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ABSTRACT

In the modern era, industrialization has facilitated the human life but produced several severe
pollutants as well that are hazardous in nature. Thus the degradation of these hazardous
material has drawn considerable attention. This study deals with the synthesis of MoS,/AgszPO,
heterojunction nanocomposite with 1-50% wt. using a microwave-assisted hydrothermal process
as well as photocatalytic activity of tetracycline hydrochloride (TCH) degradation has been
analysed. The compositional properties of nanocomposite catalysts have been studied through
X-ray diffraction, Fourier transform infrared, X-ray photoelectron spectroscopy as well as
structural and morphological studies were conducted through scanning electron microscopy,
transmission electron microscopy, Brunauer-Emmet-Teller, photoluminescence, N, physical
adsorption, UV-vis diffuse reflectance spectroscopy. This provides an excellent and efficient
mechanism for the remediation of residual organic contaminants under visible light that could
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be used to decontaminate the atmosphere.
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1. Introduction

Industrial development in the contemporary world has
carried out the growth of innovative products, but it
has produced new pollutants that may seriously
damage our environment [1,2]. Contaminants from bio-
logical species and chemicals have severely affected
the environment and living species [3], furthermore
exacerbating the fresh water disaster in several develop-
ing countries. Drug antibiotics are one of the most com-
monly used drugs in medical treatments and agriculture
production and are often found in soil, underground
water, at the surface of water and even in the drinking
water. Since various chemicals including pesticides, anti-
biotics, heavy metals and toxins are not efficiently
removed in the water treatment processes, which pose
serious threat to human health. Tetracycline hydrochlo-
ride (TCH), a major group of global antibiotics, is recur-
rently detected in sediments, surface waters and

W Degradation

ground waters in current years due to the stable chemi-
cal structure and recalcitrance to biological degra-
dations. It may act as a principal disruptor of soil
respiration, reduction (ferric), and nitrification and phos-
phatase activities. Furthermost, antibiotics are not com-
pletely metabolized and absorbed by animals as well
as humans [4-6]. Certain antibiotics that are used in
excess have low biodegradability and may cause
various adverse effects, together with acute and
chronic toxicity, damage to aquatic photosynthetic
organisms’ effects on local microbial populations, and
destruction to drug resistance genes in microorganisms
[7,8]. Therefore, residues of antibiotic in water establish
life-threatening hazards to human and environment,
which are the foremost challenges [9]. Conventional
water treatment systems filtered out microorganism on
the other hand waste water cannot completely remove
antibiotics [10]. Therefore, life-threating risks to human
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and environment as well as economic losses have dis-
tended the urgency to improve the operative and
state-of-the-art technologies to completely eliminate
antibiotics from water, especially from drinking water
[11,12].

Owing to their potential applications in the field of
hydrogen evolution reaction and in the elimination of
organic pollutants and contaminants from the environ-
ment, semiconductor photocatalysts have attracted con-
siderable attention in recent years [13-15]. Although,
TiO, is a semiconductor material that has been most
widely studied since the discovery of TiO, as a photo-
electrode. However, maximum efficiency of TiO, is
restricted simply for a UV light region because of its sig-
nificant band gap energy of 3.2 eV. There have been
several approaches to extend the performance of photo-
catalytic semiconductors from UV to visible light [16]. In
addition to the TiO,-based photocatalysts, a number of
investigations on the enhancement of visible light
photocatalysis of other potential semiconductor metal
oxides, carbides, phosphides, ferrites, dichalcogenides,
nitrides, oxynitrides, etc. have been studied in recent
years [17-22]. In general, the optimization of band struc-
tures by doping metallic or non-metallic elements, dec-
oration of metallic nanoparticles like Pt, Au and Ag on
the surface of semiconductor, morphology tuning, and
construction of heterostructures or composites are the
major techniques performed in conventional photocata-
lysts to make them visible light active [23-26].

By integrating semiconductor nanoparticles with
good distribution, the performance characteristics of
MoS, sheets can be enhanced. Nanoparticles decorated
MoS, sheets can develop specific synergetic character-
istics. MoS; nanosheets have recently been documented,
were decorated with semiconductor nanoparticles. Het-
erostructured catalysts, in comparison with individual
catalyst, have better performance and have been
proved more efficient [27-36].

Among the most challenging problems for hetero-
structured photocatalysts is to find specific materials
with both a high photocatalytic activity and a reduced
recombination effect for the degradation of pollutants.
MoS, nanosheets with well-dispersed nanoparticles in
semiconductor can provide greater flexibility for selec-
tive catalysis and transportation of charge carriers. This
results in the increased porosity and large specific
surface area of semiconductor nanocomposites
materials. Therefore, AgsPO, decorated with composites
MoS, can offer innovative opportunities to improve new
photocatalyst materials.

Keeping the literature review and to best of our
understanding, there exist no reports on the AgsPO, syn-
thesis integrated as photocatalyst MoS, ultrathin

nanosheets. Thus, in this study, we introduced two-
steps method and used it as a photocatalyst. Apart
from its unique electronic properties, layered MoS, pos-
sesses large theoretical specific surface area and excel-
lent chemical stability. Hence, in this study, a
composite material of MoS, with different wt.% of
highly photoactive AgsPO,4 was fabricated via microwave
hydrothermal process and evaluated using physico-
chemical properties, photocatalytic activity and perform-
ance of the photocatalyst composite.

2. Experimental procedure

All chemical elements were of analytical grade and used
without any additional purification.

2.1. Preparation of MoS, ultrathin nanosheets

Generally, 2 mmol (NH4)eM0;0,44H,0 and 0.06 M
thiourea were dissolved under intense stirring in 70 mL
distilled water to develop a homogeneous solution.
Thereafter, solution was shifted to a 100-mL Teflon-
lined stainless steel autoclave after being stirred for
30 min and kept for 24 h at 200°C. The reaction mechan-
ism was further cool down naturally in order to reach at
room temperature. The collected material was processed
via centrifugation, cleaned using distilled water and
ethanol and finally dried under vacuum at 60°C.

2.2. Preparation of MoS, ultrathin nanosheets
decorated with AgsPO, nanoparticle

For a typical synthesis of MoS,/AgsPO, composite, at
first, 200 mg of MoS, was dispersed in 40 mL of distilled
water. Then, it was sonicated for 1 h to obtain the dis-
persed MoS, nanosheets. Then, 0.12 M of AgNOs; was
added into it under vigorous stirring. In the second
beaker, 0.12 M of Na,HPO, was dissolved in 40 mL of dis-
tilled water, and the solution was poured dropwise into
the first beaker containing AgNOs solution and dispersed
MoS, under constant stirring. The mixture was then
transferred into a Teflon vessel for the microwave hydro-
thermal treatment at 150°C for the period of 1 h. The
obtained precipitate was separated by centrifuge fol-
lowed by several times of washing with distilled water
and ethanol. Then, the subsequent product was air
dried overnight at 60°C in order to remove moisture.
The composite products of MoS, with 1, 3, 5, 7, 10, 30
and 50% wt. of AgzPO, were labelled as MAP-1, MAP-2,
MAP-3, MAP-4, MAP-5, MAP-6 and MAP-7, respectively.
For evaluation purposes, pure AgsPO,; was also syn-
thesized without the addition of MoS,.



2.3. Characterization of samples

The structural characteristics of the attained precipitates
were studied using (XRD) X-ray diffraction with Cu-Ka
radiation by means of a Shimadzu Labx XRD 6100. The
size and morphologies of synthesized samples were
carried out through Field-Emission Scanning Electron
Microscope (FESEM, JEOL-6300F). Transmission electron
microscope (TEM, Hitachi H-7000) having 110 kV (volt)
and a high-resolution TEM (HRTEM, Tecnai G2 F 20 S-
Twin TEM) at an operating acceleration voltage of
210 kV (volt) were used to analyse nanoparticles. FTIR
(Fourier transform infrared spectroscope, Avatar 370)
with a spectral range (400-4000 cm™") and XPS (X-ray
photoelectron spectroscopy, Thermo Scientific K-alpha
surface analysis instrument) were used to investigate
the purity of final product. Specific surface areas of
adsorption—-desorption method at 77 K (Micrometrics
Tristar ASA 3000) using Brunauer-Emmett-Teller (BET)
method and UV-vis diffuse reflectance spectra (UV-vis
DRS) were obtained for the dry-pressed disk samples
using a UV-vis spectrometer (UV-2450, Shimadzu,
Japan). BaSO, was used as a reflectance standard in
UV-vis diffuse reflectance experiments. The photolumi-
nescence (PL) spectrum was obtained using Fluor-
escence spectrophotometer (Hitachi F-4500) having Xe
lamp as the excitation source, and excitation wavelength
of 210 nm was used. Electrochemical impedance spec-
troscopy measurements (PC and EIS) were carried out
using electrochemical working station (CHI 660D, CH
Instruments, Inc., Shanghai). The platinum wire SCE (satu-
rated calomel electrode), working electrode, and refer-
ence electrode FM/A-6%, were used, respectively.
Throughout experiment, the range of frequencies 10
—5 Hz and 10-2 Hz was adjusted with initial voltage of
—0.01V (volt) in 0.01 mol/ Na,SO, aqueous solution to
record the EIS analysis. A light source was used for the
measurement of photocurrent (PC) with 500 W Xe lamp
and an aqueous solution of 0.5 mol/L Na,SO,.

2.4. Evaluation of photocatalytic performance

Photocatalytic studies were carried out at normal pH of a
TCH solution, an organic pollutant. The experimentation
complicated a photo reactor having a 300-W mercury
lamp used as an internal light source having a main emis-
sion wavelength of 420-780 nm, enclosed with a quartz
vessel. The initial pH of TCH solution was 3.96, without
adjustment during the photo catalysis process. The
light source is enclosed by means of a suspension of
AgsPO, decorated MoS, nanosheet catalyst and
aqueous TCH (100 mL, 1g/L). The suspension was
stirred for 30 min before irradiation in the dark
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environment to ensure a good dispersion and to
obtain an adsorption-desorption equilibrium within the
organic pollutant molecules and catalyst. The reaction
solution samples were collected at specific time intervals
during light irradiation and analysed with an optical
spectrophotometer.

3. Results and discussion
3.1. X-Ray diffraction (XRD) analysis

The XRD characteristics of pure MoS,, AgzPO,4 and MoS,/
AgsP0O,4 heterojunctions with distinct AgsPO,4 contents
are shown in Figure 1. The cubic phase of AgsPO,
(JCPDS card no. 06-0505) could be obviously appointed
to all the diffraction peaks in bare AgsPO, patterns. All
peaks in violent line were categorized through the pres-
ence of Bragg diffraction planes at an angle 26 =21.0°,
29.8°, 33.4° 36.7°, 47.9°, 52.8°, 55.1°, 57.3°, 61.7° and
73.9° which are indexed to (110), (200), (210), (211),
(310), (222), (320), (321), (400) and (332) planes of
body-centred cubic structure of AgsPO,, respectively. In
the case of pure MoS,, orthorhombic phase of MoS,
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Figure 1. XRD patterns of (a) AgsPO,, (b) MoS,, (c) MAP-1, (d)

MAP-2, (e) MAP-3, (f) MAP-4, (g) MAP-5, (h) MAP-6 and (i)
MAP-7 photocatalysts.
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(JCPDS card no.37-1497) the peaks at an angle 26 =14°,
33° and 58.4° could be allocated to the (002), (100) and
(110) planes, respectively [37-39]. Hence, from the XRD
patterns, it is clear that the synthesized samples
contain MoS, and AgsPO, with good crystallinity.
Additional peaks were not detected for any other
impurities.

3.2. XPS analysis

XPS measurements further describe the elemental com-
position and chemical states of the MAP-6 composite.
The findings are shown in Figure 2, which shows the con-
centrations of Ag, Mo, S, P, C and O. No peaks are
observed which correspond to other elements. The
high-resolution Ag 3d spectrum (Figure 2b) can be tai-
lored to two peaks, and the binding energies at 367.8
and 374.45 eV. It can be attributed, respectively, to Ag
3ds,, and Ag 3ds,, which indicate the existence of
Ag®. The Mo 3d XPS spectrum high resolution as in
Figure 2(c) indicates the binding energies of 231.8 eV
for Mo 3ds,, and 227.3 eV for Mo 3d 3,5, proposing that
Mo is in the oxidation state **. The S 2p XPS band
(Figure 2d) can be split into two peaks placed at 160.8
and 161.6 eV, referring to the S 2p3,, and S 2p,, in the
MoS, respectively [40]. In P 2p XPS spectrum as in
Figure 2(e) broad peak having binding energy 131.5 eV,
which belongs to the P> * in the Ag;PO, material. The
presence of the C 1s peak (Figure 2f) is positioned at
283.7 eV and is due to the generally adventitious XPS
instrument hydrocarbons themselves. The O 1s spectrum
(Figure 2g) can be tailored into two peaks positioned at
529.0 and 531.5 eV, respectively, arising from O~ in the
AgsPO,4 and the hydroxyl group.

3.3. Morphologic characterization

3.3.1. SEM and TEM analyses

SEM images as in Figure 3 show the morphologies of the
samples as-prepared. Using Figure 3(a), as-synthesized
AgsPO, products have an asymmetrical polyhedron
crystal structure and, having dimension of about 1-
5 um in scale, and some of small particles are scattered
round large particles. Hydrothermally synthesized MoS,
material SEM images as in Figure 3(b) indicate that the
ultrathin nanosheets are shown on stripped MoS,. The
certain aggregation of the stripped MoS, layer-like
material and MoS, materials was not reduced to parts.
As shown in Figure 3(c), AgsPO, particles are distributed
evenly without obvious agglomeration over the MoS,
ultrathin nanosheets. Furthermore, there is a slight
decrease in the particle size of AgsPO, in MAP-6 and a
uniform decrease when a particular quantity of MoS,

was hybridized with AgsPO, which indicates that,
adding AgsPO, has an impact on the particle size of
MoS, ultrathin nanosheets. The chemical composition
of MAP-6 nanocomposite was investigated by EDS
(energy dispersive X-ray analysis). It is observed that in
Figure 3(d) the elemental mapping images expose the
existence of Mo, P, Ag and O, distributed uniformly all
the way through the sample with S alongside. as in
Figure 3(d). Figure 3 displays the EDS spectrum used
for numerical investigation of the comparative atomic
percent is sum-up in the table of Figure 3(d). The com-
parative atomic ratio replicates the nanocomposite’s
elemental composition, in which it is estimated to be
1.2:3.17:40.1:10.5:1.0 for a ratio of Mo:P:Ag:O:S. These
values coincident well with the relative area ratio of
the elements through XPS analysis. AgsPO,4, MoS, and
MAP-6 photocatalyst TEM images are shown in Figure
4(a)-(c). These images authenticated that the Ags;PO,
particles are accumulated on the MoS, ultrathin
nanosheets. Figure 4(d) showed clearly that the lattice
fringes at 0.59 and 0.27 nm, which relates to the (002)
of MoS, and (210) planes of pure AgsPO,, respectively.
The sizes and morphology of as-prepared MoS, have
been characterized by SEM (shown in Figure 3b).
Figure 4(b) shows that the as-synthesized MoS, ultrathin
nanosheets have uniform fibre-like morphology with
diameters of about 0.2 um, which are regularly stacked
by many MoS,; sheets. In addition, with higher magnifi-
cation, as shown in Figure 4(c), MoS, nanosheets are con-
structed of lump-like structures with AgsPO, and there
are many interspaces among the lump. Obviously, this
kind of structure has the higher specific surface area,
which promises potential applications as catalyst. These
results suggest it plays crucial role on the formation of
MAP-6 photocatalyst in the heterojunction. It shows
clearly that MoS, and AgsPO, have well-mixed compo-
site heterojunctions, which are capable of improving
the separation of the charge and effective movement
of electrons within structure compared with pure
AgsP0O,4 and MoS, ultrathin nanosheets.

3.3.2. BET analysis

In photocatalytic degradation of organic contaminants,
the specific surface area is a vital parameter as it affects
active site numbers as well as adsorption efficiency of
the material. Consequently, specific surface area of
samples was measured using Brunauer-Emmett-Teller
(BET) characterization. The pore size distribution (PSD)
of AgsPO,4 MoS, and MAP-6 as well as corresponding
N, adsorption-desorption isotherm have been shown
in Figure 5. The N, adsorption-desorption isotherms
acquired for three samples (curve a, b and c) are type
IV in accordance with IUPAC and show significant P/P0
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Figure 3. (a) SEM image of pure AgsPO,, (b) SEM image MoS, ultrathin nanosheets, (c) SEM image of MAP-6 photocatalyst and (d) EDS

spectrum of MAP-6 photocatalyst.

relative pressure hysteresis from 0.1 to 1.0. To conduct
specific surface area in relative pressure (P/P0) resulting
ranging from 0.01 to 0.99, BET multipoint technique
was used. The specific surface area of pure AgsPO, is
0.33 m%/g, low as compared to MoS, that has 7.02 m?/
g which shows a smaller specific surface area of
0.33 m?*/g and MoS, is 7.02 m%/g. However, significant
advantage was found when Ags;PO, distributed upon
the surface of MAP-6, subsequent, specific surface area
of MAP-6 increases to 0.84 m?/g. The Barrett—Joyner—
Halenda (BJH) method has been used to verify PSD of
the samples. The AgsP0O,4, MoS, and MAP-6 PSD images
were added to Figure 5 (a1, b1, c1), as well as 2.21,
1.72 and 2.65 nm are the pore diameters, respectively.
The increment in specific surface area of the nanoparti-
cles is based upon the partial mesoporous structure. It
was making it useful to improve diffusion organic con-
taminants molecules, whereas this kind of porous

structures comprise effective passage to the reactants
as well as for products.

3.3.3. UV-Vis DRS analysis

The optical characterization of as-prepared samples was
carried out using UV-Vis DRS. As shown in Figure 6, the
fundamental absorption edge of pure Ags;PO, is at
537 nm. The MoS, absorption edge is occurred at
around 648 nm. Definitely, it is figured out that absorp-
tion intensity of MAP-6 increased in the visible region
after combined with MoS,. Obviously, the absorption
band edges of the composite shift toward the long wave-
length are increasing as the MoS, contents, namely ‘the
blue shift’ conduct. Significantly, the semiconductor
band gap can be determined with mentioned formula
as: ahv = C (hv-Ey) "2 \where a, h, v, Eg and C are absorp-
tion coefficient, Planck constant, light frequency, band
gap energy and proportionality constant, respectively.
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Figure 4. TEM images of (a) pure AgsPO, (b) MoS, ultrathin
photocatalyst.

The magnitude of n is based upon the nature of a semi-
conductor material. Specifically, for direct band gap
semiconductor n=1 whereas for indirect band gap
material n=4. Hence, according to Equation (1), in
view of the direct band gap for 3 samples, Figure 7 pro-
vides the plots of (ahv)? versus hu. As a matter of fact, E,
values for AgsPO,4 MoS;, and MAP-6 photocatalyst are
222, 1.82 and 254 eV, respectively, through a liner
fitting.

3.3.4. Photoelectrochemical performance

In semiconductor materials, photocatalytic activity is
generally based upon the photogenerated charges sep-
aration at the interface. Photocatalytic substance per-
formance plays an important role in semiconductors
for the separation efficiency and transmission of elec-
tron-hole pairs. A typical characterization technique
such as EIS was used for searching interface separation
efficiency of photogenerated charges. The EIS Nyquist
plot for MAP-6 composite and AgsPO,; and MoS; nano-
particles is shown in Figure 8. The behaviour between
interface layer and electrode surface can be described
as the arc radius in the EIS Nyquist graph. The reduced
arc radius represents low impedance and the carrier
transmitting mechanism thus represents the more
effective interface. Figure 8 shows that small arc radius
of MAP-6 owns larger efficiency in charge electron trans-
fer and separation as compared to pure MoS, and

0.2pm

MosS,
(002)
0.59nm

nanosheets, (c) MAP-6 photocatalyst, (d) HRTEM image of MAP-6

Ag3PO, nanoparticles. The results showed in Figure 8
definitely demonstrate that MoS, and AgsPO, should
promote the efficiency of MAP-6 composite charge sep-
aration, therefore, allow it to have an enhanced photoca-
talytic activity.

3.3.5. FTIR analysis

Figure 9 shows Fourier transform infrared (FTIR) spec-
troscopy characterization of MoS,, AgsPO, and MAP-6
composite photocatalyst. For curve (a), the P-O stretch-
ing vibration in PO, was allocated to the two peaks
one is at 1010 cm™' and other at 1010 cm™' in the
AgsPO4 FTIR spectrum. The bands can be attributed to
the bending and stretching of H-O in the water
adsorbed over its surface at 1381 and 1659 cm™'. The
bands could be linked to the bending and stretching
of the hydrogen bond in the water at 2282 and
3225 cm™". Curve (b) demonstrates the MoS, nanosheet
spectra of the FTIR. Absorption bands are available at
557, 1013, 1348, 1664 and 3209 cm™'. The 557 cm™'
band is referring to the Mo-S bonds in the MoS,
sample whereas the 1013 cm™" band is indicating S-S
bonds. The existence of hydroxyl group and Mo-O
bonds including the stretching vibrations contributes
to the 1348 and 1664 cm™' absorption bands. Stretching
vibration can also be owing to the present hydroxyl
group, by the peak at 3209 cm™ [39]. Curve (c) demon-
strates the Map-6 nanoparticles FTIR spectra. There are
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absorption bands at 553, 841, 1014, 1384, 1430, 1662,
2882 and 3225 cm™ .

A band at 553-841 cm™' is referring to the presence
of aromatic halide. The medium to strong bands
observed in the range 1014-1430 cm™' are assigned to
C-0 stretching vibrations and the value of C=N stretch-
ing vibration is found 1650-1690 cm™'. Consequently,
the OH vibration of the phenolic proton appears as a
broad band in the region 3202-3234cm™' possibly
due to the overlapping of the symmetric and antisym-
metric OH stretching vibrations of lattice water [41-44].
The bands are due to the hydroxyl groups and water
molecules adsorbed on the AgsPO,; and MoS, surface.
The photocatalytic reaction for the oxidation as well as
reduction may develop a relationship between contami-
nants and hydroxyl free radicals.

(@)

S~

/“\__/Q/————_

(b)

(a)

Absorbance (a.u.)

400 500 600 700

Wavelength (nm)

200 300

Figure 6. UV-Vis spectra of (a) AgsPO,, (b) MoS; and (c) MAP-6.

3.3.6. Photoluminescence analysis

To realize its larger photocatalytic activity of the MAP-6
composites comparative to both the pure Ag;PO, and
MoS, nanosheets, the photoluminescence (PL) investi-
gation was used to calculate the recombination, transfer
and mitigation mechanisms of a photogenerated elec-
tron-hole pairs in the photocatalyst samples as-pre-
pared. A lower PL intensity generally indicates a lower
recombination of charge carriers, leading to larger
photocatalytic activity. As indicated in Figure 10(a), it
can be seen that the pure AgsPO, sample has a major
emission peak at approximately 533 nm, which corre-
sponds to its broadband gap and that the recombination

(b)

(uhv?)

35 40 45 50 S5

hv(eV)

Figure 7. Evaluation of the band gap energies of (a) AgsPO,, (b)
MoS; and (c) MAP-6 photocatalyst.
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electron-hole pairs specifically imply a cluster-to-cluster
transition of charge.

In Figure 10(b), the MoS, nanosheet shows only one
broadband of absorption band that can be due to the
mixed optical absorption by direct and indirect band
transitions in narrower and thicker MoS, layers. The exci-
tations occur due to direct transition that generates two
noticeable PL peaks in the nanosheets of MoS, between
the top of the valance band edge and bottom of the con-
duction band, at about ~600 and ~525 nm, respectively.
It displays a similar spectrum of PL about ~545nm
(Figure 10b), equivalent to a 1.82 eV band gap from
the relaxation of direct nanosheet excitations in MoS,.
Hence, significant PL intensity is detected in the MoS,
nanosheet owing to direct band gap nature, favouring
direct electronic transition. An identical PL spectrum is
attained after the introduction of the MoS, nanosheet;
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Figure 9. FTIR spectra of (a) AgsPO,, (b) MoS, and (c) MAP-6
composites.
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Figure 10. Photoluminescence spectra of (a) AgsPO,, (b) MoS,
nanosheet, (c) MAP-6 composite.

moreover, the general emission intensity is definitely
decreased relative to that of pure Ags;PO,, indicating
that the formation of a heterojunction among AgsPO,
and MoS, nanosheet suppresses the recombination of
the photoexcited electron-hole on the AgsPO,, surface.
The finding from PL study shows that the MoS,
nanosheet with a two-dimensional m-conjugated struc-
ture possibly will assist as an efficient electron-accepting
material and also that close interaction among AgsPO,
and MoS, nanosheet. It will boost the separation of
hole pairs under solar light irradiation and afterwards
electrons easily be transferred to MoS, nanosheet,
which inhibits the direct transition of electrons and
holes recombination.

A charge separating is generally credited to a charge
transfer at the interface by combined photocatalysts,
including driving force resulting from the corresponding
band potentials of the two components. The PL emission
intensity and photocatalytic performance are adversely
affected. The lowest level of PL emissions but the
highest photocatalytic activity is shown in Figure 10(c).
Almost all UV-vis absorption and PL spectrum imply
that the MoS, nanosheet is more exciting in the same cir-
cumstances and that it can play an important role in
increasing the efficiency of photocatalytic degradation.

3.4. Photocatalytic activity

Photocatalytic performance of the different ratios of syn-
thesized MAP-6, MoS, and AgsPO, is shown in Figure 11
(@) and evaluated by the degradation of TCH. Blank
experiment (no catalyst) was also conducted under
visible light condition. TCH of self-degradation was
insignificant without catalyst (Figure 11a). It stated
clearly that TCH's self-degradation under visible light
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irradiation is negligible. The degradation efficiency of
MAP-6 was compared with pure Ags;PO,; (66%) and
MoS, (48.9%), and resultant significantly improved. In
addition, factually, MAP-6 demonstrated degradation
performance up to 70.7% for TCH after 10 min
irradiation. Attempting to make use of the benefits of
MAP-6 has outstanding photocatalytic performance
and 80.50% degradation efficiency.

The photocatalytic activity of the different ratios of
photocatalyst on the degradation of TCH is approxi-
mately in contract through the Langmuir-Hinshelwood
pseudo-first-order reaction procedure: In (Co/C;) = ki As
per finding of the kinetic study conclusion (Figure 11b),
the graph of In (Co/C,) versus time (t) provides a straight
line. The kinetic constant (k) for the pure MoS,, AgszPO,,
MAP-1, MAP-2, MAP-3, MAP-4, MAP-5, MAP-6 and MAP-
7 are 0.0168, 0.0269, 0.0084, 0.0254, 0.0195, 0.0322,
0.0385, 0.0409 and 0.0316, respectively. Undoubtedly,
the kinetic constant (k) of MAP-6 for TCH degradation
is corresponding to 0.0409, which are significantly
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Figure 11. (a) Photocatalytic activities and performance were
carried out of the obtained samples for TCH degradation under
visible light irradiation. (b) Comparison by visible light irradiation
of apparent rate constants (k) of the acquired samples for TCH
degradation.

greater than AgsPO, (0.0269) and MoS, (0.0168). More-
over, photocatalytic performance and photocatalyst
stability are also essential for practical application. Thus
the stability of the photocatalytic materials has been
investigated. As displayed in Figure 12, the photodegra-
dation efficiency of TCH after four cycling tests shows a
slight decrease, representing that the prepared MAP-6
was stable and efficient for the degradation of TCH in
water under visible light.

3.5. Photocatalytic degradation mechanism

The main active species during most of the photocata-
lytic system was established by reactive oxide trapping
tests. The use of O3 radicals, h*, and "OH radicals as a
scavenger, respectively, was carried out from p-benzo-
quinone (BQ, 0.0001 mol/L), disodium ethylene
diamine tetra acetate (EDTA, 0.01 mol/L) and isopropa-
nol (IPA,0.01 mol/L). Until radiation exposure in three
isolated environments, scavengers were applied to
the persistent organic antibiotic solution. TCH was
consumed as the main pollutant in this segment.
Adsorbing potential (g.) and degradation efficiency
(E) were determined using the corresponding formulae
[45-49]:

(Co — C)V

G —C
qezTand E(%) = OCO €

x 100,

in which Cy represents initial concentration of the
determined antibiotic solution (g/L), equilibrium con-
centration after degradation/ adsorption (g/L)
denoted with C,, where W and V represent the mass
of the photocatalyst (g) and volume of persistent anti-
biotic solution (mL), respectively. Figure 13 displays
the principal active photocatalytic degradation
species of TCH.

During this procedure, the photocatalysis of TCH
decreased significantly with IPA and TEOH build up
and revealed the minor part of the reaction under solar
light to holes (h*) and BQ supplements reduced to
some extent decreased and prevented the effect of
degradation.

Additionally, the valence band (VB) and conduction
band (CB) band edge positions also have an important
impact upon the redox catalytic activity. It can be deter-
mined from the following equation: Eyg =X — E. + 0.5,
and Ecg = Eyg — Eg, Where Eyg and Ecg stand for VB and
CB edge potentials, respectively; semiconductor electro-
negativity is denoted by ‘y, therefore, it represents the
constituent atoms electronegativity. The AgsPO, and
MoS, have x-values 5.96 and 5.32 eV, respectively. The
hydrogen scale free electron energy is denoted by E,
and its value is around 4.5 eV. E; was represented as
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Figure 12. Photocatalytic activities of MAP-6 composite during the recycling experiments.

the semiconductor band gap energy and its values for
AgsPO; and MoS, are approximately 2.22eV and
1.82eV, respectively [50-52].
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Figure 13. Influence of various scavenger adding on the photo-
catalytic degradation of TCH under visible light.

The EVB values of AgsPO,4 and MoS,; are measured at
about 2.57 and 1.73 eV, the lowest of which is more
favourably for both AgsPO,; and MoS, than the O,/
H,O redox (1.23eV), both of which can potentially sep-
arate water in oxygen. The experimental calculation
indicates that the Eyg values of AgsPO, and MoS, are
measured at about 2.57 and 1.73 eV, the topmost of
which is more favourable for both Ag;PO, and MoS,
than the O,/H,0 (1.23eV), that is more positive than
the redox potential of O,/H,O (1.23eV), theoretically,
both semiconductors can have ability to produce
oxygen by splitting water. Nevertheless, for practical
water splitting using solar energy, AgsPO, perform as
the oxygen-developing catalyst due to its large positive
potential than that oxidation potential of water. Conse-
quently, AgsPO,4 and MoS, Ecg positions are determined
to be about at 0.35 and —0.09 eV, respectively. The
photocatalytic process is preliminary and schematically
demonstrated in Figure 14, which is based on the argu-
ments above about the photogenerated degradation of
TCH over the MoS,/AgsPO, (MAP-6) composites. All
AgszPO, and MoS, nanosheets can be effectively
excited by visible light irradiation, resulting the gener-
ation of photogenerated electron-hole pairs, and
these photogenerated electrons exited from top of VB
of AgsPO, and MoS, may easily be transferred to the
bottom of their conforming CB of Ags;PO, and MoS,,
respectively. Simultaneously, nanoparticles generated
at the interface of AgsPO,4 and MoS,, which was corre-
sponding to metallic Ag nanoparticles create through
the photo corrosion of AgsPO, and act as the carrier
separation centre to configure with the visible light-
driven MoS,/AgsPO, Z-scheme system. The dangling
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Figure 14. Schematic diagram of photocatalytic degradation of TCH under visible light irradiation by MAP-6 composite in visible light

conditions.

bond photoelectrons of Ags;PO, form the CB may
simply change into nanoparticles over the Schottky
barrier because Ag has additional positive Fermi
energy as compared to the Ags;PO, CB energy level.
At the same time, MoS, holes in the VB can further-
more transport to metallic Ag nanoparticles, neverthe-
less, these photo-induced electron and hole pairs may
annihilate at the surface of Ag.

In the meantime, the conduction band of MoS,
accommodates reductive photoelectrons, and on the
other side valence band of AgsPO, will assist strong
oxidizing holes. The AgsPO,4 holes would oxidize TCH
directly through photocatalysis process, while MoS,
high reduction electrons would react with O, to
form O3, which could promote oxidizing of TCH. Con-
sequently, the successful advancement of organic pol-
lutant photodegradation can be continued efficiently.
Furthermore, the procedure can be defined as follows:

MoS,/Ag;PO4+hv— MoS;(h" +e7) + AgsPOs(h* +e7)
MoS,(e7)+0; — MoS;+ 05~

Ag;PO4(h*)+H,0/"OH — Ag;PO, +* OH

05"+ TCH — oxidation products

Ag5PO4(h")+TCH — Ag;PO, + oxidation product

The photogenerated charge carriers are spatially sep-
arated, that significantly prevents the recombination
of photogenerated electrons and holes, according to
the Z-scheme charge-carrier transfer process. This
enhances the photogenerated carrier’s oxidation and
reduction capability and enhances the photogener-
ated carrier’s lifespan of AgsPO, holes and photogen-
erated MoS, electrons, thus strengthening the
photocatalytic capacity.

4, Conclusion

In conclusion, the effective MoS, ultrathin nanosheets/
AgsPO, composite photocatalysts were effectively syn-
thesized by the microwave assisted hydrothermal
process and AgszPO, particle size in contact with the
MoS, ultrathin nanosheets was found to be significantly
reduced and exfoliated MoS, as a good support for the
photocatalyst. MoS,/AgsPO, (MAP-6) has an excellent
photocatalytic activity. The MoS,/AgsPO, (MAP-6) com-
posites show remarkable photocatalytic activity and con-
sistency for aqueous TCH solution, under visible light
irradiation. The doping of dispersed MoS, ultrathin
nanosheets developed the construction of Z-scheme
MoS,/AgsPO, heterojunction that owns large pro-
ductivity of carrier transportation and separation, and
also has stronger reduction and oxidation ability for
the persistent organic pollutants. The theoretical exper-
imental characterization analysis of band structures rec-
ommended that to enhance oxidation efficiency of
water is attributed to significant visible light harvesting,
more effective charge transportation. The photocatalytic
action of MAP-6 nanocomposite was more advanced as
compared to MoS, ultrathin nanosheet and Ags;PO,
nanoparticles, individually, for the photocatalytic
deterioration of persistent organic pollutants like TCH
under visible light and improved the parting of photo-
generated electrons and holes. In addition, superoxide
radicals ("O3) revealed the significant effect on the photo-
catalytic deterioration of TCH. We were studied for deter-
mining the activity of the composites by photocatalytic
degradation of TCH toxic antibiotic as a standard pollu-
tant under visible light irradiation. The results of the
study show that the photocatalytic system MoS,/
AgsPO, (MAP-6) is look forwarded to act as an



encouraging visible light photocatalyst for wastewater
remediation contaminated with real-world organic
factory pollutants.
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