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In the last decade, the urgent need to environmental protection has promoted the development of new materials with potential
applications to remediate air and polluted water. In this work, the eﬀect of the TiO2 thin layer over MoS2 material in
photocatalytic activity is reported. We prepared diﬀerent heterostructures, using a combination of electrospinning, solvothermal,
and spin-coating techniques. The properties of the samples were analyzed by scanning electron microscopy (SEM), transmission
electron microscopy (TEM), atomic force microscopy (AFM), X-ray diﬀraction (XRD), nitrogen adsorption-desorption
isotherms, UV-Vis diﬀuse reﬂectance spectroscopy (UV-Vis-DRS), and X-ray photoelectron spectroscopy (XPS). The
adsorption and photocatalytic activity were evaluated by discoloration of rhodamine B solution. The TiO2-MoS2/TiO2
heterostructure presented three optical absorption edges at 1.3 eV, 2.28 eV, and 3.23 eV. The high adsorption capacity of MoS2
was eliminated with the addition of TiO2 thin ﬁlm. The samples show high photocatalytic activity in the visible-IR light spectrum.

1. Introduction
The growing need to protect the environment promotes the
research of heterogeneous photocatalysis as a “green” technique with great potential to remediate air and water pollution. The photocatalysis process, carried out in the presence
of a semiconductor, has the ability of removing organic pollutants and heavy metals from wasted water and air, promoting their mineralization into simpler compounds [1, 2].
Titanium dioxide (TiO2) is the most investigated semiconductor as an oxidizer organic pollutant in water and air,

because it is nontoxic and of relatively low cost [3, 4]. The
TiO2 has three crystalline phases anatase, brookite, and
rutile; the photocatalytic activity of anatase is always much
higher than rutile [5, 6]. The TiO2 anatase has a large band
gap of 3.2 eV, therefore only absorbs ~3-5% of the solar spectrum; this limits its photocatalytic eﬃciency due to the low
electron mobility and high recombination rate of the photogenerated electron-hole pairs [7]. To shift the absorption
edge to the visible region and improve the electron-hole separation, the TiO2 has been modiﬁed with diﬀerent species
such as metal and nonmetal ions, rare earth ions, metal

2
sulﬁdes, and metal oxides [8–14]. The molybdenum disulﬁde
(MoS2) is a 2D-layered material; in the bulk, the MoS2 has a
band gap of 1.2 eV located on a near-infrared spectrum [15].
When the MoS2 is exfoliated to give single- or few-layer
nanosheets, the optical absorption is blue-shifted with
respect to that of the bulk due to quantum conﬁnement
eﬀects [16, 17]. The MoS2 has potential applications in supercapacitors, photocatalytic processes as hydrogen production,
or removal of organic pollutants and heavy metals from
waste water [18–21]. To obtain the beneﬁts of electronic
properties of MoS2 exfoliated and expand the optical absorption edge of TiO2 to a solar spectrum, the TiO2-MoS2 heterostructures have been synthesized using nanobelts, hollow
spheres, and nanoﬁbers using TiO2 as template by the hydrothermal technique obtaining improvement in the photocatalytic activity and hydrogen production as compared with the
use of only TiO2 or MoS2 [16, 22, 23]. On the other hand, the
MoS2 has a high adsorption capacity for organic molecules
presented in a dye solution [20]. The fast adsorption of molecules from colored solution on the MoS2 surface happens in
the dark phase of adsorption-desorption between photocatalysist and dye solution, previous to light irradiation. However, the organic dye molecules are only adsorbed on the
surface of the MoS2 and have not been degraded, because
the catalyst has not been activated yet and the electron-hole
pairs has not been generated to carry on the oxidationreduction reactions. The adsorption of the dyes on MoS2
could be eliminated if we deposited a layer on this material,
which has the characteristics of not adsorbing the dyes. If this
material also has the characteristics of being a good photocatalyst (as TiO2), it would have an important eﬀect on photodegradation. Hočevar et al. reported the preparation of a thin
layer of TiO2 using a Pechini sol-gel method [24]. In the present work, we fabricated a TiO2-MoS2/TiO2 ﬁlm from MoS2
nanosheets deposited on TiO2 nanoﬁbers and covered with
a thin layer of TiO2. We studied the role that plays the thin
TiO2 layer on adsorption and photocatalytic process on the
degradation of rhodamine B (RhB) solution under visibleinfrared light irradiation.

2. Materials and Methods
The used materials were as follows: PVP (polyvinylpyrrolidone 1,300,000 wt.) from Alfa Aesar; anhydrous ethanol, titanium (IV) isopropoxide 97%, glacial acetic acid, sodium
molybdate 98%, thiourea 99% and hydrochloric acid 37%,
citric acid 99.5%, and anhydrous ethylene glycol 99.8% from
Sigma-Aldrich; and bidistilled water from J.T. Baker.
2.1. Fabrication of TiO2 Nanoﬁbers. A 13% wt. solution of
PVP in anhydrous ethanol was prepared as polymeric solution. The TiO2 precursor solution was prepared as follows:
1.546 ml of titanium (IV) isopropoxide, 1.905 ml of acetic
acid, and 1.270 ml of anhydrous ethanol were mixed and stirred on a magnetic plate for 10 minutes. The TiO2 precursor
solution was added dropwise into polymeric solution and left
to stir for 3 h at room temperature for a complete homogenization of the mixture. The TiO2 polymeric solution was
transferred to 5 ml syringe with a stained steel needle of
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0.7 mm inner diameter and injected from a syringe pump at
1 ml/h. The distance between needle tip and collector was
of 8 cm, and 14 kV was applied to electrospun the polymeric
solution. The nanoﬁbers obtained were annealed at 600°C
with a heating ramp of 10°C/min, for 5 h under a nitrogen
atmosphere to eliminate the organic compounds and crystallize the TiO2.
2.2. Synthesis of MoS2 Nanosheets and TiO2-MoS2
Heterostructures. The MoS2 nanosheets were synthetized by
a hydrothermal technique as follows: 9.43 g of sodium
molybdate and 8.67 g of thiourea were dissolved into 30 ml
double distilled water to form a transparent solution and stirred vigorously for 10 min on a magnetic plate, then drops of a
12 M of HCl solution were added until reaching a pH ≤ 1.
The dark blue solution was transferred to a Teﬂon-lined
stainless steel autoclave and heated at 200°C for 24 h. The
black precipitate was washed several times with double
distilled water, dried at 100°C for 12 h, and grounded until
a ﬁne powder was obtained. To synthetize the TiO2-MoS2
heterostructures, 0.5 g of annealed TiO2 nanoﬁbers previously synthetized was added into the MoS2 precursor solution described above and sonicated for 30 min following
the same process.
2.3. Fabrication of TiO2-MoS2/TiO2 Films. The ﬁrst step in
the preparation of the TiO2-MoS2/TiO2 ﬁlms was the synthesis of a Pechini solution based on a titanium sol. The TiO2
Pechini solution was prepared from a titanium isopropoxide/citric acid/ethylene glycol solution with a molar ratio of
1 : 4 : 16, respectively. The sol was prepared by mixing of ethylene glycol and titanium isopropoxide into a volumetric
ﬂask then heating to 85°C and stirring for 1 h. Finally, citric
acid was added and the solution was stirred at this temperature until it turned clear. The second step was the preparation
of the mix of TiO2-MoS2 powder and the TiO2 sol as follows:
the TiO2-MoS2 powder was dissolved into 2 ml of anhydrous
ethanol and sonicated for 2 h; then, an amount of TiO2 sol
was added and sonicated for 3 hours; the alcohol in excess
was extracted. The molar ratio between the TiO2-MoS2 powder and the TiO2 sol in the mix formulation was 1 : 1. The mix
was deposited on a 2:5 cm × 2:5 cm glass substrate, using the
spin-coating technique at 1500 rpm for 60 s. Layers were
annealed at 450°C for one hour under argon ﬂow. In order
to understand the role played by the TiO2 layer in the adsorption and photocatalytic process, a Pechini solution without
the titanium precursor was prepared to deposit the MoS2
and TiO2-MoS2 ﬁlms without TiO2 layer. For easy identiﬁcation, the samples were labeled as follows: MoS2 without TiO2
layer (MF), TiO2-MoS2 without TiO2 layer (TMF), MoS2
with TiO2 layer (MTF), and TiO2-MoS2 with TiO2 layer
(TMTF). Figure 1 shows a scheme of process followed to prepare the heterostructures.

3. Characterization Techniques
The morphology of the heterostructure was studied by a Field
Emission-Scanning Electron Microscope (FE-SEM) from
(Zeiss, Auriga), operating at 1 kV using the in-lens detector.
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Figure 1: Scheme of process followed to prepare the heterostructures. 1: synthesis of TiO2 nanoﬁbers by electrospinning, 2: synthesis of TiO2MoS2 by a hydrothermal technique, 3: TiO2-MoS2 composite, 4: TiO2-MoS2+TiO2 Pechini solution, 5: spin-coating deposition, 6: thermal
annealed, and 7: the TiO2-MoS2/TiO2 heterostructure.

The topography of ﬁlm was collected from a JSPM-2500
Scanning Probe Microscope of JEOL in tapping mode on
the surface of 1:5 μ × 1:5 μ. A high resolution transmission
electron microscope (HR-TEM) was carried out with a transmission electron microscope JEOL model JEM-ARM200F
operated at 200 kV. The X-ray diﬀraction (XRD) patterns
were collected with an X-ray diﬀractometer using the CuKα
radiation (D8 ECO, Bruker). All samples were analyzed at
40 KV and 40 mA, in the range of 10 to 70° 2-theta degrees
with a step size of 0.05° and a step time of 1 s. The diﬀuse
reﬂectance spectroscopy and the absorption spectra were collected by an Ocean Optics spectrophotometer model
USB4000-XR1-ES coupled to UV/Vis/NIR light source
model DH-2000. The N2 adsorption isotherms were carried
out with an ASAP 2050 Micrometrics; the samples were activated to 130°C for 6 h; this condition was supplied from the
TGA thermogram. In order to understand the eﬀect of the
TiO2 layer over the MoS2, the TMTF sample, before and after
the degradation experiment, was characterized by means of
X-ray photoelectron spectroscopy (XPS) (model K alpha by
Thermo Scientiﬁc). The general survey as well as the high resolution spectra in the regions of the C 1s, O 1s, Ti 2p, S 2p,
and Mo 3d was obtained at the surface of the ﬁlms. The binding energy of the C 1s line at 284.5 eV was taken as the reference peak to calibrate the obtained spectra.
3.1. Photocatalysis Test. The photocatalytic test was performed on discoloration of 80 ml of Rh B solution, with a
concentration of 5 mg/l, placed into a 100 ml quartz reactor
with a water recirculation system. The irradiation source
was provided by a 100 W halogen lamp with a range of
350 nm to 2500 nm (USHIO, USA). The power lamp was
modulated by a SORENSEN variable power supply, in order
to have wavelengths longer than 400 nm. We found that
using a 11.5 V and 7.6 A, the wavelengths were in the range
required in the experiment. The samples were vertically
placed around the reactor walls and radial irradiated with
87.4 W for 6 h. The residual concentration (C/Co) of Rh B
solution was monitored by the variation intensity of the
absorption band at 551 nm. Before to the photocatalyst
test, the photolysis reaction between the Rh B solution
and light source was carried out for 3 h; after that, the
dye solution was stirred in the dark for one hour to reach
the adsorption-desorption equilibrium. The adsorptiondesorption test was performed in the same conditions of
the photocatalysis test but in the absence of light for 6 h.

4. Results and Discussion
4.1. Morphological and Crystallinity Structure Analysis.
Figure 2(a) shows the SEM image of pure MoS2; as synthetized, a sphere with a diameter around of 2-3 μm can be
observed, with the nanosheets growing perpendicularly to
the surface. The image of TiO2-MoS2 heterostructures is
shown in Figure 2(b); it is observed that a few layers of
MoS2 nanosheets have grown vertically around the TiO2
nanoﬁbers surface; the diameter of TiO2 nanoﬁbers was
around 250 nm. The superﬁcial TiO2 grains of the nanoﬁbers
form defects that interact with the metallic precursors. In a
way, nucleation centers were created that allow the growth
of MoS2 exfoliated nanosheets on the surface of the TiO2
nanoﬁbers [8]. Figure 2(c) shows the TMTF sample; in the
ﬁlm, the TiO2-MoS2 composite was covered with a thin layer
of TiO2; we can observe that ﬁlm surface has some clusters
and cracks produced for the annealing. From the AFM image
of Figure 2(d), it is observed that the surface of TMTF is
formed for several clusters of material that cause a high
roughness. The horizontal and vertical proﬁle graph inside
the AFM image conﬁrms the wide height diﬀerence between
the cluster; also, some cluster separations between them due
to the cracks caused by annealing also observed in the SEM
image are observed.
Figure 3(a) shows the HRTEM image of the sample TMT;
TEM image reveals that the heterostructure was formed for
polycrystalline TiO2 grains and MoS2 monolayers stacked
to form nanosheets deposited onto the TiO2 surface. From
the HAADF image, Figure 3(b), it is observed that the
MoS2 nanosheets were small, their size was around 11 nm
wide and 33.2 nm for length, and the distance between
monolayers was around 0.69 nm. The FFT (Fast Fourier
Transform) inside the HAADF images shows that crystals
in the inner of the nanoﬁber were TiO2 rutile covered for
TiO2 anatase crystals and the MoS2 nanosheets formed for
around 11 monolayers according to the ICDS cards 202242,
165921, and 24000 for anatase, rutile, and MoS2-2H molybdenite, respectively.
The XRD patterns of the MTF and TMTF are shown in
Figure 3. The XRD pattern of the MTF (Figure 4(a)) exhibits
the characteristic diﬀraction peaks of molybdenite-2H, corresponding to the planes (002), (101), (103), and (110)
matched with ICSD-24000. A low intensity TiO2 diﬀraction
peak at 25.2° was detected; this could be related to the thin
layer that coverages the surface of MoS2 on the ﬁlm. The
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Figure 2: SEM images of the as-prepared (a) MoS2, (b) TiO2-MoS2 heterostructure, and (c) low magniﬁcation of TMTF surface; (d) tapping
mode AFM image of TMTF, inside them horizontal and vertical proﬁle graph of surface.

(a)

(b)

Figure 3: HR-TEM image of (a) TiO2-MoS2 heterostructure and (b) HAADF image for TiO2-MoS2 heterostructure, inside FFT images for
MoS2, TiO2 rutile, and anatase.

diﬀraction peak at 14.05° corresponds to the “C” axis of the
MoS2; the intensity of this peak is related to the amount of
layers stacked in the structure of MoS2. A monolayer of

MoS2 is composed of Mo atoms coordinated with S atoms
to form the S-Mo-S laminated layer [22]. The XRD pattern
of the TMTF (Figure 4(b)) shows diﬀraction peaks assigned
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Figure 4: XRD diﬀractograms of (a) MTF and (c) TMTF after
annealed to 450°C.

to TiO2 or MoS2. The diﬀraction peaks of MoS2 have the
same position as in the MTF. The diﬀraction peak at 14.05°
is less intense than in the MTF suggesting that the heterostructure is composed for a few monolayers of MoS2 [25],
which are what give rise to the nanosheets according to
observations in Figure 2(a). Most of TiO2 diﬀraction peaks
were matched to rutile phase corresponding to the planes
(110), (101), (111), (210), (211), (220), (310), and (301)
according to ICSD-165921. The presence of rutile is due to
the inﬂuence of gas used in the annealing of TiO2 nanoﬁbers
as observed in previous work [26]. Few weak anatase diﬀraction peaks were observed corresponding to the planes (101),
(200), and (204) according to the ICSD-202242. The anatase
reﬂection is from the TiO2 thin layer that coverages the surface of the heterostructure.
The nitrogen adsorption-desorption isotherms of the
TiO2 nanoﬁbers and TiO2-MoS2 heterostructures, Figure 5,
were used to estimate the BET surface area. The TiO2 nanoﬁbers show a greater speciﬁc surface area (19.9 m2/g) than
that of TiO2-MoS2 heterostructure; when the MoS2 nanosheets grew up on the TiO2 nanoﬁber surface, the speciﬁc
surface area reduces to 7.87 m2/g because the pores in TiO2
nanoﬁbers were occupied with MoS2 nanosheets. Additionally, both materials are mesoporous structure; this result is
consistent with that reported by Liu et al. [16].
4.2. Optical Properties. The band gap energy (Eg ) values of
TMTF were determined through diﬀuse reﬂectance spectroscopy, plotting the [α(hv)h]2 vs. photon energy (hʋ) axis and
extrapolating the linear portion of the absorption edge to
zero [27]. Figure 6 shows the Tauc plot for the TMTF is possible to note three optical adsorption edges at 1.3 eV, 2.28 eV,
and 3.23 eV. The ﬁrst one (1.3 eV) is due to the presence of
MoS2 bulk. The second one (2.25 eV) maybe related to quantum conﬁnement due to nanosheet exfoliation as observed in
the TEM image; Quinn et al. obtained MoS2-exfoliated
monolayers with a band gap of 1.97 eV [28]; it can also be
related to the formation of electronic traps between the het-
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Figure 5: N2 adsorption isotherms for TiO2 nanoﬁbers and TiO2MoS2.
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Figure 6: Tauc plot of TMTF sample.

erostructure junctions. The last one (3.23 eV) corresponds
to the TiO2 anatase layer that coverages the surface of ﬁlm.
4.2.1. X-Ray Photoelectron Spectroscopy. In order to investigate the formation and the stability of the external layer of
TiO2, the sample TMTF was characterized before and after
the degradation experiment. The chemical composition and
chemical state were identiﬁed with the help of XPS analysis;
the binding energy of the peaks were obtained from XPS
database of NIST [29]. The XPS spectra of the TMTF sample:
(a) survey, (b) Ti 2p, (c) S 2p, and (d) Mo 3d, are shown in
Figures 7(a)–7(d). From Figure 7(a), the elements S, Mo, C,
Ti, and O are observed in the XPS survey spectrum, which
conﬁrms the formation of the superﬁcial TiO2 layer; the presence of Mo and S elements is related to the MoS2 intermediate layer, and the thickness of the TiO2 overlayer is less than
10 nm. In Figure 7(b), the high resolution spectra of Ti 2p is
presented; a doublet is observed with one peak related to Ti
2p3/2 and the other to Ti 2p1/2 with binding energies of
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Figure 7: XPS spectra of TMTF sample (a) general survey, (b) high resolution of Ti 2p, (c) high resolution of S 2p, and (d) high resolution Mo
3d. The label before and after means before and after photocatalytic experiment.

459.0 eV and 464.7 eV, respectively. The binding energies
found are related to the Ti with the chemical environment
of TiO2. It can be observed that the peaks presented stability
after the degradation experiment, suggesting that our external layer is stable. The high resolution spectra of the S 2p is
presented in Figure 7(c); the presence of a doublet related
to S 2p3/2 and S 2p1/2 at binding energies of 162.3 eV and
163.6 eV, respectively, can be seen. After the photodegradation experiment, additional peak appears at a binding energy
of 169 eV (labeled in the ﬁgure with ∗ ); the presence of this
peak had been reported previously [30, 31] in TiO2 doped
with S; this peak disappears after the sample was eroded with
argon ions. The presence of this peak could be related to the
fact that we deposited a thin layer of precursor solution of
TiO2 over MoS2; then, a thermal annealing was applied at
the sample and a sulfur diﬀusion on TiO2 was promoted.
Hence, the peak could be due to the binding of sulfur with
the adsorbed dye in the surface of the sample, and when we
eroded with argon ions, we eliminated the adsorbed dye

and the peak disappears. The high resolution spectrum of
Mo 3d (Figure 7(d)) can be separated into two doublets.
The ﬁrst doublet at 229.6 eV and 232.7 eV is related to Mo
3d5/2 and Mo 3d3/2, related to Mo4+ of the MoS2 compound;
the second at 233.4 eV and 236.5 eV is related to Mo 3d5/2
and Mo 3d3/2, related to Mo6+ of the MoO3 compound. Similar results had been reported by Senthil et al. [32].
4.3. Photocatalytic Activity. The aim of this work is to evaluate the eﬀect of the TiO2 thin layer over the MoS2; then, it has
been evaluated on the adsorption-desorption capacity and
their photocatalysis activity on the degradation of Rh B solution in the dark and Vis-IR light, respectively. Figure 8 shows
the variation of residual concentration (C/Co) with the time
of the Rh B solution in the dark in the presence of the ﬁlms.
The ﬁlms without a TiO2 thin layer coating in the surface of
heterostructure, MF and TMF, show that the adsorptiondesorption equilibrium between the photocatalyst and the
dye solution is not reached after 6 h. The constant
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Figure 8: Adsorption-desorption test between Rh B solution in
the presence of diﬀerent photocatalyst. The test was carried out
in the dark.

Figure 9: Photocatalytic test between Rh B solution in the
presence of diﬀerent photocatalyst. The test was carried out
under Vis-IR light.

discoloration in the dark of the dye solution is due to the
MoS2 as 2D-layered nanomaterials that had excellent
anchoring surface for adsorbing dye molecules [33]. But the
Rh B molecules are being superﬁcially adsorbed on MoS2,
and not necessarily degraded. After 6 h of contact, about
50% of solution was discolored for both samples. Instead
with the ﬁlms coating with a TiO2 thin layer, MTF and
TMTF were placed in contact to dye solution in the dark;
the adsorption-desorption equilibrium was reached in the
ﬁrst hour, and the concentration of Rhodamine B solution
remained constant after 6 h. The obtained result indicates
that the TiO2 thin layer coating the heterostructure decreases
drastically the adsorption capacity of MoS2. Now, the adsorption of organic molecules is carried out on the TiO2 surface.
Figure 9 shows the photocatalysis degradation of Rh B
solution in the presence MTF and TMTF under Vis-IR light
irradiation. The variation of residual concentration (C/Co)
with the time is observed. The TMTF shows a better photocatalytic activity; it is related to the band gap energy; the
TMTF shows an absorption edge in the visible and nearinfrared; then, the catalyst is photoactive in a larger region
of the solar spectrum. Additionally, the high roughness of
TMTF as observed in AFM images provides more contact
surface to interact with the dye solution. After 6 h of irradiation, the 90% of Rh B solution was degraded for the
TMTF. Taking into account that the discoloration of Rh
B solution produced by the photolysis and adsorption
eﬀect were made before the irradiation, all discoloration
of dye during the photocatalysis test is due to oxidationreduction reaction between photocatalyst and organic molecules from dye solution.
Liu et al. [7] determined the band alignment for the
TiO2/multilayer MoS2 interfaces; they report the valence
band oﬀset (VBO) and conduction band oﬀset (CBO) of
TiO2/ML-MoS2 interfaces were 2.28 eV and 0.28 eV, respec-

tively. A possible process for photogeneration electron-hole
pairs and the transfers between TiO2 and MoS2 into the heterostructure is described below, a schematic illustration is
shown in Figure 10.
(1) The photons from the Vis-IR light are absorbed by
the MoS2, generating the electron-hole pairs
(2) When the energy of electrons in CBO is bigger than
0.28 between MoS2 and TiO2, the electron in the conduction band (CB) of MoS2 is transmitted to the CB
of the TiO2
(3) An electron from the CB of TiO2 is displaced and
reacts with oxygen to produce superoxide anion
radicals
(4) Simultaneously, the electrons from the valence band
(VB) of TiO2 absorb the energy needed to overcome
the VBO between TiO2 and MoS2 and compensate
the electronic vacancy in the VB of MoS2
(5) The hole generated in the VB of TiO2 reacts with rhodamine B and is degraded
A possible mechanism for RhB degradation by the TiO2MoS2/TiO2 composites includes the possible steps listed
below. The enhanced photocatalytic performance of the
TiO2-MoS2/TiO2 composites could result from the charge
transfer process between MoS2 and TiO2. Under Vis-IR light
irradiation, electrons and hole pairs were produced on MoS2
of CB and VB, respectively (equation (1)). When the MoS2
electrons have an energy bigger than the CBO, the electron
in the conduction band (CB) of MoS2 is transmitted to the
CB of the TiO2 (equation (2)). The electrons on the conduction band of TiO2 react with adsorbed O2 on the surface of
the photocatalysts and produce superoxide radical (⋅O2−) to
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Figure 10: Schematic illustration of charge transfer of TiO2-MoS2/TiO2 ﬁlm in the visible-infrared light.

oxidize RhB (equation (3)). On the other hand, when the
electrons from the valence band (VB) of TiO2 absorb the
energy needed to overcome the VBO between TiO2 and
MoS2 and compensate the electronic vacancy in the VB of
MoS2 and generated a hole (h+) in the VB of TiO2 (equation
(4)), the (h+) generated in the VB of TiO2 reacts with the
rhodamine B producing an oxidized RhB+⋅ that in the
presence of O2 dissolved in water is reduced to rhodamine
as intermediate (equations (5) and (6)); other (h+) from
VB of TiO2 dissociates the H2O in OH⋅ and H+ (equation
(7)); simultaneously, the RhB reaction with the ⋅O2- or
⋅
OH or H+ generated from other reactions to ﬁnally produce carbon dioxide and water (equations (8) and (9)).
MoS2 + hvðVis−IRÞ ⟶ MoS2 ðe− Þ

+ MoS2 h+
−

ð1Þ
−

MoS2 ðe Þ + TiO2 ⟶ MoS2 + TiO2 ðe Þ

ð2Þ

TiO2 ðe− Þ + O2 ⟶ O2 − ˙+TiO2


2TiO2 + hvðVBOÞ + MoS2 h+ ⟶ MoS2 + TiO2 h+

TiO2 h+ + RhB ⟶ RhB+ ˙+TiO2

ð3Þ
ð4Þ
ð5Þ
ð6Þ

RhB+ ˙+O2 ⟶ Rhodamine

H2 O + TiO2 h+ ⟶ OH˙+H+ + TiO2

ð7Þ

RhB + O2 ˙− /˙OH ⟶ Products

ð8Þ

RhB + H+ ⟶ CO2 + H2 O
+ other products

ð9Þ

5. Conclusions
The thin layer of TiO2 that coverages the MoS2 and TiO2MoS2 to form the heterostructure ﬁlm practically eliminate
the strong adsorption capabilities of the MoS2 in the dark.
The heterostructures show excellent photocatalytic activities
under visible to infrared light illumination. The photocatalysis activity was superior to MoS2/TiO2 ﬁlm. The heterostruc-

tures might have promising applications in polluted water
treatment and facile recovery to reuse.
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