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ABSTRACT 

For this study, biocompatible silver nanoparticles (Ag-NPs) were successfully synthesized via 

employing an environment friendly green approach by usage of flower extract of Plumeria 

obtusa. For studying the attributes of synthesized Ag-NPs, techniques such as UV-vis 

spectroscopy, X-Ray diffractometry (XRD), transmission electron microscopy (TEM), zeta 

potential and dynamic light scattering (DLS) analysis were used. The characteristic surface 

plasmon resonance (SPR) peak of Ag-NPs was observed around 430 nm. This peak was found 

to be dependent on different physicochemical parameters like amount of flower extract, 

reaction time, temperature and pH value. The crystal structure was studied from XRD pattern 

which confirmed the formation of FCC lattice with a crystallite size of 20 nm and particle size 

of 14 nm. TEM analysis also showed that spherical Ag-NPs of mean diameter 13 nm were 

formed. The stability of colloidal Ag-NPs was studied using zeta potential analysis, whose 

value came out to be 13 nm. The synthesized Ag-NPs were used in developing a sensing 

mechanism for a very harmful carcinogen, hexavalent chromium (Cr6+) and the same was tested 

in three different aqueous mediums. The limit of detection (LoD) came out to be 95 ± 2 pM, 

which is lowest reported value of LoD for a biosynthesized nanomaterials and thus, can be 

efficiently applied in diagnosing any contamination by cancer-causing Cr6+, in drinking water 

or food. Further, the enhancement in anti-bacterial action of Ag-NPs over AgNO3 was also 

investigated, against a gram-positive bacterium, S. Aureus. The inhibition zone came out to be 

much wider (10.8 mm) than that of AgNO3 (7.7 mm) or plant extract (6.7 mm). Thus, the Ag-

NPs synthesized in this project are non-toxic, cost-efficient and can be utilized in a variety of 

applications like biosensing and biomedicine.  
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CHAPTER 1 

INTRODUCTION 

 

1.1 NANOTECHNOLOGY 

Nanotechnology or nanotech is the science and engineering of understanding and controlling 

matter at the nanoscale (approximately between 1 nm and 100 nm), where their exceptionally 

small size enables multitudinal novel applications. ‘Nano’ in nanotech comes from the Greek 

word ‘nanos’ meaning small. A nanometer is about a billionth of a meter. Particles or materials 

of sizes 1-100 nm are typically called nanoparticles or nanomaterials. Most applications 

involving nanotechnology are based on the unique set of properties exhibited by nanosized 

materials, including high surface to volume ratio and nano-size effects. However, the 

conventional synthesis methods of nanomaterials pose new health and environmental hazards.  

 

1.2 LITERATURE REVIEW 

1.2.1 Synthesis of nanoparticles 

The interest in the methods of synthesizing metallic nanoparticles is increasing successively 

these days, owing to their antimicrobial, cytotoxic, optical and various other properties [1–8]. 

This is mostly because of the variety of disciplines where metal nanoparticles can be effectively 

used. The most common methods of synthesis of metal nanoparticles can be broadly classified 

into three main categories.  

1.2.1.1 Physical Synthesis 

The two key physical approaches of synthesis are Evaporation Condensation and Laser 

Ablation. However, the physical synthesis methods often occupy large spaces, exhaust huge 

amounts of energy, involve raising the temperature around the source material to very high 

values, and require a lot of time to achieve thermal stability [9].  



2 
 

1.2.1.2 Chemical Synthesis 

The basic mechanism of chemical synthesis is reduction of Ag+ ions to Ag0 and then 

prevention of any deposition or aggregation using suitable stabilizers, capping agents and 

surfactants, often polymeric compounds [10]. However, such typical synthetic precursors 

lead to toxicity in the samples, high production costs and unfortunate effects on environment. 

1.2.1.3 Green Synthesis 

In green synthesis, green agents (plants or microorganisms) are used for capping and 

reducing of Ag+ ions [11,12]. Despite the fact that the exact synthesis mechanism behind 

green route hasn’t been completely acknowledged, but certain compounds present in plants, 

like alkaloids, phenols, terpenoids, flavonoids and proteins [13] are considered the basis of 

reduction and capping of Ag-NPs. In case of microorganism mediated green synthesis [14], 

the antioxidant and reducing properties of microbes govern the reduction process but it 

requires the need of maintaining elaborate microbe cell cultures and aseptic environments. 

Hence, green synthesis of Ag-NPs using plant extracts is an efficient eco-friendly one-step 

alternative to complex physical and chemical routes that doesn’t require any challenging 

high pressurized or high temperature conditions. The samples generated from green methods 

are non-toxic and economical and hence, can be used in the field of biology. 

1.2.2 Silver Nanoparticles 

Silver (Ag) is a soft, white, reflective, ductile, malleable, lustrous transition metal with great 

conductivities, electrical as well as thermal. has been recognized as a precious noble metal since 

ancient times, on grounds of its anti-corrosive and medicinal behaviour [15]. Ag is being used 

in medical sciences since the classical age [16]. However, the future scope of Ag for diagnostic, 

medicinal and therapeutic practices lies strictly in nanoscales as the nanoparticles of Ag act as 

photocatalysts [17,18], antibacterial, antimicrobial, antioxidant, antiplatelet, antidiabetic, 

antithrombotic agents [19–24] and in targeted drug delivery systems [25,26]. When the 
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interaction of free electrons present at the Ag-NPs surface is effectuated at certain wavelengths, 

the electrons oscillate collectively, giving rise to SPR. Because of this property, Ag-NPs show 

exceptional absorption and scattering efficiency of light. Thus, the synthesis process of Ag-NPs 

involves a visual indicator, that is, the colourless precursor solution of silver nitrate (AgNO3) 

becoming completely brown owing to SPR, as Ag-NPs are formed [27].  

Table 1. Physical properties of Silver 

Atomic Mass: 107.87 amu 

Atomic Number: 47 

Electronic Configuration: [Kr]4d105s1 

Melting Point: 961.8 °C 

Density: 10.49 g/cm3 

 

1.3 PLANT USED 

For this study, the flowers of Plumeria obtusa plant were used. It is popularly known as Champa 

and is of great importance in terms of religion, pharmacology and medicine in India [28]. Other 

than being used as an ornamental plant for its pleasant fragrance and visual appeal, the flowers 

of this plant are also actively used in treatment of diseases like diabetes mellitus and in 

aromatherapy [29]. This particular plant was selected for this study since, it is available in 

abundance and contains various phytochemicals like terpenoids, flavonoids and phenolic acids 

[30,31], necessary for acting as a reducer and stabilizer. The essence procured from the flowers 

of Plumeria obtusa was taken to be used as the reducing and capping agent in the preparation 

of Ag-NPs. Figure 1 schematically explains the mechanism behind synthesis of Ag-NPs via the 

phytochemicals present in flower essence of Plumeria obtusa.  
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Figure 1. Pictorial illustration of mechanism behind biosynthesizing Ag-NPs 

 

1.4 ENHANCED ANTI-BACTERIAL ACTION OF Ag-NPs 

The increasing use of anti-biotics has led to emergence of a new problem, multidrug resistance. 

For solving the same, new anti-bacterial strategies must be formulated. Silver has been highly 

regarded anti-microbial agent since classical ages. Ionized Ag in AgNO3 shows very high 

binding affinity towards the bacteria’s proteins, DNA and RNA which forms the basis for its 

anti-bacterial action. Since nanoparticles of Ag have much larger surface are per unit volume 

than ionized Ag in AgNO3, they provide better contact with the surface of bacteria and hence, 

lead to enhancement in the anti-bacterial action. Bacteria are either gram-positive or gram-

negative. Gram-positve bacteria have thicker peptidoglycan layer than gram-negative bacteria. 

For this study, a gram-positive bacteria Staphylococcus aureus was taken for investigating the 

enhanced anti-bacterial action of Ag-NPs. S. Aureus is known to be a leading cause of numerous 

skin and tissue diseases like boils and cellulitis and also, Pneumonia.  

 

1.5 SELECTIVE SENSING PROPERTY TOWARDS CARCINOGENIC Cr6+ 

The average contemporary living standards of humans often involve exposures to toxic heavy 

metals and carcinogenic materials like chromium. Their widespread commercial use makes 

water bodies and food items more prone to contamination, any contact or infestation of them 

may lead to oxidative stress, cancer related diseases and damage to DNA present in cells [32]. 

Heavy metal chromium (Cr) exists majorly in 4 oxidation states, elemental, divalent, trivalent 
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and hexavalent (0, +2, +3 and +6, respectively). Cr in its hexavalent state is a very strong 

carcinogen. Its toxicity lies behind its reduction mechanism, by release of reactive hydroxyl 

radicals, that cause permanent cell and DNA damage  [33]. Early detection of cancer-causing 

food or water contaminated by carcinogens like Cr6+ is way more ideal than resorting to 

expensive cancer treatments. Initially for a few years, the only available detection method was 

through rodents [34,35]. Now, more techniques such as isotope dilution analysis [36], atomic 

absorption spectrometry [37,38] and ion chromatography [39] have been developed.         

Although they are reliable, technologically advanced and evolved but they are also complicated 

and expensive. Therefore, newer and simpler detection strategies involving chemical or optical 

sensors based on biocompatible nanoparticles of noble metals such as silver and gold, especially 

for aqueous mediums are being researched [40,41]. 

 

1.6 AIM AND SCOPE OF STUDY  

 Environment friendly synthesis of biocompatible Ag-NPs via plant extract, controlled 

by physicochemical parameters. 

 Analysing the crystal structure, morphology, stability and polydispersity of the 

developed Ag-NPs by different characterization techniques.  

 Investigating enhanced anti-bacterial action of Ag-NPs against gram-positive bacterial 

strains.  

 Exploring the selectivity of Ag-NPs towards detection of Cr6+ carcinogenic ions in 

aqueous mediums.  
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CHAPTER 2 

MATERIALS AND METHODS 

 

2.1 MATERIALS USED 

Precursor solution of AgNO3 (1.0 mM) was prepared by dissolving 34 mg of AgNO3 salt into 

200 mL of ultrapure (UP) water (resistivity 18.2 MΩcm). The flowers of Plumeria Obtusa 

plant were picked from the campus of Delhi Technological University, Delhi. The metal salts 

nickel perchlorate hexahydrate, copper perchlorate hydrate, cobalt perchlorate hydrate, zinc 

perchlorate hexahydrate, aluminium perchlorate nonahydrate, potassium dichromate, cadmium 

chloride hydrate, lead perchlorate trihydrate, iron perchlorate hydrate, mercury nitrate 

monohydrate for Ni2+, Cu2+, Co2+, Zn2+, Al3+, Cr6+, Cd2+, Pb2+, Fe3+, Fe2+, Hg2+ metal ions 

respectively, were bought from Sigma Aldrich.        

 

2.2 PREPARATION OF PLANT EXTRACT 

The flowers of Plumeria obtusa were plucked and put inside an oven for about 2 hrs at 90 °C 

for drying. The dehydrated flowers were pulverized using porcelain mortar and pestle. 1 gm of 

this powder was added to 20 mL UP water and stirred at 60 °C for 20 min. The resulting liquid 

was filtered to obtain an extract of dark yellowish colour. This extract was used throughout this 

study for preparing samples of Ag-NPs, stored in a cool and dark environment.  

 

2.3 SYNTHESIS OF Ag-NPs  

For synthesizing Ag-NPs, the precursor solution of AgNO3 (10 mL) was augmented with the 

prepared flower extract (0.5 mL) and stirred for 20 min at 250 rpm at 70°C. The obtained 

solution was initially colourless but gradually changed to a reddish-brown tint, no further 
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modification in colour intensity was observed after 60 min. A schematic representation of the 

preparation of flower extract and the synthesis process by green route is given in Figure 2.      

 

Figure 2. Biosynthesis of Ag-NPs from prepared flower essence of Plumeria Obtusa 
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CHAPTER 3 

CHARACTERIZATION TECHNIQUES 

 

3.1 UV/VIS/NIR SPECTROCOPY 

The absorption spectra for Ag-NPs were recorded using LambdaTM 750 UV/Vis/NIR 

spectrophotometer from PerkinElmer, shown in Figure 3. The observations were taken in the 

range 250 nm to 800 nm. 

 

Figure 3. PerkinElmber LambdaTM 750 UV/Vis/NIR spectrophotometer  

 

3.2 X-RAY DIFFRACTION 

X-Ray Diffraction (XRD) pattern for thin films of Ag-NPs was recorded by Bruker D-8 

Advanced, shown in Figure 4. The crystallite size was estimated from the following equation 

by Debye-Scherrer [42]:   

𝐷 =
𝑘𝜆

𝛽 cos 𝜃
 

Where, k → shape factor (0.9 for spherical configuration)   

λ → wavelength of X-Ray used (0.154 nm for Cu/Kα source) 

β → FWHM (full width at half maximum) 
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θ → Bragg’s angle  

The crystallite size is √2 times the particle diameter for a FCC crystal. 

  

Figure 4. Bruker’s D-8 Advanced X-Ray Diffractometer  

 

3.3 TEM Analysis 

For morphological and particle size analysis, TEM was performed using Morgagni 268D, 

shown in Figure 5.  

 

Figure 5. Morgagni 268D Transmission Electron Microscope 
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3.4 ZETA POTENTIAL 

The hydrodynamic size and zeta potential value of synthesised Ag-NPs in colloidal solution is 

analysed using Zetasizer Nano ZS by Malvern, shown in Figure 6.  

 

Figure 6. Zetasizer Nano ZS by Malvern 
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CHAPTER  4 

RESULT AND DISCUSSION 

4.1 ABSORPTION SPECTRA 

The absorption spectra were recorded for the prepared plant extracts, AgNO3 and Ag-NPs in 

the range 250-800 nm since Ag-NPs show a characteristic peak around 430 nm corresponding 

to their SPR. Any broadening or shift of the SPR peak towards the red or blue end of wavelength 

spectrum due to changes in extract concentration used, reaction time, pH and temperature were 

studied, indicating changes in particle size or shape [43]. The same has been represented in 

Figure 7. Presence of just one SPR peak indicates the production of Ag-NPs of spherical 

conformation [44].  

4.1.1 Influence of amount of flower extract on synthesis 

The impact of amount of flower extract used in synthesizing Ag-NPs was inspected by taking 

different concentration ratios (v/v), i.e., 0.5:20, 1.0:20, 1.5:20, 2.0:20 (mL:mL) of extract to 

precursor solution of AgNO3. A clear rise in absorption intensity and red shift is observed in 

the SPR band as the amount of flower extract increases. The rise in absorption intensity with 

increase in the amount of extract used is due to the rise in production of Ag-NPs due to the 

availability of more reduction and capping agents from extract, and the red shift indicates an 

increase in particle size [45].  

4.1.2 Influence of time 

After adding flower extract in AgNO3, the resulting solution started changing from colourless 

to a pale yellow colour. The gradual colour changes can be observed by naked eyes and can be 

taken as a visual indicator of the synthesis process. The absorption spectra was recorded for 60 

min. As time proceeds, the reaction between the phytochemicals of plant extract and AgNO3 

also proceeds forward and hence, the absorption peak rises. A blue shift is also observed with 

proceeding time, indicating decrease in particle size. The prepared flower extract ultimately 
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reduced Ag+ ions to metallic Ag0 in about 60 min and capped them to form Ag-NPs, as no 

colour change was observed beyond this. 

4.1.3 Influence of temperature 

The biosynthesized Ag-NPs were refrigerated (as cold as 15°C) and heated (as hot as 55°C) to 

observe how temperature variations influence the size distribution or polydispersity of Ag-NPs. 

Theoretically, the particle size is believed to decrease with increasing temperature because of 

nucleation being favoured at higher temperatures [46]. However, no noteworthy changes in 

absorption spectra were observed in this case, reflecting the high stability of prepared Ag-NPs 

to temperature variations.  

4.1.4 Influence of pH  

The pH of biosynthesized Ag-NPs was varied between 3-11 to observe the corresponding 

changes in size or shape of particles. Changing the pH of the reaction directly alters the 

electrical charges present on various phytochemicals and biomolecules, which in turn alters the 

rate of reduction and capping in the biosynthesis of Ag-NPs [47]. We observe that on increasing 

the pH from 3 to 11, a red shift is observed in SPR peak from 416 nm to 445 nm, suggesting an 

increase in the size of Ag-NPs. As the particle size increases, the amount of energy necessary 

for exciting surface plasmons reduces, thus, causing a red shift [48]. Apart from affecting 

particle size and the position of SPR peak, pH variation also altered the absorbance intensity. 

With the increase in pH, the absorbance intensity also rose significantly, indicating better 

reduction and capping of Ag-NPs at alkaline pH values [2,49].       
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Figure 7. Absorption spectra for colloidal Ag-NPs along with AgNO3 and prepared flower extract (a) 

influence of variation of extract concentration (b), the influence of time (c), the influence of 

temperature variation (d) and the influence of pH variation (e). 
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4.2 XRD PATTERN 

Thin film was prepared by the drop coating technique from biosynthesized Ag-NPs for XRD 

analysis, given in Figure 8. Bragg’s four major reflection peaks were observed at 38.19°, 

46.17°, 64.96° and 76.54° representing lattice planes (111), (200), (220) and (311), confirming 

the lattice having a FCC (face-centered cubic) structure [50]. On comparing these observed 

peaks with the peak positions given in the JCPDS database for bulk silver (card no.- 04-0783), 

very tiny displacements may be observed that indicate the existence of strain on the formed 

crystal lattice, which is a typical attribute of nanocrystals [51]. Using obtained XRD pattern, 

the average crystallite size was also estimated, which came out to be 20 nm by adopting the 

Debye-Scherrer formula [42]. Since, the crystallite size is √2 times the particle diameter for a 

FCC crystal, the particle diameter comes out to be 14 nm.   

Table 02. Bragg’s reflection peaks for Ag-NPs  

Lattice Plane Peak Position 

(111) 38.19° 

(200) 46.17° 

(220) 64.96° 

(311) 76.54° 

 

 

Figure 8. XRD pattern for Ag-NPs thin film. 
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4.3 MORPHOLOGY 

To determine the morphological characteristics of biosynthesized Ag-NPs, TEM analysis was 

done. The sample of Ag-NPs was kept in a sonicator for 15 min. After sonicating, they were 

coated on a mesh grid made of copper for TEM analysis. The observed images of Ag-NPs are 

given in Figure 9, from which their spherical shape can be confirmed. Subsequently, a particle 

size distribution curve was plotted to determine the mean diameter of Ag-NPs to be 13 nm.   

       

Figure 9. TEM image observed for Ag-NPs (a) Particle size distribution (b) 

 

4.4 ZETA POTENTIAL ANALYSIS 

In nanosuspensions, the creation of electrical double film at the surface leads to zeta potential 

directly related to its potential stability, i.e., its ability to resist coagulation. Ideally, a zeta 

potential value of ±30 mV is contemplated as strongly anionic or cationic [52]. The inset of 

Figure 10 shows that the zeta potential of Ag-NPs comes out to be -22.7 mV (average 

observation of three repetitions). A negative zeta potential value indicates that the stabilizing 

agents controlling the resulting morphology and diameter of Ag-NPs, are anionic in nature [53]. 

Figure 10 shows the size distribution intensity fetched from DLS (approximately 71 nm). Since 

this is the hydrodynamic size, i.e., it includes the diameter of the core Ag-NPs plus the adsorbed 

biomolecules on the surface, this average particle size may be assumed to be much more 

massive than the actual size of Ag-NPs presents in prepared samples.  
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Figure 10. Hydrodynamic size distribution by intensity, repeated for 3 records. Inset represents the 

apparent zeta potential (mV) of colloidal Ag-NPs. 

 

4.5 ENHANCED ANTI-BACTERIAL ACTION 

Since nanoparticles have greater surface area per unit volume, they facilitate contact with the 

bacterial surface and enhance its antibacterial action. This was investigated using the method 

of disk diffusion, where the antibacterial effect of Ag-NPs was compared with that of AgNO3 

and flower extract against a gram-positive bacteria S. Aureus. As can be noted from Figure 11, 

the inhibition zone obtained for Ag-NPs is much bigger than the inhibition zone obtained for 

Ag-NO3 and flower extract, thus, proving that Ag-NPs show enhanced antibacterial properties. 

Table 3 shows the inhibition zones obtained after treating strains of S. Aureus at 37 °C for 48 

incubation hours. 

The metallic or bulk silver is mostly inert, but the antibacterial action of AgNO3 is accredited 

to the very high reactivity and binding affinity of ionized Ag particles to the proteins, DNA and 

RNA of bacterial cells, thus causing their malfunction. The mechanism behind the enhanced 

antibacterial activity of Ag-NPs is along these lines, Ag-NPs interreact with proteins and DNA 

of bacterial cells by penetrating the cell walls of bacteria and reaching the center. Ag-NPs 

facilitate rendering reactive oxygen and nitrogen species giving rise to high oxidative stress in 
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many cell parts, including the nucleus [19]. To protect the DNA present in nucleus, the bacteria 

start to agglomerate at the center, thus rupturing. Ag-NPs strike the cell division and chain of 

respiration of the bacteria, thus leading to total cell collapse [54]. 

Table 3. Inhibition zone in S. Aureus treated with flower extract, Ag-NPs and AgNO3
. 

Sample Inhibition Zone 

Ag-NPs 10.8 mm 

Flower Extract 6.7 mm 

AgNO3 7.7 mm 

 

 

Figure 11. Antibacterial action of Ag-NPs (a), flower extract (b), Ag-NPs (c) and Ag-NO3 against S. 

Aureus (d). 

 

4.6 SELECTIVE SENSING TOWARDS CARCINOGENIC Cr6+  

To study the potentiality of biosynthesized Ag-NPs to sense heavy metals, aqueous solutions 

(1μM) of various metal ions (Ni2+, Cu2+, Co2+, Zn2+, Al3+, Cr6+, Cd2+, Pb2+, Fe3+, Fe2+, Hg2+) 

were prepared in deionized water, to be added to Ag-NPs. On being added to the Ag-NPs 

sample, the resulting effect on its colour and absorption spectra was recorded. No visible colour 

change was recorded for any metal ions except Cr6+, as shown in Figure 12. This selectivity 
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makes Ag-NPs ideal for colorimetric detection of carcinogenic Cr6+ in aqueous mediums. The 

absorption spectra were also recorded to study consequent changes after treating Ag-NPs with 

different metal ions, shown in Figure 13 (a). On the addition of Cr6+ in Ag-NPs, a major fall in 

absorbance (absorption intensity) of the SPR band of Ag-NPs is seen. Another peak rises in the 

absorption spectrum at 377 nm, which is a characteristic peak of dichromate ions. For rest metal 

ions, minor insignificant shifts in peak absorbance intensities are recorded; a comparative bar 

diagram to highlight the same has been represented in inset of Figure 13 (a). To formulate 

controlled selective sensing of Cr6+ ions, Ag-NPs were treated with different concentrations of 

Cr6+ ions (1 μL to 500 μL, i.e., 0.3 nM to 166.6 nM) and their resulting absorption spectra were 

recorded, as given in Figure 13 (b). The reciprocal of absorbance of the SPR peak of Cr6+ treated 

Ag-NPs was plotted as a function of the concentration of Cr6+ and was found to be linear with 

a correlation factor of 0.98, given in the inset of Figure 13 (b). The slope of this linear graph 

was used to calculate LoD, using the formula 3.3×(σ/slope), where σ is the standard deviation 

(in data repeated for 10 absorbance values). The LoD came out to be 95 ± 02 pM, which is the 

lowest LoD ever achieved for detecting Cr6+ via biosynthesized nanomaterials, to the best of 

our knowledge. A comparative summary to support the same has been given in Table 5. To 

further study the applicability of the detection method of Cr6+ via Ag-NPs in different aqueous 

mediums, two different water samples (tap water and Yamuna river water) were tested, for 

which the LoD came out to be almost similar, i.e., 97 and 117 pM respectively, given in Table 

4. Thus, we can conclude that detection of Cr6+ via Ag-NPs works effectively in different 

aqueous mediums, given in Figure 13 (c and d).  

The proposed mechanism behind the selectivity of Ag-NPs towards sensing of Cr6+ ions may 

be attributed to the contrasting electrochemical characteristics of Ag0 and Cr6+. A metal that has 

a greater reduction potential, i.e., Cr6+ (+1.33 V) can oxidize a metal with a lower reduction 

potential, i.e., Ag0 (+0.80 V), whereas Cr2+ (-0.91 V), Cr3+ (-0.74 V) or any of the metals 
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mentioned above cannot. Thus, Cr6+ ions cause oxidation of Ag0 to Ag+. Moreover, Ag+ ions 

show strong selectivity and binding affinity to dichromate (Cr2O7)
2- ions, leading to the 

formation of Ag2Cr2O7 [55]. This causes the SPR band of Ag-NPs to diminish. 

 

Figure 12. Colour changes in colloidal Ag-NPs after adding different metal ions (166.6 nM) 

 

Figure 13. Absorption spectra of colloidal Ag-NPs post addition of various metal ions, inset 

represents a bar diagram for ratio of peak absorbances of different metal ions to pure Ag-NPs (a), 

successive addition of Cr6+ ions in aqueous medium of deionized water (b), tap water (c) and Yamuna 

river water (d). Inset shows linearity of 1/absorbance of Cr6+ treated Ag-NPs as a function of 

concentration of Cr6+. 
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Table 4. Correlation factor and LoD for detection of Cr6+ in different aq. mediums 

Aqueous Medium Correlation factor LoD 

Deionized water 0.98 95 

Tap water 0.99 97 

Yamuna water 0.97 117 

 

Table 5. Comparison of previously reported nanosensors for Cr6+ detection. 

Probe used Detection method 

Linear 

Range 

LoD Reference 

Biosynthesized Ag-NPs SPR based 0.3-166.6 pM 95 pM This work 

Biosynthesized Ag-NPs SPR based 10-100 ppm 0.1 ppm [55] 

Tartaric acid capped Ag-NPs SPR based 10-100 μg/L 3 μg/L [56] 

Ascorbic acid capped Ag-NPs SPR based 

7.0×10-8 - 

1.84×10-6 M 

5×10-8  

μM 

[57] 

Electrodeposited Au-NPs Voltammetric 

10 μg/L – 5 

mg/L 

5μg/L [58] 

DTT functionalized Au-NPs SPR based 100-600 nM 20 nM [59] 

Glutathione capped CdTe QDs Fluorescence based 

0.01-1.00 

μg/mL 

0.008 

μg/mL 

[60] 

Tb/acac/PAM composite NPs Fluorescence based 5-600 ng/mL 

0.8 

ng/mL 

[61] 

Chemically synthesized Ag-NPs SPR based 10-3-10-9 M 1 nM [62] 

Tetraphenylbenzosilole 

derivative (TPBS-C) 

Electroluminescence 

based 

10-12-10-4 M 0.83 pM [63] 

Metal-organic complex of Cu(II) Fluorescence-based - 74.4 pM [64] 

TiO2@Ag-NPs substrate 

Surface enhanced 

Raman scattering 

10 nm – 2 μM 1.45 nM [65] 
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CHAPTER 5 

CONCLUSION 

Biocompatible spherical Ag-NPs were successfully synthesized where leaf extract of Crinum 

asiaticum and flower extract of Plumeria Obtusa served as reducer and stabilizer. The procured 

Ag-NPs were characterized and confirmed via various characterization techniques. The average 

size obtained from particle size distribution curve TEM and the XRD pattern agreed with each 

other. The synthesis yield was found to be significantly dependent on various physicochemical 

criteria such as pH, temperature, time and added extract’s amount. Biosynthesized Ag-NPs act 

as efficient catalysts in degradation of toxic dye like Methylene Blue. They also showed 

enhanced anti-bacterial action over AgNO3 against a gram-positive bacteria, S. Aureus. Ag-NPs 

were found to be very sensitive to Cr6+ ions (even for amounts as low as 1μL) in aqueous 

mediums with a very efficient LoD of 95 ± 2 pM. Therefore, we can conclude that along with 

having unique optical and chemical properties, low cost, one-step simple eco-friendly synthesis 

procedure and biocompatibility, the synthesized Ag-NPs show efficient catalytic properties, 

excellent selectivity towards detecting a carcinogen (Cr6+) and appreciable antibacterial action 

(against S. Aureus), proposing to be highly useful in the fields of catalysts, biosensing and 

biomedicine. 

 

Figure. 14 Graphical Abstract 
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APPENDIX: SUPPLEMENTARY DATA 

 

EDX Analysis: 

Energy dispersive X-Ray (EDX) analysis was also done for confirming the presence and 

relative abundance of Ag-NPs in the sample. The chemical composition revealed by EDX, 

shown in Figure SD1, demonstrates an appreciable amount of Ag present in the sample, along 

with O, C and N that are from organic agents [66] used for capping and are still bound to the 

surface of Ag-NPs. Table SD1 represents chemical composition of sample.  

 

Figure SD1. EDAX for synthesized Ag-NPs 

 

Table SD1. Parameters of Ag-NPs recorded on thin film 

 

 

 

 

 

 

 

 

 

 

 

Element Weight % Atomic % 

Ag 91.66 58.88 

C 2.79 16.12 

N 1.00 4.95 

O 4.49 19.43 
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