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tioxidant, H2O2 sensing and
photocatalytic properties of biogenic silver
nanoparticles using Ageratum conyzoides L. leaf
extract

Sandip Kumar Chandraker, Mishri Lal and Ravindra Shukla *

Green nanotechnology is gaining widespread interest owing to the elimination of harmful reagents and

offers a cost-effective synthesis of expected products. In the present study, silver nanoparticles (AgNPs)

were synthesized from Ageratum conyzoides leaf extract (ACLE). UV-visible spectrophotometry showing

a characteristic SPR peak at 443 nm verified the phytosynthesis of AC-AgNPs. The FTIR spectrum was

examined to identify the efficient functional molecules responsible for the reduction of Ag+ to metallic

silver (Ag0). SEM, TEM and XRD illustrated the formation of crystalline and spherical NPs with a size range

of 14–48 nm. EDX data showed the presence of elemental silver with an energy peak at 3 eV. CT-DNA

interaction with AC-AgNPs was investigated and the UV absorption spectra revealed a bathochromic

effect indicating groove binding. AC-AgNPs showed a strong antioxidant property in a concentration-

dependent manner when analyzed by DPPH and ABTS radical scavenging assay. AC-AgNPs were

investigated as a SPR-based H2O2 sensor, which can provide promising opportunities in medical and

environmental fields to detect reactive oxygen species such as H2O2. The catalytic effectiveness of

phytosynthesized NPs was also examined within 2 h of exposure for methylene blue degradation under

sunlight. There is thus a reasonable potential application of green synthesized AC-AgNPs for the

degradation of hazardous synthetic dyes.
1. Introduction

Nanotechnology is an interdisciplinary and most attractive area
of research in recent years. It has inuenced every dimension of
science, economy and all life steps that include the design,
synthesis and manipulation of nano-sized materials in multiple
ways. Nanoparticles have various applications regarding bio-
logical and medicinal aspects such as catalytic activity, water
purication, chemical and biological sensors, wireless elec-
tronic logic and memory schemes.1 They have a very signicant
role in the material sciences owing to their dened size, shape,
optical, mechanical and biological properties.2 Due to the small
size range of nanoparticles (1–100 nm), they provides a high
surface area and reactivity which makes them popular in
biomedicine for therapeutic purposes.3

Biological route of nanoparticle synthesis is free from the use
of hazardous chemicals or irradiations and preferred over
physical and chemical methods. The plant-mediated green
synthetic approach of nanoparticle is greatly advantageous over
microbial synthesis as the process is highly economical
rtment of Botany, Indira Gandhi National

dhya Pradesh, India. E-mail: ravindra.
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compared to the cost of microorganism isolation and their
culture maintenance.4,5 The phytosynthesis of nanoparticles is
rapid, low cost, eco-friendly, and one-step method.6 Since the
plant extracts contain various secondary metabolites such as
alkaloids, avonoids, saponins, steroids, tannins, etc., it acts as
a reducing and stabilizing agent for the bioreduction reaction to
synthesize novel metallic nanoparticles. AgNPs synthesis is
a promising eld of research and much needed because nano-
scale silver has shown entirely distinct characteristics to bulk
particles made of the same material.7

In recent years, studies on interaction of metal NPs with DNA
are of primary concern due to its possible effect on the struc-
tural integrity and synthesis of DNA.8 Several methods like gel
electrophoresis, electrochemical techniques and UV-vis spec-
troscopy have been employed to elucidate interaction of tiny
molecules with DNA. However, spectroscopic techniques are
convenient, accurate and highly sensitive compared to other
complicated methods.9

H2O2 is a strong oxidizing agent which is widely used in the
food, pharmaceutical, cosmetics, wood and pulp industries.
However, the exposure and presence of even a small amount of
H2O2 in process streams result in various health and environ-
mental hazards due to its toxicity.10 It is therefore, essential to
develop accurate, stable and fast methods to detect H2O2 residue
This journal is © The Royal Society of Chemistry 2019
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in commercially available products. Chemiluminescence, optical
detection and electrochemical methods have been developed for
the sensitive determination of H2O2.11 AgNPs based non-
enzymatic sensor for H2O2 has been developed by electrodepo-
sition method and by using Bacillus subtilis.12,13 Only few reports
are available on phytosynthesized AgNPs for H2O2 sensing
capacity using Calliandra haematocephala, Lavandula officinalis,
Lithodora hispidula, Mangifera indica etc.11,14–16

Synthetic dyes are a potential hazard to living organisms
produced by textile, paper, food, cosmetics, and pharmaceutical
industries. These causes serious health and ecological prob-
lems, and some of them have exhibited mutagenic and carci-
nogenic effects.17 Methylene blue (MB) is a synthetic thiazine
dye used as a traditional colorant in the textile and paint
industries. However, proven as an industrial pollutant, its odor,
and direct contact may cause allergic reactions, burning of skin
and eyes, breathlessness, vomiting, etc.18 Different methods
commonly adopted for detoxication of dyes using UV radia-
tions, toxic stabilizers, solvents, surfactants, occulation, redox
treatments and microbial biodegradation.15 These techniques
are inefficacious and require a better approach. Catalytic
degradation under visible-light irradiation has gained wide-
spread attention because it is rapid, highly efficient and
economical, and does not cause secondary pollution.19

Ageratum conyzoides L. (family: Asteraceae) in an invasive
weed of Indo-Gangetic plains and Narmada basin, and abun-
dantly found in and around Indian agro-ecosystems. The plant
has morphological variations and highly adaptable to different
ecological conditions. A number of chemical compounds
including alkaloids, avonoids, chromenes, benzofurans and
terpenoids have been isolated from this species.20 Extracts and
metabolites from this plant has been found to possess hypo-
glycemic, anti-inammatory, antifungal, antimalarial, anti-
protozoal and insecticidal activities.21

The objectives of the present study were to synthesize and
characterize the AgNPs using the aqueous leaf extract of A.
conyzoides. In addition, DNA binding, free radical scavenging,
photo-catalytic degradation of MB and H2O2 sensing properties
of AgNPs were also investigated.
2. Materials and methods
2.1 Plant materials

The leaves of A. conyzoides were collected during September
2018 from Keonchi region of Achanakmar Amarkantak
Biosphere Reserve under Bilaspur District, Chhattisgarh State,
India. The authentication of plant species was done by subject
experts, and a voucher specimen (DOB/07/AC/043) deposited in
Department of Botany, Indira Gandhi National Tribal Univer-
sity, Amarkantak, India.
2.2 Preparation of leaf extract and biosynthesis of AgNPs

The collected fresh leaves of A. conyzoides were washed thor-
oughly with tap water and twice with Milli-Q water to eliminate
the organic impurities, and dust present on it. The extract was
prepared with 10 g of fresh leaves that were uniformly cut into
This journal is © The Royal Society of Chemistry 2019
small pieces. Chopped leaves were boiled for 15 min in 100 mL
double sterile distilled water and ltered with Whatman No. 1
lter paper aer cooling. ACLE was stored at 4 �C for further
experiments. AgNO3 (AR grade) was obtained from Himedia
Laboratories Pvt. Ltd., Mumbai, India. Ten milliliters of ACLE
was carefully measured and added to 90mL of aqueous solution
of AgNO3 (1 mM) in a 250 mL Erlenmeyer ask. The asks were
incubated in the dark at room temperature for the reduction of
Ag+ to Ag0 nanoparticles for 24 h, resulting in the formation of
yellowish-brown to dark brown solution indicating the
synthesis of AC-AgNPs.
2.3 Characterization of AC-AgNPs

2.3.1 UV-vis analysis. The bioreduction of AgNO3 to AgNPs
was recorded periodically by visual observation of the solution
and by measuring the UV-visible spectra of reaction medium
using Shimadzu UV-1800 spectrophotometer with a wavelength
range between 190 and 900 nm. The progress of the reaction
between Ag+ and the ACLE was monitored by UV-visible spectra
of AC-AgNPs in aqueous solution with different reaction times of
15, 30, 45 and 60 min with Milli-Q water as a reference. Aer 6 h
of incubation, the AC-AgNPs were concentrated by repeated
centrifugation of the reaction mixture at 10 000g for 10 min and
their pellets were redispersed inMilli-Q water to ensure complete
separation of AgNPs. The supernatant was replaced each time
and the pellet was stored at �20 �C for optical measurements.

2.3.2 FTIR analysis. FTIR measurements were done to
investigate AgNPs associated molecules. The solid residue ob-
tained by centrifugation is then washed three times with
deionized water to remove any unattached biological moieties
to the surface of the nanoparticles that are not responsible for
bio-functionalization and capping. The resulting residue is then
dried completely and ground with potassium bromide (KBr).
Powder obtained is used for analysis by a FTIR Spectrometer
(PerkinElmer Lx10-8873) in diffuse reectance mode.

2.3.3 XRD analysis. X-ray-diffraction (XRD) studies were
conducted to determine the exact nature of NPs formed. The dried
powder of AC-AgNPs was analyzed with X-ray-diffractometer
(PANalytical, Xpert, Bruker D8 advance, The Netherlands), oper-
ated at 30 kV and 20mA current with Cu Ka radiation (l¼ 1.54 Å).
The scanning range was selected between 10� and 80� (2q angle).
Average size of the AgNPs was calculated from Debye–Scherrer's
equation (D ¼ 0.94l/bcos q), where D is the average size of the
crystallite in vertical direction of crystal face, l is the wavelength of
X-ray, b is the full width at half maximum (FWHM) intensity of the
peak, and q is the diffraction angle.

2.3.4 SEM and EDX analysis. Scanning Electron Micros-
copy (SEM) was done using ESEM (Model: EVO 18; Carl Zeiss,
Germany) with the resolution of 1.0 nm at 30 kV, equipped with
20 mm2 Oxford beds detector. Energy Dispersive X-ray (EDX)
analysis was also performed using the same ESEM. The
suspension of synthesized AC-AgNPs was dropped on a carbon-
coated copper grid and a thin lm was prepared. The sample
was allowed to dry under a mercury lamp.

2.3.5 TEM analysis. The size and shape of the prepared
AgNPs were conrmed using TEM. High-resolution TEM (HRTEM)
RSC Adv., 2019, 9, 23408–23417 | 23409

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c9ra03590g


RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

9 
Ju

ly
 2

01
9.

 D
ow

nl
oa

de
d 

on
 8

/1
/2

02
5 

2:
29

:0
3 

PM
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
images were obtained using Technai-20, Philips instrument oper-
ated at 200 kV and beam current of 104.1 A. The sample for this
analysis was prepared by coating the aqueous AC-AgNPs on
carbon-coated copper grids (300 mesh size) by slow evaporation
and then allowed to dry in vacuum at 25 �C for overnight.
2.4 In vitro DNA binding study

The interaction between calf thymus DNA (CT-DNA) and AC-
AgNPs was studied by UV-vis spectral analysis following Pathak
et al.22 Solution of CT-DNA was prepared in Tris–HCl buffer (0.1
M) (pH ¼ 7.2) with 12 h stirring below 4 �C. Absorption experi-
ments were carried out by keeping constant concentration of AC-
AgNPs (0.25 mg) whereby varying the CT-DNA concentration (40–
320 mL). Spectral changes of AC-AgNPs were monitored by
recording UV-visible absorption in the range of 300–600 nm, aer
adding different concentrations of CT-DNA.
2.5 Antioxidant activity of AC-AgNPs

Antioxidant activity of AC-AgNPs was determined by DPPH and
ABTS free radical scavenging assay.

2.5.1 DPPH assay. One milliliter methanolic DPPH
(Himedia, Mumbai) solution (0.1 mM) added with 1 mL meth-
anolic solutions of AC-AgNPs (31.25, 62.5, 125, 250 and 500 mg
mL�1). The reacting mixture was shaken and incubated in dark
for 30 min at 27 � 2 �C. The absorbance was measured at
517 nm on UV-vis spectrophotometer. Ascorbic acid was used as
a standard and the blank was prepared by adding 1.0 mL of
methanol to 1.0 mL of 0.1 mM methanolic DPPH. Free radical
scavenging activity was calculated using following formula

% scavenging activity

¼ absorbance of control� absorbance of sample

absorbance of control
� 100

2.5.2 ABTS assay. ABTS (Himedia, Mumbai) free radical
was produced by adding 7 mM ABTS aqueous solution with
2.4 mM potassium persulphate solution for 12 h in the dark at
room temperature. The radical was kept in stable state for 2
days before the reaction. Different concentrations of AC-AgNPs
were mixed with 2 mL of diluted ABTS solution. The absorbance
was recorded at 734 nm aer 30 min of incubation at room
temperature. The blank was prepared accordingly, without NPs,
and ascorbic acid was used as standard. Free radical scavenging
activity was calculated using aforementioned formula.
2.6 H2O2 sensing capacity of AC-AgNPs

The H2O2 sensing capacity of green synthesized AC-AgNPs was
observed following Mahadevan et al. with slight modication.23

One milliliter of 20 mM H2O2 (CDH Chemicals, New Delhi,
India) was added to 3 mL colloidal solution of AC-AgNPs and
mixed thoroughly. The initial spectrum of diluted AC-AgNPs
solution (with 3 mL Milli Q water) was recorded using the
spectrophotometer. The spectral observations of the reacting
solution were recorded at regular intervals.
23410 | RSC Adv., 2019, 9, 23408–23417
2.7 Photocatalytic activity of AC-AgNPs

The catalytic activity of AC-AgNPs was studied by degrading toxic
dye MB under sunlight. MB (AR, MW ¼ 319.86) was procured
from CDH chemicals, New Delhi, India and experiment was
designed following Rodŕıguez-Cabo et al.24 The dye solution was
prepared by dissolving 1 mg MBin 100 mL deionized water. Ten
milligrams of AgNPs were added to 50 mL dye solution and the
mixture was stirred magnetically (Spinot, Tarsons) for 45 min in
dark before illumination. A control was also prepared without
AC-AgNPs and kept under the similar condition. UV-visible
spectra and absorption maxima were observed at regular inter-
vals of 15 min to monitor the dye degradation.
3. Results and discussion
3.1 Phytoreduction of silver ions

During a visual observation, the solution of AgNO3 incubated
with ACLE showed color changes from colorless to yellowish-
brown within 15 min (Fig. 1a). The appearance of reddish-
brown color in ACLE treated ask is a clear indication of the
formation of AC-AgNPs within 30 min. Aer long incubation (2
h) it showed brown color which means the complete formation
of AgNPs from aqueous ACLE. This color arises due to excitation
of surface plasmon resonance (SPR) in metal NPs. In principle,
color changes of the reaction mixture are due to the collective
vibration of free electrons induced by an electromagnetic eld.
Changes in the electronic energy level due to excitation of
electrons reect the reduction of Ag+ into Ag0 which attributes
to reddish brown color of synthesized AC-AgNPs in aqueous
solution. The reduction of Ag+ occurred due to the water-soluble
phytochemicals present in the leaf samples. A. conyzoides leaves
are reported to be rich in tannins and other phytochemicals
such as alkaloids, avonoids, terpenoids, saponins, cardiac
glycosides, resins, steroids, phenols, essential and non-
essential amino acids, etc.25,26 Such phytochemicals may act as
reducing, capping as well as stabilizing agents. A schematic
representation of the possible mechanism of NPs synthesis is
shown in Fig. 1b. Nonetheless, further investigations are
required to monitor the role of specic molecules involved in
the biosynthesis of AgNPs. The reduction mechanism of poly-
phenols like tannin and tannic acid with AgNO3 may also
involve in the phytomediated synthesis of AgNPs.27 The sug-
gested mechanism of AgNPs biosynthesis involves the forma-
tion of intermediate complexes between AgNO3 and phenolic
OH groups in hydrolyzable tannins. The complex undergoes
oxidation to quinine forms with subsequent reduction of Ag+ to
AgNPs.28 According to Bulut and Ozacar, debonded H-bonds of
OH groups present in tannins serves as a chemical reducer,
surface stabilizer and template for Ag+ to Ag reaction to occur.29
3.2 UV-vis spectral analysis

The spectrophotometric analysis records the optical density or
intensity of absorption as a function of wavelength. The UV-vis
spectroscopy serves as the most agreeable approach for the
characterization of AgNPs and used to determine the concen-
tration of the NPs in aqueous solution. Fig. 1c shows the UV-vis
This journal is © The Royal Society of Chemistry 2019
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Fig. 1 (a) Visual identification of AgNPs synthesized by ACLE recorded
at different functional time viz. 0 min, 15 min, 30 min and 2 h. (b) The
schematic diagram for a possible mechanism of ACLE mediated NPs
synthesis. (c) UV-visible absorbance spectra of synthesized AgNPs
from ACLE at different time intervals.

Fig. 2 (a) FTIR spectrum of green synthesized AgNPs using ACLE. (b)
XRD pattern of green synthesized AgNPs exhibiting the facets of
crystalline Ag.
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spectra of the aqueous plant extracts with 1 mM AgNO3 solu-
tion. Aer 15 min of reaction time at room temperature (33 �C),
a characteristic plasmon band with lmax appeared at 443 nm.
Adsorption of materials unto the surface of the metal nano-
particles leads to excitation of the surface plasmon. It causes
scattering of strong light by an electric eld where resonance
occurs, proceeding in the appearance of strong SPR bands.30

Fig. 1c demonstrates that the intensity of the peaks continued
to increase at various time intervals up to 60 min with the same
absorption maxima. AgNPs produced from ACLE were observed
to be very stable in the solution with no evidence of occulation
and agglomeration even 2 months aer their synthesis which
validates the potential application of ACLE as AgNPs
This journal is © The Royal Society of Chemistry 2019
synthesizer. Another weak absorption peak of at 320 nm indi-
cates the presence of several organic compounds and aromatic
amino acids which are known to interact with Ag+.
3.3 FTIR spectral analysis

FTIR spectrum of phytosynthesized AC-AgNPs is shown in
Fig. 2a, that reveals the involvement of possible biomolecules
and functional groups in AgNPs biosynthesis. The IR-spectrum
shows absorption bands at 3440.29, 2358.95, 1613.99, 1383.98,
1074.83 and 699.38 cm�1. The peak at 3440.29 cm�1 corre-
sponds to amide N–H stretching. The peak observed at
2358.95 cm�1 may be due to C–H stretching of the methylene
group. Band at 1383.98 cm�1 corresponds to the presence of
stretching vibrations of alcohol, ethers, esters, carboxylic acids,
and amino acids.31 Band at 1613.99 cm�1 corresponding to the
C]O (amide I) and the peak in 1074.83 cm�1 can be attributed
to the stretching vibration of the C–OH bond from proteins in
the plant extract.31,32 The functional groups like C]O, N–H, and
C–H groups present in the ACLE might be responsible for bio-
reduction of Ag+ to AgNPs. Observed peaks considered as major
RSC Adv., 2019, 9, 23408–23417 | 23411
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functional groups in different chemical classes such as poly-
saccharides, avonoids, triterpenoids, and polyphenols.33
3.4 XRD analysis

The XRD prole of synthesized AC-AgNPs is depicted in Fig. 2b,
which conrms the existence of Ag colloids in the sample. The
Braggs reections were observed in the XRD pattern at 2q ¼ 28,
32 and 46 that clearly indicates the presence of (111), (200) and
(220) sets of lattice plane, respectively. Peaks pattern can be
readily indexed to a face-centered cubic (fcc) structure of silver
(JCPDS, le no. 893722).34 XRD pattern of present investigation
revealed the small particle size, and crystalline nature of
Fig. 3 (a and b) SEM images of AgNPs synthesized from ACLE. (c) EDX s
EDX data. (e and f) TEM images of synthesized AgNPs from ACLE.

23412 | RSC Adv., 2019, 9, 23408–23417
synthesized AC-AgNPs. Some additional unassigned peaks were
also noticed in the vicinity of the characteristic peaks suggest-
ing the crystallization of bioorganic phase on the surface of
NPs.35 The average size of NPs was calculated using the Debye–
Scherrer equation was 35 nm. The cubic nature of phytosyn-
thesized AgNPs are also reported from several studies.
3.5 SEM and EDX analysis

SEM analysis was employed to visualize the morphology and
size of AgNPs. Different magnications of SEM images are
shown in Fig. 3a and b, which conrms the formation of
homogenous and relatively spherical AC-AgNPs. The elemental
pectrum of synthesized AgNPs from ACLE. (d) Quantitative analysis of

This journal is © The Royal Society of Chemistry 2019
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Fig. 4 UV-vis absorption spectra of AC-AgNPs with CT-DNA at
various concentrations of CT-DNA (40–320 mL).
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composition of NPs was analyzed through energy dispersive X-
ray analysis (EDX). Fig. 3c represents the EDX spectrum
showing the major elemental peak at 3 keV which is specied
for metallic silver. Other small peaks of C, O, S, Cl and K were
also arisen due to the capping of AgNPs by biomolecules of
ACLE. Quantitative estimation reveals elemental Ag with the
Fig. 5 Possible binding site for AC-AgNPs in the CT-DNA.

This journal is © The Royal Society of Chemistry 2019
higher weight percentage of 51.18%, whereas, O, C, Cl, K, and S
having weight percentages of 20.93%, 14.02%, 12.09%, 1.74%
and 0.04%, respectively (Fig. 3d).
3.6 TEM analysis

The images obtained from transmission electron microscopy
(TEM) of AC-AgNPs are shown in Fig. 3e and f. TEM images
elucidate the formation of isotropic and nearly spherical
nanoparticles which is in agreement with the shape from the
SPR band in the UV-vis spectra. From the TEM image, the
particle size range was measured between 14–48 nm which was
in accordance with the particle size calculated from the XRD
spectrum.
3.7 In vitro DNA binding capability

UV-vis spectral titration is one of the important tools for
determining the DNA binding capacity of compounds. Prior
to addition with AC-AgNPs, the stability of CT-DNA was
examined at room temperature with intervals of 15 min and
the absorption peak was monitored for 1 h. The experiment
was carried out keeping the concentration of AC-AgNPs
constant to which CT-DNA was gradually added. Successive
binding of AC-AgNPs with CT-DNA resulted to decrease in
absorption with signicant, though minor, bathochromic
effect or red-shi (470 nm to 474 nm) in spectrum indicating
RSC Adv., 2019, 9, 23408–23417 | 23413
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Fig. 6 (a) DPPH free radical scavenging activity of AC-AgNPs. (b) ABTS
free radical scavenging assay of AC-AgNPs.

Fig. 7 UV-visible absorbance spectra of AC-AgNPs solution recorded
at different time interval after the addition of H2O2 (inset: reacting
solution (a) initial (b) after 15 min (c) after 25 min).
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that AgNPs preferably interact with DNA (Fig. 4). Absorption
spectra of CT-DNA showed a hyperchromic effect with an
isosbestic point, which indicates a very strong interaction
between NPs and CT-DNA.9 Only a few studies on the inter-
active mechanism of some small molecules and DNA have
been reported where electrostatic binding, groove binding,
and intercalation are the three suggested modes of interac-
tions.8,22 Fig. 5 depicts the possible hydrogen bonding sites of
CT-DNA with bioorganic capping molecules bound to AC-
AgNPs, where N7 atoms of guanine and adenine bases and
N3 atoms of cytosine and thymine bases are involved in
interaction.36

3.8 Antioxidant activity of AC-AgNPs

DPPH and ABTS radical scavenging assay are relatively quick
and sensitive methods of evaluating the antioxidant activity of
particular compounds. DPPH is a stable free radical having
violet to blue color that converts into a diamagnetic molecule
(light yellow) when reacts with electron or hydrogen molecules.
The intensity of color change depends on concentration and
nature of sample.

Dose dependent free radical scavenging activity is shown in
Fig. 6a and b. The DPPH radical inhibition was found between
53.61 � 0.01 to 89.82 � 0.017 percent in 31.25 to 500 mg mL�1

concentration of AC-AgNPs, while the ascorbic acid produced
inhibition of 75.64 � 0.08 to 98.94 � 0.03 (Fig. 6a). Similarly,
percent ABTS radical inhibition was found 40.16 � 0.13 to 81.1
� 0.13 in 31.25 to 500 mg mL�1 concentrations of AC-AgNPs.
However, at the same concentration, ascorbic acid displayed
inhibition activity of 38.39 � 0.05 to 88.09 � 0.1 (Fig. 6b). The
free radical scavenging activities of AC-AgNPs are similar to
some previous reports.31,37 The functional groups of the bio-
reductant molecules originated from ACLE, adhered to the
surface of the particles have been attributed for the free radical
scavenging activity of the AC-AgNPs.38

3.9 H2O2 sensing capacity of AC-AgNPs

Fig. 7 shows the changes in the optical characteristics of AC-
AgNPs with time due to the addition of 20 mM H2O2. As
shown in the inset of Fig. 7, the brown color (vial a) gradually
disappeared and nally became colorless (vial c) aer 25 min.
The decreasing absorbance was observed with the time of
reaction, and eventually, the characteristic SPR peak of silver
disappeared. No change in the intensity of the SPR absor-
bance was observed in control without H2O2. The change in
color and concentration of the AgNPs solution and decrease
of the SPR peak was attributed to the ability of silver to
catalyze the decomposition of H2O2.4,14,39 Mohan et al. sug-
gested that the addition of AgNPs to H2O2 leads to the
formation of free radicals which initiate the degradation of
the AgNPs.40 Subsequently, Ag0 oxidizes to Ag+ and thus
caused a decrease in absorbance. In accordance with Bera
and Raj, the redox potential of H2O2/H2O couple (1.763 V in
acidic medium) or H2O2/OH

� couple (0.867 V in basic
medium) is higher than that of the Ag(I)/Ag couple (0.8 V) and
H2O2 can efficiently oxidize AgNPs in both acidic and basic
23414 | RSC Adv., 2019, 9, 23408–23417
medium.41 These ndings suggest the successful use of
AgNPs to detect the concentration of H2O2 present in various
unknown samples.
This journal is © The Royal Society of Chemistry 2019
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Fig. 8 (a) Visual observation of MB degradation by AC-AgNPs at different time intervals. (b) UV-vis absorbance spectra at 15 min intervals
showing reduction of MB in presence of AC-AgNPs. (c) Plot of ln(Ct/C0) vs. time (min) for catalytic degradation of MB.
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3.10 Photocatalytic activity of AC-AgNPs

Methylene blue, also known as methyl thioninium chloride is
a basic aniline dye with molecular formula C16H18C1N3S. It has
This journal is © The Royal Society of Chemistry 2019
a blue color in an oxidized state and upon reduction turns
colorless forming leuco-methylene blue. Despite several uses in
staining and medication, MB has been reported for severe CNS
toxicity and carcinogenicity.41 The catalytic activity of the green
RSC Adv., 2019, 9, 23408–23417 | 23415
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synthesized AC-AgNPs was studied by the degradation of MB
under solar light. Fig. 8a indicates the visual detection of MB
degradation by a gradual change in the color of dye solution
from blue to colorless. The characteristic absorption maximum
for MB was peaked at 663 nm. The degradation of MB in the
presence of green synthesized AC-AgNPs was conrmed by the
gradual decrease of the peak intensity during 2 h of exposure in
sunlight shown in Fig. 8b. The control exhibited no change in
coloration until the end of exposure time. AC-AgNPs exhibited
rapid photocatalytic activity on their surface, which is stabilized
by phytomolecules. The photocatalytic decolorization efficiency
of AC-AgNPs for MB was calculated in terms of dye degradation
(%) following the equation of Alshehri et al. with slight
modication.19

Dye degradation (%) ¼ [1 � Ct/C0]100

where C0 is the initial concentration of the MB solution at t ¼
0 and Ct is the concentration of the dye solution aer a certain
reaction time of exposure to sunlight. The concentrations of MB
were measured by taking the value of absorbance at 663 nm in
the UV-vis spectra as the concentration is directly proportional
to the absorbance value. In a similar type of works Cordia
dichotoma, Zanthoxylum armatum and Morinda tinctoria leaf
extracts showed maximum degradation of MB aer 6, 24 and
72 h, respectively.42–44 Whereas, in the present study, it is clearly
indicated in the plot that MB was degraded 50 and 100% within
37 and 105 min, respectively. Kinetic analysis is one of the most
signicant methods of dening reaction pathways. A linear plot
(slope: �0.022) of ln(Ct/C0) versus time for catalytic reduction of
MB by AC-AgNPs is depicted in Fig. 8c, which exhibits pseudo-
rst-order kinetics. The degradation rate constant value of MB
is calculated 2.8 � 10�2 min�1. The regression coefficient (R2 ¼
0.99) conrmed that the photocatalytic degradation of MB fol-
lowed the Langmuir–Hinshelwood kinetic model.19 The elec-
trons are excited during sunlight when the photons hit the
surface of NPs present in the colloidal mixture. The dissolved
molecules of oxygen in the solution accept the excited electrons
from the surface of NPs and converted into oxygen anion radi-
cals. These radicals convert the organic dye into simpler organic
molecules leading to the rapid degradation of MB. Therefore,
the biosynthesized AC-AgNPs may act as a stable and efficient
green catalyst for the degradation of MB under visible light.
4. Conclusion

This study demonstrated a facile, eco-friendly and green
approach to synthesize AgNPs using ACLE, taking advantage of
the natural reducing and capping ability of its constituent
compounds. Phytosynthesis was found to be competent in
terms of reaction time as well as the stability of the synthesized
AgNPs that did not include external stabilizers/reducing agents.
Absorption spectrum with SPR peak at 443 nm conrmed the
formation of stable AgNPs in the reaction mixture. FTIR spec-
trum showed that the phyto-molecules present in the aqueous
extract of AC are responsible for reducing AgNO3 and capping
the active molecules in the AgNPs. The green synthesized AC-
23416 | RSC Adv., 2019, 9, 23408–23417
AgNPs were found to have a crystalline nature with face-
centered cubic (FCC) geometry as studied by XRD. The spher-
ical shape of the NPs with the size range of 14–48 nm was
conrmed by SEM and TEM. EDX conrmed the structural and
elemental composition of AC-AgNPs. The ability of AgNPs to
interact with CT-DNA, showing free radical scavenging activity,
H2O2 sensing activities are worth remarkable in bionano-
technology and nanomedicine sciences. The outstanding pho-
tocatalytic activity of the AgNPs was primarily ascribed to their
high photo-degradation capacity for MB. Thus, AC-AgNPs can
be exploited for degradation and conversion of industrial
pollutants like free radicals and hazardous dyes into harmless
mineral compounds.
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