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ABSTRACT

The silver nanoparticles have great attention for researchers who wish to use them for
development of new generation nano devices. In this present study silver nanoparticles were
synthesized from aqueous silver nitrate (0.001mM) through a simple and ecofriendly route using leaf
extract of Citrus reticulate as reducing agent and stabilizer. The aqueous silver ions when exposed to
leaf extract were reduced and resulted in the green synthesis of silver nanoparticles ranges from 44.0
to 54.1 nm. The bio-reduced silver nanoparticles were characterized by UV-Vis spectrophotometer,
Energy Dispersive X-ray (EDX), Scanning Electron Microscopic (SEM), and Fourier transform infra-

red (FT-IR) spectroscopy.

Keywords: Citrus reticulate, silver nanoparticles, bio-synthesis.

INTRODUCTION

In last decade, study on silver nanoparticles
becomes a worldwide interest due to their potential in
industrial and biological application such as ceramics,
photoelectric, environmental pollution remedy, drug
delivery, medicine and chemistry'. Ag nanoparticles
fabrication using chemical? and physical procedures
could be harmful for environment and living
organisms and expensive economically® so many
researchers tend to fabricate the nanoparticles using
biologically methods due to their using eco-friendly,
nontoxic and inexpensive materials, especially for

when this material used in medical applications®.
As mentioned in literatures, use of biological routes
for nanoparticles has advantages of production
large amounts of Ag nanoparticles which have
a particular size and no contamination® 6. The
synthesis of nanoparticles can do by two methods,
“top down” method and “bottom up” method. Bottom
up procedure which using metal salt solution to
producing of nanoparticles mainly used in biological
route which using microorganism’ and plant extracts
for reduction Ag ions to Ag nanoparticles®. Hamed et
alwas reported the biosynthesis of Ag nanoparticles
using Haliclona, a marine sponge collected from
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Persian Gulf, extract at size of 27-46 nm?°. Here is
one hypothesis that some phytochemicals in plant
extracts such as alkaloids, polyphenols, proteins,
carbohydrates and flavonoids can reduce Ag* ions
to AgO10,11,12_

Citrus fruit is a main crop which grown in
north and south of Iran and use in Iranian nourishing
such as fresh fruit and juices. Citrus peel extract,
which represents roughly one half of the fruit mass,
is a rich source of bioactive compounds including
natural antioxidants such as phenolic acids and
flavonoids'®. The most investigations on Citrus
reticulate varieties were deal with their essential
oil analysis but it had been reported, Hesperidin
is the most important flavonoid which found in
Citrus reticulate peel extract has a wide range of
pharmacological properties'.

The peel of Citrus reticulate is a waste
material after its fruit has been used so the objective
of this study is determination the ability of the extract
of Citrus reticulate peel water extract which contain
bioactive chemical such as flavonoids, for reduction
of Ag* ions to Ag nanoparticles as an eco-friendly and
nonexpensive methods in nanotechnology science.

MATERIAL AND METHODS

Plant material

Citrus reticulate peel was collected from
Ramsar. Province of Mazadndaran in December,
2014.The plant material was identified by Dr. Golein
in Citrus Institute of Iran Rangelands institute of
Iran. The water extract solution of Citrus reticulate
Peel was prepared by boiling of 5 g of air dried peel
tissue of Citrus reticulate in 100 ml deionized water
for 10 min. The mixture then filtered using Wattman
No.1 filter paper and filtered solution was kept in 4°C
(15).

Synthesis of Silver Nanoparticles

0.001 M aqueous solution of Silver nitrate
(AgNOQ,) was prepared and used for the synthesis of
silver nanoparticles. 10 ml of Citrus reticulate extract
was added into 90 ml of aqueous solution of 0.001
M Silver nitrate for reduction into Ag*ions to Ag°
particles and kept at room temperature for 5 hours.
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Characterization of Ag nanoparticles
UV-Vis Spectra analysis

The reduction of Ag*ions to Ag® NPs was
monitored by measuring the UV-Vis spectrum of
the reaction medium at 5 hours after diluting a
small aliquot of the sample into distilled water. UV-
Vis spectral analysis was done using Varian Carry
300UV-Vis spectrophotometer from 380 to 550 nm
(figure 2).

FT-IR spectral analysis

FT-IR was used for determination of the
active functional groups in reducing procedure of
Ag* ions. To remove any free biomass residue or
compound that is not the capping ligand of the
nanoparticles, the residual solution, after reaction
was centrifuged at 13000 rpm for 20 min. and the
resulting suspension was re-dispersed in 1 ml sterile
deionized water. The centrifuging and re-dispersing
process was repeated three times. Thereafter, the
puriCied suspension was freeze dried to obtain dried
powder. Finally, the dried nanoparticles were analyzed
by a Nicolet Nexus FT-IR spectrophotometer.

Scanning electron microscopy and Energy-
dispersive X-ray spectroscopy

The silver nanoparticle solution thus
obtained was centrifuged at 13000 rpm for
20 min such as preparation procedure for FT-IR, the
achieved pellet used for SEM, and EDX analyses.
Scanning Electron Microscopic (SEM) analysis was
done using Leo 440i SEM instrument. Thin films
of the sample were prepared on a carbon coated
copper grid by just dropping a very small amount of
the sample on the grid, extra solution was removed
using a blotting paper and then the film on the SEM
grid were allowed to dry by putting it under a mercury
lamp for 5 minutes.

The element analysis of the silver
nanoparticles was performed using EDX. The freeze-
dried silver nanoparticles were mounted on specimen
stubs with double-sided taps, and analyzed by EDX
3000 instrument.

RESULTS AND DISCUSSION

The change in color of solution from yellow
to brownish red showed the reducing of Ag*to Ag
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nanoparticles (figure 1). It is well known that silver
nanoparticles exhibit brownish red color in aqueous
solution due to excitation of surface plasmon
vibrations in silver nanoparticles.

The Formation of Ag nanoparticles
by reduction of the aqueous Ag*ions can be
easily followed by UV-Vis spectroscopy. UV-Vis
absorption spectrum of silver nanoparticles shown
in figure 2. The Surface Plasmon band in the silver
nanoparticles solution remains close to 435 nm
throughout the reaction period, suggesting that
the nanoparticles were dispersed in the aqueous
solution with no evidence for aggregation in UV-Vis
absorption spectrum (figure2).

FT-IR analysis was used for the
characterization of the extract and the resulting
nanoparticles FTIR spectra of water soluble extract

Fig. 1: (A) AgNO, solution + extract
(0 min), (B) Ag nanoparticles
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before and after reduction of Ag ions are shown in
Figure 3.

Absorbance bands in Fig. 3A (before bio-
reduction) are observed in the region of 500-2000
cm™ are 1026, 1058, 1556, 1641, 1737cm™. These
absorbance bands are known to be associated with
the stretching vibrations for —-C C-C O, -C C- [(in-
ring) aromatic], —C—C- [(in-ring) aromatic], C—-O
(esters, ethers) and C-O (polyols), respectively.

Particular, the 1226 cm'band arises
most probably from the C-O group of polyols
such as hydroxyflavones and catechins. The total
disappearance of this band after the bioreduction
(Fig.3B) may be due to the fact that the polyols are
mainly responsible for the reduction of Ag ions,
whereby they themselves get oxidized to unsaturated
carbonyl groups leading to a broad peak at 1641cm-
'(for reduction of Ag).

400 450 500 550
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Fig. 2: UV-VIS spectra of (A) AgNO, + Citrus
reticulate extract and (B) Ag-nanoparticles
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Fig. 3: FT-IR spectra (A) Citrus reticulate extract (B) Ag nanoparticles + extract
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Fig. 4: EDX of green synthesized
of Ag nanoparticles

EDX spectrometers confirmed the presence
of elemental silver signal of the silver nanoparticles
(Fig. 4) with 27.69% (figure 4). The vertical axis
displays the number of x-ray counts whilst the
horizontal axis displays energy in KeV. Identification
lines for the major emission energies for silver (Ag)
are displayed and these correspond with peaks in
the spectrum, thus giving confidence that silver has
been correctly identified.

Reduction of silver ions present in the
aqueous solution of silver complex during the reaction
with the ingredients present in the Citrus reticulate
extract observed by the UV-Vis spectroscopy
revealed the presence of silver nanoparticles may
be correlated with the UV-Vis spectra. UV-Vis
spectroscopy is well known to investigate shape and
size controlled of nanoparticles. The SEM analysis
showed the particle size between 33.44 to 44.75
nm as well the cubic structure of the nanoparticles
(Figure 5).

FTIR analysis confirmed that the Bio-
reduction of Ag* ions to silver nanoparticles is
due to the reduction by capping material of plant
extract. The Silver nanoparticles synthesized via
green route are highly toxic to multidrug resistant
bacteria hence has a great potential in biomedical
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Fig. 5: SEM image of green
synthesized Ag nanoparticles

applications. The present study showed a simple,
rapid and economical route to synthesized Silver
nanoparticles.

CONCLUSIONS

In conclusion, the bio-reduction of aqueous
Ag* ions by the fruit extract of the Citrus reticulate
has been demonstrated. The reduction of the metal
ions through leaf extracts leading to the formation of
silver nanoparticles of fairly well-defined dimensions.
In the present study we found that fruits can be also
good source for synthesis of silver nanoparticles.
This green chemistry approach toward the synthesis
of silver nanoparticles has many advantages such
as, ease with which the process can be scaled up,
economic viability, etc. Applications of such eco-
friendly nanoparticles in bactericidal, wound healing
and other medical and electronic applications,
makes this method potentially exciting for the large-
scale synthesis of other inorganic materials (nano
materials).
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