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Highly efficient visible-light photocatalytic activity
of MoS,-TiO, mixtures hybrid photocatalyst and
functional propertiest

M. Sabarinathan,?® S. Harish,?® J. Archana,® M. Navaneethan, ©*° H. Ikeda®
and Y. Hayakawa ( *2°

2-D-layered molybdenum disulfide (MoS;) and MoS,/TiO, nanocomposite were synthesized by
a hydrothermal method. The effects of the concentration of TiO, on the formation of MoS,/TiO,
composites and functional properties were investigated. X-ray diffraction patterns revealed the formation
of hexagonal and anatase structure of MoS, and TiO,, respectively. Core-level X-ray photoelectron
spectroscopy confirmed the presence of Mo and Ti interaction by a significant peak shift. Morphological
analysis revealed the formation of TiO, on the surface of the MoS, nanosheets. The photocatalytic
degradation of methylene blue (MB) in an aqueous suspension was employed to evaluate the visible-light
activity of the as-prepared composite photocatalyst. The MB absorption peaks completely disappeared
after 12 min with 99.33% of degradation under visible-light irradiation at the TiO, concentration of
0.005 M. It was found that hydroxyl radical ("OH) played an important role in the degradation of MB

rsc.li/rsc-advances

1. Introduction

Energy crisis and environmental remediation are the two most
important issues that need to be resolved for living beings and
the society. The sun irradiates 1.5 x 10'® kW h energy to earth
every year, which is approximately 28 000 times of the total
annual energy consumption." Hence, semiconductor photo-
catalysis seems to be more attractive and easier to apply for
clean energy production and environmental remediation.”™* The
photocatalytic activities of a semiconductive material depend
on several factors such as absorption ability of photocatalysts,
separation and transport rate of the photogenerated electrons
and holes, and photoabsorption ability in the available light
energy region. Titanium dioxide (TiO,) is one of the most
explored and traditional semiconductor photocatalysts.® It has
a strong oxidizing power, high stability, low-cost, an abundant
source, and is relatively non-toxic.** However, TiO, responds
only to UV light, which is only 3-5% of the total sunlight."* The
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under visible-light irradiation. The possible charge-transfer mechanism has been proposed in this study.

band gap of TiO, is 3.0 and 3.2 eV for the rutile and anatase
phases, respectively, which is not compatible with visible-light
excitation.” Since the electron-hole recombination rate is
faster, it is mainly responsible for its limited application in
catalysis.® Therefore, it is necessary to overcome this drawback
by charge separation via suppressing the recombination rate of
the electron and hole pairs.

MoS, has drawn extensive attention because of its layered
structure, similar to that of graphene. Each layer is composed of
three atomic layers stacked together, in which Mo atom in the
middle is strongly bonded to S atoms present above and
below.'*** This two-dimensional (2D)-layered crystal structure
provides convenient electron transfer and many active sites for
sunlight absorption. The band gap of MoS, increases with the
decreasing number of layers due to quantum confinement
effect. The direct band gap of ~1.8 eV makes it a visible-light
active photocatalyst.""” The advantages of MoS, include
strong oxidizing activity, high hardness, high stability and
reliability, low-cost, and non-toxicity."*>* Researchers have
focused on synthesizing heterostructure nanocomposites such
as MoS,/RGO, MoS,/TiO,, Mo0S,/CuO, MoS,/CuS, and MoS,/
Mo0O;.>*** Among these, MoS,/TiO, heterostructure is the best
photocatalyst under visible-light irradiation due to the separa-
tion of charge carriers. MoS,/TiO, nanostructures possess more
surface-active sites than other nanostructures and this
enhances the light absorption by the photocatalysts.’**"
Recently, Z. B. Chen and his co-workers have prepared MoO;-
MoS, core-shell nanostructures by chemical vapor deposition
method and studied the photocatalytic hydrogen evolution

This journal is © The Royal Society of Chemistry 2017
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reaction.** B. Pourabbas et al. have synthesized MoS, photo-
catalysts by hydrothermal method at 300 °C and 12 h and
investigated the photooxidation of phenol.*® X. Zu and co-
workers have synthesized TiO,-decorated MoS, nanosheets by
hydrothermal method at 220 °C and 24 h.** L. Cao et al. have
synthesized MoS,-hybridized TiO, nanosheets by hydrothermal
growth at 210 °C for 24 h and measured its visible light pho-
tocatalytic activity.*® R. Tang et al. have demonstrated a facile
two-step hydrothermal method (200 °C for 24 h) to synthesize
layered MoS,-coupled metal-organic framework (MOF)-derived
dual-phase TiO, (MDT) as photoanodes for photo-
electrochemical water splitting and dye-sensitized solar cells
(DSSCs).* H. Li et al. have synthesized layered MoS, nanosheet-
coated TiO, nanobelts by hydrothermal method at 200 °C and
24 h.*” Meng Shen et al. have prepared MoS, nanosheet/TiO,
nanowire hybrid nanostructures by a hydrothermal method at
240 °C and 24 h and studied their visible-light photocatalytic
activities.*® However, these reports are related to high-
temperature synthesis; therefore, relatively low temperature
(<200 °C) synthesis of MoS,/TiO, nanocomposites is limited
because of poor crystallinity and non-uniform distribution in
the morphology. Therefore, a new approach has to be developed
to realize the mass production of MoS, at relatively low
temperature (i.e. <200 °C). X. Zong et al. have synthesized CdS/
MoS, heterostructure photocatalyst using a hot-wire chemical
vapor deposition method (HWCVD), and they found that the H,
production enhanced under visible-light irradiation.** Weijia
Zhou et al. have synthesized few layers of 2-D MoS,/TiO,
composite photocatalyst by a hydrothermal method at 200 °C
and 24 h, and they found that the light absorption range for the
photocatalytic H, production was enhanced.*’ As is well-known,
coupling of two semiconductors with narrow and wide band
gaps could extend the solar spectrum for light utilization.
Therefore, it is necessary to couple two semiconductors with
matched energy levels to enhance the photocatalytic activity
under visible-light irradiation through interfacial charge
transfer between MoS, and TiO, nanosheets.**

Herein, the layered MoS, and MoS,/TiO, nanosheets were
synthesized by a hydrothermal method. The effects of TiO,
concentration on the formation of the nanosheets were inves-
tigated. The photocatalytic activity of the synthesized materials
was characterized by quantifying the rate of methylene blue
(MB) degradation in an aqueous suspension under visible-light
irradiation. MoS,/TiO, nanocomposite photocatalyst exhibited
enhanced light absorption capacity as compared to pure MoS,
and TiO, photocatalysts. Kinetics, electron trapping, and
possible photocatalytic mechanism were studied.

2. Experimental

Sodium molybdate dihydrate [(Na,MoO,-2H,0), 99.5%], thio-
acetamide [(C,H5NS), 98%], citric acid [(C¢HgO-), 98%], and
diammonium hexafluorotitanate (DAHFT) [((NH,),TiFs), 95%]
were purchased from Wako chemicals (Japan) and used without
further purification.

This journal is © The Royal Society of Chemistry 2017

View Article Online

RSC Advances

2.1 Synthesis of 2D-layered MoS, nanostructures

2D-layered MoS, nanosheets were prepared by a hydrothermal
method similar to a previous report.*> In a typical synthesis,
0.04 M of sodium molybdate dihydrate, 0.08 M of thio-
acetamide, and 0.04 M of citric acid were dissolved in 50 mL of
deionized water under vigorous stirring for 4 h. The transparent
aqueous solution was transferred into a 100 mL stainless steel
autoclave and maintained at 180 °C for 24 h. The final product
was obtained from the autoclave through centrifuging thrice
with deionized water and ethanol and drying at 80 °C for 10 h.
The sample was labelled as S1.

2.2 Synthesis of layered MoS,-TiO, mixture heterostructure

The MoS,-TiO, mixture heterostructures were prepared by
a hydrothermal method. The amount of DAHFT, as a Ti source,
was changed as a parameter. In a typical reaction process,
0.04 M of sodium molybdate dihydrate, 0.08 M of thio-
acetamide, (0.0015, 0.0030, 0.0050, 0.010, and 0.015 M) of
DAHFT, and 0.04 M of citric acid were dissolved in 50 mL
deionized water under vigorous stirring for 4 h. The transparent
aqueous solution was transferred into a 100 mL stainless steel
autoclave and maintained at 180 °C for 24 h. The final product
was obtained from the autoclave and centrifuged thrice with
deionized water and ethanol and dried at 80 °C for 10 h. The
samples were labelled as S2 (0.0015 M), S3 (0.0030 M), S4
(0.0050 M), S5 (0.010 M), and S6 (0.015 M).

2.3 Photocatalytic dye degradation

Photocatalytic degradation of methylene blue (MB) was carried
out under visible-light irradiation. The optical absorption of MB
at 664 nm was used as a monitor wavelength of photo-
degradation. Then, 5 mg of MB was added to 100 mL of aqueous
solution and stirred for 30 min. After this, 50 mg of MoS, and
MoS,/TiO, photocatalysts were separately added to the above-
mentioned solution. To establish absorption/desorption equi-
librium, the mixed solution was stirred for 30 min in the dark
before the photodegradation reaction. The xenon lamp as
avisible light source was placed 15 cm away from the surface of
the solution. The dye degradation surveys were conducted at the
interval of 4 min, and the catalyst was isolated via centrifuga-
tion. The photodegradation percentage of MB was calculated
using the following equation:**

G - C,
— X

D) = &

100 (1)
where C, and C, are the concentrations of MB at time 0 and ¢ (s),
respectively, and ¢ is the irradiation time.

2.4 Characterization

The structure of the product was characterized by powder
X-ray diffraction (XRD) using a Rigaku diffractometer (RINT
ULTIMA - 2200, Japan, Cu Ko radiation). X-ray photoelectron
spectroscopy (XPS) was performed via a Kratos analytical
instrument (Shimadzu Corporation, ESCA 3400, Japan). Surface
morphologies were characterized by field-emission scanning
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electron microscopy (FESEM) using a JEOL JSM 7001F micro-
scope at an accelerating voltage of 15 kV. Transmission electron
microscopy (TEM) images were obtained using a JEOL JEM
2100F microscope at an accelerating voltage of 200 kv. UV-
visible spectroscopy (JASCO V - 670) was used to detect the
absorbance of the MB dye degradation.

3. Results and discussion

Fig. 1 shows the powder XRD patterns of pure MoS, and MoS,/
TiO, nanocomposites. Fig. 1 (S1) shows pure MoS, with its
diffraction peaks. The peaks corresponded to the hexagonal
phase of MoS,, which matched well with the standard JCPDS
card number (024-0513). Peaks at 14.4°, 32.6°, 35.8°, 44.2°, and
58.2° can be indexed to the (002), (100), (102), (104), and (110)
crystal planes, respectively. After the addition of TiO,, new
peaks appeared at 25.2°, 37.8°, 48.0°, 53.8°, 55.0°, and 62.6°,
which corresponded to the (101), (103), (200), (105), (211), and
(204) crystal planes, respectively. This confirmed the presence
of TiO, in the nanocomposites. As the concentration of TiO,
increased, the peak intensity of TiO, also increased. The
structures of MoS, and TiO, in all the samples were indexed to
the hexagonal (024-0513) and anatase structure (021-1272),
respectively. No other characteristic peaks were observed.

XPS measurement was carried out to observe the chemical
state of the MoS, and MoS,/TiO, nanocomposite. Fig. 2 shows
the survey spectra of MoS,/TiO,. The characteristic peaks at
36.90, 161.80, 229.40, and 529.89 eV can be attributed to Ti 3p, S
2p, Mo 3d, and O 1s, respectively. The high resolution XPS
spectra of Ti 3p, S 2p, Mo 3d, and O 1s are shown in Fig. 3.
Herein, two symmetric peaks appeared for Mo 3d state, as
shown in Fig. 3(al-a6). The peaks centered at 228.30 and
231.45 eV (S1) can be attributed to the Mo 3ds/, and Mo 3d3),
states, respectively, indicating a +4 oxidation state.** The energy
separation between the Mo 3ds,, and Mo 3dj, states was 3.1 eV,
which was in good agreement with the standard value.*® The
binding energies of the sample S2 were shifted to 227.80 and
231 eV from 228.30 and 231.45 eV of pure MoS,, respectively. On

Intensity (a.u.)

$1

10 20 30 40 50 60 70
20 degree

Fig. 1 XRD patterns of the layered MoS, and TiO, nanosheets.
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Fig. 2 High resolution XPS spectra of the layered MoS, and TiO,
nanosheets.

further increasing the concentration of TiO,, the peaks shifted to
227.90 and 231 eV for the sample S3, 227.55 and 230.80 eV for the
sample S4, 227.55 and 230.80 eV for the sample S5, and 227.5 and
230.80 eV for the sample S6. The samples showed significant peak
shift because of strong interaction between Mo and Ti. The S 2p
spectra, as shown in Fig. 3(b1-b6), can be deconvoluted into two
peaks located at 161 and 162.05 eV, which can be attributed to the
S 2ps,» and S 2py, orbitals of divalent sulfide ions (S*~). The energy
separation between S 2ps, and S 2p;, was 1.1 eV, which was in
good agreement with the reported value.*® The binding energies
shifted to 160.50 and 161.72 for the sample S2, 160.75 and 161.95
for the sample S3, 160.52 and 161.70 for the sample S4, and 160.52
and 161.70 for the sample S5. Moreover, for the samples S4 (a4,
b4), S5 (a5, b5), and S6 (a6, b6), binding energies of Mo 3ds,,, Mo
3dzp, S 2psp, and S 2py, were shifted about 0.20 eV when
compared with those of the samples S2 (a2) and S3 (a3). This slight
shift was attributed to the strong interaction between MoS, and
TiO,. Fig. 3(c1-c5) shows the Ti 3p state with the peak centered at
37 eV. There was no significant peak shift observed in the Ti 3p
state. O 1s states of the samples are shown in Fig. 3(d1-d5). All the
samples exhibited an asymmetrical shape and two symmetrical
peaks centered at 530.85 eV and 532.50 eV, indicating two different
types of O species in the samples. The binding energy of 530.85 eV
corresponded to O~ ions surrounded by Ti in the TiO, compound
system. The shoulder peak observed at 532.50 eV corresponded to
the chemisorbed oxygen, dissociated oxygen, or OH™ groups on
the surface. Similar shift in the peaks was observed as the
concentration of TiO, was increased, 530.60 eV for sample S3,
530 eV for sample S4, 530 eV for sample S5, and 530 eV for sample
S6. O 1s binding energy of the abovementioned samples was
shifted about 0.20 eV when compared with those of the samples S1
(d1) and S2 (d2). The XPS measurement confirmed the presence of
TiO, in the prepared nanocomposites.

The morphological analysis was performed using FESEM,
TEM, and HRTEM, as shown in Fig. 4. Fig. 4(a) shows the mon-
odispersed pure MoS, (S1) nanosheets with a layered structure.

This journal is © The Royal Society of Chemistry 2017


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c7ra03633g

Open Access Article. Published on 09 May 2017. Downloaded on 7/13/2025 2:12:11 AM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Paper

S1

Sz Mo (3d §12)

Intensity (a.u.)

S(2p 112)

24 158 160 166 168

162 164
Binding energy (eV)

230 3
Binding energy (eV)

View Article Online

RSC Advances

: ()

Ti3p) (C 4)

Ti(3p) (CS)

2 28 30 32 34 36 38 40 42 44 46 4
Binding energy (eV)

526 528

550 5;2
Binding energy (eV)

Fig. 3 XPS spectra of the Mo 3d state (al-a6), S 2p state (b1-b6), Ti 3p state (c1-c5), and O 1s state (d1-d5) of samples S1 to S6.

The thickness of each layer was about 20-50 nm. When TiO, was
incorporated into the MoS, nanosheets, TiO, agglomerated on
the surface of the nanosheets. This was evident from the FESEM
images of S4 (j), S5 (m), and S6 (p). This agglomeration was
attributed to the increased ionic strength of the TiO, nano-
particles. The layered structure of the sample was further char-
acterized by TEM and HRTEM, as shown in Fig. 4(b) and (c). MoS,
nanosheets had 5-9 layers and the lattice d-spacing was 0.61 nm,
which corresponded to the (002) plane. Fig. 4(d)—(f) show the
FESEM, TEM, and HRTEM images of the MoS,/TiO, nano-
composites of the S2 sample, respectively. In the HRTEM images
(f, i, 1, o, and r), white dashed line corresponded to the MoS,-

This journal is © The Royal Society of Chemistry 2017

layered nanosheets and white squared dot line indicated the TiO,
nanosheets. When the concentration of TiO, was increased from
0.0015 to 0.015 M, formation of TiO, nanosheets was observed in
the samples S2 to S6. Nanocomposites were composed of MoS,
and TiO,, as shown in Fig. 4. It can be concluded from XPS and
TEM analysis that the layered MoS, nanosheets and TiO, were
formed as composites.

3.1 Photocatalytic activity

Photocatalytic performances of MoS, and MoS,/TiO, photo-
catalyst were examined by degrading MB under visible-light

RSC Adv., 2017, 7, 24754-24763 | 24757
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Fig. 4 (a,d, g,j m, and p) FESEM, (b, e, h, k, n, and q) TEM and (c, f, i, |, o, and r) HRTEM images of the samples S1 to S6.

irradiation. The characteristic absorption peak of MB at 664 nm  MoS, (S1) and MoS,/TiO, (S2-S6). The intensity of the absorp-
was chosen to monitor the photocatalytic degradation of MB. tion peak at 664 nm rapidly decreased with illumination time
Fig. 5 shows the time-dependent absorption spectra of pure and the peak almost disappeared after 32 min for sample S1.

24758 | RSC Adv., 2017, 7, 24754-24763 This journal is © The Royal Society of Chemistry 2017
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Fig. 5 UV absorbance spectra of the MB samples S1 (a), S2 (b), S3 (c), S4 (d), S5 (e), and S6 (f).

However, for S2, S3, S4, S5, and S6 samples, irradiation time was
decreased to 20, 16, 12, 24, and 28 min, respectively. Fig. 6
shows that the percentage of degradation for the samples S1, S2,
S3, 54, S5, $6, and P25 (TiO,) is 99.20, 99.17, 98.68, 99.33, 98.08,
98.90, and 56.89%, respectively. Moreover, 71.50, 93.99, 96.79,
99.17, 88.25, and 84.21% MB was degraded in 12 min of irra-
diation for sample S1, S2, S3, S4, S5, and S6, respectively. It was
evident that the photodegradation efficiency of the MoS,/TiO,
photocatalyst was significantly higher than that of pure MoS,
and TiO, (P25). Among all the synthesized samples, S4 showed

This journal is © The Royal Society of Chemistry 2017

enhanced photocatalytic activity because the oxidation state of
MoS,/TiO, photocatalyst provided more surface-active sites and
strong absorption ability towards organic dye molecules.
Moreover, the layered nanosheets favored the photogenerated
charge carrier transfer from TiO, to MoS,. It is a key factor in
determining the photocatalytic activities of layered MoS,/TiO,
nanocomposites as a photocatalyst. The formation of synergetic
interaction between the MoS, and TiO, semiconductors
provided an efficient transport platform for charge carrier
transfer and enhanced the photocatalytic activities.

RSC Adv., 2017, 7, 24754-24763 | 24759
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Fig. 6 MB degradation of samples S1, S2, S3, S4, S5, S6, and P25: time
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Fig. 7 MB degradation using the MoS,/TiO, nanosheets without
scavenger and with scavengers under visible-light irradiation.

To understand the role of photocatalytic activity, free radical
trapping experiments were carried out, as shown in Fig. 7. In
general, during photocatalysis, hydroxyl radicals ("OH) and
superoxide anions (O, ') are the possible reactive species for the
degradation of organic pollutants. Disodium ethylenediamine-
tetraacetate (EDTA-2Na) and N, were used as a hole (h") and
electron acceptor scavenger, respectively.*”*® A high purity N, gas
was continuously purged throughout the reaction process under
ambient conditions, which eliminated the dissolved oxygen from
the reaction solution and thereby prevented the formation of
0O, ". The degradation percentage of MB was 88.39% after 12 min
irradiation as compared 99.33% in the scavenger-free photo-
catalyst. This conformed that superoxide anions played a minor
role in the photocatalytic degradation of organic pollutants. To
further determine the degradation mechanism, EDTA was added

24760 | RSC Adv., 2017, 7, 24754-24763
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into the solution as a "OH radical scavenger. The dye degradation
was 72.90%, which indicated suppression of the MB degradation
rate. This result confirmed that the photoinduced holes (h*) were
one of the main reactive species for the degradation of MB.
Therefore, these results clearly determined that MB degradation
mainly depended on the photogenerated ‘OH radical. The
possible reason for dye degradation by MoS,/TiO, as a photo-
catalyst was that superoxide anion radical had the potential to
directly react via oxidative pathways. It can also produce singlet
oxygen or decompose to H,0,, and transform to hydroxyl radical
during MoS,/TiO, photocatalysis process.*>* This process was
explained in the dye degradation mechanism of MB under
visible-light irradiation. These results suggested that the rate of
photocatalytic degradation of MB was suppressed in the presence
of EDTA as a hole (h") scavenger. Moreover, the reactive species
of superoxide anions (O, °) played a minor role in the degrada-
tion of MB. The obtained results indicated that the rate of pho-
tocatalytic degradation not only depended on organics but also
on the nature of the catalysts.

Fig. 8 shows the kinetic plot of In(Co/C,) versus irradiation time
to investigate whether the process obeyed pseudo-first-order
model. A linear correlation existed between In(Cy/C;) versus irra-
diation time. The kinetic data was obtained by the pseudo-first
order model. The apparent rate constants (K,pp), corresponding
correlation coefficients (R*), and maximum dye degradation in
presence of MoS, and MoS,/TiO, nanocomposites are presented
in Table 1. The apparent rate constant K, was 0.0965, 0.2512,
0.2895, 0.4162, 0.162, and 0.1564 min~* for S1, S2, S3, $4, S5, and
S6, respectively. K value increased with the increase in the
concentration of TiO, from 0.0965 to 0.4162 min * for the
samples S1 to S4. With further increase in the TiO, concentra-
tion, K value decreased to 0.1564 min " for sample S6. Plots of
In(Cy/C;) versus irradiation time show that apparent rate constant
was about two times higher for MoS,/TiO, nanocomposites than
that for pure MoS,. A comparison was carried out between the
photocatalytic performance of the materials developed in this
study and those of other recently reported MoS,/TiO, composite
nanostructures, as shown in Table 2.

Based on the abovementioned results, we proposed the
possible photocatalytic mechanism for the degradation of MB
using MoS,/TiO, as photocatalysts:*

MoS,/TiO, + hv — MoS, (h*)/TiO, (¢") (1)
O,+e — "0y 2)

H,O +h* — "OH + H* (3)

‘0O,” + H,O — "HO, + OH™ (4)

"HO, + H,O — H,0, + "OH (5)

H,0, — 2'OH (6)

'OH + MB — CO, + H,O + NO 3 + NH", + CI~ (7)

As shown in Fig. 9, the reusability of the sample S4 photo-
catalyst for the degradation of methylene blue was studied over

This journal is © The Royal Society of Chemistry 2017
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Fig. 8 Kinetic plot of In(Co/Cy) as a function of time (min) for the degradation of MB.

Table 1 Observed pseudo-first-order rate constants, R? values, maximum degradation (%), and time required for maximum degradation by the

MoS,/TiO, nanosheets

Maximum Time taken for maximum
Sample code Kapp (M0S,/TiO,) R degradation (%) degradation (min)
S1 0.0965 0.937 99.17 32
S2 0.2512 0.9741 99.10 20
S3 0.2895 0.9723 98.68 16
S4 0.4162 0.9812 99.33 12
S5 0.162 0.9946 98.08 24
S6 0.1564 0.9956 98.90 28

Table2 Comparison of the photocatalytic performances of the MoS,/TiO, composites in this research with that of those reported in literatures

Dye degradation Time taken for

Material Light source Dye (%) degradation (min) Ref.
MoS,/TiO, 500 W xenon lamp RhB 81.8 180 40
MoS,/TiO, 30 W day lamp MB 98 90 55
MoS,/TiO, 30 W day lamp MO 95.1 120 56
MoS,/TiO, 500 W xenon lamp MO 97 60 57
MoS,/TiO, 300 W xenon lamp RhB 86.9 20 58
MoS,/TiO, 400 W Asahi spectra(xenon lamp) MB 99.33 12 This work

four cycles under visible-light irradiation. The dye concentra-
tion was adjusted each time to its initial value. Photocatalysts
were reused for four cycles and the obtained degradation values
were 95.18, 92.80, 86.66, and 83.15. The efficiency of the sample
S4 did not significantly decline, which suggested that the cata-
lyst had good stability and sustainability. (Fig. S1, ESIt) shows
the XRD patterns of the sample S4 after five runs. It can be
clearly seen that the phase and structure of the sample S4
remained the same. In addition, the chemical state of Mo 3d, S
2p, Ti 3p, and O 1s were investigated by XPS spectra, as shown in
(Fig. S2, ESIf). It suggested that the binding energies of Mo, S,
Ti, and O showed no peak shift after four cycles as compared to
those of the as-prepared sample.

The schematic (Fig. 10) illustrates the energy band struc-
ture and charge transfer mechanism. MoS, is a narrow band

This journal is © The Royal Society of Chemistry 2017

gap (1.9 eV) semiconductor with a work function of 4.52 eV,
whereas anatase TiO, is a wide band gap (3.2 eV) semi-
conductor with a work function of 4.5 eV.'***** Under visible-
light irradiation, electrons are excited from the valance band
of MoS, to the conduction band, leaving behind holes in the
valence band. The photoinduced electrons in the conduction
band of MoS, were transferred to the conduction band of TiO,,
which acted as a photoelectronic receiver. The photogenerated
holes reacted with either water (H,O) or hydroxyl ions (OH")
adsorbed onto the catalyst surface to produce hydroxyl radicals
(‘OH), and the photogenerated electrons reacted with oxygen
(0,) to form superoxide radicals ("O, ). Consequently, both
‘OH and ‘O, radicals can decompose the organic compounds
to form CO,, H,0, and other inorganic molecules as harmless
compounds.
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Fig. 9 Reusability of sample S4 photocatalyst under visible-light
irradiation.

Fig. 10 Schematic of the charge transfer mechanism from MoS; to
TiO, photocatalysis.

4. Conclusion

Pure layered MoS, and MoS,-TiO, nanocomposites were
successfully synthesized by a facile hydrothermal method. The
XRD patterns revealed the hexagonal MoS, and anatase struc-
ture of TiO,. The morphological analysis confirmed the pres-
ence of layered MoS, and TiO, nanosheets. The obtained results
confirmed that the MoS,/TiO, nanocomposite photocatalyst
had enhanced photocatalytic activity for MB degradation under
visible-light irradiation. The interfacial charge carriers were
transferred between MoS, and TiO, nanosheets and effectively
suppressed the electron hole pair recombination. The
maximum degradation efficiency was attained for the MoS,/
TiO, (S4) nanocomposite photocatalyst in 12 min. The degra-
dation efficiency obtained for the nanocomposite was three
times higher than that obtained for pure MoS, and commercial
P25 TiO,. The free radicals trapping experiment confirmed that

24762 | RSC Adv., 2017, 7, 24754-24763
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photogenerated (*OH) radicals played an important role in the
degradation of the organic pollutant.
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