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Abstract: Antibacterial activity of biogenic silver nanoparticles was evaluated by zone of inhibition using standard agar 
disc diffusion method. Among three different concentrations (25, 50 and 100 µl) 100 µl concentration showed maximum 
activity against Klebsiella pneumonia (2.7 cm), Shigella someneii (2.4 cm), S. flexaneri (2.4 cm), Pseudomonas aeruginosa 

(2.2 cm), P. mirabilis (2.1 cm) and E. coli (2.0 cm) when compared to the other two concentrations. It was also observed that 
it showed no activity against geranium plant extract that served as control. 
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1. Introduction 

Nanotechnology is a field of applied science and can be 
termed as the synthesis, characterization, exploration and 
application of nanosized (1-100 nm) materials for the 
development of science (1, 2 & 14). It deals with the 
materials whose structures exhibit significantly novel and 
improved physical, chemical, and biological properties, 
phenomena, and functionality due to their nano scaled size 
and have a larger surface area than macro-sized materials. 
Nanoparticles exhibit a number of special properties relative 
to bulk material and often have unique visible properties 
because they are small enough to confine their electrons and 
produce quantum effects (3, 4 & 33). Nanotechnology is also 
being utilized in medicine for diagnosis, therapeutic drug 
delivery and the development of treatments for many 
diseases and disorders, and also in medical applications on 
early disease detection, treatment and prevention. 

Since noble metal nanoparticles such as gold, silver and 
platinum nanoparticles are widely applied to human 

contacting areas, there is a growing need to develop 
environmentally friendly processes of nano particles 
synthesis that do not use toxic chemicals (9 & 12). Some 
physical and chemical methods cannot avoid the use of toxic 
chemicals in their synthesis (16, 18, 17 & 24). The 
development of consistent processes for the synthesis of 
silver nano materials is an important aspect of current 
nanotechnology research. One of such promising process is 
green synthesis (25). However, for the past few years 
various rapid chemical methods have been replaced by green 
synthesis because of avoiding toxicity of the process and 
increased quality (10, 20 & 37). 

Biological methods of nanoparticles synthesis using 
microorganisms (8, 28 & and 31), plant extracts (7, 5, 21 and 
27) and enzymes (22 & 23) have been suggested as possible 
eco friendly alternatives to chemical and physical methods 
(34). 

Synthesis of nanoparticles using microorganisms, both 
unicellular and multicellular like yeast, fungi and bacteria 
have been established, which were able to synthesize 
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inorganic materials either extracellularly (32 & 37) or 
intracellularly (19). Fungus like Colletotrichum sp., growing 
on the geranium leaves was used for the synthesis of 
multiple shaped gold nanoparticles (29), Fusarium 

oxysporum was used for the synthesis of GNP while 
Aspergillus fumigatus (6) and A. clavatus (38) used for the 
synthesis of AgNP within size range of 5 - 25 nm. 

Compared to microorganisms which suffer from various 
problems like availability, maintenance in cell cultures and 
cost effectiveness during the scale up process, various plants 
have been successfully used for the synthesis of gold, silver 
and sometimes for bimetallic silver and gold nanoparticles. 
A number of plants such as alfalfa (Medicago sativa) 
produced GNP of 4-10 nm (11). Biomass of oat (Avena 

sativa) and wheat (Triticum aestivum) were reported for 
irregular and rod shaped GNP with size range 10-30 nm (3), 
was also reported for gold nanotriangles. Similarly for the 
synthesis of AgNP plants such as Capsicum annuum (15), 
Citrullus colocynthis (27), Coriandrum sativum leaf extract 
(26) were used. In addition to the independent synthesis of 
silver and gold nanoparticles various plants such as leaf 
extract of Aloe vera produced triangular and spherical silver 
and gold nanoparticles (6), and neem (Azadirachta indica) 
leaf broth was used for the synthesis of nanoparticles of 
silver, gold and Ag core–Au shell (29). 

Species of Geranium (Pelargonium graveleons) are 
evergreen perennials indigenous to southern Africa and are 
drought, heat tolerant and also tolerate only minor frost. An 
essential oil is extracted from this plant contains diuretic 
antispasmodic properties. It is known for it’s number of 
medicinal values such as treatment of skin diseases, arthritis, 
anti inflammatory and also have been reported for it’s 
anticancer activity, antibacterial properties and anti oxidant 
property (21). The earthy, minty and floral odour of this 
aromatic oil has been proved extremely effecting in curing 
burns, tonsillitis, poor circulation, eczema and rheumatism. 
It also helps in increased circulation and stress related 
condition. 

If biological synthesis of nanoparticles can compete with 
chemical methods, there is a need to achieve faster synthesis 
rates. In the present investigation, the synthesis of pure 
metallic nanoparticles of silver by the reduction of Ag+ 
using Geranium (Pelargonium graveolens) leaf extract was 
carried out by adopting rapid technique of synthesis of 
nanoparticles. The time required for more than 90% 
reduction of Ag+ ions using Geranium leaf extract was 
about 2 h. The exact mechanism of silver nanoparticles 
synthesis by selected plant extracts is not yet fully 
understood. Only participation of phenolics, caroboxyl 
groups, proteins and reducing agents in their synthesis has 
been speculated (29 & 15). In the present study, we have 
analysed and screened Geranium leaf extract (Pelargonium 
graveleons) for nanoparticles synthesis and characterized by 
using UV- visible spectroscopy, XRD, SEM, EDS and FT-IR 
and also assessed the antimicrobial activity of synthesized 
silver nanoparticles. 

2. Materials and Methods 

2.1. Plant Material and Preparation of the Extract 

Fresh Pelargonium graveolens leaves were collected from 
the Mother Teresa Women’s University campus, Kodaikanal 
(Tamil Nadu) India, is well documented in the Kodaikanal 
(Horticultural Research Station). The experimental 
chemicals were purchased from Sigma Chemicals 
(Mumbai). 

2.2. Synthesis of Silver Nanoparticles 

The fresh Pelargonium graveleons leaves free from 
diseases were collected, washed thoroughly 2-3 times with 
tap water and with sterile water, dried at 40̊ C in hot air oven 
and powdered and then used for extraction. About 2 grams 
of dried leaf powder were ground to fine paste with 20 ml of 
distilled water using mortar and pestle. It was centrifuged at 
10,000 RPM for 10 minutes and supernatant was taken for 
further processing. Ten ml of the plant leaf extract was added 
to 90 ml of aqueous solution of 5 mM Silver nitrate solution 
(AgNO3) for reduction of silver nitrate into Ag+ ions and 
maintained at room temperature (37 ̊ C) in the incubator in 
static condition and the completion of the reaction was 
carried out for a period of 2 h. The colourless silver nitrate 
solution is changed from pale yellow to ruby red and finally 
dark brown colour which indicates the formation of silver 
nanoparticles. 

2.3. UV-Visible Spectroscopy Analysis 

The colour change in reaction mixture (Silver nitrate 
solution + leaf extract) was recorded through visual 
observation. The bio reduced silver nanoparticle solution 
was filtered through Whatmann No.1 filter paper and the 
filtrate was measured using UV-Visible absorbance. The 
bioreduction of silver ions in aqueous solution was 
monitored by periodic sampling of aliquots (1 ml) and 
subsequently measuring UV-vis spectra of the solution using 
Double beam UV-vis spectrophotometer (model 2201) 
operated at a resolution of 1 nm. 

2.4. X-Ray Diffraction (XRD) Measurements 

The completely bioreduced sample was concentrated in 
concentrator (Eppendorf) at 50º C to reduce the volume of 
the reaction mixture. The concentrated solution was then 
centrifuged at 12000 rpm for 15 minutes. The pellet obtained, 
was washed and redispersed in deionized water. Repeated 
centrifugation and redispersion in deionized water was 
carried out to remove the water soluble biomolecules such as 
proteins and secondary metabolites. XRD measurements of 
powdered purified silver nanoparticle thus obtained was 
performed on a Shimazdu, model Lab X-XRD-6000 
instrument operated at a voltage of 40 kV and a current of 30 
mA with Cu K α radiation with a wavelength of 1.5406 Å. 
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2.5. Determination of Crystalline Size 

Average crystallite size of silver was calculated using the 
Scherrer’s formula, 

D = kλ / βcosθ 
D = Average crystallite size: K - Constant: λ- X-ray 

Wavelength: β- Angular FWHM of the 
XRD peak at the diffraction angle: θ- Diffraction angle. 

2.6. FTIR (Fourier Transform Infrared Spectroscopy) 

Analysis 

After the complete reduction of Ag+ ions by the geranium 
leaf extract and the pellets of silver nanoparticles was 
centrifuged at 12000 rpm for 15 min and the resulting 
suspension was re dispersed into 20 ml of distilled water, the 
process of centrifuging and re dispersing was repeated three 
times to make nano particles free from proteins or other 
bioorganic compounds present in the solution. There after 
the purified suspension was completely dried in lyophilizer 
and analyzed by PerkinElmer-Spectrum RX-IFTIR. 

2.7. SEM & EDS Analysis of Silver Nanoparticles 

The pellet was subjected for SEM analysis. 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 and then 
the film on the SEM grid were allowed to dry for analysis. A 
scanning electron microscope (JEOL 6380A; Tokyo, Japan) 
was used to record the micrograph images of synthesized 
Ag-NPs. Energy-dispersive x-ray (EDS) spectroscopy 
analysis for the confirmation of elemental silver was carried 
out for the detection of elemental silver. 

2.8. Antibacterial Assay 

Antibacterial activity of the silver nanoparticles was 
assessed using the standard agar disc diffusion method with 
6 mm diameter Whatmann No.1 filter paper discs (29 & 30). 
In this method 25 µl, 50 µl, and 100 µl of silver nano 
particles prepared from synthesized form leaf extract mixed 
in one ml of ethanol and applied to sterile paper discs of 6 
mm diameter and plant extract without nano particles was 
used for control. Bacteria such as P. aeruginosa, P. mirabilis, 

E. coli, Shigella flexaneri, S. somenei and Klebsiella 
pneumonia was used for the antimicrobial test. Before the 
antibacterial assay a log-phase culture of bacteria such as P. 

aeruginosa, P. mirabilis, E. coli, Shigella flexaneri, S. 

somenei and Klebsiella pneumonia were inoculated into the 
nutrient agar plates and incubated at 37º C for 24 hours. 
Zone of Inhibition was measured after 24 h of incubation. 

3. Results and Discussion 

3.1. UV-Visible Spectra Analysis 

The synthesized Ag nano particles using geranium plant 
extracts confirmed by visual observation. The colour was 
changed from pale yellow to ruby red due to reduction of 

silver ions during the reaction. The appearance of dark 
yellowish-brown colour is a clear indication of the formation 
of silver nano particles in the reaction mixture (fig.1). Ag 
nanoparticle were detected by UV-Vis spectrophotometer in 
range of 350 to 620 nm. The maximum absorption spectra of 
silver nano particles formed in the reaction mixture has 
increasingly sharp absorbance maximum peak at 440 nm. It 
is well known that Ag nano particles exhibits reddish brown 
colour in aqueous solution due to excitation of surface 
plasmon vibrations. There is a spectral shift is mainly due to 
the dielectric constant of the medium (5). The colour 
exhibited by metallic nanoparticles is due to the coherent 
excitation of all the “free” electrons within the conduction 
band, leading to an in-phase oscillation which is known as 
Surface Plasmon Resonance-SPR (4). Here silver 
nanoparticles synthesized using geranium plant extract were 
stable for more than one month, when stored at room 
temperature. The frequency and width of the surface 
plasmon absorption depends on the size and shape of the 
metal nanoparticles as well as on the dielectric constant of 
the metal itself and the surrounding medium (22 & 23). In 
the present study the reduction of Ag+ ions occurs rapidly, 
completing within 2 h of reaction. The silver nanoparticles 
obtained from the reaction mixture containing 5 mM AgNO3 
and 2 g of dried leaf powder were purified and further 
analyzed. 

 

Fig 1. Photographs of (a) AgNO3 (b) Leaf extract (c) Leaf extract + AgNO3 

after 2 h of reaction 

 

Fig 2. UV-vis spectra of reduction of Ag ions to Ag nano particles 

(27) reported rapid synthesis of stable silver, gold and 
bi-metallic Ag/Au core shell nanoparticles using 20 g of leaf 
biomass of Azadiracta indica and 1mM aqueous AgNO3. 
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The present study reports the use of oven dried leaf 
biomass, which is free from external stabilizing and 
accelerating agents and does not require continuous 
agitation. The reduction of the silver ions is moderately 
rapid at the ambient conditions. This is novel and intriguing 
to the material science as the studied leaf biomass has the 
capability to reduce metal ions at ambient conditions. 

Furthermore the biomass handling and processing is less 
stringent since it does not require boiling or subsequent 
treatment. Instead of sun drying the leaf biomass was oven 
dried at 40º  to avoid the possible contamination due to 
particulate matter. Also the sun drying process is time 
consuming and has geographical constraints. 

Table 1. Crystalline size of silver nanoparticles synthesized using geranium leaf extract 

Plant extract 
θ value 
(degree) 

d- spacing (Å) FWHM (degree) Intensity (CPS) 
Average 

Particle size 
(nm) 

Geranium Silver nanoparticles 16.125 0.2667 2.77291 100.00 47.29 

 
The XRD pattern showed nine intense peaks in the whole 

spectrum of 2θ values ranging from 27.8 to 77.2 in 
synthesied nanoparticle of geranium. XRD pattern obtained 
for silver nanoparticles showed a characteristic peaks near 
the 2θ value of 38.145° (Fig.3 b). The peaks observed in the 
spectrum at 2θ values of 38.145°, 44.31°, 46.58° and 64.44° 
corresponds to 111, 200, 220, and 311 planes for silver, 
respectively. This clearly indicates that the silver 
nanoparticles formed by the reduction of Ag+ ions by the 
Pelargonium graveolens leaf extract are crystalline in nature 

(13). A Bragg reflection corresponding to the (111) sets of 
lattice planes are observed which may be indexed based on 
the face - centered cubic (fcc) structure of silver (27). In 
addition to the Bragg peak representative of fcc silver 
nanocrystals, additional and yet unassigned peaks were also 
observed suggesting that the crystallization of bio-organic 
phase occurs on the surface of the silver nanoparticles. 

The average estimated particle sizes of the samples were 
calculated using the Debye-Scherrer formula. An average 
size of the particles synthesized by geranium was 47 nm. 

 

Fig 3a. XRD patterns of Geranium (Pelargonium graveolens) dried leaf powder 

 

Fig 3b. XRD patterns of silver nanoparticles synthesized using dried leaf powder of Pelargonium graveolens.
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The scanning electron microscopic (SEM) image showed 
high density Ag nanoparticles synthesized by the plant 
extract and further confirmed the presence of Ag 
nanoparticles (Figs.4a and 3b). SEM image has showed 
individual silver particles as well as a number of aggregates. 
The observed morphology of the silver nanoparticles was 
predominately cuboidal, and rectangular, uniform, poly 
dispersed and aggregated into larger irregular structure with 
no well-defined morphology (fig.4a &b). Ag nanoparticles 
were formed with diameter of 13 to 61 nm. The SEM image 
of silver nanoparticles were synthesized from plant extracts 
are assembled on to the surface due to the interactions such 
as hydrogen bond and electrostatic interactions between the 
bio-organic capping molecules bound to the Ag 
nanoparticles. The nanoparticles were not in direct contact 
even within the aggregates, indicating stabilization of the 
nanoparticles by a capping agent (proteins secreted by plant 
leaf extracts). The presence of secondary materials capping 
with the silver nanoparticles may be assigned to bio-organic 
compounds from leaf extracts agent (33). 

 

 

Fig 4. SEM images of Ag Nanoparticles (a) 250000 magnification (b) 1 

Lakh magnification. 

The results of Energy dispersion Spectroscopy (EDS) 
confirms the presence of elemental silver signal in the 
sample and is shown in fig.5. The Ag nanocrystallites 
display an optical absorption band peaking at 3 keV which is 
typical of the absorption of metallic silver nanocrystallites 
(34). 

 

Fig 5. EDS spectra of prepared silver nanoparticles. Strong signals from 

the atoms in the nanoparticles are observed in spectrum and confirm the 

reduction of silver ions to silver nanoparticles

 

Fig 6. Showing the FTIR spectrum of synthesised silver nano particles of geranium 
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In FTIR spectrum the wave number or frequency (cm-1) 

of absorption band or peak assigned to the type of vibration, 
intensity and functional groups of the silver nanoparticles. 
FTIR measurements were performed to identify the potential 
biomolecules in the geranium leaf extract (Pelargonium 

graveolens) responsible for reduction and then providing 
stability to the bioreduced silver nanoparticles. In the FTIR 
spectrum several absorption peaks were centered at 3954.93, 
3861.12, 3753.78, 3435.51, 3099.38, 2983.63, 2904.92, 
2778.24, 2450.77, 2102.73, 1701.39, 1376.24, 1224.51 and 
1069.55 cm-1 which was in the region range of 1000 - 4000 
cm-1 (figure6). The most wide spectrum absorption was 
observed at 3435.51 cm-1 and it can be attributed to the 
stretching vibrations of -NH (amide groups). The absorption 
peaks centered at 2904.92, 2102.73, 1701.39 and1376 cm-1 
can be attributed to the stretching vibrations of – C = C 
(alkane) groups, -C- D deuterated alkanes groups, C=O 
simple ᵧ lactams, amide I band groups and C-H (-CH3 - 
band) of alkanes groups. Now various functional groups 
mentioned above are mainly derived from heterocyclic 
compounds and these are the water soluble components of 
geranium leaf extract. So it can be assumed that different 
water soluble heterocyclic compounds such as alkaloids, 
flavonoids etc., worked as the capping ligand for the 
synthesis of silver nanoparticles and the presence of oxygen 
atoms helped in the stabilization of nanoparticles by 
facilitating the absorption of heterocyclic compounds on 
nanoparticles. FT-IR analysis reveals that the carbonyl group 
from amino acid residues and proteins has the stronger 
ability to bind metal indicating that the proteins could 
possibly form a layer covering the metal nanoparticles (i.e., 

capping of silver nanoparticles) to prevent agglomeration 
and thereby stabilize the medium. This suggests that the 
biological molecules could possibly perform dual functions 
of formation and stabilization of silver nanoparticles in the 
aqueous medium. 

 

 

 

3.2. Antimicrobial Studies 

Antibacterial activity of biogenic silver nanoparticles was 
evaluated by zone of inhibition using standard agar disc 
diffusion method. The nano particles showed inhibition zone 
against all the studied bacteria (Fig.7). Among three 
different concentrations (25, 50 and 100 µl) 100 µl 
concentration showed maximum activity against Klebsiella 
pneumonia (2.7 cm), Shigella someneii (2.4 cm), S. flexaneri 
(2.4 cm), Pseudomonas aeruginosa (2.2 cm), P. mirabilis 

(2.1 cm) and E. coli (2.0 cm) when compared to the other 
two concentrations. It was also observed that it showed no 
activity against geranium plant extract that served as control. 
(36) investigated the antibacterial effect of nanosized silver 
colloidal solution against S. aureus and K. pneumoniae after 
padding the solution on textile fabrics. The antimicrobial 
properties of silver compounds and silver ions had been 
historically recognized and applied in a wide range of 
applications from disinfecting medical devices and home 
appliances for the treatment of water. The silver nano 
particles produced by plant extracts are known to exhibit 
potent antimicrobial activity. A similar observation has been 
made with the silver nano particles produced from geranium 
plant extract. 

The antibacterial activity is probably derived, through the 
electrostatic attraction between negative charged cell 
membrane of microorganism and positive charged 
nanoparticles (7 & 8). However, (36 & 35) reported that the 
antimicrobial activity of silver nanoparticles on 
Gram-negative bacteria was dependent on the concentration 
of Ag nanoparticles and was closely associated with the 
formation of pits in the cell wall of bacteria. 

(35) studied antibacterial activity against E. coli 

(ampicillin resistant), E. coli, S. aureus, and S. typhi 

(multi-drug resistant). They reported that the effect was dose 
dependent and was more pronounced against gram-negative 
organisms than gram-positive ones. They found that the 
major mechanism through which silver nanoparticles 
manifest antibacterial properties was either by anchoring or 
penetrating the bacterial cell wall and modulating cellular 
signaling by dephosphorylating putative key peptide 
substrates on tyrosine residues (36). 

 

Fig7. Antibacterial activity of synthesised nano particles from geranium leaf extract 
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4. Conclusion 

In this study we present a simple, low cost, clean, 
nontoxic and rapid approach for the bio reduction and 
synthesis of silver nano particles. This method provides an 
efficient route for the synthesis of nano particles with 
tunable optical properties directed by particle size. From the 
point of view of nanotechnology this is a significant 
advancement to synthesize silver nano particles 
economically. The silver nano particles show distinct poly 
dispersity as it shows particle size between the ranges of 13 
to 61 nm with an average size of 49 nm. The identification of 
coumpounds, capping agents and tapping the enzymes 
responsible for the reduction process may open up new 
avenues in the field of nanotechnology and nanoparticle 
stabilization. Investigation on the antibacterial effect of 
nanoparticles against P. aeruginosa, P. mirabilis, E. coli, 

Shigella flexaneri, S. somenesis and Klebsiella pneumonia 

reveals high efficacy of silver nanoparticles as a strong 
antibacterial agent. This can be useful in food industries, 
cosmetic industries and medicines. 
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