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Abstract

The development of effective photocatalyst through green and eco-friendly approach has become a great concern for the
light-induced degradation of organic pollutant dyes. This article reports a simple, cost-effective, and a benign environmental
biosynthesis of Ag nanoparticles (NPs) using Cyperus pangorei, a plant extract with three different concentrations of AgNO,
in aqueous media. The synthesized silver nanoparticles were performed ultraviolet—visible spectroscopy (UV—Vis), Fourier-
transform infrared spectroscopy (FTIR), X-ray diffraction (XRD), photoluminescence (PL), transmission electron microscope
(TEM), energy-dispersive X-ray spectroscopy (EDX) and X-ray photoelectron spectroscopy (XPS). The surface plasmon
resonance (SPR) peak at 437 nm in UV—Vis spectroscopy confirmed the reduction of Ag™ ions into Ag nanoparticles. FTIR
spectra revealed that plant extract could reduce/stabilize/capping to form Ag nanoparticles, and strong PL emission spectra
tend to exhibit higher photocatalytic activity. The structural information is derived from XRD and TEM, which can exhibit
the FCC structure and polydisperse with the spherical shape. EDX addresses the presence of Ag constitute. XPS confirmed
the Ag nanoparticles in characteristic silver peaks, plant extract derivatives, and their oxidative states’ binding energy. The
photocatalytic activity of Ag nanoparticles against dye Rhodamine B (Rh-B) under ultraviolet irradiation with periodic inter-
val and pseudo-first-order kinetics were also studied. The obtained results show that the synthesized Ag nanoparticles can
degrade dye (Rh-B) up to 86% within 2 h of irradiation time. Furthermore, the present study suggests that the biosynthesized
Ag nanoparticles could be potential photocatalysts against various industrial dyes as well as C. pangorei; plant extract can
be usto modify and develop more efficient nano-photocatalyst for other application.
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Introduction

In the past few decades, nanomaterials are the forefront
of the emerging nanotechnology and nanoscience. It has
become the most dynamic interdisciplinary subject among
researchers. The nano-sized materials in solid and lig-
uid forms like nanofluids and nanoparticles have versatile
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applications. The liquid state of nanomaterials is widely
used as high heat transfer materials because of their high
thermal conductivity and high thermal stability compared
to microfluidic materials. Therefore, nanofluids have more
vide usability in heat-related fields due to their viscosity,
the capacity of storage (nuclear reactor) and density. How-
ever, the nanofluids are colloidal dispersion from nanopar-
ticles which is suspended by host fluid, such as oil, water
and ethylene glycol. Hence, the researchers are focused on
developing the nanoparticles which have better healing prop-
erties and also being environmentally friendly (Dadsetani
et al. 2020; Bashirnezhad et al. 2016; Ahmadi et al. 2020;
Ellahi et al. 2020; Olia et al. 2019; Akbari et al. 2016; Bahm-
ani et al. 2018; Esfahani et al. 2017; Agarwal and Nakara
2019). Often it concerns with control and manipulation of
clusters of atoms at nanometric dimensions range in the
order of 100 nm (Nouha Bakaraki Turan 2019). Size- and
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shape-dependent function of nanoparticles (NPs) is the key
parameter to tune their unique properties (Jamkhandea et al.
2019). Noble metal NPs are more captivating and shown
great promising applications in numerous fields like elec-
trocatalyst, photocatalyst, batteries, cancer therapy, etc,
(Chbhetri et al. 2015; Zheng et al. 2014; Jishma et al. 2018;
Yang et al. 2014; Shweta Verma et al. 2019). Such a boost
in their application is due to the contribution of large surface
area in nano-sized particles which subsequently improves
the properties of noble metals (Kelly et al. 2003; Zaniewski
et al. 2013; Bastus 2014). Ag NPs with 100 nm dimension
usually consist of 20-15,000 silver atoms per particle which
possess distinct physical, chemical and biological proper-
ties, unlike their bulk materials. Ag NPs have huge potential
with substantial interest among the noble metals owing to
their unique structural and enhanced physicochemical prop-
erties. The better chemical stability as well as high electri-
cal and thermal conductivity with strong oxidation prop-
erties (Thakur 2020) make them an ideal element for the
favourable electrical interconnector (Sharma et al. 2009).
In particular, their unique behaviour manifested in the bio-
logical activity which shows them as good candidate for
anti-inflammatory, antiviral, antibacterial (Kotp et al. 2019;
Kuwabara et al. 2020; Tymoszuk and Miler 2019) antifun-
gal and anticancer activities(Gottesman et al. 2011; Osorio
et al. 2012; Monteiro et al. 2012; Krishnaraj et al. 2012;
Al-Sheddi et al. 2018). Recently, large-scale production of
Ag NPs has also been started, and these synthesized Ag
NPs have now become a cheering alternative to traditionally
used antibiotic agents due to the release of Ag* ions from
Ag NPs in the treatment of delayed wounds, burns, ulcers,
bladder inflammation and other diseases (Kim 2015; Abdel-
gawad et al. 2017; Cai et al. 2017; Nazeruddin et al. 2014;
Wong and Liu 2010). Moreover, Ag NPs can absorb visible
light and regulate the electron density, which is facilitated by
surface plasmon resonance (SPR) (Ta et al. 2019). Ag NPs
have been found to show their inherent properties for SPR
effect and the excitation of localized surface plasmons. They
can provide a suitable medium for the detection of surface-
enhanced Raman scattering (SERS), which can be used to
develop in the analysis of sensitive molecules(Tang et al.
(2019)). Besides, simplicity of design and ease of repro-
ducibility for the methods used in Ag NPs synthesis with a
wide range of accessible morphologies can be used to obtain
unique properties for their application. However, it is hazard-
ous to synthesize the metal NPs through conventional and
traditional methods due to the use of harmful and aggressive
stabilizing/reducing agents and expensive as well as toxic
solvents which are responsible for environmental problems.
Since the past decade, a new fashion on the biogenic syn-
thesis (Ravindran et al. 2019) of NPs is underway to meet
the green approach or green chemistry and sustainability
(Vijaya Kumar et al. 2019; Nazeruddin et al. 2014; Kaushik
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Roy et al. 2015a; Jayaseelan et al. 2013; Abolghasem Abbasi
Kajani 2014; Roy et al. 2019). Biosynthesis methods using
plant extracts are now being viewed as a benign alternative
to minimize the outcome from the use of reagents involved
in conventional/traditional methods. Furthermore, biosyn-
thesized method (using plant extracts) has immense potential
and are more beneficial than other conventional methods
and microorganism-based synthesis due to the ease of use,
low-cost methods and ease in maintenance of various physi-
cal parameters, such as pressure, temperature, etc (Agarwal
et al. 2019) Also, in the present scenario, methods for appli-
cation of single chemical in both stabilizing and reducing
agents to control the growth process and effectively tune
the size of the NPs are in high demand. Therefore, such a
gentle approach has now shifted towards the development
of an eco-friendly technique to motivate the biosynthesis of
metal NPs for the desired applications.

Mostly, organic dyes are the main ingredient and widely
used in dyeing, printing, bleaching and other main pro-
cesses in the textile industry (Rahimpour et al. 2019). Dis-
charge of effluents containing colours and non-degradable
organic chemicals into the environment is of great concern
(Akerdi and Hajir Bahrami 2019). Some of the organic
dyes like methylene blue, methylene orange, methylene
red, congo red, congo rubin, Rh-B, etc., are considered to
be environmentally hazardous materials in the same level
as other organic pesticides and herbicides (Shanker et al.
2017; Valente et al. 2009; Cao et al. 2008). Among these
dyes, Rhodamine B (Rh-B) is commonly used as a fam-
ily of xanthene’s (Khandekara and Bhattacharyya 2019)
dyes with fluorescent bluish-red colour and also applied
as a biological stain. It has been extensively used in the
textile industry due to its low cost, which causes accu-
mulation of Rh-B in industrial wastewater. Their propen-
sity to dissolve in aqueous and protic organic solvents is
high and is known for its stability as dye laser materials.
Although, at present, the uses of Rh-B from food materi-
als and cosmetic products are illegal due to their toxic and
carcinogenic nature. Several methods are frequently used
for degradation or removal of hazardous dyes including
carbon adsorption, redox treatment, flocculation (Saratale
et al. 2011), biological treatment,(Al-Mamun et al. 2019)
electro-coagulation, UV photodegradation, micro-reactor,
etc, (Nasir et al. 2020; Sarafraz et al. 2019a,b; Goodarzi
et al. 2015). However, photocatalysis is the most efficient
and cost-effective method. As far as photocatalysts are
concerned, noble metal Ag NPs or modified Ag NPs with
other metal NPs have already shown promising potential
to degrade such hazardous chemicals. It is known that Ag
NPs doped with environmentally friendly semiconductor
TiO, enhance the photocatalytic activity and dye degrada-
tion (Cao et al. 2008; Sambaza et al. 2019; Wahyuni et al.
2019; Zhang and Yu 2003; Siddhartha Sankar Boxi and
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Santanu Paria 2015). Also, the nanofluids with metals have
enhanced catalytic activity. The silver fluids demonstrate
the high thermal conductivity, low viscous, which is suited
for the cooling system in heat flux set up in the reactor.
The previous work reported the parameters of environmen-
tal risk assessment considering the outcome and adverse
impact of the use of NPs. However, they also mentioned
that the environmental impact of Ag is less problematic
than metal oxides (Sarafraz et al. 2016,2017,2018a,b,
2019c; Nazari et al. 2020; Sarafraz and Arjomandi 2018;
Pourmehran et al. 2018; Wiechers and Musee 2010).

Understanding the importance of efficacy of noble Ag
NPs and the effect of hazardous dye like Rh-B to the envi-
ronment, authors are interested in green chemistry of syn-
thesizing Ag NPs to investigate its photocatalytic activity for
the degradation of Rh-B dye. The green approach is adopted
using plant extract isolated from C. pangorei, and the in situ
reduction process of Ag* ions into Ag NPs is successfully
achieved without adding external capping agents. Treated
extracts of C. pangorei used for the proposed work possess
medicinal worth, and Cyperus family has the largest genera
in Cyperaceae with nearly 700 species spread throughout the
world (Gupta 2008; Benazir 1993; Jain et al. 2013). Cyperus
pangorei is a perennial, rhizome decumbent, 3—7 mm thick
sedge, clothed with brown scales, with roots of light brown
and 0.5-0.7 mm thickness (Simpson et al. 2003; Mayandi
et al. 2016a). Results obtained from the characterization of
Ag NPs using various techniques, such as UV—-Vis spectros-
copy, XRD, FT-IR, PL, XPS, TEM and EDX, emphasizes
the novelty of using C. pangorei aqueous extracted solution
for the formation of stable Ag NPs. Further, the photocata-
Iytic activity of the biosynthesized Ag NPs for degradation
of dye Rh-B is also studied.

Experimental section
Materials

Silver Nitrate (AgNO;, 99.9% purity) and Rh-B
(C,3H3,CIN,O3; 99.9% purity) were purchased from HiMe-
dia. The purchased chemicals were used without further
purification. All solutions were prepared with double-dis-
tilled water, and the specific conductance of double distilled
water was found to be 1.5-2 ms cm™! with pH 6.9-7.1.
Cyperus pangorei plants were collected from Manonma-
niam Sundaranar University situated in Tirunelveli District,
Tamilnadu, India and was identified with the help of experts
in Department of Botany, Manonmaniam Sundaranar Uni-
versity. The collected bundle of the plant was thoroughly
washed thrice with tap water and then with double distilled
water to remove dust particles.

Preparation of aqueous plant extract

About 15 g (fresh leaves) of plant C. pangorei was taken in
a round bottom flask with 100 mL of double-distilled water
and completely mixed. It was heated at 60 °C for 30 min, and
after completion, the solution was kept at room temperature
for some time. The extract was filtered through Whatman
No.1 filter paper having 11 um pore size. The supernatant
was collected and stored at 4 °C for further process to syn-
thesis our desired Ag NPs.

Synthesis of Ag nanoparticles

Silver nanoparticles were synthesized in three different sets
of AgNO; solutions in 0.5, 1 and 1.5 mol concentration
using 10 mL of plant extract; dissolved in 100 mL double
distilled water at room temperature. The solution was stirred
at constant rpm in a magnetic stirrer. The colour changes
from light green to the dark brownish colour of the solu-
tion provide primarily clue for the formation of Ag NPs.
The solution was washed in double-distilled water thrice
and repeated by centrifuged at 5000 rpm for 10 min. Finally,
the precipitate was filtered by Whatman No. 1 filter paper
and kept in an oven at 100 °C for 1 h. The samples produced
were labelled with A (0.5 mol concentration), B (1 mol con-
centration) and C (1.5 mol concentration) corresponding to
their different molar ratios, respectively. The collected sam-
ples were used for further characterization. The reaction and
synthesis process depicted as follows in Scheme 1.

AgNO; (aq)Ag* (aq) + NOJ (aq)

Ag" (aq) + NOJ (aq) + e,

(from plant extract)

+H* (ag)Ag’ (s) + HNO; (aq)

Characterization

To detect the localized SPR peak of biosynthesized Ag NPs,
UV-Vis spectrophotometric (using Shimadzu UV-2600)
technique was employed to measure absorbance spectra.
Spectra of prepared samples (A, B and C) were recorded
one after another by continuous scanning from 800 to
200 nm, and baseline correction was done using double
distilled water as a reference over the similar wavelength
range. Measurements of Fourier-transform infrared (FT-IR)
spectra (using Perkin Elmer) of the prepared dry sample
were achieved within a range of 400—4000 cm™! to iden-
tify the different functional groups present on the surface of
biosynthesized Ag NPs as well as to analyze the interaction
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Scheme 1 The reaction
between plant extract (Cyperus
pangorei) versus silver nitrate.
A representation of the Ag NPs
synthesis process

mortar

silver nano

powder

between biomolecules and Ag NPs by comparing the shift/
nature of the functional peaks. X-ray diffractometer (X-Pert
Pro) was used to phase-analyze powder sample. The sample
was operated at 60 kV and 40 mA with Cu—Ka radiation
(I=0.15405 nm) over 20 range of 20°-80° through a step
size of 0.02 at a scanning rate of 5°/min. Generated XRD
peaks matched to the JCPDS data file. Spectrofluorometer
PC1 (ISS, USA) was run over the wide range of 800-200 nm
to studies the photoluminescence (PL) spectra of prepared
Ag NPs. The chemical state of biosynthesized Ag nanopar-
ticles was analyzed using the X-ray photoelectron spectros-
copy (XPS, PHI 5000 Versa Probe 111, Physical Electronics,
USA). Elemental studies were carried out with attached
TEM instrument (TITAN) using thermo-energy-dispersive
X-ray spectroscopy technique. Such elemental analysis
was performed by dispersing the sample over carbon tape,
and the sample was sputtered with gold. To analyze TEM
(transmission electron microscope) micrograph, the copper
grid was prepared with sonicated (10 min) ethanolic solu-
tion of the completely dispersed sample. Then, the grid was
permitted to dry at ambient circumstances before the TEM
analysis.

Photocatalytic degradation of dye Rh-B by Ag NPs

The comparative studies of biosynthesized Ag NPs (A,
B and C) were examined for their photocatalytic activity
through degradation of dye Rh-B as a representative pol-
lutant. It was performed under visible light at room tem-
perature. 100 ml of dye Rh-B (10 ppm) was taken in 250 ml
beaker, and exact 10 mg of the photocatalyst was added. The
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suspension was stirred vigorously in dark exposure for 1 h to
attain the adsorption/desorption equilibrium. After an hour,
the sample was instantly placed in an ultraviolet chamber
using a Xenon lamp. To measure the rate of dye degradation,
around 3 ml of solution was taken out into a small centrifuge
tube using micropipet at periodic intervals (30 min) and the
solution was centrifuged to remove the photocatalyst. Sub-
sequently, the filtrate was placed for analysis using UV-Vis
spectroscopy technique to measure the concentration of dye
Rh-B through 4, value.

max

Results and discussion
UV-Vis analysis

The prime importance of our experimental set-up is to syn-
thesize the Ag NPs in aqueous media without using toxic
and expensive organic solvents through the in situ reduction
of Ag™ ions into Ag® NPs. The procedure was followed by
adding C. pangorei, plant extract (10 ml) slowly into the
chosen aqueous media containing a different concentration
of AgNOj; solution (0.5, 1.0 and 1.5 mol concentration) at
room temperature. After 1 h, the colour change was observed
from light green into dark brownish at fixed rpm. Such vis-
ible colour change confirms the change of oxidation state of
Ag* ions into Ag® NPs, and it is known that the exhibition
of colour from the electronic spectrum of nanocrystals is due
to the coherent excitation of the surface electron within the
conduction band known as SPR. It can be easily identified
with UV-Vis spectroscopy which is the most widely used
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Fig. 1 UV-Vis spectra of biosynthesized Ag NPs (a—c)

technique for initial characterization of metal NPs. Typi-
cally, Ag NPs exhibit SPR peak in between 400 and 480 nm
depending upon the size and shape of the NPs (Flores et al.
2008; Aziz et al. 2015; Rahman et al. 2019).

The obtained electronic spectra from the UV-Vis stud-
ies illustrated (Fig. 1) that observed SPR peaks of samples
A, B and C are located between 435 and 445 nm confirm
the bio-fabrication of Ag NPs. The broadening of the peak
between 435 and 480 nm provided notable information for
the formation of polydisperse nanoparticles. Normally, two
kinds of the broadening of peak or broad band are noticed
from Fig. 1. The primary peak from the first band in the
ultraviolet region at around 360 nm is responsible for the
cluster formation particularly in sample A, and its second-
ary peak at 440 nm accounted to the formation of Ag NPs.
The 360 nm peak represents the higher multipolar excitation
due to the presence of SPR with a large size nanoparticles
which is authenticated by TEM images (Fig. 5a) (Krishnap-
rabha and Pattabi 2017). While the other two samples of Ag
NPs, i.e., B and C, show similar fashion with slightly dif-
ferent in position of the peak at studied wavelength range.
As mole concentration of AgNOj; increases with the fixed
amount of plant extract during the synthesis, primary peak
or broad band slightly shifted towards lower wavelength (or
higher energy) range and secondary peak shifted towards
the higher wavelength (or lower energy) range of the spec-
trum. A synergic effect has been observed for both primary
and secondary peaks/bands which compensate for each
other. Consequently, it could be correlated with different
mole concentration of AgNO; solution to form Ag NPs by
the availability of the fixed amount of capping agent (plant
extract) which eventually reflected in size or shape of Ag
NPs (Hebeish et al. 2013; Kadam et al. 2019). It is usually

noticed and believed that the SPR peak of NPs shifted to
longer wavelength as the size of nanoparticle increases. Cap-
ping ability of fixed amount of plant extract (10 mL) may
not be sufficient to capped or stabilized Ag NPs in higher
mole concentration of AgNOj; solution compared to lower
concentration. Consequently, large-sized Ag NPs may be
formed which show a shift in secondary SPR peak towards
lower wavelength range. Irrespective of quantum yield for
the photocatalyst, distribution of absorbed radiation over
both wavelength range, i.e., at the ultraviolet and visible
region, is a most significant property for the photocatalyst.
Furthermore, with a higher absorbance value of sample B
at the secondary peak indirectly provides information on the
optimization of synthesized Ag NPs for better photocatalytic
potential.

FT-IR analysis

Studies of FTIR spectroscopy were carried out to identify
the presence of various functional groups of biomolecules at
the vicinity of biosynthesize Ag NPs. Measured spectra of
samples A, B, C and C. pangorei extract are shown in Fig. 2.
Previous literature stated that the major component of C.
pangorei fibres is mainly cellulose (68.5%) from their chem-
ical analysis and remaining are lignin, moisture, ash and
wax with 17.8; 9.19, 3.56 and 0.17%, respectively (Sarafraz
et al. 2019c¢). Presence of polyhydroxy group of cellulose is
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1313 cm™
039 cm™
815 cm™
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Fig.2 FT-IR spectra of biosynthesized Ag NPs (a—c) and Cyperus
pangorei extract

Piedlae clodl ayao .
KACST ,161)lg rogLe Ll @ Springer



482

Applied Nanoscience (2021) 11:477-491

advantageous for the synthesis of metal NPs where it acts
as both reducing/stabilizing agents as well as useful to the
synthesis of NPs supported by the polymeric matrix (like
cellulose) (Benaissi et al. 2010; Ogundare and Zyl 2018;
Goswami 2018). The strong intense peaks at 3325, 1635
and 608 cm™! are characteristic of carboxylic acid and C—H
deformation of plant molecules. In samples A and B, strong
peaks at 3377 and 3225 cm™!, respectively, associated with
—O-H stretching vibration of the carboxylic acid group from
cellulose component of plant extract (Mayandi et al. 2016b;
Shameli et al. 2012). However, a decrease in the intensity of
above —O-H stretching vibration moving from sample A to
B and for sample C, disappearing or broad band near to that
frequency range has been observed. It is indirectly implying
that fixed amount of cellulose component of plant extracts
with —O—H functional group may be more used in the reduc-
tion of Ag* ions to Ag’ (from sample A to sample C) and
to stabilize the bare Ag NPs. It could be the reason of the
disappearing of peak or existence of broad band in sample
C (marked by the rectangular box). Following less intense
peak at 2917 and 2920 cm™! are corresponded to stretch-
ing of C-H and C-H from cellulose (Mayandi et al. 2016b;
Shameli et al. 2012). The band at 2352 cm™! region arising
from O-H stretching corresponds to the carboxylic acid.
Bands at 1718-1730 cm™' carbonyl group of hemicellulose
(Mayandi et al. 2016b; Shameli et al. 2012). Similarly, peak
responds at 1638, 1608 and 1599 cm™ is due to carbonyl
stretching, which indicates the involvement of hemicellulose
(Mayandi et al. 2016b). The band at 1456 cm™! is due to
phenol groups (Shameli et al. 2012). The bands at 1039 and
1348 cm™! indicate the cyclohexane ring vibration (Kumar
2017). Disappearing of the peak at 1313 cm™' from samples
A and B indicated that interaction between the functional
group (C-N or —C-N) and Ag ions by the complex forma-
tion (Shameli et al. 2012). A band at 1271 cm™" due to the
C-N stretching of AgNO; (Gharibshahi et al. 2017). The
weak bands at 815 and 530 cm™! are responsible for the
Ag—O0 vibrations(Gharibshahi et al. 2017). It is known that
vibration of the metallic bond between the Ag—Ag bond usu-
ally identified below 400 cm™'. As the instrument was run
in 400-4000 cm™! range and so, we could not measure the
Ag—Ag bond stretching vibration. Therefore, evidence from
Fig. 2. could be speculated that plant C. pangorei extract is
sufficiently enough to reduce Ag* ions into Ag NPs as well
as capped Ag NPs. Further, it brings down into nano-size
through the presence of several functional groups, particu-
larly cellulose components.

X-ray diffraction analysis
X-ray diffraction (XRD) studies have been done to examine

the crystallographic structure and different phases of the
prepared sample. The XRD patterns (Fig. 3) of
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Fig.3 Powder X-ray diffraction pattern of biosynthesized Ag NPs
(a—¢)

biosynthesized Ag NPs (A, B and C) show different intensity
with narrow and sharp peaks suggesting that the synthesized
samples are good crystalline in nature. It is seen that synthe-
sized Ag NPs are FCC metallic structure of Ag (JCPDS card
no: 89-3722) (Kumar et al. 2016) that correspond to the
obtained experimental planes as (111), (200), (220) and
(311). Our obtained XRD data also matched with previously
reported data for the biosynthesized Ag NPs in similar
indexed (Wahyuni et al. 2019; Zhang and Yu 2003; Siddhar-
tha Sankar Boxi and Santanu Paria 2015). Particularly, in
sample A, some peak with low intensity is noticed below the
reflection angle of 2¢g <35°. In contrast, other two samples
show in a negligible amount due to remaining of plant
extract (as capped molecules) over the surface of Ag NPs or
could be interference of impurities like AgO or Ag,0 in less/
negligible amount. It is a shred of clear evidence in FT-IR
results of the appearance of weak bands at 815 and 530 cm™
due to Ag—O vibrations. However, distinct peaks reflected
from the sample are completely clear without much affected
by the capping molecules, which imply that the prepared
sample belongs to Ag lattice. Intensities in XRD analysis are
significant portion to determine the quantitative-phase analy-
sis and to check the unknown crystal structure. The highly
intense peaks at Bragg reflection with 2g value of 38.194°
confirm the promising growth to the face-centered cubic
structure of Ag NPs. Furthermore, results obtained with
highly intense peak (111) also infer that the interferences of
radiation from the plane (111) have more group of atoms
which favour the basal plane for the Ag NPs. The crystalline
size of the Ag NPs was calculated using the Debye—Scherrer
formula to measure the average crystalline size of the sam-
ple. It was calculated from the width of XRD peaks employ-

. . Ki .
ing Scherrer’s equation as: D = o’ where D is average

pC
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crystalline domain size, f is the full width at half maximum
(FWHM), K=0.94, 1=0.15405 nm (wavelength of Cu—Ka
radiation) and @ is the diffraction angle. Using broadening
of reflection peak (111) from obtained XRD data, average
crystalline size of Ag NPs was calculated as 22.67, 22, and
29 nm for samples A, B and C, respectively.

Photoluminescence (PL) analysis

Photoluminescence spectra were recorded for synthesized
samples A, B and C, respectively, to examine the optical
properties for photocatalytic application. The PL spectra are
shown in Fig. 4. It was studied in terms of emission spectra
given by the samples and were collected from a wavelength
range of 200-800 nm at an excitation (4,,.) wavelength of
340 nm. The nature of optical excitation is another standard
condition to get PL spectra for the materials due to proper
excitation energy which can select an initial photoexcited
state to allow the penetration depth of radiation for the exci-
tation of electrons.

From Fig. 4, distinct peaks were obtained for each sample
at around 688 nm (1.806 eV). It has been reported that PL
occurred for both the charge/surfactant stabilized gold nano-
clusters in relatively intense peak if the size of nanoclusters
is sufficiently small (5 nm) (Durston et al. 1997). However,
from our XRD finding, it may be concluded that the genera-
tion of the less intense peak at around 688 nm either origi-
nated from Ag cluster or impurities possessed by Ag NP
or vice versa. From UV-Vis spectra, it has been noticed
that the formation of some cluster Ag NPs exhibited the
broad primary peak. The observed peaks at a different wave-
length of PL spectra are responsible for the recombination
of excited electrons (as radiative process and a non-radiative

T
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Fig.4 Photoluminescence spectra of biosynthesized Ag NPs (A, B
and C)

process by a thermal effect) during the process by excitation
of wavelength shorter than the most energetic transition of
the material. Such electron transition from donor state to
acceptor state and containing impurities with sample Ag
NPs are also responsible for the transition and consequently
associated with appeared peaks. Furthermore, PL spectra
strongly depend on surface nanoparticles which are affected
by the coupling between surface plasmon and incident light.

From the results, it has been seen that sample B shows
highest intense emission peak among the three samples.
Such high emission peak could be credited to the promo-
tion of electrons from occupied d bands of Ag NPs due to the
absorption of photons into higher electronic states above the
Fermi level, consequently leading to electron—phonon and
hole—phonon scattering process followed by the energy loss
and radiative recombination of an electron from an occu-
pied SP band with the hole (Balaz et al. 2017). Therefore,
PL spectra suggest for better performance to influence the
photocatalytic property of sample B.

Microscopy analysis using TEM technique

TEM is a powerful tool to characterize sample material on
the quantitative scale to measure particles/grain size, parti-
cles distribution size as well as morphology. Size and shape
are important parameters to determine the intrinsic proper-
ties of any NPs. These parameters were studied using the
transmission electron microscope technique. For considering
the better photocatalytic performance of prepared sample B,
here TEM image is provided in Fig. Sa—c to illustrate the size
and shape of biosynthesized Ag NPs. From the TEM image,
it has been observed that particles are predominately spheri-
cal shape with polydisperse. Although a cluster of particles
has not been seen from Fig. 5, a portion of the image has
some particle at proximity. TEM result shows that Ag NPs
seemed to be fine in size and particles’ size is distributed
from 32 to 60 nm which is believed to be responsible by
highly contained cellulose component of C. pangorei extract
to sufficiently capped Ag NPs. Some previous findings on
size and shape of biogenic synthesis of Ag NPs were also
matched with obtained shape and size of Ag NPs (Shiv
Shankar et al. 2005; Lateef et al. 2015, 2018). From the plot
Fig. 6 of frequency count of particles versus particle diam-
eter, maximum counts were observed at 7 nm in the range
of 3—14 nm and only small fractions of particle size greater
than 20 nm were noticed as shown in the Fig. 5 (inset). The
nanoparticles show (Fig. 6a) positively skewed distribution
in the range of 2—12 nm which is also agreement with TEM
results (Fig. 5b).

Thus, better photocatalytic behaviour may be speculated
due to the smaller size (<20 nm) of the NPs. Analysis of the
elemental composition of prepared sample B was carried out
using energy-dispersion X-ray (EDX) technique combined
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Fig.5 TEM image of biosynthesized Ag NPs in different magnifications (a—c) and EDX spectrum of Ag NPs (d)

with TEM instrument. This technique confirms the presence
of Ag atoms in prepared Ag NPs, shown in Fig. 5d. From
the figure, as expected, Ag element was noticed in prepared
composition within the probe region. Usually, Ag NPs show
typical optical absorption peak at 3 keV, which is accounted
for by the absorption of Ag NPs due to SPR. Therefore, the
obtained result from EDX analysis confirms the presence of
Ag NPs in the biosynthesized sample. Similarly, the finite
presence of oxygen from the peak along with the Ag signal
confirms the capping of Ag NPs through oxygen constitutes
and some other signals come from the plant extract used,
whereas copper and carbon signals were obtained from grid
used during the analysis.
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X-ray photoelectron spectroscopy analysis

X-ray Photoelectron Spectroscopy examined the synthesized
silver nanoparticles (sample B), and their results are shown
in Fig. 7. The wide spectrum figure shows the results of
C-1s, N-1s, O-1s and Core Ag elements. Figure 7a-d shows
the high-resolution XPS spectra of Cls, Ols and Ag 3d core
levels. The wide spectrum in N-1s binding energy at 399 eV,
which could be attributed to the interaction between the sil-
ver nanoparticles and amine groups which is present the C.
pangorei plant extract. Figure 7b, ¢ indicates the HR-XPS
spectrum of C-1s and O-1s. The O-1s peak observed at bind-
ing energy 531 eV represents the bond between Ag and O
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(Ajitha et al. 2015). The Ag and O bond interactions were
formed by the process of a vacancy in d orbital are accumu-
lated by the organic molecules of C. pangorei extract.

The binding energies of 283, 285.1 and 287.3 eV indicate
the presence of the C—C, C—O and C =0 bonds, respectively
(Liang et al. 2014). Figure 7d shows the HR-XPS of Ag-3d
region in two individual peaks at Ag-3ds,, and Ag-3ds;, can
be attributed to 366.6 and 372.6 eV, respectively, which
appear due to the spin-orbital splitting in the core level. The
doublet splitting of the Ag-3d region binding energy at 6 eV,
which indicates the presence of Ag” in Ag NPs (Zhang et al.
2008). The XPS results reinsure the FTIR results, which
denote the action and reaction of the functional groups and
organic components of the C. pangorei extract. Both tech-
niques were studied in detail and discussed regarding the
synthesis of Ag NPs using C. pangorei extract.

Photocatalytic degradation of dye Rh-B

Photocatalytic degradation of hazardous environmental
dye, Rh-B was used to explore the photocatalytic efficacy
of biosynthesized Ag NPs. It has been analyzed by irradia-
tion of Rh-B solution under ultraviolet light in the presence
of sample A, B and C. The time factor is a crucial parameter
to remove or degrade pollutants from its source. Therefore,
photocatalytic activity was measured using time as a param-
eter, and kinetic studies have also been done to examine how
fast it works. The overall reaction has been monitored to
evaluate degradation of dye Rh-B in the presence of sample
A, B and C against the irradiation time using UV—Vis spec-
troscopy technique which is illustrated in Fig. 8. Scheme 2
represents the reaction of the nanoparticles versus dye in the
light. The irradiation of light is excited the electrons from the
valence band to the conduction band of the Ag NPs due to

the SPR effect. The excited electrons were arrested through
the O, molecules dissolved in the solution and produce
superoxides and free radicals. Subsequently, they strongly
degrade the harmful particles and dyes. The final product is
nontoxic to the environment. Initially, maximum absorbance
(Apax) Of dye Rh-B is measured without catalyst as well as to
correlate with subsequent degradation of dye in the presence
of catalyst within an equal periodic interval. In Fig. 8, the
aqueous solution of dye without catalyst shows a maximum
absorption peak at 557 nm, which is the characteristic peak
of Rh-B molecule (Azeez et al. 2018). With passage of time,
the intense pink colour of Rh-B in the presence of catalyst
slowly becomes faint in colour after the photocatalytic activ-
ity of Ag NPs. Furthermore, gradual decreases in absorption
maxima of Rh-B have been observed with an increase in the
exposure time. Such observed absorbance values are being
used, respectively, to evaluate the remaining concentration
of Rh-B in the solution.

Results extracted from UV—Vis spectra show that effect
of samples A, B and C has a different tendency of photo-
catalytic activity on the initial concentration of dye Rh-B.
Such significant effect on degradation of dye can be seen
from the plot of percentage of Rh-B concentration against
the irradiation time (Fig. 9). It has been observed that the
initial concentration of Rh-B decreases with irradiation time
which depends on both the nature of light and photocatalytic
potential of synthesized Ag NPs (A, B and C). Throughout
the experimental session, no change in Rh-B percentage
has been observed in the absence of the catalyst. Mostly
degradation of dye takes place due to ultraviolet light-
induced process in the presence of Ag NPs. Besides, it is
also noticed that the sensitivity of sample B to degrade dye
concentration is found to be more throughout the observed
time as compared to sample C. In contrast, sample A is
found to be the least among the other two. Therefore, the
photocatalytic potential of prepared samples to decrease
the dye [Rh-B] percentage with passage of time follows the
order of sample A <sample C <sample B. Likewise, dye
degradation percentage or degradation efficiency of synthe-
sized samples is calculated using the following equation:
Degradation (%) = [(Cy—C,)/Cyl X 100;where C,, is the
initial concentration of dye Rh-B solution and C; is the con-
centration of the dye solution at ¢ time. The degradation
percentages achieved after 120 min of UV light irradiation
are found to be 86, 54 and 25% for sample B, sample C and
sample A, respectively, with respect to initial concentration
of dye Rh-B.

Previously suggested results on the maximum absorbance
value at SPR peak and nature of emission peak of sample B
through UV-Vis and photoluminescence studies supported our
obtained results for the degradation of dye Rh-B. Therefore,
sample B showed better photocatalytic potential as compared
to the other two samples. Obvious photocatalytic enhancement
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is responsible for effective excitation of surface plasmon elec-
trons and electron—hole recombination during the UV irradia-
tion process. Furthermore, improved results attributed to the
presence of a large surface area of NPs and the interaction of
excited surface electrons with the presence of oxygen mol-
ecules facilitated the production of hydroxyl radicals in the
solution. (Mahmoud et al. 2009; Kaushik Roy et al. 2015b).
Interaction of hole with hydroxyl ions can also be responsible
for generating reactive species like hydroxyl radicals. These
two processes are significant to manifest for the interaction of
dye Rh-B molecules and hydroxyl ions to degrade dye mol-
ecules. Furthermore, reactive holes can also react with dye
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results in the formation of degrade product followed by the
oxidation of dye. The mechanism for the absorption of photons
by Ag NPs and degradation reaction of the dye Rh-B are sup-
posed to follow as:

AgNPs + hv — k¥

+ e (formation of hole and excited electron)

OH™ + h:f,.B — OH * (formation of hydroxyl radical)
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Oxidation of Rh-B via interaction of hydroxyl free radicals
is given below:

Rh — B (dye)H* — Rh — B* (intermediate) + H,O

Wavelength (nm)

Rh — B (dye) +A{%, — Rh — B** (intermediate)

— degradation products.

Pseudo-first-order kinetics model was used to study the rate
of photocatalytic degradation for dye and it can be expressed
by the following equation: —In (C,/Cy) = — kt, where k is
rate constant for the degradation of dye. It can measure from
obtained slope by plotting —In (C,/C,) versus dye degradation
time (7) and their plots are illustrated in Fig. 10. From pseudo-
first-order kinetics model, the rate constants for photocata-
lytic degradation of Rh-B are found to be 0.098, 0.0115 and
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Fig.9 Plots of (Rh-B) percentage versus irradiation time during the
degradation of dye

0.0107 min~" in presence of sample A, sample B and sample
C, respectively.

Conclusion

The present study exhibited a simple and cost-effective method
on the biosynthesis of Ag NPs using C. pangorei, plant extract
in aqueous media through the in situ reduction pathway. The
UV-Vis spectroscopy confirms the formation of Ag NPs due
to the arisen of SPR peak at 435 nm. The synthesized Ag
NPs in sample B have higher activity among the other two
samples (A, C). The XRD analysis discovered the cubic struc-
ture and the TEM studies revealed the spherical morphology
of the silver nanoparticles. The wide emission spectrum of
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Fig. 10 Pseudo first of kinetics degradation of Ag NPs

PL strongly suggests the metal trapping to the photocatalytic
activity. From the FTIR spectrum, the cellulose compounds
in the plant extract are more responsible in the reduction as
well as capping/stabilization of Ag NPs. The photocatalytic
activity of the Ag NPs is measured by against the Rh-B dye.
The catalytic activity of the Ag NPs sample B could be best
in the remaining two samples [B(86%) > C(56%) > A(25%)].
Also, the pseudo-first-order kinetics study revealed that the
sample B rate of dye degradation is 1.17346 and 1.0747 times
higher than sample A and C, respectively. The plasmonic
metals could substantially degrade all kinds of toxic dyes and
pollutants. In contrast, the plasmonic metals modified with
metal oxides results in the destruction of hazardous pollutants
through the photocatalysis method. We concluded the obtained
values are advocated that the Ag NPs have more potential for
multiple applications.
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