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a b s t r a c t

The synthesis of MoS2 nanoparticles from MoO3 with a certain morphology through a surfactant-assisted
hydrothermal process is described in this paper. MoO3, which has a nanobelt morphology with a width of
100–500 nm and a length from one to several micrometers, is used as the precursor, and poly(vi-
nylpyrrolidone) (PVP) is used as the surfactant. The morphology of the resulting MoS2 nanomaterial has
been characterized by the field-emission scanning electron microscope, which shows that the obtained
nanoparticles have diameters ranging from 50 to 100 nm with rough surfaces. Additionally, the com-
position and crystallinity as well as the phase information of the produced nanoparticles have been
characterized by the energy-dispersive X-ray spectrometer and X-ray diffraction. Specifically, in this
process, the presence of PVP plays a crucial role for the successful fabrication of the nanoparticle mor-
phology, which may be due to the formation of PVP micelles leading to an oriented aggregation of MoS2
nuclei. In addition, comparative experiments have been conducted and the possible reaction mechanism
is proposed.

& 2016 Elsevier B.V. All rights reserved.
1. Introduction

As a typical layered transition metal dichalcogenide, molybde-
num disulfide (MoS2) materials have received much attention due
to their potential applications in transistors of electronics [1], cat-
alysts for hydrodesulfurization [2] and hydrogen evolution [3],
candidates for hydrogen storage [4], tribological lubrient [5] and
optical response [6], as well as electrode components for super-
capacitors [7] and lithium batteries [8]. Meanwhile, MoS2 nano-
materials with various morphologies such as open-ended nano-
tubes [9], hollow nanospheres [2], flower-like microspheres [10],
nanorods [11] and nanoparticles [12] have been reported. Among
various morphologies, MoS2 nanoparticles are promising due to
their distinct physicochemical properties different from bulk ma-
terials. It has been found that MoS2 nanoparticles show excellent
shock-absorbing performance under a very high shock wave pres-
sure [13] and ultra-low friction and wear [14]. In addition, MoS2
nanoparticles exhibit enhanced catalytic [3], electronic [15] as well
as optical [12] properties. As a result, it is essential to synthesize
MoS2 with a nanoparticle morphology in a controlled manner.
Nowadays, different strategies for the synthesis of MoS2 na-
noparticles have been explored. Zak et al. synthesized fullerene-
like MoS2 nanoparticles from MoO3 powder via reaction with N2,
H2, and H2S gases at 850 °C [16]. Etzkorn et al. prepared the MoS2
nanoparticles via a metal-organic chemical vapor deposition ap-
proach using Mo(CO)6 and sulfur as initial materials with a home-
made device [17]. Song et al. obtained the MoS2 nanoparticles by
employing a millisecond pulsed Nd: YAG laser to ablate a piece of
Mo target in a dimethyl trisulfide atmosphere [6]. However, these
aforementioned methods suffer from problems of high tempera-
tures, complicated procedures and harsh conditions, which may
largely restrict their wide applications. Therefore, it is highly de-
sired to develop a new strategy for a mild, facile and cost-effective
synthesis of MoS2 nanoparticles.

In this paper, a novel wet chemistry approach for the synthesis
of MoS2 nanoparticles is described. MoO3 with a certain mor-
phology is used as the precursor and poly(vinylpyrrolidone) (PVP)
is employed as the surfactant to produce MoS2 nanoparticles
through a facile hydrothermal process. To get the nanoparticle
morphology, the presence of surfactant PVP is proved to be im-
portant and the possible mechanism has been discussed. The
proposed method is promising for controllable synthesis of MoS2
naonoparticles via a facile, mild and cost-effective process.
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2. Experimental

In this experiment, all the chemical reagents were analytical
grade and used directly without further purification. The MoS2
nanoparticles were synthesized via two hydrothermal processes
including the preparation of MoO3 nanobelts and the subsequent
transformation of MoO3 nanobelts to MoS2 nanoparticles. The
MoO3 nanobelts were prepared according to the previous report
[18] with some modifications. Briefly, 3.3604 g Na2MoO4 �2H2O
was dissolved in 70 mL of distilled water to make a precursor
solution, and then 4 M nitric acid solution was added to acidify the
initial solution to a pH of 1. The resulting solution was transferred
into a 100 mL of Teflon-lined stainless steel autoclave and was
treated at 180 °C for 24 h. The resultant white products were
collected via centrifugation and were washed with distilled water.
Eventually, the obtained MoO3 nanomaterials were dispersed in
water solution for further experiments.

For synthesis of MoS2 nanoparticles, 25 mg PVP was added into
30 mL of the water solution which contains 25 mg of the MoO3

nanobelts. The mixture was stirred for 10 min to obtain a uniform
suspension. Then, 50.67 mg of NaSCN was added. After vigorous
stirring for another 10 min, the resulting mixture was transferred
into a 50 mL of Teflon-lined stainless steel autoclave, and heated at
180 °C for 24 h. The obtained black product was centrifuged and
washed thoroughly with water and ethanol, respectively. Finally,
the collected product was dried at 80 °C for 12 h under a vacuum.

To analyze the composition and phase purity of the as-syn-
thesized samples, the X-ray diffraction (XRD) measurements were
done by using a Shimadzu XRD-7000 X-ray diffractometer, oper-
ating at 40 kV and 50 mA with Cu Kα radiation at a scanning rate
of 2°/min. The general size and morphology of the obtained ma-
terials were characterized by a field-emission scanning electron
microscope (FESEM, Hitachi, S-4800), which was coupled with an
energy-dispersive X-ray spectrometer (EDS, HORIBA, EX-350).
3. Results and discussion

The XRD and EDS data show the crystallinity and phase char-
acteristics of the synthesized nanoparticles. Fig. 1a indicates the
representative XRD pattern of the produced MoS2 nanoparticles.
All the diffraction peaks in the XRD pattern can be readily matched
with a pure hexagonal MoS2 phase (JCPDS NO. 37-1492). The
pronounced diffraction peaks at 2 theta values of 14.38, 32.68,
39.54 and 58.33 are attributed to (002), (100), (103) and (110)
reflections, respectively. Notably, any other characteristic peaks are
Fig. 1. (a) XRD and (b) EDS patterns of th
not observed, indicating a high purity of the as-synthesized na-
noparticles. Additionally, the broadness of diffraction peaks can be
observed probably due to the small size of the crystallites [10,19].
The EDS results shown in Fig. 1b confirm that the nanoparticles are
mainly composed by the elements of Mo and S. The molar ratio
was calculated to be 1:2 corresponding well with the stoichio-
metry of MoS2, which is consistent with the XRD result. The pre-
sence of C and O elements could be due to the residual PVP on the
surface of the MoS2 nanoparticles.

The morphologies and sizes of the synthesized MoO3 precursor
and MoS2 nanoparticles were characterized by FESEM and the
results are shown in Fig. 2. An overall view of the morphology of
the produced MoO3 nanomaterials shown in Fig. 2a illustrates that
the products are composed by isolated nanobelts with a length of
one to several micrometers. Fig. 2b shows a high resolution image
of MoO3 nanobelts. It can be seen that each nanobelt has a smooth
surface with an average width of 100–500 nm. A panoramic pic-
ture of the as-prepared MoS2 is exhibited in Fig. 2c. Nanoparticles
with a diameter of 50–100 nm are observed. Notably, some par-
ticles seem to be aggregated but still have distinct boundaries. A
higher magnification of FESEM image (Fig. 2d) shows a rough
surface of each MoS2 nanoparticle. This may be attributed to the
stacking of the single MoS2 layer, which is reasonable in good
agreement with the high density of the (002) diffraction peak in
XRD [20,21].

According to the previous report [22], MoO3 could be converted
to MoS2 through the following reaction:

4MoO3þ9SCN�þ14H2O-
4MoS2þSO4

2�þNH4
þþ4CO3

2�þ8NH3(g)þ5CO2(g)

Experiments show that the MoS2 product has a morphology of
quasi-flower with thick layers in the absence of PVP. In addition,
the presence of an acid could induce three-dimensional MoS2
nanoflowers with thin layers [23]. The corresponding FESEM
images are shown in Fig. 3a and b, respectively. These results
verify that the presence of PVP is crucial for the synthesis of MoS2
nanoparticles. A surfactant-induced reaction mechanism is illu-
strated in Fig. 3c for the synthesis of MoS2 nanoparticles from
MoO3 nanobelts in the presence of the PVP. With the addition of
SCN–, the MoS2 nuclei can be formed at the surface of the MoO3

nanobelts and released into the solution because of the anisotropy
between them. The MoS2 nuclei are further grown by an oriented
growth to produce nanosheets, and the quasi-flowers with thick
layers can be self-assembled. However, in the presence of the
hydrochloride acid, the three-dimensional MoS2 nanoflowers with
thin layers are formed. This is probably due to the fact that Hþ
e as-synthesized MoS2 nanoparticles.



Fig. 2. FESEM images of the obtained MoO3 nanobelts (a, b) and MoS2 nanoparticles (c, d).

Fig. 3. FESEM images of the produced MoS2 from MoO3 nanobelts through different processes: (a) direct reaction to NaSCN; (b) further addition of HCl. (c) Schematic
illustration of the mechanisms for the formations of MoS2 with different morphologies.
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with small diameters can access into the layered structures of the
MoS2 nanosheets, thus leading to the exfoliation of MoS2 [24,25].
Interestingly, when PVP was added, PVP as a nonionic surfactant
could induce micelles in the solution, thus preventing the further
nucleation growth to nanosheets. In this case, the nanoparticles
are produced through the oriented aggregation to reduce surface
activities of the MoS2 nuclei [26].
4. Conclusions

We have demonstrated a novel method for preparation of MoS2
nanoparticles using MoO3 nanobelts as the precursor via a sur-
factant-assisted hydrothermal process. The obtained MoS2 nano-
particles are single-crystallines having a hexagonal phase struc-
ture with a diameter ranging from 50 to 100 nm. The possible
mechanism of this process is proposed. The present method allows
the controllable synthesis of MoS2 nanoparticles in a facile, mild
and cost-effective way.
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