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In situ S-doped ultrathin gC3N4 nanosheets
coupled with mixed-dimensional (3D/1D)
nanostructures of silver vanadates for enhanced
photocatalytic degradation of organic pollutants¥

Subi Joseph,” Sinoj Abraham, (° Ragam N. Priyanka,” Thomas Abraham,”
Arya Suresh” and Beena Mathew )+

A novel plasmonic Z-scheme sulphur doped gCsNa/AgsVO/i-AQVOg/Ag (SGA-x) hybrid quaternary
photocatalyst was successfully fabricated via the ultrasonic assisted Kirkendall effect and diffusion
processes followed by low temperature phase conversion. The obtained samples were characterized
by X-ray diffraction, scanning electron microscopy, transmission electron microscopy, UV-vis diffuse-
reflectance spectroscopy (UV-vis DRS) and X-ray photoelectron spectroscopy. The photocatalytic
activities of the obtained photocatalysts were measured by degradation of methylene blue (MB), methyl
orange (MO) and 2,4-dichlorophenoxy acetic acid (2,4-D) under visble-light irradiation. Among the
composites with various levels of --AQVOs, SGA-7 exhibited the highest degradation efficiency with
95.45% MB degradation for 30 min, which was about 147 times higher than that of S-gCsN/AgsVOs
(SGA). The inter-particle electronic coupling in hollow nanoflower leads to self-narrowing of the band
gap of AgsVO,. Moreover, electrochemical impedance spectroscopy (EIS) and photoluminescence (PL)
spectral analysis indicate that the introduction of a minute amount of -AQVOs by low temperature
phase conversion of AgsVO, could efficiently promote the separation efficiency of photogenerated
charge carriers. This enhanced photocatalytic activity is attributed to the synergistic effects of
heterostructured semiconductor photocatalysis, increased surface area, improved utilization of solar
light due to a hollow structure, decreased photocarrosion and the surface plasmon resonance (SPR)
of Ag nanoparticles (NPs). Besides, trapping experiments implied that holes and *O%~ were the
predominant active species during the degradation process. A possible combination of conventional and
Z scheme mechanisms of enhanced photocatalytic activity of SGA-7 is proposed.

photocatalysts attract great attention because they can harvest
and potentially utilize more sunlight than conventional photo-

Semiconductor photocatalytic processes have shown great potential
as a low-cost, environmentally favourable, and sustainable treat-
ment technology, to align with the “zero" waste scheme, capable
of surmounting two global problems of the whole world
ie. “Energy and Water". Traditional photocatalysts such as
TiO,, ZnO, and $nO0, are active exclusively in the ultraviolet region
due to their wide band gap (~3.0 to 3.4 eV) and are capable of
utilizing only 5-7% of the solar spectrum. Visible-light-responsive
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catalysts. The engineering of both the morphology and chemical
omposition by designing a_heterojunction is of significant
importance in enhancing the photocatalytic activity.

In the carbon nitride family, 2D metal-free graphitic carbon
nitride (g-C;N,) has received much attention due to its interesting
electronic properties, potential catalytic activities, high inplane
nitrogen content and ecofriendly features, which has been inves-
tigated in the field of photocatalysis, CO, reduction and other
energy conversion processes.””* Although g-C;N, is visible light
active, its photocatalytic activity is low due to the high recombina-
tion rate of photogenerated electron-hole pairs. The band gap of
gCN, is about 2.7 eV, which can absorb visible light up to
450 nm. The efficiency can be proliferated by decreasing the band
gap by doping with non-metals."® Since the electronegativity of
sulphur is lower than that of the substituted carbon or nitrogen
atom, the dopant anion has a radius comparable to that of the
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S-rGO modified sulphur doped carbon nitride with mixed-dimensional
hierarchical nanostructures of silver vanadate for the enhanced =4
photocatalytic degradation of pollutants in divergent fields
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ARTICLE INFO ABSTRACT

Asheet on sheet (2D/2D) structure of highly conductive S-1GO on S-gC;Ny promote effective transfer of electrons
for Cr(VI) reduction and subsequent degradation of organic pollutants. The photocatalytic activity of the 2D/2D
hybrid material is significantly increased by the decoration of a-Ag;VO4 hollow nanoflowers through ultrasonic
assisted Kirkendall effect. The inter-particle electronic coupling in hollow nanoflower leads to self-narrowing of
the band gap. The in-situ fabrication of B-AgVO, nanowires to form a quaternary catalyst enhanced the pho-
tocatalytic activity and corrosion inhibition by supporting a combined conventional and Z-scheme mechanism.
‘This enhanced photocatalytic activity is due to the synergistic effects of heterostructured semiconductor pho-
tocatalysis, increased surface area, improved utilization of solar light due to hollow structure, decreased pho-
tocorrosion and the surface plasmon resonance(SPR) of Ag’. The photocatalytic activities of $-5CN./S-1GO/
AgsVOW/AEVO5(SGO-SGAx) composite photocatalysts were measured by the degradation of methylene blue
(MB), methyl Orange(MO), 2,4-dichlorophenoxy acetic acid(2,4-D) and Cr(VI) reduction under visible-NIR ir-
rdiation. Electrochemical impedance spectroscopy (EIS) and photoluminescence (PL) spectral analysis in-
dicated that the in-situ formation of B-AgVOs from AgsVOs could efficiently promote the separation efficiency of
photogenerated charge carriers. Our present work indicated that the photocatalytic activity can be significantly
enhanced by judiciously designing the semiconductor nanomaterials
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1. Introduction

‘The deterioration of biological, chemical and physical character-
istics of water through natural and anthropogenic activities became
harmful to human beings, plants, and animal communities. Water
contamination due to organic pollutants and heavy metals is a matter of
great concern as they have many adverse effects. Among the organic
pollutants and heavy metals, pesticides, organic dyes and hexavalent
chromium (Cr (VD)) are highly toxic. Pesticides like 2,d4-di-
chlorophenoxy acetic acid (2,4-D) [1] and organic dyes are generally
stable to light, heat and oxidizing agents. They induced various cyto-
toxic, genotoxic, mutagenic and carcinogenic effects. The minor oc-
currence of them in surface water might cause a detrimental effect on
aquatic life. Contamination by chlorinated compounds is one of the
most serious environmental problems. Apart from other common heavy
‘metals, chromium primarily exists in two oxidation states, Cr(VI) and
(1) [2]. Cr(VI) had been classified as more carcinogenic, soluble and
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mobile than Cr(IIl). The majority of treatment methods employed at the
present time utilize geofixation of Cr(VI) by its reduction to Cr(III) and
formation of insoluble Cr(Ill) compounds which were then removed.
Plenty of methods like chemical precipitation [3], adsorption [4,5],
membrane filtration [6,7] and photocatalysis have been reported for
the wastewater treatment. Among them the most effective, economical,
and environment-friendly “green” route for the treatment of waste-
water is photocatalysis.

As a visible-light-responsive polymer, graphitic carbon nitride has
attracted considerable attention because of its high chemical and
thermal stabilities, characteristic layered structure, high surface area,
easy synthesis, and low cost. Because of the high electrical conductivity,
high surface area, great mechanical strength, rich surface chemistry,
and optical absorption properties, graphene could improve the photo-
catalytic performance of gC;N, [8-10]. Doping of GO with sulphur,
which has the similar electronegativity of carbon, is effective in mod-
ifying the electronic arrangement of graphitic lattice by introducing
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