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Abstract

In this study, we report the synthesis of silver nanoparticles (AgNPs) by using a simple green synthesis method. 30 nm sized
AgNPs prepared by using tea extract and Ag salt at normal room temperature. The AgNPs synthesized via this one-pot
greener approach, can be used as a promising material in different fields such as cosmetics, foods, medicine and pollutant
degradation, etc. This environment benign did not use of any extra capping or reducing agent or template. As synthesized

nanoparticles were evidenced by advance analysis techniques such as:

UV-Vis spectroscopy, transmission electron

microscopy (TEM), powder X-ray diffraction (PXRD) and fourier transform infrared (FTIR) spectroscopy, etc. X-ray
analysis exhibits that the pure silver nanoparticles were grown in a single phase (face-centered cubic structure). Particle size
was confirmed by the TEM images of the well dispersed sample. This method can also be facilitated for other metals such as

gold (Au), copper (Cu), palladium (Pd) and platinum (Pt).
Keywords: Tea leaves, Capping agent, Bioreduction, AgNPs.

Introduction

Nanosciences is an emerging field of research nowadays
because of its wide range application in the field of electronics"
3 fuel cells, batteries, agriculture, food industry, and medical
sciences®. Nobel metal nanoparticles e.g., Au, Ag, Pd and Pt are
prepared through different techniques and their characterizations
expose interesting properties make them greatly significant for
research. The nanoparticles synthesized through chemical
method cannot be considered as an environment benign because
of their hazardous effect on human health, but in recent times
the fabrication of NPs by green synthesis method has pulled the
interest amongst researchers because of its ecofriendly
character. The synthesis of noble metal NPs using greener
routes is a major agenda of nowadays scientific research’. Silver
nanoparticles are also extensively studied owing to their unique
properties such as excellent electrical and thermal conductivity
and non-linear optical behaviour and catalytic activity, chemical
stability antifungal and antimicrobial effects®. Indeed many
reports are there on the synthesis of metal NPs using a variety of
methods like microorganisms’ and plant extracts.

Greener synthetic approaches for the synthesis of metal NPs
have attracted considerable interest. It reduces the utilization
and generation of hazardous chemicals that can be produced by
different type of physical and chemical method, which are not
good for living being and environment®. Moreover, the green
production of NPs has a numeral benefits over pure chemical
methods because it is a comparatively cost effective, healthy
and easy to handle method. Therefore, green synthetic
methology has attracted enormous attention of researcher’s to
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synthesize a range of metal NPs’ due to their fascinating, and
outstanding  properties with respect to their bulk
counterparts'™''. Among the various practicing green methods,
biogenesis is a promising method for the synthesis of metal
NPs, in which the extract of different part of the plant has been
used for reduction of metal ions'>'*. Every part of the plants
such as leaf, stem, flower, bark, leaves’ and skin of the fruits
can be employed for the production of metal nano particles. The
excess of reports have been documented recently stating the
wide range of nanoparticles production using plant extracts
such as Ag,15 Au,16 Fe,"” Pd,18 ZnO/Au and ZnO/Ag,19 quantum
dots CdS,20 etc. Here, we have synthesized the silver
nanoparticles via biogenesis by utilising tea leaves’.

Here, we have introduced the convenient and simple route to
synthesize the silver nanoparticles using biogenesis. The
applications of AgNPs include in the numerous areas such as
electronic, optical, catalytic, chemical, photo-electrochemical,
magnetic, antibacterial, and biological labelling. It also has been
proved an efficient antimicrobial, antifungal, antioxidant agent
in medical field. Due to their non-toxic action towards animal
cells and highly toxic activity towards bacteria including
microorganisms like Pseudomonas Aeruginosa, E-coli,
Staphylococcus Aureus etc. Ag NPs are referred to be the
protected and effective bactericidal metal*" >,

Within this report we mainly focus on the Tea aqueous leaves’
extract as they are the most significant and valuable piece of this
plant. The tea extract contains few important phyto-chemicals
i.e. nicotinic acid, proteins, lipids, ploy-phenols, saponins and
alkaloids®. These were used to synthesize AgNPs via a
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convenient and highly reproducible method. The most important
benefit of this process is, necessity of any external capping and
reducing agent can also be eliminated, synthesis can occur at
room temperature and aqueous medium synthesis.

Materials and Methods

Required materials: Clean tea leaves were collected from tea
garden of Agriculture University Kota. Silver nitrate (AgNOs3)
was purchased from Merck, Germany. All of the chemicals used
in the study are of analytical grade and used without any
purification. Deionised water was used throughout in the
experiment to prepare all the solutions.

Preparation of Dried Biomass: 2gm of tea leaves were
collected and transferred to a beaker containing 25 ml of
deionised water. The combination was thoroughly agitated for
the complete night via a magnetic stirrer. The extract was then
filtered to achieve the deep pink coloured solution. The liquor
was centrifuged and filtered one more time to remove
impurities. This extract was further filtered and stored at 4°C
until the use for current study.

Synthesis of nanoparticles: For green synthesis of silver
nanoparticles, 2.0ml aqueous tea leaves’ extract was taken for
the reaction. Freshly prepared 25 mL of 10~ M silver nitrate
solution was mixed drop by drop into the plant extract. The
reaction mixture filtered was incubated in dark and at ambient
temperature till the colour of the solution transformed from
colourless to light green. Afterwards the AgNPs were dried at
90°C.

Characterization of nanoparticles: The synthesised
nanoparticles were carefully characterized by means of advance
analytical techniques. The absorption spectra were recorded
using UV-Vis spectroscopy (Schimadzu UV- 1600 model 2010)
over a range of wavelength i.e. 200-800 nm, where water is used
as a reference. The surface morphology of the AgNPs was
examined using a JEOL-2010F TEM operating with electron
beam of energy of 200 kV. FTIR (UV 3000* Lab India, 2011)
was examined to achieve broad spectrum of nanoparticles over a
narrow series. This process gives us information regarding
phytochemicals that have enclosed the particles through
synthesis method. The XRD investigations were performed
using Rigaku (Ultima 1V) diffractometer with Cu-Ka radiation
at 25°C to determine the phase purity and the crystal structure of
the NPs.

Results and Discussion

Synthesis and characterization of silver nanoparticles:
Aqueous tea leaves’ extract act as a reducing agent as well as
capping agent during the silver nanoparticle production. Which
reduces silver ions to nano silver hence, the colour will be
change from light pink to green, as shown in Figure-1. The
appearance of the aqueous silver nanoparticles was light green
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in colour due to excitation of surface plasmon vibration in silver
nanoparticles.” UV-Vis spectroscopy could be used to examine
size and shape controlled by nanoparticles in aqueous
suspensions. The peak attributed to the surface plasmon
resonance is observed at 460 nm. The broad UV-Vis- absorption
spectrum of the sample was obtained between the wavelength
range in 200nm-800nm. Figures-2 and 3, shows the
corresponding UV-Vis spectrum recorded for pure Tea extract
and mixture of Tea with AgNO; after 24 hours aging that gives
rise to the two absorption bands: first around 280 nm (w-7*
transition) and second the characteristic first excitonic UV peak
between 340-580nm (d-d transition) with a well defined peak at
460 nm, as shown in figure Figure-2 and 3. The first excitonic
UV peak the nanoparticles was experimentally obtained due to
the surface plasmon resonance (SPR) exhibited by silver
nanoparticles. Which will caused when AgNP solution exposed
to electromagnetic radiation and resulted oscillation gives a
typical peak value.”

Figure-1
(a) Aqueous Tea leaves’ extract (b) AgNPs after24h
incubation
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Uv-Vis spectra of pure Tea leaves extract
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Silver nanoparticles produced by extract of Tea leaves

TEM image of the NPs corresponds to the topography of the
AgNPs (Figure-4), which exhibits the particle size in between
20-50 nm and recommended the presence of approximately
spherical silver nanoparticles in the solution. The Transmission
Electron Micrograph image indicates the dispersity and
morphology of the silver nanoparticles. These particles are
rounded in shape and distributed in smaller and bigger size
zones. These silver nanoparticles may be due to the capping of
phytochemicals such as polyphenols or due to the formation of
the cluster.

Figure-4
TEM images of AgNPs produced by Tea leaves’ extract
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The XRD patterns of the powdered silver nanoparticles taken
using CuK, radiation (\= 1.5418 A) gives major peaks at
38.09°, 44.12° and 64.37° that can be indexed to the (111),
(200) and (220) planes of a cubic crystal system (a=4.0686A)
and corresponding well with the standard JCPDS file No.04-
0783 of pure silver metal. Broadness in patterns reflected the
small particle size of the AgNPs and spin plasmonic resonance
phenomena (Figure-5).
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XRD plot of synthesized AgNPs via extract of tea leaves’

The Debye-Scherrer formula (D, = KA /B1/2 cosf with K=0-89,
A=wavelength of the radiation, f=full width at half maximum, 6
= incident angle of radiation beam, D,=particle size) was also
used for calculation of the particle size i.e. ~ 20-50 nm. FTIR
investigation also gives a series of peaks for the AgNPs sample
belong to the sequence of the phytochemicals present in the
sample that acts as a reducing agent (Figure-6). FTIR
investigations on the biosynthesized AgNPs was passed out in
the range of 4000-500 cm™ wave number to make out the most
likely interactions between the Ag ions and phytochemicals
present in tea leaves’ extract that used to stabilize the AgNPs.
Figure-6 definite the existence of plant peptides visible due to
the bending formed by amide bonds. AgNPs exhibits prominent
peaks at 3379.76, 1696.45 and 1648.73 cm’', representing the
contribution of N-H stretching vibrations, N-H bending
vibrations and C=O stretching vibrations that refers to the Tea-
AgNPs aggregates. The C-N and C-O-C stretching vibration
suggested the existence of a lot of phytochemicals on the
surface of the NPs.

Green production method of AgNPs is an additional way to
chemical and physical synthesis methods and it is used to reduce
metal ion of silver to nano silver. Green Synthesis of the silver
nanoparticles has been earlier reported using plant’s leaves’
extracts as well as different kind of plant body parts. The
phytochemicals present in the leaves’ extract, which are
responsible for reducing the silver salts and producing stable
silver nanoparticles without using any capping agent”
Furthermore, the antimicrobial, antifungal and antioxidant
activities of the nanoparticles are also improved by the existence
of the phytochemicals.
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Figure-6
FTIR spectra of AgNPs synthesized by plant tea leaves’ extract

Conclusion

In this current study we have planned and an ecofriendly
synthesis of AgNPs using tea leaves’ extracts via biological
method, in which tea leaves’ extract act as a reducing agent. In
green synthesis method, tea leaves’ extract are responsible for
reduction of silver metal to nano size. The synthesized silver
nanoparticles were subjected to advance analysis technique such

as a TEM, XRD, Uv-Vis spectroscopy and FTIR in order to
characterize them.

The formation of nanoparticles as well as size was also
confirmed by UV-Vis spectroscopy; while crystalline properties
of the nanoparticles and average particle size is investigated by
XRD analysis and the TEM image show visibly the formation of
nanoparticles. To the best of our information this is the unique
information of the explanation that lead the path to produce the
tea mediated AgNPs. These research works are further extended
to investigate the synthesis and optical properties of AgNPs
formed by the other plant leaves’ extracts.
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