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Introduction: 

Synthesis of Silver nanoparticles: 

Chemical reduction is the most frequently applied method for the preparation 

of silver nano particles (Ag-NPs) as stable, colloidal dispersions in water or organic 

solvents.1,2 Commonly used reductants are borohydride, citrate, ascorbate, and 

elemental hydrogen.3–11 The reduction of silver ions (Ag+) in aqueous solution 

generally yields colloidal silver with particle diameters of several nanometers. 2 

Initially, the reduction of various complexes with Ag+ ions leads to the formation of 

silver atoms (Ag0), which is followed by agglomeration into oligomeric clusters.12 

These clusters eventually lead to the formation of colloidal Ag particles.12 When the 

colloidal particles are much smaller than the wavelength of visible light, the solutions 

have a yellow color with an intense band in the 380–400 nm range and other less 

intense or smaller bands at longer wavelength in the absorption spectrum. This band 

is attributed to collective excitation of the electron gas in the particles, with a periodic 

change in electron density at the surface (surface plasmon absorption).13–15  

 

Previous studies showed that, use of a strong reductant such as borohydride, 

resulted in small particles that were somewhat mono-disperse, but the generation of 

larger particles was difficult to control.16,17 Use of a weaker reductant such as citrate, 

resulted in a slower reduction rate, but the size distribution was far from narrow.3, 4, 18 

Controlled synthesis of Ag-NPs is based on a two-step reduction process.17 In this 

technique a strong reducing agent is used to produce small Ag particles, which are 

enlarged in a secondary step by further reduction with a weaker reducing agent.3 

Different studies reported the enlargement of particles in the secondary step from 

about 20–45 nm to 120–170 nm.19–21 Moreover, the initial sol was not reproducible 

and specialized equipment was needed.5 The syntheses of nanoparticles by chemical 

reduction methods are therefore often performed in the presence of stabilizers in order 

to prevent unwanted agglomeration of the colloids. 

 

The green synthesis of Ag NPs involves three main steps, which must be 

evaluated based on green chemistry perspectives, including (1) selection of solvent 

medium, (2) selection of environmentally benign reducing agent, and (3) selection of 

nontoxic substances for the Ag-NPs stability. 

 

Synthesis of m-(mercapto acetamido)phenol Capped Silver nanoparticles via 

chemical reduction method: 

In the present work, we report the formation, morphology, photophysical and 

biological activity of the m-(mercapto acetamido)phenol Capped Silver 

nanoparticles via chemical reduction method. The silver nano particles with uniform 
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shapes and sizes can be obtained by the present method proposed in this work. The 

method utilizes a simple chemical reaction of silver idodide and sodium borohydride. 

The advantages of this method are ease of preparation, convenience in use and 

especially, that the obtained silver nano particles are uniform in their shapes and sizes. 

The last point is important for fluorescence & bio-evolution measurements, because 

the shapes and sizes of the metal nano particles are significant parameters. 

Furthermore, we employed UV-visible (UV-vis) spectroscopy to determine the 

optimum conditions for the preparation of stable and highly fluorescence-active silver 

colloids. UV-vis spectroscopy and Scanning electron microscopy (SEM) are 

employed to monitor the silver formation process of the nano particles. Specifically, 

we observed changes in the shapes of the silver nano particles during the formation 

of the nano particles.  

OH

NH
SH

O

 
m-(mercapto acetamido)phenol 

 

2.1. Reagents and Instruments.  

All the reagents used were of AR grade. Silver nitrate was obtained from 

National Refinery Pvt Ltd, and a 0.1 M aqueous solution was used as stock solution. 

Sodium borohydroxide was obtained from Merck, India. Organic-free water was used 

throughout the experiment. 

 

The UV-visible spectra were recorded on a Schimadzu UV-vis 

spectrophotometer, and the solutions were taken in a 1 cm well-stopper quartz 

cuvette. Fourier transform infrared (FTIR) spectral characteristics of the samples 

were collected on a Schimadzu FTIR spectrometer with the samples as KBr pellets. 

The FTIR spectrum was recorded over 45 scans of each sample, and the background 

spectrum was automatically subtracted. The formation of single-phase compound was 

checked by X-ray diffraction (XRD) technique. The XRD pattern was taken with X-

ray diffractometer (XPERT-PRO) at room temperature, using CuKα radiation 

λ=1.5406 A˚ over a wide range of Bragg angles (300 ≤ 2θ ≤ 850). SEM micrograph of 

ACA capped Ag-NP was obtained at 20 K data was obtained on a F20 Tecnai High 

Resolution microscope (Philips, Netherlands). For SEM analysis, the specimen was 

suspended in distilled water, dispersed ultrasonically to separate individual particles, 

and one or two drop of the suspension deposited onto holey-carbon coated copper 

grids and dried under Infrared lamp. 

 

2.2. Synthesis of m-(mercapto acetamido)phenol: 

The synthesis of ligand was presented in scheme 1. Equimolar amounts of 

mercapto acetic acid (0.01 moles) and m-amino phenol (0.01 moles) were condensed 
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at about 1100C for 3 hours under a peripheral layer of 1:1 benzene and toluene using 

a moderately long air condenser. After 3 hrs, the reaction mixture was left for cooling 

to room temperature, a white colour solid separated slowly. The solid was filtered and 

the solid was scrubbed with 1% aq. HCl for three times to remove the un-reacted 

reactants. The crude solid was re-crystallized from ethanol to obtain colorless 

crystals. The pure compound thus obtained was characterized by spectroscopic 

methods and confirmed with comparing the authenticate. 

 

2.3. Synthesis of m-(mercapto acetamido)phenol Capped Silver Nano particle 

Assembly:108 

A total of 2.5 mL of 10-2 M AgNO3 was added to 75 mL of triply distilled 

organic-free water. A total of 5 mL of 10-2 M m-(mercapto acetamido)phenol 

(dissolved in hot water) was added as stabilizer to the solution with stirring. After 10 

min of mixing, 2.5 mL of 10-2 M Sodium Iodide (NaI) was dropped into the solution 

slowly, yielding a green yellow AgI colloid. A total of 20 mg of NaBH4 was added 

to the AgI colloidal solution, and the reaction mixture was continually stirred for 

about 20 min. The silver colloid was finally obtained. During the whole reaction, the 

color of the colloidal solution changed from yellow to brown at the beginning, then 

finally to black. 

 

3. Results and discussion 

3.1. Evolution and Characterization of Silver Nano particle Aggregates: 

3.1.1. UV–vis spectroscopy Study: 
The aggregates of silver nano particles have been synthesized using silver 

nitrate as the precursor salt and m-(mercapto acetamido)phenol as the capping 

agent. The successive changes of the absorption spectra of synthesized silver nano 

particles aggregates are shown in Figure 1. After the addition of AgNO3 to the sodium 

iodide solution, the color of the solution changes from colorless to light yellow 

indicates the nucleation of the silver particles at their infancy. The UV absorption 

measurements of the synthesized nano particles were further studied by dissolving in 

solvent DMSO.  

 

Figure 1 shows the UV-vis spectra of silver colloids obtained. The surface 

Plasmon resonance (SPR) band is broad indicating poly-dispersed nano particles. A 

smooth and narrow absorption, a band at 418 nm is observed in DMSO solvent of m-

(mercapto acetamido) phenol capped Ag-NP by above procedure which clearly 

indicates the formation of silver colloids. UV-visible spectroscopy is one of the most 

widely used techniques for structural characterization of silver nano particles. The 

optical absorption spectra of metal nano particles are dominated by surface plasmon 

resonances (SPR), which shift to longer wavelengths with increasing particle size. 

The position and shape of plasmon absorption of silver nano clusters are strongly 

dependent on the particle size, dielectric medium, and surface-adsorbed species.  
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Figure. 1. UV–vis absorbance spectra of m-(mercapto acetamido)phenol capped 

AgNP in DMSO.  

 

3.2. Scanning electron microscopy study: 

The SEM images obtained for colloid is shown in figure 2. It is clear from 

the SEM images in figures 2 that the particles are nearly crystalline spherical particles 

respectively.  

 

  The Scherrer rings, characteristic of fcc silver is clearly observed, showing 

that the structure seen in the SEM image are nano crystalline in nature. It is observed 

that the silver nano particles are scattered over the surface and no aggregates are 

noticed under SEM. The difference in size is possibly due to the fact that the nano 

particles are being formed at different times.  

 

The TEM images obtained for colloid is shown in figure-3. It is clear from 

the TEM images that the particle size, nearly spherical particles of average size 50 

nm is obtained. The typical high resolution TEM image (figure-3) confirms the 

particles are spherical in shape.  

 

The Scherrer rings, characteristic of fcc silver is clearly observed, showing 

that the structure seen in the TEM image are nano crystalline in nature. It is observed 

that the silver nanoparticles are scattered over the surface and no aggregates are 

noticed under TEM. The difference in size is possibly due to the fact that the 

nanoparticles are being formed at different times. 
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Figure 2: SEM images of m-(mercapto acetamido) phenol onto a surface of silver 

Nanoparticles 

 

 

Figure 3: Transmission electron micrographs of the silver nanoparticles used in this 

work. (a) The bar marker represents 50 nm 

  

3.4. X-ray diffraction study: 

The XRD spectrum confirms the tendency of nano particles to form the 

organized structures, as seen from the peaks in the small angle XRD spectrum in Fig. 

4. The peaks are broadened because of the nano crystalline nature of silver 

nanoparticles. By comparing with standard database values, all the peaks can be 

indexed to face-centered cubic (fcc) silver crystal structure. Three peaks at 2y values 

of 37.99, 62.843 and 75.462, correspond to the (1 1 1), (2 0 0) and (2 2 0) planes of 

silver nanoparticle, respectively. 

  

The XRD of different particle sizes of Ag-NPs capped with m-(mercapto 

acetamido) phenol prepared in water as solvent. From this figure, it can be noticed 

that the particles appeared basically amorphous and abroad. Size-dependent and 

structure-specific features in diffraction patterns can be quite striking in nano meter-

sized particles. Small particles have fairly distinct diffraction patterns, both as a 
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function of size and as a function of structure type. In general, regardless of structure, 

there is a steady evolution in the aspect of diffraction profiles: as particles become 

larger, abrupt changes do not occur, features grow continuously from the diffraction 

profile and more details are resolved. These observations form the basis for a direct 

technique of diffraction pattern analysis that can be used to obtain structural 

information from experimental diffraction data. The Ag-NPs are almost crystallized 

with the appearance of diffraction peaks at the scattering angles (2y) at 37-39, which 

could be indexed to the scattering from the planes (111), (200), (220) and (311), 

respectively. It is well known that with diminishing crystallite size the measured XRD 

pattern exhibits broadening, and very often overlapping reflections. The broadening 

of the reflections is inversely proportional to the crystallite size (i.e. size of coherently 

diffracting domains). The relation is known as Scherrer’s equation where “y” is the 

diffraction angle of a particular reflection. The total diffracted intensity for a given 

Bragg reflection from a crystallite is the sum of independently diffracted intensities 

by each of the unit-cell columns making-up the crystallite. It means that the calculated 

size distribution is in fact a distribution of diffraction column lengths in a given 

crystallographic direction perpendicular to the diffraction planes and not of crystallite 

(coherently diffracting domains) sizes. Theoretical considerations show that the 

interference function of a polycrystalline or nano crystalline solid is identical to that 

of an arrangement of isolated particles with the same size or size distribution as those 

of the polycrystalline or nano crystalline solid. Thus the values of Scherrer’s formula 

are solely an estimate of a volume-weighted average column length. This explains the 

difference between the experimental and theoretical values, and the values from the 

Scherrer’s formula is termed ‘‘apparent crystallite size’’. 

 

 
Figure 4: XRD patterns m-(mercapto acetamido)phenol capped silver 

nanoparticles. 

 

3.5. FT-IR analysis: 

The IR spectra of the free m-(mercapto acetamido)phenol and the particles 

capped by m-(mercapto acetamido)phenol are given in Fig. 5. The IR spectra of the 

nano particles and the free m-(mercapto acetamido)phenol molecule are similar to 

one another, indicating that the organic molecules have indeed become a part of the 

nano particles. However, are markable difference in the peak intensity is found 

between the peaks of IR spectra of free m-(mercapto acetamido)phenol and m-

(mercapto acetamido)phenol capped Ag-NP in Fig. 5. The reason for the intensity 



INTERNATIONAL JOURNAL OF MULTIDISCIPLINARY ADVANCED RESEARCH TRENDS 
ISSN : 2349-7408  
VOLUME IV, ISSUE 1(1) JANUARY, 2017 

 33 

difference between the spectra is believed to be the thiolate molecules on the nano 

particle forming a relatively closely packed thiol layer and molecular motion being 

constrained. Thus, this steric constraining effect on the transverse mode (rocking 

mode, wagging mode, etc.) is stronger than that on the longitudinal mode (stretching 

mode, etc). Therefore, the change of the peak intensity of the longitudinal modes is 

smaller than that of the transverse mode. The C–S stretching mode is due to the 

position of the C–S bond nearest to the surface of the silver particle, and a chemical 

bond can form between S and Ag atoms. 

 

 
Figure. 5. FT-IR spectra of (a) m-(mercapto acetamido)phenol; (b) m-(mercapto 

acetamido)phenol capped AgNP;  

 

Part-B 

Nanotechnology in Medicine and Antibacterial effect of Silver Nanoparticles: 

Most of the natural processes take place in the nanometer scale regime. 

Therefore, a confluence of nanotechnology and biology can address several biomedical 

problems, and can revolutionize the field of health and medicine 109. Nanotechnology is 

currently employed as a tool to explore the darkest avenues of medical sciences in several 

ways like imaging 110, sensing 111, targeted drug delivery 112 and gene delivery systems 113 

and artificial implants 114. The new age drugs are nanoparticles of polymers, metals or 

ceramics, which can combat conditions like cancer 115 and fight human pathogens like 

bacteria 116-120. 

 

The development of new resistant strains of bacteria to current antibiotics 121 has 

become a serious problem in public health; therefore, there is a strong incentive to develop 

new bactericides 122. Bacteria have different membrane structures which allow a general 

classification of them as Gram-negative or Gram positive. The structural differences lie 

in the organization of a key component of the membrane, peptidoglycan. Gram negative 

bacteria exhibit only a thin peptidoglycan layer (~2–3 nm) between the cytoplasmic 

membrane and the outer membrane 123; in contrast, Gram-positive bacteria lack the outer 

membrane but have a peptidoglycan layer of about 30 nm thick 124. Silver has long been 

known to exhibit a strong toxicity to a wide range of micro-organisms 125; for this reason 

silver-based compounds have been used extensively in many bactericidal applications 126, 
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127. Silver compounds have also been used in the medical field to treat burns and a variety 

of infections 128. Several salts of silver and their derivatives are commercially employed 

as antimicrobial agents 129. Commendable efforts have been made to explore this property 

using electron microscopy, which has revealed size dependent interaction of silver 

nanoparticles with bacteria 130. Nanoparticles of silver have thus been studied as a medium 

for antibiotic delivery 131, and to synthesize composites for use as disinfecting filters 132 

and coating materials 133. However, the bactericidal property of these nanoparticles 

depends on their stability in the growth medium, since this imparts greater retention time 

for bacterium–nanoparticle interaction. There lies a strong challenge in preparing 

nanoparticles of silver stable enough to significantly restrict bacterial growth. 

 

The bactericidal effect of silver ions on micro-organisms is very well known; 

however, the bactericidal mechanism is only partially understood. It has been proposed 

that ionic silver strongly interacts with thiol groups of vital enzymes and inactivates them 
134, 135. Experimental evidence suggests that DNA loses its replication ability once the 

bacteria have been treated with silver ions. Other studies have shown evidence of 

structural changes in the cell membrane as well as the formation of small electron-dense 

granules formed by silver and sulfur 136. Silver ions have been demonstrated to be useful 

and effective in bactericidal applications, but due to the unique properties of nanoparticles 

nanotechnology presents a reasonable alternative for development of new bactericides. 

Metal particles in the nanometer size range exhibit physical properties that are different 

from both the ion and the bulk material. This makes them exhibit remarkable properties 

such as increased catalytic activity due to morphologies with highly active facets 137–142. 

We can apply several electron microscopy techniques to study the mechanism by which 

silver nanoparticles interact with these bacteria. We can use high angle annular dark field 

(HAADF) scanning transmission electron microscopy (STEM), and developed a novel 

sample preparation that avoids the use of heavy metal based compounds. High resolutions 

and more accurate x-ray microanalysis were obtained. 

 

Nanotechnology in the area of Medicine: 

Applying nanotechnology for treatment, diagnosis, monitoring, and control of 

diseases has been referred to as “nanomedicine”. Although the application of 

nanotechnology to medicine appears to be a relatively recent trend, the basic 

nanotechnology approaches for medical application date back several decades. The first 

example of lipid vesicles which later became known as liposomes were described in 1965 
143; the first controlled release polymer system of macromolecules was described in 1976 
144; the first long circulating stealth polymeric nanoparticle was described in 1994 145; the 

first quantum dot bioconjugate was described in 1998 146, 147; and the first nanowire 

nanosenser dates back to 2001 148. Recent Studies on new targeted nanoparticle contrast 

agents for early characterization of atherosclerosis and cardiovascular pathology at the 

cellular and molecular levels that might represent the next frontier for combining imaging 

and rational drug delivery to facilitate personalized medicine 149. 

 

Nanotechnology-based highly efficient markers and precise, quantitative 

detection devices for early diagnosis and for therapy monitoring will have a wide 
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influence in patient management, in improving patient’s quality of life and in lowering 

mortality rates, in diseases like cancer and Alzheimer’s disease. 

 

Present Work: 

Minimum Inhibitory Concentration:  

The minimum inhibitory concentration of compounds was determined using 

broth dilution assay [52, 53]. The medium containing different concentrations of 

compounds viz., 100mg -100µg per ml prepared by serial dilution (10-1 dilution). 

After inoculation of culture, the tubes were incubated for 24 hours at 370 C. The MIC 

of each sample was determined by measuring the optical density in the 

spectrophotometer (Electronics India) at 580nm and compared the result with those 

of the non-inoculated broth used as blank. Control was prepared with media and 

inoculum only without compounds. The experiment was conducted according to 

NCCLS standards (Now as CLSI). 

 

Results: 

The synthesized Ag-NPs showed significant inhibitory activity against 

various human pathogenic bacteria species, like S. typhi; V. Cholera; S. dysenteriae; 

E. Faecalis. The Ag-NP was potent inhibitory agent against V. Cholera (Table 1). E. 

faecaulis showed resistance to Ag-NPs while V. cholerae showed sensitivity to 

compounds when compared with Ag-NP inhibitory potential against S. typhi and S. 

dysenteriae. Zone of inhibition was increases with concentration of compound. The 

Minimum Inhibitory Concentration range found to be between 1 to 100mg/ml (Table 

2). 1mg/ml is the lowest MIC of compound against V. Cholera. The results are 

comparable with antibiotic Ciprofloxacin. 

 

Table 1: Anti bacterial activity of compounds against human pathogens. 

 Zone of inhibition(mm)* 

S. typhi V. Cholera S. dysenteriae E. faecalis 

AgNPs+ 12 10 10 11 

DMSO 8 9 9 9 

Ciprofloxacin 16 15 15 18 
+ 50µg of compound (1µg/µl concentrated), * 6mm is the well size 

Table 2: Minimum Inhibitory Concentration of compounds determined by Broth 

Dilution Assay. 

Compound+ MIC(mg/ml) 

S. typhi V. Cholera S. dysenteriae E. faecalis 

AgNPs+ 10 100 100 ≥100 

DMSO ND ND ND ND 

Ciprofloxacin 1 1 1 10 

‘ND’ Not Determined   
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