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Introduction

This study uses in situ TEM to directly observe the degradation
mechanisms in solid-state batteries at the atomic scale. It reveals
critical insights into interfacial reactions, crack propagation, and
phase transformations under operational conditions, which is essen-
tial for designing more stable and efficient battery architectures [1].

Here, in situ liquid-phase TEM is employed to visualize the real-
time formation and growth mechanisms of nanoparticles. The re-
search provides a fundamental understanding of how atomic pre-
cursors evolve into functional nanomaterials in solution, offering
pathways for controlled synthesis [2].

This work utilizes cryo-TEM to uncover the intricate self-assembly
pathways of block copolymer vesicles. By freezing intermediates at
different stages, it provides snapshots of structural evolution, clar-
ifying the thermodynamic and kinetic factors governing complex
soft matter architectures [3].

Researchers used in situ TEM to track the catalytic activity of
single-atom catalysts on plasmonic nanostructures with atomic res-
olution. This direct observation during reaction conditions provides
unparalleled detail on active sites and dynamic changes critical for
designing efficient catalysts [4].

This paper presents an atomic-scale understanding of how defects
evolve in 2D materials using in situ TEM. By directly observing
defect dynamics under various stimuli, it offers crucial insights
into the stability and electronic properties of these materials for ad-
vanced applications [5].

This study employs 4D-STEM to map dislocation and stress fields
within single-crystalline nanowires with high precision. The tech-
nique provides quantitative structural information, which is vital for
understanding the mechanical behavior and performance of nanos-
tructured materials [6].

This research details advancements in EELS for elemental analysis
at the atomic scale. It highlights how refined techniques can pre-
cisely identify and quantify elemental compositions and chemical
bonding states down to individual atoms, pushing the boundaries of

nanocharacterization [7].

The paper presents an in situ atomic-scale investigation of oxygen
vacancy dynamics in ceria under heating conditions. It directly vi-
sualizes the movement and recombination of oxygen vacancies, of-
fering fundamental insights into the mechanisms that govern redox
reactions and catalytic processes in oxides [8].

This work explores correlative cryo-fluorescence and electron mi-
croscopy for multiscale imaging in biological systems. It demon-
strates how combining the molecular specificity of fluorescence
with the high resolution of TEM can bridge scales, providing com-
prehensive structural and functional information [9].

This study focuses on the atomic-scale characterization of inter-
faces in semiconductor heterostructures using aberration-corrected
STEM. It provides precise measurements of atomic arrangements,
defects, and strain at interfaces, crucial for understanding and opti-
mizing device performance in modern electronics [10].

Conclusion

Advanced electron microscopy techniques are revolutionizing our
understanding of materials and biological systems at the atomic
scale. These studies showcase the power of methods like in situ
Transmission Electron Microscopy (TEM) to directly observe dy-
namic processes, such as degradation mechanisms in solid-state bat-
teries, the real-time formation of nanoparticles, and the intricate
self-assembly pathways of block copolymer vesicles using cryo-
TEM. Researchers also applied in situ TEM to track catalytic ac-
tivity on plasmonic nanostructures and understand defect evolu-
tion in 2D materials. Beyond dynamic observations, sophisticated
techniques like 4D-Scanning Transmission Electron Microscopy
(STEM) precisely map dislocation and stress fields in nanowires,
while Electron Energy Loss Spectroscopy (EELS) refines elemen-
tal analysis at the atomic scale. Further investigations extended to
oxygen vacancy dynamics in ceria under heating and multiscale bio-
logical imaging through correlative cryo-fluorescence and electron
microscopy. Aberration-corrected STEM provided atomic-scale in-
sights into semiconductor heterostructure interfaces. Collectively,
these works underscore the critical role of sophisticated microscopy
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in unraveling fundamental mechanisms, guiding material design,
and optimizing performance across diverse scientific and engineer-
ing disciplines.
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