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ABSTRACT

An environmentally friendly, economical, and sustainable way of producing silver nanoparticles (AgNPs) is the
green synthesis of AgNPs, which uses Chlorophytum comosum, a plant rich in bioactive chemicals. An aqueous
extract of A. scoparia was used to successfully reduce silver ions, producing AgNPs with a distinctive UV-visible
absorption peak at 421 nm. They were thoroughly characterized using FTIR, TEM, SEM, which verified their
functional groups, stability, and homogeneous morphology. The produced AgNPs' catalytic activity was measured
by reducing aromatic nitro compounds, and their antibacterial activity was tested against Staphylococcus aureus,

Escherichia coli and Pseudomonas aeruginosa.
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1. Introduction: The study of tiny particles is known
as nanotechnology, particles of sizes between one and
one hundred nanometers. This entails modifying
materials in that range of sizes. The Greek term nano
means dwarf. One billionth of a meter is equal to one
nanometer (nm). The size of a human hair is 10,000
times that of a nanometer. The foundation of
nanotechnology is the notion that particles at the
nanoscale have unique features that set them apart from
bulk materials [2]. Changes in particle size have an
impact on the physiochemical characteristics of the
particles. Depending on their sizes and characteristics,
materials created via nanotechnology can be employed
for a variety of purposes [3]. Conventional techniques
for creating nanoparticles are expensive, time-
consuming, and involve the use of hazardous
chemicals. Additionally, the reaction's byproducts pose
a serious environmental risk. Therefore, a different
approach is needed to address the drawbacks of
chemical approaches, such as the need for it to be non-
toxic, time-efficient, and economically viable. Because
it is non-toxic, takes less time, and is reasonably priced,
the green synthesis is useful in this situation [4].
Because living organisms like bacteria, fungus, and
plants have antioxidant qualities that can reduce metal
compounds in their respective nanoparticles, a lot of
work has been done on the green synthesis of

nanoparticles employing these organisms. The best
capping material for stabilizing nanoparticles is made
from plant extracts [3]. Because they include
phytochemicals including polyphenols, alkaloids, and
flavonoids that function as both reducing and
stabilizing agents, extracts of leaves, fruits, and stems
are used to create nanoparticles [5].

In recent decades, bacterial and plant-mediated
methods have emerged as a contemporary synthetic
tool for creating green chemical processes that generate
a variety of INPs in an eco-friendly manner [6,7,8,9].
Non-toxic, biodegradable, and environmentally
friendly biomolecules that can function as capping and
reducing agents are used in the plant-mediated
synthesis of NPs in order to reduce the oxidation and
agglomeration of the produced INPs [10]. For instance,
the synthesis of several INPs has made use of extracts
from green tea, eucalyptus, tangerine peel, Andean
blackberries, sorghum bran, and Argemone Mexicana
[11,12,13,14]. INPs produced by aqueous leaf extract
have recently been investigated for dye removal and
degradation in the context of in-vitro biocompatibility
[15]. The potential antibacterial properties of a variety
of NPs, including metals and carbon-based
compounds, have been documented thus far
[16,17,18,19,20].
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Hence, In this study intends to investigate the synthesis
of AgNPs utilizing aqueous Chlorophytum comosum,
taking into account the benefits of green synthesis over
alternative techniques.

2. Materials and methods: Silver nitrate was
obtained from Thermo Fisher Scientific. All the
glassware were washed with distilled water and dried
in oven. The petri plates were also washed and were
autoclaved before using them.

2.1 Preparation of leaf extracts: The leaves were
gathered from their natural environments, which are
commonly found in farms, and repeatedly rinsed with
deionized water (D.W.) to get rid of any debris and
contaminants. After that, the leaves were shred and left
to dry in an oven set to 80 °C for the entire night. Dry
leaves were then pulverized into a fine powder in a
stain-free steel mixer. 250 milliliters of distilled water
were combined with 10 grams of each plant material's
final powder. After that, the liquid was heated to 50 °C
and the leaves were extracted for around 60 minutes
using a Clevenger device. The heated solution was
eventually filtered, and the filtrate was kept in
refrigerator for later use.

2.2 Synthesis of silver nanoparticles: 90 mL of
distilled water is combined with 1 mM (170 mg) silver
nitrate (AgNOs). Ten milliliters of each sample's leaf
extract were added individually to a 90 milliliter silver
salt solution in a separate conical flask. The creation of
silver nanoparticles was indicated by the color
changing from bright yellow to dark brown.

2.3 Reduction of Nitro-Aromatic Compounds: We
used 4-Nitro aniline and Picric Acid as nitro aromatic
compound to analysis of catalytic application of
prepared silver nanoparticles, refer below Figure 1 and
Figure 2 for reduction of Nitro-Aromatic compounds.
After adding 14 mg of 4-NA and distilled water (DI) to
the test tube, it is heated until it dissolves and can be
agitated for five minutes using a magnetic stirrer. This
was followed by the addition of AgNPs solution to the
test tube, allowing everything to mix together (Table:
1, 2, 3, 4). Following this, 1 ml of DI and 18 mg of
NaBH4 are combined and added to the test tube
solution.

NO, NH,

RT, NaBH,

OH OH
2.4 Figure 1. Scheme 1: Reduction of 4 —Nitrophenol

OH OH
NO, NO, O,N NH;
RT, NaBH,
NO, NO,
Picric Acid

Picramic Acid
Figure 2. Scheme 2: Reduction of picric acid
3. Results and Discussion:
3.1 UV-Visible Analysis
Absorbance measurements were performed using the
Multiskan GO 1.01.12 type of UV-Visible
spectrophotometer. DI water was used to dilute each
sample by 20 pL. It is the most straightforward and
crucial method for verifying that nanoparticles have
formed. The colloidal sample's spectrum was measured
between 200 and 800 nm. The UV-Vis spectrum
demonstrates the significance of AgNO3 and the
components found in leaves that contribute to the
creation of silver nanoparticles.
The absorbance gradually decreases in the absorption
spectra, and the wavelength shifts from 380 to 305 nm.
At high concentrations, it is also noted that the surface
Plasmon peak gradually shifts toward a lower
wavelength. The formation of smaller Ag-NPs is
indicated by the emergence of an Ag peak at shorter
wavelengths, whilst larger Ag-NPs are revealed at
longer wavelengths. The UV-visible absorption
spectra of the Ag nanoparticles, shown in Fig.(1).
3.2 TEM (Transmission electron microscopy): The
pictures of AgNPs from transmission electron
microscopy are seen below. TEM micrographs
revealed that the produced silver nanoparticles had a
distinct shape. The majority of the extract-synthesised
nanoparticles ranged in size from 100 to 15 nm, refer
below Figure 3. Nanotriangles and irregular
nanoparticles were seen in spherical TEM
micrographs. The enormous quantity and variety of
chemical elements found in the leaf extract, each of
which has unique reducing, chelating, and binding
characteristics, may be the reason why the AgNPs in
the  current  experiment  displayed  greater
morphological diversity at higher concentrations.
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A

Figure 3. TEM micrographs of the synthesized AgNPs
3.3 SEM (Scanning electron microscopy): The
morphology and surface characteristics of the
synthesized AgNPs were investigated using Scanning
Electron Microscopy (SEM). The SEM micrographs
revealed that the nanoparticles were predominantly
spherical in shape with a relatively uniform distribution
and minimal agglomeration, indicating effective
stabilization during the synthesis process. The particles
exhibited smooth surface morphology, confirming
controlled nucleation and growth of nanoparticles.
Particle size measurements obtained from SEM
micrographs (Figure 4) showed that the nanoparticle
diameters ranged from 26.6 to 31.3 nm, with an
average particle size of approximately 28.2 nm,
demonstrating  successful  synthesis  within  the
nanoscale regime.

Figure 4. SEM micrographs of the synthesized AgNPs

The elemental composition of the nanoparticles was
determined using Energy Dispersive  X-ray
Spectroscopy (EDX) analysis. The EDX spectrum
(Figure 5) confirmed silver as the predominant
element, contributing 83.3 wt%, which verifies the
successful formation and high purity of silver
nanoparticles. Minor elemental signals of Gold (4.8
wt%), carbon (5.6 wt%), and oxygen (6.3 wt%) were
also observed. The presence of gold is attributed to the
thin conductive coating applied to the sample prior to
SEM imaging. The carbon signal may originate from
the carbon adhesive tape used for sample mounting or
residual organic capping agents involved in
nanoparticle stabilization. The oxygen peak is likely
due to surface oxidation of nanoparticles upon
exposure to atmospheric conditions. The absence of
other impurity peaks indicates that the synthesized
nanoparticles possess high elemental purity.
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Figure 5. EDX

3.4 XRD of synthesised Ag NPs:

X-ray diffraction (XRD) analysis confirms the crystalline
characteristics of the synthesised silver nanoparticles. The
diffraction peaks at around 38.1°, 44.3°, 64.4° and 77.4°
were indexed to the (111), (200), (220) and (311) planes of
metallic silver respectively, which are in good agreement
with the standard JCPDS/PDF card No. 04-0783.
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Figure 6. XRD analysis of the synthesized AgNPs

3.5 FTIR study of synthesised Ag NPs:

To determine the potential functional groups that are in
charge of capping and effectively stabilizing the metal
nanoparticles produced by leaf extract, FTIR analysis
of the synthesized silver nanoparticles was performed.
The FTIR spectrum showed a broad absorption band
at around 3400 cm-1 that was attributed to the O-H
stretching vibration of hydroxyl groups indicative of
phenolic compounds and adsorbed moisture. The
specific peaks at ~2925 and ~2850 cm-1 are assigned
to the asymmetric and symmetric C-H stretching
vibrations of aliphatic —CH2/-CH3 groups. The
intense absorption band at 1715-1730 cm™ is
attributed to the C=0 stretching vibration of carbonyl
groups and the band at ~1600 cm™ is assigned to
aromatic C=C stretch and/or amide vibrations. The
peaks at 1250-1030 cm™1 are assigned to C-O and C—
N stretching vibrations of alcohols, ethers and amines.
Other bands below 900 cm—1 are assigned to aromatic
C—H out-of-plane bending vibrations. These functional
groups confirm the presence of plant-derived
biomolecules which act as reducing and stabilising
agents in the synthesis of nanoparticles.[22]
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- Development of central inhibition zone on agar

924

plate
] - Development of multiple inhibition zones on agar
o plate
§ " - Concentration/ log reduction through dilution
2 1] method
7] 6.1 Development of central inhibition zone on
" agar plate:
S For development of central inhibition zone, specified
Wavenumber (cm") agar plates were taken to avoid the cross

contamination and development of specific bacteria
for example in below Figure 8 (a) Mannitol salt agar
was selected for strain Staphylococcus aureus, (b)
MacConkey agar for Escherichia coli and (c)
Cetrimide agar for Pseudomonas aeruginosa. A full
loop of each culture suspension was spread over the
agar plate by L- dropwise and center of agar plate. It
was incubated at 30-35°C for at least 2 days
incubation period. After incubation, transparent

Figure 7. Comparative FTIR study of the synthesized
AgNPs

4. Catalytic activity:
Refer below Table 1 for optimization of reduction
of 4-Nitro Aniline reaction by silver
nanoparticles.

S.No. (?;Jgﬁgtsy g;]w;?r Reduction Time central inhibition zones were developed which were-
1 1 ml 9oml e 2o evaluated for their inhibition zone.
2 2ml 8 ml 1 hour 20 min
3 3ml 7ml 1 hour 03 min
4 4 ml 6 ml 55 minutes
5 5ml 5 mil 40 minutes

Table 1. Optimization of reduction of 4-Nitro Aniline
reaction by silver nanoparticles Refer below Table 2 for
optimization of reduction of picric acid reaction by silver
nanoparticles.

S No Quantity Quantity Reduction
" | AgNPs DI Water Time (@) 30x30mm  (b)17x15mm (c) 15x13 mm
1 1ml 9ml 1 hour 55 min
2 2ml gml 1 hour 35 min
. Figure 8. (a) Staphylococcus aureus, (b) Escherichia coli,
3 3ml 7ml 1 hour 17 min ]
2 2l el 65 hour (c) Pseudomonas aeruginosa
5 5 mi 5 mi 50 minutes 6.2 Development of multiple inhibition zone on agar

— . — - late:
Table 2. Optimization of reduction of picric acid plate

reaction by silver nanoparticles For development of multiple inhibition zone,

specified agar plates were taken to avoid the cross
contamination and development of specific bacteria.
For multiple inhibition zone, total 5 number of sterile
absorbent pads were placed at multiple locations of
agar plate. For example, in Figure 9 (a) Mannitol salt

6. Biological Activity of Ag NPs:
To evaluate the biological activity of Ag NPs, some
specific microorganisms were selected based on their
viability and infectious dominance. It is a combination

of gram-positive bacteria, gram-negative bacteria,
fungus and spore forming bacteria. These categories
are responsible for major infection and diseases due to
their resistive nature. Biological activity was
performed in three ways:

agar plate was selected for strain Staphylococcus
aureus, (b) MacConkey agar for Escherichia coli and
(c) Cetrimide agar for Pseudomonas aeruginosa. A
full loop of each culture suspension was spread over
the agar plate by L- spreader. 100 microliter of Ag
NP solution was placing dropwise over 5 locations of
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sterile absorbent pads. It was incubated at 30-35°C for
at least 2 days incubation period. After incubation,
transparent central inhibition zones were developed
which were- evaluated for their inhibition zone.

Figure 9. (a) Staphylococcus aureus (b) Escherichia coli
(c) Pseudomonas aeruginosa

Refer below Figure 10 for microscopic view of multiple
(b)

inhibition zones of (a) Staphylococcus aureus,

Escherichia coli and (c) Pseudomonas aeruginosa:

Figure 10. (a) Staphylococcus aureus (b) Escherichia coli

For

(c) Pseudomonas aeruginosa

Note: Experiments were also performed with Geobacillus
stearothermophilus, Klebsiella Pneumonia and Candida
albicans but did not get the satisfactory inhibition zone with
central point as well as multiple points.

Positive controls:

above inhibition zones, positive control plate without
exposure of Ag NP were also developed to evaluate the
comparison of test agar plates with its specific control.
Refer below Figure 11 (a) Staphylococcus aureus, (b)
Escherichia coli and (c) Pseudomonas aeruginosa for
positive control plates of each strain. These control were
developed by using full loop of bacterial suspension which
is spread over the agar surface by L- spreader. Sterile water
was used in place of Ag NP to simulate the process here. It
was incubated at 30-35°C for at least 2 days incubation
period. After incubation, agar plates found enriched with

bacterial growth.

coli (c) Pseudomonas aeruginosa

6.3 Concentration/ log reduction through dilution
method:

Total 5 strain were taken to evaluate the reduction of
with  Ag NP.
dilution

concentration  after  exposure
Concentration was developed by serial
method with a dilution factor of 10. When the
selected concentration treated with Ag NP by 50:50
ration, it shows effective antibacterial activities.
Membrane filtration technique was used for the
recovery of final concentration after reduction when
exposed for 1 minute with Ag NP solution. Refer
below Table 3 for reduction of concentration (log

reduction value).

Organism Name and | Total Reduced | Log

Type concentratio concen | reductio
n tration | nvalue

Escherichiacoli | 20x10’ 40x1 | 4 LRV

Gram Negative | CFU/ml 0s

Facultative CFU/

bacterial strain mi

Klebsiella 56x10" 25x1 | 4 LRV

Pneumonia CFU/mI 03

Gram Negative CFU/

Facultative mi

bacterial strain

Staphylococcus | 29x10° 27x1 | 4LRV

aureus CFU/mI 0?

Gram Positive, CFU/

Facultative ml

bacterial strain
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Geobacillus 18x10° 10x1 | 2LRV
stearothermophi | CFU/mI 0

lus CFU/

Gram Positive ml

Facultative

bacterial strain

Pseudomonas 38x10° 39x1 | 2LRV
aeruginosa CFU/ml 0d

Gram Negative CFU/
Facultative ml

bacterial strain

Candida 22x10° 29x1 | 1LRV
albicans CFU/ml 0°
Gram-positive CFU/
Facultative ml

fungal strain

Table 3. Reduction of concentration (log reduction
value)
Note: As per industrial practice, general log reduction
value for effective disinfectants is considered 3-
4 log reduction.
Refer below Table 4 for achieved antibacterial

reduction for above organisms:

Organism Name Picture after reduced

concentration

Escherichia coli

Klebsiella
Pneumonia

Staphylococcus

aureus

27x10? CFU/m

Geobacillus

stearothermophilus

Pseudomonas

aeruginosa

Candida albicans

29x10° CFU/mI

Table 4. Antibacterial reduction for above organisms
Refer below Figure 12 for experiment performance

pictures:

Figure 12. Lab performance of Ag NPs and their
applications

Conclusion: The successful green synthesis of silver
(AgNPs)
Chlorophytum comosum is demonstrated in this work,

nanoparticles utilizing  extract  from
providing a sustainable and environmentally beneficial
method of producing nanoparticles. The stable shape of the
AgNPs was validated by thorough characterisation using
FTIR, FE-SEM, TEM, and UV-vis spectroscopy. The
potential of the synthesized AgNPs as potent antimicrobial
agents was demonstrated by their strong antibacterial
activity against Pseudomonas aeruginosa, Escherichia coli,
and Staphylococcus aureus. Their applicability for
industrial and environmental applications was further
proved by their catalytic efficiency in the reduction of nitro

compounds. Future studies aimed at broadening their uses
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in medicine administration, sophisticated catalysis, and
environmentally friendly solutions are made possible by
these results. AgNPs in combination with other material i.e.
nanocomposites can play a vital role in development of
reusable medical devices. Antimicrobial properties of these
nanocomposites can contribute to solve the multiple
challenges of medical devices, for example cleaning [5]
validations, biocompatibility, disinfection and sterilization.
Development of antibacterial coating for reusable medical
devices is the area which need to be explored for future
innovations. Microbial resistance is another challenge for
hospitals and drug manufacturers. AgNPs may be used as
an alternate to solve the challenge of microbial resistance as

it is found effective against different type
microorganism.

Data availability
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for synthesis and validation of AgNPs. Relevant data from
Praveen et al. will be available on request.
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