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Abstract: A green synthesis method to produce silver nanoneedles was described using shallot and apricot tree gum (ATG). A fast, 
simple, and low cost method was used to synthesize silver with nanoparticle and nanoneedle shape from the silver nitrate solution. 
Shallot as a reducing agent and apricot tree gum (ATG) as a stabilizer and a capping agent were utilized to reduce and form silver 
ions into silver atoms with needle and particle shape. Moreover, high crystalline structures of silver nanoparticles (AgNPs) with 
diameters of 8−20 nm and silver nanoneedles with average diameters of 50−60 nm and lengths of 5−10 μm were consequently 
synthesized by shallot and the mixture of shallot and ATG. A self-assembly mechanism was proposed to indicate the formation of 
needle-like structures of spherical AgNPs via carbon chains of ATG. The results indicate that the presence of ATG with shallot can 
transfer the reduced AgNPs into the silver nanoneedle. The findings were characterized using X-ray diffraction (XRD), ultra violet 
visible (UV-Vis) spectrometry, field emission scanning electron microscopy (FESEM), and transmission electron microscopy (TEM) 
techniques. 
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1 Introduction 
 

AgNPs have received a great deal of interest and 
have been used in many products such as optical  
sensors [1], semiconductors [2], and antibacterial agents 
[3]. Several methods to synthesize AgNPs such as laser 
ablation [4], electrochemical method [5], wet-chemical 
[6], mechanochemical [7], and green synthesis by plant 
extraction [8,9] have been described. Green synthesis is 
environmentally friendly, cost effective and therefore 
most likely to be massively produced [10]. Several 
studies [8−10] have reported the use of natural materials 
such as garlic and plant leaves extract as reduction agents 
to form spherical AgNPs [11]. Although, different 
surfactant and template agents such as nano-carbon [12], 
risodium citrate dehydrate and potassium tartrate [13] are 
utilized to prevent any agglomeration of synthesized 

AgNPs. However, it is more desirable to have green 
template or surfactant agents for AgNPs synthesis. 

Recently, the nanoneedle and nanowire structures of 
silver with its great optical and electrical properties 
enable many applications such as chemical and 
biological sensors, airborne water-soluble molecules in 
military sensors, SERS micro-detection devices and 
restorative dental materials [14−17]. YANG et al [11] 
reported that silver nanoneedle structures can be 
synthesized by using CVD, PVD, electrical sputtering 
and other techniques. Because complex processes are 
needed to obtain needle structure of silver, the use of 
simple, eco-friendly, and environmentally friendly 
techniques are necessary to synthesize the needle 
structure of silver. The use of certain reducing and 
capping agents in suitable condition are desirable to 
eliminate the need for these complex processes. 
DARROUDI et al [18] reported that certain sugars such  
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as furostanol saponins and flavonoids are potential good 
reducing agents, which can be found in shallots in high 
quantities [19]. However, the use of shallot as a reducing 
agent has not been previously described. 

The present study was thus conducted to synthesize 
AgNPs from silver nitrate using shallot as a reducing 
agent and ATG as a stabilizer and a capping agent. 
Moreover, it was illustrated that ATG contains 
polysaccharides; therefore, it can help the formation of 
silver nanoneedles from AgNPs. Characterization of the 
nanoneedles and AgNPs were performed using XRD, 
UV-Vis, FESEM, and TEM. 
 
2 Experimental 
 
2.1 Materials 

Silver nitrate (AgNO3, 99.9%) was purchased from 
Sigma Aldrich Company. ATG (Prunus Armenia) was 
obtained from the city of Taleghan, Iran, and shallots 
(Allium ascalonicum) were purchased from a local 
market. 
 
2.2 Shallot extraction 

Shallots were peeled and washed several times 
using deionized water. 5 g of shallot was ground and 
immediately centrifuged at 6000 r/min for 2 min. 5 mL 
of the extracted solution was added to 10 mL of double 
deionized water. The concentration of the solution    
(35 µg/mL) was measured by evaporating 5.0 mL of the 
solution in a vacuum oven at 40 °C. The remaining solid 
particles were then weighed. 
 
2.3 Synthesis of AgNPs 

To prepare silver nitrate solution with concentration 
of 35 mmol/L, 0.6 g of silver nitrate was dissolved in  
100 mL of double deionized water. The silver nitrate 
solution was then used to prepare 3 different samples: 2, 
4, and 8 mL of shallot solution. The combined solutions 
were then stirred using a magnetic stirrer for 15 min. As 
time passes, the colour of solutions changed, indicating 
the formation of solid AgNPs. The solutions were 
centrifuged at 4000 r/min for 20 min to ensure no 
agglomerations or large particles present inside the 
solutions. 0.2 and 0.4 g ATG were added to the solutions 
using an ultrasonic device, respectively. Additionally, the 
sample without ATG was used as the control. 
 
3 Results and discussion 
 

It was reported that the shallot bulb (Allium 
ascalonicum) contains the flavonoids and volatile sulfur 
compounds while the extraction of shallot was composed 
of polar compounds like quercetine, isorhamnetin and 
glucose [19]. In addition, it was demonstrated that 

certain glucose, once oxidized into gluconic acid, 
reduced silver ions into silver atoms, which was the 
reason why shallot was chosen in the present study [18]. 
By adding extracted shallot solution as reducing agent to 
the silver nitride solution, the color of solution will be 
changed. It is directly related to the reduction of silver 
ions to silver atoms. As a result, the color changes of 
solutions were observed over time, possibly due to the 
change in the surface resonance of AgNPs, i.e., due to 
changes in the size and shape of AgNPs. Moreover, it 
was reported by ROSIK [20] that 80% of chemical 
composition of ATG contained polysaccharide which is 
composed of methyl-D-glucuronic acid, D-xylose, and 
D-galactose. The ATG which acts as a stabilizer and 
capping agent was added to prevent the agglomeration of 
AgNPs. It has been suggested that the increase in the 
bright yellow color indicates the decrease of obtained 
silver particles size [21−23]. 

Figure 1 demonstrates the UV-Vis result of AgNPs, 
which corresponds to the spectrum band of 300−570 nm. 
The addition of extracted shallot solution to AgNO3 
solution changed the color of the solution from 
transparent to yellow due to the reduction of silver ions 
and the production of AgNPs. The existence of AgNPs 
also increased the excitation of surface plasmon  
vibration. The surface plasmon resonances peaked 
sharply at 320 nm, which indicated a particle size of less 
than 50 nm, which was also confirmed by TEM. 
 

 

Fig. 1 UV-Vis spectrum of AgNPs 
 

Figure 2 illustrates the X-ray diffraction pattern 
which demonstrates the crystallinity of AgNPs. The 
comparison between XRD standard patterns with the 
synthesized silver in this study confirmed the formation 
of nanocrystals, as proved by the peaks at 38°, 44°, 64° 
and 77° (2θ) corresponding to (111), (200), (220), and 
(311) planes, respectively [24]. Moreover, this pattern 
illustrates the face centered cubic (FCC) crystal structure 
of the AgNPs. In addition, sharp peaks of AgNPs reveal 
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that AgNPs are highly crystallized, with diameters of 
5−15 nm. The average size of AgNPs crystallite was 
calculated by using Debye−Scherrer equation [25,26]: 
 
D1/4λ=βcos θ                                 (1) 
 
where D is the average crystallite size, λ is the 
wavelength of the X-ray (0.1541 nm for Cu Kα), β is the 
full width at half maximum of peak, K is the Scherrer 
constant (0.9−1), and θ is the Bragg angle. 

Figure 3 illustrates the TEM image of the spherical 
silver particles of 8−20 nm in size. Figure 4 illustrates 
the FESEM images of the needle structure of 
accumulation of AgNPs. It can be seen that AgNPs have 
nanoneedle-like structure with diameters of 50−60 nm 
 

 
Fig. 2 XRD pattern of AgNPs 
 

 
Fig. 3 TEM image of AgNPs 
 

 
Fig. 4 FESEM images demonstrating nanoneedle structure of 
silver: (a,b) AgNPs connected to each other forming a 
needle-shaped structure; (c) Nanoneedle with diameters of 
60−80 nm 

and lengths of 5−10 μm. 
LEIGHTON et al [27] have suggested that the 

presence of flavonols in onion varieties and gums may be 
the reason for the formation needle-structures when they 
are used to prepare AgNPs, although the exact 
mechanism remains unknown. It is possible that the 
self-assembly formation of the silver nanoneedles 
observed in the present study may be due to the assembly 
of many spherical-shaped particles with carbon chains as 
a connector into the needle-shaped structure. The 
obtained nanoneedles also may be the final product of a 
conversion of spherically-shaped particles to a 
columnar-shape structure which was then collectively 
connected by carbon chains to form a needle-shaped 
structure. In both cases, we can therefore suggest that the 
hydrogen bonding formation between carbon chains may 
be a key factor in the formation of needle-like structures 
(Fig. 6), which has also been suggested in previous 
studies [28]. 

As shown in Fig. 5, the absence of ATG as capping 
agent in the control sample causes the AgNPs to 
agglomerate. The agglomeration of AgNPs results in 
large silver spheres. It is illustrated that the presence of 
ATG may prevent the AgNPs from agglomerating and it 
can provide a suitable condition to form nanoneedle 
structure of silver. The mechanism of ATG existence as 
stabilizing agent while the shallot was used as reducing 
agent is demonstrated in Fig. 6. It can be seen that by 
adding shallot as reducing agent to the silver nitride 
solution, the silver ions transferred to the solid silver 
atoms. It is interpreted that the first nucleation of solid 
silver atoms tends to connect to the other transferred 
silver atoms which create agglomerated particles of  
silver. This may be due to the proper position of silver 
nucleation on the solid silver atoms. However, in the 
presence of ATG, it is mechanistically illustrated that 
ATG initially prevents agglomeration of silver atoms and 
then plays a capping agent rule which is described in  
Fig. 7. It is supposed that the ATG surrounds the 
particles of solid silver atoms and prevents any further 
agglomeration. 
 

 
Fig. 5 FESEM image of AgNPs reduced by shallot without 
adding ATG (control sample) 
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Fig. 6 Suggested mechanism of silver nitride reduction by 
shallot reduction with ATG as stabilizing and capping agent  
 

 
Fig. 7 Suggested mechanism of AgNPs self-assembly for 
formation of silver nanoneedles 
 

As can be seen in Fig. 7, the organic carbon chain 
plays a major role in the formation of nanoneedles. The 
formation may be described by the intermolecular force 
bonding between silver and oxygen atoms. This 
electrostatic bonding leads to a connection between 
particles for the formation of nanoneedles. 
 
4 Conclusions 
 

Nanoneedle structure of AgNPs can be obtained via 
a green synthesis method using shallot as a reducing 
agent and ATG as capping agent without the need of 
complex processes. The technique produced not only 
AgNPs of highly crystalline spherical shaped particles of 
8−20 nm, but also nanoneedle structures with diameters 
of 50−60 nm and lengths of 5−10 μm. This was achieved 
by applying 8 mL of shallot solution and 0.2 g of ATG as 
capping agent at 35 µg/mL concentration with 35 mmoL 
of silver nitrate. 
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摘  要：使用葱和杏树胶为原料，采用一种快速、简单和低成本的绿色方法在硝酸银溶液中合成银纳米颗粒和纳

米针。葱作为还原剂，杏树胶为稳定剂和覆盖剂，银离子被还原成颗粒状和针状的银原子。利用葱或葱与杏树胶

混合物合成的银纳米颗粒的直径为 8~20 nm，银纳米针的直径为 50~60 nm，长度为 5~10 μm。提出一个自组装机

理来阐明球形银纳米颗粒通过杏树胶的碳链形成针状结构，通过这种方式，葱和杏树胶可将还原的银纳米颗粒转

变成银纳米针。采用 XRD、紫外−可见光谱、场发射电子扫描显微镜和透射电镜对所得样品进行表征。 

关键词：绿色合成；银；纳米针；纳米颗粒；葱；杏树胶；自组装 
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