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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 um 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 (AgNOs, 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 pg/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 (4lium
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 AgNO;
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.
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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° (26) 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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