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Abstract 
This project will look at the different exfoliation 

techniques used to produce thin film samples of the 

Transition Metal Dichalcogenide, Molybdenum 

Disulphide. Different preparation techniques are 

critiqued and compared with electron microscopy 

analysis. The aim is to find a preparation technique for 

Molybdenum Disulphide that will potentially allow it to 

be synthesised on a large scale with high quality 

crystals/flakes. 

 

1. Introduction 

 
 Since the discovery and confirmation of Graphene in 

2004 by Geim and Novoselov there has been a huge 

surge of interest into 2-D materials around the world. 

However there is a limit to graphene's applications due 

to the absence of a band gap which is essential for use 

in electronics. There are other classes of 2-D materials 

such as Transition Metal Dichalcogenides (TMD’s) 

which have a band-gap as well as large in-plane 

electron mobility. One of the most studied TMD’s is 

Molybdenum Disulphide (MoS2). With a structure that 

consists of an atomic plane of Mo sandwiched between 

two layers of S, held together by weak van der Waals 

interactions and strong interlayer interactions. It is 

thought to have a very promising future in 

nanoelectronics, transistors, flexible electronics, and 

optoelectronics. Currently the main method of 

exfoliation from bulk MoS2 is micromechanical 

exfoliation, also known as the scotch tape method and 

although this can produce high quality flakes, the scale 

of production is unlikely to ever be large enough for 

industry requirements. 

 

2. Experimental  
Liquid-Phase Exfoliation of bulk TMDs may be seen 

as a solution as it appears to be able to produce high 

quality monolayer samples with few defects. This 

project will discuss the exfoliation process of MoS2 

dispersed in solvents that can be deposited as thin film 

flakes in a simple process for TEM analysis. This new 

method of exfoliation is insensitive to air and water and 

can potentially be scaled up to produce large amounts 

of mono- and few-layer nanosheets solving issues with 

micromechanically prepared films such as large defects 

and small quantities exfoliated at one time [1]. Samples 

of liquid MoS2 are prepared under different conditions 

and deposited on quantifoil to be analysed using a TEM 

to compare with 2-D MoS2 samples prepared by 

micromechanical exfoliation in an effort to find the 

highest quality nanosheets. Examples of these 

preparation techniques include heating samples in a 

furnace, shearing before deposition, sonication etc… 

Results show that some preparation techniques produce 

higher quality thin film samples where others have large 

defects or may not be thin enough effecting 

characteristics of thin film Molybdenum Disulphide. 

 

 
Figure 1: Example of Sample prepared. Thin film 
MoS2 has been produced using Liquid Exfoliation. 
Drops have been deposited on a carbon grid and 
heated in a vacuum at 80ºC for 1 hour. Image is 
magnified 800,000 times. 
 

3. Future Work 

 

This project is still in its early phase so I will continue 

to prepare and analyse new samples to find best 

conditions for producing high quality crystalline MoS2 

thin films. 
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