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INTRODUCTION

Silver nanoparticles (AgNPs) have gained tremendous
recognition due to their potential uses in a variety of fields
like oxidation catalysis, sensors, biomedicine, optics, electronics,
fuel cells, photovoltaic cells, optical data storage systems, bio-
logical activity research, and so on [1-7]. The silver was widely
recognized for antibacterial activity from ancient times. The
silver nanoparticles are the most efficient antibacterial agents
with a lower concentration than Ag+ ions [8]. The biological
inhibition activities of AgNPs rely upon a few morphological
and physico-chemical such as size, shape and surface attributes
that impact clearly in the accomplishment of these substances
as antimicrobial agents. Enhanced antibacterial activity of the
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AgNPs has appeared for the smallest particles inside the nano-
meter size range that seems to improve the permeability of
silver particles in microbial cells, encouraging cell death. More-
over, the nearness of specific capping agents likewise improves
their biocidal viability [9].

The capping agents (PEG-4000) are beneficial and play a
crucial role in the synthesis of nanoparticles. They prevent self-
agglomeration in the synthesis of nanoparticles and control
their average size continuation. Coating polymers like poly-
ethylene glycols are significant as they generate electrostatic
repulsion between nanoparticles by steric effect and cause the
size and structural stability [10]. The nanoparticle surface and
polymeric chains are bonded with covalent and these inter-
actions help increasing nanoparticle stability [11]. Several
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chemical and physical methods are reported for the synthesis
of silver nanoparticles [12,13]. Still, the most straightforward
method is the co-precipitation, which involves chemically redu-
cing metal salts to produce metal nanoparticles [14]. In view
of this, we synthesized AgNPs by a simple co-precipitation
method using PEG-4000 (polyethylene glycol) as a capping
and stabilizing agent. The synthesized AgNPs were character-
ized by employing various physico-chemical techniques such
as UV-visible, FTIR, XRD, SEM, EDS and TEM techniques.
The synthesized nanoparticles were used in the photocatalytic
degradation using methylene blue (MB) dye in the presence
of solar irradiation. The degradation products were identified
using liquid chromatography-mass spectrometry (LC-ESI-TOF-
MS). The biological properties of synthesized nanoparticles
were evaluated using the antibacterial, anticancer, antidiabetic
and antioxidant activity studies.

EXPERIMENTAL

Analytical grade chemicals including silver nitrate, sodium
hydroxide and polyethylene glycol (PEG-4000) were purchased
from Merck, India.  was purchased from Merck Specialties Ltd.,
India. Methylene blue dye was procured from Loba Chemie
Pvt. Ltd., India, whereas the chemicals used for antibacterial
activity were of Himedia grade, Mumbai, India. The bacterial
test strains were procured from IMTECH, Chandigarh, India.
The DPPH (2,2-diphenyl-1-picrylhydrazyl), ABTS [(2,2′-
azino-di-(3-ethylbenthiazoline sulfonic acid)], p-nitrophenyl
α-D-glucopyranoside and other chemicals were procured from
Indian manufacturers.

Synthesis of AgNPs using PEG-400: Aqueous silver
nitrate (0.2 M) solution was prepared in a clean, round bottom
flask and then completely covered with aluminum foil to prevent
the photoreduction. The 1% of PEG-400 was added to an aqu-
eous AgNO3 solution and heated to 80 ºC with constant stirring.
After few minutes, base solution (0.1 M NaOH) was added to
a heated reaction mixture till pH reaches between 9 to 10 using
NaOH solution. The reaction mixture was turned from dark
brown to black colour, which confirmed the formation of silver
nanoparticles. The precipitate was centrifuged, washed with
deionized water and finally dried in a hot-air oven for 24 h.
The obtained PEG-400 capped AgNPs were further used to
confirm their structural, size and optical properties using
physico-chemical methods and photocatalytic degradation and
biological studies.

Characterization: The UV-Visible absorption analysis
of synthesized AgNPs was recorded in the range of 200-800
nm by using Shimadzu UV-3600. The FTIR spectral analysis
was recorded using a spectrophotometer (make: Bruker Optics,
Germany) within the range of 4000-400 cm-1. Powder X-ray
diffraction (XRD) analysis of synthesized AgNPs with different
capping agents was performed using X’ pert Pro diffractometer
(Panalytical B.V., The Netherlands) and samples analyses were
performed within the range of 2θ = 10º-80º, operating at 40
kV and a current of 30 mA with a nickel-filtered, CuKα (λ =
1.5405 Å) radiation. The surface morphology and elemental
composition of synthesized AgNPs were evaluated using SEM
and EDX, respectively using Zeiss evo18 SEM instrument,

wehreas the TEM analysis was carried out using a transmission
electron microscope (TEM, TecchnaiG2) instrument.

Antibacterial activity: The antibacterial activity of the
synthesized AgNPs was evaluated using a suitable diffusion
method and disc diffusion method [15-17] against different
Gram-positive and Gram-negative pathogenic bacterial strains.
The bacterial grade agars (2.5 g), NaCl (1 g), tryptophan (1 g)
and yeast extract (0.5 g) were dissolved in double distilled
water (100 mL) to prepare Luria-Bertani agar media. This
media was sterilized using autoclaving at 120 ºC temperature
and a pressure of 15 psi for 60 min and followed by transferred
it into sterilized Petri dish in laminar airflow. The different
bacterial strains with an equal volume (100 µL) were spread
separately over the surface of the media. Finally, the petri plates
were incubated at 37 ºC for 24 h and then the inhibition zone
was measured.

Anticancer activity

Cell viability assay (MTT assay): The cell viability (MTT
assay) was used to assess the anticancer activity of synthe-
sized AgNPs in 96-well plates [18-20]. The 5000 cells were
seeded in each well and kept them for overnight incubation at
37 ºC. The various concentrations of synthesized AgNPs were
prep-ared and treated to cells on the next day. The experiment
was carried out in triplicate wells. The experiment was
terminated by removing media and then adds MTT containing
media. The whole media was removed after 3 h of incubation
in MTT containing media. The reduction of MTT formed the
formazan crystals. Each well was dissolved by the addition of
50 µL of DMSO:methanol (1:1 ratio) mixture.

Mean absorbance of sample Blank
Cell viability (%) 100

Mean absorbance of untreated Blank

−= ×
−

Cells and cell culture conditions: The anticancer activity
of synthesized Ag NPs was evaluated against A549 and HepG2.
These cells were procured from NCCS, Pune, India. The cells
were inoculated and grown in Dulbecco Modified Eagle’s Medium
(DMEM) supplemented with 10% fetal bovine serum (FBS)
and 1% antibiotics (penicillin and streptomycin), then incubated
for 24 h in a humidified 5% CO2 incubator (Thermo-Scientific)
at 37 ºC. The cells were incubated overnight under physio-
logical conditions prior to their utilization in the cell viability
experiment.

Preparation of samples: The 1XPBS (phosphate buffer
saline) was used for making stocks of synthesized AgNPs. The
working concentrations were prepared by diluting complete
medium containing 10% FBS and antibiotics with 1X PBS
stocks.

Antidiabetic activity: The antidiabetic activity of the syn-
thesized AgNPs was evaluated using α-glucosidase enzyme.
A solution of normal saline (100:1, w/v) was used for the disso-
lution of acetone power followed by sonication. After centrifu-
ging the solvent at 4 ºC and 4000 rpm for 0.5 h, the top layer
of solvent was collected. This enzyme was originally thought
to be a simple form of intestinal α-glucosidase. Phosphate buffer
saline (pH 6.8) was utilized for the enzyme pre-incubation for
5 min. The resultant was reacted with substrate p-nitrophenyl-
α-D-glucopyranoside, prepared in the same buffer, phosphate
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buffer saline (pH 6.8) for 6 min. The p-nitrophenol was released
due to the α-glucosidase enzyme action and it was measured
spectrophotometrically at 405 nm. Acarbose was used a working
standard and the percentage of inhibition α-glucosidase enzyme
(λmax: 405 nm) was calculated as follows:

control sample

control

A A
Inhibition (%) 100

A

−
= ×

Antioxidant activity: The antioxidant activity of synthe-
sized PEG-400 capped AgNPs was evaluated using ABTS and
DPPH radicals.

ABTS radical scavenging activity: The ABTS radical
scavenging activity of synthesized PEG-400 capped AgNPs
was performed as per reported method [20]. Briefly, 100 mL
ABTS (0.5 mM) stock solution was prepared by using potassium
persulfate (6.89 Mm phosphate buffer solution (PBS), pH 8.0).
The resultant solution mixture was stored in dark for overnight
(~ 16 h). The synthesized nanoparticles (10 µL of 2 mg/mL)
and 190 µL of ABTS solution were used for this study. These
two solutions were added in a 96-well microplate. This experi-
ment was carried out using the multimode microplate reader
(BioTeksynergy4). After 15 min of incubation in dark, the absor-
bance analysis of decolourized ABTS radical was carried out
at 734 nm. The ascorbic acid was used as a standard radical
scavenger.

control sample

control

A A
Radical scavenging (%) 100

A

−
= ×

DPPH radical scavenging activity: The synthesized AgNPs
nanoparticles (25 µL of 2 mg/mL), tris-HCl buffer (0.1 M, pH
7.4) and 125 µL DPPH solution (0.5 Mm methanol) were taken
in a 96-well microplate. The resultant solution was incubated
in dark for 30 min and then the multimode microplate reader
(BioTeksynergy4) was used to measure the absorbance of DPPH
radical. The absorbance analysis of decolourized DPPH was
carried out using spectrophotometrically at 517 nm after the
incubation for 20 min. The intensity of DPPH was decreased
in the presence of synthesized nanoparticles. The results revealed
that the DPPH was decolourized during the reaction. Ascorbic
acid was used as a standard radical scavenger. The following
equation calculated the percentage of inhibition of DPPH
radicals scavenging (λmax: 517 nm).

control sample

control

A A
Radical scavenging (%) 100

A

−
= ×

Photocatalytic degradation of methylene blue (MB) dye:
The photocatalytic activity of synthesized AgNPs was evalu-
ated using methylene blue (MB) dye. The degradation of MB
dye was evaluated using the catalyst (AgNPs) under solar irrad-
iation. The MB dye is an organic dye and uses in textile indus-
tries for colouring. In this experiment, 30 mg of synthesized
AgNPs were dispersed in 30 mL of double-distilled water and
sonicated for 5 min. The resultant sample solution was added
to 30 mL of MB dye solution (2 × 10-5 M) in a conical flask.
The resultant mixed solution was stirred for a few minutes
and sonicated for 0.5 h in the darkroom. Then the experiment
was carried out on a maximum sunny day between 11 am to 4

pm (at 33-36 ºC). The mixed reaction solution was kept under
solar irradiation with constant stirring. At regular intervals, a
2 mL aliquot of the reaction mixture was taken out, filtered,
and the solid phase was discarded. The resultant filtrate was
tested by recording the absorbance at 664 nm by using a UV-
visible spectrophotometer. The absorbance of MB dye was
decreased at 664 nm (λmax) with increasing the reaction time.
The results revealed that MB dye was decolourized and degraded
into new intermediate products [21-23]. The percentage of
MB dye molecule degradation was calculated using the follo-
wing equation:

o t

o

A A
Degradation (%) 100

A

−= ×

where Ao = initial absorption of MB dye, At = absorbance of
MB dye at the time, t.

Photocatalytic degradation kinetic study: The kinetic
study of photocatalytic degradation of MB dye was evaluated
by using synthesized AgNPs under solarlight irradiation. The
Langmuir-Hinshelwood kinetic model can explain the photo-
catalytic degradation of organic dyes using heterogeneous
photocatalyst [24]. The following equation can apply for the
photocatalytic reaction of dyes:

dC kKC
Rate (r)

dt 1 KC
= =

+
However, for the low concentration of dyes, KC << 1 and

then followed by integratingconcerning time t, the resultant
equation is ln (Co/Ct) = kKt = kapp t. It is a pseudo-first-order
kinetic model equation.

Then, the equation is modified as:

o
app

t

A
ln K t

A

 
= 

 
where dC/dt = rate of dye degradation (mg/L min-1), k = the
reaction rate constant (min-1), K = the absorption coefficient
of the dye on to the photocatalyst, Kapp (min-1) is the apparent
rate constant.

Liquid chromatography-mass spectrometry (LC-ESI-
TOF-MS) analysis: In this experiment, it was used to identify
the intermediate products/degradation products of MB dye in
the presence of synthesized AgNPs during the photocatalytic
reaction. The degradation products were determined using
electrospray ionization in positive mode (MS-ESI+) and the
time of flight analyzer (TOF) was used for this study [25].
The identification of intermediates products of MB dye was
carried out using equity H class UPLC system (Waters, Milford,
MA, USA) is coupled with Xevo G2-XS QTOF mass spectro-
meter (Waters, Manchester, UK). LC has conditioned with
autosampler using an Acquity BEH C18 column (100 mm ×
2.1 mm i.d., 1.7 µm particle size) (Waters, Milford, MA, USA).
LC-MS gradient method conditions are given in Table-1. The
LC was connected with a mass spectrometer, Xevo G2-XS QTOF
(Waters, Manchester, U.K.). The mass instrument parameters
are given in Table-2. The MassLynx v 4.1. software was used
for the data acquisition. The stock solution of standard methy-
lene blue dye (1 mg/mL) was prepared with doubled distilled
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TABLE-1 
LC-MS METHOD GRADIENT CONDITION DURING  

THE PHOTOCCATALYTIC DEGRADATION  
OF METHYLENE BLUE DYE 

Column C18: 100 mm 
Flow rate 0.2 mL/min 
Run time 3 min 
Buffers 1. H2O with 0.1% FA  

2. CAN with 0.1% FA 
Source ESI (Electrospray ionization) 
Polarity ESI-Positive mode 
Column temperature 40 °C 
Solubility of standard Water 
LC-MS gradient Isocratic (A: 15%; B: 85%) 
 

TABLE-2 
MASS PARAMETERS DURING THE PHOTOCATALYTIC 

DEGRADATION OF METHYLENE BLUE DYE 

Capillary voltage 3.0 kv 
Sample cone 30 V 
Source temperature 120 °C 
Desolvation temperature 350 °C 
Cone gas flow rate 50 L/h 
Desolvation gas (N2) flow rate 1000 L/h 
Mass reference (lock spray) Leucine-Enkephalin 
Mass range m/z 50 to 8000 
Scan type Ms full scan 
 

water and further diluted it upto 1 µg/mL using the same solvent.
The concentration, 1 µg/mL, was injected into LC-MS for
studies and 5 mg/mL of synthesized nanoparticles were used
for the evaluation of photodegradation studies.

RESULTS AND DISCUSSION

UV-visible studies: The UV-visible absorption spectra of
synthesized PEG capped AgNPs are shown in Fig. 1. The AgNPs
exhibit their absorption in the visible region [26,27]. The syn-
thesized PEG capped AgNPs showed an absorbance in the
UV-visible spectrum at 404 nm and the corresponding bandgap
energy was 3.07 eV [28-30].
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Fig. 1. UV-visible spectra of PEG capped AgNPs

FTIR studies: FTIR spectra of pure PEG and PEG capped
AgNPs were performed in the range of 4000-400 cm-1 and are
shown in Fig. 2a-b, respectively. The results revealed the broad
band appeared at 3390 cm-1 was assigned to the O-H stretching
vibrations of a hydroxyl group. The strong band at 1427 cm-1

was due to C-H scissors and bending vibrations of alkanes. The
low band at 1133 cm-1 was attributed to stretching vibrations
C-O of alcohol or C-O-C of ethers from PEG that indicating
the formation of a coordinate bond between the oxygen atom
of PEG and the Ag+ ions. The results revealed that the synthe-
sized AgNPs were capped with polymer PEG [31-33].

XRD studies: Fig. 3 shows the XRD pattern of synthe-
sized PEG capped AgNPs. The XRD pattern showed that the
intensive and wide diffraction peaks at 2θ = 32.20º, 37.78º,
65.78º and 76.98º corresponds to (111), (200), (220) and (311)
sets of lattice planes of AgNPs, respectively. The XRD pattern
of PEG capped AgNPs showed that the synthesized nanoparticles
are in the face-centric cubic (FCC) structure. These results were
matched with JCPDS  file no. 04-0783 [34,35]. The average
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Fig. 2. FTIR spectra of (a) polyethyleneglycol (PEG) and (b) PEG capped AgNPs
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Fig. 3. XRD pattern of PEG capped AgNPs

size of synthesized PEG capped AgNPs was determined using
Debye-Scherrer’s formula.

K
D

cos

λ=
β θ (1)

From eqn. 1, the average size of synthesized PEG capped
AgNPs were found in the range of 12-23 nm.

Morphological studies: The SEM images (Fig. 4) illus-
trated that the synthesized PEG capped AgNPs have a smooth
surface with irregularly shape morphologies. The synthesized
AgNPs showed a peak at ~3 KeV in the EDX spectra, indica-
ting the synthesized AgNPs were in crystalline nature. The
EDX results indicated that the synthesized PEG capped AgNPs
contains Ag element and other element, oxygen. The presence
of oxygen indicates that the presence of PEG as a capping
agent on the surface of AgNPs [36,37].

TEM and SAED images of PEG capped AgNPs are shown
in Fig. 5a-d. The results illustrated that the synthesized PEG
capped AgNPs are not perfectly spherical and the size of nano-
particles was found in the range of 10 to 20 nm. The SAED
pattern of the PEG capped AgNPs shows the different diffra-
ction planes of AgNPs. The results showed that the PEG capped
AgNPs are not perfectly spherical and uniformly distributed
[38].

Antibacterial activity: The antibacterial activity was
carried out by using a disc diffusion method against different
bacterial strains. The Gram-negative strains of Klebsiella
pneumonia, Pseudomonas putida and Gram-positive strains
of Bacillus subtillis, Staphylococcus aureus bacteria were used
to evaluate the antibacterial activity of synthesized PEG capped
AgNPs. The standard ampicillin was used as a control. Each
sample (50 µL) such as ampicillin, PEG capped AgNPs, NaOH
solution and PEG was used and labeled as 1, 2, 3 and 4, respec-
tively. The results of the zone of inhibition in mm for different
bacteria are observed. The zone of inhibition for synthesized
PEG capped Ag nanoparticles was found to be 7, 8, 7 and 9
mm for  Bacillus subtillis, Klebsiella pneumonia, Pseudomonas
putida and Staphylococcus aureus, respectively. The control
group, treated with ampicillin, had measurements of 16 mm,
9 mm, 12 mm and 14 mm. The findings of this study indicate
that AgNPs coated with PEG exhibit significant antibacterial
properties [39-41].

Anticancer activity studies: The anticancer activity of
synthesized PEG capped AgNPs was also tested against cancer
cell lines such as A549 and HepG2. The anticancer results of
synthesized nanoparticles are shown in Figs. 6 and 7. The
different concentrations of synthesized PEG capped AgNPs
were used for this activity. The results revealed that the synthe-
sized PEG capped AgNPs have shown an excellent anticancer
activity with increasing their concentration [42-44].

Antidiabetic activity studies

ααααα-Glucosidase enzyme inhibition activity: The antidia-
betic activity of PEG capped AgNPs was studied against the
α-glucosidase enzyme [45,46]. The results confirmed that the
synthesized AgNPs were shown an excellent inhibition against
α-glucosidase (Table-3).

TABLE-3 
PEG CAPPED AgNPs WERE SHOWN ANTIOXIDANT ACTIVITY 

USING ABTS AND DPPH SCAVENGING FREE RADICALS 

 % Inhibition (200 µg/mL) 

 ABTS DPPH α-Glucosidase 
AgNPs 64.82 ± 0.61 44.36 ± 0.65 45.08 ± 0.70 

Ascorbic acid 99.3 ± 0.14 66.1 ± 1.75 – 
Acarbose – – 62.96 ± 0.54 

 

0 2 4 6 8 10 12

keV

Element

O K

Cl K

Ag L

Total

Weight (%)

7.77

17.28

74.95

100.00

Atomic (%)

29.11

29.23

41.67

100.00

Fig. 4. SEM images and EDX spectra of PEG capped AgNPs
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Fig. 5. (a-c) TEM images of PEG capped AgNPs (d) SAED image of PEG capped AgNPs
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Fig. 6. Cell viability studies against cancer cell lines (A549 and HepG2) using MTT assay for 48 h with 0.0625, 0.125, 0.25 and 0.5 mg of
synthesized PEG capped AgNPs

Antioxidant activity studies

ABTS and DPPH radical scavenging activity: The ABTS
and DPPH radical scavenging activities were used to assay
the antioxidant activity of PEG capped AgNPs. The hydrophilic
antioxidant and lipophilic antioxidant nature of materials can
be identified using ABTS radical. The other test model, DPPH,
contains organic nitrogen centered radical and it is applied to

assess reducing the power of an antioxidant even with low redox
potential [47,48]. The synthesized PEG capped AgNPs were
showed antioxidant activity in the analysis. The results are shown
in Table-3 and the values were represented as mean ± standard
deviation (N = 3).

Photocatalytic degradation of methylene blue dye: The
photocatalytic degradation study of PEG capped AgNPs was
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evaluated using methylene blue dye under solar irradiation.
The photocatalytic degradation reaction of MB dye was not
effective without the addition of produced PEG capped AgNPs.
The results of the study indicate that the addition of a catalyst
or nanoparticles is essential for the decomposition of MB dye.
An adsorption-desorption equilibrium was reached when PEG
capped AgNPs was added to the MB dye solution. The UV-visible
analysis of the degradation of MB dye using PEG capped AgNPs
under solar irradiations is shown in Fig. 8. The absorbance of
MB dye was gradually decreased during the photocatalytic
reaction [49,50].
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Fig. 8. UV-visible spectra of the photocatalytic degradation of methylene
blue dye under solar irradiation in the presence of PEG capped Ag
NPs

Percentage of degradation of MB dye: The percentage
of degradation of MB dye using synthesized PEG capped
AgNPs under solar irradiations was also studied in similar
experimental conditions. The calculated degradation percen-
tages of MB dye during the reaction are summarized in Table-4.

TABLE-4 
DEGRADATION EFFICIENCY OF METHYLENE  
BLUE DYE IN THE PRESENCE OF PEG CAPPED  

AgNPs UNDER SOLAR IRRADIATION 

Time (min) Degradation (%) 
0 0 
20 16.75 
40 31.08 
60 47.83 
80 63.78 

 
Photodegradation kinetics studies: During the process

of the photocatalytic reactions, the Langmuir-Hinshelwood
(L-H) equations are able to accurately represent the reactivity
outcomes as well as the reaction rate of dye degradation [21].
The photocatalytic degradation of MB dye follows pseudo-
first-order kinetics. The rate of the reaction was determined by
plotting ln (Ao/At) versus the irradiation time of degradation
of MB dye (Table-5).

TABLE-5 
VALUES OF Ao/At AND ln (Ao/At) OF METHYLENE  
BLUE DYE IN THE PRESENCE OF PEG CAPPED  

AgNPs UNDER SOLAR IRRADIATION 

Time (min) Ao/At ln (Ao/At) 
0 0 0 
20 1.2 0.18 
40 1.45 0.37 
60 1.91 0.64 
80 2.76 1.01 

 
The rate constant (k) and correlating factor (R2) values of

photodegradation of MB dye using synthesized nanoparticles
under solar light irradiations were found to be 1.1 × 10-2 and
0.966, respectively, which states that the photocatalytic degrad-
ation of MB dye follows a pseudo-first-order reaction (Fig. 9).

Identification of the degradation products of methylene
blue during the photocatalytic degradation using UPLC-
ESI-TOF-MS: The intermediate products/degraded products
of MB dye during the photocatalytic degradation reaction was
identified using a sophisticated liquid chromatography and
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constant Kapp (min-1) of the degradation of methylene blue dye using
PEG capped AgNPs under solar irradiation

mass spectrometry (UPLC-ESI-TOF-MS) technique. The electro-
spray ionization (ESI) in positive mode was used in this experi-
ment. Standard MB dye exhibits its characteristic absorption
band at 664 nm (λmax) in the UV-visible spectra. It gives a high
intensive base peak at m/z = 284, corresponding to the M+ mole-
cular ion in the mass spectrometry (Figs. 10 and 11). In present
study, the parent peak of MB dye after the addition of synthe-
sized nanoparticles was observed with a decreased intensity
(Fig. 11) and along with molecular ion, the various new peaks/
products are formed. The results revealed that the MB dye was
fragmented and formed new products. The photocatalytic process

mechanism stated that the decolourization of MB dye during
the photocatalytic processis due to adsorption as well as degra-
dation in the presence of catalysts, PEG capped AgNPs. The
MB dye possesses intense blue colour due to it contains chrom-
ophoric (N-S conjugated system on heteroaromatic cycle) and
autochrome (lone pair electron on N atom in the heteroaromatic
cycle) functional groups. These groups are essential to attain
the high intense colour property of MB dye. In present investi-
gation, the two possible mechanisms for the photocatalytic
degradation of MB dye based on the decolourization mech-
anism and the type of degradation products are formed [51,52].

Chromophoric group degradation pathway: The first
degradation pathway explains the chromophoric group degra-
dation of methylene blue during the photocatalytic reaction in
the presence of PEG capped AgNPs. The degradation products
of methylene blue during chromophoric degradation were DP-
6, DP-7, DP-8 and DP-9, which are shown in Scheme-I. The
methylene blue dye gives it’s parent ion/molecular ion peak at
m/z 284 in the mass spectrum and it further converts into various
degradation products during chromophoric group degradation
and resultant degradation products, including DP-6, DP-7, DP-8
and DP-9. The mechanism of chromophoric group degradation
involves the electron reorganization in the methylene blue
molecule, i.e. sulfhydryl (C-S+=C) converts into sulfoxide
(C-S(=O)-C). The degradation products of methylene blue dye
via chromophoric degradation pathway during the photo-
catalytic reaction were identified using liquid chromatography-
mass spectrometry (UPLC-ESI-TOF-MS).
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Auxochrome group degradation pathway: The second
degradation pathway of methylene blue dye is an auxochrome
group degradation. The degradation products of methylene
blue dye via auxochrome group degradation were identified
as DP-1, DP-2, DP-3, DP-4 and DP-5 using mass spectrometry
and are shown in Scheme-I. The various degradation products
of MB dye during the photocatalytic reaction were identified
by using mass spectrometry are shown in Fig. 11.

The degradation products/intermediates products of MB
dye during the photocatalytic reaction were identified using
mass spectrometry (spectra not shown). These products were
produced from two different degradation pathways of MB dye.

Conclusion

Silver nanoparticles (AgNPs) were synthesized by the co-
precipitation method using polyethylene glycol (PEG-4000)
as a capping and stabilizing agent. These nanoparticles were
characterized by various techniques like UV-visible, FTIR,
XRD, SEM, EDX and TEM. The particle size was found in the
range of 10-23 nm by XRD and TEM analysis. The synthesized
PEG capped AgNPs was applied in the photocatalytic degrad-
ation of methylene blue (MB) dye under solar irradiation. The
degradation efficiency of PEG capped AgNPs towards MB dye
in the presence under solar radiation was 63.78%. The Langmuir-
Hinshelwood kinetic analyses revealed that the dye degradation
followed the pseudo-first-order kinetics with apparent rate
constant kapp value of 1.1 × 10-2 min-1. The degradation products
of MB dye during the photocatalytic process were identified
using liquid chromatography-mass spectrometry (LC-ESI-TOF-
MS). The antibacterial activity of synthesized PEG capped
AgNPs using a disc diffusion method against four different
Gram-positive and Gram-negative bacterial strains. The results
showed that the synthesized nanoparticles could exhibit
antibacterial activity. The results also revealed that the synthesized
PEG capped AgNPs have shown an excellent anticancer activity
against the cancer cell lines such as A549 and HepG2 with
increasing concentration. The α-glucosidase inhibition of
45.08% was also exhibited by the PEG capped AgNPs against
the α-glucosidase enzyme. The antioxidant activity of synthe-
sized nanoparticles was also examined using ABTSand DPPH
radicals assay. The results showed that the synthesized PEG
capped AgNPs could show antioxidant activity of 64.82% and
44.36% against ABTS and DPPH radical, respectively.
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