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Two-dimensional materials with typical characteristics of atomic layer thickness, weak inter layer Van de 

Walls interaction and large surface areas are emerging superstar for materials science, physics and 

chemistry. For example, the Nobel prize winning material graphene has demonstrated numerous 

promising applications ranging from photonics, catalysis, sensors, flexible electronics etc. Transition 

metal dichalcogenides overcome the limitation of zero bandgap in graphene, is expected to bring in new 

applications in nanoelectronics, single photon emitters, spintronics etc. 

Aberration corrected scanning transmission electron microscopy in the annular dark field (ADF) imaging 

mode provides atomic level spatial resolution and Z number sensitive image contrast. Therefore, atomic 

level chemical information is feasible in the STEM-ADF images. Local atomic structures, defects and 

phases can be revealed in a straightforward fashion. Such microscopy results can be combined with density 

functional theory simulations and synchrotron X-ray absorption measurements to provide both local and 

bulk information to provide in-depth understanding on the physical property and performance of materials. 

I will talk about how STEM technique provides a powerful tool to help understand the two-dimensional 

materials for applications including catalysis and electronics. Transition metal dichalcogenide materials 

will be the focus. I will first talk about Re doped MoS2 atomic layers [1,2]. These thin layers are very 

sensitive to electron beam and requires special consideration for the damage effect. I adopted low primary 

voltage (60 kV) to reduce the knock-on damage. It is revealed that electron beam not only can image 

materials but can also trigger or manipulate the movement of single dopant atoms [1]. Atomic level 

chemical mapping is realized in Re doped MoS2 alloy using the ADF contrast [2]. I will also show that 

how electron microscopy help reveal the structures of SnS2 after transition metal intercalation [3]. 

Two-dimensional materials with strong layer coupling are emerging with exotic properties. Here I will 

show the study on PdSe2 and how the reactive ion etching resulted in the new phase of Pd17Se15. [4,5] 

Transition metal single atom catalysts show great promise in catalysis. I will use two examples to show 

how STEM technique not only provide direct evidence of single atoms to complement synchrotron X-ray 

absorptions but also reveal local bonding environment directly [6-8]. As one last example, I will show 

how three-dimensional coordinates of atoms in single layer Re doped MoS2 can be resolved using electron 

tomography [9]. I will also show some outlook for study on two-dimensional materials with 

monochromated electron beams. 
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Figure 1. Various two-dimensional materials studied using STEM technique. 
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