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MoS,/TiO, nanocomposites composed of Mo8anosheets and TiOnanospheres have been
successfully prepared by a facile hydrothermal process. THpeepared MoZ8TiO, samples with
different MoS content have éen characterized bgcanning electron microscopy (SEMX-ray
diffraction (XRD) and transmission electron microscopy (TEWhe results show TiOnanospheres
with uniform size can improve the dispersion and decrease the aggregation ph&hoSheets. The
best morphology and size of Mg®iO, nanocomposites can be obtained when the content of MoS
70 wt% (M7). UV-vis data show that MeHi0O, samples have better absorption in visible light
region compared to pure Mp8nd TiG. The photoelectrocatalytactivity of MoS/TiO, samples has
been evaluated by the photocurrent measurement. The results show thati®loSanocomposites
with MoS, content of 70 wt% (M/) have the highest photocurrent which implies best
photoelectrocatalytic activity of M. Thereason may be that the suitable content of Max&l the
tight junction between MoSand TiQ nanosphers is helpful for preventing the recombination of
photogenerated electrons and holes.
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1. INTRODUCTION

Due to its earttabundant reserves and low cost, Me®th excellent electronic and optical
properties has attracted much interests on hydrotreating catalysis [1], lithium ion battery [2],
electrocatalytic hydrogen evolati reaction [3], photocatalytic degradation of organic pollutanig [4
and optoelectronic devices-f. Some research hdsund that with the stacking layers of M@S
decreasing to monolayer, an increastoglld beobserved from indirect band gap (1.29)&V¥ direct
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band gap (1.90 eV), which implies the betterd absorption in the visible light randé][1Dherefore,
more and more researchers have focused their effort on the photocatalytic and photoelectrochemica
property of Mo$ as the alternatives okpensive Rbased electrocatalysts Fl12].

Recently, the theoretical and experimental research has proved that active sites of layered MoS
are on the Meedges sites and the unsaturated sulfur atomd§l5However, the 2D layered structure
makes Mogfacile to aggregate andefficiently adsorb reactant molecular because of its low specific
surface are&urthermore, thenorestacking layers of MoSon 2D nanosheetshe less active sites. As
a result,the catalytic activities dramatically decrea3@erdore, exposing more edges and rims of
MoS, nanosheets can improve the catalytic activities. Maasgarchedhiave beerdoneto prepare
novel nanostructure of Me$17-18] or hybrid nanomaterials [122] to increase the catalytic activity
sites of Mo%. Othe thanthe number of active sites, the band gap of MisSalso a key factor for
photoelectrochemical HER. Owing to monolayer of M&&s best absorption in visible light range,
controlling the stacking of MgShanosheets is our goal.

In our work, MoS/TiO, nanocomposites have been synthesized via a simple hydrothermal
reaction. TiQ nanospheresvith uniform size and high area surfabave been used as support to
improve the dispersion and restrict the stacking numbers of; MaSosheets. The UWis and
photocurrent measurements of the samples have been investigated in detail. -griepassd
MoS,/TiO, nanocomposites exhibit higher photoelectrocatalytic activity for hydrogen evolution
reaction.

2. EXPERIMENTAL SECTION

2.1 Preparation of Ti@nanospheres

The preparation of Ti@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 ((CHOH),), and the mixture solution was stiréor 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 praersor was added into 60 ml deionized water, and refluxed for 1h Mdt.8the
white precipitates were washed and dried aN6@vernight. Finally the white Ti@nhanopheres were
obtained.

2.2 Preparation of Mo®TiO, nanocomposites

MoS,/TiO, nanocompositeg70 wt% of Mo$S, denoted as M) were preparated via a
hydrothermal method. Firstly, 0.06 godiummolybdate (NaMoO,2H,0O) and 0.12 g thiourea
(C2HsNS) weredispersedn 70 ml deionizedvater. Then 0.013 g Tinanospheres were added into
the above solution and stirred for 0.5 h. The obtained suspension was tranatereedeflonlined
stainless steel autoclave and then heated in an electric oven It 2224 h. The black precipitates
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were washed and dried at BD overnight. Following the above mentioned procedure, MaS,
nanocomposites with different content (50 wt%, 90% of of pd8noted as Mb and M9) were also
prepared. For comparison, the@MoS 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-#isstrode comosed of FTO
electrode decorated by different MéBO, 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: 29 oh the samples were dispersed in 2 ml absolute ethanol of
Nafion to obtain samples slurry. T h edoped SN2 s |
coated glass (FTO glass) electrode. Next ,Il t he:
the measurements were carried out in the aqueous solution of 0.35 M/0.25SNN&ISO; 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/ermcident light intendiy to measure the photoelectrochemical
properties.

2.4 Characterization

Crystallographic structure of all qsepared samples was investigated withra}X powder
di ffraction (XRD, XoPert PRO MPD,-1. KRD d#&®Rwyere a t
col ected in the 2d ranges from 5 to 76e. -The
emission scanning electron microscopy (SEM, Hitack4880). Transmission electron microscopy
(TEM) images were collected on HRTEM, JEMOOUHR with an acceleraty voltage of 200 kV.
The samples were prepared by dropping the ethanol solution of samples on the Cu gnds. UV
pectrawererecordedon a UV-vis spectrometefUV-
2600,Shimadzu,Japanpveraspectrarangeof 200-1000nm.

3. RESULTS AND DISCUSSION

X-ray diffraction (XRD) patterns of pure M@SM-7 and TiQ nanaospheres are shown in
Figure 1. As for pure MoSsample (curve a in Figure 1), the (002), (100), (103), (110) planes
corresponding peaks can be assigne@l-0761b39)14. 1
respectively.
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Figure 1. XRD data of the different samples: (a) pure Md8) MoS/TiO, (M-7) and (c) pure Ti@
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Figure 2. SEM images of the different samplés) pure Mo$; (b) MoS/TiO,(M-5); (c) MoS/TiO,
(M-7); (d) MoS/TiO, (M-9).

It can be seen that t he -7domrsekb inaFigurell) thah faténc o m
pure Mo$, indicating that TiQ nanospheres restrict the growth along (002) plane of ,MdRBe
stacking layers of MoSwill decrease with the weakness(602), which implies that the Me$ M-7
can expose more edges and rims as catalytic sites. The diffraction peaks of the pmandgpheres
(curve c in Figure lare in keeping witlihe peaks of the standard pure anafé&®, (JCPDS: 01071-
1167). Tke broader peaks of (101), (004), (200), (204) indicate that medospheres have the
amorphous state and low crystalline.

Figure 2adisplaysthe correspondin@EM image of pure Mog The pure Mogobtained by
the same hydrothermal method have the nan@itanorphology of with the severe stacking and large
size of the diameter of 2 um. SEM image ofSMwith 50 wt% of Mo9) is shown in Figure 2b.
Absolutely, only few TiQ nanospheres can be decorated by M@d8e MoS/TiO, nanocomposites
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canodt b elysyntheszed sveBeh adting 50 wt% of MoSompared to Mb, TiO, nanospheres
in M-7 with the diameter of 0.5 um were mostly packaged by MMa&d the nanocomposites of M
exhibit the spherical shape with good distribution and similar size (in Figure 2c).
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Figure 3. TEM images of the different sampléa) pure Mo, (b) MoS/TiO,(M-5); (c) MoS/TiO,
(M-7); (d) HRTEM of M7; (e) MoS/TiO, (M-9).

It can be seen that Me®iomogenously disperse on the surface of;Tm@nospheres which
means thiathe MoS/TiO, composites are prepared successfully. When increasing the content of MoS
to 90% in M9, the obvious stacking of M@Sheets can be observed in Figure 2d. The diameter of M
9 also increases to about 2mwhich may be caused by the excess of Md®erefore, M7 have the
better morphology and junction between Ma8d TiQ.

Transmission electron Microscopy (TEM) images of the different sangskegisplayedn
Figure 3. Figure 3ahowsthe typical staking morphology of pure Moshanosheets. Obviously, pure
MoS; grow rapidly and have severe aggregation in the absence efnéi@spheres. When adding
TiO, nanospheres to synthesize3ylonly few Mo$/TiO, nanocomposites can be seen in Figure 3b,
which isidentified by SEM image in Figure 2b. Figure 3c shows the TEM image-@f Mdicating
that the few layers of MgShanosheets can homogenously grow on the surface gfriibspheres
with the small diameter of 06 mA highresolution TEM (HRTEM) image (Figure 3d) also revealed
the tight recombination between Mo&d TiQ. Under higher resolution, the layered structure of
MoS; nanosheets with an averaggacing of 0.6 nm can be seen, whigtongs tahe (002) facet of
MoS,. The crystallographic spacing of 0.27 worrespondso the lattice parameter in the (10p)ane
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of MoS,. Furthermore, the lattice spacing of 0.35 isnrequalto the (101) planef TiO,. These results
proved that the good junction of M&ndTiO, can be obtained when the content of M&S70 wt%.
When the content of M@Ss up to 90%, the severe stacking of Mafanosheets and the larger size
can be observed in Figure 3e.

The structure and properties of photoelectrocatalysts related to dpansige, and/or band
positionhas important effect on the absorption propertiesvig\absorption measurement has been
used to evaluate bandgaps of the different samples.

Figure 4. UV-vis absorption spectra of TiOnanospheres; MeSi0,(M-5); MoS/TiO, (M-7);
MoS,/TiO, (M-9) and pure MoS

As shown in Figure 4, the pure Ti@anospheres only have thasicabsorption band in UV
light range. Either pure MoS or MoS,/TiO, nanocompositeshow enhanced absorption in visible
light region. Compared witlthe TiQ, nanoapherds c al cul at e d3.20 aw ,dhg bapdgapn e r
energy of MoQ/TiO, nanocomposites is close to 2.80. &his proves the gsrepared MoZTiO,
nanocomposites is very suitable for photoelectrocatalytic 2R



