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Abstract

The seeds extract of Amomum Subulatum commonly known as black cardamom is used for preparing Silver
Nanoparticles (AgNps) via green route. The characterization of these nanoparticles was done by UV-visible, Fourier
transform Infrared (FTIR) spectroscopy, X-ray diffraction (XRD) and Transmission Electron Microscopy (TEM)
techniques. The UV-vis spectra showed sharp absorption maximum at 432 nm that confirmed that AgNPs were
synthesized successfully. The TEM measurements indicated that AgNps are mostly spherical with a few having
hexagonal and trigonal shapes with size range of 13-21 nm. Dynamic Light Scattering (DLS) confirmed the stability of
AgNps having negative zeta potential. XRD confirmed the mono-crystallinity of the prepared AgNps. A significant zone
of inhibition is observed by these nanoparticles against gram positive and gram-negative bacteria. These nanoparticles
exhibit a significant catalytic activity with respect of 4-nitrophenol (4-NP). The synthesized AgNps act as a catalyst
and degraded the organic dyes, Methylene Blue (MB) and Methylene Orange (MO) by Sodium borohydride (NaBHy) as
confirmed by UV-vis spectroscopy.
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1. Introduction synthesized using various chemicals as stabilizing

Nanoparticles exhibit unique properties as and reducing agents, the chemical reduction
compared to their bulk counterparts due to method posing a serious risk to humans and the
differences in particle characteristics, such as environment. In recent years, the manufacture of
size, dispersion, and shape [1]. These metal nanoparticles through green methods using plant
nanoparticles have distinctive optical features extracts has replaced the use of harmful chemicals
because of their high surface area to volume ratio. [13]. Green nanoparticle synthesis is a fascinating
The rapidly developing field of plasmonic has field in material science since it is less toxic,
made intelligent and widespread use of these biocompatible and easy to functionalize with
optical features [2,3]. Additionally, According to biomolecules and it doesn’t need the use of
several studies; these nanoparticles also exhibit dangerous chemicals. Despite their low yield
catalytic [4—11], and electrochemical applications percentage, green produced metal nanoparticles
[12]. In general, silver nanoparticles are are interesting prospects for future study fields,

such as biosensors, nanodrugs and bio-based
* Corresponding Author. nanoelectronics. Since it has a varied range of
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noble metal nanoparticles is getting a lot of focus
in the chemical and material science fields.

Metal nanostructures are used in many
different fields in the biological and medical
industries [14] in biomedical research, they can be
employed for medication delivery, biosensing, bio-
imaging and biomolecular recognition.
Integration of green chemistry principle to
nanotechnology is key issue in nanoscience
research. There is growing need for environment
friendly green nanoparticles (size 1-100 nm) that
do not use toxic chemicals and avoid adverse effect
[15]. Fungi, bacteria, enzymes, and plant extracts
are commonly used in the green manufacture of
silver nanoparticles (AgNps). Few plants used for
the synthesis of AgNps are Malabar Nut [16],
Pineapple [17], Kalmegh [18], Tulsi [19], Neem
[20], Onion [21], Shatavari [22], Nagarmoth [23],
Shalparni [24]. Silver nanoparticles are well-
known for their antibacterial [20,21,25-28],
catalytic and optical capabilities, but due to high
demand and scarcity, they are exceedingly
expensive and difficult to obtain [29]. Silver
nanoparticles are considered biocompatible, in
which there i1s the possibility that a chemical
reduction method results in toxic chemical species
[30] being adsorbing onto their surface, so they
must be removed in an additional step. As a
result, medical applications may experience some
adverse effects. So, there is an urgent demand to
develop environmentally safe nanoparticles.

Nano-silver has been shown in research and
publications to have negative impacts on persons
and the environment. The green technique, on the
other hand, allows for harmful chemical-free and
environmentally friendly AgNps synthesis [31].
AgNps are inert, they have better biocompatibility
[32], which is important in most biological
applications like they have the capacity to be
easily conjugated with biological molecules[33].
The size and morphology of AgNps determine
their activity, which 1s influenced by the
preparation, solvent type, concentration, reducing
agent and temperature. The shape, size, and
surface properties of AgNps made them ideal for
biosensors [34,35], hyperthermia therapy [36],
delivery systems for therapeutic drugs, genetic
materials, antifungal effect, anti-tumorigenic
ability [37] and anti-coagulative activity [38].

Because of their antimicrobial capabilities,
such nanoparticles are used in variety of daily
items e.g. cosmetics, toothpaste, deodorants. A
substantial contribution has been made by AgNps
to agriculture and technology, purification
systems, and humidifier. They used in detecting
and treating plant diseases and lowering nutrient
leaching to increase crop yield. They're also used
in solar and oxide batteries to store energy. Black
cardamom is the dried fruit of a perennial
herbaceous plant in the family Zingiberaceae [39].
One of the foremost commercial crops of the

Eastern Himalayan Region and is grown in
marshy areas near streams, across hills. This
spice is well-known for its distinctive taste and
aroma and is commonly used to flavor dishes from
the Himalayan region, which involves Nepal,
Bhutan, and India. According to the Ayurvedic
and Unani systems of medicine, black cardamom
is widely used in ethnomedicine. Traditional uses
of this herb include treating coughs, lung
congestion, pain, stomach disorders, and many
other ailments. Due to advent of modern phyto-
analytical and pharmacological techniques and
the popularity of natural products-based
medicine, the therapeutic use of this ancient spice
is gaining a new dimension.

Recent studies reported that Black cardamom
contains high levels of polyphenols, which may
assist in reducing and stabilizing nanoparticles
[13,40,41]. These bioactive compounds provide
antioxidant, antimicrobial (antibacterial [3827]
and antifungal [42]), analgesic [43], anti-
inflammatory, antiulcer [44], cardio-adaptogen,
and hypolipidemic properties. A common uses of
black cardamom (BC) is in Indian cuisine,
beverages, mouth fresheners, and traditional
medicine. Its antioxidant action has been shown
to provide health benefits. Studies have also
reported that black cardamom may have anti-
inflammatory [45], anti-diabetic [14], and anti-
cancer properties [46]. It is a versatile spice with
many potential health benefits. Its waste peels
used in removing Cd(II) from water [47] and
Congo red from water [48]. In our synthesis
protocols, BC is used as a reducing agent. In this
study, we establish a new, eco-compatible, and
green AgNps synthesis from Ag(Il) salts using
extract from black cardamom as a natural
reducer.

2.Material and Methods
2.1 Materials

The Chemicals Silver Nitrate, Sodium
Borohydride, p-nitrophenol, Methylene Blue and
Methyl orange were purchased from Sigma
Aldrich Chemicals private limited. DPPH,
Nutrient Agar and Disc were purchased from
Himedia Laboratories Private Limited. Gram-
positive bacteria (Bacillus subtilis MTCC 441,
Staphylococcus aureus MTCC 3160), and Gram-
negative Dbacteria (Pseudomonas aeruginosa
MTCC 647, Escherichia coli MTCC 16521) were
procured from GJU university, Hisar, Haryana,
India. All the reagents and chemicals used in the
entire study were of analytical grade. All
experiments were conducted using Milli Q and
Double Distilled water. The chemicals were not
further purified before being wuse. Black
Cardamom was obtained from local supermarket.
Plant authenticity of black cardamom has been
done by RHMD, CSIR-NIScPR, New Delhi, India.
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2.2 Preparation of Seed Extract and Biosynthesis
of Silver Nanoparticles (AgNps)

Black cardamom seeds were used to prepare
plant extract. 5 g seeds of black cardamom were
given a two-time washing with double distilled
water to get free from any attached foreign
particles, then they were dried in an oven at 50 °C
for 30 minutes and then crushed it into a fine
powder using pestle and mortar. 5 g of freshly
prepared dry seed powder was suspended in 100
mL of distilled water [49] and boiled at 75 °C for
1.5 hours on magnetic stirrer [26]. The prepared
plant extract was filtered using whatmann filter
paper no. 1, keeping supernatant for further
experimental use at 4 °C.

0.14 g of AgNOswas taken on watch glass and
dissolved it in 40 mL of Milli-Q water [49] and
then 10 mL of plant extract was added to it then
the mixture was heated at 75 9C for 30 minutes on
magnetic stirrer, change in the color from pale
yellow to dark brown indicated the formation of
AgNps [26]. The resulting Silver nanoparticles are
stabilized over 2 months [5].

2.3 Characterization of Green Synthesized Silver
Nanoparticles

2.3.1 UV — Vis spectroscopy

An ultraviolet-visible spectrophotometer
(Shimadzu UV-1800) was used to confirm the
formation of Silver nanoparticles against Milli-Q
water as a blank. In this experiment, the reaction
mixture absorbance was measured between 300
and 700 nm. For recording the spectra, 1 mL of
prepared colloidal AgNps solution was collected in
a cuvette and diluted by 2 mL Milli-Q water.

2.3.2 TEM analysis of silver nanoparticles

In depth analysis of morphology, size,
distribution, and aggregation of AgNps were
performed by High resolution transmission
electron microscopy (TALOS 200 kV). The
synthesized AgNps colloidal solution were
centrifuged at 10,000 rpm at a temperature of 25
0C for 15 minutes. The supernatant was separated
for TEM measurements. Before the experiment,
the AgNps were sonicated for proper dispersal,
then 10 pLL was pipetted out on carbon coated
TEM grid to make a thin film. Then that grid was
placed in a hot air oven at 50 °C for 30 minutes in
order to ensure its dryness. Analyses were
conducted at a variety of magnifications to
determine the size of nanoparticles.

2.3.3 XRD study

X-ray diffractometer (Bruker D8 Discover)
equipped with Cu-Ka radiation source and nickel
monochromator filter was wused for the
measurement. The spectra was taken in the range

of 20-80° of 20 at the scanning rate of 20 degrees
per minute [50]. Average particle size was
determined by Debye- Scherer equation:

D = KM(B cos 0) (1)

It consists of Scherer's constant K, whose value
ranges between 0.9 and 1, and is commonly known
as the crystallite-shape factor. D is the average
crystallite size in the direction perpendicular to
the lattice planes, A is the wavelength of the X-
rays source used in XRD, f§is the width (full-width
at half-maximum) of the X-ray diffraction peak in
radians and 6 is the Bragg angle [50]. The
numerical factor K depends not only on the shape
of crystallites, but also on the definitions of the
average size of crystallites. In absence of detailed
information of size, K value approximately taken
as 0.9. According to Scherer; this equation can be
applied to average size 100 to 200 nm [51].

2.3.4 Fourier-Transform Infrared Spectroscopy
(FT-IR)

Infrared spectra of the plant extract were
recorded using FTIR  spectrophotometers
(Shimadzu IR affinity 1S) for characterization of
silver nanoparticle surface structure in
wavelength ranges 4000-400 cm! prior to and
after reduction [50]. As per the studies done by
Wang et al. on the pharmacological composition of
black cardamom, and they show that the primary
components are 1,8-cineole (65%), a-Pinene
(0.85%), and a-Terpineol (7.92%) out of the 40
discovered chemicals [52]. FTIR spectra of plant
extract and the synthesized AgNps were recorded
[63].

Size and surface charge by DLS -The zeta
potential and hydrodynamic size of the prepared
AgNps were determined using a Zetasizer Nano
7S, Malvern Instruments Ltd. Colloidal AgNps
were centrifuged at 10000 rpm for 10 minutes and
then supernatant was collected for DLS
measurements. One ml sample of prepared AgNps
was taken for DLS studies.

2.4 Applications of AgNps: Catalytic Efficiency of
Silver Nanoparticles

2.4.1 Conversion of p-nitrophenol into p-
aminophenol

Industrial wastes are one of the main
components of causing water pollution. Dye
industry and agrochemical industries discard p-
nitro phenol which is very harmful and highly
stable compound but it can be easily transformed
into a convenient compound p-amino phenol,
which further can be used in the preparation of
other important compounds in pharmaceutical
industry. In this report, the catalytic reduction
takes place by using AgNps and this conversion
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was observed by UV spectrophotometer using
Milli-Q water as blank. A freshly prepared 1 mL
of 15 mM NaBH4 [54] solution was added to 1.9
mL of 0.2 mM p-nitrophenol solution. The
immediate color change was detected and
quantitatively measured by UV-Vis spectroscopy.
Subsequently, 10 pL of 1.0 mg/mL AgNps [9] were
added and the recorded the progress of the
reaction by scanning from 200 to 600 nm
spectrophotometrically at 2 minutes time interval
and graphs were plotted between absorbance and
wavelength using origin [565]. A control
experiment was also conducted using NaBH4 and
p-nitrophenol, as well as silver nanoparticles and
p-nitrophenol. Experiments were performed in
triplicates. In this reaction, the rate constant was
determined by the change in absorbance at 400
nm over time.

2.4.2 Reduction/degradation of organic dyes

Organic Dyes lead to color contamination of
various water bodies. So, act as toxic substances.
There are two characteristic UV-Vis absorption
peaks in methylene blue, one at 664 nm, which is
caused by MB monomer [56] and another shoulder
peak at 612 nm results from MB dimers [57]. The
first peak originates from the conjugation of two
dimethylamine substituted aromatic groups via
MB's sulfur and nitrogen atoms. As a result of the
substitution of benzene in the spectrum, two
additional bands appear in the UV region near
245 and 290 nm [56]. To study degradation of
organic dyes, 10 mg/L solutions of Methylene blue
(MB) and methyl orange (MO) were prepared in
Milli-Q water. To study dye degradation, 2.5 mL
of MB and MO were mixed with 100 pL of 0.2 M
NaBHj4 solution and 20 pL of 1.0 mg/mL AgNps.
The degradation of dyes was monitored by
measuring the absorbance from 200 to 800 nm
using UV-Vis spectrophotometer at 2 min time
intervals and graphs were plotted between
absorbance and wavelength using origin. Control
experiment was also performed using a mixture of
dye solution and Additionally, NaBHs was
performed in order to provide a comparison [55].
Experiments were performed in triplicates.

2.4.3 Antibacterial efficacy of AgNps

The anti-bacterial efficacy of AgNps were
determined against four bacterial strains
including Gram-positive bacteria (Bacillus
subtilis MTCC 441, Staphylococcus aureus MTCC
3160), and Gram-negative bacteria (Pseudomonas
aeruginosa MTCC 647, Escherichia coli MTCC
16521) on nutrient agar plates, using disc
diffusion methods. All bacterial strains were
obtained from Department of Bio and
Nanotechonolgy, GJU, Hisar, Haryana. A spread-
nutrient agar plate of fresh overnight culture was
prepared using sterile spreader under Laminar

Air Flow hood. For evenly distribution on the agar
plate 50 pL of overnight culture was used. The
plates were well labelled for different bacterial
strains. The AgNps solution is infused with
different concentrations of biosynthesized AgNps
onto a sterile Whatman No 1 paper disc of 6 mm
in size. Then the discs were mildly pressed on
nutrient agar plates seeded with 50 pL bacterial
culture. For the control, Streptomycin (10 pg/disc)
was maintained on each plate. The plates were
incubated at 37 °C for 24 h in sterile condition.
Next day, the plates were removed and the
diameter of zone of inhibition (Zol) was measured
for each concentration of biosynthesized AgNps.
Anti-bacterial efficacy of AgNps of each bacterial
strain were performed in triplicates. The average
diameter of each concentration’s Zol was
tabulated.

2.4.4 In vitro determination of antioxidant
activity of Biosynthesized AgNps

Biosynthesized AgNps were examined for
antioxidant activity wusing 1,1-Diphenyl-2-
picrylhydrazyl radical (DPPH), which is a stable
free radical molecule [58]. 0.1 mM DPPH having
a characteristic absorbance maximum at 517 nm
(deep violet). DPPH radical absorbance maxima
changes by Scavenging of DPPH radical to DPPH
by antioxidants, i.e. decolorized it to yellow. As a
result of its convenience and ease of use, the
DPPH radical scavenging assay is widely used to
assess free radical scavenging.

For this, different volumes of biosynthesized
AgNps (0, 100, 500, 1000, 1500 pg/mL) [58] were
used and its volume is to be made 2 mL by adding
methanol and then 1 mL of DPPH was added then
vortex it and incubate in dark for 30 min. For
control, 2 mL methanol and 1 mL DPPH was
taken. The DPPH radical scavenging activity in
terms of percentage inhibition of DPPH radical
was calculated according to the following equation
[59]:

DPPH radical scavenging activity (%) = {(Abss17
control - AbS517 sample | Abss17 control)} X 100 (2)

where, Abss17 control 18 the absorbance of the blank
and Abss17 sample 18 the absorbance of the AgNps at
different concentrations.

3. Result and Discussion
3.1 Characterization of Silver Nanoparticles
3.1.1 UV spectroscopy

The UV-Visible spectroscopy provides
important information about the stability and
formation of metal nanoparticles. In the UV-Vis
range, nanoparticle solutions exhibit absorption
bands that are caused by oscillations in surface
plasmons of Ag metal electrons, which gives
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information regarding the nanoparticle shape and
size [60]. The synthesized silver nanoparticles are
immediately spectroscopically studied for further
study. The spectrum was recorded using 1 mL of
reaction mixture diluted in 3 mL of double
distilled water or Milli-Q water. These recorded
spectra have been shown in Figure 1. It has been
observed that the absorption maxima of silver
nanoparticles are located at a wavelength of 432
nanometers indicates the formation of AgNps.
There are no peaks in the surface plasmon band
between 450 and 600 nm, indicating that
nanoparticles are not aggregating.

Researchers have reported that the
properties of metal nanoparticles vary with the
position and intensity of the surface plasmon peak
[61]. Black Cardamom seed extract contains a
variety of phytochemicals, including flavonoids
and phenolic compounds. These phytochemicals
act as both a stabilizing and reducing agent
during AgNps production. When the plant extract
was mixed with AgNOs solution, the Ag ions were
reduced to Ag atoms, which then bonded to
produce nano-level particles. Phytochemicals also
create a coating on AgNps, protecting them from
coalescence. The fact is that the surface plasmon
resonance (SPR) band of Silver nanoparticles does
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not vary significantly in position even after 2
months of storage at ambient temperature (Figure
lc) which demonstrates the potential of
phytochemicals to stabilize the nanoparticles [60].

3.1.2 TEM analysis

Transmission electron microscopy studies
have been conducted to analyze shape and size of
the synthesized AgNps and support UV-visible
spectroscopic analysis. This morphology can be
more clearly seen in the magnified image in the
inset of Figure 2. Observations show mainly three
types of synthesized particles, spherical,
triangular, hexagonal shape nanoparticles is also
seen in Figure 2. Using the DLS technique, the
size of the colloidal solutions of AgNps was
determined to be between 12 nm and 60 nm. The
reason for wide distribution of particle sizes of
synthesized AgNps is due to biological complexity
and natural variability of the compounds present
in the plant extract. Z-average value was 113.1
nm. DLS size is always slightly larger than TEM
[62].

3.1.3 X-Ray Diffraction Pattern (XRD)

X-ray diffraction measurements were
performed to determine the crystallinity of
AgNps. An X-ray diffractograph of AgNps
synthesized is shown in the Figure 3. It is evident
from the peaks, 27.92 (110), 32.27 (111), 38.17
(112), 46.31 (200), 57.62 (311) and 76.73 (311)
planes of Bragg's reflections of metallic silver (Ag)
with a lattice unit cell edge "a" = 4.0857, which 1s
in good agreement with the FCC structure
described by the Joint Committee of Powder
Diffraction Standards (JCPDS). In accordance
with the XRD analysis, the particles are AgNps.
AgNps display strong and broad spectrum peaks,
which indicate their crystalline nature and small

w

Absorbance (a.u.)
~N

—

300 360 420 480 540 600 660 720 780

Wavelength (nm)

Figure 1. (a) Pictures of Plant extract, AgNOs solution, AgNps Colloidal Solution; (b) UV-Visible
absorption spectra of synthesized AgNps stabilized in black cardamom; (¢) at different time intervals

from O to 2 month.
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particle size also reported by Mishra et al. [50]
(JCPDS-04-0783 & 084-0713). Based on the
observed relationship between all planes in XRD
peaks, all similar planes are the same 20 value.
Using the Debye Scherrer equation [63]:

D =0.91/f cos 6 3)

where D is the crystallite size, A is the wavelength
of X-ray used (1.5406 A), £ is the full width at half
maximum (FWHM) and 6 is the Bragg’s angle.
The average nanoparticle size is calculated to be
20.73 which is in well agreement with the DLS
and TEM studies. Using the Bragg’s equation, ni
= 2d sin 6 [64], d-spacing is calculated, and d-
spacing is found to be 2.35 nm in this case.

3.1.4 Fourier Transform Infrared Spectroscopy
(FTIR)

FTIR spectroscopy was used to investigate
plant extract to determine their role in providing
stability to the nanoparticles [60]. The chemical
components present in the black cardamom
extract can be identified by examining its FTIR
spectra. 30 pL of black cardamom extract was
used to record the FTIR spectra before and after
the bioreduction of silver nanoparticles as shown
in Figure 4. FTIR spectrum of black cardamom
extract before and after the bioreduction reveals
some peaks in the 4000 to 3200 cm~1. A wide peak
at 3259 cm™! is attributed to O-H stretching
vibrations of different types of phenolic
compounds. The peak at 2925c¢m-! is indicative of
stretching vibration of aliphatic C-H bond. It is
possible to assign the strong band at 1637 cm-! to
aromatic ring’s C=C stretching vibrations. The
phenolic group’s C-O stretching vibrations are
shown by the peak at 1031cm-t.
There are additional bands up to 1800 cm~! in both
the spectra, that is, in the spectra acquired prior
to and following the reduction. The bands from
1770 to 500 cm-! are nearly identical to those prior
to reduction and after reduction but with slightly

different intensities. Certain peaks, such as those
of phenolic compounds and aromatic ring C=C
stretching, varies slightly before and after the
plant extract is reduced. The functional groups
present in plant extract like Amino (—NHy),
carboxyl (-COOH), hydroxyl (-OH), and carbonyl
(C=0) act as stabilizing and capping
agents. Phenolic —OH, aldehydes, and acid
equivalents in the extract donate electrons to
reduce Ag* to Ag° The disappearance of C-O
stretch peak at 1031 and C-H stretch at 2959 and
shifts in the peak position after reduction shows
the involvement of these functional groups in
stabilization of synthesized AgNps.

3.1.5 Dynamic Light Scattering (DLS)

By studying the dynamic light scattering of
synthesized AgNps, it was possible to determine
their polydispersive indexes and average
hydrodynamic diameters [65]. Using the DLS
technique, the size of the colloidal solutions of
AgNps was determined to be between 12 nm and
60 nm. Z-average value was 113.1 nm (Figure 5a).
DLS size is always slightly larger than TEM [62].
It is the size of the AgNps metal core, the
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Figure 3. XRD pattern of synthesized AgNps

Figure 2. HR-TEM images of synthesized AgNps under different magnification (a) at 50 nm (b) at 100

nm (c) at 200 nm.
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biomaterial embedded on their surface, and a
liquid wall (solvent wall) that flows between the
particles that determines the resulting size
[66,67]. The PDI represents the size distribution
within a sample [68]. Synthesized AgNps had a
PDI value of 0.353, indicating that the
nanoparticles are monodispersive. PDI values
exceeding 0.7 indicate a broad particle size
distribution that is unfavorable. As a general rule,
the range of PDI values varies between 0.05 and
0.7, with values close to 0 indicating a
monodispersive nature, and values near 1
indicating a  polydispersive  nature  of
nanoparticles. The zeta potential represents both
the total charge that a particle receives in a given
environment, as well as the surface charge of
biogenic nanoparticles that is responsible for the
development of propulsion forces between them. It
1s possible to determine the dispersion state of
nanoparticles in a solution using the Zeta
potential. There is a strong correlation between
the zeta potential of the particles and the pH of
the distribution, as well as the electrolyte.
However, although the zeta potential is either
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p [
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higher than 30 mV or lower than 30 mV, the
distribution remains stable [69]. The zeta
potential value was —16.3 mV (Figure 5b). It is
generally thought that particles with a negative
charge typically have more stability because they
are prevented from aggregating.

3.2 Applications
3.2.1 Catalytic activity of silver nanoparticles
3.2.1.1 Reduction of p-nitrophenol (4-NP)

The synthesized AgNps exhibited a high
catalytic activity as revealed by the reduction of p-
nitro phenol into p-amino phenol with
degradation efficiency of 97.79%. The conversion
reaction exhibits pseudo-first order kinetics with
a rate constant of 0.422 minutel. We evaluated
the catalytic activity of silver nanoparticles by
reducing p-nitrophenol, a well-known pollutant
and very stable compound that is difficult to
degrade. To prevent photocatalytic reduction of p-
nitrophenol, the entire process was carried out in
dark conditions. As shown in Figure 6, p-nitro

110

F—— Plant extract after reduction |
100 (b)
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80 |-
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Figure 4. FT-IR spectra of plant extract (a) before reduction and (b) after reduction of plant extract.
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Figure 5. Showing the (a) size distribution and (b) Zeta potential of AgNps.
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phenol is converted into p-amino phenol by p-nitro
phenolate ions. Figure 6 (i) show the absorption
maximum of p-nitrophenol at peak 317 nm and
after adding NaBHs to p-nitrophenol, its color
changes to yellow due to formation of sodium p-
nitrophenolate and absorption maximum appears
at 400nm. the interconversion of p-nitrophenolate
into p-aminophenol took place after 55 min.
However, as silver nanoparticles added, the
catalytic reduction of sodium p-nitrophenolate
happened very fast as shown in Figure 6a; the
absorbance of peak at 400 nm decreases and it
nearly becomes parallel to x-axis and there is
simultaneous formation of p-nitro phenol appears
by increase in absorbance of peak at 300 nm. So,
we conclude that the reduction happened in just
10 minutes which is in agreement with previously
reported studies as well [5,9]. Consequently, silver
nanoparticles function as a catalyst and assist in
the reduction of 4-NP by decreasing the reaction's
activation energy. The absorbance of 4-NP is
proportional to its initial concentration Ao at time
t =0 and its concentration at time ¢ is At. Based on
the formula below, degradation efficiency between

L =

ﬁ —— 4-NP & NaBH4

—— 2 min
—— 4 min
6 min
8 min
——— 10 min
—— 12 min
—— 14 min
——— 16 min
—— 18 min

Absorbance (a.u.)

200 240 280 320 360 400 440 480 520 560 600
Wavelength (nm)

N

I o™\

0 2 4 6 8 10

Time (min)

4-NP and 4-AP was determined as follow:
Degrad. Efficiency (%) = (Ao-Ar)lAr X 100% (4)

Because the concentration of NaBHs was too high
as compared to the concentration of 4-NP, the
reduction of 4-NP to 4-AP by NaBHi in the
presence of silver nanoparticles as catalyst results
in a pseudo first order rate of reaction. It was
therefore believed that the sodium borohydride
concentration remained constant during the
reaction. Figure 6 (i1) shows the UV-Vis spectra of
the continuous reduction of 4-NP to 4-AP using
AgNps at 10-min intervals. The degradation in
absence of AgNps is in  which is very high as
compared to AgNps as shown in Figure 6b. The
rate formula is expressed as:

K=1n (Ao/A¢)/ time (5)

The rate constant of the reaction for silver
nanoparticles stabilized in black cardamom is
found to be in Figure 6¢, which displays a strong
linear association between In (A/A,) and time.

(11) —— 0 min 2 min

4 (b) —— 4 min 6 min
8 min 10 min|
—— 12 min 14 min|
—— 16 min 18 min|
~3F —— 20 min 22 min
= —— 24 min 26 min
& —— 28 min 30 min
o1 32 min 34 min|
52 | [——36min 38 min
2 \ |—— 40 min 42 min|
S \ |—— 44 min 46 min
j W\ |—— 48 min 50 min|

1F \\|—— 52 min
O B —_—
N N N N N N N N N

200 240 280 320 360 400 440 480 520 560 600
Wavelength (nm)

400 nm
—— pNP before reduction|
—— pNP after reduction

Absorbance (a.u.)

200 240 280 320 360 400 440 480 520 560 600
Wavelength (nm)

Figure 6. UV-visible spectra of (1) p-nitro phenol (1.9 mL, 0.2 mM) @ii) consecutive reduction of
nitrophenolate ion with time interval of 2 min reacting with NaBH4 (1 mL, 15 mM) (iii) p-amino phenol
(a) in presence of Nano catalyst AgNps (10 uL,,1.0 mg/mL); (b) in absence of AgNps ; (c) Plots of In [A/A,]
against time for the conversion of p-nitrophenol into p-amino phenol using Silver nanoparticles; (d)

reduction of p-nitro phenol into p-amino phenol.
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3.2.1.2 Reduction/degradation of organic dyes
(methylene blue)

Methylene blue, a thiazine dye used in
aquatic life can detect trace levels of sulphide ions
using Methylene Blue (MB). Aquaculture uses
MB's cationic form as an antimicrobial and
chemotherapeutic agent. In addition to its use in
surgery, microbiology and diagnostics, MB has
also been used in other fields [70]. Organic Dyes
lead to do color contamination of various water
bodies. So, act as toxic substance. Many aesthetic
problems cause by textiles, dye and printing

industries also have an adverse effect on aquatic
life. Human health also gets disturbed by regular
drinking of this toxic water. Textile industry
produces MB; a heterocyclic dye absorbs at 664
nm showing n-n transition. In this degradation
process, Silver nanoparticles act as heterogenous
catalyst so increased the degradation rate of MB
in the presence of a reducing agent NaBH4. The
MB dye did not show any color change when only
NaBH: was added (Figure 7), but when Silver
nanoparticles was added it get decolourize by
forming leuco methylene blue which is measured

. X . by decrease in absorbance and complete
industries. Dye compounds used in such Y P
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Figure 7. UV-visible spectra of successive degradation of methylene blue (2.5 mL, 10 mg/L): (a) in
presence of nanocatalyst AgNps (20 pL, 1.0 mg/mL); (b) in absence of AgNps; (c) Plot of In [A/A,] against
time; (d) Smooth plots of In [A] against time; (e) Methylene blue before and after the degradation.
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degradation takes place in 24 minutes which is
represented in Figure 7a. Reaction increases
many folds when AgNps act as catalyst. Rate
constant calculated is 0.0376 min-1.

For control, Reaction between MB and NaBH4
also takes place but no significant decrease in
absorbance takes place in absence of AgNps
(Figure 7b).

The synthesized AgNps exhibited a high
Catalytic activity for synthesized AgNps as
recorded for the degradation of two water soluble
dyes, MB and MO. Degradation efficiency 66.88%
and 65.51% respectively. Kinetic study of the
degradation reaction revealed the rates to be
pseudo-first order with rate constants
0.0377 min~! and 0.1016 min~! for MB and MO
respectively as shown in Figure 7c.

It has been observed that high reactivity and
surface area of AgNps enhanced the rate of
degradation of MB in the presence of NaBH4 when
AgNPs were added as heterogeneous catalysts.
when NaBH4 was added alone, MB dye did not
have any visible change in absorbance as
illustrated in Figure 7b. The blue color of the
solution changed to colorless when AgNps were
added, resulting in the compound, leuco
methylene blue (LMB), which had a dip in
absorbance between 665 and 670 nm. Figure 7e
shows how the color of the methylene blue
changes. Additionally, the reduction activity of
AgNps alone for MB dye was also investigated,
which revealed no differences in the dye's color or
absorbance values, indicating that successful
completion of this transformation required the use
of a reducing agent. Due to their large surface
area, MB and borohydride ions were able to
adsorb on AgNps.

There were no visible changes seen after 40
minutes of NaBH4 treatment. However, the dye
degraded very quickly when AgNPs and NaBH4
were present and the MB degradation was
completed in 10 minutes. The rate formula is
expressed as:

K=1n (Ao/Ay) | time (6)

The rate constant of the reaction for silver
nanoparticles stabilized in black cardamom is
found to be 0.03 min! using Equation (6) and
depicted in Figure 7c, which displays a strong
linear association between In (Ao/A:) and time.
Figure 7d shows that the original absorption peak
at 664 nm progressively decreased with time,
which confirms the degradation of methylene blue
of the synthesized AgNps.

3.2.1.3 Degradation of organic dye Methyl Orange
(MO)

MO is an organic azo dye used to add color to
a variety of products in the paper, textile, and dye

industries. But dye degradation is not an easy
task. They must undergo several processes to
convert into harmless, colorless elements. The
best way to degrade MO is to react with NaBH4 in
the presence of AgNps. In mechanistic terms,
NaBH4 forms a layer on AgNps that encourages
MO adsorption. Since AgNps is highly reactive
and has a large surface area, dye molecules and
reducing agents bind efficiently to its surface for a
prolonged period of time, facilitating electron
transfer from the borohydride anion to MO. As a
result of the reaction, an intermediate is formed,
followed by azo dye oxidation to colorless
compounds. MO dye did not show any color change
when only NaBHs was added, but when AgNps
was added it get decolorize which is measured by
decrease in absorbance and complete degradation
takes place only in 10 minutes which is
represented in Figure 8a.

Rate constant was calculated and it is found
tobe 0.10 min-!. For control, reaction between MO
and NaBH4 also takes place but no significant
decrease in absorbance takes place in 30 minutes
in the absence of AgNPs. The rate calculated in
both catalytic conversion of p-nitro phenol and dye
degradation of MB and MO was found to be same
as calculated using formula and from graph. The
rate formula is expressed in Equation (6). The rate
constant of the reaction for silver nanoparticles
stabilized in black cardamom is found to be 0.10
min-! using Equation (6) as shown in Figure 8c,
which displays a strong linear association
between In (Ao /A:) and time. Figure 8 (d)
represents the smooth plot of In [A] vs time for the
degradation of MO. The original absorption peak
at 464 nm progressively decreased with time,
which confirms the degradation of Methyl Orange
of the synthesized AgNps.

Figure 9 and Table 1 show the schematic
representation of catalytic activity: The
synthesized AgNps act as catalyst by accepting
electrons from BH4 and donating them to p-nitro
phenol, methyl orange, methylene blue act as an
electron transfer mediator between AgNps and
organic dyes by acting as a redox catalyst, which
is often known as electron relay effect [1]. This is
the mechanism where AgNps acting as a catalyst
facilitate the transfer of electron between NaBH4
and dye molecule. In this process, AgNps facilitate
the transfer of electron between different chemical
species, leading to their transformation. Methyl
Orange loses electron (oxidation). Methyl orange
breakdown into 4-(Dimethylamino) aniline and 4-
aminobenzene sulphonic acid (colourless).
Methlene blue into Leuco methylene blue
(colourless). 4-Nitrophenol (yellow) into 4-amino
phenol (colourless). So, AgNps act as catalyst
which degrade organic dyes.
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3.2.2 Antibacterial efficacy of AgNps

The anti-bacterial efficacy of prepared AgNps
was determined against few gram-positive and
gram- negative human pathogenic bacteria by
measuring their size of Zol as depicted in Figure
10 and Table 2. The results show that the
biosynthesized nano-particles showed
antibacterial activity. The sensitivity of bacteria
with nano-particles (15 mg/mL) found to be more
with P. aeruginosa than others as Zol for P.
aeruginosa (13 mm) > E. coli (12 mm) > S. aureus

(10 mm) > B. subtilis (8 mm). The AgNPs exhibit
inhibition zone formation though not at all the
concentrations. The diameter of the ZOI is not
comparable than positive control still the nano-
particle is showing some antibacterial activity.
ZOI of AgNps at various concentration with
different bacteria as shown in Figure 10. The bar
graph illustrates the zone of inhibition (in mm) of
different bacteria at varying concentrations of
AgNps (1,5,10,15 mg/mL) which is acting as a
drug. So, this bar graph is showing that AgNps are
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Figure 8. UV-visible spectra of Successive degradation of Methyl Orange (2.5 mL, 10 mg/L) in presence of
NaBH4 (100 pL, 0.2 M) (a) in presence of nanocatalyst AgNps (20 pL, 1.0 mg/mL); (b) in absence of AgNps;
(c) Plot of In [A/Ao] against time; (d) Smooth plots of In [A] against time; (e) Methylene Orange before and

after the degradation.
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acting as antibacterial agent. E. Coli shows
moderate inhibition at all concentrations but
slight increase at 15 mg/mL. Streptococcus
exhibits the highest inhibition particularly at 10
and 15 mg/mL. Bacillus subtilis displays
relatively low inhibition across all concentration.
Pseudomonas shows inhibition maximum at 15
mg/mL.

3.2.3 Antioxidant activity: DPPH radical

scavenging activity assay

DPPH is a free radical with a nitrogen center
that can accept electrons and hydrogen radicals to
form a stable diamagnetic molecule. Blank
containing 2 mL methanol and 1 mL of 1,1-
Diphenyl-2-picrylhydrazyl radical (DPPH)
solution showed maximum absorbance at 517 nm.
Biosynthesized AgNps demonstrated DPPH

N\
HaG, JCE ]:j\ CH3
N S N’

CH, MBDe  CH

y
e L

N

CHy Chy
Leuco MB
Colour]stye

HO HO
N NH;

4- Nitrophenol
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Figure 9. Schematic representation of catalytic activity of AgNps.
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Figure 10. Antimicrobial activity of AgNps by disk diffusion method of (a) Escherichia coli; (b)
Staphylococcus aureus; (c) Bacillus subtilis; (d) Pseudomonas aeruginosa (left) Graph between Zone of
inhibition and different concentration of drug and synthesized AgNps (right).

Table 1. Catalytic activity of AgNps in the degradation of MO and MB.

Dyes AgNps concentration Reaction time K Correlation
(minute) (min-1) Coefficient (R2)
Methylene Blue 1 mg/mL 12 0.0377 0.95015
Methyl Orange 1mg/mL 8 0.10168 0.86053
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radical scavenging activity. According to UV-
Visible measurements, the violet color of AgNps
and ascorbic acid indicates the antioxidant
activity of these compounds. AgNps and ascorbic
acid percentage scavenging values versus
concentration are shown in Figure 11. Both
AgNps and ascorbic acid demonstrated an
increase 1n scavenging ability with increasing
concentrations, as can be seen in the graph. While
ascorbic acid was capable of neutralizing DPPH
radical to 98%, AgNps were able to scavenge 75%
at 1500 pg/mL. As a result, The observed
antioxidant of AgNPs can be attributed to the
presence of hydroxyl and carboxyl groups on their
surface, which are believed to act as reducing
agents, and to Ag(0), given that Ag(0) is able to
donate one electron to become Ag*.

4. Conclusions

In this study, stable AgNps were prepared via
green synthesis using seeds of black cardamom.
The synthesis of AgNps was carried out in
aqueous medium without using any toxic
chemicals. The synthesized AgNps were found to
be stable over a period of two months as revealed
by UV-vis spectra. Through this method, well
dispersed and crystalline AgNps were obtained
and characterized by UV-Visible, FTIR, XRD and
TEM techniques. The synthesized AgNps proved
to act as catalysts and reduced 4 NP to 4 AP and

1 AeNps
- Ascorbic Acid

80 |

60

40 |

20 |

DPPH Scavenging Activity ( %)

100 500 1000 1500
Concentration (ng/ml)

Figure 11. Bar graph of antioxidant activity of
synthesized AgNps by DPPH.

it is determined that the reaction is pseudo-first
order by kinetic studies. The synthesized AgNps
reduced the MB and MO organic dyes. This green
method of preparation of AgNps can be extended
for large scale production which can be used for
various biomedical application and environmental
remediation etc.
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