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Here, we developed a controlled and tunable method to synthesize 3D interconnected vertical 

aligned MoS2 flakes originating from in-plane MoS2 flakes. The growth of vertically aligned MoS2 

flakes demonstrated by varying gas flow rate using modified tube in tube chemical vapor deposition 

technique. The FE-SEM results revealed that surface morphology is oriented vertically from in-plane 

MoS2 flakes as the gas flow rate increases. Further, Raman, AFM and TEM measurements confirming 

thickness and orientation of vertical aligned MoS2 flakes. Based on the structural, morphological and 

spectroscopic analysis, a detailed growth mechanism is proposed where in-plane MoS2 was found to 

work as a seed layer for initial growth of vertically aligned MoS2 flakes that finally leads to growth of 

interconnected 3-D network of vertical MoS2 flakes. Finally, vertical MoS2 was used for hydrogen (H2) 

sensing applications. H2 gas sensing study shows very fast response time and recovery time with 

sensitivity changing from 1 % to 11% even for 1% H2. To validate role of edges of MoS2 flakes for H2 

sensing, a thin layer of ZnO was deposited on top of the MoS2 flakes and tested with MoS2-ZnO 

hybrid H2 gas sensor. The result shows direct experimental evidence for role of defects site in gas 

sensing applications. This work demonstrates the controlled growth of vertical MoS2 flakes and their 

next generation application in gas sensing.  
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Figure 1: FE-SEM images of edge-enriched MoS2 

flakes grown @ 800 °C at different gas flow rates 

of (a) 100, (b) 125, (c) 150, and (d) 175 sccm. 

Figure 2: (a) FE-SEM images of vertical MoS2 (b) Sensitivity 

vs time profile at different temperature (28–150 °C) (c) 

Top view of the favorable site for the H2 adsorption and 

(d) Sensitivity (%) vs temperature profile of bare MoS2 and 

MoS2-ZnO structures. 


