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Nano molybdenum disulfide possesses unique chemical and physical properties. In this paper molybdenum disulfide 
nanoparticles with spherical and flower-like structure are prepared via a hydrothermal method. Sodium molybdate and 
thioacetamide are taken as precursors, polyethylene glycol (PEG-20000), hexadecyl trimethyl ammonium chloride (CTAC) 
and anhydrous ethanol are used as additives. The properties of the product are characterized by X-ray diffraction (XRD) and 
scanning electron microscopy (SEM). The results showed that under acidic conditions, molybdenum disulfide nanoparticles 
with spherical shape are obtained when PEG-20000 and CTAC are added. The nanoparticles are uniform in size with a 
diameter of about 100 nm. Molybdenum disulfide nanoparticles with a flower-like structure are obtained when anhydrous 
ethanol is added. Their diameters under sulfuric acid and hydrochloric acid conditions are 190 nm and 70 nm, respectively. 
Yield analysis reveals that the highest yield (which can be up to 79 %) occurs by adding polyethylene glycol in a sulfuric 
acid environment.

INTRODUCTION

 Transition metal binary compounds with layered 
structure possess unique properties in lubrication [1], 
catalysis [2], photoelectric devices and other fields [3], 
and have become a hot research topic [4-7]. Molybdenum 
disulfide (MoS2) is a black powder with metallic luster 
in the normal condition. It is a typical transition metal 
binary compound with diamagnetic and semiconducting 
properties, excellent antifriction performance and out-
standing abrasion resistance because of its unique struc-
tural characteristics. It is widely used for lubricants in 
equipment manufacturing and industrial manufacture.
 MoS2 nanoparticles are small in size, which facili-
tates penetration into friction pair surfaces and improves 
their adsorption properties. They are superior to conven-
tional MoS2 in antifriction performance, abrasion resis-
tance and extreme pressure performance [8]. Various 
forms of MoS2, including inorganic fullerene structures 
[9], nanowires [10], nanotubes [11-12], nanorods [13], 
nanospheres [14], hollow spheres [15] and nanoflowers 
[16], have been successfully prepared recently. However, 
problems of poor reproducibility of preparation and 
low product quality and yield still exist. Therefore, 

looking for a robust and inexpensive synthetic method 
is a primary aim of current research. Compared to other 
synthesis methods for MoS2, chemical synthesis can 
produce sulfides with high purity, fewer impurities and 
fine granularity [17].
 In this paper, MoS2 is synthesized via a chemical 
synthesis method in which sodium molybdate and thio-
acetamide are taken as precursors, and polyethylene glycol 
(PEG-20000), anhydrous ethanol or hexadecyl trimethyl 
ammonium chloride (CTAC) are chosen as additives. The 
morphology of the synthesized molybdenum disulfide 
is analyzed and compared by using scanning electron 
microscopy (SEM) and the influence of the mechanism 
and additives on the morphology of MoS2 are discussed.

Experimental

Reagents and equipment used

 The reagents used in this work were sodium molyb-
date, thioacetamide, PEG-20000, CTAC, absolute ethyl 
alcohol, hydrochloric acid (15 wt. %) and sulfuric acid 
(98 wt. %). The experimental equipment used is listed in 
Table 1.
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Sample preparation

 Amounts of 0.3 g sodium molybdate and 0.55 g 
thioacetamide were weighed in on an electronic balance 
and put into a polytetrafluoroethylene (PTFE) lining 
before adding 1.44 g of polyethylene glycol (or 0.05 g 
of CTAC or 5 ml of absolute ethyl alcohol) and 50 ml of 
deionized water. Next, the mixture was homogenized by 
stirring, and either hydrochloric acid or sulfuric acid was 
added dropwise in order to set the pH of the solutions to 
1.0 while stirring. After sufficient reaction, the mixtures 
were given into an autoclave, which was placed into a 
muffle furnace for 6 h, keeping the temperature at 220°C. 
The mixtures were repeatedly washed with deionized 
water in a centrifuge until neutral pH was achieved, and 
then put into a drying box. After drying the solid residues 
were weighed. Finally, the precipitate was ground. The 
main reaction equations and the flow chart (Figure 1) are 
as follows.

 CH3CSNH2 + 2H2O → CH3CONH4 + H2S        (1)

 Na2MoO4 + 4H2S → Na2MoS4 + 4H2O          (2)

 Na2MoS4 + 4HCl → H2MoS4 + 2NaCl         (3a)

 Na2MoS4 + H2SO4 → H2MoS4 + Na2SO4      (3b)

 H2MoS4 → MoS3 ↓ + H2S                   (4)

 MoS3     → MoS2 ↓ + S                      (5)

RESULTS AND DISCUSSION

Characterization of molybdenum
disulfide via XRD

 The crystal structure of the sample was characterized 
by X-ray diffraction (XRD). As shown in Figure 2, all 
XRD peaks can be indexed by cards of the standard 
powder diffraction of MoS2. The four main peaks match 
the standard diffraction peaks on card (JCPDS 37-1492), 
which indicates that the samples are hexagonal phase 
MoS2. The diffraction peak (002) of MoS2 prepared 
under the two kinds of acidic conditions is high and sharp 
in both cases, which illustrates that the layers are stacked 
well when MoS2 is synthesized via this hydrothermal 
method.

Study on the morphology of
nano molybdenum disulfide

 Figure 3 shows the SEM micrographs of MoS2 syn-
thesized using different additives under sulfuric acid con-
dition (Figure 3a – nano MoS2 with spherical structure 
and a diameter of 90 nm prepared by adding PEG-20000, 
Figure 3b – nano MoS2 with spherical structure and 
a diameter of 110 nm prepared by adding CTAC, Figu- 
re 3c – nano MoS2 with flower-like structure and a dia- 
meter of 190 nm prepared by adding absolute ethyl 
alcohol). Figure 4 shows the corresponding SEM micro-
graphs of MoS2 synthesized using different additives 
under hydrochloric acid condition (Figure 4a – nano 
MoS2 with spherical structure and a diameter of 105 nm 
prepared by adding PEG-20000, Figure 4b – nano 
MoS2 with spherical structure and a diameter of 120 nm 
prepared by adding CTAC, Figure 4c – nano MoS2 with 
flower-like structure and a diameter of 70 nm prepared 
by adding absolute ethyl alcohol).
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Figure 1.  Process flow chart for preparing MoS2.

Table 1.  Experimental equipment used in this work.

Name Model Manufacturer

Muffle furnace BSX2-6-12TP Shanghai Yiheng
Centrifuge machine H2050 Shanghai Luxiangyi
Electric thermostatic 

GZX-9070MBE Shanghai Boxundrying Oven
Scanning electron 

S-4800 Hitachimicroscope
X-ray spectrometer D/MAX2500PC Rigaku Corporation
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Figure 2.  XRD patterns of MoS2 samples prepared in: a) sul-
furic acid condition and b) hydrochloric acid condition.
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The influence mechanism of
additives on MoS2

 Surfactants, amphipathic molecules composed of 
hydrophilic and oleophobic polar groups and hydrophilic 
and oleophobic non-polar groups, play an important role 

in the synthesis of nanoparticles. They can be classified 
into ionic and non-ionic types. Moreover, depending on 
the type of ions, the former can be divided into catio-
nic, anionic and amphiprotic surfactants. When the sur-
factants concentration exceeds a critical value, they start 
to aggregate and form micelles of different shapes [18]. 

Figure 3.  SEM micrographs of MoS2 synthesized using diffe-
rent additives under sulfuric acid condition.

Figure 4.  SEM micrographs of MoS2 synthesized using diffe-
rent additives under hydrochloric acid condition.

c) Anhydrous ethanol c) Anhydrous ethanol

b) CTAC b) CTAC

a) PEG-20000 a) PEG-20000
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 Surfactants act on the surface of solid particles 
and affect the process of grain growth when MoS2 is 
being prepared, so they are often used for improving 
the dispersity of MoS2, relieving the aggregation of 
particles and as an auxiliary tool for grain morphology 
control [19]. Polyethylene glycol with the molecular 
formula HO(C2H4O)nH belongs to non-ionic type 
surfactants. Its solubility is high in water, because 
the molecular chain adopts the shape of a snake in 
water, with two kinds of hydrophilic groups, ether and 
hydroxyl, and no hydrophobic groups. The long chain 
of this high-molecular-weight polymer is attracted to 
the surface of dispersed grains, which forms a layer of 
macromolecular hydrophilic membrane and is respon-
sible for strong excluded volume effects (“stereo-hind-
rance”). Therefore the repulsive energy between the 
particles is further increased to prevent agglomeration. 
Besides, the dispersibility and stability of the system are 
enhanced, the growth of the previously formed nuclei 
is restrained, and nanocrystals of MoS2 are effectively 
dispersed. With the aid of the organic macromolecular 
chain of high concentration, the MoS2 nanocrystals are 
coated and modified [20]. Moreover, the modification 
with cationic CTAC has a good effect on the formation 
of MoS2 with spherical structure. It is mainly because of 
the negative electric charge on the surface of the MoS2 
nanoparticles due to the electrostatic interaction that 
surfactants of cationic type with positive electricity are 
selectively attracted on the surface of particles (so-called 
specific adsorption). This not only reduces the surface 
tension of the particles, but also effectively prevents 
the agglomeration of particles by means of the “stereo-
hindrance”, thereby a highly dispersed nano MoS2 with 
spherical structure of low surface activity is synthetized 
[21]. The effects of anhydrous ethanol as a dispersant are 
similar to those of polyethylene glycol. Nano MoS2 with 
flower-like structure is synthetized when absolute ethyl 
alcohol is used. Stereo-hindrance is related to the length 

of the hydroxyl chain. The longer the length of hydroxyl 
chain, the stronger is the stereo-hindrance. Hence the 
particles are easier to agglomerate when alcohol is taken 
as the surfacant. The formation of MoS2 with flower-like 
structure is probably related to the number of hydroxyl 
and carbon atoms in the carbon chains.

Yield

 Apart from the morphological characteristics and 
properties of MoS2, yield is another important parameter 
that should be evaluated in order to compare, select 
and improve experimental approaches. Equation 6 can 
be used to calculate the yield of MoS2 under different 
conditions. 

(6)

 The yield of the different MoS2 preparation pro-
cedures is compared in Figure 5.
 It can be seen that the yield of MoS2 reaches its 
highest value when polyethylene glycol is used as the 
surfactant, while the yield using CTAC is intermediate 
and the yield using absolute ethyl alcohol is the lowest. 
Further it is evident that generally the yield of MoS2 
under sulfuric acid conditions is higher than that of 
hydrochloric acid conditions. The authors believe that 
this may be associated with the volatility of hydrochloric 
acid at high temperature.

CONCLUSIONS

● Under strongly acidic condition (pH = 1.0), nano-
particles with a spherical structure and diameters of 
around 100 nm are obtained by adding polyethylene 
glycol and hexadecyl trimethyl ammonium chloride. 
MoS2 nanoparticles with a flower-like structure are 
obtained when anhydrous ethanol is added. When 
prepared under sulfuric acid and hydrochloric acid 
conditions, their diameters are 190 nm and 70 nm, 
respectively.

● Using this hydrothermal method, molybdenum disul-
fide nanoparticles are prepared more easily in sulfuric 
acid solution than in hydrochloric acid solution. The 
yield of MoS2 is highest when adding polyethylene 
glycol.
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