X-ray absorption spectroscopy: experimental aspects and data analysis

Andrea Di Cicco
School of Science and Technology, Physics Division, University of Camerino, Camerino, Italy

The basic principles of the x-ray absorption spectroscopy (XAS) will be discussed. Basic theoretical
background, typical experimental configurations and applications of this technique will be briefly
illustrated.[1] The lecture will be mainly devoted to describe methods and examples for performing
accurate experiments and data-analysis of the so-called EXAFS (Extended X-ray Absorption Fine
Structure) region of the x-ray absorption spectra, that can be measured using various techniques
providing information about the local structure in ordered and disordered systems. Suitable
theoretical and computational methods for performing accurate simulations of the EXAFS region of
the x-ray absorption spectra, based on the multiple-scattering theory, will be discussed using the
specific formulations related to the GnXAS method for XAS data-analysis [2-4]. The relationship
between the EXAFS spectra measured in typical synchrotron radiation experiments and the local
structural properties in molecular and condensed systems will be elucidated in terms of the so-
called n-body expansion of the absorption cross-section.[2-4] It will be shown that the x-ray
absorption spectroscopy, especially in the EXAFS regime, has the capability to provide precise atom
specific information on the average distribution of the nearest neighbors, beyond the pair
correlations when combined with suitable data analysis strategies. Methods and examples refer
specifically to the application of the GnXAS suite of programs [2-4] for EXAFS data-analysis but can
be easily extended to other popular approaches using similar strategies. Specific issues concerning
data treatment and normalization, including possible background contributions due to
multielectron excitations, will be mentioned. Model-dependent and independent refinement
strategies of multiple-edge EXAFS data will be presented introducing the relevant structural
parameters and the uncertainty levels associated with the experimental noise on the measured
data[3,4]. Examples on the accuracy of structural refinements of molecular and crystalline systems
will be discussed in detail using the traditional peak-fitting (coordination shells) technique.
Application to amorphous and liquid systems [5] will be discussed, highlighting the potential of the
EXAFS technique and its complementarity to x-ray/neutron diffraction. More advanced data-
analysis approaches including refining of tridimensional models of the structure, like those obtained
using Reverse Monte Carlo [6] RMC-GnXAS simulations will be mentioned with specific examples.

[1] P. Fornasini, Chapter 6 in Synchrotron Radiation: Basics, Methods and Applications, Eds. S. Mobilio, F.
Boscherini, C. Meneghini, Springer-Verlag Berlin Heidelberg, 2015.

[2] A. Filipponi, A. Di Cicco, C. R. Natoli, Phys. Rev. B 1995, 52, 15122 and 15135,

[3] GNXAS. Extended suite of programs for advanced x-ray absorption data-analysis: methodology and
practice, Editor A. Di Cicco, TASK publishing July 2009, ISBN 978-83-908112-8-4. [124 pages] Gdansk (Pl).

[4] A. Di Cicco, “Multiple-edge EXAFS refinement: short-range structure in liquid and crystalline Sn", Phys.
Rev. B 53, 6174 (1996).

[5] A. Di Cicco and A. Filipponi, Liquids, glasses and amorphous solids, International Tables for
Crystallography (2021). Vol. I. https://doi.org/10.1107/51574870720003559

[6] A. Di Cicco, A. Trapananti, J. Phys. Condens. Matter 2005, 17, S135. A. Di Cicco, Rad. Phys. Chem. 2018,
175, 108077. A. Di Cicco et al. J. Chem. Phys. 148, 094307 (2018). A. Di Cicco and F. lesari, Phys. Chem. Chem.
Phys. 24, 6988 (2022).




