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ABSTRACT 

Biosynthesis of nanoparticles using higher plants is an emerging area of research in nanoscience and technology. In the present 
investigation, leaf mucilage of S. laciniatum was used for synthesis of silver nanoparticles. The biosynthesis of nanoparticles is a 
nontoxic and environmental friendly method. The change in the colour of reaction mixture from colorless to brown indicates the 
formation of silver nanoparticles. Further confirmed by characteristic UV-vis spectroscopy with a characteristic absorbance 
resonance peak at 436 nm. Fluorescence Spectroscopy is a powerful tool to study the tertiary structure of proteins. FTIR data reveals 
the various groups of biomolecules involved in bio reduction and capping for efficient stabilization silver nanoparticles. The SEM 
images showed spherical shaped nanoparticles and size ranges 10-20nm. XRD showed crystalline nature of nanosilver.  
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INTRODUCTION 

he field of nanotechnology has opened up frontier 
vista of possibility and has spawned a proliferation 
of new technology. Nanoscience and technology is 

a field that focuses on the development of synthetic 
methods and surface analytical tools for building 
structures and materials, to understand the change in 
chemical and physical properties due to miniaturization, 
and the use of such properties in the development of 
novel and functional materials and devices. In the current 
scenario synthesis of nanoparticles gaining importance 
due to their wide range of applications in the field of 
catalysis1,2, optolectronics3-5, biological tagging, drug 
delivery system and pharmaceutical application. The 
nanoparticles are synthesized by various physical and 
chemical methods, but these methods are expensive, 
toxic and pose serious threat to environment. Thus, there 
is a need for a safe, clean, nontoxic and environment-
friendly method for the synthesis of nanoparticles. 
Researchers in the field of nanoparticles have laid 
emphasis on biological systems such as microorganism6 
and plants for synthesis of nanoparticles through 
biomimetic approach.  

The various plant extracts were used for the synthesis of 
silver and gold nanoparticles such as alfalfa7,8 neem9 
geranium10, Emblica officinalis fruit extract11, Wattakaka 
volublis12, Cansjera rheedii13, Parthenium14 and Aloe 
vera.15 Silver and gold nanoparticles were also 
synthesized by sundried Cinnamomum camphora leaf16 
Capsicum annum17, Dioscorea bulbifera tuber extract18, 
Citrus sinensis peel extract19, Cissus quadrangularis20, 
Rosa damascence21, Calotropis procera22, Argemone 
Mexicana23 and Santalum album.24 Biogenic silver 
nanoparticles synthesized using Nicotina tobaccum leaf 
extract25, Ocimum tenuifloru26, lemon leaves27 Dodonaea 
viscosa28 and Artemisia nilagirica29 were evaluated for 

their antibacterial activity against certain bacteria. 
Sesamum laciniatum Klein ex Willd. belonging to family 
Pedaliaceae occurring as wild on the barren rocks of 
Soundatti hills of deccan plateau was used for the 
synthesis of silver nanoparticles.  

MATERIALS AND METHODS 

Collection of mucilage 

1gm of S. laciniatum leaves were immersed in 100 ml 
beaker containing 50 ml of distilled water for overnight. 
Care has been taken to avoid the contamination. The leaf 
material was separated by passing through the muslin 
cloth to get mucilage. The collected mucilage was used as 
source for bio reducing and capping agent for the 
formation of silver nanoparticles.  

Biosynthesis of silver nanoparticles 

The 5 ml plant leaf extract was added to 250 ml 
Erlenmeyer flask containing 100 ml of 1mM silver nitrate 
solution. The experiment was conducted in triplicate 
along with a control (without extract). The tightly capped 
flasks were kept in a shaker at a rotation speed of 200 
rpm at 27oC and pH of the solution was maintained 
slightly acidic (6.5-6.8). The change in the colour of 
solution to dark brown was noted after reaction period 
which indicates the formation of silver nanoparticles. 

Characterization of nanoparticles 

The process of bio-reduction of the Ag+ ions was 
monitored at regular intervals by drawing 2 ml aliquots of 
reaction mixture. UV-Vis spectroscopic analysis of silver 
nanoparticles was carried out as a function of bio 
reduction time at room temperature, by using U-3010 
spectrophotometer operated at a resolution of 1 nm. 
Detection of tryptophan / tyrosine residues in proteins 
present in the reaction mixture were analyzed 
spectrophotometrically by the measurement of 
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absorbance in the range between 200-300 nm 
wavelength regions by using U-3010 spectrophotometer. 
Fluorescence Spectroscopy is a powerful tool to study the 
tertiary structure of proteins. The Fluorescence of the 
solution of silver nanoparticles was studied by using F-
7000FL spectrophotometer. FTIR Spectroscopy was used 
to study the secondary structure of the proteins in the 
extract. The solution was centrifuged at rotation speed of 
6000 rpm for 20 min using 20 ml sterile distilled water 
and read the same with FTIR. After bio reduction, solution 
containing silver nanoparticles was dried at 60οC for 2-3 
days in an oven. Dried sample was collected for the 
determination crystalline structure of Ag nanoparticles by 
X’ Pert pro X-ray diffractometer operated at an voltage of 
40 kv and a current of 30mA with Cu Kα radiation. The 
bioreduced solution was dried at 60οC in an oven. After 
complete drying, fine powdered material was separated 
and collected. This material was used for SEM 
observation. The material was mounted on clear 
aluminum stub using double sided adhesive cellotape. 
The sample was gold plated in a vacuum evaporator. SEM 
image was taken on JEOL, JSL 35 C model operated at an 
accelerating voltage of 20 kv at a magnification 27,000 X. 

RESULTS AND DISCUSSION 

UV-Visible Spectrum of silver nanoparticles 

Formation of silver nanoparticles was evident from the 
colour change from colorless to brown. UV-Vis absorption 
spectroscopy is widely used to determine the formation 
of metal nanoparticles by their optical properties and 
electronic structure.30 Control remained unchanged 
during the entire reaction period. The process of bio 
reduction of silver ions was gradually monitored in UV-vis 
spectroscopy Figure 1 depicts a series of absorption 
spectra recorded from the solution of silver nanoparticles 
at different time intervals. The absorption spectra 
showed an intense peak at 436 nm due to the surface 
Plasmon resonance (SPR) band of silver nanoparticles. It is 
well known that SPR is the excitation of free electrons 
within the conduction band leading to an in phase of 
oscillation30.  

The appearance of single prominent peak shows that the 
particles are spherical and uniform in size31. The optical 
absorption spectra of metal nanoparticles are dominated 
by surface Plasmon resonance in S.laciniatum showed by 
slightly red shift at about 440 nm after 48 hour but, 
completion of reaction period showed at 436 nm is blue 
shift region. This indicates that nanoparticles are smaller 
in size. Further in lower wavelength region of UV-Vis 
spectrum recorded from the reaction medium at 72 hrs 
(Figure 2) showed an absorption band at 250 nm is clearly 
indicates that presence of aromatic amino acid viz. 
tryptophan and tyrosine in the protein.32 The presence of 
this amino acid which may be involved in reduction and 
capping of silver nanoparticles. 

 

 

 
Figure 1: UV-Vis spectra recorded as a function of 
reaction time of silver nanoparticles 

 
Figure 2: UV-Vis spectrum recorded at lower wavelength 
of silver nanoparticles 

Fluorescence spectroscopic analysis 

Figure 3 shows the fluorescence spectra recorded from 
the silver nanoparticles solution. An emission band 
observed at 336 nm due to proteins which are present in 
the solution are in their native form no change in the 
tertiary confirmation of proteins while the reduction 
process.32 

 
Figure 3: Fluorescence emission spectrum recorded from 
the solution of silver nanoparticles 

FTIR Spectroscopic analysis 

FTIR data helps to identify the biomoleclues which are 
bound on the surface of silver nanoarticles involved in 
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bioreduction and capping of nanoparticles Figure 4 shows 
that the FTIR spectrum of silver nanoparticles. The 
absorption peak at 1640 cm-1 due to amide I was 
assigned to stretch mode of carbonyl group (C=O) 
coupled to amide linkage. The spectra exhibit an intense 
band at 2100 cm-1 and 1400 cm-1 were arised due to S-H 
and COH stretching vibration in amino acid residue14. The 
absorption spectra at 2900 and 2800 cm-1 were assigned 
to methylene anti symmetric and symmetric vibrations of 
hydrocarbons present in proteins. The band at 1250 cm-1 
was stretching vibration of N-H group which is 
characteristic of amide band III. The broad intense peak at 
3300 cm-1 was due to O-H group in phenols. The 
absorption peak and functional groups which were 
involved in the synthesis of nanoparticles are mentioned 
in the Table 1. The peak at 1730 cm-1 is a carbonyl stretch 
vibration in carboxylic acids and phenols. The functional 
groups bounded on the surface of nanoparticles which 
gave rise to the well known signature in the infrared 
region of the electromagnetic spectrum and for efficient 
stabilization of nanoparticles.  

 
Figure 4: The FTIR spectrum of leaf mucilage of S. 
laciniatum after bioreduction of 1 mM silver nitrate 
solution. 

Table 1: FTIR absorption peaks and their functional 
groups of silver nanoparticles synthesized by S. 
laciniatum. 

Absorption peak(cm-1) Functional groups 

3372 Stretch frequency of the O-H band 

2927 Stretch vibration in methyl groups 

2848 Stretch vibration in methyl groups 

2112 Stretching vibration in S-H 

1762 Stretching vibration in carbonyl 
groups 

1638 Amide-I band 

1410 Bending vibration of COH groups 

1249 Amide-III band 

XRD analysis 

The crystalline nature of the synthesized silver 
nanoparticles were analyzed by XRD. Figure 5 shows that 
the peaks were assigned to four diffraction lines are 
observed in each XRD pattern of silver nanoparticles 

synthesized by S. lacinatum at 2 θ 38.45o, 44.30o, 64.60o 
and 77.66o are characteristic of face centered cubic silver 
(fcc) which corresponds to (111), (200), (220) and (311) 
planes of fcc silver respectively. The average size of the 
silver nanoparticles was determined from the Debye-
scherrer equation by using the width of the (111) Bragg’s 
reflection. 

D=Kλ / β cos θ  

Where K is the scherrer constant (K=0.94) λ is the 
wavelength of the X-ray, β is the FWHM (full width and 
half maximum) of the peak and θ is the half of the Bragg 
angle. The average particles size was found to be 15.4 nm.  

 
Figure 5: XRD pattern of silver nanoparticles 

SEM analysis 

The morphology and size of nanoparticles have been 
analyzed by using SEM. Figure 6 shows typical SEM image 
of the synthesized silver nanoparticles. The size of silver 
nanoparticles ranges 10-20 nm particles are 
monodispersed and spherical in shape. 

 
Figure 6: SEM images of silver nanoparticles synthesized 
from the S. lacinatum 

CONCLUSION 

The use of leaf mucilage as a novel system for 
biosynthesis of nanoparticles has come in vogue in recent 
past as an effective alternative method for synthesis. The 
present investigation, leaf mucilage of S. laciniatum was 
used for synthesis of silver nanoparticles. The extract 
contains amino acids like tryptophan and tyrosine which 



Int. J. Pharm. Sci. Rev. Res., 29(1), November – December 2014; Article No. 43, Pages: 221-225                                        ISSN 0976 – 044X 

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

© Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. © Copyright protected. Unauthorised republication, reproduction, distribution, 
 

224 

were involved in the bioreduction of silver ions to Agο and 
play an important role in capping and stabilizing the 
nanoparticles. These silver nanoparticles are crystalline in 
nature. The size of silver nanoparticles produced by S. 
laciniatum, ranges 10 to 20 nm and are spherical, 
monodispersed and uniform in size. The production of 
silver nanoparticles was very rapid in S. laciniatum. Plant 
mediated biosynthesis offers a rapid, cheap, clean, safe 
and eco-friendly approach.  
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