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ABSTRACT 

In this work we have successfully prepared spherical and chain type silver nanoparticles of excellent size’s homogeneity, 
reproducibility and stability using tannic acid. The synthesized nanometallic structures were characterized for their shape, size, 
thermal stability and crystalline nature. The mechanism for the formation of Ag NPs and shape evolution of the chain structure 
has been vividly explained. Further, these NPs were found to exhibit significant antibacterial activity against gram negative 
Escherichia coli bacteria but to different extend indicating the influence of particles morphology on their antibacterial 
behaviours. Copyright © 2015 VBRI Press. 
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Introduction  

From the past few decades, there is a continuous permeate 
of nanotechnology among the scientific community. 
Nanoparticles (NPs) are currently the subject of intense 
investigation and research in this area are progressively 
made from a variety of viewpoints. They show unusual and 
fascinating behaviours with various applications over their 

bulk counterpart [1, 2]. Several chemical, physical, 
biological, and hybrid methods are well documented for the 

generation of NPs of different morphologies [3-5]. The 
development of biogenic routes for the fabrication of 
nanoparticles have gained immense interest owing to the 
growing need for development of environmentally benign 
technologies, their high atom economy, simplicity for the 
experimental procedures and versatility. In recent years, 
nano-scale metal synthesis using phytochemicals present in 
plant extracts of leaves, tuber, bark and buds have received 
more attention than chemical and physical methods, and 
even than the use of microbes due to the absence of any 

requirement to maintain an aseptic environment [6-9]. 
Plants can, therefore, be used as an alternative trigger for 
the green aqueous synthesis of nanomaterials. Tannic acid 
(TA) has been studied extensively for its antioxidant 
properties, as a chelating agent for several inorganic cations 
and has been used for the biomimetic growth of inorganic 

NPs [10]. A precise control over the size and shape of nano 
crystalline materials is a key issue. Therefore, presence of 
stabilizers and various surfactants is desirable to have a 
control over the growth of particles. Nano scale inorganic 

individual or composite particles that are either 
functionalized or not display unique physical and chemical 
properties; they represent an increasingly important 
material in the development of novel nanodevices which 
can be used in numerous physical, industrial, biological, 

biomedical, and pharmaceutical realms [11-13]. The 
increase resistance of microbes (bacteria.) against 
(bactericides) drugs, antibiotics (due to the development of 
resistant strains) and also high cost of treatment markedly 
need to formulate new types of effective, safe and cost 
effective innovative biocidal (antibacterial agent) materials. 
Recently, nano dimensional materials have emerged as 
novel antimicrobial (bacterial) agent as a consequence of 
their large surface to volume ratio providing more surface 
atoms than their bulk materials leading to a greater 
tendency of interaction with microbes. In fact there has 
been a great deal of interest surrounding the discovery that 
Ag NPs are significantly more effective antimicrobial 
agents in terms of the minimum effective concentration 

than their Ag
+
 counterparts [10, 14]. Microbes are unlikely 

to develop resistance against silver, as they do against 
conventional and narrow-target antibiotics, because the 
metal attacks a broad range of targets in the organisms, 
which means that they would have to develop a host of 

mutations simultaneously to protect themselves [15, 16]. 

When Moyer [17] introduced the use of 0.5 % silver 
nitrate, in the 1960s, for the treatment of burns Ag came 
into picture. He proposed that this solution does not 
interfere with epidermal proliferation and possess 
antibacterial property against Staphylococcus aureus, 
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Pseudomonas aeruginosa and Escherichia coli. Ag NPs 
have the potential to act as an effective growth inhibitor 
against various microorganisms which makes it capable of 
being applied in diverse areas of medicine for antimicrobial 
control. As a consequence of this antimicrobial behaviour 
their incorporation into medical devices, tissues and other 
health related products promote higher preventive infection 
control. Though antimicrobial activity of Ag NPs has been 
established by past studies, the mode of action still remains 
unclear. Researchers predict that Ag species have an effect 
at the molecular, metabolic or membrane level of the 

microorganism [18]. Elechiguerra et al. found that Ag NPs 
undergo a size dependent interaction with human immune 
deficiency virus type 1, preferably via binding to gp120 
glycoprotein knobs. The size-dependent interaction of Ag 
NPs with gram-negative bacteria has also been reported by 

the same group [19]. However, there is a little or less 
knowledge about the change in biological activity of Ag 
NPs along with the variation in the shape of the particles.                               
In this work we have addressed briefly a simple, elegant 
and reproducible method for the preparation of Ag NPs of 
different morphologies with high atom economy utilizing 
TA as reducing agent as well as stabilizing agent. The 
particles were tailored at room temperature and in aqueous 
medium without using harmful chemicals following the 
basic principles of green chemistry, so the entire synthetic 
process remains as green approach. The particles after 
extraction from the reaction mixture were characterized and 
then the shape dependent antibacterial behaviour of these 
ensuing Ag NPs had been assayed onto multi drug 
resistance bacteria such Escherichia coli (E. coli). 

 

Experimental 

Material synthesis   

All the chemicals used were of AR grade and they were 
utilized as such without any further purification. Purified 
sodium hydroxide (NaOH) pallets and pure silver nitrate 
(AgNO3) were purchased from Merck. Tannic acid (TA) 
was obtained from Thomas Baker. Moreover glucose, 
Na2HPO4, KH2PO4, NH4Cl, NaCl, MgSO4, CaCl2 and agar-
agar were all obtained from central drug house (CDH), 
India. Folin & Ciocalteu’s Phenol (FCP) reagent was 
bought from SRL Pvt. Ltd. The microbial strains was 
purchased from Microbial type culture collection and gene 
bank (MTCC) Chandigarh, India as freeze dried form. All 
the solutions were prepared in double distilled water 
(DDW).  
 
Equipment  

All were recorded in. To measure the UV-vis absorption 
spectrum the solution was taken in a 3.5 mL capacity quartz 
cuvette placed in a sample holder maintained at room 
temperature and scanned in the range of 300–700 nm. 
 
Synthesis of nanoscale Ag particles – a green aqueous 
approach 
 
We have prepared Ag NPs of different morphologies in a 
simple, fashionable manner by adding 250 µl of  2 % (w/v) 
freshly prepared AgNO3 solution  to a solution containing 
9.88 ml of TA ( 1x 10

-3
 M) and 120 µl of NaOH (0.2 M) at 

room temperature. Initially for the first sample, the solution 
was stirred moderately in a continuous manner for            
30 minutes. And for the second sample, the reaction system 
was stirred uniformly for 24 hrs. Such tuning of stirring 
period leads to variation particle morphology. The so-
synthesis particles were sonicated, centrifuged and washed 
with DDW thoroughly for three times. The particles were 
finally collected and dispersed in 1 ml of DDW. These 
synthesized Ag NPs were characterized for their shape, 
size, crystalline nature, by using TEM (TECNAI G

2
 200 

KV instrument), XRD (Rigaku miniflex desktop), FT-IR 
(Spectrum BX FTIR, Perkin Elmer), TGA (Perkin Elmer 
DTA/TGA/DSC instrument) and UV-vis spectra (UV-vis 
spectrophotometer-1601, Shimadzu).  The XRD radiation 

was CuK of 0.154 nm wavelength and scanned in the 2ϴ 
range of 20-90

0
. The FT-IR spectra were taken in the range 

400-4000 cm
-1

. And UV-vis scan was performed between 
wavelengths of 300 nm and 700 nm. 
 
Qualitative spectrophotometric assay of TA  

The synthesized Ag NPs were submitted to Folin-Ciocalteu 
method for qualitative spectrophotometric determination of 
TA present along with the metal particles. The standard 
solution was prepared by taking 17 mg of TA and 150 µl of 
NaOH (0.2 M) in 1 ml of DDW. 50 µl of Folin & 
Ciocalteu’s Phenol (FCP) reagent (~ 2N) were added to 
100 µl each of the standard solution as well as in the        
Ag NPs. The mixture samples were made up to 1 ml and 
allowed to incubate at room temperature for 30 minutes. 
The association of TA in the particles was then determined 
by monitoring specific absorbance at 766 nm. 
 
Antimicrobial activity assay via disc diffusion method  

The tailored Ag NPs of different morphologies were 
subjected for their antimicrobial activity. In-vitro 
screenings of these particles were done by disc diffusion 
assay method against Escherichia coli (E. coli), taken as a 
model microbe. The disc diffusion method for antibiotic 
susceptibility testing is the Kirby-Bauer method. The freeze 
dried microbial mass was subjected for revival process as 
mentioned in guidelines given by MTCC. The microbial 
strains were then cultured in nutrient broth for preparing 
stock solution. This stock solution was kept at 37 °C in an 
incubation chamber for 24 hours previously before use.  
 

Table 1. Culture medium for E. coli (gm/l). 

 

Composition  Amount
Glucose 5gm
Na2HPO4 6gm 
KH2PO4 3gm 
NH4Cl 1gm 
NaCl 0.5gm 
MgSO4 0.12gm
CaCl2 0.01gm 
Agar-agar 2% by wt  

 
For carrying out the antimicrobial assay against E.coli, 

synthetic medium was used. The stock solution of this 
media was prepared and sterilized by autoclaving it at for 
15 minutes using pressure of 15 lb/sq. in. The culture media 

for the E. coli is presented in tabular form (Table 1).  
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All the glassware including micropipettes, pipette tips 
were also sterilized by autoclaving before used. Various 
concentrations of the foremention morphologically 
unidentical Ag NPs i.e. (125 µg/ml, 250 µg/ml, 375 µg/ml 
and 500 µg/ml) were performed. This method is well 
documented and standard zones of inhibition have been 
estimated for susceptible and resistant values. Soon after 
the addition of nanodimensional Ag particles to the 
inoculated petri-plates, the plates were then kept for 
incubation at 37 °C for 24 hours and the zone of inhibitions 
were recorded afterwards.  
 

Results and discussion 

There has been a growing interest in biomimetic creation of 
nanoscale materials with complex morphology and 
controlled size in aqueous medium under ambient 
conditions. In this research work, we have successfully 
generated spherical and wire type nanodimensional Ag 
particles at room temperature using environmentally benign 
tannic TA as reducing agent. The synthesis methodology is 

presented as Scheme 1. Indeed preparation of particles was 
accomplished in a conventional manner, no sophisticated 
instruments and harsh conditions were employed.  
 

 
 
Scheme 1. Synthesis of nanosize Ag particles. 

 
TA has been reported extensively for its antioxidant and 

chelating behavior for several inorganic cations [4, 20]. 
The role of hydroxyl groups accompanied with 
polyphenolic compounds in the formation of NPs was 
investigated earlier and results appear that the molecule 
should have at least two hydroxyl groups at the ortho or 
para positions to each other to undergo two-electron 
oxidation to the corresponding quinone form for facile 

reduction of metal ions [21].  
Even though, there are 25 phenolic OH groups present 

in TA only 10 pairs of o-dihydroxyphenyl groups are 
reported to be capable of taking part in redox reactions to 
form quinones and donate electrons, owing to the chelating 
action of adjacent hydroxyl groups and constraints on 

carbon valency [22]. Therefore, the hydroxyls of the 
phenolic groups present in the TA may be responsible for 
reducing Ag salt. Carboxylic acid groups (-COOH) 
accompanied in the TA lose their hydrogen atom to become 
carboxylate ion (COO−) during the reduction process. The 
(COO−) group so formed attaches to the surface of metal 
NPs along with the remaining part of the polymer to act as 
surfactant and stabilize the metal particles via electro steric 

interaction [23]. Fig. 1 display the structure of TA and the 
probable reaction mechanism for the formation of Ag NPs 

utilizing TA can be represented as in Fig. 2 [23, 24]. 
 

 
 
Fig. 1. Structure of tannic acid (C76H82O46). 

  

 
 
Fig. 2. Probable mechanism for the formation of Ag NPs. 

 

Fig. 3 shows the UV–visible spectra of the synthesized 
Ag NPs and TA. The centrifuged particles exhibit well 
defined plasmon band at 474 nm and 482 nm, characteristic 
of nanosized Ag, for 30 minutes and 24 hours stirring 
respectively.  

 

 
 

Fig. 3. UV-Visible absorption spectrum of (A) TA, (B) spherical and (C) 
chain type Ag NPs; inset shows their digital images.  
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The absorption spectrum of TA shows two distinct 
peaks at 214 nm and 273 nm. The absorption peak of TA at 
273 nm is also observed in both the spectra of Ag NPs 
indicating the presence of TA along with the particles. 
During synthesis upon stirring the colour of both the 
solutions change and the particles remain stable for more 
than a week without settling down. Thus, TA acts as a good 

stabilizing agent. Fig. 4 displays the typical TEM and 
SAED images of the Ag NPs. Nanoscale Ag particles 
initially obtained by stirring only for 30 minutes have an 
average diameter of 70 nm. The particles are spherical, 
crystalline and well monodispersed as can be seen from 

Fig. 4(A). On the other hand, Fig. 4(B) presents the TEM 
images of Ag NPs generated by stirring for 24 hours under 
identical conditions. A closure inspection of these images 
show fusion among growing NPs from smaller spherical 
particles indicating the facilitation of Ostwald ripening 

process leading to the formation of super-structures [25]. 
 

 
 
Fig. 4. TEM and SAED electron micrographs of (A) spherical and (B) 
chain type Ag NPs; insets show their respective HRTEM images. 

 

 
 
Fig. 5. (A) TEM and (B) SAED pattern of Ag NPs prepared in absence of 
NaOH. 

 
The particles adopt elongated chain like structure 

linking individual particles with an average diameter of 
about 50 nm. Such nanosized chain type particles have also 

been reported earlier [26-28]. Although a precise formation 
mechanism is not established, we hypotheses that TA 
molecules may adsorb on different crystal plane of Ag 
nanocrystals lowering surface energy of their crystal lattice 
and selectively modifying their growth behaviour as noticed 

by Xuelin Tian et al. [29] and Stacey N Barnabey et al. 

[27] with ellagic acid. The nanochain Ag particles are also 

highly crystalline in nature as we observed from its SAED 
pattern. Moreover, Ag NPs can also be synthesized 
conveniently in absence of NaOH under the same condition 
as we have mention above unlike the observation made by 

Ioan Călinescu et al. [30]. However, the particles are not 
homogeneous and results in various types of irregular 
shapes in large intensity as we have seen via TEM image 

shown in Fig. 5. 
The crystalline nature of the synthesized particles is also 

evident from their XRD data. The XRD patterns of the 

synthesized Ag NPs are shown in Fig. 6. In both the cases 
five well-defined characteristic diffraction peaks 
corresponding to the (111), (200), (220), (311) and (222) 
sets of lattice planes are observed consistent to SAED 
which may be indexed as the band for face centered cubic 
(fcc) structure of Ag NPs (JCPDS file no:-04-0783). 

The peak corresponding to the (111) plane is more 
intense than the other planes. No impurities can be detected 
from these patterns which indicate that pure crystalline Ag 
particles are obtained under the present preparation 
conditions. 

 

 
 

Fig. 6. XRD pattern of Ag NPs (A) spherical and (B) chain type. 

 

 
 
Fig. 7. TGA data of (A) spherical and (B) nanochain Ag particles. 

 
TGA results of the TA stabilized Ag NPs obtained 

under nitrogen atmosphere are presented in Fig. 7. The 
thermogram shows a slow decrease in the weight of 
spherical Ag NPs unlike the chain type Ag particles where 
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a progressive loss of the weight occurs. This may be 
attributed to the decomposition of surface coated TA 
molecules as well as adsorbed water molecules upon 
increasing temperature. 

The thermogram indicates about 3 % and 16 % loss in 
the weight of spherical and nanochain type Ag particles 
occur respectively at a temperature of 950 

o
C indicating 

thermal stability of the tailored particles over a wide range 

of temperature. Moreover, Fig. 8 presents the FT-IR 
spectrum of TA and Ag NPs. The deformation vibration of 
the carbon-carbon bonds in the phenolic groups absorbs in 
the region of 1500-1400 cm

-1
. At 755 cm

-1
 distortion 

vibration of C=C in benzene rings can be noticed vividly. 
Around 1449 cm

-1
 stretching vibrations of -C-C aromatic 

groups appear in spectrum. Moreover, the spectrum of TA 
indicates the inclusion of some aromatic esters due to the 
signal characteristics bands of carbonyl groups: C=O 
stretching vibration at 1730-1705 cm

-1
 and C - O at 1100-

1300 cm
-1 

[31].  
 

 
 
Fig. 8. FT-IR spectrum of pure TA and the tailored Ag NPs. 
 

This FT-IR spectroscopic study investigates the 
plausible route behind the formation of these Ag NPs and 
offer information regarding the chemical change of the 
functional groups involved in reduction. The broad band in 
the region 3100-3400 cm

-1 
is due to OH stretching 

vibrational frequencies and due to the wide variety of 

hydrogen bonding between OH groups [32].  
 

 
 

Fig. 9. Absorption spectra of (A) nanochain (B) spherical Ag particles 
and (C) pure TA in presence of FCP reagent. 

Such intense strong band reveals the presence of 
organic molecules with alcohol functional groups. 
However, it may be observed that the intensity of this band 
decreases significantly in case of Ag NPs indicating the 
involvement of phenolic groups during the formation and 
stabilization of particles in conformity with our previous 
above synthetic mechanism. Prominent characteristic 
absorption peaks of TA are also observed in case of Ag 
NPs which provides a direct evidence for its association 
with the metal particles. The above argument is further 
supported by the qualitative estimation of TA via         
Folin-Ciocalteu method. FCP upon reacting with TA like 
molecules gives a blue coloured solution with a prominent 
peak at a wavelength of 766 nm, the intensity of which is 

proportional to the amount of TA [33, 34]. From Fig. 9, it 
can be noticed that such characteristic peak of the product 
is also observed in case of the synthesized nanoscale Ag 
particles coated with TA even though the peaks monitor in 
these cases are slightly broad as compared to the free TA 
solution.  

 

 

 
 
Fig. 10. Zone of inhibition of E.coli in presence of Ag NPs (i) spherical 
and (ii) chain type. 
 

Nano dimensional Ag particles with their unique 
chemical and physical properties provide an alternative for 
the development of new antibacterial agents. There is a 
necessity of drawing attention regarding the structural and 
functional changes induced by metal nanostructures in the 
organization of the bacterial cell. Earlier it has been 
reported that TA doesn’t exhibit anti-bacterial activity on 

E. coli [10], so in this particular study the authors omit 
control evaluation of antibacterial activity with TA instead 
focus on morphological behaviour of NPs. The bactericidal 
effects of the synthesized nanocrystalline Ag particles of 
different concentrations were examined against E. coli 

strain by disc diffusion method as displayed in Fig. 10.   
The inhibition zone diameter were calculated and 

plotted against the concentration of Ag NPs as shown in 

Fig. 11. Spherical Ag NPs possess higher anti-bacterial 
property as compared to the nanochain type Ag particles 
and as the concentration of the particles increase their anti-
bacterial property rise.  

However, for chain type Ag NPs the increase in 
antibacterial property decrease slightly after the third 
reading. The higher anti-bacterial behaviour of spherical 
Ag NPs may be because of its larger surface to volume 
ratio than the nanochain Ag particles. As the results show, 
the spherical NPs have stronger antibacterial property than 
that of the nanochain type ones at the same concentration of 
Ag particles and even at different size. However, the 
mechanism of nanosize Ag particles acting as biocidal 
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material against bacteria is still not well understood. We 
speculate that Ag NPs must have interacted with the 
bacterial cell wall and get accumulated at the cell 
membrane causing major damage such as formation of pits 
in them. While some of the particles successfully penetrated 
into the cells.  Such pitting leads to an increase in 
permeability and oozing out of intracellular materials. 
These cause significant changes to the cell structure and 
eventually originate to cell death as we have noticed via 
electron microscope. A graphical presentation of probable 
antibacterial mechanism of Ag NPs on E.coli is provided in 

Fig. 12.  
 

 
 
Fig. 11. Plot of zone of inhibition of E.coli as a function of the 
concentration of (A) spherical and (B) chain type nanosized Ag particles.  
 

 
 

Fig. 12. Pictorial representation of antibacterial mechanism of nanosized 
Ag particles. 

 
However, this observation is crucial for explaining the 

antibacterial mode of these particles as there are earlier 
reports available in the literature regarding the metal ions 
uptake (translocation and particle internalization) into cells 
followed by depletion of intracellular ATP production and 
disruption of DNA replication as well as generation of ROS 
(reactive oxygen species) from metal NPs and metal ions, 

with subsequent oxidative damage to cellular structures 

[35-38]. This report may assist in explaining anti-bacterial 
behavior of metal NPs and confirmed that nanosized Ag 
particles of different morphologies exhibit antimicrobial 
activity to different extend revealing that they represent a 
useful target for future application of novel antimicrobial 
compounds. Therefore, it can be anticipated that such 
antibacterial nanomaterial may be used in some potential 
antibacterial biomedical applications such as wound 
healing, infections and in antibacterial ultrafiltration 

membranes used for water treatment [39, 40]. It is 
inexorable that nanoscale materials will make their path in 
the commercial market. Increase in utilization and dispose 
of such particles as waste in the surrounding natural 
environment should be carefully regulated. 
 

Conclusion  

We have demonstrated a simple, versatile, cost effective 

and eco-friendly single-step green chemistry approach for 
the fabrication of spherical and chain type Ag NPs at room 
temperature utilizing TA as both reducing and stabilizing 
agent. Most of these green aqueous techniques are still in 
the development stage and the problems counter are 
stability, control of crystal growth, morphology and size 
distribution. This report will enable rational development of 
biomaterials based synthesis procedure for other metal 
nanomaterials also. The synthesized particles are 
monodispersed with 70 nm and 50 nm as average diameter 
for the spherical and the chain type Ag particles. The 
plausible formation mechanism of Ag NPs and shape 
evolution of chain type observed in present work has been 
successfully explained. The tailored nanoscale Ag particles 
of different morphologies exert significant antibacterial 
properties against multidrug resistant gram-negative E.coli. 
However, spherical Ag NPs exhibit stronger antibacterial 
behaviour as compare to the nanochain Ag particles in spite 
of its larger size indicating that antibacterial activity of 
particles depend on their morphology. This 
environmentally friendly and less sophisticated technique 
may represent as an alternative to the existing methods for 
the production of large-scale Ag NPs of varied morphology 
that can be employed in electronics, sensor, catalysis and 
biomedical applications. 
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