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Development of an In Situ Method for Analyzing the Dynamic Behavior of Local Structural
Changes in Battery Electrode Materials
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Using annular dark-field (ADF) scanning transmission electron microscopy (STEM), which
can provide atomic-level image contrast, the lithiation process in MoS2 was observed in situ at
the atomic scale. By employing a single-crystalline MoS2 specimen and a dedicated specimen
holder, atomic-scale ADF-STEM images were continuously acquired at a frame rate of 1 fps.
As a result, a sequential evolution of the domain structure was revealed, beginning with a
structural phase transition accompanied by anisotropic expansion, followed by the formation of
domains with different crystal orientations. This evolution is attributed to changes in internal
stress.
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Fig. 1 In situ ADF-STEM at low magnification. (a) Schematic of the experimental setup. (b—d)
Snapshots at 0.00, 82.89, and 179.85 s (e,f) EEL spectra obtained from the square regions in (d).
Scale bar, 500 nm (b). Adapted from ref. ¥. © 2025 The Authors. Licensed under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).
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Fig. 2 In situ ADF-STEM at high magnification. (a) Schematic of the image acquisition method. Low-
magnification and high-magnification images were alternately acquired one by one. (b—h) High-
magnification images processed by threshold filtering in reciprocal space, image alignment, and moving
average filtering. Scale bars, 2 nm (b) and 0.5 nm (d). Adapted from ref. >. © 2025 The Authors. Licensed
under CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/).
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Fig. 3 Discussion on the microstructural evolution during the MoS; lithiation process. (a—d) Schematic
views of the 2H and 1T” structures. Solid and dashed lines indicate the unit cells, where the bold lines in
(b—d) highlight the (001) plane of the 1T"” structure. (e,f) Schematics of a possible domain structure for
Fig. 2(h) in perspective views. The pink, green, and blue regions have the 1T" structure with Orientations
I, II, and III, respectively. (g) Simulated ADF-STEM image based on (e) and (f). (h) Mo and S
arrangements of the 1T” structure in Orientation I, overlaid on those in Orientation II. (i—k) Schematics
for the appearance of new domains. Scale bar, 2 nm (g). Adapted from ref. . © 2025 The Authors.
Licensed under CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/).
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