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The advantage of .using plants in nanoparticles
synthesis is that they are easily available, safe to handle and
a broad variability
antioxidants, nucleotides and vitamins. The aim of this study
was to investigate-the effects of Green and Zimbro tea and also
Green coconut water as a reducing and stabilizer agent in
gold nanoparticle synthesis.” The gold nanoparticles were

of metabolites such as

characterized by UV-Vis absorption spectroscopy, X-ray diffraction (XRD), Dynamic light scattering (DLS)
and Transmission electron microscopy (TEM) analysis. Their physical stability was determined using a UV-
Vis spectrophotometer over several days during storage at room temperature. We observed that green
chemical process to obtain gold nanoparticles did not require any external chemicals reagent for
stabilization of nanoparticulate. Absorption. measurements indicated that the plasmon resonance
wavelength appears around 530 nm. X-ray diffractograms of gold nanoparticles evidenced the presence of
Au-rich (fcc) phases. TEM analysis showed a homogeneous dispersion of nanoparticles and some
agglomerates. Differences in size and shape of the'nanoparticles were observed. Zeta potential of AuNPs
synthetized in presence of Green-tea was -33 mV-indicating stability of the synthesized nanoparticles.

KEYWORDS: Nanoparticles
were characterized by UV-Vis
absorption spectroscopy, X-ray
diffraction (XRD), Dynamic light
scattering (DLS) and
Transmission electron
microscopy (TEM)-analysis.

INTRODUCTION:

Nanotechnology today is
growing very rapidly and has
infinite applications in almost
everything we do. The medicine
we take, food we eat, chemicals
we use, car we drive and much
more. During the last few
decades, metal nanoparticles
have elicit much interest due to

their distinct physical, chemical
and biological properties and
had become most active area of
research  during past few
decades. Owing to the interest
and importance of nanoparticles
many researchers have focused
on the synthesis of nanoparticles
using various chemical and
physical methods. These
methods available for the
synthesis of gold nanoparticles
like ion sputtering, reverse
micelle, chemical reduction,
hydrothermal, sol gel, etc. but
unfortunately, are quite
expensive and potentially
hazardous to the environment

which involve use of toxic and
perilous chemicals that are
responsible for various biological
risks. The techniques using
naturally occurring reagents such
as plant extracts, fungi, sugars,

bacteria, polymers (chitosan,
etc.), as reductants and
stabilising agents could be
considered alternative for
synthesis of inorganic

nanoparticles. The synthesis of
nanoparticles using plant extract
provides advancement over
other methods as it is simple, one
step, cost-effective, environment
friendly and relatively
reproducible and often results
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in.The nanoparticles are finding their applications in various fields such as biomedical, tissue
engineering, health care, environmental, drug delivery, gene delivery, optics, mechanics, non-linear
optical devices, food industry, space industry and many more to count on, in fact in every field many
more to count on The remarkable antimicrobial effect of metallic nanoparticles is of interest for
researchers due to the growing microbial resistance against the antibiotics and development of
resistant strains. This mini-review focusses on the role of plants as asystem for the synthesis of
synthesis of gold nanoparticles using plant extract, the worldwide research progressing in this field and
their applications.

The development of eco-friendly technologies in material synthesis is of considerable
importance to expand their biological applications. Nowadays, varieties of green nanoparticles with
well-defined chemical composition, size, and morphology have been synthesized by-different methods
and their applications in many innovative technological areas have been explored. Due to their unique
optical, electrical and catalytic properties, gold nanoparticles (AuNPs) have been used in many areas of
life, mainly in medicine, electronics and technologies of manufacturing modern materials. AuNPs have
been highly used as agents in biomedical detection and contrasting image due to its properties that
match: biocompatibility, bioconjugation and optical properties. Their small size, high surface area and
stability at high temperatures make them perfect tool in medical diagnosties, photodynamic therapy as
well as in the active transport of drugs, especially for cancer treatment, minimizing the damage cell
during optical staining or biomarker tagging even as during the delivery of biomolecules/drugs to the
target cell/tissue/organ. Gold nanoparticles have been employed in radiotherapy, in two modes: to
increase local dose deposition in tissue during radiotherapy or as a local emitter of gamma and beta
rays. The radioactive properties of gold include: 198Au (Bmax = 0.96 MeV; t1/2 = 2.7 days) and 199Au
(Bmax = 0.46 MeV; t1/2 = 3.14 days), making it a strong candidate to therapeutic radio applications.
Furthermore, both isotopes have gamma emission that can be used in pharmacokinetic and dosimetric
studies. AuNPs are generally unstable because of their high surface and a suitable stabilizer should be
added to prevent aggregation.

MATERIALS AND METHODS:
Solution Preparation

All chemicals and plant extracts precursors used in the synthesis of gold nanoparticles (AuNPs)
were purchased from suppliersiztHAuCl4-3H20 (Fluka), Camellia sinensis, ]. For Camellia (Green tea)
extract, 1 g of leafs was placed in 50 mL of boiling water and magnetic stirrer for 30 minutes. For ].
communis (Zimbro tea) extract,”1 g of fruit was macerated, placed in 50 mL of boiling water and
magnetic stirrer for 60 minutes. T, 10 mL vials was added 0.1 mL of 0.1 mol-L-1 HAuCl4 solution (in DI
water) 9.9 mL of Green tea, Zimbro.tea solution or Green coconut water (in triplicate). The reaction was
stirred continuously at 25°C. The color of the mixture started in pale yellow and become purple-red
after 15, 90 and 30 minutes for Green tea, Zimbro tea solution and Green coconut water respectively,
indicating the formation of gold nanoparticles. The reaction mixture was stirred for an additional 20
minutes. The gold'nanoparticles formed were characterized by UV-Vis absorption spectroscopy, Energy
dispersive X-ray spectroscopy (XRD), Dynamic light scattering (DLS) and Transmission electron
microscopy (TEM).analysis. Their physical stability was determined using a UV-Vis spectrophotometer
over several days during storage at room temperature.

CHARACTERIZATION
UV-Vis Spectroscopy

The solutions were characterized by absorption spectroscopy in the UV-Vis Spectrophotometer
SpectraMax 13, Soft Max Pro® 6.4 Microplate Analysis Software to confirm the peak surface plasmon
resonance of the gold nanoparticles at A = 535 nm, approximately. The spectra were recorded at first
day and after 1, 2 weeks and finally after 1 month. All samples were diluted with water in each measure
to guarantee that the maximum absorbance below 1.5.
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X-Ray Diffraction (XRD) Analysis

X-ray diffraction (XRD) analyses were carried out with a Miniflex Il model Rigakudiffractometer
using a Cu Ka source (A = 1.54056 A). The diffractograms were recorded at 20 in the range 20° - 90°
with step size of 0.05° and scan time of 2 s per step.

Dynamic Light Scattering (DLS) Analysis

Dynamic light scattering (DLS) was carried out using Zeta Plus-Zeta Potential Analyzer
(Brookhaven Instruments Corporation, Holtsville, NY), which was equipped with a 677 nm laser and
dynamic light-scattering (PCS) at 90° for particle sizing. The particle size (multimodal size distribution)
was determined by measuring the angles at which an incident light beam is scattered as a function of
Brownian motion of the colloidal gold particles. 1 mL of each sample was filtered in CHROMAFIL® Xtra
PVDF-20/25, until measurement.

Transmission Electron Microscopy (TEM) Analysis

Transmission electron microscopy (TEM) was carried out using a JEOL JEM-2100 electron
microscope, operated at 200 kV. The particle distribution histogram was determined by measuring the
particles by Lince program.

RESULTS AND DISCUSSION:

UV-vis spectroscopy is one of the most important techniques to determine and evaluate the
formation and stability of metal nanoparticles in aqueous solution. Gold nanoparticles produced by
Green synthesis did not require any external chemicals’agents for the reduction and stabilization of the
nanoparticle. Phytochemicals substances presents in tea or coconut water are presumably responsible
for the creation of coating on gold nanoparticles and thus, rendering the nanoparticles stable against
agglomeration. Figure 1 shows the UV-Vis spectra of gold nanoparticle formation at constant
concentration of HAuCl4 (1 mmol-L-1) for Green, Zimbro tea and Green coconut water solutions. The
absorbance was observed around Amax-= 530 - 540 nm for all solutions, indicating the formation of
AuNPs [4] due to the excitation of the surface plasmon vibrations in the AuNPs, but is possible to find
the plasmon band of AuNPs in ranges from 510 to 560 nm. It is evident from Figure 1 that in Green and
Zimbro tea AuNPs solution was not observed any displacement in Amax (540 or 530 nm respectively),
meanwhile had a displacementin around 20 nm over time for Green coconut water AuNPs in Amax,
suggesting that Green and Zimbro tea AuNPs were more stable than Green coconut water AuNPs. These
results showed that Green coconut water is not efficient enough to stabilizing the gold nanoparticles for
longs periods due to the AuNPs agglomeration were observed after 2 weeks. In the other samples, the
agglomeration of AuNPs was not.observed after almost 1 month. The XRD diffractogram of gold
nanoparticles reduced and stabilized with Green tea displayed in Figure 2, show five diffraction peaks
at about 20 = 38%:457, 65°, 78° and 82°, attributed to the (111), (200), (220), (311) and (222) planes,
respectively, which are characteristic of the fcc structure of Au. The AuNPs reduced and stabilized with
Zimbro tea and Green coconut water were not characterized by XRD technique. Particle size and size
distribution are the most important characteristics of nanoparticle systems. They determine the in vivo
distribution, biological fate, toxicity and the targeting ability of nanoparticle systems. In addition, they
can also influence the drug loading, drug release and stability of nanoparticles. Many studies have
demonstrated that nanoparticles of sub-micron size have a number of advantages over microparticles
as a drug’ delivery system. Generally, nanoparticles have relatively higher intracellular uptake
compared to microparticles and available to a wider range of biological targets due to their small size
and relative mobility. In Figure 3 the dynamic light scattering (DLS) histogram of multimodal size
distribution and zeta sizer corresponding to the AuNPs in Green, Zimbro tea and Green coconut water
solutions. The DLS method was employed to determine the size of AuNPs coated with all
phytochemicals present on tea. Different particle size distribution curves were observed using three
different
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UV-Vis spectra of different gold nanoparticles solutions reduced and stabilized with (a) Green
tea, (b) Zimbro tea and (c) Green coconut water at 25°Clast Difference in size of AuNPs suggesting that
AuNPs are coated with phytochemicals with low and high molecular weight. The zeta potential of a
nanoparticle is commonly used to characterize the surface charge property of nanoparticles. It reflects
the electrical potential of particlesiand is.influenced by the composition of the particle and the medium
in which it is dispersed. Nanoparticles with a zeta potential above (*) 30 mV have been shown to be
stable in suspension, as the surface charge prevents aggregation of the particles. In our results only the
zeta potential of AuNPs synthesized with green tea was above 30 mV (-33 mV) indicating the stability
of the AuNPs. TEM micrographs of AuNPs, shows the shape, particle size and their histograms
distribution (Figure 4). In Figure 4, small and larger nanoparticles were formed, showing agglomerates
of hexagonal shape and particle size between 40 - 70 nm. In Figure , the agglomeration of AuNPs was
lower than the one and the
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X-ray diffractograms of Gold nanoparticles reduced and stabilized with Green tea particle size
was between 20 - 30 nm showing circular and hexagonal shapes. Circular, triangular, hexagonal and

120 - rodshaped nanoparticles were observed in Figure
{c) Green coconut water 4(c) showing particle sizes were between 30 - 70 nm.

100+ The results suggest that smaller particle size
synthesize with Zimbro tea is due to it promote the

z i presence of more nucleation site for AuCl4-
P 60 complexation. It is also possible that Zimbro tea
§ components have effectively protection for
= 404 synthesized nanoparticles thus preventing their
aggregation. Whereas for Green .tea probably. less

201 number of nucleation sites would be present more

9 I_ e i __l__1 reduction has taken place at nuclei that leading to

50 100 150 200 250 300 formation of bigger particle: This observation is in

Diameter (nm) agreement to Mata et al. who prepared gold
nanoparticles using ‘aqueous Plumeriaalba flower
extract (PAFE). The use of 1% and 5% concentrations of PAFE resulted in two different sizes of P. alba
gold nanoparticles, PAGNPs1 and PAGNPs2. The average particle diameters of PAGNPs1 and PAG-NPs2
are found to be 36.05 and 20.65 nm, respectively. A possible explanation for the formation of smaller
particles in PAGNPs2 could be the presence of the increased number of nucleation sites for AuCl4-
complexation with the increasing concentration of the PAFE. Whereasin PAGNPs1, less nucleation sites
were present this may lead to more reduction at one nucleation and formation of bigger particles.
Various nanoparticles shapes were too observed by Philip. using the leaf extract of Hibiscus
rosasinensis. The size and shape of Au nanoparticles were modulated varying the ratio of metal salt and
extract in the reaction medium. Paul et al. found AuNPs of spherical, triangular, tetragonal, pentagonal
and hexagonal shapes using shell coconut extract. The average size of the AuNPs were 20 - 9.5 nm the
extent to which increasing the coconut” extract concentration. At higher concentration of the shell
extract, the polyphenolic compounds, quinones and other chelating phytochemicals present in the shell
extract can effectively stabilize the smaller sized AuNPs. The difference in size of particles observed by
DLS when compared to TEM is the fact that the measured size also includes the bio-organic compounds
enveloping the core of the -AuNPs. Gold ‘nanoparticles generated through that process presents
agglomerate suggesting that the combination of thearubigins, theaflavins, catechins and various
phytochemicals present in green‘reducing and stabilizer agent studied in this paper serve as excellent
stabilizers on nanoparticles and thus, optionally provide shielding from agglomeration.
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Histogram of multimodal size distribution corresponding different gold nanoparticles solutions
reduced and stabilizedwith (a) Green tea, (b) Zimbro tea and (c) Green coconut water.
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Micrographs and particle size distribution histograms of AuNPs reduced and stabilized with (a)
Green tea, (b)Zimbro teaand (c) Green coconut water.

CONCLUSION:

In this contribution, gold nanoparticles of different size and shape were synthesized using
Green and Zimbro tea and Green coconut water as a reducing and stabilizer agent without adding of
different physical and chemical steps. From the point of view of nanotechnology, this was a significant
advancement to synthesize gold nanoparticles by economically procedure. The reported syntheses
were not only simple and cost-effective but also capable of providing monodisperse, functional gold
nanoparticles. It was possible because green reducing and stabilizer agents perform an effectively
protection and prevent their aggregation. The AuNPs were confirmed by UV-vis due to the presence of a
peak around 535 nm concerning the surface plasmon resonance characteristic of AuNPs. These
nanoparticles were stable in water for at least one month, for Green and Zimbro tea, which can be
attributed to surface binding of various phytochemicals substances present in tea. Overall, the results
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suggested that Green tea provided the formation of more stable nanoparticles. These results showed a
wide range of particle sizes and shapes. Finally the synthesis of gold nanoparticles was carried out at
room temperature, atmospheric pressure and were made in water (universal solvent), indicating a
green process that presents a reliable and economic method.
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