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ABSTRACT 
In this study, Ag nanoparticles were synthesized in aqueous media using Schreberia swetenoids leaf extract.  In another 
method using triethyl amine and pyridine, Ag nanoparticles have also been synthesized. The characterizations of the Ag 
synthesized nanoparticles were carried out using microscopic and spectral analysis. Further the synthesized 
nanoparticles were evaluated as antimicrobial agents. The results of the antimicrobial studies confirm that these 
particles show potent antimicrobial activity. ∼13 nm particles were reduced to ∼5 nm spherical alloy type Ag-Au with 
higher Au content (∼82.0%). In addition, with Tetrabutyl orthotitanate introduction in the same reaction media, Ag-Au-
TiO2 heterostructures (∼9 nm) were obtained. The synthesized nanoparticles of various types were analyzed by UV–Vis. 
and photoluminescence (PL) spectroscopy, HR-TEM, and FTIR techniques. It was found that among the synthesized 
particles, Ag-Au-TiO2 heterostructures displayed promising PL properties, superior photocatalytic activity towards SDBS 
degradation, and antimicrobial activity against the studied bacterium, Escherichia coli. The multifunctionality of these 
particles may be useful for many industrial applications such as catalysis to waste water treatment. Silver nanoparticles 
were synthesized by one biological method using Schreberia swetenoids leaf extract and chemical method using triethyl 
amine and pyridine. 
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INTRODUCTION  
Nanotechnology is the science that deals with matter at the scale of 1 billionth of a meter (i.e., 10−9 m = 1 
nm), and is also the study of manipulating matter at the atomic and molecular scale. Nano-particle is the 
most fundamental component in the fabrication of a nanostructure, and is far smaller than the world of 
everyday objects that are described by Newton’ s laws of motion, but bigger than an atom or a simple 
molecule that are governed by quantum mechanics. 
Nanoparticles have one dimension that measures 100 nanometers or less. The properties of many 
conventional materials change when formed from nanoparticles. This is typically because nanoparticles 
have a greater surface area per weight than larger particles which causes them to be more reactive to 
some other molecules. Nanoparticles are used, or being evaluated for use, in many fields. Different 
mechanical, physical, chemical and biological methods were available for the synthesis of nanoparticles. 
The medical properties of silver have been known for over 2,000 years. Since the nineteenth century, 
silver-based compounds have been used in many antimicrobial applications. Nanoparticles have been 
known to be used for numerous physical, biological, and pharmaceutical applications. Silver nanoparticles 
are being used as antimicrobial agents in many public places such as railway stations and elevators in and 
they are said to show good antimicrobial action [1-9]. 
It is a well-known fact that silver ions and silver-based compounds are highly toxic to microorganisms 
which include 16 major species of bacteria. This aspect of silver makes it an excellent choice for multiple 
roles in the medical field. Silver is generally used in the nitrate form to induce antimicrobial effect, but 
when silver nanoparticles are used, there is a huge increase in the surface area available for the microbe 
to be exposed to. Though silver nanoparticles find use in many antibacterial applications, the action of 
this metal on microbes is not fully known. It has been hypothesized that silver nanoparticles can cause 
cell lysis or inhibit cell transduction. It is also proposed that AgNP not only interact with the surface of a 
membrane but can also penetrate inside the bacteria [10]. There are various mechanisms involved in cell 
lysis and growth inhibition.[11-20] 
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Chemical reduction is the most frequently applied method for the preparation of silver nanoparticles as 
stable, colloidal dispersions in water or organic solvents. The reduction of silver ions (Ag+) in aqueous 
solution generally yields colloidal silver with particle diameters of several nanometers. 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. These clusters eventually lead to the formation of 
colloidal Ag particles.  
Due to the applications of nanoparticles in different fields and the medicinal importance of Silver was 
considered in mind and we attempt to synthesis the silver nanoparticles using biological and chemical 
methods. In this study, we have investigated the antimicrobial effects of silver nanoparticles prepared by 
biological and chemical method.  
 
MATERIAL AND METHODS 
Materials  
Silver nitrate (AgNO3)) wasd purchased from Rankem chemicals, Gujarat. Tri sodium citrate and Tri ethyl 
amine were obtained from SD Fine chemicals, Mumbai. Formic acid and Pyridine were provided by 
Qualigens chemicals private limited, Mumbai.  For the bacteriological studies Peptone from Himedia, Beef 
extract from SD Fine chemicals, and Sodium chloride Fisher scientific were used. All the glassware was 
purchased from Borosil and reactions were carried out in triply distilled water. 
Methods: Preparation of Ag NPs 
Biological Method for the synthesis of Ag NPs: 
The fresh leaves of Schreberia swetenoids were collecte, washed and dried in oven at 60° C for six hours. 
The dried leaves were powdered with the help of mixer grinder. 2.5 g of the dried leaves powder was 
mixed with 100 ml of double distilled water. This mixture was then boiled at 60°C in for one hour. The 
solution was cooled to room temperature and filtered using Whatman filter paper No. 1. The filtrate was 
stored at 4°C for further experimentation. 
Ag NPs were synthesized by reducing the freshly prepared 1mM AgNO3 by Schreberia swetenoids leaf 
extract prepared in ratio of 9:1 (V/V) and stored under dark conditions for 8 hours. The obtained NPs 
were dark brown in color.  
Chemical synthesis of the Ag NPs: 
50 ml of 1mM AgNO3 was heated for 30 min and then 5ml of 1% tri sodium citrate was added to it drop by 
drop with continuous stirring. The obtained dark colored NPs were separated by centrifuge, dried and 
stored for future use.   
Synthesis with Tri ethyl amine, Formic acid and Pyridine: 
50ml of 0.001M AgNO3 was prepared. Heat the solution then add 5ml of 1% tri ethyl amine, formic acid, 
pyridine, in equal concentrations by giving time interval of 15mts.stir continuously up to 200mts .the 
solution turns to black color. Then centrifuge the solution, collect the precipitate, wash with methanol 
again centrifuge. Final precipitate is collected and estimated in UV and anti microbial studies 
Characterizations 
The silver nanoparticles show the plasmon resonance at 400 to 450 nm in the UV-Visible spectrum. The 
UV-Visible spectrum of synthesized silver nanoparticles was analyzed by spectrophotometer. TECHOMP 
double beam UV –Visible spectrophotometer with quartz cuvetts of 10mm path length was used for the 
spectral analysis.  Microscopic analysis of the silver nanoparticles provides the information regarding the 
dimensions including the surface, shape. The sample was prepared by sonicating the sample solution for 
15 minutes at room temperature. A small drop of sonicated sample was dried on a glass slide and 
observed under Nikon eclipse E 100 electronic microscope. REMI electronic hot plate with adjustable 
temperature was used for the extraction of the plant material.  
Antimicrobial activity 
Nutrient agar: 
Nutrient agar is a microbiological growth medium commonly used for the routine cultivation of non-
fastidious bacteria. It is useful because it remains solid even at relatively high temperatures. Also, bacteria 
grown in nutrient agar grows on the surface, and is clearly visible as small colonies. In nutrient broth, the 
bacteria grow in the liquid, and are seen as a soupy substance, not as clearly distinguishable clumps. 
Nutrient agar typically contains 
0.5% Peptone 
0.3% Beef extract/yeast extract 
1.5% agar 
0.5% NaCl 
Distilled water 
pH adjusted to neutral (6.8) at 25 °C. 

Qsay Kamil Hadi 

 



RJCES Vol 5 [5] October 2017                     8 | P a g e      © 2017 AELS, INDIA 

Preparation of nutrient agar medium  
After the preparation of the Nutrient Agar medium, autoclave the medium at 125oc, 15lbs pressure for 
20min. immediately after autoclaving, allow it to cool in a 45 to 500C water bath. Pour the freshly 
prepared and cooled medium into glass or plastic, flat-bottomed petri dishes on a level, horizontal surface 
to give a uniform depth of approximately 4 mm. This corresponds to 60 to 70 ml of medium for plates 
with diameters of 150 mm and 25 to 30 ml for plates with a diameter of 100 mm. The agar medium 
should be allowed to cool to room temperature and, unless the plate is used the same day, stored in a 
refrigerator (2 to 80C). Plates should be used within seven days after preparation unless adequate 
precautions, such as wrapping in plastic, have been taken to minimize drying of the agar. A representative 
sample of each batch of plates should be examined for sterility by incubating at 30 to 350C for 24 hours or 
longer. 
Preparation of dried filter paper discs 
Whatman filter paper no. 1 is used to prepare discs approximately 6 mm in diameter, which are placed in 
a Petri dish and sterilized in a hot air oven. The loop used for delivering the antibiotics is made of 20 
gauge wire and has a diameter of 2mm.  
Antimicrobial activity by Agar diffusion test 
The cooled media was poured into the sterile Petri plate by adding 0.1ml cell suspension of the selected 
microorganism, mixed well for complete mixing of the spores and allowed to solidify. Then the filter 
paper disks were immersed in the prepared three different dilutions of the synthesized nano particles 
and then the discs were placed in the Petri dish. Then it was incubate at 350c in a sterile incubator. The 
inhibition in the growth of the microorganisms by the synthesized nano particles were observed after 
24h. The inhibition zone of inhibition was measured and was compared with the standard anti biotic 
inhibition.  
The antibacterial property of the silver nanoparticles was determined by using the bacterial species 
including the pathogenic bacteria such as Bacillus subtilis, Pseudomonas aeruginosa, Bacillus aureous and 
E coli by the disc diffusion method. The different concentrations used were at low concentrations (10, 100 
μL) and at higher concentrations (1000μL) for the identification of antimicrobial activity of the above 
bacterial species. All the plates were incubated at 37°C for 24 hours, and the zone of inhibition of bacteria 
was measured. 
 
RESULTS AND DISCUSSION 
Synthesis 
Biological method 
In biological method for the synthesis of silver nanoparticles, different plant extracts were used. The 
plants here selected were of Schreberia swetenoids, andrographis paniculata, curculigo orchioides and 
symplocos racemosa were selected. The aqueous extract of plants was used for the synthesis. A lower 
concentration of 0.01M silver nitrate solution was used for the biosynthesis of nanoparticles. Because at 
higher concentration silver is toxic. Addition of the plant extract to aqueous AgNO3 resulted in change of 
color within minutes resulting in the formation of silver nanoparticles showing its signatory color (figure 
1). The bio-reduction of Ag+ ions was monitored by periodic sampling by the UV spectrophotometer. The 
results of the color confirm that in this selected method, the feasibility of formation silver ions with less 
time was possible with leaf extract of Schreberia swetenoids. Further studies were to be carried using 
Schreberia swetenoids leaf extract based silver nanoparticle.  
The green synthesis of silver nanoparticles using S. sweitenoids leaf extract was successfully carried out, 
as the change in the color of the solution from yellowish brown to dark brown color exhibits the 
reduction of the silver nitrate in aqueous solution due to excitation of surface plasmon vibrations in silver 
nanoparticles. During this reaction process the pH of the solution changes from 5.93 to 5.72, this implies 
that the reaction occurs under acidic condition. This complete reaction occurs in seven hours. The brown 
to dark brown color change of the reaction mixture indicated the formation of silver nanoparticles (fig. 1.) 

Table:1 Observation of color change: 
S.NO Time In Hours Color Observed 

1 0 Light brown 

2 1 Light brown 
3 2 Dark Brown 
4 4 Dark Brown 
5 6 Very Dark Brown 
6 8 Very Dark Brown 
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                     Fig. 1. Plant extract for biosynthesis of silver nanoparticles after 2 hrs., 4 hrs., 6 hrs. and 8 hrs.

The color changes arise in biological method are the excitation of 
silver nanoparticles. The colloidal silver nanoparticles formed by chemical method remain in suspension 
by their mutual electrostatic repulsion generated and maintained by a net negative. The visible 
absorption of silver nanoparticles produced a peak centered at 463nm in biological method (figure 6) and 
429nm for chemical method (figure 
Chemical method 
In chemical method, triethyl amine was used as promoter and protecting agent for the synthesis of silver 
nanoparticles in first chemical method. In second chemical method, triethylamine was used as protecting 
agent and pyridine was used as promoter. During the course of reaction the color of the solution turned 
from clear to black. 
After being stirred for 200 min at room temperature, the precipitates were washed several times with 
ethanol, followed by centrifugation (6000 rpm, 10 minutes). The particles were then dried at room 
temperature under vacuum for 24 hours. The silver nanoparticles suspensions were pre
dried silver nanoparticles. In both the methods, the method with triethylamine as protecting agent and 
pyridine as promoter was found to be the suitable and high yield of particles were obtained. Hence 
further process was carried using this 
nanoparticles were further studied. 
Characterization 
The visible absorption of silver nanoparticles produced a peak centered at 463 nm in biological method 
and 429 nm for chemical method (
8 hours. It was observed that the absorbance peak was centered near 420 nm, indicating the reduction of 
silver nitrate into silver nanoparticles. It was also observed that the reduction of s
nanoparticles started at the start of reaction and reduction was completed at almost less than 8 hours at 
room temperature for biological method and less than 1 hour for chemical method, indicating rapid 
biosynthesis of silver nanoparticles.

 
Fig. 2.  UV absorption spectra for Biological and chemical Method

 
The microscopic observation of silver nanoparticles in biological and chemical method confirms the 
distribution of the particles. In biological method, the particles were distri
the shapes were found to be circular to elliptical. Agglomeration was not observed in these particles. In 
chemical method, the particles are in agglomeration form. The shapes were found to be irregular with 
rough surfaces.  

                     9 | P a g e      

 

Fig. 1. Plant extract for biosynthesis of silver nanoparticles after 2 hrs., 4 hrs., 6 hrs. and 8 hrs.
 

The color changes arise in biological method are the excitation of surface plasmon vibrations with the 
silver nanoparticles. The colloidal silver nanoparticles formed by chemical method remain in suspension 
by their mutual electrostatic repulsion generated and maintained by a net negative. The visible 

nanoparticles produced a peak centered at 463nm in biological method (figure 6) and 
figure 1).  
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nanoparticles in first chemical method. In second chemical method, triethylamine was used as protecting 
agent and pyridine was used as promoter. During the course of reaction the color of the solution turned 

min at room temperature, the precipitates were washed several times with 
ethanol, followed by centrifugation (6000 rpm, 10 minutes). The particles were then dried at room 
temperature under vacuum for 24 hours. The silver nanoparticles suspensions were pre
dried silver nanoparticles. In both the methods, the method with triethylamine as protecting agent and 
pyridine as promoter was found to be the suitable and high yield of particles were obtained. Hence 
further process was carried using this method. The characterization and application of synthesized 
nanoparticles were further studied.  

The visible absorption of silver nanoparticles produced a peak centered at 463 nm in biological method 
and 429 nm for chemical method (fig. 2). UV–vis absorbance of the reaction mixture was taken from 0 till 
8 hours. It was observed that the absorbance peak was centered near 420 nm, indicating the reduction of 
silver nitrate into silver nanoparticles. It was also observed that the reduction of s
nanoparticles started at the start of reaction and reduction was completed at almost less than 8 hours at 
room temperature for biological method and less than 1 hour for chemical method, indicating rapid 

rticles. 

Fig. 2.  UV absorption spectra for Biological and chemical Method

The microscopic observation of silver nanoparticles in biological and chemical method confirms the 
distribution of the particles. In biological method, the particles were distributed in scattered manner and 
the shapes were found to be circular to elliptical. Agglomeration was not observed in these particles. In 
chemical method, the particles are in agglomeration form. The shapes were found to be irregular with 
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Fig. 3. Microscopic Observation for Biological Method and chemical Method
 
Antimicrobial activity 
The antimicrobial activities of the synthesized nanoparticles were studied using pathogenic micro
organisms i.e Bacillus subtilis, Pseudomonas aeruginosa, Bacillus cereus
antibiotic Ciprofloxacin was used as standard for antimicrobial activity (Fig. 4). Disc diffusion method on 
nutrient agar plate method was adopted for determination of antimicrobial a
nanoparticles.  
 

Fig. 4. Anti microbial activity of standard (Ciprofloxacin) against (a) 
aeruginosa, (c) Bacillius creus and (d) 
 
The results of the antimicrobial activity confirm that the synthesized nanoparticles were potent 
antimicrobial agents. The particles synthesized in biological method were found to be very active against 
the growth of Bacillus cereus. At a very low concentr
observed for Bacillus cereus and 6 mm for 
subtilis and Pseudomonas aeruginosa
doesn’t active at a low concentration against 
concentration, the particles show very active against the growth of all the selected organisms in the study. 
At a high concentration, the particles show more ac
coli. 

(a) (b)

(c) (d)
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The antimicrobial activities of the synthesized nanoparticles were studied using pathogenic micro
Pseudomonas aeruginosa, Bacillus cereus and Escherichia coli. 
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The results of the antimicrobial activity confirm that the synthesized nanoparticles were potent 
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concentration, the particles show very active against the growth of all the selected organisms in the study. 
At a high concentration, the particles show more activity on the growth of Bacillus subtilis
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Fig. 5.  Anti microbial activity of biologically synthesized nano particle against (a) Bacillus subtilis, (b) 

Pseudomonos aeruginosa, (c) Bacillus cereus and (d) Escherichia  coli. 
 

The nanoparticles synthesized in chemical method shows high activity on the growth inhibition of the 
micro organisms. Among the organisms studied, higher activity was observed for Bacillus cereus and 
lower activity Pseudomonas aeruginosa at a low concentration of nanoparticles. At a higher concentration, 
the particles were showing more activity on growth inhibition of Bacillus subtilis. Results were given in 
Fig. 6. 
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Fig. 6. Antimicrobial activity of chemically synthesized nano particle against Bacillus subtilis, pseudomonas 

aurigiosa, Bacillus Cereus and E.coli.  
CONCLUSION 
Silver nanoparticles were synthesized by one biological method using Schreberia swetenoids leaf extract 
and chemical method using triethyl amine and pyridine. The characterization of synthesized 
nanoparticles was carried out using microscopic and spectral analysis. Further the synthesized 
nanoparticles were evaluated as antimicrobial agents. The results of the antimicrobial studies confirm 
that these particles show potent antimicrobial activity. In both the methods studied, biological method 
was found to be eco-friendly method and doesn’t require any laboratory reaction and reagents. The 
method doesn’t release any harmful gaseous pollutants or industrial wastes or solvent wastes. The anti-
microbial activity also found to be high compared to the chemical method. Both the methods were 
applicable for the large scale production of silver nanoparticles.  
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