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Exploitation of green chemical procedures for the synthesis of metal nanoparticles by biological pro-
cess has received great attention in the field of nanotechnology. To demonstrate a biogenic method
that involves the reduction of aqueous gold ions by the extract of Piper longum leaves leading to
the formation of different morphological gold nanoparticles (AuNPs). The formation of gold nano-
structures has been characterized by UV-Vis absorption spectroscopy. The X-ray diffraction (XRD)
and selected area electron diffraction (SAED) patterns indicates the AuNPs are highly crystalline
nature with the face-centered cubic (111), (200), (220) and (311) facets, respectively. The AuNPs
have different sizes and morphologies that are identified by TEM studies. The involvement of water
soluble bio-molecules such as carboxylic acids, flavonoids, proteins and terpenoids were identified
by Fourier transform infrared (FT-IR) and Raman spectrum. The responsible mechanism of improv-
ing acidic nature and the process of encapsulation of gold nanoparticles by Piper longum extract
was discussed. Additionally, we have demonstrated the modified carbon paste electrode using gold
nanoparticles by means of cyclic voltammetry in a solution of 1 M KCI and 1 mM [Fe(CN)sI*~/4-.
The analysis of cyclic voltammetry shows electronic transmission rate between modified Au-CPE
and Bare-CPE electrode increased.
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1. INTRODUCTION

Green nanotechnology is an emerging field in the area
of nanoscience and nanomedicine which is dedicated for
the creation, improvement and utility of nanostructures
for advanced material science, bio-imaging and sensors.
The proliferation of green nanotechnology has sprout-
ing the inter-disciplinary research in the diverse fields
such as medicine, catalysis, drug delivery, coatings etc.!™
The synthesis of nanoparticles with desired shapes and
sizes is a major challenging task for the emerging
area of material research in green nanobiotechnology.®’
Gold nanostructures have attracted considerable attention
due to their unusual shape dependent surface plasmon
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resonance and their potential application in biomedical
field including cancer therapy.®® As a result, a variety of
green approaches have been reported for the synthesis of
metal nanoparticles using various biological sources.!®!
In addition, there are some reports on the synthesis of
metallic triangular nanostructures using biomaterials.'®!8
The optical properties of nanoparticles changes slightly
from visible to near IR region, when the metal nanopar-
ticles are enlarged.'>? In particular, the gold triangular
nanostructures hold considerable promise for biomedical
and photonic applications.?»> A variety of gold nano-
structures including rods, triangles, hexagons, octagons,
cubes, disks, nanowires and nanotubes have been synthe-
sized by physical and chemical methods.?=! However,
most of these methods are cost-intensive and hazardous
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to human health and environment.’? In fact, Nature pro-
vides a solution in the form of biomolecules that can
be successfully utilized for capping the various metal
nanostructures.® Of various plants, herbs and spices often
contain high levels of powerful antioxidants such as phy-
tochemicals in their roots, stems, fruits and leaves which
act as a natural reducing and stabilizing agents for metal
nanoparticles.® These naturally occurring antioxidants have
proved to be non-toxic to living organisms and the envi-
ronment. Consequently, there is a renewed interest in
green approaches for the synthesis of metallic nanopar-
ticles through environmentally benign, biodegradable and
non-toxic materials. The bio-organic moieties of Piper
longum have various chemical constituents such as unsat-
urated amides, flavonoids, lignans, aristolactams, long
and short chain esters, terpenes, steroids, prophenylphe-
nols, and alkaloids are possess pharmacological properties
like anti-tuberculosis, anticancer, antimalarial, antioxidant,
antiamebic properties.>*¢ The Piper longum is a medici-
nal plant which is being used in Indian traditional medicine
such as Ayurveda, Siddha, and Unani and in tribal/folk
medicine.?”-3® It is known to display promissing antiox-
idant, anti-microbial, anti-inflammatory, anti-tumor and
anti-cancer activities. In the current study, we explore the
ability of Piper longum leaf extract as reducing and stabi-
lizing agent to produce gold nanostructures.

2. MATERIALS AND METHODS

2.1. Materials

Hydrogen tetrachloroaurate(Ill) trihydrate (HAuCl, -
3H,0) was obtained from Sigma-Aldrich and used without
further purification. The fresh Piper longum leaves were
collected from the Green house. The fine graphite powder,
KCl, Potassium ferrocyanide was obtained from Merck
chemicals. Silicon oil, acetone (GR grade) was procured
from Himedia chemicals. All chemicals used are analyt-
ical grade and the aqueous solutions were prepared with
double distilled water.

2.2. Preparation of Piper longum Leaf Extract

About 20 g of fresh leaves were thoroughly washed and
then finely chopped into leaf pieces and placed in a
250 mL Erlenmeyer flask containing 100 mL of double
distilled water. The resulting leaf suspension was boiled
for 5 min and the extract was cooled and then filtered
through the whatman no. 41 filter paper (pore size 20 pm)
and stored at 4 °C for further experiments. The condensed
liquid was used for the synthesis of gold nanoparticles.

2.3. Synthesis of Gold Nanoparticles

The gold nanoparticles were prepared by treating of 10 mL
of 0.001 M HAuCl, - 3H,0 with aqueous extract and the
mixture was kept at dark place. The visual appearance of a
purple color in the reaction vessels indicates the formation
of gold nanoparticles.
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3. CHARACTERIZATION

The kinetics of the reaction between leaf extract and
chloroauric solution was analyzed by UV-Vis absorption
spectroscopy. The analysis was carried out on Thermo Sci-
entific Genesys 10S UV-Vis spectrophotometer with sam-
ples in a 1 cm path length quartz cuvette operated at a
resolution of 1 nm. The nanoparticle solution was diluted
with doubled distilled water to avoid errors due to high
optical density value of the solution and doubled distilled
water was used as a blank. The particle size and morphol-
ogy were examined with Philips Tecnai F 12 transmission
electron microscope operating at an accelerating voltage
15 kV. For TEM measurements, grids were prepared by
placing a drop of the bio-reduced AuNPs solution onto a
carbon coated copper grid and later dried at room temper-
ature after removing the excess solution using filter paper.
For X-ray diffraction (XRD) measurements, the thin film
was analyzed by a drop of AuNPs solution coated onto a
glass slide, which was analyzed by using Inel C120 X-ray
diffractometer, and is equipped with a curved position sen-
sitive detector and the data was collected using Co-K,
radiation of 1.7889 A. The IR spectrum was analyzed on
Thermo-Nicolet IR 200 spectrophotometer, operated at a
resolution of 4 cm™! in the region of 4000-400 cm~'. For
this, the sample was centrifuged at 15000 rpm for 30 min
and dried in air. The p" values were measured with Elico
U 120 p" meter and a combined p!' CL 51 B electrode.
The Raman spectrum was analyzed on LABRAM HR 800
micro Raman spectrometer coupled with confocal micro-
scope. Electrochemical measurements were performed on
CHI model 660c electrochemical work station with a con-
nection to the personal computer that was used for elec-
trochemical measurements. A conventional three electrode
cell was employed throughout the experiments, with a bare
carbon paste electrode (Bare-CPE) (homemade cavity of
3.0 mm diameter)/Au doped carbon paste electrode (Au-
CPE) as a test electrode, saturated calomel electrode (SCE)
as a reference electrode and a platinum wire as a counter
electrode. The electrochemical behavior of Bare-CPE and
Au-CPE electrode was studied by using cyclic voltam-
metry in 1 M KCI in potential range of —0.2-0.6 V at
30 mV/Sec.

3.1. Preparation of Bare and Modified
Carbon Paste Electrode

The bare carbon paste electrode was prepared by hand
mixing of 70% graphite powder and 30% silicon oil in
an agate mortar to produce a homogenous carbon paste.
The paste was packed into the cavity of homemade PVC
(3 mm in diameter) and then smoothened on a weighing
paper. The electrical contact was provided by copper wire
connected to the paste at the end of the tube.?* The modi-
fied carbon paste electrode was prepared by taking differ-
ent volume of AuNPs (5, 10, 15 and 20 wl) in silicon oil
30% and graphite powder 70%. The prepared modified car-
bon paste electrode and bare electrode was packed into a
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homemade Teflon cavity current collector and smoothened
on a weighing paper. All the experiments were carried out
at room temperature 30 £2°C.

4. RESULTS AND DISCUSSION

4.1. UV-Vis Absorption Spectroscopic Studies

The UV-Vis spectra of gold nanoparticle formation at con-
stant concentration of HAuCl, (I mM) with varying quan-
tity of Piper longum leaf extract of 0.5 mL, 1.0 mL,
1.5 mL, and 2.0 mL aqueous medium shown in Figure 1.
It is evident that a small shift of absorbance peak towards
the lower wavelength region (555-546 nm) with increas-
ing amount of the leaf extract. The gradual color change
from pink to ruby red was observed during reaction with
varying quantity of extract which are characteristic of
the surface plasmon resonance (SPR) of AuNPs in solu-
tion. As a function of leaf extract increases, the width
of the SPR peak is decreases, indicating that the syn-
thesized AuNPs are spherical in shape. The growth of
nanoparticles was recorded through the changes in UV-
Vis spectra with time which are depicted in Figure 2.
The intensity of absorbance peak (540 nm) of AuNPs
was increases with time (up to 1 hours). After one hour,
we observed two prominent differences in the absorp-
tion spectrum, one is the intensity of SPR peak which
is decreased and a new absorption band is developed
at 650 nm indicating the presence of anisotropic nano-
structures. With increasing reaction time from 1.5 h to 2
and 3 h, the SPR band at 650 nm was shifted towards the
red region (720 nm) which clearly indicates the anisotropic
shape of the gold nanostructures.*>*!" The characteristic
feature of anisotropic gold nanostructures such as spheri-
cal, hexagons and triangles were observed by TEM studies.
The UV-Vis absorption spectra of AuNPs with variable
p" values from 2 to 8 were shown in Figure 3. From
the spectra, it was noticed that with increase of p* value,
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Figure 1. UV-Vis spectra of aqueous HAuCl, with piper longum leaf
extract. Inset of the figure shows the UV-Vis spectrum of piper longum
leaf extract.
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Figure 2. UV-Vis spectra of gold ions with piper longum leaf extract
at different time intervals.

the plasmon peak appears at red shift by 5 nm and
also increases the broadness of the SPR, which indi-
cates that the nanoparticles are anisotropic and uneven
distribution.

4.2. TEM, SAED and EDS Studies

The particle morphology, size, crystallinity and elemental
analysis were studied from TEM, SAED studies. Figure 4
shows the TEM micrograph of the biosynthesized gold
nanostructures. From the micrographs, it is interesting to
note that almost all the particles are not in physical con-
tact and are surrounded by a thin layer of biomolecules,
which seems to be responsible for stabilizing the nanopar-
ticles. The nanoparticles are in hexagons, triangles and
very few of the particles are spherical shape which is con-
sistent with the enlarged SPR band in UV-Vis spectra. The
size of the grown gold nanostructures was in the order
of 10-150 nm. The SAED pattern suggests that the par-
ticles are highly crystalline nature in which the diffrac-
tion rings from inner to outer, clearly indicating the fcc
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Figure 3. UV-Vis spectra of aqueous gold ions with piper longum leaf
extract at different p! values.
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Figure 4. Transmission electron microscopy image of gold nanostructures reduced from 2.0 ml of leaf extract (arrows indicates the thin layer of

biomolecules) and SAED pattern of the gold nanostructures.

facets of gold with (111), (200), (220) and (311) reflec-
tions respectively as shown in Figure 4.4* The energy dis-
persive spectrum (Fig. 5) revealed the clear identification
of the elemental profile of the synthesized nanoparticles,
which suggests the presence of gold as the ingredient
element.

4.3. XRD Analysis

The crystalline nature of the AuNPs was confirmed from
XRD analysis as shown in Figure 6. A number of strong
Bragg’s diffracted peaks was observed at 44.6°, 52.1°,
76.8° and 93.4° corresponding to (111), (200), (220)
and (311) reflections respectively. Angular positions of
the diffracted Bragg peaks were compared with standard
JCPDS 04-0784 file and it was confirmed that the nanopar-
ticles have a face-centered-cubic facets respectively. The
size of the gold nanoparticles are calculated by X-ray
line broadening method using the Debye-Scherrer’s for-
mula D = 0.9A/Bcosf, where D is the average size of
the particle, A is the wavelength of the incident X-rays,
B is the FWHM of the diffraction peak. The calculated
average domain size of the AuNPs was 23 nm using the
full width half maximum (FWHM) of the (111) Bragg’s
reflection.* 44

‘um’m M@\:‘; om. : L d
Figure 5. EDX spectrum of gold nanoparticles.
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4.4. FT-IR Analysis

FT-IR has emerged as a valuable tool to understand the
involvement of functional bio-organic groups in metal
interactions. The FT-IR spectrum of AuNPs using Piper
longum leaf broth is shown in Figure 7. It indicates that
the functional groups present in biomolecules act as the
reducing and the stabilizing agents for the formation of
AuNPs. The band at 3420 cm™' corresponds to N—H
stretching vibrations in amides and amines and O—H
stretching vibrations of hydroxyl group in alcohols and
the peak at 2920 cm™! indicates the C—H stretching
vibration modes of hydrocarbon chains.* Absorption band
at 2360 cm~! represents the CO, dissolved in water.*®
The peak at 1740 cm™! indicates the C=0O stretching of
esters and «,3-unsaturated ketones. The absorption peaks
at 1640 and 1535 cm™! are due to the C=C stretching
and aromatic stretching vibrations, respectively. It indi-
cates the presence of flavonoids in the leaf extract. These
flavonoids may be involved in the catalytic reduction of
Au’*t ions to Au’ nanoparticles with interaction of car-
bonyl groups and glycosides which act as capping agents.
The band at 1450 cm™! corresponds to geminal methyl
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Figure 6. X-ray diffraction spectrum of gold nanoparticles.
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Figure 7. FT-IR spectrum of gold nanoparticles.

group stretching vibrations and peak at 1180 cm™' indi-

cates —O— vibrations.*® The carbonyl groups from amino
acid residues and peptides of proteins have a strong affin-
ity to bind with metals; hence the proteins and glycosides
are acting as encapsulating agents and protect the nanopar-
ticles from the agglomeration. The capping agents of the
biomolecules were insufficient to stabilize complete gold
nuclei.***¢ The first gold nanoparticles formed thermody-
namically unstable due to their small and insufficient cap-
ping agent. The uncovered face of gold nanoparticles could
oriented each other through dipole—dipole interactions of
biomolecules and hydroxide ions could act as possible
driving forces for the formation of anisotropic nanoparti-
cles. In addition, the surface energy of larger particles is
lower than that of smaller ones.*”>*® These small nanopar-
ticles were suitable to dissolve in solution and grow onto
larger ones. The nanoparticles grew and joined together
because of their Brownian motion in the solution forming
anisotropic nanostructures.*”>>° The possible pathway of
the growing nanostructures by biological method is as
shown in Figure 8.

.W? , B
Figure 8. Mechanism for the formation of gold nanostructures with
various morphologies by biological procedure.
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Figure 9. Raman studies of biogenic gold nanostructures.

4.5. Raman Studies

The Raman studies of biological synthesized gold nano-
structures are as shown in Figure 9. The enhancement of
strong peak at 438 ¢cm~' corresponds to in-plane vibra-
tions of —-C—S atoms. The weak peak at 558 cm™! indicates
the vibrations of —C—Cl atoms. The peak at 703 cm™!
corresponds to the plane vibrations of the —C—H atom:s.
The strong band at 965 cm™' suggests the vibrations of
—C—C and —C—N atoms. The enhancement of bands
at 859, 1194, 1324 and 1451 cm™' corresponds to the
NH, and CH, twisting vibration modes which suggest the
presence of interactions between positively charged sec-
ondary amino groups and negatively charged AuNPs via
electrostatic interaction.”? The enhancement of the peaks
at 1653 and 1712 cm™' corresponds to the amino group
(-NHJ) and carboxyl group (-COO~). The peak at 268
cm~! suggests the stretching vibrations of Au-N atoms.
The enhancements observed for all the groups suggest
the presence of central carbon atom, nitrogen atom and
IT-electrons of phenyl ring which behave as possible inter-
action sites.”'* Additionally, Raman spectrum is expected
to be closely related to its spherical, triangular and hexag-
onal morphology because the edges of the particles are
made of the surface roughened. The enhancement was
attributed to the electromagnetic effects in aggregates com-
bined with either molecular or metal to molecular reso-
nances of the nanoparticles.

4.6. Hypothetical Explanation of Encapsulation and
Acidic Nature of Solution

In the bio-reduction process of gold nanoparticles, the leaf
extract was added to 10 mL of 0.001 M HAuCl, solu-
tion. The ionization took place as follows: It is assumed
that the gold ions enter inside the plant cell passing
through the HT ATPase protein embedded in the thy-
lakoid membrane by an electrogenic pump. On the basis
of this principle of chemistry of photography; we assume
that alcoholic compound acts as a main reducing agent

J. Nanosci. Nanotechnol. 15, 12801286, 2015
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Table I.  p" values of the extract in different time span.

Sample Value of p"
Piper longum extract (sample 1) 5.04
Aqueous solution of HAuCl, - 3H,0 (sample 2) 1.38
Sample 1+ Sample 2
Time period (min)

1.58
15 1.48
30 1.43
45 1.40
60 1.38
75 1.34
120 1.32
150 1.31

for reduction of gold ion to gold metal during the non
cyclic photophosphorylation.** Previously, it was assumed
by the researchers that the polyol components were mainly
responsible for reduction of silver ions from silver nitrate.
It was also reported that chlorophyll pigment might be
capping the silver nanoparticles.” During non-cyclic pho-
tophosphorylation, many chlorophyll pigments serve as an
antenna, collecting light and transferring its energy to the
reaction center.® The stabilization of the gold nanoparti-
cles through the Ht ATPase protein embedding, the acidic
nature of aliquot solution increases as the time increases
(Table I). As shown in Table I, it was observed that the
ATPase proteins act as capping agents during the process
of formation of gold nanoparticles. During the above pro-
cess, ATP hydrolyses to ADP liberating a phosphate group
which is a source of H* ions. These H ions may react
with C1~ ions of HAuCl, and generates HCI. Due to this
reason, the acidic nature of the aliquot solution increases
with time span. The anisotropic gold nanostructures are
formed by the selective binding of a large number of
spherical AuNPs, approaching from multiple directions to
specific crystals of the initially formed small nanoparticles
under limited protein concentration.’-8

4.7. Electrochemical Studies

The cyclic voltammetry responses of 1 mM [Fe(CN)]*~/4~
in a 1 M KCI solution at the Bare-CPE and modified
electrode doped with various volume of 5 ul, 10 ul,
15 pl and 20 ul of 0.001 M AuNPs were carried out
at a scan rate 30 mV/sec as shown in Figure 10. The
electron transfer kinetics of a redox couple in the solu-
tion on the AuNPs assembled electrodes depend on the
surface of the carbon paste electrode. From the voltam-
metric results for the detection of Au amount on the
electrode surface, we observed that a larger Au reduc-
tion signal was obtained for a higher Au amount on the
electrode surface and for a higher AuNPs surface area
ratio. Finally, the redox peak currents were increased grad-
ually with increasing of AuNPs volume in the bare car-
bon paste and showed maximum redox current value at
20 ,ull.59—63
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Figure 10. Cyclic voltammograms of bare and different volumes
(1 mM 5, 10, 15 and 20 ul of AuNPs) of doped CPE electrodes.

5. CONCLUSIONS

In summary, we have developed a simple and conve-
nient method for the synthesis of colloidal AuNPs and
nanoplates using Piper longum leaf extract. By increasing
the reaction time, the particle morphology of the biogenic
gold was changed from spherical to nanohexagons and tri-
angles. The crystalline nature of the nanoparticles has been
studied from XRD and SAED pattern. The nanoparticles
are found to be surrounded by thin layer of biomolecules.
The internal conversion of polyols into carbonyl group in
flavonoids may be responsible for Au** ion reduction. The
cyclic voltammograms shows highly separated redox peaks
for AuNPs as compared with Bare-CPE due to the electro
catalytic nature of the AuNPs. This method is also pref-
erential due to its low-hazardous to environment denoting
its worth and prompt for preference in various medical,
industrial and bio-imaging application.
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