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ABSTRACT

Background: Metal nanoparticles are of great scientific interest as they bridge the
gap between the bulk and atomic structures. A number of methods of synthesizing
nanoparticles have been developed and can be grouped into top-down (physical),
bottom-up (chemical) and biological methods. Physical methods are expensive due
to continuous consumption of energy to maintain the high pressure and temperature
employed in nanoparticle synthesis and requires highly sophisticated equipment. In the
chemical synthesis of nanoparticles, generation of hazardous by-products as well as
involvement of certain chemicals that are environmental contaminants is a major concern.
As against this plant-mediated synthesis of nanoparticles employs green synthetic
route, is clean, ecofriendly, cost effective, safe, convenient and beneficial technique
for large-scale production of nanoparticles. Aim: The study focuses on green synthesis
of silver nanoparticles using plant extract as reducing, capping and stabilizing agents. It
has been reported that aqueous silver ions when exposed to plant leaf extract undergo
reduction leading to formation of silver nanoparticles. Methods: In present study, silver
nanoparticles were synthesized by using hydro alcoholic extract of Hygrophila auriculata
whole plant as reducing agent. Results: Synthesis of silver nanoparticles was confirmed
by UV spectroscopy, particle size analysis, zeta potential determination, Fourier
Transform Infrared Resonance, X-Ray Diffraction, Scanning Electron Microscopy and
Transmission Electron Microscopy. Conclusion: Plant mediated nanoparticle synthesis
is a simple, reproducible and ecofriendly method for elucidation of silver nanoparticles.
Data obtained reveals the role of hydro alcoholic extract of Hygrophila auriculata in silver
nanoparticle synthesis.

Key words: Green synthesis, Silver nanoparticles, Hygrophila auriculata, Characterization,
Surface Plasmon resonance.

INTRODUCTION
The term “Nanotechnology’ refers to attracted attention for their positive impactin
fabrication, characterization, exploration —many sectors including consumer products,

and application of nanosized (1-100 nm)
materials in technological advances across
diverse fields. It deals with the study of
extremely minute structures and the prefix
“nano” means “dwarf or miniature”.!

Nanotechnology  provides the ability
to engineer the properties of materials
by controlling  their size, thereby

creating opportunity for exploitation of
nanomaterials.” Nanoparticles (NPs) have
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pharmaceuticals, cosmetics, transportation,
energy and agriculture and are being
increasingly produced for a wide range of
newer applications within industry.>* A very
interesting application of NPs in the scope
of life sciences is their use as smart delivery
systems. Metal NPs are of great scientific
interest as they bridge the gap between
the bulk and atomic structures.” NPs have
unique physicochemical properties, ze., high
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surface area, high reactivity, tunable pore size and particle
morphology. Recent in nanotechnology
include the incorporation of metallic NPs into diverse
industrial, medical and household products.®®

advances

Nanoparticles can be synthesized by top-down and
bottom-up approach.” Top-down refers to making
nanoscale machining and
etching techniques, whereas bottom-up or molecular
nanotechnology, applies to building organic and
inorganic structures atom-by-atom, or molecule-by-
molecule (Figure 1). A number of physical and chemical

structures by various

approaches have been explored for the synthesis and
stabilization of AgNPs."” Physical method involves
laser ablation and evaporation condensation methods
whereas chemical method utilizes chemical reductants
(NaBH,, ethanol, ethylene glycol and so on), aerosol
technique, electrochemical or sonochemical deposition,
photochemical
technique."" Physical methods are expensive due to

reduction and laser irradiation
continuous consumption of energy to maintain the high
pressure and temperature employed in NPs synthesis and
requires highly sophisticated equipment. In the chemical
synthesis of NPs, generation of hazardous byproducts
and involvement of costly chemicals may lead to the
adherence of noxious chemical entities to surface of
NPs, which may adversely affect the environment
and have far reaching consequences.'” As against this
biological approach is close to principles of nature and
mimics natural phenomenon that occur in biological
systems. The current situation demands an ecofriendly,
clean and economically viable way for the synthesis of
NPs (Green nanotechnology). Among several biological
methods of nanoparticle synthesis, microbe mediated
synthesis of NPs is, yet not commercially viable as they
involve maintenance of aseptic conditions and complex
processes of maintaining cultures.”” An ecoftiendly, clean,
economically viable route of nanoparticles synthesis
is the need of the hour. Plant based nanotechnology
offers a suitable alternative to the physical, chemical and
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Figure 1: Approaches for Nanoparticles synthesis.
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microbiological methods discussed above. This paper
outlines a method for synthesis of silver nanopatticles
using plant extract as reducing, capping and stabilizing
agent using a plant that hitherto has not been utilized for
this purpose.

Metallic Nanoparticles

Nanoparticles from noble metals particularly silver,
gold, gold—silver alloy, selenium, tellurium, platinum,
palladium, silica, titania, zirconia, quantum dots,
magnetite and uraninite have been studied extensively
in recent times. Metallic nanoparticles differ in their
physical and chemical properties such as photonics,
catalysis, medical research and surface enhanced
Raman spectroscopy as compared to the bulk materials.
Several of these properties have important industrial

applications and have been commercially exploited.'

Silver Nanoparticles

Amongst the noble metals, silver has been extensively
used in treatment of infections. Silver exhibits catalytic,
anti-bacterial activity, good conductivity and chemical
stability. They also find application in field of opto-
electronics as well as anti-bacterial agents in the health
industry, food storage and textile industry. In addition,
they have several environmental applications.” Silver
nanoparticles are reported to have anti-bacterial activity
against Staphylococcus epidermidis, Psendomonas aeruginosa,
Staphylococcus anrens and E. coli.'® 1t was reported that
Ocimum sanctum leaf extract could reduce silver ions
into crystalline silver nanoparticles (size range 4-30 nm)
within 8 min of reaction time. These NPs were stable
due to the presence of proteins which may act as capping
agents. O. sanctum leaves contain ascorbic acid which may
play an important role in reduction of silver ions into
metallic silver nanoparticles. These nanoparticles have
shown strong anti-microbial activity against E. co/i and
S. aureus."’

Song and colleagues elucidated the fact that Pinus desifiora,
Diospyros kaki, Ginko biloba, Magnolia kobus and Platanus
orientalis leaf broths synthesized stable silver NPs with
average particle size ranging from 15 to 500 nm. In the
case of M. kobus and D. faki leaf broths, the synthesis
rate and final conversion to silver NPs increased with
increase in reaction temperature. Also, average particle
size decreased from 50 nm to 16 nm, when temperature
was increased from 25°C to 95°C. At the reaction
temperature of 95°C more than 90% conversion was
seen within eleven minutes using M. kobus leaf broth.'
As seen above, green chemistry has been used
effectively for synthesis of silver nanoparticles. Plants
are considered as green nanofactories in the genesis of
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nanoparticles.” The major advantage of using plant
extracts for biogenesis of silver nanoparticles is that
they are easily available, safe and nontoxic, have plenty
of metabolites that can contribute to the reduction of
silver ions and are quicker than microbes in the synthesis.
There is increasing interest in minimization of cost, time
as well as waste and execution of sustainable procedures
for the development of ecofriendly and simple methods
for the synthesis of silver nanoparticles.’ In out study,
hydro alcoholic extract of Hygrophila anriculata whole
plant was explored in synthesis of silver nanoparticles.

MATERIALS AND METHODS

Fresh plant of Hygrophila auricnlata (K. Schum) Heine
(Figure 2) was collected in Kolhapur, India. The plant
was authenticated at Department of botany, Ramnarain
Ruia College, Matunga (E) Mumbai (Voucher Specimen
no. HRL/AUTH/2019/1). Silver nitrate was procutred
from Sigma Aldrich. Other reagents used were of
laboratory grade. Triple distilled water was used in the
study.

Preparation of extract

Fully matured whole plant was used for extraction.
Collected plant was thoroughly washed with tap water
and further washed with distilled water, cut into fine
pieces, dried at 40°C in oven for 7-8 days. The dried
plant parts were coarsely powdered using hammer mill.
Hydroalcoholic extract (1:1) was prepared using soxhlet
assembly. The prepared extract was collected and dried
on waterbath. The extract was stored at 4°C for further
use.

Synthesis of silver nanoparticles

Plant extract (15 ml) was added continuously to 100 ml
of 2 millimolar silver nitrate solution in triple distilled
water with continuous stirring at 60°C. Heating was
stopped and stirring continued for 4 hr. The colour of

Figure 2: Hygrophila auriculata.
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the solution changed from colotless to yellow to brown
indicating that silver nanoparticles were synthesized.
Reaction mixture was centrifuged at 6000 rpm for 15
min. The pellet was collected, rinsed thrice with triple
distilled water and dried in hot air oven at 80°C.

The resultant silver nanoparticles were characterized by
UV spectroscopy, Particle size analysis, zeta potential
determination, Fourier Transform Infrared Resonance,
X-Ray Diffraction, Scanning Electron Microscopy and
Transmission Electron Microscopy.

UV-vis spectroscopy?!

This technique uses electromagnetic radiations between
190 nm to 800 nm and is divided into the ultraviolet
UV, 190-400 nm) and visible (VIS, 400-800 nm)
regions. UV-vis spectroscopy is used for the detection of
functional group, identification of unknown compounds
and to determine purity of compound. As it is reported
that silver nanoparticles exhibit Surface Plasmon
Resonance phenomena, the extract was scanned in the
range of 600 to 200 nm.”*

Particle size analysis®

Dynamic Light Scattering (DLS) system measures particle
size, zeta potential and molecular weight from 0.3 nm to
8 um. Particle size can be determined by measuring the
random changes in the intensity of light scattered from
a suspension or solution. Small particles in suspension
undergo random thermal motion known as Brownian
motion. Light from the laser light source illuminates the
sample in the cell. The scattered light signal is collected
with one of two detectors, cither at a 90 degree (right
angle) or 173 degree (back angle) scattering angle. For
size measurement, prepared nanoparticles was dispersed
in triple distilled water (1:50 ratio) and sonicated for 30
min. Then sample was introduced into the cuvettes. The
sizes of nanoparticles were recorded.

Zeta potential of synthesized nanoparticles?

Zeta potential is a measure of the charge on a particle
surface in a specific liquid medium. This value of
surface charge is useful for understanding and predicting
interactions between particles. Smaller particle sizes
and higher surface charge (zeta potential) will typically
improve stability of formulation. Zeta potential is
measured using the technique of electrophoretic light
scattering where particle motion is detected in an applied
clectric field. Synthesized silver nanoparticles were
dispersed in water and zeta potential was measured.

Scanning electron microscopy?

Samples were thoroughly degassed and dried to eliminate
any outgassing from organic contamination and watet.
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Samples were cleaned ultrasonically using water and
blown dry using a compressed gas. Powder sample was
compressed into small disks for sample mounting.
Samples were attached to the flat plates using double-side
carbon or copper tapes and observed under scanning
electron microscope.

Transmission electron microscopy?

For the TEM characterization powder sample was
dispersed in distilled water and ultrasonicated for 30 min.
One to two drops of sample were put on TEM grid and
dried for 30 min and placed in TEM sample holder. The
sample holder was placed in the transmission electron
microscope for observation.

X- ray diffraction (XRD)*®

Silver nanoparticles were freeze dried for 12 hr. and then
ground to fine powder. The sample was placed in sample
holder and scanned.

Fourier Transform Infrared Spectroscopy (FTIR)

The Sample was evaluated by using FTIR technique.

RESULTS AND DISCUSSION

Characterization of silver nanoparticles

Primary confirmation of synthesized silver nanoparticles
can be observed visibly. Aqueous silver ions when
exposed to plant leaf extract were reduced and resulted
in a color change from colotless (Figure 3(a)) to yellowish

Figure 3(a): Silver nitrate solution + extract of Hygrophila
auriculata- initial sample.
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brown to brown (Figure 3(b)) indicating the formation
of silver nanoparticles.

UV-Vis Spectroscopy

The primary synthesis of silver nanoparticles was
monitored with color change and UV-Vis spectroscopy.
Aqueous silver ions when exposed to plant leaf extract
were reduced and resulted in a color change from
colotless to yellowish to brown indicating the formation
of silver nanoparticles. The synthesis of the silver
nanoparticles in aqueous solution was confirmed by
recording the absorption spectra at a wavelength range of
200-600 nm (Figure 4). Synthesized silver nanoparticles
exhibited Surface Plasmon Resonance phenomenon
with absorption maxima at 422 nm. This is in line with
the observations of several other researchers who
have carried out studies on surface Plasmon resonance
phenomena exhibited by silver nanoparticles. >

Particle Size Analysis

The average size of the particles and polydispersity
index (PDI) of the synthesized silver nano particles
were determined by particle size analyzer and the results
are shown in Figure 5. Data shows the average particle
diameter is 313.8 nm and Polydispersity index is 0.481
indicating that the particle size distribution is narrow.

Zeta potential of synthesized nanoparticles

Zeta potential, an indicator of surface charge on the silver
particles gives idea of particle stability in formulation.
Results indicate that synthesized silver nanoparticles had
zeta potential value of -10.8mV (Figure 6). This indicates

Figure 3(b): Silver nanoparticles in suspension seen 4 hr. after
stirring.
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Figure 4: Surface Plasmon Resonance exhibited by silver
nanoparticles.

A 8 RS
PO BE- V00 Fae Wi (F Twmmd Wms ¥ 00

T FEIER

S5Z-100
ZOIBI01 3105004, nme
Moasursmaent Results

-

B
- Thim
Botes 1E-NG-10 sl

It S peration

i

Figure 5: Particle size analysis of silver nanoparticles.

that the surface of synthesized silver nanoparticles is
negatively charged and proves that the particles will be
stable in solution due to repulsive forces.

Scanning Electron Microscopy

As seen in this micrograph (Figure 7), spherical
nanoparticles in the size range 140 nm-300 nm were
observed. Aggregation of particles was not seen
indicating that silver nanoparticles have surface charge
and were stabilized by plant based capping agent.*®

Transmission electron microscopy

The shape and size of the resultant particles were
elucidated with the help of transmission electron
micrography. The TEM micrographs suggest that the
size of the particles was less than 100 nm (Figure 8).
The particles were spherical in shape and smooth in
appearance.

X- ray diffraction (XRD)

Four intense peaks characteristic for silver nanoparticles
were observed at 38.08°, 46.19°, 64.5° and 77.4°

S$514

WORIBA SZ- 100 for ®indows [Z Tyms] Yar® 00

HORIBA

SZ-100
Measurement Results

Measurement Results
Date

Monsuromeoent Type

gl Msme

Te ro o the Holder
. Vinconity

i Saturday, Gotober 13, 2010 5:22:41 P
Zotm Potentinl

: milver nanopariicles dispersed 1310-18 fots

: 280 T

3 ;e
win Foioniial (Mean)

e
BT
ICtrOphonethc Mobiliny Mesn -0, 00004

=z v
E A Con e

L e TS S
B ]

H Al nm
i "‘{ 0

H.'-‘-‘ e

W23 1

Figure 7: SEM of Silver Nanoparticles.

corresponding to the (111), (200), (220) and (311) planes
respectively (Figure 9).* The XRD pattern also showed
two additional intense peaks of bio-organic phase present
on the surface of the silver nanoparticles. These peaks
being weaker than the silver peaks (27.2° and 32.9°) may
be attributed to presence of bio-organic compounds
on surface of silver nanoparticles. Other studies prove
ample proof of presence of phytoconstituents on
surface of nanoparticles when they are synthesized by

green route.”***

FTIR of synthesized nanoparticles

The role of phytoconstituents as reducing, capping
and stabilizing agents can be confirmed by assessing
presence of functional groups on the surface of silver
NPs synthesized by green chemistry route. FTIR analysis
of the sample revealed presence of peaks at 3562.64,
2916.47, 2848.96, 2465.1, 1516.1, 1026.16 and 420.5
cm’ (Figure 10). Stretching between 3200 to 2700 cm™
can be attributed to presence of carbon and hydrogen
containing species including amines, amine salts, alkanes,
alkenes and carboxylic acids. Other functional groups
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Figure 8: TEM of Silver Nanoparticles.
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Figure 9: XRD of Silver Nanoparticles.
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Figure 10: FTIR of Silver Nanoparticles.

that may be present include anhydrides, esters, ethers,
alcohols and phenols (attributed to peak at 1026.16
cm™). Other weak bands are indicative of nitrites,
aromatic rings and aldehydes. Thus, FTIR analysis of
the sample conclusively established the presence of
organic molecules including carboxyl, hydroxyl and
amino groups on the surface of silver NPs leading
to the inference that phytoconstituents from plants
contribute to not only synthesis but also stabilization of
NPS.30’31
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CONCLUSION

There is abundant proof of the role of plant extracts as
bio-reductive agents in synthesis of silver nanoparticles.
Also, considerable studies have been carried out on silver
NPs elucidating their role as promising antimicrobial,
antibacterial, antioxidant, anticancer agents.”** In the
current study, hydro alcoholic extract of Hygrophila
anriculata whole plant successfully reduced silver ions
to silver nanoparticles with minimum utilization
of reactants and energy. The primary indicator of
completion of reduction of silver ions is change in
color from colotless to yellowish brown to brown. In
this study, the synthesized NPs were evaluated and
confirmed to be in nanometric size range, having surface
charge attributable to adhering functional groups of
plant origin. In addition, presence of biomolecules
on their surface was established by FTIR. Minimal
aggregation of particles was confirmed by SEM and
TEM analysis indicating that the procedure employed
for synthesis was also contributing to capping and
stabilization. Further these particles were spherical in
shape hinting at maximal surface area as well as enhanced
anti-microbial activity. The current study contributes to
the body of knowledge regarding AgNPs and provides
a simple reproducible technique of silver NP synthesis.
In conclusion, the huge biodiversity of India is home to
vast untapped natural resources that can be exploited for
the benefit of mankind in more ways than one.
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PICTORIAL ABSTRACT SUMMARY

In the current study, silver nitrate was reduced by
reacting with hydro alcoholic extract of Hygrophila
AgNOz + hydro- . . . o
alcoholic extract of auriculata via an environmentally friendly,
Hygrophila auriculata .

P PP phytoreductive approach. Surface plasmon resonance

T phenomenon elicited by silver nanoparticles was used

to monitor the reaction and optimize the process.

The resulting nanoparticles were characterized by UV

spectroscopy, particle size analysis, zeta potential

determination, Fourier Transform Infrared Resonance,

X-Ray Diffraction, Scanning Electron Microscopy and

Transmission Electron Microscopy. The results obtained

support the hypothesis that plant-based nanotechnology

provides an ecofriendly and economically viable route
for synthesis of silver nanoparticles.

Silver
nanoparticles

WV spectrescapy

Partiela size analysis
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