triangle corners 

gradually disappeared upon interaction with Hg (II) ion and nanoparticles started to 

agglomerate.  This indicates that AgNPs are gradually wrapped and a silver amalgam 

forms. An elemental analysis of the resultant alloy performed by EDX confirmed the 

presence of Hg in the colloids (Figure 4.27).  

 

 

Figure 4.27 Elemental analysis of Ag-Hg amalgams performed by energy dispersive 

X ray spectroscopy (EDX) 

 

4.4.2 Optimization of the conditions for selectivity and sensitivity 

The effect of the pH on the proposed detection system was tested in the presence of 5 

µmole/L Hg2+. As shown in Figure 4.28, the sensing system was insensitive to pH in 

the range of 6.5 to 9.79, confirming that PVP capped silver nanoparticles exhibit 

excellent stability towards changes in pH. A pH of 7.2 was selected to subsequently 

determine the sensitivity and selectivity of the system. 
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Figure 4.28 Influence of pH (5 mM phosphate buffer saline) at 5 µmole/L of Hg2+ 

 

To evaluate the sensitivity of the sensor, the UV−Vis spectra of the silver nanoprism 

solutions in different concentrations of Hg2+ were recorded. Under optimized 

conditions, different concentrations of Hg2+ were added to the solution and incubated 

for 30 min. As shown in Figure 4.29 A, upon the addition of increasing concentrations 

of Hg2+, the SPR band emerged as a blue shift, which was attributed to the morphology 

changes in the silver nanoprisms. Therefore, the wavelength shift of the surface 

plasmon band (λmax) of the silver nanoprisms was employed in the quantitative analysis 

of Hg2+. A typical plot of the wavelength shift versus Hg2+ concentrations (0.5−100 

µmole/L) is shown in Figure 4.29 B linear relationship was obtained over the range of 

0 to 5 µmole/L with a correlation coefficient of 0.993 (Figure 4.29 B inset).   
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Figure 4.29 (A) UV−vis absorption spectra of the silver nanoprism after the addition 

of different concentrations of Hg2+. (B) Wavelength shift of the silver nanoprism 

with different concentrations of Hg2+ (0−100 µmole/L), where the inset graph shows 

linear regression for the range of 0 to 5 µmole/L. The error bars represent the standard 

deviations based on three independent readings. 

To determine and verify the selectivity of this probe toward Hg2+, other metal ions 

including Cd2+, Pb2+, Mg2+, Zn2+, Mn2+, Ba2+, Co2+, Fe2+, Cu2+, K+, and Na+ were 

examined under the optimized conditions. The results demonstrated that only Hg2+ 

caused a substantial morphology variation of silver colloids at 5 µmole/L, and had no 

significant effect on SPR and the color of the colloid after a 100 fold excess of the other 

metal ions under optimized conditions (Figure 4.30).   
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Figure 4.30 Effect of 5 µM of various metal ions dissolved in 5 mM phosphate buffer 

saline pH 7.2 on the net SPR shift, showing high selectivity for Hg2+ 

The metal ion chelator EDTA was studied to establish a negative control. The control 

metal ions and the Hg salt that were mixed with 10 mM EDTA and then interacted with 

the prismatic silver reagent did not cause any change in the color.  We believe that using 

these prismatic silver nanoparticles without further modification may offer a new 

approach for the detection of mercury (II) in aqueous environmental samples. 

 

4.5 Colorimetric detection of bacterial count in water 

The colorimetric detection of microbial burden in water is estimated using a β 

galactosidase, gold nanoshell and an alternate chromogenic substrate chlorophenol red 

β-d-galactopyranoside (CPRG) as reported of microbial contamination. 

Gold nanoshell were combined at room temperature via dissolving silver seed in the 

presence of Au+-CTAB (cetyltrimethyl ammonium bromide) complex. The gold 

nanoshells were functionalized with functional groups of positively charged quaternary 

amine that could bind to compounds through electrostatic forces of attractions, bringing 

about limit of enzymatic actions. Within the sight of bacteria, the nanoparticles were 

discharged from the enzyme and specially bound to the bacteria, bringing about an 

expansion in enzyme action. We utilized this methodology for the colorimetric 

detecting of bacterial detections in the water. Our colorimetric sensor highlights three 

principle parts: (1) β-galactosidase (β-Gal), an anionic enzyme, which create a 

strengthening in the signs (2) chlorophenol red β-d-galactopyranoside (CPRG), a 
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chromogenic substrate, to deliver and display colorimetric readout; and (3) A cationic 

empty gold nanoshell that binds reversibly to β-Gal, suppressing the enzyme without 

denaturation. Functional group CTAB cationic head group (quaternary amine) were 

used for capping AuNPs, all of which are basic necessities for steady and stable 

biosensors. As the anionic surface of bacteria bind to the cationic molecule surface 

removes the β-Gal, with competitive binding activity. The active enzyme changes over 

the light yellow substrate into the red one, representing a colorimetric readout. 

For our sensing studies, we used S. aureus (Figure 4.31 A), P.aeruginosa (Figure 4.31 

B), S. enterica (Figure 4.31 C), E. coli (Figure 4.31 D). The inhibition of enzyme 

activity was calculated. Various concentrations of β-Galactosidase were added with 

CTAB gold nanoshells for 60 minutes and after that CPRG solution was added. 

 

Figure 4.31 Spectral scans as a function of (A) S. aureus (B) P. aeruginosa (C) S. 

enterica and (D) E. coli cell number. β-galactosidase gold nanoshell  interacted  with 

different concentration of  tested bacteria after the addition of CPRG scan was taken 

after 30 min. CPRG conversion produced red colored product. The intensity of red 

colored product at 575 nm was related to bacterial cell number 
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4.5.1 Synthesis of gold nanoshells suitable for the assay 

The colloidal Nanoparticles solutions were tested with UV-Vis. The absorption maxima 

position for the gold nanoparticles is 544 nm as shown in (Figure 4.32). The EDX, 

appeared in (Figure 4.33), confirms the presence of Au in solution. The TEM 

micrographs of the colloidal solutions and confirm that donut formed nanoshells were 

effectively synthesized with essential size measurements around 23± 0.58 nm as shown 

in (Figure 4.34).  

 

Figure 4.32 UV-Vis absorbance of gold nanoshells 

 

Figure 4.33 Elemental analysis of silver nanoprisms performed by energy dispersive 

X ray spectroscopy (EDX) 
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Figure 4.34 TEM images of CTAB capped gold nanoshells 

 

Dynamic light Scattering (DLS) is used by the instrument to choose the size distribution 

of particles by measuring dynamic variances of light dispersing power brought on by 

the Brownian development of the particles. This DLS yields a hydrodynamic diameter 

that is recognized through the Stokes–Einstein condition from the predetermined 

estimations. The estimation gives the typical hydrodynamic diameter over the particles 

as shown in (Figure 4.35) demonstrates a normal size of 24 ± 0.67 nm.  
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Figure 4.35 Particle size distribution profile of CTAB capped gold nanoshells 

determined by dynamic light scattering 

 

The surface charge distribution profile of gold nanoshells obtained in our study gives 

average value of +46.6 ±1.1 as in Figure (4.36) which is characteristic of their great 

stability and association with bacterial cell wall.  

 

Figure 4.36 Surface charge for gold nano shells capped with CTAB 

    

4.5.2 Study of concentration β-Gal interaction interacting with gold 

nanoshell  

Before the detection studies, by using activity of titrations of β-Gal-catalyzed 

hydrolysis of the substrate CPRG was directed using CTAB gold nanoshell.CTAB gold 
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nanoshells were incubated for 30 minutes with various concentrations of  β-Gal in 

phosphate buffer solution (5 mM, pH = 7.4)., and after that 100 µM of the chromogenic 

substrate (CPRG, λmax = 575 nm) with the results shown in Figure (4.37) was thus 

determined at which the activity of β-galactosidase was completely inhibited, namely 

100 µg/mL.  

 

Figure 4.37 Assay for suppression of activity β-Galactosidase (6.25-200 µg/mL) upon 

addition of CTAB gold nanoshell 

 

The enzyme activity was measured to calculate the amount of β-Galactosidase inhibited 

by gold nanoshells. Minimum effective concentration was computed at which activity 

of β-Galactosidase was totally blocked. Amount of enzyme which was totally turned 

off by CTAB gold nanoshells observed to be 100 µg/ml. The activity was resumed upon 

addition of bacteria. The most conceivable clarification could the bacteria were all the 

more negatively charged when contrasted with anionic enzyme. So enzyme was set free 

in solution for catalyze with CPRG into chlorophenol red.  

Limit of detection of bacteria utilizing β-Gal/CTAB gold nanoshell composite was 

recorded after addition of different concentrations of bacteria and compared with 

control without bacteria. UV-Vis spectrophotometer was utilized for observing the 

difference in color change.  
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4.5.3 Study of interaction of gold nanoshell with bacteria and enzyme 

The interaction of cationic gold nanoshells with bacteria surface was specifically 

investigated using TEM Figure (4.38) which indicates the presence of gold nanoshells 

around bacteria. The samples were prepared as demonstrated by the procedure in 

material and methodology area (3.2.1).  

 

 

Figure 4.38 TEM images of CTAB capped gold nanoshells-bacteria (A) S. enterica 

(B) S. aureus (C) P. aeruginosa (D) E. coli 

 

4.5.4 Bacteria sensitivity assay 

To exhibit execution of the detecting plan S. aureus, P. aeruginosa, S. enterica and 

E.coli were selected as models for study. The test was performed to test the point of 

detection of each kind of bacteria by utilizing concentration from 0 to 107 CFU/mL in 

5mM phosphate buffer saline. In this study, suitable amount gold nanoshells and β-

galactosidase were placed into 1 mL of disposable cuvette and in this manner mixed 

with different concentrations of bacteria under study. After 30 min of incubation, CPRG 
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substrate was put and measured following 60 minutes. The outcomes demonstrated 

slow change in the peak intensity of chlorophenol red at 575 nm for different 

concentrations of the tested strains.  

At 10 CFU/mL, the absorbance values of the red product for different bacterial strains 

were low. Pair wise multiple comparison (Holm-Sidak method) showed two way 

analysis of variance (ANOVA) which represent difference in absorbance 575nm among 

the bacterial strains over every cell count, the qualities acquired were statistically 

significant (P value <0.005).  

The relationship between absorbance value and bacterial cell number is represented by 

linear equations. The R2 value of trend line has given a good fit to the information (r2 = 

0.94) among the tested strains demonstrate E. coli, S. aureus, S. enterica and P. 

aeruginosa as shown (Figure 4.39). Hence it is established that general bacterial 

contamination could be assessed up to 10 CFU/ml.  

 

 

Figure 4.39 Assay sensitivity using S. aureus, E. coli, S. enterica, P. aeroginosa over 

a range of different concentrations 
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Chapter  5    DISCUSSION 

Rapid and accurate evaluation of chemical pollutant and microbial contamination in 

water are the key tasks for environmental monitoring. To make onsite assessment 

feasible, the analytical tools were developed in this thesis.  

 

5.1  Synthesis and characterization 

By applying the optimized protocol as mentioned in methodology section colloidal 

spherical silver nanoparticles with different morphologies were prepared with size of 

approximately 20 nm, the similar protocol has also been reported by (Silva et al., 2014) 

and spherical AgNPs in size range 1-100 nm were formed, But by the addition of H2O2 

in same reaction  mixture nanoprisms were formed.This H2O2 was used to produce 

oxidative etching in the reaction medium causing significant surface defects in the 

colloidal silver, such that these clusters will evolve to hexagonal or nanoprism plates 

(Panzarasa, 2015). UV-Vis spectra of the yellow (spherical) silver showed an 

absorption peak at 400 nm whereas the blue silver colloid showed an absorption peak 

at 700 nm, suggesting the formation of nanoprisms. With the different shapes, colloidal 

silver possessed very different absorption spectra or color, as a result of multiple 

resonances in the complex structures (Haes and Van Duyne, 2002). Spherical AgNPs 

diameters in the range of 15 to 90 nm showed surface plasmon resonance (SPR) peaks 

in the wavelength range of 397 to 504 nm. (Raza et al., 2016). Surface plasmon 

resonance exhibited by silver nanoprisms at 716 nm was reported by (Sasikumar and 

Ilanchelian, 2017).These results were in good agreement with my study. 

Spherical shape of the yellow silver colloid having 20 nm diameter, the blue silver of 

nanoprism shape with approximately the same size and the energy-dispersive x-ray 

spectroscope (EDX) spectra of the same confirmed that the samples with yellow and 

blue solutions contained only pure silver. 

The size distribution of the AgNPs was measured by dynamic light scattering, which 

showed that the mean diameter of the spherical citrate capped AgNPs was 18.92 nm 

and that of the prismaticAgNPs was 22.5 nm. The diameter of spherical silver capped 

with PVP and PLA-PVP was 23.56 nm and 90.75 nm,respectively. The diameter of 

prismatic silver capped with PVP and PLA-PVP was 24.5 nm and 114 nm respectively. 

Clearly, the PVP had a very minor effect on the hydrodynamic diameter, but the 
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presence of PLA increased the apparent size of the composite by a factor of 

approximately four. 

The electrostatic interaction of the nanoparticles can be controlled by variation in their 

surface charges, which is determined by measuring the zeta potential of these particles. 

The zeta potential of spherical citrate and PVP capped AgNPs was-38 mv and -30 mv, 

respectively while that of prismatic citrate and PVP cappedAgNPs was -29.28 and -

25.7 mv, respectively.  In contrast, the zeta potential of spherical AgNPs capped with 

PLA-PVP was +34 mv. The observed zeta potential value (−29.5 mV) for the citrate 

capped silver nanoparticlesis close to the values reported in the literature for stable 

suspensions comprised of nanoparticles with a negative charge on their surface (Kittler 

et al., 2010).The zeta potential of prismatic silver capped with PLA-PVP was +28.7 

mv, similar to the value for the spherical AgNPs with PLA-PVP. 

 

5.2 Capping and stabilization of colloidal silver 

The use of surfactants is suggested in the literature for the prevention of aggregation in 

the biologically relevant medium used to study antibacterial activity (Shameli et al., 

2012a). For this purpose, PVP protected colloidal silver was used in this work, since 

citrate-AgNPs rapidly aggregated in the medium during preliminary experiments. In 

contrast, the UV Visible spectra of the PVP protected colloidal silver placed in diluted 

nutrient broth did not result in peak shifts, suggesting that no significant aggregation 

occurred. Another strategy applied in this study was to enhance the interaction of 

AgNPs with the bacterial cells by the functionalization of NPs with PLA first, and then 

stabilizing with PVP. The interaction of PLA with colloidal silver was confirmed with 

UV-Vis spectral shifts, where the absorbance peaks were shifted from 400 to 552 nm 

for yellow colloidal silver, while the blue silver peak shifted from 700 to 624 nm after 

addition of PLA.  

The enhancement of the stability of aqueous dispersions of the silver NPs is a major 

issue. The uncontrolled aggregation takes away the benefits of a nanomaterial. This can 

be obtained via two kinds of protecting mechanisms. The first one is based on the steric 

repulsion, which displays a stabilizing effect with the assistance of polymers and non-

ionic surfactants that are immediately adsorbed at the phase interphase (Kvitek et al., 

2008). The non-ionic surfactants are in comparison to the polymers, adsorbed in a more 

compact mode at the surface of the NP and convey an excellent stabilizing effect 
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(Marambio-Jones and Hoek, 2010).The stability of AgNPs capped with PVP was 

further tested using biological media such as phosphate buffer saline mixed with 

nutrient broth. This behavior can be explained that steric repulsion imparted by the 

adsorbed PVP might have played role in the prevention of aggregation (Huynh and 

Chen, 2011).  

AgNP with negative or positive zeta potential depend on the capping agent or reducing 

agent used in the synthesis process. Toxicity of nanoparticles directly show a parallel 

relationship with surface charge. The more negative citrate capped and PVP capped 

silver nanoparticles have more repulsion with the negative membrane of bacteria. 

Positively charged amino acid polymer capped AgNPs permit more interaction with 

negatively charged membrane of the bacteria and thus causing more toxicity (El 

Badawy et al., 2011). As in my results, P-Ag-citrate (-29.28 mv) and P-Ag-PVP (-25.7 

mv) showed repulsion with negative membrane of bacteria and P-Ag-PLA-PVP (28.7 

mv) interacted more with bacteria because of opposite surface charges that caused the 

cell death. 

Researchers have studied the role of poly-vinyl pyrrolidone (PVP) as protective agents 

which can effectively alters shape, size, stability and linear optical properties of AgNPs 

(Zhu and Xu, 2014).The peptides are short amino acid sequences that form polymers 

which enhance the antibacterial activity of AgNPs like poly arginine has a guanidine 

head group that can form hydrogen bonds with the negatively charged phosphates and 

sulfates on the cell membrane of bacteria that lead to internalization with cell surfaces 

under physiological pH conditions. 

 

5.3 Antibacterial activity of AgNP  

Enhanced antimicrobial is a clear indication of  the impact of various morphologies of 

silver nanoparticles, for example, spherical and prism on antibacterial properties. Role 

of different agents like PLA and PVP in enhancing antibacterial properties was also 

explored.  

The antibacterial activity of three different strains of gram negative bacteria showed  

enhanced results of this activity that nanocomposites are potential antimicrobial agents 

(Kim et al., 2007) There is a possibility when AgNP attached to cell wall of bacteria 

were tested by  dilution  permeability of cell wall of bacteria was increased lead to 

formation of pits and resulted in death of bacteria. In other similar studies vaying range 
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of polymers have been developed with numerous capping agents, such as PVP and other 

reducing agents and antibacterial activity has been reported widely(Hulkoti and 

Taranath, 2014). These studies .are generally in agreement with current study 

stregnthen our hypothesis multi-shaped silver nanoparticles can be synthesized and 

controlled by changing capping agents like polymers poly (N-vinyl pyrrolidone) and 

reducing agents. It is important to note   neutral or negatively charged AgNPs have been 

successfully reported in this regard with different capping agents had been widely 

assessed, the outcomes showed that positively charged AgNPs had higher bactericidal 

activity. This phenomenon is essentially because of the nonspecific electrostatic 

interaction amongst positively charged AgNPs and negative charged bacterial cell wall, 

which speeds up the bactericidal impact  (Lee et al., 2013). However in some studies 

neutral or negatively charged has been reported. There may be factors other than 

electrostatic interaction.  

As can be seen in result section that the minimal bactericidal MBC value of the silver 

nanoprisms capped with PLA-PVP which was 0.65 g/mL lower than the spherical 

ones which was 2.7 g/mL for three strains of bacteria for above mentioned strains of 

bacteria.  

It has also been reported by other studies (Choi et al., 2008) that the generation of 

aggregates leads to a loss of the antibacterial activity of nanoparticles in the medium of 

dispersion. Enhancement in antibacterial activity with AgNP depends on the influence 

of the capping agent on nanoparticles. The inhibitory effect of AgNP was more 

prominent in our study with PVP capped nanoparticles compared to citrate ones, 

although the inhibitory action was found to be 50% more when colloidal silver was first 

capped with PLA and subsequently stabilized with PVP. 

The most plausible explanation for the enhanced activity of AgNP-PLA-PVP could the 

electrostatic interactions between negatively charged bacterial cells and the positively 

charged silver nanoparticles capped with PLA. The zeta potential study of AgNP-PLA-

PVP nanomaterials showed positive values of +34 and +28.7 mV for spherical AgNPs 

and prismatic AgNPs, respectively. Zeta potential is an essential parameter for 

indication of stability and charge for aqueous AgNP suspensions. A minimum of ±30 

mV zeta potential values is required for indication of a stable nano-suspension (Shameli 

et al., 2012a) which is very close to the values obtained in this work. In a previous study 

the superiority of the positively charged AgNPs over the negatively charged particles, 
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in terms of the antibacterial activity, was demonstrated (Abbaszadegan et al., 2015; 

Silva et al., 2014). Apart from obtaining favorable positive charges from coating with 

PLA, it is also reported broad-spectrum, nontoxic and natural food additive. PLA is a 

new type of natural food additives composed of poly L-arginine essential amino acids 

for human body, it can be digested by human body and become human nutritious 

supplement. The unique property of PLA makes it food additives, and also its anti-

bacterial activity in neutral solution. The general concept of polypeptides acted as nano-

composites matrix involving various kinds of feasibilities for the programming and 

synthesis of multifunction materials (Shlar et al., 2015). 

Silver nanoprisms showed a greater inhibition activity against bacteria, compared with 

spherical nanoparticles. As the results show, the MBC value of the silver nanoprisms 

capped with PLA-PVP was 0.65 g/mL lower than the spherical ones which is 2.7 

g/mL. These results can be explained as demonstrated in other work (Pal et al., 2007); 

(Morones et al., 2005) where it was concluded by authors that the nanocrystals due to 

the high-atom- density (Feynman, 1960), a basal plane facets had the strongest 

antibacterial activity (Panzarasa, 2015). Thus, a high antibacterial activity of nanoprism  

has been found to ompare to spherical NP and their composite in this study.Therefore, 

from this study it is suggested that the silver nanoprisms having sharp edges and very 

sharp vertexes were more effective in destroying the bacteria. 

E. coli, S. enterica and P. aeruginosa treated with silver nanoparticles were prepared in 

order to study the mechanisms of the antibacterial interactions with TEM imaging. 

Strong antibacterial effect was displayed for the following nanocomposites: citrate 

capped AgNPs, PVP capped AgNPs and PLA-PVP capped Ag NPs with spherical and 

prismatic shapes. As observed in TEM micrographs, most of the NPs from spherical 

and prismatic colloids were aggregated around bacterial cells. A large portion of the 

prismatic AgNPs which are capped with PLA-PVP were trapped around the cell walls 

of bacteria as compared to citrate and PVP capped AgNPs. 

AgNPs at a low concentration of (60 mg/mL) and with mean sizes of 16 nm were found 

to be cytotoxic for E. coli (Raffi et al., 2008) but PLA-PVP capped prismatic AgNPs 

showed cytotoxic effects at the lowest concentration of 0.65 g/mL against E. coli, S. 

enterica and P. aeruginosa in our study. Adherence of AgNPs to cell wall was 

observed. Cytotoxic effect of particles with 20 nm size were found in case of E. coli. In 
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our study, coating of AgNPs with PLA gives an overall positive zeta potential which 

likely aids in their adherence to cell walls regardless of morphology. 

 

5.4 Cytotoxicity potential of AgNP for Hela cell Line 

Prismatic silver NPs capped with PLA-PVP showed maximum 80% cell mortality at 

11 g/mL. Spherical AgNPs with size of 7-20 nm were studied with HT- 1080 and 

A431 cells. As the dose of silver nanoparticles increased cytotoxicity is mediated but 

decreased with increase of  size.  Alveolar macrophage exposure to AgNPs (15, 30 and 

55 nm) result in decrease of cell viability at (10−75 µg/mL). Results obtained by MTT, 

AgNP 15 nm and AgNP 30nm exhibited significant (p <0.05) cytotoxicity at 10-75 

µg/mL, whereas AgNP 55 nm required a concentration of 75 µg/ mL to significantly 

decrease cell viability. Both AgNP 15nm and AgNP 30nm exhibited toxic at low doses 

(∼10 µg/ mL) (Carlson et al., 2008). 

In vivo study of zebra fish embryo showed 100 percent toxicity at a dose of 10 μg/mL  

with Ag nanoplates as compared to nanosphere. The same results were obtained with 

fish gill cell line (George et al., 2012).  

Shrinkage of cells and abnormal size of cells suggested toxicity at 50 μg/mL (Arora et 

al., 2008).One group of research workers studied the toxicity of AgNPs in germ cell 

line. They investigated that polysachhride capped AgNPs and without capping AgNPs 

stimulated apoptosis but toxicity induced was more severe in case capped AgNPs 

(Ahamed et al., 2010). Different capping materials for the silver nanoparticles were 

investigated. Poly(diallyldimethylammonium)-capped AgNPs were found to be the 

most toxic, followed by biogenic-Ag and oleate-Ag nanoparticles, whereas uncoated 

AgNPs were found to be the least toxic to both lung epithelial cells and macrophage 

(Suresh et al., 2012). Different cell lines have different cytotoxic behavior with 

different shapes and capping of AgNPs. HeLa cells were more susceptible to triangular 

silver nanoplates comparing with the Spherical AgNPs. The finding indicated the 

toxicity of silver NPs was of cell and shape specific (Zeng et al., 2014). In one study, 

AgNPs were synthesized by using Potentilla fulgens extracts. It was reported that 

nanoparticles kill the cancerous cells as compared to normal cells by using trypan blue 

assay and flow cytometry (Mittal et al., 2015).  
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The discrepancy in relation to studied results was due to differences in properties of NP 

(e.g. shape, size, and coating ligand). Cytotoxicity test revealed that the viability data 

obtained on HeLa cell line permit us to predict their  potential for tumor reduction. 

 

5.5 Detection of mercury with silver nanoprism 

The potential of prismatic silver nanoparticles has been explored in this part of the 

work. For detection of Hg (II) ions the change in morphology of Ag nanoprisms result 

in the blue shift of the maximum absorption wavelength.  

Chemical reduction of silver nitrate result in synthesis of silver nanoprisms. The 

hydrogen peroxide and sodium citrate were added before NaBH4, and the solution 

turned yellow first, but after 2 minutes the color had converted to blue. Metallic 

nanostructures were formed due to the shift of surface plasmon resonance. A proposed 

reaction mechanism (Figure 3.11) for the anisotropic transition from silver 

nanoparticles to nanoprisms in this approach could be justified by the use of a strong 

reductant (sodium borohydride) to induce the reduction of silver nitrate and formation 

of small spherical silver nanoparticles (yellow) at room temperature. Small particles of 

silver are transformed into Ag+ and then silver nanoprisms by oxidation with the 

hydrogen peroxide at room temperature. Therefore, combination of sodium 

borohydride and sodium citrate in the presence of hydrogen peroxide is important for 

the synthesis of silver nanoprisms(Torres et al., 2007). 

To verify the nature of the prepared colloidal suspension, the SPR peak is presented in 

the UV-Vis absorbance spectra (Figure 4.21). Anisotropic shape of colloidal solution 

is clearly reflected by the UV–Vis measurements. Instead of the characteristic peak at 

400 nm for spherical particles, one peak appears around 665 nm which is characteristic 

of nanoprisms (Jin et al., 2003). This interpretation of TEM analysis agrees with the 

UV–Vis measurement. The morphology of the colloidal silver (Figure 4.22 A) clearly 

confirms the presence of silver nanoprisms with most of the particles in the size range 

35 nm  5 nm. The particle size distribution profile has also been confirmed by DLS 

(Figure 4.22 B). TEM results showed that the average size was found to be of 34.5 6 

nm, which was in good agreement. The results showed that polydispersity index (PDI) 

was less than 0.3 in all cases, which is predictive of a monodisperse system.  The 

particles were negatively charged with a zeta potential of −27.62 mV (Figure 4.23). 
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The energy-dispersive X-ray spectroscope (EDX) equipped on the SEM was used for 

the elemental analysis of the silver nanoparticles. The EDX spectrum (Figure 4.24) 

showed that the prepared samples are pure silver (with clear Ag peaks) with no other 

contaminating substances. The peak corresponding to C is attributed to the carbon-

coated tape. 

As shown in (Figure 4.25 A), silver nanoprisms were characterized by a peak at 665 

nm, the maximum absorption wavelength blue shifted when Hg (II) ion was added 

(curve 1), and with increasing the Hg (II) ion content the absorption intensity gradually 

decreased (curves 2–3).  It was observed that the color of solution gradually changed 

from blue to purple and eventually turned yellow. Typically, the characteristic peak will 

red shift and broaden when cations are adsorbed onto the surface of the Ag nanoprisms.  

However, when Hg (II) ion was induced, a blue shift was observed in this experiment. 

In our proposed approach, the Hg2+ detection appears to be achieved by forming an 

Ag/Hg amalgam upon reduction of the mercury species to elemental mercury, along 

with the silver atoms as the mercury atom acceptors.  

In the preparation of Ag nanoprisms, trisodium citrate as capping and sodium 

borohydride was used as reducing agent. The PVP was added to keep Ag nanoprisms 

in a stable dispersed state under different environmental conditions. The PVP could 

also act as electron donor, and the mercury reduction might be supported by the PVP 

reduction abilities (Wu et al., 2010).  However, in the presence of the strong oxidizing 

agent H2O2 used in the preparation the nanoprisms, the presence of active reducing 

agents seems unlikely. Therefore there is another explanation for the Hg (II) reduction, 

which is a galvanic replacement reaction whereby a more reactive metal is etched by 

a less reactive one.  This usually happens in a few minutes at the nanoscale (Wang 

et al., 2016). The TEM imaging shows that the sharp edge and vertex of the original 

prismatic silver gradually disappeared. It seems that sharp edges of the nanoprisms were 

more prone to attack. It appears that in the presence of Hg2+ electrons could be extracted 

first from the active “corner” areas of the Ag nanoprisms resulting in the shape 

transformation. Gold or silver with mercury can form amalgam or bimetallic colloids 

this leads to a blue shift of the absorption peak (Rex et al., 2006; Zangeneh Kamali et 

al., 2016). In this work, the reaction of AgNPs mixture and Hg (II) undergo a reshaping 

process from triangle to spherical AgNPs, which is accompanied by a marked optical 

blue shift of the spherical nanoparticles (Figure 4.25 A).  
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After interacting with Hg2+ ion, silver amalgam was centrifuged, unreacted ions were 

removed by washing three times with deionized water and subjected to transmission 

electron microscopy. This hypothesis was verified by transmission electron microscope 

imaging. As shown in Figure 4.25 B, the triangle corners gradually disappeared upon 

interaction with Hg (II) ion and nanoparticles started to agglomerate.  Silver amalgam 

formed as the AgNPs were gradually wrapped. An elemental analysis of the resultant 

alloy performed by EDX confirmed the presence of Hg in the colloids (Figure 4.26).  

The proposed detection system was tested for the effect of pH in the presence of 5 

µmole/L Hg2+. As shown in Figure 4.28, the sensing system was insensitive to pH in 

the range of 6.5 to 9.79, confirming that PVP capped silver nanoparticles exhibit 

excellent stability towards changes in pH (Badawy et al., 2010). A pH of 7.2 was 

selected to subsequently determine the sensitivity and selectivity of the system. 

Sensitivity of sensor was evaluated with the UV−Vis spectra of the silver nanoprism 

solutions in different concentrations of Hg2+. Different concentrations of Hg2+ were 

added to the solution under optimized conditions, and incubated for 30 min. As shown 

in Figure 4.28 A, upon the addition of increasing concentrations of Hg2+, the SPR band 

emerged as a blue shift, which was attributed to the morphology changes in the silver 

nanoprisms. Therefore, the wavelength shift of the surface plasmon band (λmax) of the 

silver nanoprisms was employed in the quantitative analysis of Hg2+. A typical plot of 

the wavelength shift versus Hg2+ concentrations (0.5−100 µmole/L) was shown in 

Figure. 4.28 B. A linear relationship was obtained over the range of 0 to 5 µmole/L with 

a correlation coefficient of 0.993 (Figure 4.28 B inset). The results suggested that Hg2+ 

can be detected with limit of 0.5 µmole/L with this probe. To determine and verify the 

selectivity of this probe toward Hg2+, other metal ions including Cd2+, Pb2+, Mg2+, Zn2+, 

Mn2+, Ba2+, Co2+, Fe2+, Cu2+, K+, and Na+ were examined under the optimized 

conditions. The results demonstrated that only Hg2+ caused a substantial morphology 

variation of silver colloids at 5 µmole/L, and a 100- fold excess of the other metal ions 

had no significant effect on the SPR band and the color of the colloid under optimized 

conditions (Figure 4.28).  These results indicate that the proposed method exhibits a 

high selectivity toward Hg2+ ions and provides further evidence that the interaction 

between the AgNPs and Hg2+ is driven by a galvanic reaction. (Haynes, 2017) showed 

the standard reduction potentials of the various metals, indicating that of the tested 

metals only Hg2+ should be capable of reduction onto the Ag surface as represented in 

(Table 5.1).  There are very few, if any, metals of environmental importance that have 
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a more positive standard reduction potential than Ag and Hg, suggesting that this 

method may be quite selective for Hg2+, although testing against other dissolved species 

should be continued.   

Table 5.1 Standard reduction potentials at 25 0C for metal ions for various metal ions 

from Haynes (2017) 

Metal Standard Reduction 

Potential (mV) 

Hg2+ 0.85 

Ag+ 0.80 

Cu2+ 0.34 

Pb2+ -0.13 

Co2+ -0.28 

Cd2+ -0.40 

Fe2+ -0.41 

Zn2+ -0.76 

Mn2+ -1.04 

Mg2+ -2.38 

Na+ -2.71 

Ba2+ -2.91 

K+ -2.92 

 

A complex ion is formed by binding of chelating agents with metal ions that makes 

them unavailable to react with silver probe. Therefore the metal ion chelator EDTA was 

studied to establish a negative control. The control metal ions and the Hg salt that were 

mixed with 10mM EDTA and then interacted with the prismatic silver reagent did not 

cause any change in the color. We believe that this new approach may offer detection 

of mercury (II) in aqueous environmental samples using prismatic silver nanoparticles 

without further modification. 

 

5.6  Colorimetric detection of bacterial count in water by Au NP 

composite 

Conventional plating and refined culture techniques used to quantify bacteria ordinarily 

demands 2 to 14 days from sampling to final results production (Pant et al., 2016). We 
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show here a basic and quick colorimetric technique for detection of bacteria in drinking 

water on the basis of gold nanoparticle-enzymes and other complexes. The proposed 

mechanism of sensing is given in the Figure 5.1. 

Gold nanoshell were combined at room temperature via dissolving silver seed in the 

presence of Au+-CTAB (cetyltrimethylammonium bromide) complex. The gold 

nanoshells were functionalized with functional groups of positively charged quaternary 

amine that could bind to compounds through electrostatic forces of attractions, bringing 

about limit of enzymatic actions. Within the sight of bacteria, the nanoparticles were 

discharged from the enzyme and specially bound to the bacteria, bringing about an 

increase in enzyme action. We utilized this methodology for the colorimetric detecting 

of bacterial detections in the water. Our colorimetric sensor highlights three principle 

parts: (1) β-galactosidase (β-Gal), an anionic enzyme, which create a strengthening in 

the signs (2) chlorophenol red β-d-galactopyranoside (CPRG), a chromogenic 

substrate, to deliver and display colorimetric readout; and (3) A cationic empty gold 

nanoshell that binds reversibly to β-Gal, suppressing the enzyme without denaturation 

(Figure 3.10). Functional group CTAB cationic head group (quaternary amine) were 

used for capping AuNPs, all of which are basic necessities for steady and stable 

biosensors. As the anionic surface of bacteria bind to the cationic molecule surface 

removes the β-Gal, with competitive binding activity. The active enzyme changes over 

the light yellow substrate into the red one, representing a colorimetric readout.  

Amongst the previous couple of years, this approach has been outfit to identify an 

extensive variety of bacteria in water (Miranda et al., 2011; Thiramanas and 

Laocharoensuk, 2016). The main key test for powerful bacterial sensors is the making 

of materials highlighting fitting surface charge, morphology and ready to work under 

practical condition. 

The most vital characteristics of the systems incorporates exceedingly positive charged 

nanoparticles prepared to interact both with bacteria and active site of the enzyme with 

extraordinary sensitivity in view of the proposed competitive binding mechanism. 

In our research, cationic CTAB-Au hollow nanoshell was picked attributable to their 

attraction and association with bacterial cell wall (Verma et al., 2014), basic 

amalgamation and above all, definitive positive surface charge.  
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The era of gold nanoshells in the liquid medium of cationic surfactant CTAB can be 

initially recognized by visual assessment of any coloration from opaque colorless to 

reddish purple. CTAB-Au-nanoshells were described with an assortment of strategies; 

this top to bottom interpretation is basic for ideal understanding of nanoparticles 

/bacterial cell interactions. The general characterization study may compose of UV-

visible scanning, TEM, surface charge examination, size and basic investigation by 

EDX. 

The colloidal Nanoparticles solutions were researched with UV-Vis. The absorption 

maxima position for the gold nanoparticles is 544 nm as shown in Figure 4.30. Since 

the SPR relies on upon the size, shape, and total of AuNPs, UV–Vis spectroscopy is a 

valuable method to estimate nanoparticles size, morphology, and agglomeration level 

among the particles (Sharma et al., 2012).  

The surface plasmon peaks of the gold nanoshells were accounted for more sensitive 

(red) when contrasted with gold strong colloids having roughly the same dimensions 

(Sun and Xia, 2002). In expansion, the surface plasmon resonance of gold nanoshells 

displayed a great deal more sensitive reaction toward ecological changes not 

withstanding when contrasted and strong colloids with a mean size considerably smaller 

than that of gold nanoshells (Mahmoud and El-Sayed, 2010). This legitimizes the 

explanation behind picking anisotropic particles for this study. The EDX, appeared in 

Figure 4.31, confirms the presence of Au in solution. 

The TEM micrographs confirm the donut formed nanoshells were effectively 

synthesized in colloidal solution with essential size measurements around 23± 0.58 nm 

as shown in Figure 4.32.  

Size distribution of particle is determined by Dynamic light Scattering (DLS) by 

measuring dynamic variances of light dispersing power brought on by the brownian 

development of the particles. Stokes–Einstein equation from the predetermined 

estimations result in confirmation of hydrodynamic diameter as shown in Figure 4.33. 

The DLS estimating information gives the general perspective of the example 

nanoparticles measure dispersion profile. Be that as it may, the normal size gotten from 

TEM is 23± 0.58 nm which is in great concurrence with hydrodynamic diameters 

acquired with DLS. 

The molecule measure bend of gold nanoshells by power demonstrates a normal size 

of 24 ± 0.67 nm. The DLS estimating information gives the general perspective of the 
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nanoparticles dispersion profile. This size measurement from TEM is 23± 0.58 nm is 

in great correspondence with hydrodynamic diameters acquired with DLS. 

Gold nanoshells capped with CTAB give stability as well as gives surface a positive 

charge (Johnson et al., 2002). Zeta potential values is the electrical potential at the point 

of two fold layer of the part that normally range from +100 mV to - 100 mV. 

Nanoparticles with zeta Potential values more than +25 mV or not as less - 25 mV 

generally have greater degrees of stability. The value of zeta potential is predictive of 

colloidal stability (Tucker et al., 2015). Molecules with low zeta potential value 

disperse and finally aggregate due to Van Der Waal‘s forces of attraction. For 

understanding the long term stability of the nanoparticle and the state of the 

nanoparticle surface, zeta Potential is a basic tool. 

The surface charge distribution profile of gold nanoshells obtained in our study gives 

average value of +46.6 ±1.1 (Figure 4.34) which is characteristic of their great stability 

and association with bacterial cell wall.  

 

5.6.1 β-galactocidase interaction interacting with gold nanoshell  

Before the detection studies, by using activity of titrations of β-Gal-catalyzed 

hydrolysis of the substrate CPRG was directed using CTAB gold nanoshell. CTAB gold 

nanoshells were incubated for 30 minutes with various concentrations of β-Gal in PBS 

(5 mM, pH = 7.4), and after that 100 µM of the chromogenic substrate (CPRG, λmax 

= 575 nm) with the results shown in (Figure 4.35) was thus determined at which the 

activity of β-galactosidase was completely inhibited, approximately 100 µg/mL. 

For our sensing studies, we used S. aureus (Figure 4.37 A), P. aeruginosa (Figure 4.37 

B), S. enterica (Figure 4.37 C) and E. coli (Figure 4.37 D). The inhibition of enzyme 

activity was calculated. Various concentrations of β-Galactosidase were added with 

CTAB gold nanoshells for 60 minutes and after that CPRG solution was added. 

The enzyme activity was measured to calculate the amount of β-Galactosidase inhibited 

by gold nanoshells. Minimum effective concentration was computed at which activity 

of β-Galactosidase was totally blocked. Amount of enzyme which was totally turned 

off by CTAB gold nanoshells observed to be 100 µg/ml. The activity was resumed upon 

addition of bacteria. The most conceivable clarification could the bacteria were all the 

more negatively charged when compared with anionic enzyme. So enzyme was set free 

in solution for catalyze with CPRG into chlorophenol red.  
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Limit of detection of bacteria utilizing β-Gal/CTAB gold nanoshell composite was 

recorded after addition of different concentrations of bacteria and compared with 

control without bacteria. UV-Vis spectrophotometer was utilized for observing the 

difference in color change.  

 

5.6.2 Study of interaction of gold nanoshell with bacteria and enzyme 

Keeping the ultimate objective to test the essential principle of this idea, interaction of 

bacteria surface with cationic gold nanoshells was specifically researched using TEM. 

The samples were prepared as demonstrated by the procedure in material and 

methodology area. The TEM images of the bacreia (S. enterica, P. aeruginosa, S. 

aureus and E. coli) show interaction with CTAB-AuNPs, lipopolysaccharides and 

phospholipids generally have the negative charge and aggregation of cationic gold 

nanoshell around the bacterial cell wall (Verma et al., 2016). Additionally, deposition 

is observed for S. aureus (Figure 4.37), which could be a direct result of the presence 

of polyanionic teichoic acids (Berry et al., 2005; Berry & Saraf, 2005) around the 

bacterium envelop.  

 

5.6.3  Bacteria sensitivity assay 

To exhibit execution of the detecting plan S. aureus, P. aeruginosa, S. enterica and 

E.coli were selected as models for study. The test was performed to test the point of 

detection of each kind of bacteria by utilizing concentration from 0 to 107 cfu/mL in 

5mM phosphate buffer saline. In this study, suitable amount gold nanoshells and β-

galactocidase were placed into 1 mL of disposable cuvette and in this manner mixed 

with different concentrations of bacteria under study. After 30 min of incubation, CPRG 

substrate was put and measured following 60 minutes. The outcomes demonstrated 

slow change in the peak intensity of chlorophenol red at 575 nm for different 

concentrations of the tested strains.  

It is appropriate to admit that the control of a dynamic extent of enzyme and gold 

nanoshells is determined by competitive binding mechanism, even some bacteria 

significantly influence the level of unbound gold nanoshells and as a result of beta 

galactosidase activity. 

 At 10 CFU/mL, the absorbance values of the red product for different bacterial strains 

were low. Pair wise multiple comparison (Holm-Sidak method) showed two way 
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analysis of variance (ANOVA) which represent difference in absorbance 575 nm 

among the bacterial strains over every cell count, the qualities acquired were 

statistically significant (P value <0.005). 

The relationship between absorbance value and bacterial cell number is represented by 

linear equations (Figure 4.38). The R2 value of trend line has given a good fit to the 

information (r2 = 0.94) among the tested strains demonstrate E. coli, S. aureus, S. 

enterica and P. aeruginosa. Hence it is established that general bacterial contamination 

could be assessed up to 10 CFU/ml.  

 

 

 

Figure 5.1 The sensing mechanism of bacterial contamination in water 
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CONCLUSION 

Based on current study, following conclusions may be drawn: 

1. Prismatic AgNPs capped with PLA-PVP (20 nm) show excellent bactericidal 

results for E. coli, S. enterica, P. aeruginosa. 

2. AgNPs nanoprism capped with PLA-PVP yielded maximum mortality for HeLa 

cell line (80%) at 11μg/mL of concentration. 

3. AgNPs capped with PVP nanoprisms can detect mercury (Hg2+) even in low 

concentrations as minute as 0.5 μM. 

4. CTAB capped AuNPs can effectively detect bacteria with electronegative 

surface, such as E. coli, S. enterica, P. aeruginosa, and S. aureus. 

5. Our study also predicts that there is a possibility that metal based nanoparticles 

of the species other than silver and gold with numerous conjugates and shapes 

would possibly have some role in bactericidal and bio-sensitivity and 

environmental monitoring.  
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RECOMMENDATIONS 

• Further research should be conducted to design nanomaterials that have 

potential in the area of microbiology, environmental science and diagnosis such 

as detection of microbial contaminants and hazardous heavy metal ion in water 

with low limit of detection. Cost effective commercially available kits might be 

developed where timing is critical (e.g., emergency triage), where laboratory 

facilities are nonexistent (e.g. rural areas) and where resources are low (e.g., in 

developing countries).  

• Despite numerous existing potent antibiotics and other antimicrobial means, 

bacterial infections are still a major cause of morbidity and mortality. Moreover, 

the need to develop additional bactericidal means has significantly increased 

due to the growing concern regarding multidrug-resistant bacterial strains and 

biofilm associated infections.  

• Consequently, attention should be especially devoted to new and emerging 

nanoparticle-based materials in the field of antimicrobial and anticancer 

chemotherapy. The silver nanoparticles are the most promising candidates to 

improve the situation.  

• Surface of AgNPs and AuNPs should be functionalized to make 

nanocomposites for selective target binding as well as therapeutic agents for 

cancer treatment. 

• Other heavy metals might be detected. Evaluations of nanocomposites and 

nanoparticles to work as biosensors for other toxic heavy metals in natural 

environment and water resources. These nanoparticles might provide some 

efficient solution towards environmental pollution. 

• Several types of polymers might be used for enhancing the electrostatic and 

steric repulsions of the nanoparticles, which prevent them from agglomerations, 

and further might affect their efficiencies. 
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