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ABSTRACT

One of the most effective ways to obtain high-efficiency photocatalysts is to create heterojunctions between two
semiconductors with matched band structures. As a pioneering photocatalytic system, the S-scheme heterojunc-
tion system has demonstrated considerable promise in simplifying the separation and transfer of photogenerated
carriers as well as developing high photoredox capacity. Hence, we report a novel biogenic method to synthesise
ternary (ZnO-Ag)/g-CsN,4 S-scheme nanocomposites via Terminalia Arjuna leaf extract as an effective reducing
and capping agent. The X-ray diffraction technique gives the structural confirmation of well-crystalline Ag, g-
C3Ny, and ZnO nanoparticles, indicating the excellent reducing property of Terminalia Arjuna leaf extract. UV-Vis
spectroscopy reveals the enhanced optical behaviour of (ZnO-Ag)/g-C3N, by means of a reduction in their
bandgap values, which would reflect in the photocatalytic performance of the material. The presence of sec-
ondary meltabilities such as phenolic compounds, alkaloids, terpenoids, and proteins in leaf extract employed in
the nucleation and stability of (ZnO-Ag)/g-CsN, nanocomposites was analysed using FTIR spectroscopy. XPS
rules out the presence of any other secondary elements(impurity). The incorporation of silver metal in ZnO nano-
materials was investigated using TEM analysis. Finally, the photocatalytic activity and antibacterial activity of

(ZnO-Ag)/g-C3N, nanocomposites were compared with the pristine Ag-ZnO, g-C3N,, and ZnO nanoparticles.

1. Introduction

Hazardous chemicals and toxic water pollutants are the root causes
of dangerous environmental issues that are receiving a great deal of at-
tention among researchers. The textile and food industries use non-
biodegradable organic dyes that pollute the environment, are extremely
poisonous to flora and fauna, and have mutagenic effects on humans.
Methylene blue and methyl orange are harmful chemicals that are pri-
marily used as dyes in a variety of commercial applications such as tex-
tiles, papers, leathers, additives, laser printing, and so on. Because of
their high surface area, porous structure, and crystalline nature, nano-
materials are the most effective and alternative material for removing
toxic organic dye molecules from industrial waste water. The synergetic
effect between the metal oxide nanoparticles and the conducting poly-
mers, conducting polymer/metal oxide nanocomposite materials show
effective results in the removal of cationic dye (methylene blue) mole-
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cules. Furthermore, there is an urgent need to develop low-cost, high-
efficiency waste water treatment methods. Among the various proce-
dures used to remove dye molecules from wastewater, such as coagula-
tion, photocatalysis, flocculation, reverse osmosis, and membrane sepa-
ration, adsorption and photocatalytic degradation are simple and cost-
effective. It requires less catalyst and produces very few harmful by-
products. Semi conducting photocatalytic materials are gaining popu-
larity due to their UV and visible light absorption capacity, stability,
and wide range of applications such as dye degradation, catalysis, and
antibacterial activity, among others.

Therefore, the semi conducting material like NiO, ZnO, CuO, TiO,
and SnO draws a significant attention among the researchers owing to
their application as optoelectronics, transducers, ultraviolet light emit-
ters, piezoelectric devices, chemical sensors, cosmetics and photocata-
lyst etc. [1-9]. Among which ZnO nanoparticles is a well-recognized n-
type semiconductor with high electron mobility, large exitonic binding
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Fig. 1. X-ray diffraction patterns of ZnO, g-C3N,, ZnO-Ag NPs, and (ZnO-Ag)/ g-
C3N,4 nanocomposite in comparison with the JCPDS database.

energy, non-toxic, high photo sensitivity and good optical properties for
photocatalytic activity [10-20]. Even though the semiconductors
couldn’t exhibit a highly effective photocatalytic performance due to
their fast charging and re combination of electron hole pairs (e, h*).
Therefore, to overcome the defect in photocatalytic property of metal
oxide we can introduce a dopant or design a nanocomposite structure of
metal and nonmetal (act as electron acceptor). By which we can sup-
press the electron and hole recombination and increase the charge sepa-
ration for enhanced optical properties. [21-24].

The S-scheme heterojunction has drawn increased interest in the
photocatalytic sector due to its strong photo-generated charge carrier
redox capacity and spatial separation. The two types of n-type semicon-
ductor photocatalysts that make up the S-scheme heterojunction photo-
catalyst are the reduction photocatalyst (RP) with a negative CB site
and the oxidation photocatalyst (OP) with a positive VB site. The inter-
nal electric field (IEF) is the main source of driving force for carrier
transfer in a typical S-scheme heterojunction device. Electrons move
from the CB of the RP to the VB of the OP under the influence of the IEF
that exists at the interface between the two semiconductors. In addi-
tion, the IEF can stop electrons from moving continuously from RP to
OP.

According to the previous reported data, ZnO, Ag work function val-
ues are 5.2 eV and 4.26 eV, respectively. When two materials with dis-
tinct work functions are mixed, a Schottky barrier typically forms. As a
result, electrons will go from the material with a lower work function to
the material with a higher work function. Due to the larger work func-
tion of Au and Ag, their Fermi levels (FM) are higher than ZnO's (Fy).
this controls the movement of electrons from the Ag to the ZnO Fermi
levels until equilibrium is reached and form a new equilibrium Fermi
level (Fgg). The surface of the metal was left with holes after the visible
light irradiation because the surface phonon resonance (SPR) mecha-
nism was used to quickly inject the electrons in FEq into the conduction
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band (CB) of ZnO. Now, the electrons pumped into CB react with dis-
solve oxygen, creating superoxide radical anion (O2e -), which can then
react with H,O to form hydroxyl radicals (OHe) in a subsequent reac-
tion pathway. The MB dye pollutant are broken down by these superox-
ide radical anion and hydroxyl radicals when exposed to visible light
[25].

The previously reported ZnO combination with noble metal like Co,
Au, Ag, Cu, Pd shows an optimum band gap for strong visible light ab-
sorption, increase in photocatalytic performance by surface plasmon
resonance effect and ability to form Schottky junction [26-30]. But the
modification of ZnO nanoparticles with Ag nanoparticles has wide vari-
ant of applications like non-toxicity, catalytic potential, etc. The silver
NPs requires a simple synthesis condition which makes it suitable for
making Ag based nanocomposite materials. Due to its surface volume
ratio Ag is used in bactericide purpose and catalyst for dye degradation.
[31-36].

Since dopant alone cannot provide the anticipated result for photo
catalytic performance. Researchers are searching for a new way to
make use of conjugating material such as graphene, carbon nano tube,
g-C3Ny4 and Cg etc. In which the g-C3N, fabricate NPs s shows a high ad-
sorption capacity, porous structure, thermal stability, chemical stabil-
ity, large surface area and adequate charge carrier capacity. Moreover,
it has moderate band gap (2.7ev) which yields the good photocatalytic
conversion of water into hydrogen gas under sun light [37-47]. Besides
being organic semi conducting material, g-C3N, could be easily pre-
pared through various precursor melamine, urea, and thiourea which
are of low cost. Also, it is a structurally stable aromatic polymer which
can be easily applied to other material surfaces [48-49].

Although various chemical and physical methods are available for
the synthesis of (ZnO-Ag)/g-CsN, nanocomposites. There are no reports
related to the green synthesis of (ZnO-Ag)/g-C3N, nanocomposites
which could be an ecofriendly, low cost, simplicities, development of
more stable and biocompatible nanoparticles. The plant extract con-
tains sugars, terpenoids, phenolic compound, alkaloids, flavonoid, and
proteins acting a major role in the reduction of metal ions into NPs
[50-53]. In this is the first work, we report the novel synthesis of (ZnO-
Ag)/g-C3N4 nanocomposites using the leaf extract of T. Arjuna, belong-
ing to Combretaceae family. The structure and morphology of the pre-
pared Nanocomposite were studied by using XRD, UV-Vis FT-IR, XPS,
PL, TEM and BET analysis. In application part the photodegradation of
methylene blue and antibacterial against gram (+) ve bacteria and
gram (-) ve bacteria was examined and compared with g-C3Ny4, ZnO,
Zn0O-Ag NPs and (ZnO-Ag)/g-C3N4 nanocomposite.

2. Materials and method
2.1. Materials

T.Arjuna leaves were collected from Tirunelveli district, Tamil
Nadu, India. Zinc acetate dihydrate (Zn (CH3COO),. 2 H,0), silver ni-
trate (AgNO3), urea (CH4N,0), ethanol (C,H¢O) and methylene blue
(CgH1gCIN3S) were purchased from Merck. The procured chemicals
were of analytical grade and utilized without any treatment.

2.2. Preparation of leaf extract of T.Arjuna

The leaf of T. Arjuna was chopped into small pieces and then
washed with distilled water to eliminate any adhering salts or other im-
purities. The leaf was allowed to dry for seven days at room tempera-
ture and grounded into a fine powder. Using a magnetic stirrer, 100 mL
of distilled water and a 5 g of dried leaf powders were continuously
stirred for 30 min. This extract was then centrifuged twice for 10 min at
4500 rpm. Finally, the supernatant solution was filtered using What-
man filter paper and kept at 4 °C.
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Fig. 2. The absorption range of synthesised ZnO, g-C3N,4, ZnO-Ag NPs,(ZnO-Ag)/ g C3N, nanocomposite and their determined band gap values.

2.3. Synthesis of g-C3N,

The g-C3N, powder was synthesized by pyrolysis of urea. 10 g of
urea was placed in an alumina crucible with a lid and heated in a muffle
furnace to 550 °C for 3 h at a rate of 5 °C/min. The resulting pale-
yellow g-C3N, was collected and ground into powder for further use.

2.4. Synthesis of ZnO NPs using T.Arjuna

Initially, 0.1 M of zinc acetate was mixed with 50 mL of de ionized
water and stirred vigorous for half an hour at 70-80 °C. Then the T.Ar-
juna leaf extract was added dropwise to the zinc acetate solution. As a
result of the reaction was the formation of the dirty colored precipitate.
This mixture was centrifuged at 6000 rpm for 15 min, and the precipi-
tate was repeatedly washed in deionized water and ethanol to remove
contaminants. This residual precipitate was dried in an oven at 80 °C.
Finally, the as-prepared sample was calcined to 500 °C in a muffle fur-
nace for two hours.

2.5. Synthesis of ZnO-Ag NPs using T.Arjuna

0.1 g of ZnO was dispersed in 50 mL aqueous solution under vigor-
ous stirring for 30 min. silver nitrate solution was prepared by dissolv-
ing 0.01 g of silver nitrate dissolved in distilled water, and was then
mixed with the aqueous ZnO suspension. And then 10 mL leaves extract
of T.Arjuna was added to the above solution under vigorous stirring for
2 h. The resulting ZnO-Ag NPs was separated by filtration, washed with
distilled water and ethanol and further dried overnight at 80 °C.

2.6. Synthesis of (Zn0O-Ag)/g-C3N, nanocomposite

The (Zn0O-Ag)/g-C3N, nanocomposite was prepared by ultrasonic
treatment as follows: 0.5 g of g-C3N, and 0.02 g of ZnO-Ag NPs were
added into 50 mL of water and then, the suspension was ultrasonicated
for 45 min to obtain a homogeneous solution. Afterward, the mixture
was centrifuged and washed with water and ethanol, then dried hot air
oven at 100 °C for 6 h. Finally, (ZnO-Ag)/g-C3N, nanocomposite were
obtained.

2.7. Characterizations

The X-ray diffraction (XRD) patterns were recorded using PAN ana-
lytical XPert PRO-powder X-ray diffractometer with a Cu- Ka radiation
(= 1.541 /0\). High Resolution Transmission Electron Microscope 9
JEOL-2100 + was used to analyze the morphology of the Nanocompos-
ite. Using Thermo Nicolet 380 model, Fourier transform infrared (FTIR)
spectroscopy was recorded to determine the functional group. X-ray
photoelectron spectrometer (VERSAPROBE III) was used to confirm the
elemental composition. UV-visible spectroscopy (ELICO S1164) was
used to characterize the optical properties of the material.

2.8. Photocatalytic activity measurement

The photocatalytic activity of the synthesized g-C3N4, ZnO, ZnO-Ag
NPs and (ZnO-Ag)/g- C3N4 nanocomposite has been investigated via
dye degradation of methylene blue in aqueous solution. Methylene blue
was pick out to explore the catalytic activity of g-C3Ny4, ZnO, ZnO-Ag
NPs and (ZnO-Ag)/g-C3N, nanocomposite in this catalytic experiment
50 ppm of dye taken and added the 50 mg of catalyst. This solution
kept in dark for to attain the adsorption- desorption equilibrium. After
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Fig. 3. The presence of functional group in the synthesized ZnO, g-C3N,4, ZnO-
Ag NPs, (ZnO-Ag)/ g-C3N, naocomposite.

30 min the reaction mixture irradiated with UV light and 2 mL of slurry
was taken at different intervals (20, 40 and 60 min). This dye solution
was analyzed by UV visible spectrometer to recognise the degradation
of dye. The % degradation of dye was calculated by using the formula.

% of degradation = Cy-C/C°* 100 1.

Photocatalysis mechanism: The reduction and oxidation processes
define a photocatalyst's role in the existence of light photons. the photo-
catalytic reaction that occurs after the three steps listed below:

o Electron and hole generation (photo-excitation).

o Electron and hole separation and diffusion into the catalyst sur-
face.

o Reactions of photoreduction and photooxidation on the catalyst
surface.

The photocatalytic process is influenced by the following factors:

Temperature of the photocatalytic reaction, Pollutant concentration
and amount of catalyst in wastewater, pH of the medium, Light photon
intensity, Wavelength of incident light photon, Oxygen content and
Presence of ionic compounds.

The Strategies for creating highly effective and stable photocatalysts
include:

(1) coupling semiconductors with other semiconductors to meet
high solar energy absorption requirements and to generate enough
built-in potential for redox reactions.

(2) forming heterostructured junctions with carbon material to effi-
ciently drive the separation and transportation of the electron-hole
pairs.

(3) the creation of multicomponent heterojunctions to improve the
separation/transport of electron-hole pairs and the use of sunlight. The
advancements made in this area suggest that creating heterojunctions is
a viable option for improving the photocatalytic efficiency of semicon-
ductors.
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2.9. Antibacterial activities

The antibacterial activity of the bio-synthesized g-C3N,4, ZnO, ZnO-
Ag NPs and (Zn0O-Ag)/g-C3N, nanocomposite were investigated against
the pathogenic bacteria such as gram-positive Bacillus subtilis (G + )
and Gram-negative pathogens Protius Mirabilis (G-) bacteria using disc
diffusion method. The pathogenic germs were injected in a nutritional
broth and incubated for 12 h at 37 °C. The test pathogenic cultures that
had been cultivated overnight were swabbed onto Muller-Hinton agar
(MHA) plates. Then, water was used as a negative control while the pro-
duced g-C3Ny4, ZnO, ZnO-Ag NPs and (Zn0O-Ag)/g-CsN,4 nanocomposite
were added to the disc. The identified inhibitory zone was measured
when the plates were incubated overnight at 37 °C.

3. Results and discussion
3.1. Structural property

Fig. 1 The structural confirmation of g-C3N,, ZnO, ZnO-Ag NPs and
(Zn0O-Ag)/g-C3N, Nanocomposite was carried out using X ray diffrac-
tion technique, which reveals that the Terminalia Arjuna leaf extract
has acted as an excellent reducing and capping agents for material syn-
thesis, as observed from the crystalline nature of the X-ray diffraction
pattern. The phase purity of samples in comparison with JCPDS data-
base and the successful incorporation of one compound into another is
evident from Fig. 1. The peaks located at (1 0 0), (0 0 2), (1 0 1),
(102),(110),@103)and (11 2)h k1l planes correspond to the
phase pure synthesis of hexagonal structured ZnO nanoparticles hold-
ing a good record with JCPDS No: 36-1451. The incorporation of Ag
nanoparticles into ZnO was confirmed by the diffraction of (1 1 1),
(200),(220)and (31 1) h kl planes indicating the phase pure syn-
thesis of silver metal nanoparticles in accordance with the JCPDS No:
89-3722. The characteristic peak of phase pure g-C3N, was observed at
26.50 having a good match with the JCPDS No: 87-1526. Hence the
successfully synthesized (ZnO-Ag)/g-CsN4 Nanocomposite without any
secondary phases was furthered employed in photocatalytic applica-
tion.

3.2. Optical property

Since the photocatalytic performance of the material depends upon
the optical property of the compound. The band gap values of the g-
C3Ny, ZnO, ZnO-Ag NPs and (Zn0-Ag)/g-CsN, Nanocomposite were an-
alyzed using UV-visible spectroscopy. Fig. 2 illustrates the absorption
region for g-C3N4, ZnO, ZnO-Ag NPs and (ZnO-Ag)/g-C3N, nanocom-
posite lying around, 382.6 nm, 362.7 nm 381.4 nm, and 393.9 nm re-
spectively, this indicates that the absorption edge of ZnO-Ag NPs is ex-
tended to the visible light range, when compared to pure ZnO NPs is
due to the integration of ZnO with Ag and the surface plasmon reso-
nance effect of silver[54]. Using Tauc’s relation given in equation.2 the
band gap values were determined.

(0( l’ll/)n =K (hy_Eg) .................. (2)

Here, a represents absorption coefficient, Eg denotes optical band
gap, K is a proportionality constant, h refers to plank’s constant, and v
denotes the frequency, n = 2 indirect bandgap. The determined band
gap values are 2.96 eV, 3.30 eV, 2.96 eV, 2.67 eV for g-C3N,, ZnO,
Zn0O-Ag NPs and (ZnO-Ag)/g-C3N, Nanocomposite respectively. The
decrease in bandgap energy owing to its absorption towards the visible
region. This shift might be indorsed to sp-d spin interchange involving
the localized d electrons of the dopant Ag and band electrons of the host
ZnO and increase in the oxygen vacancies in the crystal structures. Also,
might be due to the synergistic effect and heterojunction formed be-
tween ZnO-Ag and g-C3N,. Furthermore, this decreases in bandgap
value, the material can induce more photo carriers in the presence of
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Fig. 4. Morphology of synthesized ZnO, g-C3N,4, ZnO-Ag NPs, and (ZnO-Ag)/ g-C3N4 nanocomposite.

sunlight as a medium. The synergistic interaction between Ag NPs, ex-
foliated g-C3Ny4, and ZnO play a significant role in light harvesting and
energy band matching which is a potential optical property for practical
applications. This difference in band gap value of ZnO with 3.30 eV and
2.67 eV for (ZnO-Ag)/g-C3N, nanocomposite illustrates the successful
interaction of ZnO, Ag, and g-C3N, nanomaterials.

3.3. FTIR Analysis:

The presence of hydrate groups, metal bonding and other functional
groups due to organic compounds were analyzed using Fourier Trans-
form Infra-red spectroscopy (FTIR) shown in Fig. 3. Three prominent
bands were observed in the range of 3000-3600, 1200-1650 and
810 cm~!. The broad peak around 3000-3600 cm~! corresponds to the
stretching vibration of N-H in uncondensed amine groups, -OH groups,
and the stretching mode of CN heterocycles. The repeating stretching
vibration produced by heptazine was observed at 1632, 1478, and
1405 cm~1. The peaks at 1320 and 1235 cm™! attributes to the stretch-
ing vibration of C—N(—C)—C. The primary building block of g-C3N,
such as tri-s-triazine ring's out-of-plane bending was recognized from
the peak at 810 cm~!. The band observed at 440 cm~! was attributed to
the stretching vibration of metal bonding, confirming the presence of
Zn-O bond. The characteristic peak at 1631 cm~! can be attributed to
the C = O groups. The absorption band at 1410 cm!and could be at-
tributed C-C vibration respectively. The main component present in the
leaf extract of T. arjuna such as leucoanthocyanidins, arjunetin and hy-
drolyzable tannins are responsible for the reduction of reduction of pre-
cursor into nanoparticles. These results indicate that phytochemicals
present in the plant extract is responsible for the successful synthesis of
(Zn0O-Ag)/g-C3N, Nanocomposite.

3.4. TEM analysis

The morphology of the synthesized g-C3N4, ZnO, ZnO-Ag NPs and
(Zn0O-Ag)/g-C3N, Nanocomposite was analyzed using Transmission

electron microscope (TEM). Fig. 4(a) shows the nano formation of pris-
tine g-C3N,. The observed rod like structures shown in Fig. 4(b) illus-
trates the formation of rod shaped ZnO nanoparticles. The successful in-
corporation of Ag NPs in ZnO nanoparticles can be clearly seen through
Fig. 4(c), the dark spot in ZnO rods corresponds to Ag NPs. Finally, Fig.
4 (d). displays the TEM image of synthesized ZnO-Ag)/g-C3N,
nanocomposite.

3.5. XPS spectra

X-ray photoelectron spectroscopy was used to evaluate the surface
chemical composition and oxidation state of the synthesized (ZnO-
Ag)/g-C3N,4 nanocomposite. Fig. 5 (a) displays the survey spectrum of
(Zn0O-Ag)/g-C3N, nanocomposite indicating the presence of C, N, Zn,
Ag and O elements only with a weight percentage of 47.5%, 43.8%,
1.2%, 1.3% and 6.1% respectively. This confirms the phase purity of
the sample by the absence of secondary phases. The high resolution XPS
spectra reveals out the presence of Zn 2p core level located at
1021.0 eV and 1044.2 eV, which corresponds to Zn 2p,,3 and Zn 2p; »
respectively. The separation between both the peaks is equals to
23.0 eV, this holds a good agreement with the previous literatures indi-
cating the presence of Zn%* state in ZnO nanoparticles shown in Fig. 5
(b). The peak centered at 530.4 eV is ascribed to O 1 s spectrum dis-
played in Fig. 5 (c). The peak centered at 530.4 eV is ascribed to O 1 s
spectrum attributed to oxygen-deficient regions of the ZnO and lattice
oxygen displayed in Fig. 5 (c). The deconvoluted peaks of Cls at
285.06 eV, and 288.1 eV attributes to sp2-hybridization of C-N and C-
N = Cin g-C3N, respectively. The peak at 287.07 eV is assigned to C-N-
C carbon groups shown in Fig. 5 (d). The predominant peak represent-
ing the presence of metallic silver at 366.9 eV and 372.9 eV corre-
sponds to Ag 3d;» and Ag 3ds,, respectively displayed in Fig. 5 (f).
Thes two peaks has a spin energy separation of 6.0 eV confirming the
zero-valent state of metallic Ag. The spectrum of N1s shown in Fig. 5 (e)
indicates the peak at 398.01 eV referring to nitrogen in triazine ring
and heterocyclic rings. From these results, we can conclude that the
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Fig. 5. XPS analysis of the synthesized ZnO, g-C3N,, ZnO-Ag NPs, (ZnO-Ag)/ g-C3N, nanocomposite.
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Table 1
The surface area, pore-volume, and average pore width of the synthesized g-
C3N4, ZnO, ZnO-Ag NPs, and (ZnO-Ag)/g-C3N, nanocomposite.

Photocatalyst Surface area Pore volume Average pore width
(m?g~1) (ecm3g™1) A)
ZnoO 17.37 0.043 145.62
g-CsN, 39.04 0.091 123.65
ZnO-Ag 46.62 0.23 96.79
(ZnO-Ag)/g- 68.70 0.275 80.54
C3Ny

XRD results and XPS results goes in hand to hand explaining the suc-
cessful formation and interaction in (ZnO-Ag)/g-C3N, nanocomposite
to be used effectively in photocatalytic activity.

3.6. Photoluminescence spectroscopy

Fig. 6 shows the PL spectrum of synthesized ZnO, g-C3N, ZnO-Ag,
and (ZnO-Ag)/g-C3N, nanocomposite recorded at room temperature.
As the photoluminescence (PL) spectroscopy is used to identify the
level of recombination induced by the photogenerated e-h pairs. The
peak intensity of PL spectra indicates the level of recombination of e-h
pairs. The ZnO NPs and g-C3N,4 shows the highest emission peak inten-
sity among all the samples, demonstrating the maximum recombina-
tion rate of the e-h pairs. The emission peak intensity of ZnO-Ag was
lower than ZnO and g-C3N,, signifying that the Ag adding into ZnO
prolonged the lifetime of the photo-promoted e-h pairs and partially
suppressed the e-h pairs. But the emission spectrum of (ZnO-Ag)/g-
C3N, nanocomposite has a lower intensity than other samples, this
clearly states that the e-h pairs were significantly suppressed in the

Inorganic Chemistry Communications xxx (xxxx) 110877

(Zn0O-Ag)/g-C3N, nanocomposite due to the synergistic effect among
pure ZnO, Ag NPs, and g-C3N, Due to this suppressed recombination
behavior in (Zn0O-Ag)/g-C3N4 nanocomposite could be able to exhibit a
better photocatalytic activity among the synthesized samples. The
overall lifetime of photo promoted electrons of prepared samples was
in the following order, (ZnO-Ag)/g-C3Ny, > ZnO-Ag > g-
C;N, > ZnO.

3.7. BET analysis

The synthesized sample were further characterized by Brunauer-
Emmett-Teller (BET) technique to determine the surface area, pore size
and pore volume. Fig. 7 depicts the N, adsorption/desorption pattern
for the ZnO, g-C3N, ZnO-Ag, and (ZnO-Ag)/g-CsN, nanocomposite
sample. The development of a hysteresis loop at a higher partial pres-
sure indicates that voids exist in the nanocomposite sample according
to IUPAC classification. The greater surface area of the (ZnO-Ag)/g-
C3N, nanocomposite compared with other sample can promote the
growth and number of surface-active sites. Larger the surface areas will
create more active sites this helps the photocatalyst to adsorb more pol-
lutants onto the surface. Consequently, the maximum amount of the
pollutants might be adsorbed and degraded by the (ZnO-Ag)/g-C3N,
compared to other samples is tabulated in Table 1.

3.8. Photocatalytic activity

The degradation rate of MB under UV light irradiation was evalu-
ated to investigate the photocatalytic activity of g-C3Ny4, ZnO, ZnO-Ag
NPs, and (ZnO-Ag)/g-C3N, nanocomposite. To fulfil this, 50 mg photo-
catalyst was dispersed in 80 mL of MB aqueous solution with an initial
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Fig. 8. Comparison of the MB photodegradation in different specimen a)ZnO b) g-C3N, ¢)ZnO-Ag NPs d) (ZnO-Ag)/g-C3N, nanocomposite.
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Fig. 9. (a) Photodegradation efficiency (b) Kinetic plot of MB degradation on
ZnO, g-C3N,4, ZnO-Ag NPs, (ZnO-Ag)/g-C3N, nanocomposite.

0,
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S-B NP
L Réduction
CB ()

OH' Oxidation, OH"

MB
Scheme 1. Schematic illustration of photocatalytic degradation of MB dye by
(ZnO-Ag)/g- C3N4 nanocomposite.

Table 2

The calculated rate constants (k), correlation coefficients (R2), for maximal
dye degradation in the presence of g-C3N4, ZnO, ZnO-Ag NPs, and (ZnO-
Ag)/g-C3N, nanocomposite.

Sample R2 K (min—1)
ZnO 0.9811 0.0165
¢-CoN, 0.9828 0.0208
ZnO-Ag 0.9919 0.0277
(ZnO-Ag)/g-CsN, NCs 0.9961 0.0351

concentration of 50 mg/L under magnetic stirring; the suspension was
then stirred in the dark for 30 mins to establish an adsorp-
tion—desorption equilibrium between the MB and the photocatalyst.
The suspension was then subjected to 1 h of UV irradiation with a
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654 nm cut-off filter. At each time interval, a 2 mL suspension of the re-
action solution was removed and centrifuged to obtain a clear solution.
The absorbance of MB was measured at the wavelength of maximum
absorption. Finally, the photocatalytic degradation efficiency was cal-
culated using time profiles of C, /Cy, where C, is the initial concentra-
tion of MB and C; is the concentration after t minutes of irradiation.

The blank test confirms that MB degradation is statistically insignifi-
cant in the absence of catalysts. The maximum absorption intensity of
MB dye gradually decreased, indicating that cationic dyes selectively
interact with nanocomposites and are removed from solution. The re-
sults clearly show that the degradation efficiency of g- C3N, and ZnO
NPs was 75% and 68%, respectively. Furthermore, after doping the ZnO
nanoparticles with Ag, the catalytic activity gradually increased. ZnO-
Ag degradation efficiency was 80%. Furthermore, degraded MB effi-
ciently of prepared samples in the order (ZnO-Ag)/g-CsN; > ZnO-
Ag > g- C3N, > ZnO. At the end of the experiment, 94% of the MB was
removed in 60 min, and the dye colour was changed from deep blue to
colorless solution which ensures the complete removal of dye shown in
Fig. 8 (a, b, c and d) for g-C3Ny4, ZnO, ZnO-Ag NPs, and (ZnO-Ag)/g-
C3N,4 nanocomposite respectively.

The kinetics of MB degradation by photocatalysts were also studied,
with the pseudo-first-order reaction being used to fit the degradation
process: In Cy/C = kt, where k (min —1) represents the first order rate
constant, and Cy and C corresponds to time t concentration of MB. Fig. 9
(a) depicts the kinetics of MB degradation with various samples. Fig. 9
(b) clearly shows that the degradation of MB follows a pseudo first-
order kinetics equation. The observed results clearly demonstrate that
the prepared photocatalyst followed pseudo-first-order kinetics. Table 2
shows the calculated rate constants (k), correlation coefficients (R?), for
maximal dye degradation in the presence of g-C3Ny4, ZnO, ZnO-Ag NPs,
and (Zn0O-Ag)/g-C3N4 nanocomposite are given Table 2. The estimated
k values for g-C3Ny, ZnO, ZnO-Ag NPs, and (ZnO-Ag)/g-C3N, nanocom-
posite were 0.0208, 0.0165, 0.0277, and 0.0351 min-1. The incorpora-
tion of prepared samples significantly increases the highest degrada-
tion, the k rate of (ZnO-Ag)/g-CsN, composites observed is
0.0351 min~1, which is approximately 2.1 times that of 0.0165 min~!
for pure ZnO.

Scheme 1 depicts First off, since semiconductors A (S-A) and B (S-B)
both have different photoabsorption ranges and can be activated by
UV/visible light, combining their photoabsorption can increase the
range of UV/visible-light photoresponse. Second, the photocatalytic re-
action is started by UV/visible light photons that have an energy that is
equal to or higher than the band gap in both S-A and S-B. This causes
the formation of photogenerated holes in their VB and electrons in
their CB. In the other hand, the Fermi level of S-A is higher compared
to the loaded metal, which is similar to the previous reports of electron
transfer from a semiconductor (such as TiO,) to metal (such as Ag, Au),
so the electrons in the CB of S-A easily flow into metal (electron trans-
fer I: S-A - metal) through the Schottky barrier. Compared to the elec-
tron-hole recombination between the VB and the CB of S-A, this elec-
tron transfer I process is quicker. As a result, the metal component can
store a large number of the electrons in the S-A CB, more holes with a
strong oxidizing power, escapes from the S-A's VB recombination be-
havior and are able to freely oxidize the OH or contaminants. A faster
process than the electron-hole recombination between the VB and CB
of S-B occurs when holes in the VB of S-B easily flow into metal be-
cause its energy level is higher than that of S-B (electron transfer II:
metal - S-B, see scheme. 1). In the CB of the S-B, more electrons with a
strong reduction power can elude pair recombination and become
available to decrease some absorbed substances (such 02, H+, etc.).
Therefore, UV/visible light stimulation of both S-A and S-B can result
in simultaneous electron transfer I and II (that is, vectorial electron
transfer of S-A - metal - S-B in Scheme.1). Metal in multicomponent
heterojunction systems functions as a storage and/or recombination
center for electrons in the CB of S-A and holes in the VB of S-B in these
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Fig. 10. Photograph of antimicrobial activity of g- C3Ny4, ZnO and ZnO-Ag NPs and (ZnO-Ag)/g- C3N, nanocomposite.

| - III

control -C N, ZnO Zn0-Ag (ZnO-Ag)/g-C N,

S.Aureu
control g- C N, Zn0-Ag (ZnO-Ag)/g-C N,

P.aerugmosa

Fig. 11. Bar representation of improved antibacterial activity of synthesized
(ZnO-Ag)/ g-C3N4 nanocomposite compared to pristine ZnO, g-C3N4, ZnO-Ag
NPs.

Table 3
Antimicrobial activity of synthesized g-C3N4, ZnO, ZnO-Ag NPs, and (ZnO-
Ag)/g-CsN, nanocomposite.

Type of Zone inhibition in
mm
pathogenic P gC3N, Zn0O ZnO- (ZnO-Ag)/g-C3N,
Ag NCs
Staphylococcus aureus 14 6 10 13 23
G +)
Pseudomonas aeruginosa 12 5 10 12 20

G)

vectorial electron-transfer processes, which helps to improve interfa-
cial charge transfer and realize the complete separation of holes in the
VB of S-A and electrons in the CB of S-B. Thus, the holes in VB of S-A
has a stronger oxidation power and the electrons in the CB of S-B has a
stronger reduction power resulting in the significant enhancement of
photocatalytic activity when compared to the previous reported single
semiconductor or semiconductor heterojunctions [55-57].

3.9. Antibacterial activities

The antibacterial activity of synthesized g-C3Ny4, ZnO, ZnO-Ag NPs,
and (ZnO-Ag)/g-C3N4 nanocomposite against Gram-positive pathogens
Bacillus subtilis (G + ) and Gram-negative pathogens Protius Mirabilis
(G-) bacteria was tested using the standard disc diffusion method shown
in Fig. 10. An equal amount of each photocatalyst was placed in an agar
plate with bacteria and incubated for 24 h. The zone of inhibition
against the two bacterial strains was measured for all synthesized sam-
ples, as shown in Fig. 11. The results showed that no zone of inhibition
was observed in the case of the control disc, implying that distilled wa-
ter, as a solvent, has no effect on the tested pathogens. g-CsN4 had no
discernible clear area around the particles, indicating that it has low an-
tibacterial activity. ZnO and ZnO-Ag NPs, on the other hand, showed a
small clear area around the particles due to their antibacterial activity.
(Zn0O-Ag)/g-C3N, nanocomposite demonstrated the highest antibacter-
ial activity against all bacterial strains tested. The larger diameter inhi-
bition zone in (Zn0O-Ag)/g-C3N, nanocomposite clearly indicates the ef-
fect of Ag NPs and the stability of Ag NPs on the antibacterial properties
of the nanocomposite. Table 3 shows the results of an increase in the
generation of reactive oxygen species caused by a decrease in the
bandgap of ZnO. The antibacterial action of the synthesized samples is
listed. Furthermore, Table 3 shows that Gram negative bacteria have a
larger inhibition zone than Gram positive bacteria for the two types of
materials, which is likely due to Gram positive bacteria's thick cell
walls.

The potential antibacterial activity of nanocomposites is depicted in
Fig. 10. However, the true mechanism of such antibacterial activity is
still unknown. When exposed to light, the synthesized samples produce
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e-h pairs in the intended mechanism. The ROS was produced by the in-
teraction of photogenerated e-h pairs with O, and H,0. ROS also mi-
grate to the bacterial surface and cause cell wall rupture. Increased ROS
generation due to ZnO's reduced bandgap and g-C3N, large surface area
for surface interaction of nanocomposite with the bacterial membrane
could explain the enhanced antibacterial activity of (ZnO-Ag)/g-C3N,
nanocomposite. Furthermore, Ag NPs can interact with the components
of the bacterial cell membrane, causing structural changes, membrane
breakdown, and, ultimately, cell death. Similar to this, Ag NPs con-
densed deoxyribonucleic acid (DNA) molecules, causing DNA to lose its
ability to reproduce and cellular proteins to become inactive, both of
which cause harm or even death to microorganisms. The combined ef-
fect of Ag, ZnO, and g-C3N, results in (ZnO-Ag)/g-C3N, nanocomposite
with improved antibacterial activity.

4. Conclusions

T. Arjuna leaves extract was used for the first time, in a novel ap-
proach, for green synthesis of (ZnO-Ag)/ g-CsN4 nanocomposite. The
presence of phenolics compounds in T. Arjuna leaves extract has served
as both reducing and capping agents in the synthesis of well crystalline
and phase pure (ZnO-Ag)/ g-C3N4 nanocomposite confirmed using XRD
XPS, and TEM. In focus to the optical property the reduction in band
gap value and an extended visible region absorption makes the mater-
ial suitable for photocatalytic application examined using UV-Vis spec-
troscopy. FTIR reveals out the presence of function group employed in
the material formation and the metal bonding in ZnO. The XPS analysis
proved that Zn, C, N, O and Ag existed with own identity in (ZnO-Ag)/
g-C3N, nanocomposite without any new elements. The antibacterial
performance of the synthesised nanocomposite was assessed using the
disc diffusion assay against Staphylococcus aureus and P. aeruginosa.
Results showed that when compared to pristine g-C3Ny4, ZnO, and ZnO-
Ag NPs the (ZnO-Ag)/ g-C3N,4 nanocomposite shows an excellent pho-
tocatalytic degradation of MB and considerable antibacterial activity
against Gram-positive and Gram-negative bacteria.
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