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Development of green nano technology is generating interest of researchers toward ecofriendly bio-
synthesis of nano particles. In the present study, we report the bio synthesis of aqueous stable  silver 
nanoparticles by using argemone mexicana (darudi) and ocimum tenuiflorum (tulsi) leaf extract  as both 
reducing and capping agents. The plant extract capped silver nanoparticles (AgNps) were found to be 
highly stable over a long period of time. AgNps were characterized by UV/Vis-spectroscopy, particle size 
analyzer (PSA), transmission electron mictroscopy (TEM) and electron diffraction (EDX). Further, the 
AgNps showed high antimicrobial and bactericidal activity against bacteria such as Escherichia coli, 
Staphylococcus aureus and Pseudomonas aeruginosa found highly strain. 
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1. Introduction 

Nanobiotechnology is one of the most promising areas in modern 
nanoscience and technology. This emerging area of research interlaces 
various disciplines of science such as physics, chemistry, biology and 
material science. Nanoparticles are usually ≤100 nm in each spatial 
dimension and are commonly synthesized using top-down and bottom-up 
strategies. In top-down approach, the bulk materials are gradually broken 
down to nanosized materials, whereas in bottom-up approach, atoms or 
molecules are assembled to molecular structures in nanometer range. 
Bottom-up approach is commonly used for chemical and biological 
synthesis of Nanoparticles [1].  The field of nanoscience has blossomed 
over the last twenty years and the need for nanotechnology will only 
increase as miniaturization becomes more important in areas such as 
computing, sensors, and biomedical applications [2]. Nanoscience has 
been established recently as a new interdisciplinary science. It can be 
defined as a whole knowledge on fundamental properties of nano-size 
objects [3]. Size and shape of nanoparticles provide an efficient control 
over many of the physical and chemical properties [4], and their potential 
application in optoelectronics [5], recording media [6], sensing devices [7], 
medicine[8] and catalysis  hence, synthesis and characterization of 
nanoparticles is now a days an important area of research. Silver 
nanoparticles have unique electronic and optical properties because of 
this reason they have been used in a broad range of fields, including 
catalysis, biological labeling, photonics, and surface-enhanced raman 
scattering (SERS) [9]. 

Green chemistry is the utilization of a set of principles that will help 
reduce the use and generation of hazardous substances during the 
manufacture and application of chemical products. Green chemistry aims 

to protect the environment not by cleaning up, but by inventing new 
chemical processes has do not pollute. It is a rapidly developing and an 
important area in the chemical sciences. Principles of green chemistry, 
developments in this field and some industrial applications are discussed 
[10, 11]. 

Biomolecules present in plant extracts can be used to reduce metal ions 
to nanoparticles in a single-step green synthesis process. This biogenic 
reduction of metal ion to base metal is quite rapid, readily conducted at 
room temperature and pressure, and easily scaled up. Synthesis mediated 
by plant extracts is environmentally benign. The reducing agents involved 
include the various water soluble plant metabolites (e.g. alkaloids, 
phenolic compounds, terpenoids) and co-enzymes. Silver (Ag) and gold 
(Au) nanoparticles have been the particular focus of plant-based 
syntheses. Extracts of a diverse range of plant species have been 
successfully used in making nanoparticles. Use of plant extracts in 
nanoparticle synthesis in producing nanoparticles using plant extracts, the 
extract is simply mixed with a solution of the metal salt at room 
temperature. The reaction is complete within minutes. Nanoparticles of 
silver, gold and many other metals have been produced this way [12]. 

During recent years’ development and use of silver nanoparticles 
(AgNPs) has rapidly increased due to their unusual optical, chemical, 
electronic, photo electrochemical, catalytic, magnetic, antibacterial and 
biological labeling properties [13]. AgNPs have attracted intensive 
research interest because of their advantageous applications not only in 
biomedical [13] drug delivery [14], food industries [15], agriculture [16], 
textile industries [17], water treatment [18]as an antimicrobial and 
antifungal agent but also of their applications in catalysis, and in surface-
enhanced Raman scattering [19]. 

The field of nanotechnology is the most active area of research in 
modern materials science. Though there are many chemical as well as 
physical methods, green synthesis of nanomaterials are the most emerging 
method of synthesis. We report the synthesis of antibacterial silver 
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nanoparticles (AgNPs) using leaf broth of medicinal herb, argemone 
mexicana (darudi) and ocimum tenuiflorum (tulsi) (Fig. 1) [20]. 

Ocimum tenuiflorum (tulsi) is a medicinal herb abundantly found and 
cultured in India, Malaysia, Australia, West Africa, and some of the Arab 
countries. Tulsi leaves have been traditionally used for treatment of many 
infections. The antibacterial activity has been reported to be the upshot of 
essential oil components, mostly eugenols found in it. The present study 
aims at the synthesis of silver nanoparticles from the aqueous extract of 
tulsi leaves. We also attempt to combine the inherent antimicrobial 
activities of silver metal and tulsi extract for enhanced antimicrobial 
activity [21]. 
 

 
Fig. 1 Ocimum tenuiflorum (tulsi) and argemone mexicana (darudi) plant 

 
2. Experimental Methods 

2.1 Material and Physical Methods 

All the reagents and metal salts of AR grade were purchased from 
Sigma-Aldrich and used without further purification. Solvents used for 
spectroscopic studies were purified and dried by standard procedures 
before use. All aqueous solutions were prepared from quartz distilled 
deionized water which was further purified by a Millipore Milli-Q water 
purification system (Millipack 20, Pack name: Simpak 1, Synergy). 
Absorption spectra were studied on a Jasco V-570 UV-Vis recording 
spectrophotometer. pH of the solutions was measured using pH analyzer 
LI 614- Elico. The particle size and zeta potential were determined by 
using the Malvern Zetasizer (Model; ZEN3600) as such without dilution. 
TEM images were recorded in MACK/model JEOL, JEM 2100 at an 
accelerated voltage of 200 kV. A drop of dilute solution of a sample in 
water on carbon coated copper grids was dried in vacuum and directly 
observed in the TEM. The antimicrobial susceptibility of nanoparticles was 
evaluated using the disc diffusion or Kirby-Bauer method and zones of 
inhibition were measured after 24 hours of incubation at 35 °C. The 
bacterial interaction with the AgNps has been proposed as shown in Fig. 2. 

 

 
Fig. 2 proposed bacterial interaction with silver Nanoparticles (AgNps) 

 

2.2 Preparation and Characterization of Silver Nanoparticles 

In a typical experiment of synthesis of silver nanoparticles, 5 mL of plant 
extract was rapidly added to the 25 mL of 1 mM boiling solution AgNO3 

and the heating was continued for 1 hour. The colour of the solution 
changed to yellow. The particle size, morphology and composition of the 
nanoparticles were performed by means of transmission electron 
microscopy (TEM), energy dispersive X-ray Analysis (EDX). Samples for 
TEM studies were prepared by placing drops of the silver nanoparticles 
solutions on carbon-coated TEM grids using by just dropping very small 

amount of the sample on the grid and allowed to dry for analysis [22, 23]. 

 

2.3 Time, pH and Temperature Dependent Stability Study of AgNps by 
UV/Visible Spectroscopy Measurements 

It is generally believed that pH and temperature greatly affects the 
stability of nanoparticles. The time, pH, and temperature dependent 
stability of AgNps were studied by monitoring UV/Vis-spectra upto four 
months, at different pH and different temperature (0-100 °C). The pH of 

silver nanoparticles dispersion was adjusted using 0.1 N hydrochloric acid 
and 0.1 M sodium hydroxide solution (pH 4, 5, 6, 7, 8, 9 and 10) using 
calibrated pH meter. Change in surface plasmon resonance (SPR) of 
nanoparticles dispersion was recorded using UV/Visible spectro-
photometer. It is generally believed that the reaction temperature will 
have a great effect on the rate and shape of particle formation. Therefore, 
we try to fabricate CPH-stabilized silver colloids at different temperatures. 
The reaction temperature increasing in the range 0–80 C, the maximum 
absorption wavelengths of silver colloids take on a red shift (from 406 nm 
to 450 nm). When the reaction system reaches  low temperature (0C) and 
high temperature (80C) the maximum absorption wavelength (408 nm) 
appears a little red shift and the stability of as-prepared Silver colloid 
decreases a little, which predicts that some other particles with larger 
sizes and different morphologies .The results showed that silver 
nanoparticles were stable at room temperature. 

 
3. Results and Discussion 

3.1 Characterization of Silver Nanoparticles by Spectroscopy and TEM-EDX 

It shows the change in colour of the reaction medium as an effect of 
presence of any type of reducing substance. As per this qualitative 
assessment of reducing potential of tulsi extract, presence of significant 
amount of reducing entities was attested therein. In case of bacteria and 
fungi mediated synthesis of AgNPs, reduction of silver nitrate to elemental 
silver has been attributed to the presence of reductive enzymes. But there 
is controversy regarding the plant extract components involved in 
reduction of silver nitrate to elemental silver. 

In another recent study, it has been suggested that different compounds 
such as caffeine and theophylline bring out the reduction processes and 
thus silver nanoparticles synthesis As Tulsi possess a potent antioxidant 
activity, we attribute the reduction process to their presence of high 
quantity of antioxidants in the leaves extract. 

The reduction of silver nitrate in the presence of plant extract argemone 
mexicana (darudi) and ocimum tenuiflorum (tulsi) results in the formation 
of plant extract capped silver nanoparticles (AgNps).  The synthesised 
AgNps were confirmed by their colour change to yellow. The colour of 
synthesised silver nanoparticles was due to excitation of surface plasmon 
vibrations in the metal nanoparticles. It was observed that the 
nanoparticles were found to be stable for more than one months, with no 
noticeable variation in SPR band indicating that the particles are dispersed 
in the aqueous solution, with no evidence for aggregation [23].  

 

      

Fig. 3 SPR band of silver nanoparticles  and picture of flask containing silver nitrate 
(1mM) befor (left) and after (right) reduce by plant extract (AgNps)   

 
 

 
Fig. 4 Effect of pH treatment on nanoparticles 

 

          
Fig. 5 Effect of temperature on nanoparticles 
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Also the synthesised nanoparticles did not showed any considerable 
change in their SPR band at different pH (4-10) (Fig. 4). But, when 
temperature was increased or decreased, their SPR band changed due to 
increase in the heat movement of molecules with the reaction 
temperature, while the bonding degree of CPH molecules to Ag ions 
decreased with the increasing temperature (Fig. 5). 

A representative TEM showed that the sample was composed of a large 
quantity of silver nanoparticles (Fig. 6). The particle size histogram of 
silver nanoparticle (Fig. 6) showed that particles ranged in size from 2 to 
5 nm and possessed an average size of 5 nm. The EDAX (energy dispersive 
analysis of  X-rays) spectrum recorded in the spot-profile mode from one 
of the densely populated silver nanoparticle regions on the surface of film, 
strong signals from silver atoms in the nanoparticles were observed, while 
weaker signals from C, O, Si, Cu and Ca atoms were also recorded (Fig. 7). 

 
 

 

Fig. 6 (a) TEM image of  AgNps and b)  particle size distribution graph 

 

 

Fig. 7 EDAX spectrum recorded from drop-coated films of silver nanoparticles 
Different X-ray emission peaks are labelled. 

 

 
Fig. 8 Characterization of AgNp by atomic force microscopy (AFM) 
 
 

 
Fig. 9 Characterization of AgNp by dynamic light scattering (DLS) 
 

3.2 Characterization of Silver Nanoparticles by Atomic Force Microscopy 
(AFM) 

The particle dimensions were calculated by AFM measurements, in 
which a drop of the particle solution was spread onto a freshly peeled mica 
surface and dried under a gentle nitrogen stream. The AFM micrographs 
exhibit very visible and well-dispersed nanosized particles. Because of tip 
convolution, particle core diameter was estimated by the heights in AFM 
measurements. The AFM result for AgNp shows the average particles size 
around 185nm and roughness is around 905pm (Fig. 8). 
 
3.3 Characterization of Silver Nanoparticles by Dynamic Light Scattering 
(DLS) 

Dynamic light-scattering (DLS) profiles show that the average 
diameters of silver nanoparticles around 70nm whereas the average 
diameter of (AgNps) Ocimum tenuiflorum (tulsi) and argemone mexicana 
(darudi) plant capped silver nanoparticles was found around 195nm (Fig. 
9). 

 

3.4 Anti-bacterial Assay Study of Silver Nanoparticles 

The antibacterial activity of silver nanoparticles was evaluated using 
the disc diffusion and Kirby-Bauer method. The antimicrobial application 
of the AgNPs obtained by argemone mexicana leaf and ocimum tenuiflorum 
was carried out using both gram positive Staphylococcus aureus and gram 
negative Escherichia coli and Pseudomonas aeruginosa. The well diffusion 
method was used to study the antibacterial activity of the synthesized 
silver nanoparticles. All the glassware, media and reagents used were 
sterilized in an autoclave at 100 C for 20 min.  Bacterial suspension was 
prepared by growing a single colony overnight in nutrient broth and by 
adjusting the turbidity to 0.5 McFarland standards. Mueller Hinton agar 
(MHA) plates were inoculated with this bacterial suspension. Sterile paper 
disc of 10 mm diameter containing silver nanoparticles and standard 
antibiotic chloramphenicol (100 μg/mL) containing discs were placed in 
each plate as control. The plates were incubated at 30±4 C overnight and 
the inhibition zones around the discs were measured and shown in Table 
1.  

 

Table 1 Antimicrobial activity (Zone of inhibition in mm) of Compounds 1-2 

Name of 
compound  

Zone of inhibition (mm)  

Pseudomonas  S.aureus  E.coli  

50 ppm  100 ppm  50 ppm  100 ppm  50 ppm  100 ppm  

Control  0  1  0  1  0  1  

A*  12  16  15  18  10  12  

1  8  12  7  11  3  7  

2  10  13  6  13  5  9  

A* - Chloramphinacol; 1 - AgNp (Tulsi); 2 -  AgNp (darudi) 

 

 

 

Fig. 10 optical image of anti microbial activity of antibiotics and compound against 
various microorganisms. 
 

The silver nanoparticles show efficient antimicrobial property (Fig. 10) 
compared to other salts due to their extremely large surface area, which 
provides better contact with microorganisms. The nanoparticles get 
attached to the cell membrane and also penetrate inside the bacteria. The 
bacterial membrane contains sulfur-containing proteins and the silver 
nanoparticles interact with these proteins in the cell as well as with the 
phosphorus containing compounds like DNA. When silver nanoparticles 
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enter the bacterial cell it forms a low molecular weight region in the center 
of the bacteria to which the bacteria conglomerates thus, protecting the 
DNA from the silver ions [24, 25]. The nanoparticles preferably attack the 
respiratory chain, cell division finally leading to cell death. The 
nanoparticles release silver ions in the bacterial cells, which enhance their 
bactericidal activity. All of the compounds have significant and potent 
antibacterial activity against bacteria. While silver nanoparticles is the 
most effective and inhibited bacterial growth more than other compound. 
When the obtained results are compared with standard antibiotics 
(chloramphenicol), silver nanoparticles have higher antimicrobial activity 
compared to other but slight less then standards [19,20,23,26]. 

 
4. Conclusion 

Synthesis of silver nanoparticles from the leaf extract of argemone 
mexicana (darudi) and ocimum tenuiflorum (tulsi) was confirmed by the 
colour changes from colourless to yellow colour, which indicated the 
formation of silver nanoparticles. Therefore, the growing need of 
developing an ecofriendly nanoparticles synthesis is possible and it can be 
used for various biomedical application to avoid the adverse effect 
chemically synthesized nanoparticle in the field of medical applications. 
Rapid and green synthetic methods using extracts of plant of (tulsi) and 
(darudi) have shown a great potential in AgNP synthesis and their 
antimicrobial activity also. Silver nanoparticles exhibited antibacterial 
activity against the common pathogens. The results of the antibacterial 
activity study clearly demonstrated that the colloidal silver nanoparticles 
inhibited the growth and multiplication of the tested bacteria, including 
highly multiresistant bacteria such as Staphylococcus aureus, Escherichia 
coli and Pseudomonas aeruginosa. Such high antibacterial activity was 
observed at very low total concentrations of silver nanoparticles [8]. 
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