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KEYWORDS Abstract

The paper presents a new method for the biomimetic synthesis of gold nanoparticles

Ipomoea carnea;

1. fistulosa;

Gold nanoparticles;
Biomimetic synthesis

(GNPs), in which a highly invasive and harmful weed Ipomoea carnea has been employed for the
first time as the main bioagent. Extracts of all the three basic components of the plant — leaves, stem
and root — were explored and were found to be suitable in effecting the GNP synthesis. The electron
micrographs of the synthesized GNPs revealed the presence of particles of monodispersed spherical
and polydispersed triangular, hexagonal, polygonal, rod, and truncated triangular shapes in sizes
ranging 3-40 and 10-100 nm, respectively. The presence of gold atoms was confirmed from the
EDAX and X-ray diffraction studies. The FT-IR spectral study indicated that the polysaccharides
and proteins in the plant extract could have been responsible for the reduction of gold ions to GNPs
and the latter’s stabilization.

© 2014 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.

1. Introduction

As nanotechnology finds increasing application across diverse
fields of human endeavor, there is a growing need to develop
more and more clean and frugal procedures for the generation
and assembly of nanoparticles. Among the very attractive
options is the use of biomimetic methods which mimic the
way in which nanoparticles are synthesized in nature under
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benign environmental conditions, with benign chemicals, and
with minimum inputs of energy. Using extracts of different
plants (botanical species) to extracellularly synthesize nano-
particles is one of the most promising biomimetic routes.
Unlike other biomimetic options, which rely on microorgan-
isms, plant-based option is generally simpler and quicker
(Anuradha et al., 2010, 2011a,b; Abbasi et al., 2014).
Beginning with the pioneering work of Shankar et al.
(2003), gold nanoparticles (GNPs) have been synthesized using
a myriad of plant species (Abbasi et al., 2014). These include
medicines such as neem and lemongrass (Shankar et al.,
2004a.b), cosmetics such as clove (Singh et al., 2010), stimu-
lants such as tea (Begum et al., 2009), nuts such as cashew
(Sheny et al., 2011), ornamentals such as rose and dandelion
(Dubey et al., 2010; Tettey et al., 2012), and a very large vari-
ety of species used as food or fodder (Dubey et al., 2013;
Abbasi et al., 2014). But two aspects have limited the use of
procedures based on these species. The first of these stems from
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Table 1 Wavelengths of absorption peaks (4max, nm) and corresponding absorbance of gold nanoparticle suspensions synthesized

using extracts of ipomoea.

Plant part used for =~ Metal: extract Reaction duration (h)
preparing the extract concentration ratio
2 4 6 24 48
Amax Absorbance An.. Absorbance An.x Absorbance A,.« Absorbance A,.x Absorbance
Leaf (LE) 1:3 538 1.03 538 2.20 539 2.56 537 297 536 2.94
1.7 536 2.56 537 2.59 536 2.61 536 2.69 536 2.66
1:15 - - - - - - - - - -
1:25 = = = = = = = = = =
1:60 - - - - - - - - - -
Stem (SE) 1:3 - - - - 560 0.29 565 1.35 559 0.70
1:7 = = 547 0.24 568 1.26 568 1.77 551 0.73
1:15 539 193 539 234 538  2.56 532 2.68 536 2.55
846 0.99 846 1.01
1:25 533 2.01 534 2.03 536 2.02 539 2.02 542 2.00
1:60 = = = = = = = = = =
Root (RE) 1:3 = - - = 553 0.33 562 093 565 1.25
1:7 554 0.57 553 1.09 553 1.46 554 1.46 548 1.79
1:15 537 197 536 2.23 536 2.30 536 2.26 534 223
1:25 533 198 533 1.98 533 2.01 532 193 533 193
833 1.22 833 1.23 832 1.22 832 1.14 832 1.13
1:60 - - - - - - - - - -
the fact that all these species already have designated uses and The present work is made distinct by its two attributes.
ready markets. Employing them for GNP synthesis would Firstly it is based on a plant which is freely available and
mean compromising with one or more of their other uses. has no competing use. Secondly it utilizes all the plant parts,
The other drawback is that nearly all reported methods utilize leaving nothing to waste. Indeed the species on which the pres-
either the leaves or the fruits of the given species, leaving the ent work is based—ipomoea (Ipomoea carnea, also called Ipo-
rest of the plant, especially the stem and the roots, unutilized. moea fistulosa)—is a highly pernicious amphibian weed which
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Figure 1 The UV-Visible spectra of GNPs formed with gold (III) and the leaf extract of ipomoea (top), and the change in A, as a

function of time.
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has been a scourge of land-masses and shallow water bodies all
over the tropical regions of the world. In India alone, losses
caused by ipomoea have been estimated to exceed several
thousand crore rupees per annum (Chari et al., 2005; Abbasi
et al., 2008). As of now there is no economically viable method
with which large enough quantities of this weed can be utilized
to exercise control over its proliferation. Nor is it possible to
destroy this weed with chemical or biological means without
seriously endangering the environment. The present method,
besides providing a freely available bioagent for GNP synthe-
sis, also creates an opportunity to harvest the bioagent in large
quantities, thereby exerting some control over its negative
environmental impacts.

2. Experimental

All chemicals were of analytical regent grade unless otherwise
specified. Deionized water, double distilled in all-glass stills,
was used throughout.

2.1. Preparation of aqueous extracts of the leaf, stem and root of
ipomoea

I. carnea was collected from its place of prevalence in the cam-
pus of the Pondicherry University. Fresh, mature, and disease-
free plant portions were washed to clear off the attached soil,
then dipped in saline water to sterilize their surface, and
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washed again before blotting them dry. Several randomly
picked plant samples were weighed and then dried at 105 °C
to a constant weight (APHA, 2012). On the basis of the dry
weight thus obtained, extracts for nanoparticle synthesis were
made by boiling 2 g dry weight equivalent of the plant material
with 100 ml of water for 5min. The contents were filtered
through a Whatman number 42 filter paper and the filtrate
was stored at 4 °C. Reconnoitery experiments indicated that
the extracts retained their integrity for up to 3 days, as evi-
denced by the extent of intensity of nanoparticles generated
by them. Hence in all the experiments the extracts were used
within three days of preparation.

2.2. Au (III) solution

A 107 M aqueous solution of Au (III) was prepared using
HAuCl,. The stock solution was stored in amber bottles cov-
ered with black sheets.

2.3. Nanoparticle synthesis

Different metal-extract concentrations varying in ratios span-
ning 1:1-1:60 were explored to see their influence on the shapes
and sizes of the GNPs that were formed. It was seen that the
GNPs began forming almost immediately as indicated by the
appearance of pinkish red or purple color which grew in inten-
sity with time. The progress of the synthesis was tracked
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Figure 3 The UV-Visible spectra of GNPs formed with gold (III) and the root extract of ipomoea (top), and the change in A, as a

function of time.

continuously by monitoring the UV—-Visible spectrum of the
metal-extract mixture. The developed color and its intensity
seemed to depend on the stoichiometric ratio in which the plant
extract and the metal ion had been mixed. Typical results are
presented in Table 1.

2.4. Characterization of the synthesized gold nanoparticles

UV-Visible spectroscopy: The progress of GNP synthesis was
monitored by recording the UV—Vis spectra in the wavelength
range 190-1100 nm employing Labindia (model UV 3000) and
ELICO (model SL 164) double beam UV-Visible spectropho-
tometers operated at 10 mm path length. The results are summa-
rized in Table 1.

SEM|TEM studies: SEM (scanning electron microscopy)
and TEM (transmission electron microscopy) studies were
carried out to determine the size and morphology of the
GNPs. To prepare for these studies the GNP-reactant
mixtures were centrifuged at 12,000 rpm for 20 min using
a Remi C 24 centrifuge. The resulting pellets were washed
thrice with water to remove the unreacted constituents and
were re-dispersed. The samples for SEM studies were
prepared by placing a drop of this suspension on a carbon-
coated SEM grid. For high resolution scanning electron
microscopic studies the samples were prepared by placing
dried pellets on a carbon coated aluminum stub. For
TEM studies the samples were prepared by pelletizing the

nanoparticles by diluting and through sonication. Each
micrograph was recorded by depositing a drop of the
well-dispersed samples on a carbon coated 300 mesh placed
on copper TEM grid. Excess liquid was wiped off with a
filter paper.

Energy dispersive X-ray (EDAX) studies: The elemental
composition of the GNPs was assessed using the EDAX
equipment attached to the SEM/HRSEM microscopes. The
EDX spectrum was recorded after documenting the electron
micrographs in the spot-profile mode by focusing on the den-
sely occupied gold nanoparticle region.

X-ray diffraction (XRD) studies: An aliquot of the pellet-
ized GNPs was drop-casted to a thin film on a glass slide
and its X-ray diffraction spectra was recorded in the 26 region,
from 0° to 80°, at a scanning rate of 0.02° per minute, and with
a time constant of 2 s. The pattern of the crystallization of the
GNPs was recorded using Cu K,,; radiation with a wavelength
(4) of 1.5406 A at a tube voltage of 40 kV and a tube current of
30 mA.

Fourier transform infrared spectroscopic (FT-IR) studies:
For FT-IR spectroscopy, which was used to help in
the identification of the functional groups involved in the
reduction and stabilization of the gold nanoparticles, the
samples were dried completely and ground with potassium
bromide. The FT-IR spectrum was recorded at diffuse
reflectance mode with 4 cm™! resolution in the mid-IR region

between the wavenumbers 4000 and 400 cm ™.
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3. Results and discussion

3.1. UV=Visible spectra

On adding the plant extract to the gold (III) solution in select
proportions (Table 1), gold nanoparticle formation com-
menced, with the gradual appearance of the characteristic yel-
low to pinkish red or violet GNP colors. These colors are
known to appear due to the localized surface plasmon reso-
nance (SPR) exhibited by the combined vibration of free con-
duction electrons of GNPs when induced by light (Mulvaney,
1996).

Single or double peaks occurred depending on the plant
part used for preparing the extract and its concentration with
respect to gold (III). With leaf extract only single peak was
obtained while extracts of the stem and the roots gave two
peaks each (Figs. 1-3). The second peak, when it occurred,
was always in the NIR (near infra-red) region.

The presence of a single sharp SPR peak in the visible
region is evidently due to the transverse (out-of-plane) plas-
mon resonance (TPR), which is exhibited by spherical nano-
particles. This was confirmed from the SEM and TEM
studies, which showed that the particles synthesized using the
leaf extract were indeed spherical in shape. On the other hand

the presence of two prominent absorption bands — a low wave-
length transverse absorption band in the visible region (out-of-
plane vibration band) and a longer wavelength longitudinal
absorption band in the NIR region (in-plane plasmon vibra-
tions) — as in the root and stem extracts indicated that the syn-
thesized particles possessed an intrinsic anisotropy (Link and
El-Sayed, 2003; Shankar et al., 2005; Liz-Marzan, 2006). This
was also confirmed by the SEM and TEM studies.

The results obtained from the UV—Visible spectral studies
for all the reaction combinations are summarized in Table 1.
It reveals that the optical density of the nanoparticles was
found to increase gradually with an increase in the reaction
duration, till it reached a maximum. It then either remained
practically unchanged or began to decline.

The rate of reduction of gold ions present in the reaction
medium was found to be almost complete within 6 h for the
root extract and 24 h for the leaf and stem extracts (LE and
SE) of the reaction duration.

3.1.1. Electron microscopic (SEM, Hr-SEM, TEM and EDX)
studies

The geometry of the synthesized GNPs was determined using
SEM, Hr-SEM, and TEM techniques. The elemental composi-
tion of the nanoparticles was measured by EDX analysis.
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Figure 4 The HR-SEM (a), and EDAX (b) image of GNPs formed with the leaf extract of ipomoea and gold (I1I).
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Figure 5 The HR-SEM (a), and EDAX (b) image of GNPs formed with the steam extract of ipomoea and gold (III).
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Figure 6 The HR-SEM (a), and EDAX (b) image of GNPs formed with the root extract of ipomoea and gold (III).

Figure 7 Transmission electron micrographs of GNPs formed with the leaf extract (a), steam extract (b), and root extract (c) of ipomoea.

The SEM and Hr-SEM micrographs recorded for the
GNPs synthesized with the Au (III) and leaf extract mixtures
(Fig. 4) show that the nanoparticles are spherical in shape.
The TEM micrographs for the GNPs arising from the same
reactants reveal that the size of the NPs is in the range 3—
40 nm (Fig. 7a).

The SEM, Hr-SEM and TEM images of the nanoparticles
formed from the combinations of stem and root extracts with
gold (III) are presented in Fig. 7(b and c). It is seen that these

Carm Ccam

reaction combinations resulted in anisotropic nanoparticle for-
mation with triangular, hexagonal, pentagonal, rod and trun-
cated triangular shapes. The sizes of the nanoparticles were
in the range 25-100 and 10—40 nm, respectively for the reac-
tions involving the stem and the root extracts.

The EDX spectrum in the spot-profile mode shows a strong
signal for gold (insets of Figs. 4-6). Weak signals from carbon,
nitrogen and oxygen atoms are also seen which are likely to be
due to X-ray emission from proteins/enzymes present in the

(a) ‘

(b)

Possion [2Te]

Figure 8

X-ray diffraction spectrum of GNPs formed with the leaf extract (a), steam extract (b), and root extract (c) of ipomoea.
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residual plant broths adhering to the GNPs. An optical
absorption band at approximately 2 keV is seen, which is char-
acteristic of gold nanoparticles (Anuradha et al., 2010, 201 1b).
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Figure 9 The FTIR spectra of GNPs formed with the leaf
extract (a), steam extract (b), and root extract (c) of ipomoea.

3.1.2. X-ray diffraction (XRD) studies

The diffraction spectrum (Fig. 8) had intense peaks at 38.06,
38.28 and 37.80 20 positions for GNPs formed with AU (I1I)
and the leaf, the stem, and the root extracts, respectively. All
correspond to (111) Bragg’s planes and indicated a face-cen-
tered cubic structure (Shankar et al., 2003). From the XRD
patterns which match with the database of JCPDS file No.
04-0784, it was established that the synthesized GNPs are of
pure crystalline nature. The widening of Bragg’s peak confirms
the nanoparticle formation. The ratio of optical density
between the (200) and (111) Bragg’s diffraction peaks is
0.16. This is much lesser than the intensity ratio (i.e. 0.52) of
conventional bulk gold, indicating that nanoparticles with
(111) facets had been formed (Kareru et al., 2010).

3.1.3. Fourier transform infra-red (FT-IR) spectroscopy

FT-IR spectral records were used to identify the functional
group of biomolecules found in the plant broth which could
have been involved in the nanoparticle synthesis. The FT-IR
spectrum (Fig. 9) indicates that proteins and polysaccharides
were possibly involved in the bioreduction and capping/stabil-
ization of the synthesized GNPs.

The FT-IR pattern of leaf extract shows the presence of
medium or strong absorption bands at 1428, 1303, and
1043 cm ™!, The strongest band (1043 cm™') can be assigned
to C-N (amines) stretch (Elgersma et al., 2009; Kumar et al.,
2010). The band at 1428 cm ™! corresponds to O—H bond (car-
boxylic acids). In addition, a peak at 1303 cm ™! corresponds to
C-N stretch (amines). This shows that proteins and polysac-
charides present in the leaf extract could be responsible for
the reduction of the gold ions as well as coating or capping
them to ensure their stability.

The peaks in the spectra of nanoparticles obtained with the
stem extract were found at 1643 and 1031 cm™". In this case,
too, the strongest band can be assigned to C—N stretch typical
of amines (a peak at 1031 cm™') (Elgersma et al., 2009; Kumar
et al., 2010). The band at 1643 cm™' corresponds to C—=0
stretch characteristic of amides (Kareru et al., 2010). Evi-
dently, the proteins found in the stem extract have participated
in the bioreduction and capping/stabilization of the synthe-
sized GNPs.

The spectra of the root extract had bands at 1427, 1304 and
1044 cm !, corresponding to O—H bond (carboxylic acid), and
C-N stretch (amines) of polysaccharides and proteins respec-
tively (Kareru et al., 2008; Elgersma et al., 2009; Kumar
et al., 2010). Hence, it can be inferred that polysaccharides
and proteins have possibly played a key role in the bioreduc-
tion and capping/stabilization of the GNPs formed with the
root extract.

4. Conclusion

Successful synthesis of gold nanoparticles (GNPs) using the
otherwise worthless weed ipomoea (/. carnea) has been accom-
plished. Extracts from all the parts of the plant — the leaf, stem
and root — were able to reduce as well as stabilize GNPs. By
using different plant parts and by varying their proportion
with reference to the metal concentration, GNPs of diverse
geometry could be synthesized encompassing isotropic spheri-
cal and anisotropic triangular, pentagonal, hexagonal, rod and
truncated triangular shaped particles of different sizes. The
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purity and the crystallinity of the synthesized GNPs were con-
firmed by EDX, XRD and SAED studies. The FT-IR and
EDX spectral studies together suggest that biomolecules were
involved in the reduction of gold ions into GNPs and their
subsequent stabilization by forming a coating around them.
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