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Abstract: In this work, silver nanoparticles (AgNPs) were synthesized rapidly and eco-friendlily
using the extract of Mulberry leaves and aqueous solution of silver nitrate without any toxic
chemical [1,2]. The Mulberry leaves extract acts as both reducing agent and stabilizing agent. The
UV-Vis spectrum shows peak at 430 nm. The TEM image of synthesized AgNPs sample shows
spherical shaped particles whose size range from 15 to 20 nm. TEM image of nano silver solution
sample synthesized by microwave assisted method shows nearly spherical particles with an
average particle size of 10 nm. The absorption UV-vis spectrum of silver nanoparticles synthesized
by microwave assisted method (AgNPsmw) shows a sharp absorption band around 415 nm. After
two month storage of AgNPsmw, the absorption spectrum of AgNPsmw was taken again. The
UV-Vis spectrum shows negligible peak changes of silver nanoparticles have occurred after two
months of storage. The synthesized AgNPs material could be used as an antimicrobial, used in the
field of textile and in wastewater treatment.
Keywords: silver nanoparticles, Mulberry leaves extract.

I. Introduction
Nanostructured materials have many application in our daily life because of their special
physico-chemical properties that could not be found in other material of larger scale. Among
materials, nano silver has been most widely applied in our daily life. Because of its anti-bacteria
properties, nano silver has been extensively used in the field of medical, agriculture and in
wastewater treatment, etc[1-7]. Nanomaterial could be synthesized by many methods. However,
synthesizing nano-silver using mulberry leaves extract as reducing agent not only offers many
advantages but also use less chemical, thus reduce the pollution to the environment. In this work,
mulberry leaves extract had been used as reduction agent in synthesizing nano silver (AgNpsmw)
by microwave assisted method using as reducing agent which make up a highly effective and
eco-friendly method.

II. Experimental
1. Preparation of mulberry leaves extract and silver nitrate solution
Mulberry leaves were collected from a garden house in Hoi An. Leaves collected must be intact,
either too young or too old. Fresh leaves were then cleaned with water then laid out to dry in the
air. Weight 10 g of fresh leaves, cut into thin strips, then put into a 200 ml glass heat-resistant flask.
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Boil with distilled water in 5 minutes, let it cool and filter the mixture with Whatman filter paper
using vacuum filter[4-8]. The mulberry leaves extract had light yellow color. Store the extracted
solution in a fridge for further use. Dissolve silver nitrate solution made in China with distilled
water to get 4.10-3 M aqueous AgNO3 solution.

Figure 1. Picture of Mulberry leaves
2. Synthesis of nano silver material
2.1. Non-microwave asissted systhesis of nano silver
Table 1: Synthesized samples
AgNO3 solution (ml)

Mulberry leaves extract (ml)

Samples

0

10

M0

40

0

M1

40

1

M2

40

3

M3

40

5

M4

40

6

M5

40

7

M6

40

8

M7

Visual observation and UV-vis spectral:
Mix AgNO3 solution and mulberry leaves extract with the ratio shown in Table 1. Put each mixture
on a shaker machine and stir for 30 minutes. It was noticed that except for samples M0 and M1, the
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color of all other mixtures changes from light brown to dark red. The color change in each sample
varies according to the mixing ratio between AgNO3 concentration and volume of mulberry leaves
extract solution as shown in Figure 2. The observation showed that nano silver particles were
formed.
Characterization Techniques: To investigate the optical properties and microstructure of nano silver
material, we measured the UV-vis absorption spectra were used GE Ultrospec 7000 UV vis
spectrophotometer, Transmission Electron Microscope (TEM) analysis of silver nanoparticles
analysis was done using JEOL JEM 1010, The X-ray difraction spectra were measured by the
diffractometer Bruker D8-Advance, FTIR Spectra for mulberry leaves extract was obtained in the
range 400-4000 cm-1 with IR-Prestige-21 Shimaduz FTIR spectrophotometer.

Figure 2. Photograph color change of colloids

Figure 3. UV-Vis spectra
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Before taking UV-vis spectrum, each samples were dissolved 40 times. The UV-vis spectrum of the
material shows a strong plasmon resonance band centered at 430 nm. From sample M2 to M4 the
absorbance peak intensity increase as we increase the volume of mulberry leaf extract from 1 ml to 5
ml. For samples whose volume of mulberry leaves extract were more than 5 ml, the peak intensity
decrease as the content of mulberry leaves extract increase. Combining spectral information with
qualitative observation, it can be concluded that AgNps has been formed when mixing AgNO3
solution with mulberry leaves extract. Among our samples, the M4 not only showed the highest peak
intensity value but also had the red darkest color. The observations indicate that it has the most
AgNps particles formed. In can also be infered that, at high concentration of extract, the rate of
AgNps production is so fast that it prevent the formation of protective layer between partices.
Because of this, the aggregation phenomenon between particles occurs, increasing the particle size.
The increased particle size reduced peak intensity and shift the peak to longer wavelength (as in M5,
M6 and M7 samples). Absorption spectrum of AgNO3 aqueous solution, shown in olive colored line
in Figure 3, has no peak in the measuring range. Absorption spectrum of mulberry leaves extract,
shown in orange line in Figure 3, has absorption peak in the short wavelength region due to organics
substances found in the extract solution and has no peak at wavelengths longer than 400 nm. The
spectral information indicates that AgNps particles were formed only when AgNO3 is mixed with
mulberry extract. The magnified from 380 to 700 nm of absorption spectrum (Figure 3), shows
discrete lines.
2.2. Microwave asissted systhesis of nano silver.
Visual observation and UV-vis spectral:

Figure 4. M8: non-microwave assisted
M9: microwave assisted

Mix 50 ml of AgNO3 solution with 6 ml of mulberry leaves extract, and divide into 2 equal portion.
Put the first portion (M8) on a shaker machine and stir for 30 minutes. The other portion (M9) was
heated in a microwave for one minute. The changed color of M9 from light yellow to dark red
within one minute in the microwave indicates that the efficiency of (AgNpsmw) synthesis by
microwave assisted method was higher than that of non-microwave assisted method. The samples’s
color are shown in Figure 4.
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Figure 5. UV-Vis spectra

The UV-vis spectra (Figure 5) shows that absorption intensity at around 415 nm of M9 is higher than
that of M8. After being left alone for 2 months, M9 sample were renamed M10. Compared to
spectrum of M9, the UV-vis spetrum taken for M10 (the blue line of Figure 5) shows a slight
decrease in the peak intensity and the peak shift of 5 nm toward longer wavelength. The above
observations indicated that the synthesized colloid solution is highly stable.
2.3. X-ray diffraction (XRD) Studies

Figure 6. X-ray diffraction of Ag nanoparticles

Cloth was cut into 25 cm2 pieces and dipped in a colloids solution AgNps for 10 minutes, and
another piece of cloth undipped in a colloids solution AgNps . The XRD pattern of the cloth dipped
in a colloids solution AgNps and the cloth undipped in colloids solution AgNps are shown in
Figure 6. The XRD pattern of the undipped cloth show no the characteristic peak of silver, while
the XRD pattern of the cloth was dipped in the colloids AgNps shows the characteristic peak of
silver. Four main characteristic diffraction peaks for Ag were observed at 2θ = 38.2, 44.1, 64.5, and
77.6o, which correspond to the (111), (200), (220) and (311) crystallographic planes of face-centered
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cubic (fcc) Ag crystals, respectively (JCPDS 00-004-0783)[9]. Because the AgNps concentration was
low and the cloth’s internal structure had lots of empty spaces, not many AgNps particles were
deposited onto the cloth surface, thus the peaks intensity are low.
2.4. Transmission electron microscope (TEM) analysis
The size and shape of the AgNPs was further confirmed by TEM analysis. The TEM image of M8,
show relatively uniform spherical particle size, ranging from 15 – 20 nm, the TEM image of M9 show
particle size about 10 nm. The particle size was more uniform and no sign of nanoparticle clustering
was observed.

M8

M9

Figure 7. TEM images of Ag nanoparticles (M8 and M9)

2.5. FT-IR spectrum

Figure 8. FTIR spectrum of mulberry leaves extract
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Drop 0.5 ml of the AgNO3 solution to 50 ml of mulberry leaves extract to prevent the extracted
solution from rotting before taking spectrum for mulberry leaf extract. A FT-IR spectrum of
synthesized silver nanoparticles by this green method is shown in Figure 8. A number of absorption
peaks at 3261 cm-1 and 1637 cm-1. The peaks at 3261cm-1 corresponds to O-H and N-H bond, the peak
at 1637cm-1 corresponds to C=O bond, indicating the biomaterial bind to the silver nanoparticles
through amine and C=O of amide I and amid II of the protein[1,6,7]. Thus indicating mulberry leaves
extract act as a reducing and stabilizing agent for silver particles.
III. Conclusion
In this work, silver nanoparticles (AgNPs) colloid solution has been successfully synthesized, using
Green and eco-friendly method. This is a quick, highly effective and less chemical-consuming
method. The Microwave assisted green synthesis method is more effective than non-microwave
assisted method. The UV-Vis spectrum of AgNPs has absorbance peak ranging from 425 – 435 nm.
Nano-silver particles are spherical shaped with size ranging from 15 to 20 nm. UV-vis spectrum of
AgNpsmw shows peak at 415 nm, with an average particle size of 10 nm. The slight change of peak
position after 2 month storage of AgNPsmw indicates that some nano-particles in the colloid
solution had clumped together, but trivial. Synthesizing silver nanoparticles by mulberry leaves
extract is eco-friendly and good antimicrobial efficiency against bacteria, viruses and other
microorganisms[10] and used in wastewater treatment.
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