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Introduction
Nanoscience and nanotechnology represent a great 

research area that involves structures, systems, and devices 
with novel properties and functions due to the arrangement 
of their atoms on the 1-100 nm scale [1]. In recent years, 
nanoparticles have been expanded into a broad and 
promising range of clinical applications, such as anticancer 
and antimicrobial agents, because of their unique properties 
[1-7]. Silver nanoparticles (AgNPs) are notable nanometals 
that provide a greater capacity and a higher surface area than 
the bulk form. At the nanoscale, this material exhibits unique 
electrical, optical, and catalytic properties [3]. AgNPs are used 
in many fields, such as medicine, bioremediation studies, 
catalysis applications, food, cosmetics, industry, agricultural 
activities, and electronics [4]. Several conventional 
synthesis methods, including green and chemical, have 
been successfully employed in nanoparticle production [5]. 
The nanoparticles can be prepared through chemical and 
physical methods. For chemical methods, chemical reduction 
methods are used to synthesis the nanoparticles [5-7]. Most 
of the chemical methods use toxic chemical materials, which 
can cause serious damage to the environment.

Recently, replacing these methods with green synthesis, 
environmentally friendly, and low-cost methods has 
attracted the researchers's concerns. Physical methods for 
the preparation metal nanoparticles as a green method 
can be done using irradiation as a reducing agent, including 
gamma irradiation [8], ultraviolet (UV) irradiation [9], 
microwave irradiation [10], and ultrasonic waves [11]. 
Physical irradiation could enhance the formation rate of 
AgNPs [12,13]. The photoreduction method of the metallic 
ions to metallic nanoparticles has been successfully applied 
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Abstract
The role of green chemistry in nanotechnology and nanoscience fields is very significant in synthesizing various 
nanomaterials. The effect of the synthesis technique on the size of Ag-NPs have been reported. Ag nanoparticles has been 
produced by using two techniques: Green synthesis and uv-irradiation green synthesis methods, respectively. The current 
research included to use a stabilizer and reducing agents from plant extract to get the non-toxic and environmentally 
friendly product, via using Cynara cornigera. The characterization of AgNPs was conducted with ultraviolet-visible (UV-vis) 
spectroscopy, powder X-ray diffraction (XRD), and scanning electron microscopy (SEM). The results showed that AgNPs 
were successfully synthesized by Cynara cornigera extract through the two methods. However, the results improved 
that, the AgNPs synthesis process was effectively enhanced by UV irradiation. The UV-vis spectrum of the AgNPs colloids 
showed an absorption peak at around 400 nm. The XRD patterns confirm the presence of Ag nanoparticles with a cubic 
structure and SEM images showed AgNPs with an average diameter of 16 ± 5 nm and 10 ± 2 nm. It was concluded that 
Cynara cornigera extract could be used as a bio-reducing agent, an alternative to chemical agents. In addition, the UV 
irradiation improved the concentration of AgNPs and the reaction rate. The synthesized AgNPs could be tested and 
applied in applications such as antimicrobial agents for further research and investigation.
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the plant and used for the bio-reducing agent preparation. 
All chemicals used in this study were analytical grade and 
used without further purification. Silver nitrate, NaOH and 
deionized water were used in all experiments. UV irradiation 
lamp (a low-pressure mercury lamp: 93110, E27 of spectral 
lamp company, λ = 185 nm and P = 6W) for 20 min, these 
exprementals have been done in the chemistry department 
laboratory in Benghazi University.

Preparation of bio-reducing agent from Cynara 
cornigera

The preparation of the bio-reducing agent (the Cynara 
cornigera extract) was carried out according to the following 
steps. Firstly, 50 g of the dried and ground Cynara cornigera 
fruit was mixed with 500 ml of deionized water. Secondly, 
the mixture was heated at 100 °C for 20 minutes, and then, it 
was cooled at room temperature (25 °C). Finally, the mixture 
was filtered using Whatman No.1 filter paper to separate the 
Cynara cornigera extract, which was used as a bio-reducing 
agent.

Synthesis of silver nanoparticles (AgNPs)
1 mM aqueous solution of AgNO3 was prepared and used 

to synthesise the AgNPs.

For the first method 10 ml of Cynara cornigera extract 
was added to 90 ml of the AgNO3 aqueous solution (labeled 
as Cynara cornigera-AgNO3) at pH = 10 was stirred at room 
temperature (25 °C) for 120 min at 200 rpm [22].

And for the second method, In this work, Cynara 
cornigera-AgNO3 was irradiated using a UV irradiation lamp 
(a low-pressure mercury lamp: 93110, E27 of spectral lamp 
company, λ = 185 nm and P = 6W) for 20 min [23].

Characterization
The AgNPs were characterized using ultraviolet-visible 

(UV-vis) spectroscopy, X-ray diffraction (XRD), and scanning 
electron microscopy (SEM). The UV-vis spectra were 
recorded in the range of 300-800 nm with the H.UV.1650 
PC, SHIMADZU UV-vis spectrophotometer. The XRD patterns 
were carried out on a Philips (X'pert, Cu Kα) at a scan speed of 
2°/min, and the images were taken with the JEOL JSM-7600F 
scanning electron microscope (SEM). The ImageJ program has 
been used to calculate the size of nanoparticles.

Results and Discussion
The colour of Cynara cornigera-AgNO3, changes from 

yellow in Figure 2a to dark brown after 120 min stirring at 
room temperature as illustrated in Figure 2b. In addition, 
after irradiation of the mixture of Cynara cornigera-AgNO3 
using a UV-lamp for 20 min, it was noticed that the colour 
of Cynara cornigera-AgNO3 also changed to dark grey 
(Figure 2c). The change in the colour was considered as an 
indication of AgNPs formation by the reduction of the Ag+ 
ion [24]. This result demonstrates that more AgNPs were 

to produce nanometal colloids, including silver and gold. The 
proposed methods needed light at different wavelengths to 
promote the reduction of the metals in solution, as well as 
the presence of both reductants and surface capping agents 
as stabilizers of the obtained colloid nanoparticles [14].

For instance, plant extracts, bacteria, fungi, and algae are 
widely used for the green synthesis of nanoparticles [15,16]. 
In response to the challenge of green synthesis, which uses 
plant extracts instead of industrial chemical agents to reduce 
metal ions, the method has been developed to be more 
beneficial than traditional chemical synthesis because it 
costs less, decreases pollution, and increases environmental 
and human health safety [17]. Recent investigations reveal 
that plant extracts possess organic compounds such as 
terpenoids, flavonoids, phenols and dihydric phenols, which 
can be employed for metal reduction [18]. However, Cynara 
cornigera (the artichoke) is a dwarf plant that grows in 
Mediterranean countries. In Libya, it is one of the wild plants 
distributed in the eastern part of the country and used as food 
and in folk medicine. The plant is rich in natural antioxidants, 
mainly polyunsaturated fatty acids, vitamins C, A, and E. 
Moreover, it is rich in polyphenols and flavonoid compounds 
[19-21].

This research presents the synthesis of AgNPs by using 
local Cynara cornigera as a stabilizer with UV irradiation as a 
reducing agent to enhance the formation of AgNPs and form 
small-size and highly distributed AgNPs. AgNPs have been 
characterized via ultraviolet-visible (UV-vis) spectroscopy, 
powder X-ray diffraction (XRD), and scanning electron 
microscopy (SEM).

Experimental

Materials and equipments
The Cynara cornigera plant (Figure 1) was collected from 

Tokra town, Libya. The dried, ground fruit was obtained from 

         

Figure 1: Cynara cornigera plant and its fruit.
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atoms and aqe−  is the aqueous electron. After UV irradiation 
to aqueous solutions of Cynara cornigera/Ag+, a large amount 
of aqueous electrons was produced, and the silver cations 
were reduced into AgNPs.

UV-visible spectroscopy analysis
UV-Vis spectroscopy is one of the most widely used 

techniques to identify silver nanoparticles. Free electrons in 
the silver nanoparticles are evoked by absorbing visible light 
and transmitted to a higher energy level. But the electron is 
unstable in an excited state and returns to the base energy 
level, and then simultaneously a photon is emitted [26]. The 
characteristics of the absorption bands, related to the surface 
plasmon resonance (SPR) of metallic NPs, are influenced 
by the size, shape and distribution of particles, as well as 
the dielectric constant of the surrounding media [27]. The 
absorption spectrum (Figure 3a) of the Cynara cornigera 
-AgNO3 showed no absorption band, which means there are 
no nanoparticles before starting the reaction. However, after 
stirring the mixture, an absorption band was identified around 
400 nm, indicating the presence of Ag nanoparticles (Figure 
3b) [28]. Furthermore, the absorption band appears at 400 
nm with an absorbance increase after UV irradiation (Figure 
3c). The increase in the absorbance refers to an increase in 
the formation of AgNPs with smaller size [6].

X-ray diffraction (XRD) analysis
XRD studies were conducted to obtain information about 

the nanoparticles' pattern and nature. Figure 4a and Figure 
4b show XRD patterns of AgNPs synthesized by stirring time 
and UV irradiation of Cynara cornigera-AgNO3, respectively. 
The two diffractogram patterns show diffraction peaks of 
the main four characteristics of the prepared AgNPs. They 
were observed at 2θ = 38.2°, 44.5°, 64.6°, and 77.5°, which 
correspond to the (111), (200), (220), and (311) planes, 

obtained under a shorter time with UV irradiation which 
the nanoparticle clusters were disintegrated due to the 
irradiation. Photoinduced fragmentation of AgNPs has been 
reported [25] as follows:

( ) n aqn
Ag hv Ag e+ −+ 			               (1)

( ) ( )aqn n
Ag e Ag+ −+ → 			                (2)

( ) ( ) 1n n
Ag Ag Ag+ +

−
→ + 			             (3)

where (Ag)n  is the silver nanocluster containing n silver 

         

Figure 2: Methods of AgNPs synthesis: (a) Cynara cornigera-
AgNO3, (b) AgNPs colloidal solution, and (c) AgNPs colloidal 
solution after UV irradiation.

         

Figure 3: The UV absorption spectrum of (a) Cynara cornigera-AgNO3, (b) AgNPs colloidal solution and (c) AgNPs colloidal solution 
after UV irradiation.
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Conclusion
AgNPs with spherical shapes and an average size of 16 ± 

5 nm and 10 ± 2 nm were synthesized using aqueous Cynara 
cornigera extract. The AgNPs were analyzed using a UV-Vis 
spectrophotometer, XRD, and SEM. Biosynthesis of AgNPs 
using the green resources of Cynara cornigera is a good 
alternative to chemical synthesis since this green synthesis 
is eco-friendly. UV irradiation improved the formation of 
AgNPs, From the results obtained in this research, one can 
affirm that Cynara cornigera can play an important role in the 
bioreduction and stabilization of silver ions to AgNPs.
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Figure 4: XRD patterns of AgNPs synthesized by (a) Stirring time, and (b) UV irradiation.

         

Figure 5: SEM images of the samples: (a) AgNPs colloidal solution synthesized and (b) AgNPs colloidal solution after UV irradiation.
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