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Abstract: The present work is emphasised on the bio-fabrication of silver and gold nanoparticles in a single step by a
microwave-assisted method using the leaf extract of Synedrella nodiflora as both reducing and stabilising agent. The
synthesised nanoparticles are highly stable and show surface plasmon resonance peak at 413 and 535 nm, respectively, for
silver and gold nanoparticles in UV–Vis spectrum. The functional group responsible for the reduction of metal ions were
obtained from Fourier transform infrared spectroscopy. The crystalline nature of nanoparticles with face-centred cubic geometry
was confirmed by the X-ray diffraction and selected area electron diffraction patterns. The morphology and sizes of the silver
and gold nanoparticles were obtained from transmission electron microscopy images. The nanoparticles exhibit effective
antimicrobial activities against various pathogenic strains. These antimicrobial properties were analysed by employing agar well
diffusion method. The nanoparticles show significant antioxidant properties, and it was determined using 2, 2-diphenyl-1-
picrylhydrazyl assay. The nanoparticles also show potent catalytic activity in the degradation of anthropogenic pollutant dyes
Congo red and eosin Y by excess NaBH4. Thus, the current study demonstrates the potential use of S. nodiflora as a reducing
and stabilising agent for the synthesis of silver and gold nanoparticles and their relevance in the field of biomedicine and
catalysis.

1௑Introduction
Nanotechnology is a branch of interdisciplinary research on
particles in the size range 1–100 nm and is engaged with the design
of nanoscale structures for advanced applications [1]. The
nanoparticles exhibit new peculiar properties contrast to the large
particles of bulk material [2, 3] and has potential applications in
various industrial, biomedical, and electronic fields [4]. Noble
metal nanoparticles like gold, silver, platinum, and palladium
gained huge attention because of their extraordinary electronic,
chemical, and optical properties [5–7]. Various physical and
chemical process like laser radiation [8], sonochemical method [9],
co-precipitation [10], inverse microemulsions [11], ultrasound
irradiation [12], and chemical reduction [13] have been reported
for the synthesis of metal nanoparticles. All these methods require
dangerous chemicals, noxious solvents, high temperature and
pressure conditions, and so on [14–16]. However, biological
methods are very simple, eco-friendly, and do not require toxic
reducing and stabilising agents, therefore this method is widely
used [17, 18].

Metal nanoparticles have been prepared through various
biological approaches using microorganisms [19–21], enzymes
[22], and plant materials [23–25]. Among these biological
methods, plant-mediated synthesis is very simple and do not
require any complicated process as in other methods [26]. The
variety of biomolecules like phenols, proteins, flavonoids present
in the plant extract can act as reducing and stabilising agent for the
nanoparticles formation [27]. These days, a large number of plants
are effectively used for the simple, rapid, and cost effective
synthesis of silver and gold nanoparticles [28–32].

In contrast with chemical methods, the biological methods are
very slow. This drawback is being overcome by using microwave
assisted biosynthetic method without perturbing the green reaction
condition. The microwave assisted synthesis has many advantages
such as small reaction time, lower energy expenditure, and so on
[33, 34]. Microwave irradiation gives fast and consistent heating of
the reaction medium and this results in the homogeneous
nucleation and development conditions for nanoparticles formation

[35]. Several reports on the synthesis of silver and gold
nanoparticles based on the microwave-aided method have been
published in recent years [36–38].

A large number of organic dyes are used in textile, paint, paper,
food, leather, plastic, and cosmetics industries. Most of these dyes
are very hazardous and can cause severe environmental pollution
problems. Also, it causes serious threats to aquatic systems and
human health. Since organic dyes have complex aromatic structure
and high stability, it cannot be removed by conventional treatment
techniques like ultra-filtration, adsorption, reverse osmosis,
coagulation, and so on [39]. So the removal of the dyes is one of
the challenging task faced by environmentalists. Use of
nanocatalyst for the removal of dye pollutant is a simple technique
and can be applied in mild conditions, so this method is widely
used in recent years [40]. The nanoparticles can act as an effective
catalyst due to their small size, high surface to volume ratio, and
size-dependent activity [41, 42].

Synedrella nodiflora is a medicinal plant that belongs to the
family of Asteraceae or Compositae. It exhibits strong antioxidant
potential, antifeedant efficiencies, anti-inflammatory effect,
insecticidal, analgesic, and antipyretic activity [43, 44].
Additionally, its leaves are used for the treatment of rheumatism,
earache, stomach ache, and so on [45]. The aqueous extract of S.
nodiflora contains reducing sugars, alkaloids, phenolic compounds,
saponins, tannins, and aromatic acids [46].

In this study, we explained an easy and single step method for
the rapid synthesis of silver and gold nanoparticles by reducing the
corresponding metal salt using the aqueous leaf extract of S.
nodiflora with the aid of microwave radiation. The leaf extract acts
as both reducing and stabilising agent for the formation of
nanoparticles. The reports on the synthesis of silver nanoparticles
using the leaf extract of S. nodiflora by sunlight irradiation [47]
and heating [48] methods are already available. However, the
novelty of the present work lies in the usage of S. nodiflora leaf
extract for the synthesis of silver and gold nanoparticles by
microwave irradiation and which results in the formation of
nanoparticles in <30 s of time. To the best of our knowledge, green
synthesis of silver and gold nanoparticles using S. nodiflora leaf
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extract as reducing and stabilising agent by microwave irradiation
has not yet been reported. The main focus of this study is the
evaluation of antimicrobial, antioxidant, and catalytic activities of
synthesised nanoparticles. The antioxidant activities were
measured by using the DPPH assay. The antimicrobial test was
conducted on six microbial strains by using the agar well diffusion
method. The catalytic activities of silver and gold nanoparticles
towards the reduction of aromatic dyes Congo red (CR) and eosin
Y (EY) were also reported. The nanoparticles exhibited good
catalytic activity and were found to follow pseudo first-order
kinetics.

2௑Materials and methods
2.1 Chemicals

Silver nitrate (AgNO3), 2, 2-diphenyl-1-picrylhydrazyl (DPPH),
ascorbic acid, CR, EY were purchased from Merck Chemicals,
India. The hydrogen tetrachloroaurate (III) trihydrate
(HAuCl4.3H2O) and sodium borohydride (NaBH4) were obtained
from Sigma Aldrich. All chemicals were used as such without
further purifications.

2.2 Preparation of S. nodiflora leaf extract

The fresh leaves of S. nodiflora were collected and taxonomically
identified. For preparing the aqueous S. nodiflora leaf extract for
biosynthesis, 25 g of freshly collected and thoroughly washed
leaves were incised into small pieces and taken in an round-bottom
flask. About 100 ml of double distilled water was added to it and
the mixture was boiled for 20 min at 60°C. Then the filtrate was
cooled and filtered through Whatman No.1 filter paper. The filtrate
was then stored at 4°C in a refrigerator until further use.

2.3 Biosynthesis of silver and gold nanoparticles

Silver and gold nanoparticles were synthesised with the aid of
microwave irradiation. For this, 10 ml of S. nodiflora leaf extract
was mixed with 90 ml of 1 mM AgNO3/HAuCl4.3H2O solution in
a 250 ml beaker. Then this solution was placed in a domestic
microwave oven (Sharp R-219 T) and was subjected to microwave
irradiation. Its operating power and frequency were 800 W and
2450 MHz. The formation of nanoparticles was monitored by using
UV–Vis spectrophotometer in the range 200–800 nm. The
synthesised silver and gold nanoparticles were, respectively,
represented as AgNP-nodiflora and AuNP-nodiflora.

In order to synthesise nanoparticles at room temperature, 10 ml
of S. nodiflora leaf extract was mixed with 90 ml of 1 mM AgNO3/
HAuCl4.3H2O solution in a 250 ml beaker and allowed to react in a
room temperature. Then the formation of nanoparticles was
monitored by using UV–Vis spectrophotometer in the range 200–
800 nm.

2.4 Antimicrobial studies

The agar well diffusion method was used to determine the
antimicrobial activity of synthesised nanoparticles [49]. For this,
two gram positive bacteria (Bacillus subtilis and Streptococcus
sp.), two gram negative bacteria (Pseudomonas sp. and E. coli),
and two fungi (Aspergillus sp. and Penicillium sp.) were used.
Distilled water was used as a control. All these microorganisms
were procured originally from Microbial Type Culture Collection,
Institute of Microbial Technology, Chandigarh, India. First, the
Petri plates containing 20 ml of media (nutrient agar for bacteria
and potato dextrose agar for fungi) were seeded with the matured
culture of microorganisms using a sterile cotton swab and allowed
to get dry for 10 min. Then four adequately spaced wells (holes) of
6 mm diameter were made per plate using a sterile cork borer and
50 µl of samples (control, S. nodiflora leaf extract, AgNP-
nodiflora, and AuNP-nodiflora) were added into the well under
aseptic condition. The plates were then incubated at room
temperature for nearly one week (fungi) and at 37°C for 24–48 h
(bacteria). The antimicrobials present in the samples were diffuse
out into the medium and interact with the microorganisms. At the

end of the incubation period, the zone of inhibition (ZOI) was
calculated to the nearest millimetre. Each test was carried out in
three replicates for confirmation of the results.

2.5 Antioxidant studies

DPPH is a stable free radical and is broadly used to study the
radical scavenging activity of the antioxidant compounds. The
radical scavenging activities of the samples were determined by
using DPPH assay according to Chang et al. [50]. For this study,
different concentrations of samples (12.5–200 µg/ml) were
prepared in DMSO and 2.96 ml DPPH (0.1 mM) solution was
added to it. Then the reaction mixture was incubated in dark
condition at room temperature for 20 min. After 20 min, the
absorbance of the mixture was read at 517 nm. DPPH was used as
a control and ascorbic acid as standard. The percentage of
scavenging activity was calculated by using the following
equation: [(Absorbancecontrol − Absorbancesample)/
Absorbancecontrol] × 100. All experiments were repeated in
triplicate and means with standard deviation (SD) were calculated.

2.6 Catalytic studies

The catalytic reduction of organic dyes by NaBH4 was studied as
follows. First, 2.5 ml of dye solution (0.1 mM EY/0.3 mM CR)
was taken in a quartz cuvette of 1 cm path length. Then it is mixed
with ice cold solution of 0.5 ml of 0.06M NaBH4 followed by 0.5 
ml (0.02 mg/ml) of AgNP-nodiflora/AuNP-nodiflora and shaken
well. The variation in concentration of dye with time was observed
using UV–Vis spectrophotometer by following the change in the
absorbance at λmax of the dye solutions. Absorption spectra were
recorded at 1 min intervals in the range 200–800 nm.

2.7 Statistical analysis

All biological experiments were carried out three times and the
data were represented as the mean ± SD. The data were analysed
using one-way analysis of variance followed by Tukey's test (post-
hoc test). The results with P < 0.05 were considered as statistically
significant. The data were statistically analysed with the statistical
package, Graph Pad prismV5.

2.8 Characterisation

To characterise the synthesised nanoparticles, several techniques
were used. For the UV–Vis spectral studies, Shimadzu UV-2450
spectrophotometer in the range 200–800 nm was used. The
phytochemicals that are involved in metal reduction and capping
were identified by Fourier transform infrared (FTIR) spectroscopy
using Perkin Elmer Spectrum Two spectrometer in the range 500–
4000 cm−1. In order to determine the crystalline nature, X-ray
diffraction (XRD) analysis was carried out on Bruker AXS D8
Advance X-ray Diffractometer with Cu radiation (λ = 1. 5406 A°).
Transmission electron microscopy (TEM) was used to determine
the particles size and morphology. JEOL JEM-2100 instrument was
used for the TEM analysis. Energy dispersive X-ray (EDX) (for
determining elemental composition) was also taken on the same
instrument.

3௑Results and discussions
3.1 Synthesis of silver and gold nanoparticles and UV–Vis
spectral analysis

UV–Vis spectrophotometry is an important technique for
determining the formation and stability of nanoparticles in aqueous
solutions. Here the formation of silver and gold nanoparticles from
their respective salt by aqueous leaf extract of S. nodiflora was
monitored using UV–Vis spectrophotometric analysis. The
photographs of S. nodiflora plant, S. nodiflora leaf extract, silver
nanoparticle (AgNP-nodiflora), and gold nanoparticle (AuNP-
nodiflora) are shown in Fig. 1a. The noble metal nanoparticles are
known to display unique optical properties due to surface plasmon
resonance (SPR) [51]. Upon microwave irradiation for the 30 s, the
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reaction mixture of silver nitrate and leaf extract getting changed
its colour from colourless to pale yellow. This orange colour is
attributed to SPR occurring because of the group oscillation of free
conduction electrons induced by an interacting electromagnetic
field [52, 53]. The SPR band of AgNP-nodiflora appeared at 413 
nm. The reaction mixture of auric chloride and leaf extract was
having slight yellow in colour and upon microwave irradiation of
15 s, its colour is getting changed to blushing red colour and shows
SPR at 535 nm in UV–Vis spectrum. The UV–Vis spectra of
AgNP-nodiflora and AuNP-nodiflora are shown in Fig. 1b. Here
the reduction of metal ions to corresponding nanoparticles occurs
via the active molecules present in the leaf extract [54]. 

In earlier works, the SPR band of silver nanoparticles
synthesised by sunlight irradiation was observed at 428.7 nm [47].
The silver nanoparticles synthesised by heating of silver nitrate
solution and S. nodiflora leaf extract showed SPR peak at 460 nm
[48].

In the case of room temperature synthesis, the silver
nanoparticles were formed only after 2 h and gold nanoparticles
were formed after 1 h.

3.2 FTIR spectral analysis

The FTIR spectra were used to determine the possible functional
groups in leaf extract involved in the reduction and stabilisation of

synthesised nanoparticles. FTIR spectra of (i) S. nodiflora leaf
extract, (ii) AgNP-nodiflora, and (iii) AuNP-nodiflora are shown
in Fig. 2a. In the case of S. nodiflora leaf extract, the major
vibrational peaks are found to be located at 3290, 2925, 1680,
1490, 1245, 1033, 1106, and 788 cm−1. The peak at 3290 cm−1

could be assigned to –OH vibrations. Peak at 2925 is due to
asymmetric stretching vibrations of methylene group. The peak at
1680 cm−1 is due to the C = O stretching vibration of the carbonyl
and carboxylic groups present in the leaf extract. The band due to
symmetrical stretch of carboxylate group is present at 1490. The
absorption band at 1245 and 1033 cm−1 corresponds to –C–O–C
stretching. The peaks at 1106 and 788 cm−1 are due to the C–O
stretching vibrations of polyols and alcoholic groups. However,
after the formation of AgNP-nodiflora and AuNP-nodiflora the
peak become weaker and shifted. The peak at 3290 cm−1 shifted to
3269 and 3165 cm−1. The peak at 1680 cm−1 is shifted to 1612 and
1590 cm−1 also the peak at 1490 is shifted to 1510 and 1515 cm−1.
This is suggested that the carbonyl and hydroxyl groups present in
the leaf extract are involved in the synthesis and stabilisation of
nanoparticles. 

3.3 XRD analysis

The crystalline nature of synthesised AgNP-nodiflora and AuNP-
nodiflora was confirmed using XRD analysis. Fig. 2b(i) shows the
XRD pattern of AgNP-nodiflora and Fig. 2b(ii) shows the XRD
pattern of AuNP-nodiflora. There are four reflection peaks
observed in the 2θ range 35–80° and this can be indexed to the
(111), (200), (220), and (311) reflexions of face centred cubic (fcc)
structure of silver (JCPDS file No. 04–0783) and gold (JCPDS file
No. 04-0784) nanoparticles. In the case of AgNP-nodiflora, the
peaks observed at 2θ values 37.82°, 43.92°, 64.16°, and 77.25°,
and in AuNP-nodiflora peaks observed at 37.92°, 43.94°, 64.30°,
and 77.45°. In both cases, the Bragg reflections from (111) plane
are more intense than the reflection from other three (200), (220),
and (300) planes, which obviously indicates that nanoparticles are
mainly oriented along (111) plane [55].

The average crystalline size of the AgNP-nodiflora and AuNP-
nodiflora was calculated using Debye-Scherrer equation [56]

D =
Kλ

βcosθ

where ‘D’ is the particle size, K is the Scherrer constant with a
value from 0.9 to 1, ‘λ’ is the wavelength of X-ray source (0.1541 
nm), ‘β’ is the full width at half maximum, and ‘θ’ is the
diffraction angle that corresponds to lattice plane (111). From the
Scherrer equation, the average crystallite size of AgNP-nodiflora
and AuNP-nodiflora was found to be about 15.18 and 19.46 nm,
respectively.

3.4 High-resolution TEM (HR-TEM) analysis

The TEM images of the AgNP-nodiflora and AuNP-nodiflora are,
respectively, depicted in Figs. 3 and 4. Here Figs. 3(i) and 4(i),
respectively, represents the TEM images of silver and gold
nanoparticles. From the TEM images of AgNP-nodiflora, it is clear
that nanoparticles are highly stabilised and spherical in shape with
an average size of 14.16 nm (Fig. 3(iv)). However, in the case of
AuNP-nodiflora, different morphologies like spherical, triangular,
and so on are obtained with average particle size 18.91 nm
(Fig. 4(iv)). The clear lattice fringes are revealed in HR-TEM
images (Fig. 3(ii) and 4(ii)). The ring like diffraction patterns in
selected area electron diffraction (SAED) images (Fig. 3(iii) and
4(iii)) denote that particles are purely crystalline nature (fcc
structure). These bright rings originate from the reflection of (111),
(200), (220), and (311) planes of fcc silver and gold, which
supports the results from the XRD. 

The TEM images of nanoparticles synthesised by room
temperature method were a little more aggregated when compared
to microwave method. The average size of the nanoparticles was
obtained as 19.40 nm (AgNP-nodiflora) and 22.01 nm (AuNP-

Fig. 1௒ Results of visible and UV-vis. spectral analysis
(a) Photographs of (i) S. nodiflora plant, (ii)S. nodiflora leaf extract, (iii) AgNP-
nodiflora, and (iv) AuNP-nodiflora, (b) UV–Vis absorption spectra of (i) AgNP-
nodiflora, and (ii) AuNP-nodiflora

 

Fig. 2௒ Results of FTIR and XRD analysis
(a) FTIR spectra of (i) S. nodiflora leaf extract, (ii) AgNP-nodiflora, and (iii) AuNP-
nodiflora, (b) XRD pattern of (i) AgNP-nodiflora, and (ii) AuNP-nodiflora
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nodiflora) which is higher than that obtained by microwave
method. Thus, the microwave irradiation gives smaller
nanoparticles at a faster rate than the room temperature synthesis.

3.5 Energy dispersive X-ray (EDX) analysis

The EDX spectra of synthesised AgNP-nodiflora and AuNP-
nodiflora are shown in Fig. 5. The X-axis illustrates the number of
X-ray counts and the Y-axis illustrates energy in keV. The AgNP-
nodiflora shows characteristic optical absorption peak
approximately at 2.983 keV due to SPR of silver. The AuNP-
nodiflora showed the signals at around 2.30, 8.10, and 9.40 keV
[57]. The signals of carbon and oxygen are also visible in the
spectrum, which is originated from the biomolecules of S.

nodiflora leaf extract. The signals of copper are originated from the
copper grid. 

3.6 Antimicrobial studies

The inhibitory activities of S. nodiflora leaf extract, AgNP-
nodiflora, and AuNP-nodiflora against various pathogens have
been studied by using agar well diffusion method. For this two
gram positive bacteria (Bacillus subtilis and Streptococcus sp.),
two gram negative bacteria (Pseudomonas sp. and E. coli), and two
fungi (Aspergillus sp. and Penicillium sp.) were used. Distilled
water was used as a control. Fig. 6a shows the antimicrobial effect
of S. nodiflora leaf extract, AgNP-nodiflora, and AuNP-nodiflora
against various microbial pathogens. Bar diagram depicting the
ZOI is shown in Fig. 6b. From this, it is clear that AgNP-nodiflora
and AuNP-nodiflora have significant antimicrobial activity against
all tested microbial strains. The antimicrobial activities of silver
and gold nanoparticles have been reported but their precise
mechanisms of action are poorly understood. Several mechanisms
were proposed for the antimicrobial action of silver and gold
nanoparticles. The nanoparticles closely bind to the surface of the
microorganisms and make holes in the cell wall. This results in the
leakage of cell contents and leads to death [18]. Also, the metal
ions could produce free radicals, leading to the rupture of the cell
membrane and premature death of the cell [58]. The nanoparticles
could also inhibit DNA replication by reacting with the phosphorus
or sulphur moieties of DNA [59]. It was reported that the silver
nanoparticles synthesised by using S. nodiflora leaf extract with the
aid of sunlight irradiation and heating methods also showed
antimicrobial activities [47, 48]. 

Also, the bactericidal activities of nanoparticles were higher for
gram negative bacteria compared to gram positive bacteria. This is
due to the difference in the nature of the cell wall. Gram positive
bacteria contain stiff cell wall network with peptidoglycan layer,
making it resistant to mechanical rupture, while gram negative
bacteria have a cell membrane network that is only one molecule
thick [60].

3.7 Antioxidant studies

The antioxidant properties of nanoparticles are very useful in the
pharmaceutical industry. Under the normal metabolic process,
several reactive oxygen species are continuously produced. If it is
not scavenged it causes many medical problems like
carcinogenesis, cardiovascular disease, and diabetes mellitus [61,
62]. The reducing agents prevent the generation of reactive oxygen
species in the living systems and thus providing an adaptive
immunity to several diseases.

Fig. 3௒ (i) TEM image of AgNP-nodiflora, (ii) HR-TEM image, (iii) SAED
pattern, and (iv) particle size distribution histogram

 

Fig. 4௒ (i) TEM image of AuNP-nodiflora, (ii) HR-TEM image, (iii) SAED
pattern, and (iv) particle size distribution histogram

 

Fig. 5௒ EDX spectra of (i) AgNP-nodiflora, and (ii) AuNP-nodiflora
 

Fig. 6௒ Results of antimicrobial and antioxidant studies
(a) Photographs depicting the antimicrobial activities of S. nodiflora leaf extract,
AgNP-nodiflora, and AuNP-nodiflora against different microbial strains (A – control,
B – S. nodiflora leaf extract, C – AuNP-nodiflora, and D – AgNP-nodiflora, (b) Bar

diagram depicting the ZOI (aP < 0.05, values compared to leaf extract and bP < 0.05,
values compared to AgNP-nodiflora), (c) Dose-dependent DPPH radical scavenging
activity of AgNP-nodiflora, AuNP-nodiflora, and S. nodiflora leaf extract compared to

ascorbic acid (aP < 0.05, values compared to leaf extract and bP < 0.05, values
compared to AgNP-nodiflora

 

IET Nanobiotechnol., 2018, Vol. 12 Iss. 6, pp. 850-856
© The Institution of Engineering and Technology 2018

853



The antioxidant potential of S. nodiflora leaf extract, AgNP-
nodiflora, and AuNP-nodiflora were measured using the DPPH
assay. DPPH (2, 2-diphenyl-1-picrylhydrazyl) is a stable free
radical. It will be reduced by accepting electron or hydrogen since
the reducing power of a compound is directly proportional to
antioxidant activity. The reducing ability of leaf extract and
nanoparticles were quantified spectrophotometrically by changing
the DPPH colour from purple to yellow using ascorbic acid as a
reference. Dose-dependent DPPH radical scavenging activity of
AgNP-nodiflora, AuNP-nodiflora, and S. nodiflora leaf extract is
presented in Fig. 6c. The DPPH activity of the nanoparticles was
found to increase in a dose-dependent manner and which is higher
than that of leaf extract. At lower concentration of 12.5 µg/ml, S.
nodiflora leaf extract, AuNP-nodiflora, and AgNP-nodiflora,
respectively, shows 26.38 ± 0.87, 39.32 ± 0.79, and 41.64 ± 0.65 per
cent of inhibition. While at higher concentration of 200 µg/ml, they
show 41.08 ± 0.89, 62.11 ± 0.9, and 65.91 ± 0.98 per cent of
inhibition. IC50 values for S. nodiflora leaf extract, AuNP-
nodiflora, and AgNP-nodiflora, respectively, were 215, 55.40, and
54.30 µg/ml. The higher free radical inhibition of biosynthesised
nanoparticles is due to many reasons like the presence of
phytochemicals on the surface, dispersion, and small size [63].
Being more spherical in shape, the antioxidant activities of AgNP-
nodiflora were higher than that of AuNP-nodiflora.

Hence, AgNP-nodiflora and AuNP-nodiflora shows high
biological activities. This is similar to that of previous studies [64,
65].

3.8 Catalytic studies

The catalytic activities of synthesised AgNP-nodiflora and AuNP-
nodiflora were examined using the degradation reactions of dyes
CR and EY by NaBH4.

3.8.1 Reduction of CR: CR is a type of azo dye and has a two
chromophoric group (azo group), four auxochrome groups (two
amino groups and two sodium sulfonate groups). CR is largely
used in paper industry and dying of cotton, hemp, silk, and viscose.
It is also used as an acid–base indicator, adsorption indicator, and
biological stain. It is a carcinogenic and poisonous material. In
UV–Vis spectrum of an aqueous solution of CR shows peaks at
490 and 350 nm due to π → π* and n → π* transition of the azo
group [66].

Even if sodium borohydride is a strong reducing agent, the
aqueous solution of NaBH4 is incapable of reducing CR efficiently
due to the huge difference in redox potentials. Thus, the reaction is
thermally allowed but kinetically forbidden. The degradation
reaction of CR was carried out both in the presence and absence of
nanocatalysts. When the reaction is carried out in the absence of
nanocatalyst, no change in colour, as well as the intensity, was
observed at 490 nm. Successive UV–Vis absorption spectra for the
NaBH4 reduction of CR recorded at 1 min intervals without
nanocatalysts are shown in Fig. 7(i). From this, it is clear that this
dye is not degraded by NaBH4 alone. However, when a few
amounts of nanocatalysts were added the degradation reaction was
significantly augmented. 

Fig. 7(ii and iii) shows the successive UV–Vis absorption
spectra of NaBH4 reduction of CR in the presence of nanocatalysts
AgNP-nodiflora and AuNP-nodiflora. From this, it is clear that the
intensity of the peak at 490 nm has diminished with time.

The reduction potential of the nanocatalyst is in between those
of the dyes (acceptor) and BH4

− ions (donor) and it makes the
electron transfer between them very easy. It can be explained in
terms of a Langmuir–Hinshelwood model [67]. First, both the
substrates were adsorbed on the catalyst surface. Then, the
borohydride ions eject electrons to the surface of the catalyst from
which the dye molecules get electrons and hence reduced. Metal
nanoparticles have a large surface area to improve the rate of these
reduction processes. Also the phytochemicals from the leaf extract
attached to the catalytic surfaces also help the adsorption of this
substrate on the catalytic surface by electrostatic interaction. The
yield of the AgNP-nodiflora catalysed reaction was higher than

89% and that of AuNP-nodiflora catalysed reaction was higher
than 93%.

The kinetics of this reduction reaction was studied
spectrophotometrically by examining the intensity of the
absorption peak at 490 nm. The amount of reducing agent NaBH4
used in this reaction is much larger than that of CR, and its
concentration remains almost constant during the reaction.
Therefore the reaction follows pseudo first-order kinetics. The rate
equation can be written as k = 1/t ln [A0]/[A], where k is pseudo-
first order rate constant, [A0] is the initial concentration of the CR
and [A] is the concentration at a time ‘t’. Thus, the plot of ln [A]
versus time ‘t’ gives a straight line with slope k. The plots of ln [A]
versus time obtained in the catalytic reduction of CR are shown in
the inset of Fig. 7(ii and iii). The details of catalytic reduction of
CR by NaBH4 are given in Table 1. 

3.8.2 Reduction of EY: EY is a heterocyclic anionic xanthene
dye, which contains bromine atoms [tetrabromo fluorescein (or its
disodium salt)]. It has many applications in various dyeing,
printing, leather, fluorescent pigment, and textile industries, and
biomedical research laboratories. The direct release of wastewater
containing EY cause many environmental problems and are
mutagenic for human beings and animals [68]. The oxidation and
reduction reactions of EY were examined from the one-electron
reduction and oxidation potentials of its ground state. EY (ES−

2)
decolourises from orange to pale yellow during its reduction to
ESH2 [69].

The reduction of EY by NaBH4 was carried out both in the
presence and absence of nanocatalyst to check the role of catalyst
in the reaction. It was found that the reduction reaction does not
take place in the absence of nanocatalyst. Successive UV–Vis
absorption spectra for the NaBH4 reduction of EY recorded at 1 
min intervals without nanocatalyst are shown in Fig. 8(i). However,
the reduction reaction happened very quickly in the presence of
nanocatalyst. This was indicated by the steady decrease in the
absorption value of the EY at 515 nm. The nanocatalysts make the
kinetically forbidden reduction reaction into allowing one by
mediating the electron transfer between the donor borohydride and
EY. The reduction potential of the nanocatalyst lies between the
dye and borohydride. The UV–Vis spectra for the reduction of CR
using AgNP-nodiflora and AuNP-nodiflora are shown in Fig. 8(ii
and iii). The yield of the AgNP-nodiflora catalysed reaction was
higher than 82% and that of AuNP-nodiflora catalysed reaction
was higher than 85%. 

As the concentration of NaBH4 used in this study largely
surpassed that of EY, pseudo-first order kinetics with respect to the
concentration of EY was assumed in this case. The plot of ln [A]

Fig. 7௒ (i) Successive UV–Vis absorption spectra for the NaBH4 reduction
of CR recorded at 1 min intervals without nanocatalyst, (ii) successive UV–
Vis absorption spectra for the NaBH4 reduction of CR recorded at 1 min
intervals catalysed by 0.02 mg/ml AgNP-nodiflora, (iii) successive UV–Vis
absorption spectra for the NaBH4 reduction of CR recorded at 1 min
intervals catalysed by 0.02 mg/ml AuNP-nodiflora at 28°C (plots of ln[A]
versus time shown in the inset of corresponding figures)

 

Table 1 Details of catalytic reduction of CR by NaBH4
Dye Nanocatalyst

(0.02 mg/ml)
Reaction
time, min

Rate
constant
(k), min-1

Correlation
coefficient

(R2)
CR AgNP-nodiflora 13 00.1836 0.9997

AuNP-nodiflora 17 00.1633 0.9995
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versus time gives a straight line, and rate constants were directly
calculated from the slope of this line. The plots are given in the
inset of Fig. 8(ii and iii). The details of catalytic reduction of EY
are given in Table 2. 

In order to study the reusability of the AgNP-nodiflora and
AuNP-nodiflora catalysts in the dye degradation reactions, the
nanocatalysts were recovered from the reaction mixture at the end
of the reaction by centrifugation. Then it was dispersed in double
distilled water and used for next cycle. The rate of degradation of
both CR and EY was found to be more or less the same for up to
forth cycles. These results imply the high catalytic activities of
synthesised nanoparticles.

4௑Conclusions
In summary, we have reported a simple, one pot, and green
chemical reduction method for the synthesis of stable silver and
gold nanoparticles using the aqueous leaf extract of S. nodiflora as
reducing and capping agent. This method is a better alternative,
which excludes the use of high temperature, pressure, energy, and
toxic chemicals in metal nanoparticle synthesis. The antioxidant
activities of nanoparticles were investigated using DPPH assay and
found that they have remarkable antioxidant properties. The
nanoparticles also show excellent antimicrobial properties towards
bacterial and fungal strains. Thus, the synthesised silver and gold
nanoparticles could have a high potential for use in biological
applications. The nanoparticles exhibit outstanding catalytic
activities towards the degradation of CR and EY by NaBH4. This
degradation ability of nanoparticles helps to remove harmful
environmental pollutants.
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