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Abstract

	 Current study shows simple and easy method for the synthesis of silver nanoparticles using 
Palm bark, Palm leaf and Ghaf leaf aqueous extract. Each extracted solution used as reducing and 
capping agent. Various techniques used to characterize synthesized nanoparticles are DLS, FTIR 
and UV–Visible spectroscopy which showed absorbance peak in range of 300 – 800 nm. Results 
confirm this green method as simple, rapid, eco-friendly, non-toxic, one step and an alternative to 
conventional physical and chemical methods. The silver nanoparticles were prepared from silver 
ions at room temperature, without using any hazardous chemical.
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Introduction

	 Greener approach and techniques were 
used for the synthesis of nanoparticles to overcome 
problems related to environment1. Silver nanomaterial 
is one of the most commercial nanomaterial with five 
hundred tons of silver nanoparticles production 
per year and is increasing year by year. Silver 
nanoparticles plays a major role in many fields 
such as catalysis, biosensors, high sensitivity 
biomolecular detection, medicine and anti-microbes 
studies which is noted to have strong inhibitory and 
bactericidal effects along with the anti-inflammatory, 
anti-angiogenesis and anti-fungal activities.2,3

	 Scores of techniques are available for silver 
nanoparticles synthesis like chemical reduction, sol 
gel, ion sputtering, etc.4-7 Many of them includes 
the use of hazardous chemicals or high energy 
requirements, which are very difficult to carry out 
with wasteful purifications. Currently, the chemical 
methods widely used for nanoparticles synthesis 
were associated chemical precursor contamination, 
solvent toxicity, and hazardous by product formation. 
Hence, it is necessary to find new synthesis 
route which would be cheap and environment 
friendly.  Over the decades various plant resources 
were successfully utilized for synthesis of metal 
nanoparticles. These plants are rich resources of 
phytochemicals with aromatic hydroxyl, aldehyde 
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and carboxylic functional groups. Out of various 
nanoparticles used in the pharmaceutical industry, 
silver nanoparticles are one of the important 
materials in nanomedicine. It has been found that 
techniques using naturally occurring reagents such as 
biodegradable polymers (Chitosan), microorganisms 
(like bacteria, fungi, etc.), plant extracts and sugars 
as reductants and capping agents attracts many 
researchers.8-10 Green synthesis of nanoparticles 
also provides many advances over other methods 
as they are simple, cost-effective, one-step and 
environment friendly and often results in more 
stable materials. Microorganisms can also be used 
to produce nanoparticles but the rate of synthesis 
is slow compare to routes including plants mediated 
synthesis.11,12 Many researchers used plant 
(flower/leaf/root etc.) extract for the synthesis of 
nanoparticles with high antibacterial activities and 
size ranging from 5 to 20 nm.13-16

	 A greener and safe method used in 
this study instead of conventional method for the 
synthesis of silver nanoparticles. A palm tree 
(Arecaceae family) and ghaf tree (Fabaceae family) 
were used for the synthesis of silver nanoparticles. 
These plants are commonly available in United Arab 
Emirates (UAE). Palm and Ghaf tree have been 
important to humans as many common products 
and foods are derived from them. They are used 
for many commercial and medicinal purposes. 
The aqueous extract of the leaf and bark contains 
phytochemicals such as amino acids, alkaloids, 
carbohydrates, flavonoids, glycosides, steroids, 
and tannins. Due to the presence of these biogenic 
multifunctional molecules, silver nanoparticles 
were synthesized by using extract solution of palm 
leaves, ghaf leaves and palm bark without using any 
additional harmful chemicals. Characterization of the 
synthesized nanoparticles done by using UV-visible 
spectrophotometer, dynamic light scattering (DLS) 
and Fourier transform infrared spectroscopy (FT-IR). 
The method applied here in current study is simple, 
non-hazardous and sustainable.

Materials and Methods

	 Silver nitrate used for current study was 
purchased from Merck, Germany and of 99% purity. 
The synthesis of plant extract based nanoparticles 
was carried at room temperature.

Preparation of plant extract
	 Palm bark, Palm leaves and Ghaf leaves 
was used for the preparation of silver nanoparticles 
on the basis of their availability, low cost and vast 
medicinal properties. Fresh leaves and bark were 
collected in month of October. Firstly, leaves and 
bark were washed with running tap water to remove 
debris and other contaminated organic contents 
and then with de-ionized water. Cleansed leaves 
and bark were air dried at room temperature. Palm 
leaves were cut into small pieces of around 1 to 
2 cm in length, Palm bark were crashed into very 
small pieces while ghaf leaves were just separated 
from the branch since they are already small.  
Approximately 20-22 g of plant sample (leaf and 
bark) were used and transferred to a beaker having 
100 ml of de-ionized water. The content boiled for  
30 min to get plant extract. The extract was cooled 
down and filtered and kept at 4°C for further analysis.  
Fig. 1 shows plant extract for each sample.

Fig. 1. Initial colour (a) Palm bark extract (b) Palme leaves 
extract and (c) Ghaf leaves extract

Synthesis of silver nanoparticles
	 1 mM solution of silver nitrate was 
prepared and kept in dark amber bottle to prevent 
its precipitation. For the preparation of nanoparticles,  
2 mL of each extract sample were mixed with 10 mL 
of 1mM AgNO3 solution in three bottles with different 
cap color: Palm Bark extract- AgNO3 with orange 
bottle cap, Palm leaves extract- AgNO3 with yellow 
bottle cap and Ghaf leaves extract- AgNO3 with blue 
bottle cap as shown in the Fig. 1. The bottles kept 
at room temperature without stirring and the change 
in colour were recorded in an interval of every  
30 minutes. It has been found that the final color 
for palm bark extract- AgNO3 (orange cap) is dark 
brown, palm leaves extract-AgNO3 (yellow cap)  
is dark orange and Ghaf leaves extract-AgNO3  
(blue cap) is dark red. The final change in colour 
were recorded and shown in Figure 2. 
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Fig. 2. Final Colour of plant extract silver nanoparticles

Results and Discussion

	 In this study, Silver nanoparticles (AgNPs) 
were prepared by using plant extract where reductant 
from plant extract directly reduced Ag+ to Ag atoms 
(Ag0). During the synthesis process, the solution of 
AgNO3 and plant extract shows colour change from 
light yellow → orange → brown → dark brown (palm 
bark extract), light orange → orange → dark orange 
(palm leaves extract) and: light red → red → dark 
red (Ghaf leaves extract). The change in colour for 
all the solutions indicates the reaction between plant 
extract and silver nitrate solution. 

	 The hydrodynamic diameter (particle size) 
of the synthesized nanoparticles was determined 
by using DLS. The Palm bark extract based 
nanoparticles shows best result with 32.2 nm particle 
size compared to other two extracts solution NPs. 
Fig. 3 shows size of nanoparticles for Palm leaves 
(119.1 nm), Bark extract (32.2 nm) and Ghaf leaves 
(87.0 nm) based nanoparticles. It was observed that 
samples without stirring at room temperature had the 
smaller nanoparticle size.  

	 The optical properties of AgNps were 
explained by UV-Vis absorption spectroscopy, an 
important and most commonly used technique, to 
ascertain the formation of metal nanoparticles. The 
UV analysis was done for all the three extract based 
silver nanoparticles and tabulated in Table 1. Fig. 4 
clearly showed UV spectra of plasmon resonance 
band observed at 430-470 nm for all AgNPs similar 
to those reported in literature.17 The spectrum also 
reveals few weak absorption bands due to the 
presence of organic compounds (from plant extract) 
that can interact to reduce the silver ions.

Fig. 3 (a). DLS analysis of Palm leaves extract based silver 
nanoparticles

Fig. 3 (b). DLS analysis of Ghaf leaves extract based silver 
nanoparticles

Fig. 3 (c). DLS analysis of Palm bark extract based silver 
nanoparticles
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Table 1: UV-VIS analysis for silver nanoparticles at room 
temperature   

		  Absorbance (a.u)

Wavelength	 Palm leave	 Palm Bark	 Ghaf leave  
    λ (nm)	 AgNPs	 AgNPs	 AgNPs
   
     300	 1.319	 2.858	 1.825
     400	 2.808	 3.512	 2.024
     430	 3.092	 3.578	 2.695
     450	 2.969	 3.634	 2.985
     470	 2.374	 3.188	 3.005
     500	 1.421	 2.769	 3.491
     550	 0.500	 1.995	 2.136
     600	 0.223	 1.407	 0.936
     650	 0.138	 0.998	 0.439
     700	 0.102	 0.746	 0.274
     750	 0.092	 0.580	 0.204
     800	 0.077	 0.447	 0.155

	 The molecular vibrations lead to the specific 
bands were obtained using IR spectroscopy. The 
results of the FTIR analysis of best plant extract 
silver nanoparticle shown peak in the range of 500-
4000 cm-1 (Fig 5). The dual role of the plant extract 
as a reducing and capping agent and presence of 
some functional groups was confirmed by FTIR 
analysis of silver nanoparticle. A broad band 
obtained around 3338.98 cm-1 for Palm bark Ag-NPs 
corresponds to N-H stretching vibration of group NH2 
and OH stretching of water. Another small peak at 
1634.53 cm-1 indicates presence of double bond in 
a nanoparticles which probably due to C=O group 
or amide stretching. It means conjugation moves 

absorptions to lower wave numbers. The broadening 
of peak/band indicates the formation of nanoparticles 
due to reduction. The observed peaks are mainly 
attributed to flavanoids and terpenoids excessively 
present in plants extract. FTIR spectrum for other two 
nanoparticles was not so clear, hence not included 
for discussion. Only bark based nanoparticles gave 
good and best results. The results are in good 
agreement with those found in literature.18

Conclusion

	 A simpler and easy method for the synthesis 
of AgNP’s using plant extracts (palm bark, palm leaf 
and ghaf leaf) were reported in this study.  Based 
on the method used, we conclude that using plant 
extract for the synthesis of nanoparticles useful and 
beneficial in many ways like it is energy efficient, 
cost effective and leading to lesser waste to keep 
environment safe for human health. Therefore, method 
reported in this study satisfies all the conditions of a 
100% green chemical process. This greener method 
will be an alternative to the conventional physical 
and chemical methods used for synthesis of silver 
nanoparticles and play an important role in the field 
of biomedical research, opto-electronics and medical 
devices in near future.
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