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ABSTRACT:- The present investigation has been aimed to synthesize and characterize the nanocomposites by using 
onion extract as reducing agent. The synthesized nanocomposites were characterized by UV-VIS spectrophotometer, 
scanning electron microscope (SEM), Energy Dispersive X-ray spectroscopy (EDAX), Fourier transform infra-red 
spectroscopy (FTIR), X-ray diffraction pattern (XRD) and Zeta potential analyses. The results revealed that the onion 
extract was found to be a successful reducing agent for the synthesis of nanoparticles as nanocomposite. The synthesized 
nanoparticles were initially confirmed by visual observation by colour change. The metal ions were reduced during the 
exposure to aqueous extract of onion. Further, the nanocomposites were structurally and chemically characterized by 
various techniques.   
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1. INTRODUCTION 
 

Nanocomposites are composites in which at least one of the phases shows dimensions in the nanometre range. 
Nanocomposite materials have emerged as suitable alternatives to overcome limitations of microcomposites and 
monolithics, while posing preparation challenges related to the control of elemental composition and stoichiometry in the 
nanocluster phase. They are reported to be the materials of 21st century in the view of possessing design uniqueness and 
property combinations that are not found in conventional composites. The general understanding of these properties is 
yet to be reached [1], even though the first inference on them was reported as early as Gleiter [2]. Nanocomposites are 
composites containing different compositions or structures, where at least one of the constituent is in the nanoscale 
regime. In other words, nanocomposites are materials that are created by introducing nanomaterials (often referred to as 
filler) into a macroscopic sample material (often referred to as the matrix) [3]. After adding nanomaterials to the matrix 
material, the resulting nanocomposites not only exhibit enhanced electrical and thermal conductivities but also distinctive 
optical and dielectric properties due to their quantum size effects and surface effects [4]. 
 

Nanocomposites can be classified based on their matrix materials into three different categories i.e. metal matrix 
nanocomposites, ceramic matrix nanocomposites and polymer matrix nanocomposites. Nanocomposite of insulating 
materials such as glasses, ceramics or polymers with embedded metal nanoparticles are under focus because of their 
special structural, mechanical, electrical, linear and nonlinear optical properties. Among the nanocomposites, metal-glass 
nanocomposite materials exhibit interesting novel properties which include nonlinear optical behaviour, increased 
mechanical strength, high refractive index, electrical resistivity etc. Such nanocomposites containing metal nanoparticles 
dispersed in glass matrices have also drawn attention because of their second order non-linear effects and have 
applications in developing high speed and low power optical devices for future communication systems [5]. Thus, the aim 
of the present work was to synthesize and characterization of Ag/ZnO nanocomposites. 

 

2. MATERIAL AND METHODS  
 
2.1 BIOSYNTHESIS OF NANOCOMPOSITES [6] 
 

The onion bulbs were washed with sterile distilled water and the outer covering of the bulb was manually peeled 
off and the fleshy part of the onion was rewashed with sterile distilled water. A part of 10 g of the onion bulb was cut into 
small pieces and ground using mortar and pestle with distilled water. The extraction was filtered using muslin cloth and 
then Whatmann No.1 filter paper. The filtrate was used as reducing agent and stabilizer. The obtained onion extract was 
used for the synthesis of different nanoparticles. The nanocomposite was synthesized by mixing of 10ml of onion extract 
and 1mM pure metals (silver nitrate and zinc nitrate). The content was incubated at room temperature for 24 hours. After 
the incubation period, the content was centrifuged at 10,000 rpm for 20 minutes. The pellet was collected and air dried. To 
1mg of sample, 2.5 ml of 100% ethanol and 2.5 ml of double distilled water were added. The content was mixed well and 
0.002 g of PEG 200 was added. The mixture was centrifuged at 8000 rpm for 10minutes. The pellet was collected and air 
dried. The nanocomposites thus obtained were purified by repeated centrifugation at 10000 rpm at 25°C for 10 minutes. It 
was followed by re-dispersion of the pellet in deionized water to get rid of any uncoordinated biological molecules. The 
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process of centrifugation and re-dispersion were repeated with sterile distilled water to ensure better separation of free 
entities from the nanoparticles.  

 

2.2 CHARACTERIZATION OF NANOCOMPOSITES  
 

The synthesized nanocomposites were characterized by UV-Visible spectroscopy [7], Scanning Electron 
Microscopy [8], Fourier Transform Infrared Spectroscopy [9] and Zeta potential analysis [10]. Further, to determine the 
nature and size of the synthesized nanoparticles, X-ray diffraction (XRD) was performed. For that the spectra were 
recorded 40 kV and a current of 30 mA with CuKα radiation using XRD (Philips PW1050/37 model). The diffracted 
intensities were recorded from 20°C to 80°at 2θ angles. The crystalline nature of synthesized nanoparticles was calculated 
from the width of the XRD peaks, using the Debye- Scherrer formula: D= Kλ/β cosθ. X-ray spectrometer (EDAX) operated 
at an accelerating voltage at 10 KeV. The sample was then sputter coated with gold and visualized with a BRUKER to assess 
the particle size, shape and percentage of synthesized particles. The XRD values were inferred through JCPDS file no 89-
3722. Further, the UV-Visible spectrum, FTIR, XRD values were interpreted by using ORIGIN VERSION-8 (data analysis and 
graphing work space).   

 

3. RESULTS 
 
3.1 VISUAL OBSERVATION OF COMPOSITES  
 

The present study revealed that the onion extract was found to be a successful reducing agent for the synthesis of 
nanocomposites. The synthesized nanoparticles were initially confirmed by visual observation by colour change. The 
metal ions were reduced during the exposure to aqueous extract of onion within 24 hours of incubation period. It was 
observed that the colour of the reaction mixture was changed for nanocomposite to pale yellow to black colour (Fig. 1). 
Further, the synthesized nanoparticles were characterized by UV-Visible spectroscopy, Fourier Transform Infrared 
Spectroscopy (FT-IR), X-Ray diffraction, Scanning Electron Microscope (SEM), EDAX and Zeta potential analyses.  

 

3.2 UV-VISIBLE SPECTROSCOPY ANALYSIS 
 

The reduction of metal ions in the onion extract was further confirmed by UV-Vis Spectrophotometer. UV-Vis 
absorption spectrum of nanocomposites was shown in (Fig. 2). The absorption spectrum of nanocomposite nanoparticles 
was maximum at 346nm. 

 

3.3 FOURIER TRANSFORM INFRARED SPECTROSCOPY (FTIR) ANALYSIS 
 

FTIR analysis is unique for the identification of various functional groups. FTIR analysis was carried out to identify 
the biomolecules which were responsible for the reduction of metal ions into their respective nanoparticles in the 
presence of onion extract (Fig. 3). The phytochemical found in the onion extract were responsible for the formation of 
various nanoparticles. The FTIR spectrum of onion extract showed several absorption peaks ranged from 3421cm-1 to 677 
cm-1. The region of band was phenols, alkanes due to N-H stretching of proteins and O-H stretching, > C=O stretching of 
esters, aromatics, ring C-C stretching of phenyl, alkanes, C-O stretch in vibration combined with the ring stretch of phenyl, 
aliphatic amines, alcohols, carboxylic acids, ester, ether, functional groups mainly from carbohydrate, alkyl halides. FTIR 
analysis for the nanocomposites showed that the absorption peaks at 3423.41cm-1, 2878.56cm-1, 1741.60cm-1,1638.42cm-

1,1624.92cm-1, 1523.66 cm-1, 1437.83cm-1, 1368.40 cm-1, 1061.74 cm-1, 1031.85cm-1, 940.23cm-1, 763.76cm-1, 669.25cm-1 
and 581.50cm-1. The respective peaks were assigned for the O-H stretching vibration of H2O molecules, C-H stretching 
vibration, C=O stretching vibration mode of the carboxylic group for the gluconic acid, (C=O-NHR) amide group, O-H 
stretching, asymmetric and symmetric C-O stretching vibrations, C-O deformation of C6-OH, secondary (C6-OH) primary 
(C2-OH) alcohol groups, C-H and O-H deformation,  assigned to CH out of plane bending vibrations are substituted ethylene 
–CH=CH and oxygen from hydroxyl group. 

 

3.4 X-RAY DIFFRACTION (XRD) ANALYSIS 
 

The green synthesized composite nanoparticles using onion extract were further confirmed by the characteristic 
peaks observed in XRD analysis (Fig. 4). The results revealed that average particle size of nanocomposite was around 5nm. 
The peaks in the XRD pattern could be assigned to the crystalline zinc oxide phase with the hexagonal wurzite structure 
with the lattice parameters a=1.593 nm and c= 1.6035 nm. In the XRD pattern, the nanocomposites were indexed at as 
(100), (002), (101), (102), (110), (103), (112), (201) and (202).  
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3.5 SCANNING ELECTRON MICROSCOPE (SEM) ANALYSIS  
 

The surface morphology of the nanoparticles was characterized using Scanning Electron Microscopy. The onion 
extracts mediated nanocomposites found as agglomerate in nature (Fig. 5). 

 

3.6 EDAX ANALYSIS  
 

EDAX analysis is very much useful for further confirmation of presence of nanoparticles and EDAX analysis 
showed the confirmative peaks for nanocomposites (Fig. 6). The synthesized nanocomposites nanoparticles were 
confirmed by typical absorption peak at 3KeV and 1KeV respectively. 

 

3.7 ZETA POTENTIAL ANALYSIS 
 

Zeta potential measures the potential stability of the nanoparticles in the colloidal suspension. From the Zeta 
potential analysis, onion extracts mediated nanocomposite carry a charge of ±38.3 mV. From this finding, the 
nanocomposites have good stability (Fig. 7).  

 

4. DISCUSSION 
 
4.1 UV–VISIBLE SPECTROSCOPY ANALYSIS 
 

During the biosynthesis of nanocomposites, the colour of the reaction medium was changed. This colour change 
was reflected in the absorption spectra of composite nanoparticles. UV–visible spectroscopy is an important technique to 
determine the formation and stability of metal nanoparticle in aqueous solution. The reaction mixture changed the colour 
by adding various concentrations of metal ions. This colour changed raised because of the excitation of Surface Plasmon 
Vibrations in the silver nanoparticle [11].  

 
The formation of Ag NPs in the nanocomposites was determined by using the UV-visible spectroscopy, which was 

shown on the surface plasmon resonance (SPR) bands. The results revealed that Ag NPs started to form when 
AgNO3/Cts/PEG was allowed into reaction at a moderate temperature as there was no peak at 0 h and the absorbance 
peak could be seen at different stirring times after the reaction started. Generally, the SPR bands are influenced by the size, 
shape, morphology, composition and dielectric environment of the prepared nanoparticles [12], [13]. Previous studies 
have shown that the spherical Ag NPs contribute to the absorption bands at around 400 nm in the UV-Vis spectra [14]. 

 
Green approach for nanostructured Ag-ZnO [15] depicts the UV–vis absorbance spectra of the pure ZnO and Ag-

ZnO nanostructures. The prepared ZnO nanostructures have an absorption edge around 390 nm, which corresponded to a 
band gap of 3.18 eV. The spectrum of the Ag-ZnO nanostructured indicates an absorption edge around 393 nm, which 
corresponded to a band gap of 3.15 eV. The absorbance spectrum of the Ag-ZnO nanostructures has a typical surface 
plasmon resonance (SPR) peak at approximately 440 nm, indicating the presence of Ag(0) NPs on the ZnO surface. 

 

4.2 FTIR SPECTROSCOPY 
 

The chemical compounds found in the onion extract were responsible for the reduction as well as stabilization of 
synthesized nanoparticles. FTIR has become an important tool in understanding the involvement of functional groups in 
relation between metal particles and biomolecules which is used to search the chemical composition of the surface of the 
silver nanoparticles and identify the biomolecules for capping and efficient stabilization of the metal nanoparticles [16]. 
The nanocomposite obtained with PEG was confirmed by FTIR spectra.  Intense absorptions were observed at 1730, 1630 
and 1007cm−1. The IR band at 1730 cm−1 was characteristic of the C=O stretching mode of the carboxylic acid group for 
gluconic acid. The bands due to C–O stretching mode were merged in the very broad envelope centered on 1268 and 1007 
cm−1 arising from C–O, C–O–C stretches and C–O–H bends vibrations of Ag NPs in PEG. Also, the aliphatic C–H stretching, in 
1413 and 1344 cm−1 were due to C–H bending vibrations [17]. After the bio-reaction AgNO3 in the PEG matrix, the created 
peak in 1730 cm−1 certified to the binding of –C=O for carboxylic acid and the shift in the peak at 1007 cm−1 towards lower 
frequency compared to peak in 1094 cm−1 for PEG was attributed to the binding of C–C–O and C–C–H groups with 
nanoparticles [18]. The broad peaks in 503, 407 and 291 cm−1 related to Ag NPs banding with oxygen from hydroxyl 
groups of PEG chains. Therefore, the FTIR spectra showed the existence of van der Waals interactions between the chain of 
PEG and Ag NPs in the polymeric media [19]. 
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The typical FTIR spectrum of Ag–ZnO nanocomposite revealed that presence of broad band at 3436.30 
cm−1corresponds to the stretching vibration of the O-H mode. This may be due to the hydroxyl groups of water on ZnO 
surface covering the surface of Ag. Peak at 1639.13 cm−1is attributed to the O-H bending mode due to adsorption of water 
molecules in the sample either during mixing or formation of KBr pellets [20]. The presence of additional bands at 1400, 
2921.74, 2369.57cm−1corresponding to stretching vibration of N-O bond in nitrate groups [21], symmetrical and 
asymmetrical stretching vibrations of C-H in CH3and CH2groups of citric acid, respectively. Peaks at 1091.30, 804.35 and 
708.7 cm−1are assigned to Zn-O-Zn, Zn-O-H and Zn-O-Zn stretching frequencies and bending frequencies, respectively. 
Occurrence of significant band at 477.75 cm−1is characteristic of the formation of Zn-O bond [22]. Peak at 652.17 cm−1can 
be attributed to the Ag–ZnO nanocomposite formation [23]. 

 

4.3 XRD ANALYSIS   
 

The typical X-ray diffraction (XRD) patterns of the pure Cts, pure PEG, Cts/PEG and the prepared Ag NPs are 
shown in Figure 3. Pure Cts showed two peaks at 2θ of 9.37° and 19.56° while pure PEG showed strong reflections at 2θ of 
19.23° and 23.34° and weak reflections at 13.61° and 27.32°. In Cts/PEG film, the 9.37° reflection for chitosan is 
diminished which may indicate that the crystallinity of chitosan is decreased. The diffraction of PEG tended to cover the 
reflection of chitosan with increasing reflection at 19.13° in Cts/PEG film. Therefore, it was observed that Cts/PEG showed 
strong reflections at 2θ of 19.13° and 23.20°. For Ag/Cts/PEG NCs, the XRD peaks at 2θ of 37.91°, 43.71°, 64.06° and 76.98° 
were characteristics to the (111), (200), (220), and (311) planes of the face-centered cubic (fcc) of Ag NPs, respectively 
[24]. 

 
The size of the synthesized nanocomposites was analyzed by SEM. The different forms of nanoparticles were 

found in varying in size. The sizes of the nanoparticles were further confirmed by XRD. The X-ray diffraction analysis 
(XRD) patterns of the ZnO:Ag nanocomposites contains ZnO phases corresponding to the wurzite structure at 2θ values of 
31.8, 34.4, 36.3, 47.6, 56.6, 62.9, 66.4, 67.9 and 69.1° in accordance with the zincite stick pattern COD 9004180. No other 
peak for the cubic phases of ZnO or any other ZnO structures such as ZnO2 or Zn (OH)4 was seen. The Ag present in the 
ZnO: Ag composite nanoparticles appeared as cubic phases of pure silver crystals at 2θ values of 38.2, 44.4, 64.5° in 
accordance with reference stick pattern COD 9011607. The appearance of Ag as a separate crystal indicates that Ag is not 
incorporated into the wurzite structure of ZnO but preserved its crystalline form. The co-growth of ZnO wurzite and Ag 
cubic structures took place through the adopted in situ doping procedure. The decrease in ZnO peak heights with the 
increase in Ag amount indicated that ZnO crystal structure deteriorated to smaller crystallites as silver started growing as 
a separate phase along the ZnO crystals [25]. 

 

4.4 SEM ANALYSIS 
 

The ZnO:Ag nanocomposites were hexagonal in structure containing the metallic silver on surface, with a size 
range of 30–40 nm. The Rutherford backscattering spectrometry (RBS) analysis of ZnO:Ag nanoparticles indicated the 
purity of the prepared samples with the atomic percentages of Zn, O and Ag according to the expectations. Zinc and oxygen 
are present in correct stoichiometric amounts indicating the presence of pure ZnO and excluding any possible presence of 
the ZnO2 structure. The minor variation in oxygen amount is, however, due to oxygen vacancies created by the Fermi gas 
we used in our annealing procedure. These oxygen vacancies gradually obtained some atmospheric oxygen when samples 
were stored under normal atmospheric conditions [25]. The typical SEM images were taken for the zinc tartrate precursor 
and Ag/ZnO composite. The zinc tartrate precursor was rod-like with an average diameter about 1 μm and a length up to 
10 μm.  It can be seen that the precursor morphology has been well retained and the surface became rough compared with 
the precursor. The microstructure of the doped nanoparticle was further investigated by TEM. The Ag/ZnO microrods 
consisted of plenty of nanocrystals. The nanocrystals were bound to each other to form porous structure. The nanoholes 
with a size of several nanometers were also clearly found, which may greatly enhance the surface area of the sample [26].  

 

4.5 EDAX ANALYSIS 
 

Energy dispersive X-ray spectroscopy (EDS, EDX or EDXRF) is an analytical technique used for the elemental 
analysis or chemical characterization of a sample. Further, it is used to characterize the nanoparticles composition, their 
shape, size and crystallinity. The surfactant (PEG 400) affected the crystallinity of ZnO nanoparticles. EDAX spectrum of 
ZnO and PEG 400 showed the presence of only zinc and oxygen and hence indicated the purity of ZnO nanostructures [27], 
[28]. 
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4.6 ZETA POTENTIAL 
 

Zeta potential used to determine the surface potential of the silver nanoparticles synthesized using Urtica dioica 
leaves extract. Zeta potential is an essential characterization of stability in aqueous silver nanoparticles. A minimum of 
±30mV zeta potential was required for the indication of stable silver nanoparticles. For the obtained nanoparticles, zeta 
values were measured and found to be ±25.1mV with a peak area of 100% intensity. These values provided the full 
stabilization of the nanoparticles, which may be the main reason in producing particle sizes with a narrow size distribution 
index [29]. Zeta potential is an essential parameter for the characterization of stability in aqueous nano suspension. A 
minimum of + 30 mV zeta potential values is required for indication of stable nano suspension. Higher zeta potential 
indicates greater stability of the synthesized silver nano particles [30]. Zeta potential is a physical property which is given 
the net surface charge of the nanoparticles, when these particles inside the solution repelling each other’s since produced 
Coulomb explosion between the charges of the nanoparticles giving rise to no tendency for the particles to agglomerate. 
The criteria of stability of NPs are measured when the values of zeta potential ranged from higher than +30 mV to lower 
than -30 mV [31]. Surface zeta potentials were measured using the laser zeta meter. The criteria of stability of NPs are 
measured when the values of zeta potential ranged from higher than +30 mV to lower than -30 mV [32]. 

 

5. CONCLUSION 
 

Based on the findings of present study, it is clear that the onion extract was found to be a successful reducing 
agent for the synthesis of nanocomposite. Surface morphology of the synthesized nanocomposites nanoparticles were 
identified from SEM electron micrograph and identified as agglomerate in nature. The chemical compositions of 
nanocomposites were obtained from EDAX spectrum.  The elemental composition from the EDAX spectrum confirmed the 
presence of Zn, O and Ag in the sample. From the Zeta potential analysis, it was suggested that the surface of the 
nanoparticles were negatively charged and dispersed in the medium and the negative value confirms the repulsion among 
the nanocomposites and proves that they are very stable. 
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Fig-1: Visual observation of synthesis of Nanocomposite   

A-Onion B-AgNO3 +Zn(NO3)2+PEG200  C-Nanocomposite 

A  B C 
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Fig-2:  UV-Visible spectrum of Nanocomposites 
 

 

Fig-3: FTIR spectrum of Nanocomposites 
 

 

Fig-4: XRD spectra of synthesized Nanocomposites 
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Fig-5: SEM micrograph of Nanocomposites at different magnifications 
 

 

Fig-6: EDAX spectrum of Nanocomposites 
 

 

Fig-7: Zeta potential spectrum of Nanocomposites 
 

 

 
 


