Probing Defects and Dynamics in 2D Heterostructures
by Scanning Transmission Electron Microscopy
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Scanning Transmission Electron Microscopy
(STEM) is a powerful tool to probe the
structure and chemistry of 2D materials
vertical heterostructures stacks. For
example, using advanced STEM we have
shown that protruding defects prevent the
realisation of pristine interfaces between
transition metal selenides (MoSe2, WSe2,
NbSe2) and boron nitride, unless exfoliation
is performed in an inert environment.[1]

We also report cross sectional STEM analysis
of microstructures produced when 2D van
der Waals materials (graphite, boron nitride,
MoSe2) are subjected to mechanical
deformation. We find that the types of
defect can be predicted from just the bend
angle and thickness of the materials.[2]
Above a critical thickness the materials
exhibit numerous twin boundaries and for
large bend angles these can contain
nanoscale regions of local delamination
(Fig.1). Such features are proposed to be
important in determining how easily the
material can be thinned by mechanical or
liquid exfoliation.[2]

2D material heterostructures are also
enabling new STEM imaging capabilities. We
show they can be used as a platform to
study real fime reactions in liquid
environments with unprecedented spatial
resolution and spectroscopic capabilities [3].
We further demonstrate that graphene
encapsulation allows imaging of point
defect dynamics in monochalcogenides,
GaSe and InSe (Fig. 2) [4].

Figures

Figure 1: Defects induced by mechanical
deformation in van der Waals materials [2]

Figure 2: Formation and healing of defects in
monolayer InSe.
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