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Abstract
Biosynthesis of nanoparticles using plants and microbes reduce toxicity and enhance biocompatibility of the particles produced. Phytosynthesis makes 
use of the principle of reduction of metal ions in aquous extracts of plant leaves that may lead to development of nanoparticles. Therefore, production 
of silver nanoparticles was experimentally tried out using leaf broth of Premna serratifolia L in accordance with standard procedures. The UV-vis 
spectra gave an SPR band at 422 nm and TEM analysis revealed the formation of nanoparticles in the range of 3-12 nm. The XRD studies showed that 
particles are crystalline with face centered cube geometry. The reduction and stabilization of the ions are attributed to the hydroxyl and amine groups 
present in the leaf broth. This method of synthesis of silver nanoparticles has the potential to become an alternative eco-friendly method of synthesis.
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1. Introduction
    Nano-biotechnology makes use of nanosized metal 
particles to have tremendous impact in various medical 
applications in gene delivery [1-3], in X-Ray imaging [4] 
and also in nano sensing devices [5]. Physical, chemical 
and biological methods [6-8] are used to synthesize 
nanoparticles. Physical and chemical methods are the 
classic methods, but they are not environment friendly. 
Harsh solvents or surfactants used in such synthesis 
generate hazardous waste and uncontrolled release of 
nanoparticles into environment causing unpredictable 
consequences to human health and natural biodiversity 
[9,10]. Therefore, the options of alternative synthesis 
are seriously experimented. Recently, biosynthesis using 
plants and microbes is emerging as an eco-friendly 
method of nanoparticle production. 

    Biosynthesis is a bottom up approach employing 
biological organisms or materials for the formation 
of nanoparticles. Prokaryotic bacteria, actinomycetes 
and eukaryotic plants are used in reducing metal ions 
in aquous solutions to metal nanoparticles. Increased 
tolerance to metals in plants may be an indication of the 
ability of plant-parts for biosynthesis of nanoparticles 
[11]. Biosynthesized nanoparticles have many advantages 
over that of chemically and physically synthesized 
particles. They are more biocompatible [12] and the 
synthesis is a single-step protocol [13]. Notable progress 
has been recorded in phytosynthesis of nanoparticles 
with controlled size and shape. Several attempts in the 

synthesis of nanoparticles using plant materials such as 
leaves [14], fruit [15], latex [16] and bark [17] of diverse 
species are reported. Shankar et al [12] observed that 
nanoparticles synthesized using plant extracts are stable 
even after 4-5 weeks of synthesis, attributed the same 
to diverse kinds of biochemicals present in such plant 
materials.

    Among the various nanoparticles, silver nanoparticles 
have unique applications in diagnostics as biological 
tags for quantitative detection; and the particles also 
have conductive and optical applications [18]. Silver 
particles have antibacterial properties [19] and are used 
in healthcare and fabrics [20,21]. Plant community is 
so diverse such that the potential of different plants for 
synthesis of nanoparticles need to be fully explored. 
Premna serratifolia L, commonly known as headache-
tree is a well-known medicinal plant, an ingredient of 
the famous Ayurvedic ‘dasamola’. The antioxidant 
properties and tumor cell suppression activities of Premna 
serratifolia L have been reported [22]. Phytochemicals 
involved in such properties can not only support and 
speed up nanoparticle formation, but also can improve 
biocompatibility of the synthesized nano particles. 
Therefore, synthesis of silver nanoparticles using the 
leaf extract of Premna serratifolia L is experimentally 
tested to examine its potential in nanoparticle synthesis. 
Synthesis of silver nanoparticles of 3-12 nm and relatively 
high stability is the success of this attempt.
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2. EXPERIMENTAL DETAILS
2.1 Plant material and Extract preparation
     Premna serratifolia L is from the family Verbenaceae. 
Fresh leaves were collected from Kasargod District of 
Kerala State. About 10 g of the fresh leaves were initially 
surface cleaned with the detergent Tween 20, then in 
running tap water and finally in ultrapure water . Leaves 
were cut into small pieces and the chopped leaves were 
boiled in 75 mL ultrapure water for 5 mts in a 500 mL 
Erlenmeyer flask. The plant extract obtained was allowed 
to cool. It was then decanted and filtered using Whatmann 
No.1 paper. The color of the broth was noted and stored 
in refrigerator at 4oC for future use. The plant extract was 
used within seven days for synthesis of nanoparticles.

2.2 Phytosynthesis of Silver Nanoparticles
    Silver nitrate was obtained from HiMedia. For 
understanding the impact of concentration of Silver 
Nitrate on synthesis of nanoparticles, reaction mixtures 
of 1 ml leaf broth and 1 mM silver nitrate solution in 
the ratios of 1:10, 1:20, 1:30, 1:40, 1:50 (named as S1-
S5) were tried in triplicates. Pure 1 mM Silver nitrate 
solution and the plant extract were kept as control. All the 
experimental trials and controls were kept in darkness at 
room temperature for 48 hours. Monitoring of the changes 
in experimental trials was carried out from 45 minutes 
onwards.

    After four to 6 hours, part of this reaction mixture 
was used for UV-vis analysis. The rest of the reaction 
mixtures after forty eight hours was subjected to FTIR 
characterization and afterwards were centrifuged at 
10,000 rpm for 10 mts [23] and the pellet obtained 
was used for TEM, XRD, EDS characterization. The 
pellets were washed 2-3 times to remove impurities and 
resuspended in ultrapure water before characterization.

2.3 UV-vis spectral and TEM analysis 

    The reaction mixture was diluted to 10−1 and the 
reduction was observed through UV-Vis spectrophoto-
meter (Thermoscientific) with a resolution of 1nm, 
between 200 to 1100 nm. The TEM images (JEOL-TEM) 
were used to estimate the particle size. A thin film of 
the nanoparticles extracted from the reaction mixture as 
pellets was coated on to carbon coated-copper grid [24].

2.4  XRD & EDS 
    The crystalline nature of Ag nanoparticles was further 
confirmed from X-ray diffraction (PANanalytical Powder 
XRD instrument) analysis. Nanoparticles obtained were 
made into a thin film and analyzed [24]. The presence of 
elemental silver was examined using EDS  (JEOL- JSM 
6390 SEM) instrument.

2.5 FTIR studies
    These studies were carried out using Shimadzu FTIR 
spectrometer in attenuated total reflection mode and using 
an range of 4000-400 cm−1 and resolution of 4 cm−1.

3. RESULTS & DISCUSSION 
3.1 Phytosynthesis of silver nanoparticles 
    Change in intensity of color of the reaction mixture 
was taken as the preliminary evidence of nanoparticle 
synthesis. A color change of the reaction mixture was 
observed from transparent yellow to reddish brown 
within 45 mts at room temperature. The appearance of 
reddish brown color from excitation of  surface plasmon 
vibrations of silver nanoparticles is a clear indication of 
the formation of Ag nanoparticles [25,26]. There was no 
color change in any sample of the reaction mixture after 4 
to 6 hrs and the same remained stable up to seven months.

3.2 UV-vis  spectral analysis
    Among the five reaction mixtures, S1 to S5, an SPR 
peak is seen in all the five, but S1 showed a broad peak 
compared to that obtained in S2. Then in S3 to S5, along 
with SPR, peaks of silver nitrate were also obtained. 
Therefore, the reaction mixture S2 (1:20) was selected 
for further study as it showed an optimum absorbance 
compared to others. Fig. 1 shows the results obtained in  
UV-vis spectra of plant extract (a), silver nitrate (b) and 
S2 reaction mixture (c), taken after 6 h of incubation. A 
fairly sharp and symmetrical Surface Plasmon Resonance 
(SPR) peak obtained for S2 is indicative of small 
spherical particles. The broad centered peak obtained at 
422 nm indicates slow reduction of silver ions to siver 
nanoparticles [27]. Appearance of silmilar peak, assigned 
to surface plasmon, have been documneted by Anwad 
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Fig. 1 V-vis Spectra of (a)plant extract,(b)silver nitrate,(c)Reaction 
mixture S2.
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et al [26] at 425 nm and Krishnaraj et al at 420 nm 
[28]. Electrons on the metal surface undergo collective 
oscillation when excited by light at specific wavelength, 
which is known as SPR. This oscillation results in 
unusually strong scattering and absorption properties and 
the absorbance is measured using UV-Vis Spectroscopy, 
there by analysing the reduction of silver ions [29]. 

3.3 TEM analysis
    Typical TEM images obtained with colloid S2 after 
48 h are shown in Fig. 2 (a to d). At low magnification, 
large numbers of silver nanoparticles are seen. Thus the 
nanoparticles are quite mono dispersed and ranged in size 
from 3-12 nm with an average of 4 nm.The morphology 
of nanoparticles are clearly seen at higher magnification 
and mainly they are spherical.

   This result is in agreement with the shape of the SPR 
band obtained at 422 nm, as is seen in Fig.1. In Fig. 2e 
the particle size distribution histogram of nano-particles 
obtained from HRTEM image is shown. Close examina-
tion of the TEM images showed that there is no physical 
contact between the particles. Moreover, a material 
coating is visible on the particles (Fig. 2a and 2b), which 
may be attributed bio organic components of the leaf 
broth as a covering on the nanoparticles. Shankar et al 
[30] have recorded similar observations on nanoparticles 
synthesized using geranium leaf extracts.

    The TEM analysis shows the size and morphology of 
the synthesized nanoparticles. The high resolution TEM 
image of a single nanoparticle in Fig. 2c, which shows 
good crystallinity of the silver nanoparticles. The distance 
of 0.23 nm between the lattice planes is in agreement with 
the (111) lattice spacing of face centered cubic (fcc) silver 
(d111=0.2359 nm). Similar results have been reported 
by Philip et al [27] and Dubey et al [31]. The selected 
area diffraction pattern (SAED) of the Ag nanoparticles 
is shown in Fig. 2d. Further the ring like diffraction 

pattern indicates that the particles are crystalline [24]. 
Average particle size was calculated to be 4.1 nm from 
the histogram obtained.

3.4 XRD &EDX Analysis
   The X ray diffraction confirmed the crystalline nature 
of silver nanoparticles. Fig 3 shows the XRD pattern 
obtained for silver nanoparticles synthesized using the 
Premna serratifolia L leaf broth. The three diffraction 
peaks observed in the 2 theta range 30-70 can be indexed 
to the (111), (200), (220) planes of fcc silver (JCPDS file 
no.04-0783) [27,32]. The (200), (220) Bragg reflections 
are weak relative to the intense (111) reflection [33]. This 
feature indicates that the Nano crystals are (111) oriented 
as confirmed by TEM measurements [34].

    Fig 4 shows the preliminary EDS measurements 
carried out using the JEOL-JSM 6390 SEM instrument. 
An intense optical absorption band peak was observed at 
3 KeV, [35] which is typical of the absorption of metallic 
Ag Nano particles due to SPR. This further confirms the 
formation of silver nanoparticles by Premna serratifolia 

Fig. 2 TEM analysis and Particle size Histogram of Silver nanoparticles. 

Fig. 3 XRD pattern of silver nanoparticles synthesized using Premna 
serratifolia leaf broth.
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L leaf broth on exposure to silver nitrate.These results 
are consistent with Vanaja et al [36], where silver 
nanoparticles have been synthesized using leaf extracts of 
Coleus aromaticus.

3.6 FTIR studies
    Fig. 5 shows the FT-IR spectra of capped silver nano-
particles using Premna serratifolia L leaf broth. FTIR  is 
done to identify the potential biomolecules responsible 
for reduction and capping of the bioreduced metal 
nanoparticles. 

    In Fig. 5, the IR spectrum of silver nanoparticles 
gives prominent bands at 3334, 3319, 3298 and 3265 
cm−1 which indicates the –OH stretching [38] and 
medium peaks between 1330 and 1450 cm−1 is due to –
OH bending and both this accounts for the presence of 
secondary alcohols and phenols [37]. A strong IR signal 
at 1636 cm−1 corresponds –C=C stretching vibration [38]. 
Peaks at 1456, 1473 and 1489 cm−1 corresponds to the –C–
C asymmetric bending [37].

    The peaks at 2980 cm−1 indicates –CH stretching 
and peaks at 1381 cm−1, 943 cm−1 give –CH bending 
vibrations which may be due to –CH3 and –CH2 
functional groups. At 1251 cm−1 there is a broad peak 
which may be due to –C–O stretch alcohols and phenols. 
The series of peaks between 1250-1012 cm−1 corresponds 
to –CN stretching of aliphatic amines. The peaks between 
1020 and 1091 cm−1 correspond to alcohols or phenols. 
The presence of amines or alcohols or phenols represents 
the presence of polyphenols which may be flavonoids. 
Similar results have been reported by Vanaja et al [36].

    The study on the phytochemical analysis of Premna 
serratifolia L [39] shows  the presence of flavanoids, 
terpenoids, phenolic compounds,sugars and proteins.

    The vibrational bands corresponding to the bonds such 
as –C=C–, –CO and –C–O–C– are derived from water 
soluble compounds such as flavonoids, alkaloids present 
in the Premna serratifolia L, Thus the FTIR data indicate 
the presence of alcohols,aliphatic amines and phenolic 
compounds present in the leaf broth. It is certainly 
possible that these bio molecules act as reducing agents 
and may be responsible for mediating synthesis, capping 

and stabilization. Especially the amine and hydroxyl 
groups present in the leaf extract of Premna serratifolia L 
broth might be having a positive role in the reduction and 
capping of silver nanoparticles.

4. CONCLUSION
    The influence of leaf broth of Premna serratifolia L 
on silver nitrate have been shown and a 1:20 reaction 
mixture of leaf broth and 1 mM Silver Nitrate solution 
was found to be the best combination compared to the 
other ratios analysed for nanoparticle synthesis. The 
size of nanoparticles produced ranged from 3-12 nm. In 
general, phytosynthesized nanoparticles are considered 
to be environmentally benign having applications in 
food, agriculture, medicine and cosmetics. Therefore, 
the current observations of eco friendly synthesis of 
silver nanoparticles using leaf broth of a medicinal tree, 
Premna serratifolia L has high relevance. Especially, 
the newly synthesized particles are found to be quite 
stable and no visible changes were observed even after 
seven months. There were no change in the UV-vis 
spectroscopy values even without the addition of any 
stabilizing agents during this period of observaion. The 
reduction and stabilization of silver nanoparticles is 
believed to be by phenolic compounds present in the leaf 
broth of Premna serratifolia L. But the exact mechanism 
of formation and how the biomolecules interact with 
particles have to be further looked into. In order to make 
this kind of synthesis as a viable and alternative method 
to chemical synthesis, large scale production under 
controlled environmental conditions such as temperature, 
pH, concentration of silver nitrate  and the like should be 
standardized. Experiments for the same are being checked 
in the laboratory.

Fig. 4 Energy Dispersive X ray absorption spectroscopy. Fig. 5 FT-IR spetrum of silver nanoparticles synthesized by Premna 
leaves broth.
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