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Keywords: ABSTRACT: Green synthesis is a cheaper, clean, nontoxic route for the
synthesis of large scale nanoparticles without the use of high energy,
pressure, temperature, and toxic chemicals. With the help of microbial
enzyme and plant extract nanoparticles are easily synthesized by utilizing
their antioxidant and reducing properties. In the present study, biosynthesis
of silver and gold nanoparticles by utilizing Alhagi maurorum stem aqueous
extract reducing capabilities was successfully done. Nanoparticles
synthesized were characterized with the help of UV - VIS spectroscopy,
Transmission Electron Microscopy (TEM) and Fourier Transform Infra-Red
spectroscopy (FTIR). UV - VIS spectroscopic analysis showed absorption
maxima at 450 nm and 540 nm for silver (AgNP) and gold nanoparticles
(AuNP) respectively. TEM study revealed that the silver and gold
nanoparticles synthesized were in the range of 26-40 nm and possesses a
crystalline structure having a nearly spherical shape. FTIR spectra of both
AgNP and AuNP also confirmed the synthesis of nanoparticles and
involvement of various reducing agent of plant extract. No change in the
intensity of the AgNP and AuNP has been noticed even after 120 days of
storage at room temperature. Thus, the synthesis of silver and gold
nanoparticles with the help of Alhagi maurorum stem aqueous extract was
reducing capabilities seems to be a promising approach for utilizing weed as
a source for larger scale production of nanoparticles.
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INTRODUCTION:  Particles with  spatial
dimension less than 100 nm are termed as

This implies a large scale synthesis of nanoparticles
at a faster speed, various physical and chemical

nanoparticles. They are exhibiting unique and
special characteristics which made them be a
widely applicable agent in almost all areas
including medicines, pharmaceuticals, textile, and
food industry ™.
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synthetic methods have been employed so far, but
biological reduction method proves to be an eco -
friendly, biocompatible and cost-effective approach
in present scenario . Biosynthetic methods using
micro-organisms (bacteria, fungi, algae) and plants
are used as a viable alternative for the synthesis of
nanoparticles. Plant parts derived synthesis of
nanoparticles seems to be an easier and convenient
approach over other biosynthetic methods as the
plant cells not only produce chemicals (reducing /
oxidizing agent) used for the reduction of ions to
nanoparticles but also prevent the formation of
aggregates .
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Thus, the use of plant extract for nanoparticles
synthesis is a rapid, cost-effective, eco-friendly and
single step method. Among various metal
nanoparticles synthesized AgNP and AuNP have
been recognized as the one which has wide
applicability in almost all fields. Silver
nanoparticles applicability has been increased due
to its effective and broad antimicrobial property
against a large number of pathogens and thus
widely applied as a topical ointment to prevent
infection against burn and open wounds *. Along
with this, gold nanoparticles are also significant for

their wide use in catalysis, optics, optical
electronics,  microelectronics,  bio-diagnostics,
imaging, Dbiological and chemical sensing

techniques °. Many reports have been found on the
biogenesis of silver nanoparticles using plant
extract of various plants as - Azadirachta indica,
Argemone mexicana, Medicago sativa, Mangifera
indica, Aloe vera, Emblica officinalis, Euphorbia
hirta, Rosa hybrid, etc. ™

Alhagi maurorum (Syn. Alhagi camelorum, Alhagi
pseudalhagi) had antirheumatic, analgesic,
antiasthmatic,  antipyretics,  diuretic,  anti-
inflammatory, antiulcer activities which were
attributed to its flant parts (leaves, stem, flowers,
and roots) ' . On consideration of the high
medicinal value of the plant, Alhagi maurorum
stem aqueous extract was prepared and used for
synthesizing AgNP and AuNP. This seems to be a
newer novel green chemistry based approach for
synthesizing biocompatible, stable, cost-effective
and environment-friendly silver and gold
nanoparticles as no such efforts have been done
previously for this plant.

MATERIALS AND METHODS:

Chemicals: Silver nitrate (AgNO3) and chloroauric
acid (HAuCl;) was purchased from Sigma -
Aldrich, Banglore, India. All solutions were
prepared in double distilled water, and a replica of
the experiment has been done.

Preparation of Stem Aqueous Extract: 10 gm of
the fresh stem of Alhagi maurorum was washed
thoroughly under tap water and surface sterilized
with 0.1% mercuric chloride solution by dipping
them for 10 min. Shade-dried them for 2 days at
room temperature and was grounded into fine
powder by surface sterilized pestle and motor. 1.0 g
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of this powder was suspended in 100 ml of distilled
water and boiled for 15 min before finally
decanting it. The extract thus formed was filtered
through a cheese cloth and the filtrate was stored at
4 °C which was used further as aqueous stem
extract for all the experiments.

Biosynthesis of Silver and Gold Nanoparticles:
Silver nanoparticles were synthesized by adding
12.0 ml of freshly prepared stem aqueous extract to
88.0 ml of 0.1 mM AgNOs; solution. This reaction
mixture was allowed to react at room temperature
while the change in the color intensity was noted
after a regular interval of 10 min and up to
stabilization of color. Similarly, gold nanoparticles
were synthesized by the reaction mixture
containing 5.0 ml of freshly prepared stem aqueous
extract and 25.0 ml of 0.5 mM HAuCI, solution.
The reaction mixture was allowed to react at room
temperature by putting them it in an orbital shaker
at 35 °C for 15 min. The reduction of Au®" ions to
Au nanoparticles was monitored by observing
stable color intensity.

Characterization of AgNP and AuNP:
Biosynthesized silver and gold nanoparticles from
stem extract after reduction of Ag* and Au®* ions
has been analyzed by UV - VIS spectroscopy, TEM
and FTIR. UV - VIS Spectroscopic analysis was
carried out on SPECTRO  20DPLUS
spectrophotometer. The measurements were carried
out as a function of reaction time at room
temperature. The reduction of silver and gold ions
to elemental nanoparticles was monitored by
measuring the absorbance of the reaction mixture
in a range of wavelength from 300 to 600 nm to
find the absorbance peak at different time intervals.
The TEM images of synthesized AgNP and AuNP
were obtained for size and shape determination
using Transmission Electron Microscopy (TEM,
Morgagni¥' 268 D, FEI Company, Eindhoven) at
Department of Anatomy, All India Institute of
Medical Sciences, New Delhi. To identify the bio-
molecules present during the synthesis of silver and
gold nanoparticles, FTIR analysis was done
through  Fourier  Transmission Infra Red
spectroscopy with the help of platinum ATR - IR
FTIR Alpha, Bruker, Germany instrument at
Department of Genetics, M. D. University, Rohtak.
The FTIR was recorded in the range of 400 - 4000

cm?. The various modes of vibrations were
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considered and different functional groups involved
in the synthesis of silver and gold nanoparticles
identified.

Stability Studies of AgNP and AuNP: Storage
stability of synthesized silver gold nanoparticles
has been evaluated by measuring the decrease in
absorption intensity and absorption maxima of the
reaction mixture after an interval of 10 days up to
120 days.

RESULT AND DISCUSSION: Silver
nanoparticles possess a characteristic pale yellow-
brown color that is attributed to their excitation of
surface plasmon vibrations. Gradual change in the
color intensity of the reaction mixture from initial
white color to pale yellow and finally to dark radish
brown after 1 h confirmed the formation of silver
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nanoparticles as shown in Fig. 1a. Only the plant
extract having the reducing entities can have the
potential of conversion of silver ions into elemental
silver and Alhagi maurorum stem extract
possesses the same. It seems that among reducing
compounds reducing sugars, antioxidants and other
compounds as caffeine, eugenols, thiols, etc. play a
significant role in bringing reduction process and
silver nanoparticles synthesis *°. The reaction
mixture of aqueous stem extract and chloroauric
acid changed into ruby red color from an initial
yellow color within 20 min Fig. 1b. The change
was not observed in control sample (without gold
salt) postulating the involvement of biomolecules
present in the stem extract in synthesizing gold
nanoparticles via a simple, non-toxic route and in
agreement with previous reports *°.

FIG. 1: ACHANGE IN THE COLOR OF REACTION XTURE AFTER SYNTHESIS OF AgNP (A) AND AuNP (B)

BY ADDING STEM AQUEOUS EXTRACT OF ALHAGI MAURORUM TO AgNO; AND HAuUCI, RESPECTIVELY

UV - VIS absorption spectrum of synthesized silver
nanoparticles shows that the plasmon bond is very
broad which indicates the presence of various
components in stem extract, but a single peak was
observed at 450 nm when absorption at different
wavelength had been studied at different time
intervals Fig. 2a. In SPR band presence of single

nanoparticles *’. With an increase in a number of
peaks, anisotropic nature also increases and even
after completion of 1 h no considerable change in
peak position was noticed thus confirming that
once the nanoparticles have been synthesized, there
was no effect of time on the size and shape of
nanoparticles throughout the course of the reaction

peak represented isotropic, spherical shaped Fig. 2b.
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FIG. 2: ABSORPTION SPECTRA OF SYNTHESIZED AgNP AT DIFFERENT WAVELENGTH (A) AND AT

DIFFERENT TIME INTERVALS (B)
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Synthesis of silver nanoparticles from Alhagi
maurorum stem extract occurs at a faster speed of
30 minutes of reaction time as compared to other
plant-mediated synthesis which at least takes 12 h
for completion of reaction '® '°. Thus, time
consumed in the reduction process was several
folds lesser than other biosynthetic methods which
are attributed to the strong antioxidant capacity of
this plant. For gold nanoparticles, a single peak was
observed at 540 nm when absorption at different
wavelength had been studied at different time
intervals which confirmed the synthesis of AuUNPs
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Fig. 3a. Initially, there was no significant peak at 2
min, but after 5 min the building of peak at 540 nm
marked the initiation of synthesis of AuNPs Fig.
3b. The subsequent rise in the peak with a
maximum at 20 min supported that the reported
route of AuUNPs synthesis is novel as well as rapid
as compared to other plant extract wherein the
synthesis was reported to be completed in 2 h %.
The rapidity in the biosynthesis of AuNPs than
other biosynthetic methods is attributed to the
strong antioxidant capacity of this plant.
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FIG. 3: ABSORPTION SPECTRA OF SYNTHESIZED
DIFFERENT TIME INTERVALS (B)

Presence of spherical shaped silver nanoparticles
has been confirmed by analyzing the prepared
silver nanoparticles with the help of TEM Fig. 4a.
TEM study revealed that the spherical shaped silver
nanoparticles were synthesized in size range of 16 -
30 nm and possesses crystalline structure. The

AuNP AT DIFFERENT WAVELENGTH (A) AND AT

TEM image in Fig. 4b confirmed the formation of
stable, small, spherical shaped gold nanoparticles
of size range 12 - 24 nm. It is evident from the
TEM study that gold nanoparticles coalesced as
nano-clusters, spherical shaped and bhad a
crystalline structure.

100 nm

A

b

R

FTIR measurements of synthesized silver
nanoparticles were carried out to identify the
possible biomolecules present in it. FTIR spectra in
Fig. 5a showed variable peaks between 2922-3329
cm ! for C-H stretching vibrations. The IR spectra
for nanoparticles revealed the presence of
characteristic bands for Ar-C=C-H stretching
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FIG. 4: TEM IMAGES OF BIOSYNTHESIZED AgNP (A) AND AuNP (B) AT A MAGNIFICATION SCALE OF 100 nm

between 1509-1637 cm™' and presence of strong
bands especially between 500-800 cm™ which
confirmed the structural and conformational
stabilization of silver nanoparticles > ?. FTIR
absorption spectra of gold nanoparticles showed the
presence of characteristic bands for Ar-C=C-H
stretching between 1607-1509 cm™', bending -CH,
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and CH3; asymmetrical and symmetrical between
1462-1363 cm ' and -C-C-O-C- stretching at 1247,
1183 cm™'. The band intensities in different regions
of the spectrum are shown in Fig. 5b. The vibration
shift around 1647-1557 cm ™' was suggestive of the
involvement of aliphatic and aromatic (C—H) plane
deformation and vibrations of methyl, methylene

E- ISSN: 2348-3962, P-ISSN: 2394-5583

and methoxy groups in the reductive process. The
peak located at 3299 cm™' was attributed to the N-
H stretching or the CO stretching vibrations.
Reduced vibrations of functional groups and the
absence of strong bands especially between 800-
1000 cm™' confirmed the synthesis of stable gold
nanoparticles by the stem extract 2.
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FIG. 5: FTIR SPECTRA OF BIOSYNTHESIZED SILVER (A) AND GOLD NANOPARTICLES (B)

Stability of synthesized silver and gold
nanoparticles and efficacy of method has been
checked by storing the reaction mixture for 120
days. No precipitation occurs in the reaction
mixture of AgNP even after completion of three
months and less than 1.76% precipitation occurs in
the fourth month. A negligible amount of
precipitation occurs in the AuNP solution even

after completion of four months. No considerable
change in absorption intensity the AgNP and AuNP
solution was seen initially but a decrease in
absorption intensity after 60 days was noticed as
shown in Fig. 6a and 6b respectively. Thus, stable
and biocompatible silver and gold nanoparticles
have been synthesized by using aqueous stem
extract.
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FIG. 6: STORAGE STABILITY STUDIES OF BIOSYNTHESIZED AgNP (A) AND AuNP (B)

CONCLUSION: Green synthesis of AgNP and
AuNP with the help of Alhagi maurorum stem
aqueous extract is reducing capabilities seemed to
be a promising approach for utilizing weed as a
source for nanobiotechnology. Visual
characterization by a change in color of the reaction
mixture with broad and stable absorption spectra at
450 and 540 nm confirmed biosynthesis of these
AgNP and AuNP respectively.  Structural
characterization of both nanoparticles by TEM
study revealed their small size (10 - 40 nm),
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spherical shape and crystalline nature. FTIR spectra
of these biosynthesized silver and gold
nanoparticles postulated the involvement of
different biomolecules present in stem extract for
the synthesis of these nanoparticles and hence
proving green chemistry as a better alternative.
Thus, the present study can prove to help
synthesize silver and gold nanoparticles at ease via
a simple green route for larger scale production
with wide applicability.
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