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Atomic electrostatic maps of sulfur vacancies in MoS by differential phase contrast
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Recent developments in differential phase contrast (DPC) STEM have allowed us to obtain
information beyond the structural features of a material. This technique has proven to be a powerful tool
for acquiring information not only about heavy and light elements simultaneously but also about the
atomic electrostatic field and total charge distribution in materials, in a way no other technique has
permitted. This information is retrieved by measuring the centre of mass of the diffraction disk using a
segmented or pixelated detector to collect its intensity distribution. In the case of a pixelated detector,
quantification capability is much more accurate compared to a segmented detector, due to detailed
information recorded from the diffraction disk in large pixel arrangements [1]. However, the speed and
sensitivity of segmented detectors have shown remarkable results in mapping the electrostatic field and
charge distribution in materials such as GaN [2] and graphene [3]. In this report, we apply the DPC-STEM
technique to an investigation the atomic electric field of monolayer MoS2. The electrostatic maps of
pristine regions and areas containing the presence of sulphur vacancies were recorded at 60 kV and 200

kV, supported by multislice computer simulations.

STEM images were acquired in a double-corrected FEI Titan-Themis TEM/STEM, operated at 60
kV and 200 kV. Annular dark-field and DPC images were obtained simultaneously from a sample of
exfoliated MoS2, transferred to an ultra-flat SiNx grid. A segmented annular detector was used to image
the in-plane displacement of the transmitted electrons, which is proportional to the projected electric field,

while the images proportional to the potential and charge distribution were calculated according to [4-6].

We demonstrate the capacity of DPC-STEM to map the atomic-level electrostatic field in
monolayer MoS2, providing information about the local chemical state of monolayer MoS2 in the
presence of sulphur vacancies. The results show detailed information about the projected charge

distribution and projected electric field at the sulphur atomic positions.
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Figure 1. Probe-convolved atomic electric field vector map for experimental results and computer-
simulated monolayer MoS2.
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