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AbSTRACT

 Now a days synthesis of nanoparticles using plants and herbal products is significant 
by the many researchers. In this study, we report the synthesis of silver nanoparticles (Ag NPs) 
using aqueous extract of Biebersteinia multifida at room temperature and its photocatalytic activity 
for degradation of methyl blue (MB) dye under visible light.  The synthesized nanoparticles were 
characterized by using UV-Vis spectroscopy, powder X-ray diffraction (PXRD) and transmission 
electron microscopy (TEM). Synthesized nanoparticles are spherical with 57 nm of particle size. 
Results photocatalytic activity of synthesized Ag NPs showed that degradation efficiency arrived to 
92% in first 30 minutes.
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INTROdUCTION

 Si lver nanopar t icles (Ag NPs) are 
considered vital in medicine and industry; therefore 
they are utilized for purposes such as antiseptics, 
covering medical instruments1-5, biosensors6, 
gene and drug carriers7,8, catalysis and electrical 
conductance9. The biologic and catalysis activity 
of Ag NPs depended on its specific surface area9. 
Due to the widespread use of Ag NPs, many 

different methods for their synthesis have been 
reported including gamma rays10, ultraviolet rays11, 
electrochemical reduction12, and reducing agents 
such as sodium boron hydride (NaBH4)

13,14, which are 
mostly expensive, toxic, time-consuming, and require 
special equipments. Since it can be concluded that a 
low cost, quick, and environmentally friendly method 
is needed for the synthesis of Ag NPs, using plants 
for this purpose would be a desirable suggestion.
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Biebersteinia multifida DC (Geraniaceaae family) is a 
native plant of Iran, also called Chele Daq and Adamak, 
but grows in Syria, Armenia, Afghanistan, Lebanon 
and Central Asia as well15. Its active ingredients 
are Alkaloids, polysaccharides, polypeptides and 
Flavonoids such as Apigenin, Luteolin, and Tricetin 
that have antioxidant and antimicrobial effects16. 
Recent studies on B. multifida essential oil have 
indicated on the existence of (E)-nerolidol17. Due to 
the existence of the mentioned compounds, it is likely 
that B. multifida is capable of reducing metal ions and 
thus, it was utilized for the synthesis of Ag NPs.

 Dyes use widely at industries and daily life 
in textile, paper and plastics and they enter to the 
environment and pollution it. So, dyes pollution is one 
of the challenges for researchers to eliminate them. 
The common methods used to remove industrial 
dyes are electro-coagulation, carbon sorption, redox 
treatment, flocculation, UV photo-degradation18. 
Reports have shown that metallic nanoparticles can 
act as photocatalytic agents19-21. Therefore, in the 
study we were investigated photocatalytic activity of 
synthesized Ag NPs using B. multifida extract on MB 
dye.

MATERIALS ANd METHOdS

Preparation of B. multifida extract
 The root bark of B. multifida was collected 
from Borujen, Chaharmahal and Bakhtiari, Iran, in the 
spring of 2015. It was dried in shadow. The herbarium 
code 42094 was allocated to it by Herbarium of 
the Ferdowsi University of Mashhad (FUHM). The 
sample was extracted by using Maceration method. 
10 g of the sample was weighed and 100 ml of 
distilled water was added to it. Then it was placed on 
a rotating shaker at 100 rpm for 6 hours. The crude 
extract was filtered by filter Whatman No.1 and the 
result (yellow solution) was kept in refrigerator with 
a temperature of 4-7 oC for the following steps. 

Preparation of Ag NPs
 Silver nitrate solution was added to the 
aqueous extract of B. multifida and the solution 
was shaken at 100 rpm for the defined time and 
temperature. The formation of a dark brown solution 
indicated that Ag NPs are produced. In this regard, 
the four parameters including volume of extract, 
salt concentration, temperature, and time on the 
formation of nanoparticles were analyzed. Thorough 

out all the tests, only one parameter was variable and 
the rest were fixed.

Photocatalytic activity of Ag NPs
 In order to survey photocatalytic activity of 
Ag NPs, 25 mg of synthesized Ag NPs was added to 
25 ml MB solution (15 mg/l). The mixture was stirred 
constantly for 30 min. in darkness to ensure constant 
equilibrium of Ag NPs in the organic solution. Then, 
the suspension was put under the visible light. In 
the periods of 30 min., 3 ml of suspension was 
centrifuged at 4000 rpm for 5 min. and absorbance 
spectrum of the solution was measured using a 
UV–Visible spectrophotometer. The percentage 
degradation of MB was analyzed using below 
equation: 

% Degradation =
C0 - Ct

C0

× 100

  C0 is initial concentration of dye solution and 
Ct is the concentration of dye solution after exposure 
to the visible light.

Characterization of Ag NPs
 Electronic spectra in the visible and 
ultraviolet regions were recorded in water as solvent 
through the use of UV-Vis Spectrophotometer 
(Rayleighuv-2100 model, made in China). Powder 
X-ray diffraction (PXRD) of synthesized nanoparticles 
was recorded by uti l izing the XRD device  
(X’Pert PRO MPD PANalytical Company model, 
made in Netherland). The image of nanoparticles 
was presented through the use of transmission 
electron microscopy (TEM) (Zeiss EM900 model, 
made in Germany).

RESULTS ANd dISCUSSION

 The basis of synthesizing nanoparticles 
would be ion reduction and neutralizing the electric 
charge of particles. The changing color of solution 
from yellowish orange to brown indicates the 
formations of colloidal suspension of Ag NPs, which 
is due to silver ion reduction. 

Uv-vis spectroscopy
 UV-Vis spectroscopy is a vital method 
to determine the formation and stability of metal 
nanoparticles in an aqueous solution22. The Ag NPs 
show their highest peak of UV-Vis absorption in the 
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range of 400-500 nm23. The position and shape of 
the plasmon absorption depends on the size and 
shape of the particles and dielectric constant of its 
surrounding area24. A peak in the region of 427 nm 
was observed in the UV-Vis spectrum of synthesized 
Ag NPs, which indicates on the formation of Ag NPs 
(Figure 1).

 Through analyzing the effects of aqueous 
extract volume on Ag NPs synthesis, it was observed 
that by increasing the volume of extract, peak 
intensity increased as well and the spectrum got a 
blue shift (Fig. 3). The plant extract contains organic 
materials that act as reducing agents and particles 
stabilizer. When the extract volume increases, 
nanoparticles get surrounded with higher amounts of 
organic materials and the particles become heavier, 
so they settle and lose their nano form; therefore, 
it was perceived that the absorption intensity 
decreased by increasing the extract volume to  
20 ml. Considering the observations, the most suitable 
extraction volumes would be 3 and 5 ml26, 27.

Fig. 1. Uv-vis spectrum of synthesized Ag NPs  
(1 mM of AgNO3 concentration, 5 ml of B. multifida 

extract, at room temperature, 1 hour)

 The effects of AgNO3 concentrations (0.5, 
1, and 3 mM) on the synthesis of Ag NPs in 5 mL 
of aqueous extract of the plant were analyzed for  
1 h at room temperature. The maximum absorption 
bands of synthesized Ag NPs via silver nitrate 
concentrations of 0.5, 1, and 3 mM appeared 
in ranges of 464, 435 and 440 nm, respectively  
(Fig. 2). The survey of spectra have shown that with 
increasing the concentration of silver nitrate salt, the 
conversions of Ag+ to 

Fig. 2. Uv-vis spectra of Ag NPs at different 
concentrations of AgNO3

 Ag0 increase as well and thus, the peak 
intensity increase and the solution color become 
heighten. Increasing Ago concentration can cause 
increasing in particle diameter, which would result 
in increasing absorption25.

Fig. 3. Uv-vis spectra of Ag NPs at different volumes 
of B. multifida

 The effects of reaction temperature (20, 40 
and 60 oC) on the formation of Ag NPs (concentration 
of 1 mM and 1 h) suggest that by increasing the 
temperature, peak intensity increases as well and 
shifts toward lower wavelengths; therefore, there 
were probably more nanoparticles synthesis or the 
diameter of synthetic nanoparticles were increased 
(Figure 4)26. 

Fig. 4. Uv-vis spectra of Ag NPs at different 
temperatures
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PxRd analysis
 The powder X-ray diffraction (PXRD) of 
Ag NPs at a silver nitrate concentration of 1 mM 
and 5 mL of aqueous extract, for the duration of  
1 h at room temperature, is presented in Fig. 5. This 
graph demonstrates 5 types of peaks at values of 
041/38o, 3/44o, 5/64o and 66/77o, 79/85o in accordance  
with surfaces of (111), (200), (220), and (311) 
respectively28,29. The peak observed in PXRD graph 
confirms the crystalline structure of nanoparticles. 
Moreover, the additional peaks that have appeared 
in this spectrum are silver chloride28. This figure 
illustrates a centered cubic structure for synthesized 
Ag NPs.

Photodegradation activity of Mb 
 Photocatalytic activity of the prepared  
Ag NPs was surveyed using MB degradation model. 
MB is an aromatic dye that dissolves in water and 
has UV-Vis absorption peak at 665 nm. The intensity 
of MB absorption is related to the concentration 
of MB. After reaction the reduction of MB causes 
decreasing of the absorption intensity. The result 
showed (Fig. 7) rapid decrease in MB color from 0 
to 30 min., which become slower after 30 min. so 
that degradation efficiency arrived to 92% in first  
30 minutes. Elemike et al was suggested the 
mentioned behavior is attributed to the porosity of Ag 
NPs30. Chen et al was reported that Ag NPs obtained 
using M. tinctoria degrade 29.5% MB in 24 h31 and 
also, Elemike et al., was reported it 68.7%30. In 
compared with mentioned report Ag NPs synthetized 
using B. multifida is more effective, so it has high 
porosity and can act as good electron donor.

Fig. 5. PxRd spectrum of synthesized Ag NPs with  
B. multifida extract

TEM image
 The TEM image of synthesized Ag NPs 
illustrate that they are equal in size according to 
nanoscale and uniformed in shape. Also, the image 
demonstrates that in optimal conditions, the particles 
size of synthesized Ag NPs is 57 nm (Fig. 6). The 
TEM image shows that synthesized nanoparticles 
have spherical shapes.

Fig. 6. TEM image of synthesized Ag NPs  
(1mM of AgNO3, 5ml of B. multifida extract at  

room temperature, 1 hour)

Fig. 7. Photocatalytic degradation of Mb using  
Ag NPs synthesized by B. multifida

CONCLUSION

 Silver nanoparticles are widely used in 
industrial and medical applications. The antibacterial 
properties of these particles have caused a revolution 
in medical science. They are utilized in healing 
wounds and injuries, as well as in the preparation 
of dressings, creams and covering medical devices 
such as catheters, artificial teeth, and surgical masks. 
Therefore, considering the needs of nanoparticles in 
medicine and industry, proposing a cheap, easy, quick, 
accessible, and non-polluting method to synthesize 
nanoparticles is a necessity. “Green” synthesis is a 
desirable method to prepare nanoparticles since it 
meets all of the mentioned demands. The results 
of this study showed that the aqueous extract of  
B. multifida root bark, as a reducing agent of silver 
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ion, can synthesis nanoparticles in a short time with 
sizes less than 57 nm; while further studies displayed 

the good photocatalytic properties of the synthesized 
nanoparticles.
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