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ABSTRACT 

Biological synthesis of silver nanoparticles using Murraya koenigii leaf extract was investigated and the effect of broth 
concentration in reduction mechanism and particle size is reported. The rapid reduction of silver (Ag

+
) ions was monitored 

using UV-visible spectrophotometry and showed formation of silver nanoparticles within 15 minutes. Transmission electron 
microscopy (TEM) and atomic force microscopy (AFM) analysis showed that the synthesized silver nanoparticle are varied 
from 10-25 nm and have the spherical shape. Further the XRD analysis confirms the nanocrystalline phase of silver with FCC 
crystal structure. From this study, it was found that the increasing broth concentration increases the rate of reduction and 
decreases the particle size. Copyright © 2011 VBRI press.  
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Introduction  

Silver nanoparticles (AgNPs) have become the focus of 
much research interest due to their wide variety of 

applications [1]. Their ability to alter the physical, optical 

and the electronic properties of compounds [2] have found 
applications in various fields including electronic devices 

[3], chemical/biological sensing [4], and surface enhanced 
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Raman spectroscopy [5]. In contrast, a promising usage of 
AgNPs as antimicrobial agent is well known and has 
already found applications in antimicrobial paint coatings 

[6], textiles, water treatment, medical devices [7], and HIV 

prevention as well as treatment [8]. Traditional chemical 
methods of synthesizing silver nanoparticles include the use 

of ethylene glycol [9, 10], pyridine [11], and sodium 

borohydride [12]. The chemicals used in these 
methodologies can be toxic and highly reactive posing a 
risk to the environment and humans, or the procedures are 
too expensive to be feasible at an industrial scale. 
Therefore there has been a search for inexpensive, reliable, 
safe, and “green” approach to the synthesis of stable metal 
nanoparticles with controlled size and shape. As the result, 
some novel methods have recently developed using (i) 

biologically derived reducing agents such as chitosan [13], 

glucose [14] and polysaccharides [15], (ii) microbes such 

as bacteria and fungus [16, 18], and (iii) a variety of plant 

(seed, leaf as well as tuber) extracts [19-23] for the 
synthesis of metal nanoparticles. Among them, plant leaf 
extract mediated biological process has been widely 
investigated due to their inexpensive and simple protocol. 

We have recently reported the successful synthesis of 
silver nanoparticles and their impregnate in carbon 

nanotubes using soy leaf extract [24, 25]. We have also 
explored various plant leaf extracts for the bioreduction of 
metal ions including silver, gold and palladium. A 
promising result was obtained for the Murraya koenigii 

(curry leaf, depicted in Fig. 1a) extract that actively 
reduces the silver ions in to silver nanoparticles. Recently, 
Philip  et. al also reported the rapid synthesis of silver and 

gold nanoparticles using Murraya koenigii leaf extract [26]. 
Curry leaf is well known as a spice but has also been used 
in traditional medicine as a treatment for a variety of 

ailments [27]. Curry leaf has recently been found to be a 
potent antioxidant due to high concentrations of carbazoles 

[27-30], a water soluble heterocyclic compound which has 

been reported by Rai et al. [31] may be responsible for the 
reduction and stabilization of metal ions. Detailed 
investigation is necessary in order to extend the reduction 
mechanism of Murraya koenigii leaf extract for further 
applications. Hence, the present manuscript deals with the 
investigation on the effect of Murraya koenigii leaf  broth 
concentration in reduction mechanism of silver ions in to 
silver nanoparticles  and their size. 

 

Experimental 

Broth extraction 

The curry leaf extract was prepared with 10g of fresh curry 
leaves, obtained from East Indian Food & Spices in 
Guelph, ON, which were thoroughly rinsed with deionized 
water and cut into small pieces. The chopped leaves were 
boiled in 75mL of deionized water for 3 minutes. The leaf 
broth was then cooled and filtered yielding 50mL of broth. 
The colour and translucency of the broth can be seen in 

Fig. 1b and it was stored in a refrigerator. 
 

Synthesis of silver nanoparticles 

Silver nitrate (AgNO3) was obtained from Sigma Aldrich 
and used as received without further purification. 5mL 

curry leaf broth was added to 100mL 10
-3 

M silver nitrate 
and allowed to react at ambient conditions. The observed 
colour change of reaction mixture from transparent yellow 
to dark brown indicates the formation of silver 
nanoparticles. Further the reduction of the Ag

+
 ions was 

monitored over time by UV-visible spectral analysis. The 
suspension of silver nanoparticles was allowed to settle and 
the excess liquid was removed. The particles were then 
rinsed to remove any organic residue and re-suspended in 
95% ethanol (Fisher scientific) for further characterization. 
 
 

 
 
Fig. 1. Photograph of Murraya koenigii leaf bunch (curry leaf) and the 
extracted broth. 

 

Effect of leaf broth concentration on nanoparticle synthesis 
 
To investigate the effect of leaf broth concentration for the 
synthesis of silver nanoparticles, the reaction mixtures with 
the ratios of 1:25, 1:50, 1:100, 1:200 leaf broth to 10

-3 
M 

silver nitrate were prepared. The reduction mechanism of 
silver ions in to nanoparticles was investigated through the 
UV-visible spectrophotometer analysis. 
 
Characterization 

The periodic scans of the optical absorbance between 200 
and 800nm with a UV-visible spectrophotometer (Varian 
Cary 300 Bio) at a resolution of 1nm were performed to 
investigate the reduction rate of silver ions by curry leaf 
extract. The reaction mixture was diluted 20 times and used 
for UV-Visible analysis. Transmission electron microscopy 
(TEM) analysis of the synthesized silver nanoparticles was 
performed on a LEO model 912AB instrument at an 
accelerating voltage of 100kV. A drop of the nanoparticle 
suspension was placed on carbon coated copper grids and 
allowing the solvent to evaporate prior to analysis. In order 
to perform AFM analysis, the particles were deposited on a 
silicon slide and the solvent evaporated. The sample was 
analyzed using a Veeco diCaliber set to tapping mode with 
a Veeco TESP silicon tip. The average particle size of 
synthesized silver nanoparticles was identified using Zeta 
plus particle analyzer, from Brookhaven Instruments 
Corporation (BIC). The crystalline structure of the 
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synthesized silver nanoparticles were investigated through 
powder x-ray diffraction using a Rigaku Multiflex X-ray 
powder diffractometer using Cu Kα radiation operating 
between 10º and 80º at the scanning rate of 2º per minute. 
The silver nanoparticles were distributed over a glass slide 
and the solvent was evaporated to form the thin film of 
silver nanoparticles for XRD analysis. The crystalline size 
was calculated using line broadening profile and Scherrer’s 
formula.  
 

Results and discussion 

 
Fig. 2 shows the photographs of the reaction mixture of 
curry leaf broth and silver nitrate solution as a function of 
time. A visible colour change from transparent to yellow 
within 15 min indicates the formation of silver 
nanoparticles which was confirmed by UV-visible, XRD 
analysis. Further the colour change to dark orange-brown is 
due to increased concentration as well as growth of silver 
nanoparticles. After 90 minutes there was no significant 
colour change, which is evidence for the completion of 

reduction reaction. Fig. 3 shows the results of the UV-
visible spectrophotometer scan at various time intervals. 
The peak occurs at 435nm (λmax) which corresponds to the 

absorbance of silver nanoparticles [25]. The intensity of the 
peak at 435nm was increased with time until the reduction 

completes. Fig. 3 inset shows the absorbance at λmax as a 
function of time. From the inset, the formation of silver 
nanoparticles slows after 120 min.  
 

 
 
Fig. 2. Photographs of the mixture of curry leaf broth and silver nitrate 
solution over a two hours time period. 
 

 
Fig. 3. UV-visible spectra of silver nitrate and curry leaf broth mixture 
over a 5 hours period. Inset: the absorbance of the sample at λmax, 
435nm, which is associated with silver nanoparticles. 

 

 
 

Fig. 4. Photographs of the varying concentrations (A-1:25, B-1:50, C-
1:100 and D-1:200) of leaf broth to silver nitrate. 

 

Fig. 4 shows photographs of varying concentrations of 
leaf broth in silver nitrate solution. The observed darker 
colour, which can be attributed to silver nanoparticle 
formation, in the 1:25 ratio sample at all time points 
indicates an increased rate of silver nanoparticle formation 
and a higher final concentration of nanoparticles achieved 

after 4 hours. Fig. 5 shows the change in absorbance at the 
wavelength associated with silver nanoparticles λmax, as a 

function of time for the varying concentrations. From fig. 5 

there is a reduction in the rate of formation after 120min in 
the 1:20 sample which suggests that all the Ag

+
 ions are 

completely reacting to form silver nanoparticles. The 
complete reaction together with the rapid rate of reduction 
shows that the reaction is optimized at the 1:20 leaf broth to 
silver nitrate solution ratio. 
 

 
Fig. 5. A graph of the absorbance at 435nm of samples of varying 
concentrations of leaf broth. 
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Fig. 6a-e shows the TEM images of silver nanoparticles 
synthesized with different concentration of curry leaf 
extract for 2h. TEM images shows that the synthesized 
silver nanoparticles are polydisperse and ranges 
approximately from 10-25nm. The shape of the 
nanoparticles are spherical with few exceptional as 

ellipsoidal. From Fig. 6 it is found that decreasing leaf 
extract concentration in reaction mixture reduces the 
particle size and also their agglomeration tendency. Also, 

from Fig. 6 it can be seen that the particles cluster together 
without much physical contact. This confirms the 
possibility of secondary material that bind the silver 
nanoparticles in clusters,which was further confirmed by 
XRD analysis. AFM analysis of the synthesized silver 
nanoparticles was made and typical AFM image is shown 

in Fig. 7, which confirms the spherical shape of the 
particles and again the tendency for particles to aggregate. 
 

a b

c d

e

 
 

Fig. 6. TEM images of the biosynthesized silver nanoparticles using 
concentrations of leaf broth (A-1:20, B-1:25, C-1:50, D-1:100 and E-
1:200). 
 

Particle size analysis was performed for the silver 
nanoparticles synthesized using different concentration of 

curry leaf extract and the obtained results are shown in Fig. 

8. The result indicates that the average particle size of the 
synthesized silver nanoparticles is highly influenced by the 
concentration of leaf broth. Increasing leaf extract 
concentration in the reaction mixture decreases the particle 
size. The similar trend was observed in TEM analysis as 

shown in Fig. 6. The smallest particle size was found to be 

65nm, which was obtained using the leaf broth to silver 
nitrate solution ratio of 1: 200. 

 
 

 
 

Fig. 7. Typical AFM image of the biosynthesized silver nanoparticles. 

 
Fig. 8. Particle size of silver nanoparticles synthesized using different 
curry leaf extract (1:20, 1:25, 1:50, 1:100 and 1:200). 
 
 

 
Fig. 9.  Typical XRD pattern of silver nanoparticles synthesized using 
curry leaf extract. 

 
The XRD pattern of synthesised silver nanoparticles 

using curry leaf extract were recorded and typical XRD 

pattern is shown in Fig. 8. The peaks are indexed as (111), 
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(200), (220), (311) and (222) plans of FCC silver by 
comparing with JCPDS data. Apart from theese peaks 
responsible for silver nanoparticles, the recorded XRD 
pattern shows additional unassigned peaks,noted with stars. 
This may be due to the formation of the crystalline bio-
organic compounds/metalloproteins that are present in the 
curry leaf broth. Similar observations were reported by S. 

Shiv Shankar et al. [19] for the silver nanoparticles 
synthesized using P. graveolens leaf broth. The deatiled 
investigation on this crystalline phase existing with the 
silver nanocrystals are in progress. 

 

Conclusion 

 
The biological synthesis of silver nanoparticles using 
Murraya koenigii extract was shown to be rapid and 
produce particles of fairly uniform size and shape. 
Following the addition of curry leaf broth to the silver 
nitrate solution, silver nanoparticles began to form within 
15 minutes and the reaction neared completion at 2 h, as 
shown by the UV-Vis spectrophotometry. It was found that 
the increasing broth concentration increases the rate of 
reduction and reduces the particle size as well as their  
agglomeration. The reduction of silver ions to silver 
nanoparticles was found to be optimized at a ratio of 1:20 
of leaf broth to 10

-3
 M silver nitrate solution. The 

synthesized particles ranged in size from 10-25 nm and 
were spherical in shape, as shown by the TEM and AFM 
analysis. The particles also tended to aggregate which 
suggests they may be useful in applications requiring the 
coating of materials. 
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