
Unveiling the Wonders of Linear and Chiral
Dichroism in the Electron Microscope
Imagine having the ability to see and understand the properties of materials at an
atomic level. This revolutionary capability has been made possible through
advancements in electron microscopy, a powerful technique that allows scientists
to observe and analyze the structure and behavior of matter with unparalleled
detail. Among the numerous techniques within electron microscopy, linear and
chiral dichroism are particularly fascinating, offering exceptional insights into the
world of nanoscale science.

The Power of Electron Microscopy

Electron microscopy has revolutionized our understanding of the microscopic
world by providing an incredible level of detail that was previously unattainable.
Unlike traditional optical microscopy that uses light waves to illuminate and
magnify samples, electron microscopes employ a beam of electrons to
accomplish this feat. The shorter wavelength of electrons enables scientists to
observe structures much smaller than what is possible with light microscopy.

Electron microscopes can be used to examine a wide range of samples, including
biological specimens, materials science samples, and even individual atoms. By
bombarding the sample with a beam of electrons and detecting the resulting
interactions, various types of contrast can be generated, revealing valuable
information about the sample's composition, structure, and properties.
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to Dichroism

Dichroism refers to the differential absorption or transmission of light or other
electromagnetic radiation by a substance, depending on the polarization or
wavelength of the incident radiation. It provides an essential tool for studying the
anisotropy of materials, which is the variation of properties depending on the
direction of measurement.

Two main types of dichroism exist: linear and chiral dichroism. Linear dichroism
occurs when the absorption of light differs depending on the polarization axis of
the incident light, while chiral dichroism arises from the differential interaction of
left and right circularly polarized light with chiral molecules.

Linear Dichroism in Electron Microscopy

In electron microscopy, linear dichroism has proven to be an invaluable technique
for probing the anisotropic properties of materials. By analyzing the variation in
electron scattering intensity as a function of the scattering angle, researchers can
decipher valuable information about the structural alignment and orientation of
the sample's components.
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Linear dichroism in electron microscopy can be particularly useful in the study of
biological specimens. For instance, it can reveal important insights about the
orientation and alignment of biomolecules, providing crucial information about
their function and behavior.

Exploring Chiral Dichroism in Electron Microscopy

While linear dichroism has its merits, chiral dichroism pushes the boundaries
even further by allowing scientists to investigate the inherent symmetry properties
of matter. Chirality refers to the property of a molecule or an object that is non-
superimposable on its mirror image. Many biological molecules, such as DNA and
proteins, exhibit chirality and understanding their specific characteristics is
paramount.

Chiral dichroism in electron microscopy relies on the differential absorption or
scattering of circularly polarized electrons by chiral structures. This technique
enables the investigation of chirality at the nanoscale, providing crucial insights
into the behavior and properties of chiral molecules.

Scientists have exploited chiral dichroism to investigate complex phenomena
such as enantiomeric recognition, which refers to the selective interaction of
chiral molecules with their mirror image counterparts. This capability has
broadened our understanding of drug development, as enantiomeric differences
can profoundly impact the efficacy and safety of pharmaceutical compounds.

Applications of Linear and Chiral Dichroism in Electron Microscopy

The combination of linear and chiral dichroism with electron microscopy holds
great potential for various scientific fields. Here are just a few examples:

Materials Science



Linear and chiral dichroism in electron microscopy can shed light on the structural
and electronic properties of materials. By exploring the anisotropy and chirality of
crystals, nanoparticles, and thin films, researchers can enhance their
understanding of the structure-property relationships that govern material
behavior.

Biochemistry and Biophysics

Through linear and chiral dichroism in electron microscopy, scientists can delve
into the behavior and function of biological molecules. This technique allows them
to study the structural arrangements of proteins, nucleic acids, and other
biomolecules, enabling deeper insights into diseases and therapeutic
interventions.

Pharmaceutical Research

Chiral dichroism has significant implications in pharmaceutical research.
Understanding the chirality of drug molecules is essential for optimizing their
efficacy and minimizing potential side effects. By leveraging chiral dichroism in
electron microscopy, scientists can investigate the interactions between chiral
drugs and biological targets, leading to improved drug design and development.

Linear and chiral dichroism in electron microscopy have opened up exciting new
avenues for scientific exploration and discovery. Through their unique
capabilities, researchers can now unravel the mysteries of the microscopic world,
gaining insights and understanding at an unprecedented level. The application of
linear and chiral dichroism in various scientific fields promises to revolutionize
material science, biochemistry, biophysics, and pharmaceutical research, bringing
us one step closer to unlocking the full potential of these remarkable techniques.
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This book describes energy loss magnetic chiral dichroism (EMCD),a
phenomenon in energy loss spectroscopy discovered in 2006. EMCD is the
equivalent of XMCD but is based on fast probe electrons in the electron
microscope. A spatial resolution of 2 nm has been demonstrated, and the lattice-
resolved mapping of atomic spins appears feasible. EMCD is,
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