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We report a microwave-mediated simple and rapid method of gold nanoparticles (GNPs) synthesis using latex of Calotropis procera.
UV-Vis spectroscopic studies indicated the formation of GNPs. The GNPs were stable at room temperature (25◦C) for six months.
Transmission electron microscope (TEM) micrographs of the synthesized GNPs showed the formation of spherical nanoparticles
with an average size of 13 ± 5 nm. SAED and XRD confirmed the crystalline nature of GNPs. Fourier transform infrared (FTIR)
analysis indicated the presence of organic coating on the nanoparticles. Cytotoxicity of the GNPs was tested on HeLa and A549
and found to be nontoxic which was indicating that latex of Calotropis procera provided the nontoxic coating on GNPs, thus can
be used as biomedical and pharmacological applications.

1. Introduction

Gold nanoparticles (GNPs) have been of immense interest
for their unique chemical and physical properties and poten-
tial technological applications in various fields ranging from
catalysis to disease diagnosis [1–15]. Conventional methods
of GNPs synthesis mostly rely on the use of synthetic chem-
icals and prolonged heating [16–19]. Owing to the increased
awareness for potential toxicity of GNPs associated with bio-
logical applications, alternative methodologies for biocom-
patible GNPs synthesis are gaining importance. Replacement
of toxic chemicals as a reducing and stabilizing agent is the
prime concern of this new approach. Reports about the suc-
cessful synthesis and subsequent stability of GNPs by using
different biomaterials sourced from plant and microbes are
now increasing day by day [20–27]. On the other hand,
microwave (MW) dielectric heating is a fast emerging and
widely accepted new processing technology for a variety
of inorganic synthesis and biomedical applications [28–33].
Compared to the conventional heating, MW irradiation
shortens reaction times and improve yield without causing

any appreciable alteration in the composition of products of
a chemical reaction. In contrast to general heating treatment,
MW synthesis favors homogeneous heating through the
entire bulk of the reaction mixture in a container, leading
to a more homogeneous and easy nucleation of noble metal
nanoparticles [34–37].

We found that latex of the plant C. procera, a multifarious
plant having many remedial properties, can act as both
reducing and capping agent in the GNPs synthesis through
conventional heating [38]. This motivated us to further
explore the synthesis of GNPs through MW irradiation. We
found remarkable shortening in the reaction time and GNPs
of reduced diameter as compared to conventional heating
method. The approach is a green route for the rapid GNPs
synthesis as no hazardous chemicals as a reducing or capping
agent are used.

2. Experimental Section

Chlorauric acid (HAuCl4) was purchased from Sigma (Ban-
galore, India). Crude latex of C. procera was collected in
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distilled water (1 : 1 ratio) and centrifuged at 5000× g at
4◦C for 10 min to separate the water insoluble rubber. The
supernatant constituting the aqueous fraction (AF) was
collected and used for GNPs synthesis. Protein concentration
of AF was measured by Folin-Lowry method [39]. GNPs
synthesis was carried out in a domestic microwave oven
(900 W, 2.45 GHz, LG MO-MC-767 W/WS). To optimize AF
concentration, different volumes (for final concentration of
1–5%, v/v) of AF were reacted with 1 mM of HAuCl4 aque-
ous solution and irradiated with MW for 40 seconds. To see
the effect of MW irradiation time on the GNPs synthesis pro-
cess, reaction mixture was irradiated for different time dura-
tion (10–60 s) at the maximum power output (900 W) of the
microwave oven.

UV-Vis spectroscopy measurements were carried out on
a Carry 100 BIO UV-Vis spectrophotometer (Varian, CA,
USA). Morphology and size of GNPs were investigated using
JEOL 2100 UHR-TEM instrument. XRD was carried out
with a Bruker D8 ADVANCE X-ray powder diffractometer
(Bruker AXS Inc.) using CuKα (λ = 1.54 Å) source. Test
for surface protein adsorption of GNPs was done by treating
GNPs solution with strong electrolyte (10% NaCl) as des-
cribed earlier [40]. FT-IR of purified and lyophilized AF and
GNPs were done on an infrared spectrophotometer (Perkin-
Elmer, Norwalk, USA).

For cytotoxicity study of GNPs, MTT (3-[4,5-dimethyl-
thiazole-2-yl]-2,5-diphenyl tetrazolium bromide) dye con-
version assay [41] was carried out on human cervical (HeLa)
and lung carcinoma (A549) cancer cell lines (obtained from
NCCS, Pune). After 24 hrs of GNP (5, 10, 20, 40, 50, 100, and
150 μM) treatment, viability of treated and untreated cells
(control) for both cell lines was calculated by the following
equation:

Viability (%) = Nt

Nc
× 100, (1)

where Nt is the absorbance of the cells treated with GNPs and
Nc was the absorbance of the untreated cells.

3. Results and Discussion

3.1. Influence of Procera Latex (AF) on GNPS Synthesis. We
observed that the solution containing unreduced gold ions
(Au3+) and AF turned into ruby red after around 40 sec of
MW irradiation. UV-Vis scanning of the colored solution
in the range of 400–700 nm exhibited bands for surface
plasmon resonance (SPR) indicating the formation of GNPs
(Figure 1).

The SPR peaks corresponding to 1 and 2% of AF against
1 mM of HAuCl4 were located at around 600 and 550 nm,
respectively, suggesting the formation of larger GNPs. For 3–
5% of AF, SPR peaks were blue-shifted and located at around
527 ± 2 nm which were characteristic of spherical GNPs. As
SPR peak position and intensity are indicative of particle
size and concentration, respectively, we concluded that AF
above 3% can form GNPs with spherical shape. At 3–5%
AF, differences in SPR peaks and intensity were seen to be
negligible and thus 3% of AF was considered as the optimum
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Figure 1: UV-Vis-spectra of GNPs synthesized using (a) 1 mM
HAuCl4 with different concentrations (1–5%) of AF.

concentration for efficient reduction of 1 mM HAuCl4 to
GNPs.

3.2. Time-Dependant Synthesis of GNPs. MW irradiation
time was optimized with this optimized AF concentration.
A gradual transition of change in the colour of the reaction
mixture obtained at different time of MW irradiation can
be seen in the inset of Figure 2. For 10, 20 and 25 s no SPR
peaks were observed. At 30 s the intensity of SPR band of
GNPs was found to be low with a peak around 536 nm, which
indicated the formation of spherical particles. With increased
MW irradiation from 30 to 40 s, the intensities of SPR bands
increased considerably with narrow peaks shifted to 525–
530 nm. For 40–60 s irradiations, increase in the SPR band
intensities was very low which indicated complete reduction
of gold ions. Thus we considered 40 s of MW irradiation to
be optimum for the GNPs synthesis.

3.3. Characterization Studies Revealed Crystalline Nature of
GNPs. A representative TEM image and corresponding size
distribution histogram of GNPs synthesized with optimized
conditions (3% AF, 40 s MW irradiation time) is shown in
Figure 3. Spherical particles were more abundant than parti-
cles of other shapes (Figure 3(a)). The high-resolution TEM
(HRTEM) image displayed clear lattice fringes (Figure 3(b)).
Selected-area electron diffraction pattern (SAED) of a
single-spherical particle confirmed its crystalline nature
(Figure 3(c)). Three Debye-Scherrer’s rings corresponding to
strong (111), (200), and weak (220) planes of an fcc crys-
talline lattice were observed. A histogram representing the
size distribution of GNPs corresponding to TEM image con-
firmed a variation in the particle size (Figure 3(d)). The
average particle size was found to be 13± 5 nm.
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Table 1: Comparison of the results obtained in conventional heating and MW irradiation of GNPs synthesis.

Reaction parameters/properties
Method of GNPs synthesis

Conventional heating Microwave irradiation

AF concentration (v/v) 4% 3%

AuCl4 concentration 1 mM 1 mM

Time 20 minutes 40 seconds

Shape Spherical Spherical

Mean diameter of GNPs (nm) 22 ± 10 13 ± 5

Protein capping Yes Yes

Biocompatibility against tested cell lines Yes Yes
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Figure 2: UV-Vis-spectra of GNPs synthesized using 3% latex and
1 mM HAuCl4 at different MW irradiation time duration (10–
60 sec), the inset photo shows respective colour of gold colloidal
solution.

XRD patterns of GNPs exhibited three prominent Bragg
reflections with 2θ values at around 38◦, 44◦, and 64◦ of
lattice planes and were indexed to the (111), (200), and (220)
facets of gold, respectively, (Figure 4).

3.4. Possibility of Functional Groups Being Involved in the
Reduction of Au3+ Ions to GNPs. The FTIR spectrum (curve
1) of AF showed characteristic IR bands belonging to protein,
alcoholic, or phenolic compounds (Figure 5). Broad band at
3360 cm−1 was due to the hydroxyl functional group. Strong
absorption bands at 1617 and 1080 cm−1 were character-
istic of amide I and C–N stretching vibrations of amine,
respectively. The band at 1228 cm−1 belongs to amide III.
The characteristic peak for amide II seemed to have merged
with the intense band of amide I. Band at 2918 cm−1 was

assigned to secondary amine and band arising from the C=O
stretching mode of carboxylic acid can be seen at 1364 cm−1.

FTIR spectrum of Au-NP (curve 2) showed strong bands
for amide I (1625 cm−1), C=O stretching mode of car-
boxylic acid, and C–N stretching of amines (1373 cm−1 and
1086 cm−1). A comparative analysis of both FTIR spectra
(curve 1 and 2) suggested active participation of AF proteins
in the bioreduction of chlorauric acid to GNPs. Changes in
IR absorption bands and shifts in band positions at 1617
to 1625, 1080 to 1086, and 1364 to 1373 cm−1 supported
a dominant role of protein molecules in the synthesis of
GNP. Protein estimation (8 mg mL−1) of AF and retention of
original colour of GNPs solution even after treatment with
strong electrolyte solution (10% NaCl), indicated for adsorp-
tion of proteins on GNPs surfaces.

3.5. Calotropis procera Provided Nontoxic Coating on GNPs.
In cytotoxicity assay, after 24 h of posttreatment, HeLa and
A549 cells showed high viability even up to 150 μM exposure
of GNPs suggesting that probably protein coating on GNPs
provided a nontoxic property (Figure 6). It is worthwhile
to mention that a vast majority of gold (I) and gold (III)
compounds exhibit varying degrees of cytotoxicity to a
variety of cells [42, 43]. The lack of any noticeable toxicity
of the present GNPs proved them to be highly biocompatible
and thus provides new opportunities for the drug delivery
and molecular imaging (MRI).

We have synthesized GNPs using the aqueous fraction of
C. procera by conventional heating. We made a comparison
of the two methods, namely, “conventional heating” and
“MW irradiation” as shown in Table 1. It can be seen that
MW irradiation incredibly took less time, produced smaller
sized GNPs, and consumed less AF, while there was no
major effect on the shape and biocompatibility. Thus MW
irradiation offered a method of rapid synthesis of the finer
GNPs over conventional heating.

4. Conclusions

The present route for the synthesis of GNP using C. procera
latex in combination with MW irradiation is a novel method.
The synthesized GNPs were highly stable, crystalline in
nature, and had nearly spherical shapes with average diame-
ter of 13±5 nm. FTIR and protein coagulation test indicated
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Figure 3: Typical TEM image (a), with corresponding high resolution TEM view (b), SAED pattern (c), and size distribution (d) of GNPs
synthesized from 3% procera latex with 1 mM HAuCl4 at 40 sec MW irradiation.
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Figure 4: XRD pattern of the GNPs.

the presence of a protein coating on the GNPs. Cytotoxicity
studies revealed that the GNPs were biocompatible due to
the presence of the protein capping. The particles were stable
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Figure 5: FT-IR spectra of lyophilized AF (curve 1) and GNPs
(curve 2).



ISRN Nanomaterials 5

0

20

40

60

80

100

120

0 5 10 20 40 50 100 150

V
ia

bi
lit

y 
(%

)

Concentration of GNP (μM)

HeLa
A549

Figure 6: Cytotoxicity assay: cell viability of HeLa and A549 cells
exposed to zero (control) or different micromolar concentrations
of GNPs.

over six months without any appreciable change and could
be ideal for biological applications.
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