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ABSTRACT 

Nanotechnology is an emerging interdisciplinary field which 

mainly concerns with the fabrication of nanoparticles with specific 

requirements in terms of size, shape and controlled dispersity. Over 

the last few decades, the synthesis of noble metal nanoparticles have 

been the subject of many applied researches due to their unique 

chemical and physical properties. Among the nobel metals, silver 

nanoparticles are of great scientific interest as they have very unique 

and promising properties that make them highly suitable for many 

nanotechnological applications. A number of approaches are available 

for the synthesis of silver nanoparticles. Of all the methods available 

for nanoparticle synthesis, bioinspired synthesis of nanoparticles has 

become a sprouting area that has proven to be better as it offers good 

manipulation and control over nanoparticle growth and their  

stabilization. The present investigations is an attempt to synthesis silver nanoparticles 

from Azadirachta indica (neem) leaf extract and characterize them using UV–visible 

absorption spectroscopy, X-ray diffraction (XRD), Fourier transform spectroscopy 

(FTIR), Transmission electron microscopy (TEM) & Scanning electron microscopy 
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(SEM). In UV visible spectroscopy, a strong surface plasmon resonance band was obtained 

in the range of 430-435 nm indicating the rapid formation of silver nanoparticles. The 

TEM and SEM images showed that silver nanoparticals are roughly spherical and of 

uniform particle size, and the average particle size is 100 nm. Nanoparticle XRD patterns 

revealed three characteristic peaks corresponding to three different facets of silver; (111), 

(200) and (220). The FTIR spectra reflected distinctive bands which are indicative of 

bioorganics involving in the reduction of silver ions into silver nanoparticles. In conclusion, 

it has been proven that Azadirachta indica extract is found to be effective in 

synthesizing silver nanoparticles of desired characteristics to be applied in different fields. 

 

KEYWORDS: Azadirachta indica, FTIR, SEM, Silver nanoparticles, TEM and XRD. 

 

INTRODUCTION 

Nanotechnology is a field that is blooming in every day, enhancing almost all aspects of 

human life. This has become one of the most active areas of research in modern material 

sciences owing to its wide spread applications in different fields such as electronic (Cui, 

2001), magnetic (Tuutijarvi et al., 2009), optoelectronic (Tanabe, 2007), information storage 

(Zhang et al., 2010) and drug delivery (Bhumkar et al., 2007). In recent years, colloidal silver 

nanoparticles are widely used for its unique chemical and physical properties. The diversity 

and significance of silver nanoparticles have generated a massive interest in developing 

versatile and reliable methods to synthesize silver nanoparticles with controlled properties. 

 

Numbers of physical and chemical methods have been reported for the synthesis of AgNPs 

(Darroudi, et al., 2011, Kilin et al., 2008). However, concern has been raised on the toxicity 

of chemical agents used in AgNPs synthesis. Hence, it is vital to develop an eco-friendly and 

cost effective approach for AgNPs synthesis without using toxic chemicals to the human 

health and environment. Biological systems such as use of plant materials provide an 

innovative idea for the production of nanoparticles (Bansal et al., 2011). 

 

There is an increasing demand in utilizing the silver nanoparticles of diverse properties as the 

important component in various products and fields. Many studies have proven that 

these distinctive properties are mainly influenced by size, shape, interactions with 

stabilizers, media and methods of synthesis (Bahareh and Hamid, 2015). Therefore, 

controlled synthesis of nanoparticles with respect to their size, shape and stability is a key 

challenge to reach their better applied characteristics. 
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Silver nanoparticles are being used in numerous technologies and incorporated into a vast 

range of consumer products that take benefits of their desirable optical, conductive, and 

antibacterial properties. For example, different sized nanoparticles can be used as biological 

tags in different assays for quantitative detection. As anti-bacterial agents, AgNPs were 

applied in a vast range of applications in disinfecting medical devices and home appliances to 

water treatment (Bosetti et al., 2002, Cho et al., 2005, Gupta and Silver, 1998, Jain and 

Pradeep, 2005 and Li et al., 2008). Moreover, the textile industry has been highly benefitted 

with the use of AgNPs in different textile fabrics. In this direction, silver nanocomposite 

fibers were prepared containing silver nanoparticles incorporated inside the fabric (Yeo et al., 

2003). The cotton fibers containing AgNPs exhibited high antibacterial activity against 

Escherichia coli (Yeo et al., 2003, Duran et al., 2007). 

 

Hence, present study focused to synthesize silver nanoparticles from Azadirachta indica leaf 

extract and to characterize silver nanoparticles for future applications. 

 

MATERIALS AND METHODS 

PREPARATION OF Azadirachta Indica (NEEM) LEAF EXTRACT 

Fresh leaves of Azadirachta indica (neem) free from diseases were collected and washed 

thoroughly 2-3 times with tap water followed by sterile distilled water. Aqueous extract of 

neem was prepared by taking 2.5 g of finely cut Azadirachta indica leaves in a 500-mL 

Erlenmeyer flask with 100 mL of sterile distilled water and boiled for 2 min. The 

mixture was then filtered using whatman filter papers (De Silva et al., 2013). 

 

SYNTHESIS OF SILVER NANOPARTICLES 

Aqueous solution of 0.001 M silver nitrate was prepared to synthesize silver nanoparticles. 

Silver nanoparticle solution was synthesized by mixing Azadirachta indica (Neem) leaf 

extract with 0.001 M silver nitrate at 1:8 ratio (Kumari et al., 2014, Vivehananthan et al., 

2015). Mixture was then incubated for 15 hrs at room temperature. AgNPs dispersed in 

the solution were pelleted down by centrifugation at 12000 rpm for 15 min. Silver 

nanoparticles were recovered by adding 100% acetone to the pellets and air dried for 2 days. 

 

CHARACTERIZATION OF SILVER NANOPARTICLES 

Nanoparticles were characterized by their size, morphology, and surface charge, using 

techniques such as UV- visible spectroscopy, SEM, TEM, XRD and FTIR. 
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UV-VISIBLE SPECTROSCOPY 

Samples were subjected to optical measurements carried out by UV-vis spectrophotometer 

between 200 to 800 nm. The UV-visible spectroscopic measurements were performed on a 

Shimadzu dual-beam spectrophotometer (model U-1800) with a resolution of 1 nm. 

 

SCANNING ELECTRON MICROSCOPY (SEM) 

Silver nanoparticles were allowed to dry completely and ground well. Fixation was 

performed by incubation in a solution of a buffered chemical fixative gluteraldehyde. The 

dry specimen was mounted on a specimen stub using an adhesive epoxy resin or 

electrically conductive double-sided adhesive tape and sputter coated with gold palladium 

alloy before examination in the microscope. 

 

TRANSMISSION ELECTRON MICROSCOPY (TEM) MEASUREMENTS 

The 80 kV Ultra High Resolution Transmission Electron Microscope (JEOL model 1200 EX) 

was used to perform TEM analysis of biosynthesized silver nanoparticles which were 

prepared for analysis by drop-coating nanoparticles solution on carbon-coated copper TEM 

grids (400 µm × 40 µm mesh size). Samples were dried and kept under vacuum in desiccators 

before loading on to a specimen holder. 

 

X- RAY DIFFRACTION (XRD) 

The XRD analysis was conducted to determine the structural properties of crystalline silver 

nanoparticles with an XRD-6000 X-ray diffractometer (Shimadzu, Japan) operated at a 

voltage of 40 kV and a current of 30 Ma. 

 

FOURIER TRANSFORM SPECTROSCOPY (FTIR) 

FTIR analysis of dried powder of nanoparticles was done after bioreduction of silver ions into 

silver nanoparticles to confirm that bioreduction of Ag+
 

ions to silver nanoparticles. 

Silver nanoparticles were ground with dry potassium bromide. Powder was filled in a 2 mm 

internal diameter micro-cup and loaded onto FTIR set at 26
0
C + or – 10

0
C. The samples were 

scanned using infra-red in the range of 400-4000 cm
-1 

using FTIR spectrometer. 

 

RESULTS AND DISCUSSION 

BIONANOPARTICLES 

Transformation of silver ions into silver nanoparticles during exposure to the neem leaf 

extract was initially followed by color change from pale yellow to dark yellowish brown 
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color in aqueous solution as shown in Fig. 1. This could be attributed to the excitation 

of surface plasmon vibrations which is typical of silver nanoparticles (Ahmad et al. 2003). 

 

 

 

 

 

 

 

 

 

Fig.1. Neem leaf extract before (left) and after (right) addition of 0.001M silver nitrate 

solution 

 

 

 

 

 

 

 

 

 

 

 

Fig.2. Dried silver nanoparticles (AgNPs) 

 

UV-VIS SPECTRAL ANALYSIS 

The results obtained for UV- visible spectrum for the silver nanoparticle prepared from neem 

leaf extract showed that the maximum absorption was in the range of 430-435 nm as shown 

in Fig.3. UV absorption spectrum of metal nanoparticles is dominated by the surface 

plasmon resonance (SPR) which is the collective oscillations of the conduction electrons 

confined to metallic nanoparticles (Tripathy et al., 2010). In the present investigation, the 

formation of silver nanoparticles was confirmed using this SPR phenomenon in the 

UV visible spectroscopy indicating the potential of neem leaf extract in producing 

silver nanoparticles. 
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Fig.3. UV-visible spectra recorded from the 0.001 M aqueous silver nitrate 2.5% neem 

leaf extract reaction 

 

SCANNING ELECTRON MICROSCOPY (SEM) ANALYSIS 

SEM image as shown in Fig. 4 indicated that silver nanoparticles are relatively spherical. It 

was also shown that AgNPs were found to be in the range of 100 nm and appeared to be 

assembled on to the surface due to the interactions such as hydrogen bond and electrostatic 

interactions between the bio-organic capping molecules bound to the Ag nanoparticles. 

 
Fig.4. SEM micrograph of biosynthesized nanoparticles 

 

TRANSMISSION ELECTRONE MICROSCOPY (TEM) 

TEM micrographs of the synthesized Ag nanoparticles are presented in Fig.5. It was observed 

that most of the Ag nanoparticles are spherical in shape and uniform in size. The 

estimated size of the nanoparticles was also proven to be 100 nm. 

 

 

 

 

 

 

Fig.5. TEM micrograph of biosynthesized nanoparticles 



www.wjpr.net                                   Vol 4, Issue 11, 2015.                                            

           

 

 

83 

Vivehananthan et al.                                            World Journal of Pharmaceutical Research 

X-RAY DIFFRACTION (XRD) ANALYSIS 

From the Fig. 6, it is noted that three XRD peaks appear at 66°, 26° and 20° due to reflections 

from (111), (200), and (220) planes of silver respectively. In addition to the 

peaks, representative of different faces of silver nanocrystals, additional, and unassigned, 

peak in vicinity of the characteristic peaks of silver (22.5°) were observed. These peaks 

might have resulted from some bioorganic compounds or protein (s) present in the neem 

leaf extract as reported in Tripathy et al., 2010. 

 

 

 

 

 

 

 

 

Fig.6. XRD pattern of silver nanoparticles synthesized using neem leaf extract 

 

FOURIER TRANSFORM SPECTROSCOPY (FTIR) OF AgNPs 

FTIR measurement was carried out to identify the possible biomolecules responsible for 

capping and efficient stabilization of Ag nanoparticle from neem leaf extract. FTIR spectrum 

analysis of silver nanoparticles showed the presence of active functional groups in the 

synthesized silver nanoparticles as shown in Fig.7. The peaks observed at 3419.52 and 

2920.28 correspond to O–H and C–H bond respectively. The assignment at 1642.28 

corresponds to C=C group. The peak at 1163, 1113 might be contributed by the acyl and 

phenyl groups respectively. From the analysis of FTIR studies, it has been proven that 

carboxyl (-C=O), hydroxyl (-OH) and carbon-hydrogen (C–H) bonds were present and 

those may mainly involve in fabrication of silver nanoparticles. 

 

 

 

 

 

 

 

Fig.7. FTIR spectra of silver nanoparticles synthesized by neem leaf extract 
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CONCLUSIONS 

In conclusion, it is shown that silver nanoparticle synthesized from the leaf extract of neem 

showed a promising results after characterizing by UV-visible spectroscopy, XRD, TEM, 

SEM and FTIR. Green synthesis of silver nanoparticles was confirmed by colour change 

which was detected quantitatively by UV visible spectroscopy at 435 nm. Further 

characterizations with TEM and SEM revealed the spherical AgNPs of particle size 100 nm. 

 

The XRD pattern of AgNPs indicated the presence of the particles of silver nanocrystals. 

FTIR showed the structure, respective bands of the synthesized nanoparticles and the stretch 

of bonds. However, the ultimate use of the silver nanoparticles strongly depends on 

their properties such as shape and size of the particles along with the size distribution. 

Therefore, further studies could be carried out by investigating the various activities of 

nanoparticles of the plant extract of Azadirachta indica. 
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