
An In-Depth Analysis of Excitation and
Ionization of Atoms and Molecules by Electron
Impact
When it comes to understanding the behavior and properties of atoms and
molecules, electron impact plays a crucial role. The interaction between high-
energy electrons and atomic or molecular targets leads to various physical
phenomena, including excitation and ionization.

Understanding Excitation

Excitation refers to the process in which an electron transitions from a lower
energy level to a higher one within an atom or molecule. This transition occurs
when the incoming electron imparts energy to the target, promoting an electron in
the target to a higher energy state. The energy required for excitation can vary
depending on the atom or molecule involved.
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The excitation of atoms and molecules by electron impact has widespread
applications in various fields, such as spectroscopy, plasma physics,
astrophysics, and more. By studying the resulting excitation processes,
researchers gain valuable insights into the electronic structure and energy levels
of the target systems.

Ionization Mechanisms

Ionization, on the other hand, refers to the process in which an electron is
completely removed from an atom or molecule, resulting in the formation of a
positively charged ion. Electron impact ionization can occur through different
mechanisms, such as direct ionization, excitation-autoionization, and dissociative
ionization.

Direct ionization involves the transfer of sufficient energy from the incoming
electron to overcome the binding energy that holds the electron within the target
system. Excitation-autoionization occurs when the incoming electron excites the
target and the excited state subsequently decays, leading to the ejection of
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another electron and the formation of an ion. Dissociative ionization involves the
dissociation of a molecule into fragments, accompanied by the simultaneous
removal of one or more electrons.

Experimental Techniques

To investigate the excitation and ionization processes induced by electron impact,
scientists employ various experimental techniques. Among the commonly used
methods are electron energy-loss spectroscopy (EELS), electron-impact
ionization studies, and electron attachment experiments.

EELS allows researchers to measure the energy loss of electrons scattered from
the target system, providing valuable information about the excitation processes
involved. Electron-impact ionization studies focus on measuring the ionization
cross-section, which quantifies the probability of ionization occurring at a given
electron energy. Electron attachment experiments, on the other hand, involve
introducing low-energy electrons to molecules to study their attachment and
ionization properties.

Applications and Significance

An in-depth analysis of excitation and ionization processes by electron impact is
crucial for many scientific and technological advancements. By understanding the
underlying mechanisms, researchers can improve various applications, such as
developing more efficient materials for solar cells, understanding the behavior of
plasmas, and studying the chemistry and dynamics of interstellar environments.

Furthermore, this knowledge aids in the interpretation of experimental data
obtained from various spectroscopic techniques. Spectroscopy plays a vital role
in identifying the composition of materials, investigating molecular structures, and
diagnosing diseases in medical fields.



The study of excitation and ionization of atoms and molecules by electron impact
is a fascinating and essential area of research. The understanding of these
processes provides valuable insights into the properties and behavior of matter at
the atomic and molecular level. Continued advancements in experimental
techniques and theoretical modeling will further enhance our knowledge and drive
innovation in various scientific and technological fields.
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The content of this book describes in detail the results of the present
measurements of the partial and total doubly differential cross sections for the
multiple-ionization of rare gas atoms by electron impact. These measurements
show, beside other trends, the role of Auger transitions in the production of
multiply ionized atoms in the region where the incident electron energy is
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sufficient to produce inner shell ionization. Other processes like Coster-Kronig
transitions and shake off also contribute towards increasing the charge of the
ions. The incident electron having energy of 6 keV, for example, in a collision with
xenon atom can remove up to nine electrons! (*) X-ray-ion coincidence
spectroscopy of the electron xenon atom collisions is also described. 

 

     The present measurements of doubly differential cross sections for the
dissociative and non-dissociative ionization of hydrogen, sulfur dioxide and sulfur
hexa fluoride molecular gases by electron impact are also described in the text of
this book. The results of the measurements for sulfur dioxide molecule show how
this major atmospheric pollutant can be removed from the atmosphere by
electron impact dissociation of this molecule. The present results of the
measurements for sulfur hexa fluoride give an insight into the dissociation
properties of this molecular gas, which is being so widely used as a gaseous
insulator in the electrical circuits.  

 

     The book also describes the present measurements of the polarization
parameters of the fluorescence radiation emitted by the electron-impact-excited
atoms of sodium and potassium. In these investigations the target atoms are
polarized, therefore, the measurements of the polarization parameters give
information about the electron atom interaction in terms of the interference, direct
and exchange interaction channels.
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