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DESCRIPTION

Nanometer-resolution Electron Microscopy (EM) is revolutionizing
the field of scientific imaging, providing unprecedented insights
into the microstructure and composition of materials at atomic
and molecular scales. This advanced technique allows scientists
to visualize objects and phenomena with spatial resolution at the
nanometer or even atomic level, surpassing the capabilities of
traditional optical microscopy. From materials science to biology
and pharmaceuticals, nanometer-resolution EM has become
indispensable in various fields of research, enabling a deeper
understanding of molecular structures, surface properties, and
cellular interactions.

Principles of nanometer-resolution electron microscopy

EM utilizes electrons, which have much smaller wavelengths than
visible light, enabling much higher resolution. Unlike optical
microscopes, EM uses an electron beam to interact with a
sample, revealing detailed compositional
information [1].

structural and

Transmission Electron Microscopy (TEM): Electrons pass
through a thin sample to create high-resolution images, revealing
internal structures at scales,
nanomaterials [2-4].

atomic such as cells and

Scanning Electron Microscopy (SEM): A focused electron beam
scans the sample’s surface, detecting secondary electrons to
create high-resolution images of surface topology. SEM is widely
used in materials science and nanotechnology.

Scanning Transmission Electron Microscopy (STEM): Combining
TEM and SEM, STEM uses a focused electron beam for imaging
and spectroscopy, achieving atomic-scale resolution, especially for
complex nanostructures.

Advancements in nanometer-resolution EM

Recent advancements in nanometer-resolution EM have greatly
improved image quality, reduced distortion, and enhanced
analysis depth. Key developments include:

France

Aberration correction: Electron microscopy was previously
hindered by aberrations (distortions) caused by electron lenses.
Modern microscopes now feature aberration-correcting devices,
allowing for atomic-level resolution and enabling the observation
of individual atoms in both materials and biological samples [5].

Cryo-EM (Cryogenic Electron Microscopy): Cryo-EM is a
breakthrough technique that allows for imaging biological
macromolecules in their natural, uncrystallised state. Recent
advancements have improved its resolution to near-atomic levels,
making it pivotal in structural biology for studying proteins,
nucleic acids, and viruses.

3D electron tomography: This technique reconstructs 3D images
from 2D projections, offering insights into the architecture of
complex biological systems (e.g., organelles) and synthetic
nanomaterials, helping researchers understand their structural
organization [6-8].

Insitu electron microscopy: Insitu EM examines samples under
real-world conditions, such as high pressure or during chemical
reactions. It enables real-time observation of dynamic processes
like nanoparticle growth and biological interactions, providing
invaluable insights at the nanoscale.

Applications of nanometer-resolution EM

The ability to observe and manipulate samples at nanometer or
atomic resolution opens up a broad range of applications in
various fields:

Materials science: In materials science, nanometer-resolution
EM is important for studying the properties and behaviours of
materials at the atomic scale. For example, it is used to analyse
the structure of nanomaterials, investigate grain boundaries, and
assess the properties of alloys
microscopy is important for the design and development of new
materials with specific properties, such as high strength, thermal
stability, or electrical conductivity [9].

and composites. Electron

Nanotechnology: Nanotechnology heavily relies on electron
microscopy to characterize nanostructures and devices. Whether
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it’s the fabrication of nanowires, nanoparticles, or nanoscale
coatings, electron microscopy enables researchers to analyse the
size, shape, and surface characteristics of these materials. The
high resolution provided by EM allows for precise control and
optimization of nanoscale fabrication processes [10].

CONCLUSION

Nanometer-resolution electron microscopy has become a
cornerstone of modern scientific research, offering a level of
detail and precision that is unparalleled by other imaging
techniques. Its advancements in aberration correction, cryogenic
imaging, and insitu analysis have expanded its capabilities,
enabling researchers to study materials and biological systems at
atomic scales. From materials science to pharmaceuticals and
biology, electron microscopy is transforming research and
providing new insights into the structure and behaviour of
matter. As electron microscopy technology continues to evolve,
its applications will only expand, opening new possibilities in
various scientific disciplines and accelerating the development
of novel technologies in medicine, nanotechnology, and beyond.
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