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ABSTRACT

Photoelectron spectroscopy allows for the investigation of the electronic structure and chemical bonding of actinide elements and their
compounds, providing insights into oxidation states, chemical environments, and electronic configurations. This knowledge can aid in
comprehending reactivity, stability, and other properties of actinide materials, which is essential for ensuring safe handling, storage, and
disposal in nuclear applications. We have reviewed a number of results in actinide core-level photoemission studies, with a particular focus
on x-ray photoemission spectroscopy (XPS) techniques. Actinides, due to their inherent radioactivity, have not been as well studied with
XPS as have other segments of the periodic table. Given the inherent safety concerns, equipment requirements, and short isotopic lifetimes
associated with actinide research, we outline the strategies and precautions necessary for conducting successful and safe XPS experiments on
these elements. Core-level photoemission can be a powerful proven tool for investigating the electronic structure, chemical bonding
behaviors, and physical properties of actinides, providing valuable insights into an incredibly complex behavior of these systems. We
highlight key findings from recent studies that demonstrate the potential of core-level photoemission in uncovering the unique properties of
actinides and their compounds. Finally, we identify current knowledge gaps and future research directions that could enhance our
understanding of actinide chemistry and physics.
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I. BRIEF INTRODUCTION TO CORE-LEVEL XPS

X-ray photoemission spectroscopy (XPS), also known as elec-
tron spectroscopy for chemical analysis (ESCA) and photoelectron
spectroscopy (PES), has the ability to provide information on oxi-
dation state, chemical environment, and bonding characteristics of
uranium surfaces.1 Photoemission spectroscopy’s theoretical basis
was laid over a century ago, with Albert Einstein’s groundbreaking
paper “On a Heuristic Point of View Concerning the Production
and Transformation of Light,” for which he won the 1921 Nobel
prize. Researchers’ ability to perform photoemission measurements
on most materials did not come of age until the 1960s. It was at
this time that the equipment in both x-ray sources and data collec-
tion systems, as well as analysis capabilities, matured enough to

become an emerging technology. In tandem, development of new
materials including semiconductor compounds were also gaining
traction; moreover, complex interactions were becoming more
understandable using newly developed and robust solid-state theo-
ries of quantum mechanics.2 Core-level photoemission studies give
insights into the chemical bonding, electronic structure, and physi-
cal properties of materials through investigations of electronic
states associated with the core electrons of atoms in solids. It is
generalized that core electrons are less involved in chemical
bonding.3

The 1976 “International conference on the electronic struc-
tures on the actinides” showed that XPS was an incredibly powerful
technique for determining not just how the 5f electrons behave in
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