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Introduction
Advancements in nanotechnology are essentially driven 

by the exploration of newer nanoparticles which can play 
highly specialized roles in imaging, drug delivery, artificial 
implants, diagnostics, tissue engineering and gene delivery [1-
3]. Gold nanoparticles (AuNPs), have been distinguished by their 
biocompatibility and unique structural, electronic, magnetic, 
optical and catalytic properties [4]. Due to this, the synthesis 
of nanoparticles in general, and AuNPs in particular, in an 
economical and eco-friendly manner has become an important 
thrust area of nanotechnology [5,6].

For long nanoparticles were manufactured by physical or 
chemical methods. Of these the physical route is highly energy−
intensive while the chemical methods often involve hazardous 
process conditions (high temperature and /or pressure), 
or release toxic byproducts.  In contrast, the more recently 
introduced [7,8] biomimetic methods try to extra−cellularly 
accomplish what   microorganisms, algae, or plants do in nature viz 
synthesizing nanoparticles at ambient temperature and pressure 
in an ecologically benign manner. Among the organisms explored 
in the biomiming route, plants have proved most convenient 
and inexpensive [9]. Their aqueous extracts have been found to 
provide the biomolecules that are needed to reduce metal ions 

into atomic form and then stabilize the aggregating atoms before 
they grow beyond nano−size [6,7]. Similar role is played by the 
biomolecules that are contained in microorganisms but it is much 
more difficult (and expensive) to maintain microbial cultures and 
access their biomolecules than is possible with plants [10].

Whereas a number of reports exist on the use of medicinal, 
cosmetic, ornamental, or food/feed plants for synthesizing 
AuNPs, very few reports exist in which weedy plants have been 
utilized [11,12]. The species studied so far mostly encompass 
fruits, flowers, vegetables, grains, cereals, spices, other foodstuff, 
medicinal plants, and beauty aids. For example, geranium, 
neem, gooseberry, aloe vera, coriander, guava, clove buds, mint, 
cinnamon, curry leave,  horse gram, myrobalan, white gourd and 
citrus fruit that already have well-established uses, and entail 
substantial costs of production, have been explored [6,13,14]. 
Also, in the past most authors have used only one or the other part 
of the plants-leaf, bark, seed, flower, or fruit-for AuNP synthesis. 
In contrast the present study is based on the use of whole plant 
of a weed. The weed guduchi, (Tinospora cordifolia), also called 
amritha, is a perennial climber, belonging to the Menispermaceae 
family. It has been valued for its medicinal properties in the 
classical Indian systems of medicine but is rarely used at present. 
By now, it has become weedy in several parts of south India 
[15] harming biodiversity and calling for measures to control it 
by finding ways for its utilization.  It has been explored for the 
synthesis of silver nanoparticles [16,17], but there is no previous 
report on its use in synthesis AuNPs.

Experimental
All chemicals were of analytical reagent grade unless stated 

otherwise.  Deionized and double distilled water was used for all 
analytical work.

Preparation of the guduchi extract

T. cordifolia was collected from its natural habitat near 
Pondicherry University, Puducherry. The fresh, mature, 
and disease-free plant portions were washed thoroughly 
with water, and then dipped in saline water to sterilize 
their surface, followed by washing them liberal and wiping 

Abstract
A biomimetic method of gold nanoparticle (AuNP) synthesis 

is presented which utilizes a terrestrial weed guduchi (Tinospora 
cordifolia), as the main bioagent. The method enables rapid 
synthesis of AuNPs at ambient temperature and pressure, with 
frugal energy use and no harmful emissions. It is possible to control 
the shape and size of the product by controlling the metal−bioagent 
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of 16–30 nm and 25–75 nm respectively. The presence of gold atoms 
was confirmed from the EDAX and X-ray diffraction studies. FT–IR 
spectral study indicated that the alkaloids in the plant extract could 
have been responsible for the reduction−cum−stabilization of the 
gold ions into AuNPs.
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them free of adhering water. A known quantity of pooled                                                                                                                                           
plant samples was dried at 105°C to a constant weight [18]. On 
the basis of 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 5 minutes. The contents 
were filtered through a Whatman no. 42 filter paper and the 
filtrate was stored under refrigeration at 4°C [9]. Reconnoitery 
experiments indicated that the extracts retained their integrity 
for up to 3 days, as evidenced by the extent of intensity of 
nanoparticles generated by them. Hence in all the experiments 
the extracts were used within 3 days of preparation.

Au (III) solution 

A 10-3 M stock solution of Au (III) was prepared in water and 
was stored in amber bottles covered with black sheets. 

Nanoparticle synthesis 

The process involved mixing of plant extracts with Au (III) 
solution in different stoichiometric ratios at ambient temperature 
and pressure. No stirring was necessary.  The gold nanoparticles 
(AuNPs) began forming almost immediately as indicated by 
the appearance of pinkish red or purple color which grew in 
intensity with time. The color and its intensity depends on the 
stoichiometric ratio in which the plant extract and the metal ion 
had been mixed. The progress of the synthesis was monitored 
and quantified by recoding the spectra of the reaction mixtures 
using UV-visible spectrophotometer. 

Characterization of the synthesized AuNPs

The UV–visible spectra were recorded with Labindia UV 
3000+ and ELICO SL 164 double beam instruments operated at 
1cm light−path length and ± 1 nm wavelength resolution. 

For SEM (Scanning Electron Microscopy) and TEM 
(Transmission Electron Microscopy) studies the AuNPs were 
centrifuged at 12,000 rpm for 20 minutes using Remi C 24 
centrifuge. The resulting pellets were washed thrice with water 
to remove the unreacted constituents and were re-dispersed in 
water. 

The samples were readied for SEM by placing a drop of the 
AuNPs on a carbon-coated SEM grid. For High Resolution SEM 
(HRSEM), the samples were prepared by placing dried pellets on 
a carbon coated aluminium stub. For TEM the AuNPs were first 
pelletized by diluting and through sonication. The micrographs 
were recorded by depositing a drop of the well−dispersed 
samples on carbon-coated 300 mesh placed on copper TEM grids 
while the excess liquid was wiped off with filter paper. 

The energy dispersive X−ray (EDAX) spectrum was recorded 
after documenting the electron micrographs in the spot-profile 
mode by focusing on the densely occupied gold nanoparticle 
region.

The Selected Area Electron Diffraction (SAED) pattern was 
recorded on an accessory that was equipped with the TEM 
instrument.   

For the XRD (X-ray diffraction) spectra, the AuNP samples 

were prepared by drop-coating the pelletized AuNPs  on a glass 
slide and scanning in the 2θ region, from 30° to 80°, at 0.02° per 
minute, and with the time constant of 2 seconds. The crystalline 
pattern of the nanoparticles was recorded using Cu Kα1 radiation 
with a wavelength (λ) of 1.5406Å at a tube voltage of 40 kV and a 
tube current of 30 mA. 

The Fourier Transform Infrared Spectroscopic (FTIR) studies 
were carried out on samples which were dried completely 
and were ground with potassium bromide. The spectra were 
recorded at diffuse mode with 4 cm-1 resolution in the mid-IR 
region between 4000 and 400 cm-1.

Results and Discussion
UV–visible spectra

Figures 1-4 present the UV-vis spectral patterns recorded 
from the AuNPs generated from the mixing of the aqueous plant 
broth and chloroauric acid solution. The bioreduction of the gold 
ions and their stabilization as nanosized atomic aggregates is 
seen to commence within 10 min of the start of the reaction.  It 
is manifested by the gradual appearance of pinkish red or violet 
color in the reaction medium.  This color has been known to be 
caused due to the excitation of surface Plasmon oscillations in the 
AuNPs induced by the passing light [6,9,13,19].  

Based on the proportions of stem extract with respect to the 
metal solution, two types of spectra were obtained  one with a 
single peak in the visible region, and the other with double peak; 
the primary peak in the visible region and the secondary peak 
in the NIR (near infra-red) region. The reaction combination SE1 
(Figure 1 and 2) exhibited the former type of spectra with λmax ca. 
551 nm; while the SE2 (Figure 3 and 4) combinations exhibited 
the latter type of spectra with λmax at ca. 555 and 980 nm. The 
absorbance increased gradually to saturation with increase in 
the incubation period. The presence of a single peak in the visible 
region in the spectra of SE1 reaction combinations indicated that 
it might have occurred due to the Transverse (out-of-plane) 
Plasmon Resonance (TPR), which is exhibited by spherical 
nanoparticles. The SEM and TEM micrographs confirmed the 
presence of spherical particles. The spectral pattern of SE2 
combinations shows the presence of two prominent absorption 
bands-a lower wavelength transverse absorption band in 
the visible region (out-of-plane vibration band) and a longer 
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Figure 1: UV-visible spectra of SE1 metal-guduchi combination.



Page 3 of 7Citation: Abbasi T, Anuradha J, Abbasi SA (2014) Utilization of the Terrestrial Weed Guduchi (Tinospora cordifolia) in Clean-Green 
Synthesis of Gold Nanoparticles. Nanosci Technol 1(3): 1-7.

Utilization of the Terrestrial Weed Guduchi (Tinospora cordifolia) in Clean-Green 
Synthesis of Gold Nanoparticles

Copyright: 
© 2014 Abbasi et al.

 

0

0.5

1

1.5

2

0

100

200

300

400

500

600

0 8 16 24 32 40 48

W
av

el
en

gt
h 

(n
m

)

Time (h)

A
bs

or
ba

nc
e

Peak wavelength (nm) Absorbance

Figure 2: Intensity of surface Plasmon resonances peak of SE1 as a func-
tion of the reaction duration.

 

0

0.5

1

1.5

2

300 400 500 600 700 800 900 1000 1100

A
bs

or
ba

nc
e

Wavelength (nm)

0 h 2 h 4 h 6 h 24 h 48 h

Figure 3: UV-visible spectra of SE2 metal-guduchi combination.
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Figure 4: Intensity of the surface plasmon resonance peaks of SE2 as a 
function of the reaction duration.

wavelength longitudinal absorption band in the NIR region (in-
plane plasmon vibrations) – indicating that the synthesized 
nanoparticles possessed an intrinsic anisotropy  [8,20,21] (Table 
1). This was also confirmed from the SEM and TEM studies. 
Table 2 presents the summary of results obtained from the 
spectrophotometric studies for all the reaction combinations. 

The AuNP formation was found to be almost complete 
within 24 h. The synthesized AuNPs were characterized for 
their size, shape, purity and crystal structure by employing SEM, 
Hr-SEM, TEM, EDX, XRD and SAED techniques. The functional 
biomolecules involved in the reduction and stabilization process 
was identified using FT-IR spectroscopy.

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

As may be seen from figure 5, which shows the SEM and Hr-
SEM micrographs recorded for the GNPs synthesized from the 
SE1 combination; the GNPs were of spherical shape. The TEM 
micrographs for the same GNPs mixture shows that the size of 
the nanoparticles ranges from 16–30 nm for the SE1 combination. 

The SEM, Hr-SEM and TEM images revealing the shapes and 
sizes of the nanoparticles formed from the SE2 combination is 
presented in Figure 6. It is seen that these reaction combinations 
resulted in anisotropic nanoparticles of triangular, pentagonal 
and hexagonal shapes. The sizes of the nanoparticles ranged from 
25–75 nm for the reaction combination SE2. 

The EDX spectra shows the presence of strong signal for 
gold atoms in the synthesized AuNPs (Insets of Figures 5 and 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 residual plant extracts present along with 
the nanoparticles.  An optical absorption band at approximately 
2 keV is seen, which is characteristic of gold nanoparticles [9,22]. 

Plant used
Plant part used 

for preparing the 
extract

Concentration of component 
in the reaction mixture 

(mg/ L)
Extract Au (III)

T. cordifolia Stem (SE1) 5000 170
Stem (SE2) 2500 255

Table 1: Extract-metal combinations studied for gold nanoparticles 
synthesis using T. cordifolia.

Extract + metal ion SE1 SE2

0th h
λmax -

-

Abs.

2nd h
λmax 551
Abs. 1.566

4th h
λmax 551
Abs. 1.688

6th h
λmax 551 566 844
Abs. 1.697 1.117 1.089

24th h
λmax 551 555 980
Abs. 1.867 1.337 1.524

48th h
λmax 551 555 962
Abs. 1.856 1.260 1.418

Table 2: Summary of UV-visible spectral studies of gold nanoparticles 
synthesized using T. cordifolia.

Bragg’s planet
2θ position

SE1 SE2

(111) 38.13 38.19

(200) 44.35 44.53

(220) 64.73 64.71

(311) 77.75 77.40

Table 3: 2θ position of the Bragg’s plane observed from the X-ray 
diffractograms.
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The SAED patterns are shown in Figures 5 (h) and 6 (h). 
The bright circular spots correspond to the Bragg’s planes 
representing crystalline nature of the gold nanoparticles [23]. 

X-ray diffraction (XRD) studies

The diffractograms (Figure 7) recorded from the  powder 
XRD studies show intense peaks at the 2θ position, matching 
with (111), (200), (220) and (311) Bragg’s planes and indicating 
a FCC (Face Centered Cubic) structure of the GNPs [24] (Table 
3). The XRD patterns which matches with the database of JCPDS 
nanoparticles were calculated using the Debye–Scherrer’s 
equation by obtaining the FWHM of the (111) Bragg’s reflection 
from the XRD spectrum [24].

The crystallite sizes of the AuNPs were found to be ranging 
from 22.3 to 51.4 nm. The ratio of optical density between the 
(200) and (111) Bragg’s diffraction peaks were calculated to 
be in the range of 0.02–0.12. This is found to be lesser than the 
intensity ratio (i.e. 0.52) of conventional bulk gold, indicating the 
presence of nanoparticles with (111) facets [25]. 

Fourier Transform Infra-Red (FT-IR) spectroscopy

FT–IR analysis was used to identify the functional group of 
the biomolecules found in the plant extract which could have 

been involved in the bioreduction and capping/stabilization of 
the synthesized nanoparticles.

The FT–IR pattern of stem extract showed the presence of 
medium or strong absorption bands at 3394, 2925, 1606, 1388, 
and 1037 cm-1. The strongest absorption band can be assigned 
to –NO2 (at 1606 and 1388 cm-1) of aliphatic nitro group. Bands 
originating from hydroxyl group (free water and/or alcohols) at 
∼3300 and 1080cm−1, as well as a medium band at 1606 cm−1, 
indicated the presence of amide/amine groups.  Comparison of 
the spectra of stem extract (Figure 8a) and gold nanoparticles 
(Figure 8b) reveals minor changes in the positions as well as on 
the magnitude of the absorption bands. On closer examination, 
the spectrum of gold nanoparticles shows bands at 1643 and 
1521 cm-1 (due to N-H bond) confirming the presence of amines. 
As presence of alkaloids in T. cordifolia stem has been reported, 
[26-28] it is possible that the amino groups are a part of those 
alkaloids. 

Mechanism of AuNPs formation

It is generally accepted [6-8,14] that a 2-step mechanism 
operates in the generation of nanoparticles when trivalent Au 
ions are mixed with aqueous extracts of plants: a) reduction of 
the gold ions to zerovalent gold is caused by the biomolecules 
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Figure 5: Each visual is a composite of (a) scanning electron micrograph; (b) & (c) high resolution electron micrographs; (d), (e) & (f) transmission 
electron micrographs; (g) EDX spectrum; (h) SAED pattern of gold nanoparticles synthesized using T. cordifolia (SE1).
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Figure 6: Each visual is a composite of (a) scanning electron micrograph; (b) & (c) high resolution electron micrographs; (d), (e) & (f) transmission 
electron micrographs; (g) EDX spectrum; (h) SAED pattern of gold nanoparticles synthesized using T. cordifolia (SE2).
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Figure 7: X-ray diffraction spectrum of (a) SE1 and (b) SE2 gold nanoparticles.
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present in the plant extract and, b) agglomerating gold atoms 
are stabilized at nano-size by the enveloping of the biomolecules 
around them (Figure 9).  The same mechanism is likely to have 
been operative in case of AuNPs formed when T. cordifolia was 
employed.

Conclusion
1.  The studies reveal that the stem extracts of the weed 

guduchi (Tinospora cordifolia) have the potential to 
reduce Au (iii) ions to gold nanoparticles (AuNPs) and 
also stabilize them.  

2. It was seen that by varying the concentration of plant 
extract relative to gold (iii) solution, different sizes and 
shapes of AuNPs can be generated, ranging from isotropic 
spherical to anisotropic triangular, hexagonal and 

pentagonal. 

3. The sizes of the isotropic AuNPs, as revealed by electron 
microscopic and X-ray diffraction studies, ranged from 
16 nm to 30 nm and that of anisotropic ranged from 25 
to 75 nm.  Hence the process is capable of generating 
nanoparticles within a wide range of shapes and sizes.

4. FT–IR spectral studies indicated that alkaloids might be 
playing a major role in the reduction of the trivalent gold 
to zero-valent AuNPs and the subsequent stabilization/
capping of the resulting AuNPs.
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Figure 8: The FTIR spectra of T. cordifolia stem extract and of the synthesized gold  nanoparticles.
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Figure 9: Likely mechanism of the formation of isotropic and anisotropic AuNPs by the action of T. cordifolia on trivalent gold.
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