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Abstract  Two-dimensional atomic crystals have recently drawn intense attentions due to their unique 2D planar structure, 
novel properties and attractive applications. In this review, we summarized the recent advances on the synthesis of 2D transi-
tion metal dichalcogenides (TMDCs) by chemical vapor deposition (CVD) with the emphasis on 2D MoS2 and WS2. We 
discussed the effects of various growth parameters on the synthesis of 2D MoS2 and WS2. We also covered the synthesis 
strategies for the growth of binary alloys and heterostructures based on MoX2 and WX2 (X S, Se). Finally, we discussed the 
challenges and opportunities for the CVD growth of 2D TMDCs. 
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Figure 1  Schematic for the synthesis of MoS2. (a) Surface sulfuriza-
tion/thermal decomposition of Mo precursors; (b) Sulfurization in vapor 
phase, nucleation and growth on the surface 
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Figure 2  (a) Schematic illustration for the synthesis of MoS2 layers by 
sulfurizing thermally evaporated MoO3 on the sapphire substrate and (b) 
MoS2 layer grown on a sapphire wafer[31]. (c) Schematic illustration of the 
two-step thermolysis of (NH4)2MoS4 for the synthesis of MoS2 thin lay-
ers, HR-TEM images for the MoS2 thin layers, SAED patterns and the 
typical transfer curves for the devices fabricated using the MoS2 thin 
layers annealed in sulfur vapor[32] 

, 
MoS2 , 

, , , 
. , 

, MoO2

, MoO2

MoS2 . 
, MoS2 (

10 m)[26]. MoS2

, 3 .  
, /

( ) MoS2 . 



 
     

  
 
Acta Chim. Sinica 2015, 73, 895—901 © 2015 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn    897 

. 

 

3  MoO2 MoS2. (a) MoS2

; (b, c) MoS2/MoO2 MoS2 AFM
; (d) MoS2 TEM ; (e) MoS2

Ids-Vgs
[26] 

Figure 3  The controlled synthesis of MoS2 by layer-by-layer sulfurizing 
MoO2 templates. (a) Schematics for the synthesis and cleavage of MoS2; 
(b, c) Optical and AFM (insets) images of as-made MoS2/MoO2 templates 
and the transferred MoS2 flakes, respectively; (d) Enlarged 
high-resolution TEM image of MoS2 showing hexagonal lattice; (e) Ids-Vgs 
curves for the bilayer MoS2 FET at various biases probed in air[26] 
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Figure 4  Schematics of the set-up for the synthesis of MoS2 by sulfu-
rizing MoO3 precursors in the vapor phase 
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Figure 5  The controlled synthesis of large area and highly crystalline 
MoS2. (a, b) Optical image of the CVD-grown large-grain MoS2 and a 
monolayer MoS2 triangle on the SiO2 (285 nm)/Si substrate[25]. (c, d) SEM 
images showing the growth process of MoS2 from small triangles to con-
tinuous films[33]. (e) Optical image of a large-area continuous film synthe-
sized on substrates with rectangular shaped patterns.[33] (f) Large-area, 
approximately 1 1 cm2 film transferred to a new substrate from a pat-
terned substrate[33] 
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Figure 6  The seeding promoter assisted MoS2 growth. (a) A schematic 
illustration of the promoter substrate and the growth substrate as well as 
the various divisions (A P) according to the distance away from the 
promoter substrate on the growth substrate. (b) The corresponding optical 
images of the MoS2 flakes in different regions of the growth substrate. 
Scale bars: 20 m[34] 
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Figure 7  LPCVD synthesis of WS2 on sapphire. (a) Schematic view of 
the related chemical reaction. (b) Experimental setup of the LPCVD 
system. (c e) SEM images of jagged edge WS2 flakes synthesized under 
pure Ar gas flow. (f) Corresponding AFM characterization of the WS2 
monolayer. (g i) SEM images of WS2 flakes synthesized under mixed 
Ar and H2 gas flow. (j) Photography of sapphire substrates before and 
after the growth of monolayer WS2
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Figure 8  (a) Schematic diagram of the CVD system used for the growth 
of WS2. (b f) Optical image, SEM, AFM, TEM and HRTEM images of 
as-grown WS2 flakes, respectively[38] 
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Figure 9  (a) Schematic for the set-up used for the growth of MoS2x- 
Se2(1 x). (b) SEM images of MoS2xSe2(1 x). (c) PL spectra of the 
MoS2xSe2(1 x) alloys with varied compositions[43] 
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Figure 10  (a) HAADF-STEM image in false color. Mo sites: yellow; S2 
sites: light blue; SSe sites: yellow, and Se2 sites: red[45]. (b) Optical image 
of the MoS2xSe2(1 x) film near the edge of the growth substrate[46] 
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Figure 11  (a) Schematic of the synthesis process for WS2-MoS2 hetero-
structures using Te, W and MoO3. (b) Optical image of a WS2-MoS2 
heterostructure. (c) PL spectra taken at four locations marked in (b)[48] 
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