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Abstract 

The MoS2 nanostructures with different morphologies were synthesized by a facile hydrothermal method using 
precursors of ammonium molybdate ((NH4)6Mo7O24.4H2O), thiourea (CH4N2S) and hydroxylammonium 
chloride (NH2OH.HCl). As-prepared MoS2 samples with different growth temperatures of 160, 180, and         
200 °C were characterized by Raman spectroscopy, field emission scanning electron microscopy (FESEM) 
and x-ray powder diffraction (XRD). Raman data of all samples showed the two active modes at about 380 
cm-1 and 406 cm-1, which were corresponding to in-plane vibration of Mo and S atoms as well as to out-of-
plane vibration of S atoms of MoS2 nanostructures. XRD results also revealed characteristic diffraction peaks 
of the MoS2 for all samples grown at different temperatures. However, the XRD pattern of the MoS2 grown at 
200 °C exhibited a more pronounced peak at approximately 12.1°, corresponding to the diffracted peak of 
(002) lattice plane of MoS2. It implied that the MoS2 nanostructures synthesized at 200 °C showed a better 
crystallinity compared to the rest. The findings indicated that reaction temperature has significant effects on 
the morphology and crystal structure of the as-prepared products. It was found that the optimal growth 
temperature was 200 °C. Under this condition, the nanostructures are about more than 100 nm in length and 
10 nm in thickness.  
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1. Introduction1 

In the group of transition metal dichalcogenides 
(TMDs), molybdenum disulfide (MoS2) attracts much 
more attention due to their unique electrical, optical, 
mechanical properties compared to other materials 
owing to its tunable band gap energy (1.1-1.9) eV, high 
strength and high mobility [1–3]. Moreover, MoS2 is 
also an environmentally friendly material. Thus, this 
material has excellent applicability in a variety of 
fields such as field effect transistors, catalysts, 
electrochemical and/or optoelectronic, energy storage 
devices, Li-ion batteries, and gas sensors [4–6]. 
Several types of MoS2 nanostructures with different 
morphologies such as nanosheets, nanospheres, and 
nanoflowers, thin film have been synthesized by 
various methods such as hydrothermal method [7], 
mechanical or chemical exfoliation [8], chemical 
vapor deposition [9] and atomic layer deposition [10]. 
Among the various growth methods, the hydrothermal 
synthesis route has been considered to be one of the 
most promising synthesis routes, due to its low cost, 
high efficiency, and good crystallization of the 
product. To control the crystallinity and morphology, 
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synthesis temperature plays an important role in the 
hydrothermal synthesis of MoS2 nanostructures. 
Recently, Wang et al. [11] has synthesized amorphous 
MoS2 and discussed the effect on preparation 
temperature on crystallinity. Li et al. [12] prepared 
MoS2 nanostructure with different morphologies when 
hydrothermal temperatures increased from 200 oC to 
300 oC. The morphology of MoS2 also changed from 
the coral-like aggregated particles to flower-like 
spheres wrapped nanosheet structure with temperature 
by Luo et al. [13]. 

Although several works have been reported on 
investigation of the effect of hydrothermal growth 
conditions of MoS2, there is lack of systematic study 
on the effect of low hydrothermal temperature below 
200 oC to the formation of MoS2. In our previous work, 
we have moved a first step for hydrothermal synthesis 
of MoS2 nanostructures [14]. In the present work, we 
study the effect of hydrothermal synthesis temperature 
on morphological and structural properties of MoS2 
nanostructures. The synthesized MoS2 nanostructures 
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were characterized through SEM, XRD, and Raman 
spectroscopic measurements. 

2. Experimental 

MoS2 nanostructures were synthesized through a 
simple hydrothermal method. In a typical synthesis, 
ammonium molybdate (0.617 g), thiourea (0.76 g) and 
hydroxylammonium chloride (0.69 g) were dissolved 
in 80 ml deionized water using a magnetic stirrer to 
form a homogeneous solution. Then, the obtained 
solution was poured into a 100 ml Teflon-line 
autoclave and sealed tightly, heated at 160 oC for 24h. 
After cooling to room temperature, the precipitated 
products were collected and washed several times 
using distilled water and ethanol solution by 
centrifugation at 4000 rpm and finally dried at 60 oC 
for 24 h. Other samples were also prepared in the same 
way with different preparation temperatures at 180 oC 
and 200 oC. Samples were marked as MoS2-160, 
MoS2-180 and MoS2-200 corresponding to the growth 
temperatures of 160 oC, 180 oC, and 200 oC, 
respectively. Fig. 1 shows the hydrothermal synthesis 
process of the MoS2 nanostructures.  

The morphologies of the synthesized materials 
were then examined by FESEM (JEOL JSM-7600F). 

The crystal structures and vibrational modes of the 
MoS2 nanostructures were characterized by XRD 
(Advance D8, Bruker) and Raman spectroscopy 
(Renishaw, InVia), respectively.  

 
Fig. 1. Schematic diagram of the hydrothermal 
processes for the synthesis of the nanosheet MoS2 
nanostructures.  

 

 
Fig. 2. SEM images of the nanosheet MoS2 nanostructures fabricated with different preparation temperatures: (A and B)           
160 oC; (C and D) 180 oC; (E and F) 200 oC.  
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3. Results and disscution 

The morphologies of the MoS2 nanostructures 
grown with different temperatures were characterized 
by SEM. The SEM images are shown in Fig. 2A-F. 
The results showed that the higher the hydrothermal 
temperature, the greater the number of nanosheet 
MoS2 produced. The nanosheet-like MoS2 
nanostructures fabricated at 160 oC have been formed 
quite well. However, the size of the sheets is still small, 
and the length of the sheets is short (Fig. 2A-B). When 
the synthesis temperature was increased to 180 oC, the 
density of nanosheet became thicker but the sheets are 
still short with low stacking height (Fig. 2C-D). The 
SEM images of the MoS2 nanostructures fabricated at 
200 oC are shown in Fig. 2E-F. The nanosheets are 
about more 100 nm in length and 10 nm in thickness. 
Thus, the morphology of MoS2 nanomaterials 
significantly changed because of the synthesis 
temperature conditions, it can be seen that when the 
hydrothermal temperature increases, the pressure in 
the closed vessel also increases, resulting in much 
more and faster MoS2 products in a time unit due to 
the rate of reaction raising. At growth temperature of 
200 oC, it seems that the MoS2 nanosheets is thinner 
than that using other synthesis temperatures. In 
addition, the MoS2 nanosheets were stacked together 
to form large MoS2 nanostructure bunches in case of 
200 oC growth temperature. For two lower synthesis 
temperatures of 160 oC and 180 oC, the nanostructure 
bunches generated from nanosheets are smaller and 
dispersed on the substrates. 

Raman spectroscopy was employed to confirm 
the atom vibrational modes of MoS2 nanostructures 
synthesized with different growth temperature of 160, 
180, and 200 oC and growth time of 24h. The spectra 
of three structures, as shown in Fig. 3, exhibit two 
prominent Raman modes located at approximately   
380 cm-1 and 406 cm-1 corresponding to the 𝐸𝐸2𝑔𝑔1  and 
𝐴𝐴1𝑔𝑔vibrational modes of hexagonal MoS2, 
respectively. It is known that 𝐸𝐸2𝑔𝑔1  mode corresponds to 
the in-plane vibration of Mo and S atoms and 𝐴𝐴1𝑔𝑔 
mode corresponds to the out-of-plane vibration of S 
atoms of hexagonal MoS2 [15]. It is obviously that the 
intensity of the 𝐴𝐴1𝑔𝑔 peak is higher than that of the 𝐸𝐸2𝑔𝑔1 . 
This result is in agreement with other previous reports 
[3,16]. This can be due to the final state of direct 
electronic transition at K point related to d2

Z orbitals of 
Mo atoms, which are aligned along the identical 
oscillation direction of the 𝐴𝐴1𝑔𝑔 mode [3,16,17]. This 
results in the enhancement of electron-phonon 
coupling along the out of plane direction (𝐴𝐴1𝑔𝑔). In 
addition to these two peaks, a mode around 455 cm-1 
arises from a second-order process involving the 
longitudinal acoustic phonons at M point (2LA(M))[3].  

 
Fig. 3. Raman spectra of the MoS2 nanostructures 
grown at 160, 180, and 200 oC. 

 
Fig. 4. XRD patterns of the synthesized MoS2 nanostructures 
at various growth temperatures of 160, 180, and 200 oC.   

Raman results indicated that featured vibration 
modes of the MoS2 nanostructures were obtained for 
all three samples grown at 160, 180, and 200 oC. It is 
unobvious to point out the difference between these 
spectra. To study in more detail about the effect of 
growth temperature to the formation of the MoS2 
nanostructure and to get further inside into the 
crystallinity degree of the MoS2 under different growth 
temperatures, Fig. 4 shows XRD patterns of MoS2 
nanostructures grown at different temperatures of             
160 oC (black color), 180 oC (red color), and 200 oC 
(blue color). We can see that all three XRD patterns 
present clearly the diffraction peaks located at about 
34.16° and  57.81°, which correspond to the (100) and 
(110) crystal planes of  the MoS2 [18]. However, with 
the increased temperature, the intensity of diffraction 
peaks becomes sharper, indicating the improvement of 
crystallinity with the raise of growth temperature. 
Especially, only XRD pattern of the MoS2 
nanostructures grown at 200 oC shows a peak centered 
at 12.1° corresponding to (002) crystal plane of the 
MoS2 (JCPDS 37-1492). This result clearly indicates 
an improvement of the crystallinity degree of the MoS2 
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nanostructures grown at 200 oC compared to the ones 
grown at lower temperatures of 160 oC and 180 oC. The 
properties of the MoS2 grown at 200 oC in this work 
can be comparable the MoS2 formed with higher 
temperature of 260 oC from published work [12]. 

4. Conclusion 

In summary, the MoS2 nanostructures were 
synthesized by a facile hydrothermal method. The 
morphology, vibrational modes, and crystal structures 
were investigated through SEM, Raman spectroscopic, 
and XRD measurements. The morphologies of the 
synthesized nanostructures were easily controlled by 
varying different preparation temperatures. The 
optimal growth temperature was found to be at 200 oC, 
in which the MoS2 nanostructures formed under large 
bunches of thin MoS2 sheets with high crystallinity 
degree. In order to obtain full story of the effect of 
growth conditions to the formation of MoS2 
nanostructures, the investigation of the effect of 
different growth times is necessary and will be 
presented in coming works.  
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