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MoS2/TiO2 nanocomposites composed of MoS2 nanosheets and TiO2 nanospheres have been
successfully prepared by a facile hydrothermal process. The as-prepared MoS2/TiO2 samples with
different MoS2 content have been characterized by scanning electron microscopy (SEM), X-ray
diffraction (XRD) and transmission electron microscopy (TEM). The results show TiO2 nanospheres
with uniform size can improve the dispersion and decrease the aggregation of MoS 2 nanosheets. The
best morphology and size of MoS2/TiO2 nanocomposites can be obtained when the content of MoS2 is
70 wt% (M-7). UV-vis data show that MoS2/TiO2 samples have better absorption in visible light
region compared to pure MoS2 and TiO2. The photoelectrocatalytic activity of MoS2/TiO2 samples has
been evaluated by the photocurrent measurement. The results show that MoS2/TiO2 nanocomposites
with MoS2 content of 70 wt% (M-7) have the highest photocurrent which implies best
photoelectrocatalytic activity of M-7. The reason may be that the suitable content of MoS2 and the
tight junction between MoS2 and TiO2 nanosphers is helpful for preventing the recombination of
photogenerated electrons and holes.
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1. INTRODUCTION
Due to its earth-abundant reserves and low cost, MoS2 with excellent electronic and optical
properties has attracted much interests on hydrotreating catalysis [1], lithium ion battery [2],
electrocatalytic hydrogen evolution reaction [3], photocatalytic degradation of organic pollutants [4-7]
and optoelectronic devices [8-9]. Some research has found that with the stacking layers of MoS2
decreasing to monolayer, an increasing could be observed from indirect band gap (1.29 eV) to direct
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band gap (1.90 eV), which implies the betterd absorption in the visible light range [10-11]. Therefore,
more and more researchers have focused their effort on the photocatalytic and photoelectrochemical
property of MoS2 as the alternatives of expensive Pt-based electrocatalysts [12-14].
Recently, the theoretical and experimental research has proved that active sites of layered MoS 2
are on the Mo-edges sites and the unsaturated sulfur atoms [15-16]. However, the 2D layered structure
makes MoS2 facile to aggregate and inefficiently adsorb reactant molecular because of its low specific
surface area Furthermore, the more stacking layers of MoS2 on 2D nanosheets, the less active sites. As
a result, the catalytic activities dramatically decrease. Therefore, exposing more edges and rims of
MoS2 nanosheets can improve the catalytic activities. Many researches have been done to prepare
novel nanostructure of MoS2 [17-18] or hybrid nanomaterials [19-22] to increase the catalytic activity
sites of MoS2. Other than the number of active sites, the band gap of MoS2 is also a key factor for
photoelectrochemical HER. Owing to monolayer of MoS2 has best absorption in visible light range,
controlling the stacking of MoS2 nanosheets is our goal.
In our work, MoS2/TiO2 nanocomposites have been synthesized via a simple hydrothermal
reaction. TiO2 nanospheres with uniform size and high area surface have been used as support to
improve the dispersion and restrict the stacking numbers of MoS2 nanosheets. The UV-vis and
photocurrent measurements of the samples have been investigated in detail. The as-prepared
MoS2/TiO2 nanocomposites exhibit higher photoelectrocatalytic activity for hydrogen evolution
reaction.

2. EXPERIMENTAL SECTION
2.1 Preparation of TiO2 nanospheres
The preparation of TiO2 nanospheres references to a facile process reported by the literature
[23]. The detailed method is as following: firstly, 5 ml tetrabutoxytitanium was added into 50 ml
ethylene glycol ((CH2OH)2), and the mixture solution was stirred for 8 h. Then 200 ml acetone was
poured into the former mixture solution under stirring for 1h. The obtained white precipitates were
washed and dried at 60 ℃ overnight. Then titanium glycolate precursor was obtained. Next, 0.300 g
titanium glycolate precursor was added into 60 ml deionized water, and refluxed for 1h at 80 ℃. The
white precipitates were washed and dried at 60 ℃ overnight. Finally the white TiO2 nanopheres were
obtained.

2.2 Preparation of MoS2/TiO2 nanocomposites
MoS2/TiO2 nanocomposites (70 wt% of MoS2, denoted as M-7) were preparated via a
hydrothermal method. Firstly, 0.06 g sodium molybdate (NaMoO4.2H2O) and 0.12 g thiourea
(C2H5NS) were dispersed in 70 ml deionized water. Then 0.013 g TiO2 nanospheres were added into
the above solution and stirred for 0.5 h. The obtained suspension was transferred into a Teflon-lined
stainless steel autoclave and then heated in an electric oven at 220 ℃ for 24 h. The black precipitates
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were washed and dried at 50 ℃ overnight. Following the above mentioned procedure, MoS2/TiO2
nanocomposites with different content (50 wt%, 90% of of MoS2, denoted as M-5 and M-9) were also
prepared. For comparison, the pure MoS2 was prepared under the identical conditions.
2.3 Photoelectrochemical tests
The photoelectrochemical characterization of the different samples have been measured by
electrochemical workstation (CHI 604E, Chenhua, China) with a three-electrode composed of FTO
electrode decorated by different MoS2/TiO2 nanocomposites as working electrode, platinum foil as the
auxiliary electrode, and a silver chloride electrode (Ag/AgCl) as a reference electrode. The working
electrodes were prepared as follows: 20 mg of the samples were dispersed in 2 ml absolute ethanol of
Nafion to obtain samples slurry. Then, the slurry was dropped onto a 1.5 cm×1.0 cm F-doped SnO2coated glass (FTO glass) electrode. Next, these electrodes were dried in an oven at 60 °C for 3 h. All
the measurements were carried out in the aqueous solution of 0.35 M/0.25 M Na2S-Na2SO3 without
bias potential at room temperature. A 100 W xenon lamp with visible light wavelength range has been
used as light source with 50 mW/cm2 incident light intensity to measure the photoelectrochemical
properties.

2.4 Characterization
Crystallographic structure of all as-prepared samples was investigated with X-ray powder
diffraction (XRD, X’Pert PRO MPD, Cu KR) at a scanning rate of 1 °C min-1. XRD data were
collected in the 2θ ranges from 5 to 76˚. The morphology of the samples was examined with fieldemission scanning electron microscopy (SEM, Hitachi, S-4800). Transmission electron microscopy
(TEM) images were collected on HRTEM, JEM-2100UHR with an accelerating voltage of 200 kV.
The samples were prepared by dropping the ethanol solution of samples on the Cu grids. UV-vis
pectra were recorded on a UV-vis spectrometer (UV2600, Shimadzu, Japan) over a spectral range of 200-1000 nm.

3. RESULTS AND DISCUSSION
X-ray diffraction (XRD) patterns of pure MoS2, M-7 and TiO2 nanaospheres are shown in
Figure 1. As for pure MoS2 sample (curve a in Figure 1), the (002), (100), (103), (110) planes
corresponding peaks can be assigned to 14.1°, 32.9°, 39.5° and 58.8°(JCPDS 01-075-1539),
respectively.
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Figure 1. XRD data of the different samples: (a) pure MoS2; (b) MoS2/TiO2 (M-7) and (c) pure TiO2.
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Figure 2. SEM images of the different samples: (a) pure MoS2; (b) MoS2/TiO2(M-5); (c) MoS2/TiO2
(M-7); (d) MoS2/TiO2 (M-9).
It can be seen that the peak at 14.1°become weaker in M-7 (curve b in Figure 1) than that in
pure MoS2, indicating that TiO2 nanospheres restrict the growth along (002) plane of MoS2. The
stacking layers of MoS2 will decrease with the weakness of (002), which implies that the MoS2 in M-7
can expose more edges and rims as catalytic sites. The diffraction peaks of the pure TiO 2 nanospheres
(curve c in Figure 1) are in keeping with the peaks of the standard pure anatase TiO2 (JCPDS: 01-0711167). The broader peaks of (101), (004), (200), (204) indicate that TiO2 nanospheres have the
amorphous state and low crystalline.
Figure 2a displays the corresponding SEM image of pure MoS2. The pure MoS2 obtained by
the same hydrothermal method have the nanoflower morphology of with the severe stacking and large
size of the diameter of 2 um. SEM image of M-5 (with 50 wt% of MoS2) is shown in Figure 2b.
Absolutely, only few TiO2 nanospheres can be decorated by MoS2. The MoS2/TiO2 nanocomposites
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can’t be successfully synthesized when adding 50 wt% of MoS2. Compared to M-5, TiO2 nanospheres
in M-7 with the diameter of 0.5 um were mostly packaged by MoS2, and the nanocomposites of M-7
exhibit the spherical shape with good distribution and similar size (in Figure 2c).
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Figure 3. TEM images of the different samples: (a) pure MoS2; (b) MoS2/TiO2(M-5); (c) MoS2/TiO2
(M-7); (d) HRTEM of M-7; (e) MoS2/TiO2 (M-9).
It can be seen that MoS2 homogenously disperse on the surface of TiO2 nanospheres which
means that the MoS2/TiO2 composites are prepared successfully. When increasing the content of MoS2
to 90% in M-9, the obvious stacking of MoS2 sheets can be observed in Figure 2d. The diameter of M9 also increases to about 2 μm, which may be caused by the excess of MoS2. Therefore, M-7 have the
better morphology and junction between MoS2 and TiO2.
Transmission electron Microscopy (TEM) images of the different samples are displayed in
Figure 3. Figure 3a shows the typical stacking morphology of pure MoS2 nanosheets. Obviously, pure
MoS2 grow rapidly and have severe aggregation in the absence of TiO2 nanospheres. When adding
TiO2 nanospheres to synthesize M-5, only few MoS2/TiO2 nanocomposites can be seen in Figure 3b,
which is identified by SEM image in Figure 2b. Figure 3c shows the TEM image of M-7, indicating
that the few layers of MoS2 nanosheets can homogenously grow on the surface of TiO2 nanospheres
with the small diameter of 0.5 μm. A high-resolution TEM (HRTEM) image (Figure 3d) also revealed
the tight recombination between MoS2 and TiO2. Under higher resolution, the layered structure of
MoS2 nanosheets with an average spacing of 0.6 nm can be seen, which belongs to the (002) facet of
MoS2. The crystallographic spacing of 0.27 nm corresponds to the lattice parameter in the (100) plane
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of MoS2. Furthermore, the lattice spacing of 0.35 nm is equal to the (101) plane of TiO2. These results
proved that the good junction of MoS2 and TiO2 can be obtained when the content of MoS2 is 70 wt%.
When the content of MoS2 is up to 90%, the severe stacking of MoS2 nanosheets and the larger size
can be observed in Figure 3e.
The structure and properties of photoelectrocatalysts related to bandgap, size, and/or band
positionhas important effect on the absorption properties. UV-vis absorption measurement has been
used to evaluate bandgaps of the different samples.

Figure 4. UV-vis absorption spectra of TiO2 nanospheres; MoS2/TiO2(M-5); MoS2/TiO2 (M-7);
MoS2/TiO2 (M-9) and pure MoS2.
As shown in Figure 4, the pure TiO2 nanospheres only have the basic absorption band in UV
light range. Either pure MoS2 or MoS2/TiO2 nanocomposites show enhanced absorption in visible
light region. Compared with the TiO2 nanoapheres’ calculated bandgap energy (3.20 ev) , the bandgap
energy of MoS2/TiO2 nanocomposites is close to 2.80 ev. This proves the as-prepared MoS2/TiO2
nanocomposites is very suitable for photoelectrocatalytic HER [24].
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Figure 5. (a) Photoluminescence spectra of pure MoS2 and MoS2/TiO2 (M-7); (b) The photocurrent
measurements of TiO2 nanospheres; MoS2/TiO2(M-5); MoS2/TiO2 (M-7); MoS2/TiO2 (M-9)
and pure MoS2.

It has been proved that MoS2 monolayer has the strongest photoluminescence (PL) absorption
compared to the bulk MoS2 [25]. A board peak centered at 650 nm (1.92 eV) can be observed on
MoS2/TiO2 nanocomposites in Figure 5a. The band gap energies of about 1.9 eV proved the existence
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of MoS2 monolayer structure [26]. In addition, the absorption intensity of MoS2/TiO2 nanocomposites
is higher than that of pure MoS2, indicating well dispersion of MoS2 in the nanocomposites than in the
pure MoS2.
In order to characterize the different samples’ ability of separating of photogenerated electrons
and producing charge carriers, the photocurrent measurements are used. As shown in Figure 5b, M-7
shows the strongest photocurrent intensity than pure MoS2, TiO2 and M-5, M-9. Therefore, the results
imply that M-7 has better structure and tends to easier produce charge carriers and
separated
electrons. Because the presence of photogenerated electrons is the key factor in actual photocatalytic
HER performance, MoS2 in M-7 can transfer more photogenerated electrons to protons for improving
hydrogen evolution reaction. So M-7 is expected to exhibit enhanced photocatalytic activity for HER.

4. CONLUSIONS
Novel MoS2/TiO2 nanocomposites with well dispersed MoS2 nanosheets on the surface of TiO2
nanospheres have been successfully synthesized via a facile hydrothermal reaction. The morphology
and structure of MoS2/TiO2 nanocomposites have been characterized. The loading of MoS2 can impact
the dispersion and junction of the nanocomposites. The M-7 with the 70 wt% content of MoS2 has the
best dispersion and heterostructure, which is helpful to improve the photocatalytic H2 production
activity. UV-vis and the photocurrent tests also proved the best photoelectrochemical activity of M-7.
The unique heterostructure composed of MoS2 and TiO2 nanospheres break new grand in designing
newfangled hierarchical MoS2-based photoelectrocatalysts for HER.
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