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Abstract 
The biological synthesis of nanoparticles using plant extracts plays an important role in the field of nanotechnology. In this study, 

rapid, simple approach was applied for synthesis of silver nanoparticles using Clerodendrum infortunatum, Mucuna interrupta, 

Phlogancanthus thyrsiflorus and Sansevieria trifasciata aqueous leaf extract. The plant extract acts both as reducing agent as well as capping 

agent. To identify the compounds responsible for reduction of silver ions, the functional groups present in plant extract were investigated by 
FTIR. Various techniques used to characterize synthesized nanoparticles are Scanning Electron Microscopy (SEM), Atomic Force 
Microscopy (AFM) and UV–Visible spectrophotometer. Results confirmed that this protocol was simple, rapid, one step, eco-friendly, 
non-toxic and might be an alternative conventional physical/chemical methods. Conversion of silver nanoparticles takes place at room 
temperature without the involvement of any hazardous chemicals.  
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Introduction 

Nanotechnology is the science of materials which have at 
least one dimension in the range of 1-100 nm. Nanotechnology 
provides the facility to engineer the properties of materials by 
controlling their size, and this has conducted researches toward 
a multitude of potential uses for nanomaterials (Benjamin and 
Bharathwaj, 2011). Metallic nanoparticles exhibit unusual 
optical, thermal, chemical, and physical properties (Bains, 
1993). The synthesis of inorganic nanoparticle through 
biological process makes more biocompatible and 
environmentally benign (Ahmed et al., 2016). Several 
techniques including chemical and physical method are 
developed to synthesise metallic nanoparticles. However, 
recently a resurgent developed for the green synthesis of several 
nanoparticles through biological mean (Thuesombat et al., 
2014). The use of plant extract for the synthesis of 
nanoparticles it proves to be environment friendly and cost 
effective as compared to the physical or chemical procedures 
which are hazardous for the environment (Sant et al., 2013). 
There are several literature related to the synthesis of silver 
nanoparticle using plant extract, fungi, bacteria (Sastry et al., 
1998; Sathishkuma et al., 2009; Dwivedi and Gopal, 2010; 
Philip, 2010; Kaviya, 2011; Ghosh et al., 2012). 

Synthesis of inorganic nanoparticle through biological 
process is well known as “Green Technology” (Mittal et al.,

2014). A lot of interest has been created by the term “green 
nanotechnology” (Cao, 2004). In a broad sense, this term 
includes a wide range of possible applications, from 
nanotechnology enabled, environmentally friendly 
manufacturing processes that reduce waste products 
(ultimately leading to atomically precise molecular 
manufacturing with zero waste). It is well-known the use of 
nanomaterials as catalysts for greater efficiency in current 
manufacturing processes by minimizing or eliminating the use 
of toxic materials (green chemistry principles); (Mukherjee et 
al., 2005), the use of nanomaterials and nanodevices to reduce 
pollution (e.g. water and air filters); and the use of 
nanomaterials for more efficient alternative energy production 
(e.g. solar and fuel cells). 

The silver nanoparticle act on a broad range of target sites 
both extracellularly as well intracellularly (Parashar et al., 2009). 
These nanoscale matters going to play important role in several 
technological areas such as: catalysis, optic, mechanic, magnetic 
and energy sciences (Govindaraju et al., 2009). Beside these 
nanomaterial have a variety of biomedical applications are also 
included in specific treatments in dermatological disease, in 
surgery for using nanorobots and other drug formulation 
application (Sandi and Sandi, 2004).  

Non-timber forest products (NTFP) are becoming 
increasingly recognized by the public and in forest management 
planning (Ehlers et al., 2003). Each NTFP species possesses its 
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own complex set of economic, ecological, and social aspects 
related to harvesting (Tedder et al., 2002). In the present study 
five ethno medicinal NTFP plants have used for isolation of 
silver nanoparticles. 

 

Materials and Methods 

Preparation of plant extract 
Plant extract have been prepared from fresh leaves of 

Clerodendrum japonicum (Thunb.) Sweet, Clerodendrum 
infortunatum L., Mucuna interrupta Gagnep., Phlogancanthus 
thyrsiflorus Nees and Sansevieria trifasciata Prain. Leaves, 
weighing 25 g were thoroughly washed thrice in distilled water 
for 15 min, dried, cut into fine pieces and were boiled in a 500 ml 
Erlenmeyer flask with 100 ml of sterile distilled water up to 5 
min and were filtered. 

 
Synthesis of silver nanoparticles 
One mM aqueous solution of silver nitrate (AgNO3) was 

prepared and used for the synthesis of silver nanoparticles. Ten 
ml of plant extract was added into 90 ml of aqueous solution of 1 
mM silver nitrate for reduction into Ag+ ions and kept at room 
temperature for 24 hours in a dark place.  

 
UV-Vis spectra analysis 
The reduction of pure Ag+ ions was monitored by measuring 

the UV-Vis spectrum of the reaction medium at 5 hours after 
diluting a small aliquot of the sample into distilled water. The 
UV spectrum of the same sample was also taken after 24 hrs 
incubation to note the complete bioreduction. UV-Vis spectral 
analysis was done by using UV-Vis spectrophotometer UV-2450 
(Shimadzu). 

 
SEM analysis of silver nanoparticles 
Scanning Electron Microscopic (SEM) analysis was done 

using SEM (JSM- 6360, Joel) at SAIF, NEHU, Shillong (India). 
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 by 
putting it under a mercury lamp for 5 min. 

 
AFM study  
For AFM (Atomic-force microscopy) study a thin film of the 

sample solution was prepared on a Bluestar coverslip, extra 
solution was removed using a blotting paper and then the film 
were allowed to dry at room temperature and further used for 
the AFM study. 

 
FTIR analysis of dried biomass after bio-reduction 
To remove any free biomass residue or compound that is not 

the capping ligand of the nanoparticles, the residual solution of 
100 ml after reaction was centrifuged at 5000 rpm for 10 min 
and the resulting suspension was re-dispersed in 10 ml sterile 
distilled water. The centrifuging and re-dispersing process was 
repeated three times. Thereafter, the purified suspension was 
freeze dried to obtain dried powder. Finally, the dried 
nanoparticles were analysed by FTIR Nicolet Avatar 660 
(Nicolet, USA). 
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Results  

UV-Vis spectral analysis 
Reduction of the silver ion on Ag nanoparticle during 

exposure of the plants extract could be followed by the optical 
change in colour. UV-Vis spectrograph of the colloidal solution 
of Ag nanoparticles has been recorded as a function of time 
(Figs. 1 and 2). The solution changes into deep brown to 
reddish brown colour due to bioreduction. It is well known 
that silver nanoparticles exhibit reddish brown in solution 
(Sastry et al., 1998). The change in colour arises due to 
excitation of surface plasmon vibration in the silver 
nanoparticles (Langmuir, 1996). However, absorption spectra 
of the Ag nanoparticles formed in the reaction mixture varies 
widely. Nanoparticle formation is dependent on different 
physical as well chemical factor such as metal ion 
concentration, incubation time, pH and temperature. Out of 
the five selected species for the present study Clerodendrum 
japonicum, Mucuna interrupta shows rapid bioreduction of 
Ag+ within 1-2 hr. While, Clerodendrum infortunatum, 
Phlogancanthus thyrsiflorus and Sansevieria trifasciata requires 
longer time period (24 hr.).  

 
Fig. 1. Ultraviolet-visible spectra recorded as a purpose of reaction time 

of AgNO3 solution with Clerodendrum japonicum 

 
Fig. 2. Ultraviolet-visible spectra recorded as a purpose of reaction time 

of AgNO3 solution with Mucuna interrupta 
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SEM analysis  
The Scanning Electron Microscope image shows that 

high density silver nanoparticles were formed by the 
Clerodendrum japonicum, Clerodendrum infortunatum, 
Mucuna interrupta, Phlogancanthus thyrsiflorus and 
Sansevieria trifasciata plant extract (Figs. 3, 4 and 5).  

 
AFM analysis 
AFM is a powerful tool to study the morphology of bio-

functionalized particles. The bio-functionalization of AgNPs 
prepared by medicinal plant extract was further confirmed by 
AFM study. The three dimensional study of the bio-
functionalized nanoparticles were made on tapping mode 
technique. From the AFM study (Figs. 6, 7, 8 and 9) can be 
predicted the shape of the nanoparticles that are nearly 
spherical with some irregular shaped particles and are randomly 
distributed. The size of the nanoparticles also varied greatly and 
might be depends on the plant source. In case of Clerodendrum 
japonicum the nanoparticles range from 26.49 to 54.28 nm, in 
Clerodendrum infortunatum from 25.62 to 135 nm, in 
Mucuna interrupta it was 37.89 to 82.14 nm, in 
Phlogancanthus thyrsiflorus ranged from 20.27 to 52.36 nm 
and in Sansevieria trifasciata from 22.36 to 72.54 nm.  

 
FTIR measurements 
FTIR measurements were carried out to identify the 

possible biomolecules accountable for the stabilization and for 
the reduction of the Ag+ ions and the capping of the 
bioreduced silver nanoparticles synthesized by the broth. The 
representative spectra of stabilized silver nanoparticles obtained 
from Clerodendrum japonicum 3413.44, 2924.41, 2853.78, 
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Fig. 3. SEM image of silver nanoparticles synthesized from Mucuna 

interrupta 

Fig. 4. SEM image of silver nanoparticles synthesized from 

Phlogancanthus thyrsiflorus 

 

Fig. 5. SEM image of silver nanoparticles synthesized from Sansevieria 

trifasciata 

a 

b 

 

Fig. 6a. AFM study of silver nanoparticles synthesized using 

Clerodendrum japonicum leaves extract and 3D view (b)   

Fig. 6c. Topography of silver nanoparticles synthesized using 

Clerodendrum japonicum leaves extract showing distribution of size 

(26.49-54.28 nm) 
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a 

b 

 

Fig.7a. AFM study of silver nanoparticles synthesized using Mucuna 

interrupta leaves extract and 3D view (b) 

Fig.7c. Topography of silver nanoparticles synthesized using Mucuna 

interrupta leaves extract showing distribution of size (37.89-82.14 nm) 

 

a 

b 

Fig. 8a. AFM study of silver nanoparticles synthesized using 

Phlogancanthus thyrsiflorus leaves extract and 3D view (b)   

 

Fig. 8c. Topography of silver nanoparticles synthesized using 

Phlogancanthus thyrsiflorus leaves extract showing distribution of size 

(20.27 -52.36 nm) 

 

Fig. 9a. AFM study of silver nanoparticles synthesized using 

Sansevieria trifasciata leaves extract (left) and 3D view (right) 

 

Fig. 9b. Topography of silver nanoparticles synthesized using 

Sansevieria trifasciata leaves extract showing distribution of size 

(22.36-72.54 nm) 
 

Fig. 10. FTIR spectra of Ag nanoparticles synthesized using 

Clerodendrum japonicum leaves extracts 

Fig. 11.  FTIR spectra of Ag nanoparticles synthesized using Mucuna 

interrupta leaves extracts 

 

Fig. 12. FTIR spectra of Ag nanoparticles synthesized using 

Sansevieria trifasciata leaves extracts 
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1623.03, while in Clerodendrum infortunatum show IR peaks 
at 3264.90, 2921.7, 2855.3, 2320.3,1627.18 etc. In case of 
Mucuna interrupta, Phlogancanthus thyrsiflorus and Sansevieria 
trifasciata the FTIR peaks are at 3412.30, 2924.93, 2851.2, 
1606.66  3434.74, 2927.21, 2851.2, 1635.50 and 3400.65, 
2918.64, 2849.84, 1739.6, 1643.05 respectively (Figs. 10, 11 
and 12). 

 

Discussion 

Earlier studies show it was a long-duration process when 
using some sources such as fungi which have 72 h duration for 
synthesizing the silver nanoparticles (Banu et al., 2011). Several 
other plants sources also have much longer time duration for 
silver ion reduction process (Vanaja et al., 2013).The 
nanoparticles were primarily characterized by UV-Vis 
spectroscopy, which was proved to be a very useful technique 
for the analysis of nanoparticles. In the UV spectrum, the 
broadening of the peak indicated that the particles are 
polydispersed. It is generally recognized that UV-Vis 
spectroscopy could be used to examine size and shape 
controlled nanoparticles in aqueous suspension (Wiley et al., 
2006). The SNP’s have free electrons, which gave rise to an 
SPR absorption band (Noginov et al., 2006), due to a 
combined vibration of electrons of metal nanoparticles in 
resonance with the light wave (Nath et al., 2007, Dubey et al., 
2010). Due to the excitation of plasma resonance on interband 
transitions, some metallic nanoparticles dispersions exhibit 
unique bands/peaks (Creighton and Eadont, 1993). The 
position and shape of plasmon absorption of silver nanoclusters 
are strongly dependent on the particle size, dielectric constant 
of the medium and surface adsorbed species.  

According to Mie's theory, only a single SPR band is 
expected in the absorption spectra of spherical nanoparticles, 
whereas anisotropic particles could give rise to two or more 
SPR bands depending on the shape of the particles. The 
number of SPR peaks increases as the symmetry of the 
nanoparticles decreases (Sosa et al., 2003). Thus, spherical 
nanoparticles, disks, and triangular nameplates of silver show 
one, two, and more peaks, respectively. The broadness of the 
peak is a good indicator of the size of the nanoparticles. As the 
particle size increases, the peak becomes narrower with a 
decreased bandwidth and increase band intensity (Kong and 
Jong, 2006). In the present study, the reaction mixtures showed 
a single SPR band revealing spherical shape of silver 
nanoparticles, which were further confirmed by SEM study. 
The SEM image of the nanoparticles synthesized by the ethno 
medicinally important plants of Tripura were assembled on to 
the surface due to the interaction such as hydrogen bond and 
electrostatic interactions between the bio-organic capping 
molecules bound to the Ag nanoparticles. The silver 
synthesised nanoparticles were not in direct contact even 
within the aggregates, indicating stabilization of the 
nanoparticles by a capping agent (Song and Kim, 2008).  

he peaks at 3413.44, 3264.90, 3412.30, 3434.74 and 
3400.65 cm-1 correspond to O-H stretching generated from 
phenolic compound of the plants indicating their medicinal 
property (Wojdylo et al., 2007). The peaks at 1623.03 cm-1 of 
Clerodendrum japonicum, 1627.18 cm-1 in Clerodendrum 
infortunatum, 1606.66 cm-1 in Mucuna interrupta, 1635.50 
cm-1 in Phlogancanthus thyrsiflorus and 1643.05 cm-1 in 

Sansevieria trifasciata are assigned to the amide I bonds of 
proteins that may arise due to carboxyl stretch and N–H 
deformation vibrations. Studies have confirmed the fact that 
the carbonyl group form 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
(capping of silver nanoparticles) to prevent agglomeration 
and thereby stabilize the medium (Kanchanaa et al., 2011). 

In the present study the nanoparticles synthesized with 
different plant extracts varied in their absorption maxima 
(λmax). The different groups of biochemical compounds 
(polyphenols, flavonoids, sterols, triterpenes, triterpenoid 
saponins, beta-phenylethylamines, tetrahydroisoquinolines, 
reducing sugars like glucose and fructose, amino acids and
proteins) present in plants possess free radical scavenging 
activities (Morones et al., 2005) which could be responsible for 
the reduction of silver and synthesis of nanoparticles through 
biogenic routes. The reduction of the metal ions and 
stabilization of silver nanoparticles is believed to occur by the 
terpenoid, flavonoid constituents of extract as well as by 
reducing sugar ascorbate and protein molecule in the broth 
(Palaniselvam et al., 2012) 
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