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Abstract

The present work focuses on the green synthesis of Ag-doped graphitic carbon nitride (Ag@GCN) for photocatalytic activi-
ties, which can contribute to a more sustainable environment. The leaf extract of the Ocimum tenuiflorum (Tulsi) plant was
used to prepare the silver nanoparticles, as the plant extract serves as a stabilizing and capping agent in producing silver
nanoparticles. Both Ag nanoparticles and urea-derived GCN were synthesized by thermal polymerization. The Ag-doped
GCN nanocomposites were synthesized using various millimolar concentrations of Ag nanoparticles (NPs) with a fixed
amount of GCN. The green nanocomposites (NCs) were synthesized by calcinating leaf extract at about 550 °C. They were
then characterized for surface morphology by SEM coupled with energy-dispersive X-ray spectroscopy (EDX), and elemental
composition by XRD, Fourier-dispersive infrared spectroscopy (FTIR), and transmission electron microscope (TEM). Ther-
mal stability and estimation of the Ag content in GCN were done through thermogravimetric analysis. The prepared series
of nanocomposites (Ag-doped GCN 0.5 mM, 1.0 mM, 1.5 mM, 2.0 mM) were used to study the photocatalytic degradation
efficiency of rose bengal (RB) and xylenol orange (XO) dyes. The degradation efficiency of dyes gets enhanced due to the
doping of Ag nanoparticles into GCN. The efficiency increased from 54 to 76% and 15 to 36% in the case of RB and XO
dyes, respectively. The apparent rate constant value increased up to 2.5 times in the case of the Ag-doped GCN (1.5 mM)
nanocomposite in comparison to GCN. The result obtained from the study confirmed that Ag-doped GCN (1.5 mM) could
act as a potential photocatalyst for wastewater remediation applications.

Keywords Green synthesis - Leaf extract - Photocatalytic activity - Synthetic dyes - Nanocomposites

Introduction

Environmental pollution is one of the world’s most prevalent
issues today (Gaballah et al. 2020). These days rapid popu-
lation growth and the unavailability of pure water supplies
have become a global problem. Water contamination also
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adds to it and is caused by various factors, including indus-
trial discharge, pesticide overuse, fertilizer use in agricul-
ture, pharmaceutical residue, and residential trash landfilling
(Bhatia et al. 2017). The industrial sector releases a wide
range of organic pollutants, many of which are difficult to
break down, like chlorophenols, pesticides, polychlorinated
biphenyls (PCBs), dioxins, dibenzofurans, and dyes (Wang
et al. 2008). Since many industries are based on dye, their
wastewater discharge contains an enormous amount of dye,
which is a substantial polluter (Ahmed et al. 2016; Cuerda-
correa et al. 2020). These organic dyes from industrial waste,
like many other organic contaminants, cause a substantial
problem because of their potential toxicity to aquatic organ-
isms and have severe consequences on human health, plants,
and aquatics (Wang et al. 2014). The organic dyes are persis-
tent towards light, heat, and other chemical reactions.

Dye contamination in wastewater can be easily identified
since even a minute amount of synthetic dye in water (one
part per million) is highly apparent, altering the aesthetic
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value and clarity of water bodies (Karagolge and Gur 2016;
Sharma et al. 2021). They absorb and scatter the sunlight
that enters the water, impeding the growth of aquatic spe-
cies and preventing photosynthesis (Qu et al. 2013). Fur-
thermore, depending on the concentration and period of
exposure, they could have acute and chronic impacts on
organisms. Thus, it is essential to degrade dye in wastewa-
ter before being released into the environment (Buzea et al.
2007).

Various physical, chemical, biological, and acoustical
treatments are utilized to combat textile dye pollution in
the environment (Ahmed et al. 2016). These techniques pri-
marily separate and remove the dyes from water but face
some difficulties like insufficient decolorization, costly tech-
nology and monitoring equipment, high reagent or energy
requirements, and the formation of hazardous sludge and
other waste (Singh et al. 2018). Advanced oxidation pro-
cesses (AOP) have recently focused on dye removal from
wastewater. Photocatalysis is an advanced oxidation meth-
odology that combines light with photocatalytic elements.
The band gap, surface area, and generation of electron—hole
pairs are the main determinants of the photocatalytic activ-
ity of materials for destroying dyes present in water. The
study of the surface area is essential for photocatalytic
dye degradation as higher surface area results in more dye
molecules adhering to the photocatalyst’s surface and thus
increases the photocatalytic activity. A semiconductor
material that absorbs a photon with the same energy as its
band gap is known as a photocatalyst. This semiconductor
material generates electron—hole pairs, which are then sepa-
rated and transported to the target pollutant for the redox
process (Martin-Ramos et al. 2015). It also has excellent
chemical and thermal stability (Meng et al. 2011). However,
impeded marginal light absorption and surface area are two
main variables that might reduce graphitic carbon nitride’s
(GCN) efficacy in visible light (Liu et al. 2020). Among
other modification techniques, one of the most influential
and convenient approaches is the formation of composites
between GCN and other metal oxide semiconductors, which
can resolve the drawbacks of rapid recombination of pho-
togenerated charge carriers while trying to improve the pho-
tocatalyst’s response to light (Rattan Paul and Nehra 2021;
Shoran et al. 2022).

Noble metals such as Ag, Au, and Pt have been widely
studied due to their outstanding antibacterial and dye degra-
dation activity (Daupor and Chenea 2017). Silver nanomate-
rials have received specific attention because of their unique
physical, chemical, and biological characteristics compared
to bulky elements (Paul et al. 2019). Furthermore, due to
its outstanding chemical stability, and electrical and optical
properties, silver (Ag) is one of the most popular dopant
choices (Ge et al. 2011). In contrast, harmful by-products are

produced when toxic compounds are used during synthesis
(Martin-Ramos et al. 2015). Physical methods require high
energy to maintain high pressure and temperature, so chemi-
cal techniques are most commonly used. Although chemical
and physical processes can be used to synthesize and manu-
facture pure, well-defined nanomaterials, they are cost-effec-
tive and harmful to the environment (Jadoun et al. 2021).
To circumvent the drawbacks of chemical and physical
approaches, researchers have turned to biological systems,
which employ an environmentally safe strategy for nano-
particle production (Bhakya et al. 2016). These days plants
appear to provide a much better platform for the production
of nanoparticles because they are free of toxic chemicals.
Also, a wide variety of natural biomolecules in plant extracts
(flavonoids, terpenoids, tannin alkaloids, phenols, quinines)
facilitate nanoparticle synthesis and eliminate the need to
include any additional chemical for reducing or removing
impurities (Singh et al. 2018). However, the proper utiliza-
tion of the material is constrained due to numerous issues,
such as its low specific surface area and high recombination
rate of light-induced electron—hole pairs. To address these
challenges, approaches such as creating hetero-structures,
manufacturing copolymers, thermal etching, and doping
with foreign elements have been explored to increase the
photocatalytic performance of graphitic carbon nitride. The
charge recombination kinetics in metal and semiconductors
can be significantly expedited when silver nanoparticles
(Ag-NPs) are deposited on the surface of semiconductor-
based metal oxide (Katas et al. 2018).

This work aims to use Ocimum sanctum (Tulsi) leaf
extract as a rapid and green synthesis method to synthesize
pure Ag nanoparticles (NPs) and Ag-doped GCN nanocom-
posites. The phytochemical components in the plant extract
help in the reduction and stabilization of nanoparticles. In
addition, rose bengal and xylenol orange dyes were used to
examine the photocatalytic activity of the pure GCN, Ag
nanoparticles, and Ag-doped GCN nanocomposites. A series
of Ag-doped GCN nanocomposites (NCs) were prepared at
different conc. as 0.5 mM, 1.0 mM, 1.5 mM, and 2.0 mM
to get NCs to study the photocatalytic activity. Compared to
their pure and other composite forms, the Ag-doped GCN
nanocomposite (1.5 mM) exhibits good photocatalytic
properties.

Experimental and characterization
Synthesis route

For the preparation of leaf extract, 10 g of Tulsi leaves (TS)
was chopped and placed in a 500-mL beaker with 40-mL
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double-distilled water, and the mixture was heated at room
temperature until the aqueous solution turned dark green.
The supernatant was then filtered and stored at 4 °C for later
use.

Graphitic carbon nitride was synthesized by thoroughly
dissolving 10 g of urea in 10 mL of distilled water at 30 °C
by constantly stirring till a clear solution was obtained (Paul
et al. 2020). The solution so obtained was heated in a hot air
oven at 100 °C for 1 h. The resulting powder was then placed
in a covered porcelain crucible, sealed firmly to prevent gas
leakage, and heated to 550 °C for 3 h at a rate of 20 °C/
min in a muffle furnace. A fine powdered pure GCN was
obtained by crushing the samples.

To synthesize Ag nanoparticles (NPs), 1 mM silver
nitrate was dissolved in 50 mL of double-distilled water,
and the mixture was agitated at room temperature for 1 h.
Ten milliliters of Tulsi seed extract was added drop by drop
to the preceding solution and a dark brown color appeared,
indicating the beginning of the synthesis of Ag-NPs. The
mixture was stirred for 2 h to complete Ag-NP synthesis
(Panchal et al. 2019). The pellets were removed after 15 min
of centrifuging the solution at 5000 rpm. The collected pel-
let was dried in a hot air oven for 4 h at 80 °C. The acquired
samples were finally calcined at 500 °C for 3 h. The Ag-NPs
so obtained were stored in an airtight container for further
experimentation.

The nanocomposites were prepared by mixing 10 g
of urea with Ag-NPs of concentration 0.5 mM, 1.0 mM,
1.5 mM, and 2.0 mM in 50 mL of distilled water. To this
added 10 mL of tulsi seed extract dropwise. The earliest sig-
nal of Ag-doped GCN-NCs was a color change from translu-
cent to light yellowish-brown for 0.5 mM, yellowish-brown
for 1.0 mM, dark greenish-yellow for 1.5 mM, and greenish-
brown for 2.0 mM. After stirring for 2 h, the precipitate
was periodically cleaned with distilled water and acetone
while centrifuging at 5000 rpm for 15 min. The precipitates
were dried at 80 °C in a hot air oven for 4 h. After obtaining
the samples, they were calcined at 550 °C for 3 h, produc-
ing four distinct color schemes: brown for 0.5 mM, pale
yellow-brownish for 1.0 mM, greenish-brown for 1.5 mM,
and dark greenish-brown for 2.0 mM further stored in an
airtight container.

Structural and morphological characterizations

Different analytical techniques were employed to character-
ize the synthesized green NPs and NCs. The UV-vis spectro-
photometer was used to examine the nanoparticle spectrum
curve within the given range. To identify the phytochemi-
cals involved in the capping, reduction, and stabilization of
the nanoparticles, Fourier transforms infrared spectroscopy
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(FTIR, Perkin Elmer FRONTIER) was used to analyze the
bonding and functional groups present in synthesized nano-
materials. X-ray diffraction [Bruker D8 Advance with CuK
a radiation 1.5406 A°] in the range of 26 =20-80 °C was
used to determine whether nanoparticles are crystalline or
amorphous. Thermogravimetric analysis (Perkin Elmer TGA
4000) was carried out in an atmosphere of air by using the
temperature range between 30 and 800 °C. FESEM (JEOL
JSM-7610F Plus) was used to analyze samples of GCN,
Ag-NPs, and nanocomposite materials to assess the surface
morphology. The size distribution of silver (Ag) on the sur-
face of g-C;N, was studied with TEM (TECHNAI 200 kV).
The composition of the Ag-doped GCN nanocomposites
was examined using energy-dispersive X-ray spectroscopy
(EDX) and elemental mapping.

Photocatalytic degradation study

To track the photocatalytic activities of the synthesized
materials, the degradation of the dyes—rose bengal (RB)
and xylenol orange (XO)—was performed in the presence
of direct sunlight. For the photodegradation experiment,
0.010 g of the photocatalyst was stirred in 100 mL of 10 ppm
aqueous dye solution in 250 mL of a conical glass beaker. To
reach adsorption—desorption equilibrium in the dye solution,
the above solution was stirred in the dark for 30 min at room
temperature. During the experiment, 5 mL of suspensions
was collected at 15-min time intervals, then centrifuged to
separate the photocatalyst, and analyzed for absorbance with
a UV-vis spectrophotometer (range 400 to 800 nm). The
impact of photocatalysis on dye degradation was examined
using changes in the primary absorption peak’s intensity.
The photocatalytic degradation efficiency was calculated
using Eq. 1:

1-£

E= 1050% ey

where CO is the adsorption/desorption equilibrium concen-
tration of solution at time 70 and C is the concentration of
solution at time .

Using the Langmuir—Hinshelwood simplified pseudo-
first-order kinetic model, the apparent rate constant for the
dye degradation process was calculated as shown in Eq. 2:

Ln(%) = kappt = kKt 2)

where ¢ is time (in minutes), C is the dye concentration
(mg/L), kapp is the apparent rate constant (min~!), K is the
dye’s adsorption coefficient on the catalyst particles, and k
is the reaction rate constant (min™').
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Results and discussion

Here in this study, for the first time, we used a one-step
green synthesis route to prepare Ag-doped GCN nanocom-
posites by reducing Ag-NPs with leaf extracts of Ocimum
tenuiflorum (Tulsi). Ocimum tenuiflorum contains glycosides
carvacrol, ursolic acid, tannins, rosmarinic acid, terpenoids,
phenolic compounds, and flavonoids, which are responsible
for the reduction of silver ions to Ag-NPs (Panchal et al.
2019). Tulsi leaf extract has been used in the present work
for fabricating Ag-doped GCN nanocomposites at varied
concentrations. We have also modified some preparation
conditions of nanomaterials to achieve good results.

Structural analysis

XRD patterns of all the obtained samples, i.e., Ag-NPs,
GCN, and Ag-doped GCN nanocomposites, are shown in
Fig. 1. The peaks for the Ag-NPs were at 32.8, 38, 45.5, and
56.4 along with a minor peak at 66.7 whereas GCN showed
a significant peak produced at 27.5, plain (002), represent-
ing the graphitic stacking of C;N, in the GCN (Paul et al.
2019). The peak’s intensity has dropped and shifted to a
larger angle due to the doping of Ag-NPs, corresponding
to (002) (Liu et al. 2016). As can be seen in Fig. 1, when
Ag-doped GCN (2.0 mM) was added, the peak associated
with (002) disappeared entirely. Only the peak caused by
Ag-NPs was seen slightly. As the concentration of Ag-NPs
has been rising gradually, no peak has been observed. Due
to the negligible amount of dopant species in the initial
urea, no peak was seen for Ag 0.5 mM, Ag 1.0 mM, and
Ag 2.0 mM; the only peak seen for Ag 1.5 mM corresponds
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Fig.1 XRD spectrum of Ag-Nps, GCN, and Ag-doped GCN NCs (at
different conc.)
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Fig.2 FTIR spectra of Ag-doped GCN nanocomposites at various
conc

to plain (111), related to Ag-NPs (200), (220), and (222)
(Dai et al. 2017).

Figure 2 shows the FT-IR spectra of synthesized nano-
composites (NCs). In all samples, the peak was detected at
811 cm™', corresponding to triazine ring vibration breathing
modes. The peaks observed between 1121 and 1699 cm™!
can be assigned to the stretching vibration of aromatic C-N
and C-N heterocycles. The bandwidth between 3000 and
3500 cm™! for all samples indicates the bending vibrations
of NH and hydroxyl groups on the surface of a water mol-
ecule. It has been observed that when the conc. of Ag-NPs
in the urea increases, the broadband’s strength diminishes.
In the case of Ag-doped GCN NCs (1.5 mM, 2.0 mM), the
wide band at 3000-3500 cm™! slightly disappeared. The
intensity of the cyano group’s peak at 2170 cm™! increased
gradually as the amount of Ag-NPs increased. As the amount
of doped Ag increased, sp> C-N=C and C=N were replaced
by freshly generated C=N. The addition of dopant caused
most triazine units to break, indicating a significant bind-
ing between GCN and Ag-NPs, which may be explained by
covalent bonding between the two, as per spectra of FTIR
obtained.

Morphological analysis

FESEM at a voltage of 20 kV was used to examine the sur-
face morphology of GCN, Ag nanoparticles, and Ag-doped
GCN (1.5 mM NCs). Figure 3 shows FESEM images of
GCN at 2 k; Ag nanoparticles at 5 k, 20 k, and 40 k; and Ag-
doped GCN 1.5 mM NCs at 20 k and 40 k magnifications,
respectively. All of the samples had a tremella-like structure,
but the fluffiness of GCN decreased as Ag-NPs were doped
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Fig.3 FESEM of a GCN at 2k; b Ag-Nps at 5k, 20k, and 40k; and ¢ Ag-doped GCN (1.5 mM NCs) at 20k and 40k

into it due to Ag nanoparticles forming on the surface of
GCN. EDX examination revealed that the atomic % ratios
of Ag, N, and C were 0.34, 27.08, and 72.58%, respectively,
while the weight percent ratios of Ag, N, and C were 2.83,
29.46, and 67.72%, as shown in Fig. 4. Elemental mapping
of the Ag-doped GCN (1.5 mM) samples revealed three ele-
ments (Ag, N, and C), which proved that the Ag-doped GCN
1.5 mM NCs composite were effectively generated. TEM
images of GCN show the homogeneous distribution and
fluffy nature. Big-size Ag-NPs were observed on the porous
structure of GCN, as shown in Fig. 5.

UV-Vis optical study

The optical characteristics of GCN and Ag-doped GCN
nanocomposites were examined using the UV-Vis diffused
reflectance spectroscopy (DRS) method. The absorbance
spectra revealed that the absorbance edges of pure GCN
is at 384.1 nm and Ag-doped GCN nanocomposites are
located at 440.7 nm, 485.6 nm, 514.2 nm, and 526.5 nm,
respectively (Fig. 6). Ag-NPs doping altered the edge and
enhanced the intensity of the absorption. The indirect
band gaps of the samples were further calculated using
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Kubelka—Munk method. After doping GCN with Ag-
NPs, the band gap value decreased to 2.92 eV of GCN
and to 2.81 eV, 2.67 eV, 2.48 eV, and 2.38 eV respec-
tively of Ag-doped GCN nanocomposites. GCN’s conduc-
tion and valance bands were caused by carbon (C; 2p)
orbitals (Vinodkumar et al. 2019). The Ag-doped GCN
(1.5 mM) showed the highest surface plasmon resonance
phenomenon and strongest absorbance in direct sunlight
(Ge et al. 2019; Zada et al. 2019). This may be due to the
generation of more e~ h' pairs, which also strengthens
its photocatalytic activity (Fan et al. 2018). Additionally,
the band gap energy is reduced when Ag-NPs gradually
replace the nitrogen in the triazine ring of GCN to gener-
ate composites.

Thermogravimetric analysis (TGA)

The thermal stability of GCN and Ag-doped GCN nano-
composite was estimated using TGA with a ramp rate of
10 °C min~! in temp. range of 30 to 800 °C and environ-
ment of air to explore the amount of Ag in GCN (Fig. 7).
The initial weight loss occurred below 200 °C, which may
be due to volatilization of water or volatile contaminants
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Fig.4 EDX and elemental mapping of Ag-doped GCN 1.5mM NC

on the sample’s surface. Further, GCN began to decom-
pose at 530.2 °C and decomposed completely at 762.8 °C.
Similar results were also observed for Ag-NPs and nano-
composites. The residual fraction weight was calculated
for GCN and Ag-doped GCN nanocomposites (0.5 mM,
1.0 mM, 1.5 mM, 2.0 mM), which explains the Ag con-
centration in GCN as shown in Tablel.

Photocatalytic activity
The effects of silver doping on GCN as a photocatalyst were

examined using the photocatalytic degradation process of
RB and XO dye solution. The order of photocatalytic activity

CKal2

=3 =g
4 m m

Spectrum 1 Atomic %

_|l|||x|1_|;'l|l|||_|[|‘.1||—1‘|y|y||||l|||1|||

NKal 2 Aglal

potential was observed as Ag 1.5 mM>Ag 2 mM> Ag
1.0 mM > Ag 0.5 mM. The reduced activity of Ag-doped
GCN (2.0 mM) may be due to an excess of e~ h* recom-
bination sites, which might delay the transfer rate of pho-
toinduced charges rather than having the maximum light
absorption capacity. The significant degradation efficiency
of GCN and nanocomposites was calculated with repetition
of the experiment 3 times, as shown by the error bar graph
in Fig. 8a and b. The photocatalytic activity of the Ag-doped
GCN composites was higher than that of GCN, as shown in
Figs. 9 and 10. The apparent rate constants (k) and % degra-
dation efficiencies for GCN and nanocomposites have been
shown in Table 2.
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Fig.5 TEM images of Ag-
doped GCN nanocomposites (at
1.5mM conc.)

Fig.6 a UV diffused reflectance
spectra. b Tauc’s plot for the
calculation of band gap
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Proposed mechanism for degradation

The Ag-doped GCN nanocomposites showed higher pho-
tocatalytic activity as compared to GCN. The doping of
Ag-NPs in GCN accelerated the capacity of GCN to absorb
visible light due to a reduction in band gap and an increase
in surface area. In turn, it resulted in enhanced photo-
catalytic activity. As the light strikes the surface of GCN,
the excited electrons in the valence band absorb the light
and migrate to the conduction band, creating a hole in the
valence band. Superoxide radicals are formed when oxygen
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and free electrons combine, which can further photodegrade
organic contaminants. The Ag-doped GCN nanocompos-
ites provided a trapping site for photoinduced electrons
and holes, as shown in Fig. 11. Based on observations,
the addition of Ag-NPs to GCN has improved the photo-
catalytic activities due to reduced optical band gap, which
might lead to more effective light trapping. In addition,
the dopant atom (Ag) has a reduction potential of 0.80 V
(Sengupta and Sarkar 2022), which is situated between the
conduction band of graphitic carbon nitride (1.3 eV) and
the valence band (+ 1.4 eV). As a result, a transient site for
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Fig.7 TGA spectra of Ag-doped GCN nanocomposites at varied
conc

Table 1 Percentage of residual weight in TGA

S. No. Name of samples Residual
weight %

1. GCN 00

2. Ag 0.5 mM 2.70

3. Ag 1.0 mM 4.96

4. Ag 1.5 mM 11.20

5. Ag2.0mM 8.40

trapping photogenerated electrons excited to the+ 1.4 eV
level is established. The electron acceptors, existing in the
system or absorbed on the surface of GCN, such as O,,
react with trapped electrons, undergoing photoreduction to

form reactive oxygen radicals -O,". This is because the O,/
O, redox potential lies at—0.33 eV. The redox potential of
-OH/OH™ lies at+ 1.99, and therefore, the photogenerated
holes on the GCN surface cannot react with -OH — or H,O
molecules to form -OH radicals (Cao et al. 2013). In turn,
the holes in the valence band of Ag-NPs possibly oxidize
the rose bengal dye, but in the case of xylenol orange, they
caused hindrance to photoactivity due to insufficient elec-
tron—hole pair recombination. This improves the transfer of
charge carriers, and the recombination of photo-generated
e - h' pairs is effectively delayed by Ag-NPs doping. This
can be explained by the following reactions (Soltani et al.
2012):

Ag—NPs— GCN +hv — e +h*
e +0,— -0,

2¢” + 0, +2H" - H,0,

H,0, +-0, — -OH+ OH™ + O,
h* + H,0 - -OH + H'

h* + OH™ — -OH

‘OH + h" + RB/X0O — Degradation products

Degradation efficiency comparison of anionic
and cationic dye

In the presence of Ag-Nps as a catalyst, the absorption spec-
tra for rose bengal and xylenol orange showed reduced peaks

Fig.8 a RB and XO dye deg- 11 12
radation comparison. b InC0/ () GCN
Ct) as a function of visible light 1.0 AgNPs GCN ®)
irradiation time with Ag-doped Ag 0.5 mM 101 Agnps
GCN nanocomposites and GCN 0.9 Ag 1.0 mM Ag 0.5 mM
Ag1.5mM 0.8 Ag 1L.0mM
0.8 4 Ag2.0mM Ag1.5mM
Ag2.0mM
= 2 0.6 4
g 071 0
= =3
v Q
0.6 £ 044
0.5
0.2
0.4 4
0.0 4
BT T T T 1 T T T T T 1
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time (in min) Time(in min)
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Fig. 9 UV degradation spectra of RB dye of a GCN, b Ag-NPs, and c—f Ag-doped GCN NCs at varied conc

with variable time intervals. The absorption peaks of RB
and XO dyes reduced with an increase in time when Ag-NPs
were used as the catalyst (Figs. 9 and 10).

The XO dye shows a broad peak and flattened absorb-
ance spectra as compared to RB dye. The degradation effi-
ciency of XO is less than RB dye at diff. conc. of nanocom-
posites as shown in Fig. 12. The RB dye being cationic in
nature and its degradation capability get enhanced due to
the positive charge of Ag-NPs, as they provide more sur-
face to cationic RB dyes (Ghazali et al. 2022). This may
also be due to the Cl —and ONa+ group in the dye struc-
ture, which imparts a positive charge during its breakdown
in the water.

Conclusion
This research work prepared a novel series of Ag-doped

GCN photocatalysts using Ocimum tenuiflorum (Tulsi)
leaf extract as a one-step green synthesis process. The

@ Springer

dye degradation efficiency of pure GCN for RB and XO
was found to be 54% and 15%, respectively. When the
Ag-NPs were doped into GCN (Ag-doped GCN nano-
composites) in varied conc. 0.5 mM, 1.0 mM, 1.5 mM,
and 2.0 mM, respectively, it accelerated the photocata-
lytic efficiency of GCN from 54 to 76% for RB and 15
to 36% in the case of XO dyes. The maximum photo-
catalytic degradation efficiency was obtained when conc.
of Ag-NPs in the GCN was 1.5 mM. It was 1.40 times
higher than pure GCN for RB dye degradation and 2.4
times for XO dye degradation. The apparent rate constant
of Ag 1.5 mM also increased from 0.007856 to 0.009211,
which may be due to interfacial electron transmission,
in Ag-doped GCN nanocomposites as it leads to greater
separation of photogenerated charge carriers by enhanc-
ing charge carrier separation, and delaying photoinduced
e~ h* Thus, we can conclude that Ag-doped GCN nano-
composite has the potential to facilitate the development
of a new-generation photocatalytic material with promis-
ing applications in wastewater treatment. The green route
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Fig. 10 UV degradation spectra of XO dye of Ag-doped GCN NCs at different concentrations
Table2 Ap p?rent fg at,e ConSt?m S.No. Samples Degradation efficiency of =~ Degradation efficiency of ~ Apparent rate
and degradation efficiency o rose bengal dye (%) xylenol orange (%) constant (k)
dyes .
min
1. Ag-NPs 62 19 0.007211
2. GCN 54 15 0.007856
3. Ag 0.5 mM 45 15 0.001166
4. Ag 1.0 mM 58 23 0.003921
5. Ag 1.5 mM 76 36 0.009211
6. Ag 2.0 mM 60 20 0.005304

synthesized nanocomposites are expected to minimize
things that contribute to environmental problems and

offer a cost-effective, eco-benign, and energy-efficient
green alternative.

@ Springer
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Fig. 11 Photocatalytic
mechanism of Ag-doped GCN
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