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INTRODUCTION

Nanotechnology is an emerging scientific discipline dedi-
cated to creating and utilizing tiny structures at the nanoscale,
possessing distinctive chemical and physical characteristics.
It encompasses the measurement, assembly, monitoring and
synthesis of materials within the range of 1 to 100 nm [1]. This
discipline has made a profound impact on diverse sectors,
including biomedical, chemical industries, catalysis, drug deli-
very, energy science, electronics, optics, wastewater treatment,
optoelectronic devices, nonlinear optical devices, photochemical
applications and space industries [2,3]. Nanopatrticles are widely
utilized in these contexts because of their elevated surface area
compared to their larger counterparts, distinguishing them from
bulk materials [4]. Various physical, chemical and electro-
chemical methods are employed for the synthesis of nano-
particles [5]. However, these approaches typically necessitate
a substantial amount of electrical and energy-related machinery,
as well as the use of toxic and hazardous chemicals, occasion-
ally resulting in the generation of harmful byproducts [6]. To
address these challenges, researchers have developed an environ-
mentally friendly approach known as “Green synthesis” [7,8].
This method not only conserves energy and resources but also
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ensures the safety and biocompatibility of the environment [4].
In green synthesis, various biological entities such as fungi,
bacteria, algae and plants serve as primary agents for production
of nanoparticles [9]. While the use of microorganisms in nano-
particles synthesis demands the maintenance of sterile condi-
tions, the preparation of suitable culture media and the viability
of the chosen strain, these requirements can diminish the appeal
of this method. As a result, researchers are increasingly turning
to plant based approaches for nanoparticles synthesis [10].
India boasts rich biodiversity, making the procurement
of plants straightforward [11]. The utilization of plants in nano-
particles synthesis proves to be both cost-effective and sustain-
able. Furthermore, it eliminates the risk of generating toxic
byproducts [12]. Nanoparticles produced through plant-based
methods exhibit enhanced stability and a faster production rate
compared to microorganisms [ 13]. Notably, certain plants and
their extracts facilitate the rapid reduction of metal ions to their
zero-valent state, surpassing the capabilities of bacteria and fungi
[14]. Consequently, researchers have gravitated towards the
use of plants in nanoparticle synthesis [15]. Plants encompass
various components, including leaves, flowers, fruits, barks
and roots, all of which serve as vital resources for synthesizing
different metal and metal oxide nanoparticles [15]. For instance,
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the leaf of Dalbergia sissoo is used for generating magnesium
oxide nanoparticles [6], while Saraca indica flowers are empl-
oyed in silver nanoparticles synthesis [16]. Duranta erecta
fruits have contributed towards copper nanoparticles produ-
ction [17], Eucommia ulmoides barks have yielded palladium
nanoparticles [18] and the roots of Berberis vulgaris have been
harnessed for silver nanoparticles creation [ 19]. Phytochemicals
found in plants, including flavonoids, terpenoids and poly-
phenols, which contain diverse functional groups, are crucial
for reducing metal ions biologically. Additionally, these phyto-
chemicals create a protective coating around the synthesized
nanoparticles, effectively preventing their aggregation and
enhancing nanoparticle stability [9]. The dimensions of nano-
particles are impacted by various factors such as pH levels,
the concentration of plant extracts and metal ions, as well as
temperature. By meticulously optimizing these parameters,
we achieve the synthesis of well-defined and controlled nano-
particles [6].

Silver nanoparticles (AgNPs) have attracted considerable
attention due to their exceptional stability [20], thermal [21]
and optical characteristics [22], high electrical conductivity [23]
and catalytic properties [24]. They have diverse applications
across various industries, including food, healthcare, cosmetics,
biosensors, cryogenic superconductors, composite fibers, elect-
ronic components and the photocatalytic degradation of organic
dyes, making them a focal point of extensive research [25,26].
AgNPs have been successfully synthesized from a range of
plants, including Tulsi [27], Adhatoda vasica [28], Zanthoxylum
armatum [29], Psidium guajava L [30], Salvia officinalis [31],
Nicotiana tobaccum [32], Scutellaria barbata [33] and
Conocarpus lancifolius [34].

Water serves as a universal solvent and holds vital impor-
tance for the human body. Unfortunately, it is currently facing
pollution due to chemical and microbial contamination resul-
ting from industrialization and the high population density
[35]. Contaminated water often contains harmful bacteria, inclu-
ding Escherichia coli, Salmonella typhi, Salmonella paratyphi,
Helicobacter pylori and Campylobacter jejuni. Among these,
E. coli is frequently found in contaminated water sources and
is responsible for causing conditions such as diarrhoea and
Hemolytic Uremic Syndrome (HUS) [36].

Epipremnum aureum, amember of the plant kingdom and
the Araceae family, is commonly known as golden pothos,
devil’s ivy, money plant, silver vine or taro vine [37]. It contains
a diverse array of phytochemicals and compounds, including
tannins, cardiac glycosides, steroidal terpenoids, saponins,
saponin glycosides, anthraquinones, flavonoids, phenols, alka-
loids, quercetin dihydrate, ferulic acid, cinnamic acid and caffeic
acid [38]. Epipremnum aureum exhibits antibacterial, anti-
termite, antioxidant and defluoridation properties [38,39]. In
present work, we utilized extracts from Epipremnum aureum
leaves to produce AgNPs at ambient temperature. These nano-
particles were then analyzed using various analytical methods
such as UV-visible spectroscopy, Fourier-transform infrared
spectroscopy (FTIR), powder X-ray diffraction (XRD), energy
dispersive X-ray analysis (EDXA), high-resolution transmi-
ssion electron microscopy (HRTEM), scanning electron micro-

scopy (SEM) and thermogravimetric analysis (TGA). Addit-
ionally, the antimicrobial activity of the AgNPs was explored
against E. coli through agar well diffusion and disc diffusion
methods. Furthermore, a range of metals ions were selected
for testing the sensing properties of the green synthesized NPs.

EXPERIMENTAL

Leaves of Epipremnum aureum (Fig. 1) were collected from
Vastral (N23°2°18.3768; E72°32'34.8468) region of
Ahmedabad, India during the summer season. Analytical grade
silver nitrate (AgNO3, 99%) was purchased from Finar Limited;
Gujarat, India and nutrient agar powder was obtained from
Himedia Laboratories Limited, India. Milli Q water was used
at different stages of this study. Additionally, all other chemicals
utilized in the study were of analytical grade.

Fig. 1 Leaves of Epipremnum aureum

Characterization: Green-synthesized AgNPs were
analyzed by Jasco V-630 U V-visible spectrophotometer (Kyoto,
Japan) in the range of 200 to 800 nm. Using this data, the maxi-
mum absorption wavelength and band gap of synthesized
AgNPs were evaluated. FTIR from Agilent Micro Lab, United
States was used to identify the functional groups responsible
for the synthesis of AgNPs and for the capping and stabilizing
functional groups present on the surface of AgNPs. It was
recorded from 4000 to 400 cm™ wavenumber. XRD (Rigaku
smart lab, Japan) provided an idea regarding the phase and
crystalline structure of AgNPs. It was operated at a voltage of
40 kV and an electric current of 45 mA with Cu Ko radiation
and a scanning rate of 2°/min within a range of 5° to 80°. The
average crystalline size of AgNPs was calculated from the XRD
data using Debye Scherrer’s formula. The EDAX (Carl Zeiss
supra55, Japan) was used to evaluate the qualitative elemental
analysis of AgNPs. The HRTEM (Jeol Jem 2100 plus, Japan)
provided the size and shape of AgNPs. The surface morphology
of AgNPs was examined using SEM (Hitachi SU70 SEM, Japan)
operated at 15 kV. Thermal characterization and decomposition
pattern of AgNPs were obtained by a thermogravimetric anal-
yzer (TGA, NETZSCH STA 2500, India). This instrument was
operated between 30-1000 °C under a nitrogen atmosphere at
a heating rate of 10 °C/min.
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Aqueous leaf extract of Epipremnum aureum: The fresh,
undamaged green leaves of E. aureum were initially rinsed
with tap water and then with purified Milli Q water. Thereafter,
25 g of leaves were chopped into small pieces and placed in a
250 mL glass beaker. Subsequently, 100 mL of Milli Q water
was added and the mixture was heated on a hot plate at 60 °C
for 50 min. The solution was filtered using Whatman filter paper
no. 41 having a pore size ranging from 20-25 um. The resulting
solution obtained from the leaves exhibited a light-yellow colour
and was utilized as a medium for reducing, capping and stabi-
lizing AgNO; solution. The extract was then refrigerated at
4 °C to mitigate any impacts associated with moisture.

Preparation of AgNPs using E. aureum leaf extract: A
0.01 M solution of AgNO; was made using Milli Q water and
a 50 mL portion was put into a conical flask. To prevent light-
induced reactions, the flask was covered with aluminum foil
due to the sensitive nature of AgNOs. Then, E. aureum leaf extract
was slowly added to the solution while stirring continuously
at 480 rpm. The addition of 10-12 mL of extract afforded a
colour change from clear to brown, implying the formation of
AgNPs. For purification, the solution containing these biogeni-
cally synthesized AgNPs was centrifuged at 6000 rpm for 20
min to obtain a clear supernatant. The supernatant was removed
and the remaining pellet was washed three times with Milli Q
water. Thereafter, the pellet was dried overnight at room temp-
erature and used for further characterization and analysis.

Antimicrobial activity

Preparation of nutrient agar plate: In a 250 mL conical
flask, 2.8 g of nutrient agar powder was dissolved in 100 mL
of Milli-Q water. The pH of the solution was 7.6. The mouth
of flask was sealed with cotton and wrapped with paper. The
flask mixture underwent sterilization through autoclaving at
15 pounds per square inch pressure and 121 °C for 20 min.
After sterilization, 20 mL of mixture were transferred into
individual 90 mm sterile petri dishes and left to solidify at the
ambient temperature.

Agar well diffusion and disc diffusion method: E. coli
(Gram-negative) bacterial cultures were obtained from S.S.M.C.A.
Science College, Ahmedabad, India. In agar well diffusion
method [40], a hole was created at the center of each petri
dish using a cup borer and 30 pL of AgNPs (15 pg/mL) were
carefully added into it. Meanwhile, in the disc diffusion method
[41], sterile forceps were used to immerse a disc into 30 uL of
AgNPs (15 pg/mL) and the disc was then placed in the center
of the petri dish. Streptomycin served as the positive control in
these experiments. Each set of plates underwent a 24 h incuba-
tion period at 37 °C. The experiments were replicated three
times and the diameter of the inhibition zones were measured
in mm. Different concentrations of AgNPs were employed to
ascertain the minimum inhibitory concentration (MIC) for E.
coli bacteria.

Sensing of Cu** ions: Green-synthesized AgNPs were
employed as nanosensor to detect Cu®* ions. AgNPs were subj-
ected to testing against a range of metal ions, including Cu®,
Na*, Cd*, Sr**, Mg”, Ba*, AI**, Fe** and Co™". In this proce-
dure, 4 mL. AgNPs solution served as the test sample and 1 mL

aliquot of 25 mg/L salt solution containing the metal ions was
added to the AgNPs solution. Additionally, 1 mL of Milli-Q
water was employed as control. Both the control and test samples
were left at room temperature for 1 min. The results were easily
discerned by the naked eye, comparing the colour of the control
and test samples. Different concentrations of Cu** ions ranging
from 10 mg/L to 0.001 mg/L were utilized to establish the
limit of detection for Cu ions.

RESULTS AND DISCUSSION

Optimization of reaction parameters: The volume of
Epipremnum aureum leaf extract, the concentration of AgNOs,
the pH of AgNPs solution and temperature play crucial roles
in influencing the bioreduction process. Therefore, it is essen-
tial to establish optimal conditions for these parameters when
preparing AgNPs.

Volume of E. aureum leaf extract: The effect of volume
of E. aureum leaf extract was examined by utilizing different
volumes, specifically 5, 10, 15, 20 and 25 mL, for 50 mL of
0.01 M AgNO; solution and observed the changes through
the UV-visible spectral analysis.The experiment revealed that
5 mL amount of leaf extract was insufficient to convert Ag*
ions into Ag’, as due to the absence of a clear absorption peak
in the AgNPs spectra (Fig. 2a). When the volume of leaf extract
was raised to 10-15 mL range, a large amount of small-sized
AgNPs were formed. However, when the volume exceeded 15
mL, the production of very small-sized AgNPs occurred. These
nanoparticles tended to aggregate, giving rise to larger-sized
AgNPs, ultimately causing the absorption peak to shift from
422 to 464 nm. Considering these findings, it was determined
that the optimum volume of leaf extract for this green synthesis
process was between 10-15 mL.

Concentration of AgNOQOj: The effect of AgNO; concen-
tration was studied systematically by varying the concentration
from 0.001 M to 2 M, while maintaining all other variables
constant. The absorption peak of AgNPs, formed with AgNO;
concentrations ranging from 0.001 M to 0.1 M, exhibited a
consistent range, falling between 411 nm to 419 nm (Fig. 2b).
However, at concentrations of 1 M and 2 M, the absorption
peak shifted to 447 nm and 452 nm, respectively. This observa-
tion suggests a clear correlation between the wavelength maxima
(Amax) and particle size, with both parameters increasing when
the concentration of AgNOs is increased. This behaviour agrees
with the findings reported by Aryan et al. [42]. Based on these
results, the optimal concentration range for AgNOs in this green
synthesis process lies between 0.001M and 0.1M.

Effect of pH: The optimal pH was investigated spectro-
photometrically by varying the pH values from 3-11. The absor-
ption peak of AgNPs was observed at 424 nm up to a pH of 5,
beyond which a red shift occurred (Fig. 2¢). This suggests an
increase in the particle size of AgNPs with an elevated pH.
Based on these findings, a pH range of 3-5 was identified as
favourable for the green synthesis. The acidic nature of flavo-
noids, terpenoids, phenols and certain acids in the leaf extract
was diminished at higher pH levels. As a result, the greater
presence of hydroxyl ions in the solution promoted the clus-
tering of particles rather than their reduction [6].
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Effect of temperature: The synthesis of AgNPs can be
enhanced by optimizing the temperature, ranging from 20 to
60 °C, while maintaining other variables constant. The optimum
temperature was determined from the absorption spectra of
AgNPs. With an increase in temperature from 20 to 40 °C, the
absorption peak exhibited a blue shift, moving from 444 nm
to 411 nm (Fig. 2d), which suggests a reduction in the size of
AgNPs at a specific temperature. The elevated temperature led
to a higher rate of reaction, attributed to increased kinetic energy,
indicating a rise in the formation of smaller-sized AgNPs [43].
In the temperature range of 40-60 °C, the absorption peak
displayed a red shift, transitioning from 411 nm to 462 nm. At
higher temperatures, the phytochemicals from the leaf extract
in solution may break down, hindering their ability to comp-
letely reduce AgNO; and stabilize AgNPs. Consequently, particle
aggregation occurs, leading to an increase in particle size [6].

Stability of green synthesized AgNPs: The stability of
synthesized AgNPs was assessed by analyzing their absorption
spectra over a 5 week period. Fig. 3 indicates that there was no
significant alteration in the absorption peak of AgNPs within
the initial 3 weeks. However, a slight increase in A, was obse-

Initial

— 1 Week
— 2 Week
— 3 Week
— 4 Week
— 5 Week

2.01

-
[¢)]
1

Absorbance
o
L

o
[¢)]
1

L] L] ]
500 600 700 800

Wavelength (nm)
Fig. 3. UV-visible spectra of E. aureum leaves extract mediated AgNPs at
different time duration

L) ]
300 400

rved after the 3rd week and a prominent change became appa-
rent after the 4th week. Consequently, the AgNPs remained
stable for up to 4 weeks, but beyond this point, aggregation
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led to an increase in particle size. This observation suggests
that the synthesized AgNPs showed significant stability due
to the inclusion of capping and stabilizing agents found in the
leaf extract.

UV-visible spectra: The absorption peak of the green-
synthesized AgNPs was observed at 419 nm (Fig. 4). Consistent
with prior findings, AgNPs typically exhibit absorption peaks
within the range of 410 nm to 430 nm [44]. The leaf extract of
E. aureum displayed an absorption peak at 326 nm. UV-visible
spectra of AgNPs were utilized in Tauc plot analysis to deter-
mine the energy gap (E,) or band gap. The E, value of AgNPs
was determined by plotting (0thv)* against hv, where hv repre-
sents energy and o stands for the absorptivity coefficient. By
extrapolating a tangent of curve on the x-axis, the E, value
was obtained (Fig. 5). Nanoparticles with a lower E, value are

known to display better antibacterial activity than those with
a higher E, value [6] and it was found that in this work, E.
aureum mediated AgNPs had an E, value of 2.17 eV.
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FTIR spectra: Fig. 6 displays the FTIR spectra of both
the leaf extract of E. aureum and the synthesized AgNPs. Within
the leaf extract, significant vibrational peaks were observed at
various wavenumbers, including 3317.33 cm™ for the -OH
stretching vibration, 2918.50 cm™ for C-H stretching (aliph.),
2851.41 cm™ for -NH (amine group) stretching, 1610.21 cm™
for C=0 stretching, 1412.66 cm™' for C=C bond (arom.) stret-
ching, 1326.93 cm™ for C-N stretching (arom. amine), 1013.83
cm™ for -COO- (anhydride group) stretching and 872.19 cm™
for C=C bending (alkene). In the FTIR spectrum of synthesized
AgNPs, peaks at 2918.56 cm™, 2851.41 cm™ and 1013.83 cm™
were reminiscent of those in the leaf extract, albeit with comp-
aratively lower absorption peak intensities. However, certain
peaks in the E. aureum leaf extract appeared to have shifted in
the AgNPs synthesized via green methods, specifically, from
3317.331 cm™ to 3291.239 cm™ and from 1610.21 cm™ to
1625.119 cm™. In green synthesis, same functional groups
and shifted peaks were found as capping and stabilizing agents
[31]. Several certain peaks, such as 1412.661 cm™, 1326.932
cm™ and 872.197 cm™, were absent in the FTIR spectrum of
AgNPs, indicating the utilization of these functional groups
in the reduction process of Ag* ions.
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Fig. 6. FTIR spectra of Epipremnum aureum leaves extract and AgNPs

XRD spectra: The XRD spectrum for green-synthesized
AgNPs is depicted in Fig. 7, revealing significant diffraction
peaks at 21.99°, 29.68°, 32.34°, 38.39°, 41.08°, 44.36°, 46.32°,
51.76°,57.61°, 64.62°, 67.57° and 77.54° correspond to (2 1 1),
(210),311),(411),(420),(422),(431),(440),(620),
(444),(640)and (8 1 1) planes, respectively. These peaks
suggest a face-centered cubic structure [45]. The diffraction
peaks of AgNPs align with the JCPDS data [File card no.: 96-
101-005]. The lattice parameters, witha =b =c=9.99 A and
o= =7=90° further confirm the face-centered cubic struc-
ture of AgNPs [46]. In nanoscience, particle size is a crucial
parameter. Scherrer’s formula (eqn. 1), utilizing the full width
half maximum (FWHM) of peak, was employed to determine
the particle size, emphasizing its significance in the analysis
[47].
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= kA
B,5cos6 M

where T denotes the thickness of crystallite measured perpendi-
cularly to the reflecting plane; k stands for Scherrer’s constant
(taken as 0.9 for spherical particles); A represents the wave-
length of X-ray radiation (1.5405 A); B indicates the width
at half the maximum intensity measured in radians and 6 corre-
sponds to Bragg’s angle [45]. The size of AgNPs ranged from
5.79 nm to 14.64 nm, varying with the type of reflection used.
The average size of the crystalline AgNPs was found to be
11.42 nm, aligning with the results from HRTEM. Data for
lattice strain and d-spacing were computed using a modified
Scherrer’s formula [48], as shown in Table-1.

Morphology studies: The HRTEM micrograph (Fig. 8a)
revealed that the AgNPs displayed a size range of 5.72 to 30.33
nm, with an average particle size of 13.40 nm. The particles
were spherical in shape and the range of their sizes is depicted
visually in the histogram provided alongside (Fig. 8b). The
SAED pattern yielded insights into the crystalline properties
of the synthesized AgNPs, revealing diffraction rings intersp-
ersed with dots, signifying their crystalline arrangement (Fig.
8c). EDAX spectroscopy was utilized to determine the elem-
ental composition of the synthesized AgNPs. A distinct peak

(@)

15 20

. ) Length (nm)

25 30 3

TABLE-1
XRD DATA OF AgNPs PREPARED FROM
LEAVES EXTRACT OF Epipremnum aureum

- - =
20(%) despacing (A) Cryst?llmlnn)e size Str?]lj‘llni(; 41‘()) )
21.9905 4.04208 5.798854 3.485238
29.6872 3.00934 9.434219 1.594907
32.3403 2.76826 11.88271 1.164829
38.3943 2.34456 8.041695 1.457750
41.0880 2.19686 12.18761 0.901268
44.3659 2.04186 12.32489 0.828350
46.3254 1.95996 12.41339 0.789453
51.7646 1.76608 10.13642 0.871157
57.6163 1.59986 13.02645 0.614080
64.6204 1.44234 13.50743 0.533908
67.5753 1.38629 13.73715 0.504576
77.5455 1.23107 14.64985 0.420165

at 3 keV verified the existence of silver within the AgNPs (Fig.
9a). Additionally, the detection of carbon and oxygen in EDAX
suggested the capping and stabilizing nature of phytochemicals
on the surface of AgNPs. The SEM micrograph illustrated some
irregular spherical shape of AgNPs (Fig. 9b), further supporting
the particle shape observed in the HRTEM analysis.
Thermal studies: Thermal stability and mass loss of green
synthesized AgNPs were evaluated through TGA analysis. The
thermogram (Fig. 10) indicates an initial mass loss of 12.76%
between 98 °C and 250 °C, attributed to the evaporation of water
molecules present on the surface of AgNPs. A subsequent mass
loss of 20.01% was observed up to 827 °C, resulting from the
decomposition and evaporation of phytochemicals acting as
capping and stabilizing agents on the surface of AgNPs. Beyond
827 °C, the mass percentage of AgNPs stabilized at around 66%,
indicating no further mass loss on account of the silver metal.
Antimicrobial activity: The green synthesized AgNPs
were assessed for antimicrobial activity against Gram-negative
bacteria E. coli. The results (Table-2) demonstrated an consi-
derably larger zone of inhibition (ZOI) for AgNPs when using
the agar well diffusion methodology in comparison to the disc
diffusion method. In contrast, the leaf extract of E. aureum,
which inherently possesses antimicrobial activity, displayed a
smaller ZOI. The superior antimicrobial efficacy of small-sized
AgNPs, compared to AgNOs;, is attributed to their ability to

Fig. 8. (a) HRTEM image, (b) distribution of particle size and (c) SAED pattern of E. aureum leaves extract mediated AgNPs
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Fig. 9. (a) EADX pattern and (b) SEM micrograph of E. aureum leaves extract mediated AgNPs
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TABLE-2
RESULTS FOR ZOI OF DIFFERENT SAMPLES

Sample name Concentration ~ Volume 701

(pg/mL) (uL) (mm)
AgNPs (agar well diffusion) 15 30 28 +0.6
AgNPs (disc diffusion) 15 30 20+0.3
AgNO, 15 30 16 +0.4
Leaf extract - 30 23+0.5
Streptomycin 15 30 41+1.0
Na" cd s M92+ Ba"

penetrate a larger extent of cells, resulting in a more substantial
ZOI [42]. Despite maintaining identical AgNPs concentrations
in both agar well diffusion and disc diffusion methods, the
former yielded a larger ZOI. This disparity could be due to the
direct addition of AgNPs into the well in the agar well diffusion
method, ensuring effective spread. On the other hand, in the
disc diffusion method, the discs are immersed in AgNPs prior
to being placed on the agar surface. The AgNPs were tested
against E. coli in concentrations ranging from 15 pug/mL to
0.94 ug/mL to determine the MIC. As indicated in Table-3,
the ZOI is lowered with decreasing AgNPs concentration.

TABLE-3
ZOI AT DIFFERENT CONCENTRATION
OF AgNPs HAVING SAME VOLUME
Conc. (ug/mL) 15 7.5 3.75 1.87 0.94
Z0I (mm) 28+0.6 13.2+0.7 5.9+0.3 2.2+0.3 0.0

Sensing of Cu** ions: This study assesses the application
of green synthesized AgNPs as a sensor for detecting Cu**
ions. The specificity of AgNPs for Cu** was examined by com-
paring the colour changes in the reaction mixture with other
metal cations including Na*, Cd*, Sr**, Mg*, Ba*, AI**, Fe*
and Co** (Fig. 11). The reaction mixture of Cu* ions and AgNPs
exhibited a distinct change in colour from brown to greenish
blue. With a reduction potential of 0.80 volt for Ag* and 0.34
volt for Cu™, itis clear that this color change is not due to a redox

Cu2+ AI3+ FeZ+ COZ+

Fig. 11. Images of reaction between E. aureum leaves extract mediated AgNPs with different metal ions
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process. Since AgNPs contain the reduced form of Ag’, further
reduction is not feasible. The observed colour change is attri-
buted to the complex formation between AgNPs and Cu** [49].
However, no colour change was observed for other metal cations.
These results demonstrated that the method is highly selective
for Cu* ions using the synthesized AgNPs, with a limit of
detection of 0.1 mg/L.

Conclusion

This study presents a sustainable method for synthesizing
AgNPs using Epipremnum aureum leaf extract and characterized.
This approach delivers good antibacterial action against E.
coli with synthesized AgNPs and also display the colourimetric
sensing capabilities for Cu® ions with high selectivity and sensi-
tivity.
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