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ABSTRACT 

The present study describes a low cost, easy procedural and easy to control technique for synthesis of highly pure silver 
nanoparticles (AgNPs) by ‘Electrochemical Route’ through pure metallic silver and evaluation of their antimicrobial activities. The 
electrochemical setup is developed indigenously to facilitate the DC voltage operation. The synthesis process exploits the 
advantages such as one-step synthesis low-cost procedure, at room temperature without using any harmful chemicals. The setup 
brings up the oxidation of the anode and reduction of the cathode. The nanoparticles synthesized can be kept in the aqueous 
solution or in powder form Nanoparticles. For sample obtained, the optical characteristic is analyzed by UV-Visible 
spectrophotometry; morphology was studied using Scanning electron microscopy (SEM), Transmission electron microscopy (TEM). 
Characterization of AgNPs showed the average particle size of below 50 nm as well as revealed their spherical shapes. The 
antibacterial activity of silver nanoparticles against Escherichia coli, and Enterobactor aurogenes was studied. Antifungal activity was 
also investigated against Candida albicanse and Aspergillus niger. The results showed that AgNPs are quite pure and stable without 
any capping agent and displayed a significant antimicrobial activity. 

Keywords: Silver nanoparticles, electrochemical reaction, antimicrobial activity. 

 
INTRODUCTION 

urrently, there is a growing need to using 
environmentally friendly nanoparticles synthesis 
route that do not produce toxic wastes in their 

process. To achieve this, we will use electrochemical 
synthesis route without using harmful chemicals. The 
Synthesis of AgNPs by is easy procedural, easily 
controlled, economic viability, and no need to use high 
pressure, high temperature and toxic chemicals in 
synthesis protocol. This approach gives a reliable process 
for the synthesis of nanomaterial’s chemical purity 
because there is no other chemical used in synthesis 
process except silver metal in pure form and double 
distilled water as medium. 

In the recent studies, so much efforts have been put up to 
synthesize Silver nanoparticles. But no studies are 
available for synthesis of Silver nanoparticles by 
electrochemical route from pure silver electrodes without 
using any capping agent and toxic chemicals. 

The antibacterial effects of Silver (Ag) salts have been 
noticed since antiquity1, and Ag is currently used to 
control bacterial growth in a variety of applications, 
including dental work, catheters, and burn wounds2,3. In 
fact, it is well known that Ag ions and Ag-based 
compounds are highly toxic to microorganisms, showing 
strong biocidal effects. Silver nanoparticles have found 
tremendous applications in the field of high sensitivity bio 
molecular detection and diagnostics, antimicrobials and 
therapeutics, Catalysis and micro-electronics4-8. 

Silver has been known to possess strong active properties 
in nanoparticle forms. It has been found variety of 

application of AgNPs in different fields as medical and 
industrial process9-10. In daily life also, consumers may 
have nano silver containing room sprays, laundry 
detergents, air and water purification and wall paint11-14. 
In medical arena, nano Silver based topical dressing has 
been widely used as a treatment for infections in burns, 
open wounds and chronic ulcers, contraceptive devices, 
surgical instruments, catheters and bone prostheses15,16. 
AgNPs can also act as a catalyst; and disables the enzyme 
needed for oxygen metabolism by single-celled bacteria, 
viruses and fungi, so they suffocate without causing harm 
to human enzymes or parts of the human body 
chemistry17,18. 

Here in, we report the synthesis of silver nanoparticles by 
electrochemical reaction through pure silver metal, and 
these electrochemically synthesized nanoparticles were 
found highly toxic against different human pathogens. 

MATERIALS AND METHODS 

Materials 

The components of the culture mediums used in growing, 
maintaining and experimentation of microbial cultures 
were supplied by Hi media laboratories. 

Double distilled water (by Millipore) and silver electrodes 
were purchased from a local metal dealer and later 
molded to form electrode with a dimension (Width .5cm, 
Thickness 2mm). Susceptibility test conducted on E. coli, 
Aspergillus nigar and Candida albicance strain, 
enterobactor aerugenes strain. TDS meter is used for 
concentration determination which was integrated in 
water analyzer 370. 

Synthesis of Silver Nanoparticles by ‘Electrochemical Route’ through pure metallic Silver 
electrodes, and evaluation of their Antimicrobial Activities 
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Synthesis of Silver Nanoparticles 

Both electrodes were initially polished with zero number 
sandpaper and further cleaned and sonicated in ethanol 
for 5 minutes. After drying of the electrodes, they were 
spaced 3 cm apart and fixed using the electrodes clips 
dipped into double distilled water which was being slowly 
stirred as shown in the Figure 1.  

 
Figure 1: Block diagram of electrochemical reactions and 
synthesis of AgNPs. 

Anode was 10 cm long spiral formed and straight cathode 
was of 5 cm of length. As such no capping agent was used 
and 200 ml of double distilled de-ionized water was taken 
as the medium for electrolyte cell to operate. A DC 
current source of 60 volts and maximum 5 mA was used. 
When current source was switched on and applied to 
silver electrode the final current was 3.2mA. DC current 
was applied for 2 hours with rubbed cleaning of 
electrodes repeatedly after each quarter of hour by 
doubled distilled water and filter paper. The temperature 
was 35° C during all of experimentation. 

RESULTS 

Visual inspection 

The reduction of silver ions was routinely monitored by 
visual inspection of the solution. The solution gives 
brownish yellow color darkened with time and 
concentration. As we used only the pure metallic silver 
with double distilled water only for electrochemical 
reaction, there is no possibility of any other impurity 
except silver in aqueous medium. The pictures of beaker 
with the changes in color of initially taken water by 
synthesis of nanoparticles with time are shown in the 
Figure 2. 

The appearance of brownish yellow color clearly indicates 
the formation of silver nanoparticles in the 
electrochemical reaction19-21. The characteristics brown 
color of colloidal silver solution is due to the excitation of 
surface Plasmon vibrations in the nanoparticle and 
provides a convenient spectroscopic signature of their 
formation22,23.

 
Figure 2: Pictures of beaker with time interval of 2 hours 
after starting the reaction (A) at starting, (B) after 1 hour, 
and (C) after 2 hours 

UV-Vis Spectra analysis 

The reduction of pure silver ions was measured by the 
UV-Visible spectra of the solution by periodic sampling of 
aliquots (2 mL) of the aqueous component. The UV-Vis 
spectroscopy measurements were recorded on a 
Shimadzu dual beam spectrophotometer (model UV-
2450) operated at a resolution of 1 nm. It is well known 
that colloidal dispersions of metallic nanoparticles exhibit 
absorption bands in the UV-vis region, due to collective 
excitations of the free electrons (surface plasmon band)24. 
The formation of Ag nanoparticles can be analyzed easily 
by the UV-spectra25. Figure 3(A) shows the UV-Vis spectra 
recorded from the final solution after 8 hours. 

 
Figure 3: UV-Vis spectra of colloidal solution of AgNPs (A) 
after 1 AND 3 hours of starting of electrochemical 
reaction. (B) After 3 months
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The Peak is seen at around 430 nm, suggesting that the 
particles are spherical shaped and dispersed in the 
aqueous solution with no evidence for aggregation21. 
Broadening of peak indicated fairness in the mono 
dispersion of particles21. It was observed that the silver 
nanoparticles of silver was stable for 3 months and 
onward with no aggregation even there is no any capping 
agent present in solution. Figure 3 (B) shows the UV-Vis 
spectra recorded from the final solution after 3 month. 

SEM analysis of silver nanoparticles 

 
Figure 4: SEM Image of Silver Nanoparticles on silicon 
substrate 

A drop of Solution containing Silver Nanoparticles was 
added to a silicon substrate. Then the substrate was 
heated for 15 min to obtain a film on the silicon 
substrate. This prepared sample was used to run the SEM 
characterization. As shown in Figure 4 SEM image of silver 
nanoparticles synthesized from ‘electrochemical reaction’ 
Shows the silver nanoparticles are spherical in structure. 
Most of the nanoparticles are well separated and few 
agglomerations were noticed. The particle size of silver 
nanoparticles has been obtained as 30-70 nm From the 
SEM images. 

TEM analysis of silver nanoparticles 

Thin films of the sample were prepared on a carbon 
coated copper grid by just dropping a very small amount 
of the sample on the grid, extra solution was removed 
using a blotting paper then the film on the TEM grid were 
allowed to dry by putting under mercury lamp for 5 min 
and used for TEM characterization. As shown in Figure 5 
TEM image of silver nanoparticles synthesized from 
‘electrochemical route’ shows the particle size of few 

nanoparticles are less than 20 nm and spherical in shape 
without agglomerations. 

 
Figure 5: TEM Image of Silver nanoparticles 

Antimicrobial activity 

The antibacterial assays were done on human pathogenic 
Escherichia coli, enterobactor aeruginous, Aspergillus 
nigar and Candida albicance by standard disc diffusion 
method. Appropriate agar medium for culture of microbe 
was prepared and sterilized in a conical flask at a pressure 
of 20 lbs. for 20 min. After pouring and solidification of 
the media, microbe culture was spread on the solid 
surface of the media. Sterile paper discs of 5mm diameter 
(dipped in 7ppm silver nanoparticle solution for 30 hours) 
were placed in each inoculated petri dish. 

S.NO. Test organism 
Zone of 

inhibition 
(mm) 

Concentration 
(PPM) 

Agar 
medium 

used 

1 E. coli 12 8 L.B. 

2 E.aerugines 12 8 MacConkey 

3 C. albicanse 14 8 Y.P.D. 

4 A. niger 3 8 Dextrose 

Table 1: parameters and their values for antimicrobial 
activity 

The zone of inhibition (mm) around disk, concentration 
(PPM) of nanoparticles used for preparation of disk, and 
medium used for culture are presented in the Table 1, 
while Figure 6 (a-d) shows the images of disks with zone 
of inhibition. Nanoparticles syntheses by electrochemical 
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reaction through pure metallic silver are found highly 
toxic against human pathogenic bacteria and fungi. 

 
Figure 6: microbes grown on agar plates showing the 
zone of inhibition after treatment of the silver 
nanoparticle (8 PPM) integrated paper dick. Upper left, E. 
coli; Upper right, E.aerugines; bottom left, C. albicance, 
and bottom right, A. niger 

In the results silver nanoparticles promised for highly 
antimicrobial activity against E. coli, E. aerogenes and C. 
albicans while mild antimicrobial activity was found 
against A. niger. 

Overall synthesis of silver nanoparticles from 
‘electrochemical reaction’ through pure metallic silver 
was investigated. Characterizations have confirmed the 
presence of Silver nanoparticles in the range of 50 nm 
and they promised for highly antimicrobial activity as 
non-selectable biocide against many human pathogenic 
microbes. 

DISCUSSION 

Metallic nanoparticles are traditionally synthesized by 
wet chemical techniques26-29, where the chemicals used 
are quite often toxic or flammable. These chemicals can 
be also harmful to our environment also. In recent, 
biosynthesis of nanoparticles has received increasing 
attention because of use of natural products in synthesis 
of nanoparticles20,30-32. But it is not easy to obtain the 
concerned bio product or extract in a low cost with as 
huge quantity as required for large scale production of 
nanoparticles. The high cost, and required long time for 
growth and maintenance of bio resources for supply of 
bio product used in biosynthesis of nanoparticles makes 
this method worst. Additionally, Hazardous chemicals 
used in chemical technique and undetermined toxic 
biochemical in biosynthesis of nanoparticles can be 
absorbed on the surface of nanoparticles that may have 
adverse effect in the medical applications. 

Electrochemical method seems as a better way to 
synthesis of metallic nanoparticles with trust for purity 
when there is a requirement of economic viable, ease 
procedural and easily controllable technique with which 
the process can be scaled up but no need to use high 

pressure, energy, temperature and toxic chemicals in 
synthesis protocol. 

In the chemical and biological synthesis of nanoparticle, 
metallic ions obtained from there salt are reduced by a 
reducing agent in the presence of stabilizer or capping 
agent. In electrochemical procedure described in early 
studies to obtain particles, a metal salt is reduced at the 
cathode, giving rise to metallic particles stabilized by 
stabilizers or capping agents 33-36. In all these strategies, 
metallic ions go to nanoparticles with ‘bottom-up’ 
approach of particle growth. The present study reports 
for the first time synthesis of silver nanoparticles 
synthesized by electrochemical reaction with ‘top-down’ 
approach of particle growth. In this method, metallic 
nanoparticles have been produced directly from pure 
form of bulk material. Same as other strategies, chemical 
reaction takes place by electrochemical route but Ag+ ions 
were obtained from pure metallic anode because Ag was 
anodically dissolved and gives intermediate Ag+ ions 
which got reduced by negative cathode of same metal 
and colloidal solution of silver nanoparticles was obtained 
which was stable by Zeta-potential. There was no need 
for stabilizers or capping agents for regulation of particle 
size in the present technique of Ag nanoparticle synthesis. 
Because, Particle formation was carried on only at the 
metallic cathode not in whole volume of solution and 
nano sized particles used to leave the metallic cathode 
immediately because of mechanical stirring after these 
assemblies from reduction and agglomeration of Ag+ ions 
to AgNPs stabilized by negative Zeta-potential. It seems 
from previous and present studies that in the 
electrochemical reaction if once particles were formed 
and dispersed in a medium, they were not further 
agglomerate immediately but took a significant time in 
months. The negative Zeta potential present on 
electrochemically formed AgNPs (sol) causes for mutual 
repulsion of the similar charges then stabilizes the 
colloidal sol by keeping apart the particles and prevents 
agglomeration37. So there is no need of any type of 
capping agent but ionized water also responsible for 
stability of AgNPs in colloidal solution. In the results of 
this study AgNPs were observed as stable at room 
temperature for three months and onward successfully. It 
was also seemed that if the colloidal solution of 
nanoparticles was kept froze at -2° C, it was stable for six 
months and onward probably because of two reasons, 
first is the absence of motion and contact with each other 
of nanoparticles in solid form of medium and second is 
insufficient action potential at low temperature for 
metallic bond formation in agglomeration. Ag 
nanoparticles were also stable for same long time, if a 
stabilizer was applied just after completing the 
electrochemical reaction. 

There was an indication got from experimental work for a 
precise particle-size control achieved by adjusting the 
current density and voltage. On the low current density 
and voltage the out flux of Ag+ ions from anode and influx 
on cathode is comparatively slow there for assembly of 
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atoms to form nanoparticles on anode was also slow and 
small particles were obtained. Vice-versa is also true. 

The best advantage of this method is the high level of 
purity of the particles because there is no other chemicals 
were used in the synthesis protocol except pure metallic 
silver and double distilled water. 

The primary aim of this work is to adjust the general 
scheme to the synthesis of silver nanoparticles free from 
any kind of impurities. For the optimization, it is 
necessary to take into account the following parameters: 
(1) current density which mainly controls the 
electrochemical actions and regulation of size of 
nanoparticles (2) operating temperature which is 
considered for Brownian motion and action potential (3) 
time of reaction which also controls the particle size and 
concentration (4) Size and shape of metal electrodes for 
consideration of surface area as work spot which also 
controls the electrochemical actions. (5) Purity of metal 
electrodes and medium. 

The Ag nanoparticles were tested against E. coli, E. 
aerogenes and C. albicans they effectively inhibited the 
microbial growth that was similar to that found by Sondi 
and Salopek-Sondi[18]. In contrast, the inhibitory effect of 
Ag nanoparticles was mild in A. niger as compared with 
other microorganisms; these results suggest that the 
antimicrobial effects of Ag nanoparticles may be 
associated with characteristics of certain microbial 
species. We think that the lower efficacy of the Ag 
nanoparticles against A. niger may derive from the 
difference as a point of membrane structure that was 
similar to results and discussion of J.S. Kim, E. Kuk and 
colleagues37. 

In conclusion, Ag nanoparticles prepared by the 
‘Electrochemical route’ described here have great 
promise as antimicrobial agents. This cost-effective and 
easy to control technique, can be a suitable way for the 
formulation of new method of nanoparticle synthesis for 
industrial production of highly pure metallic nanoparticle. 
Applications of Ag nanoparticles based on these findings 
may lead to valuable discoveries in various fields such as 
medical devices and antimicrobial systems. 
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