What Kind of information vour synchrotron technique may provide?

X-ray Absorption Spectroscopy (XAS) is an element-specific probe of local atomic and
electronic structure. A monochromator is used to scan the incident X-ray beam through
energies around the photoionization energy of a deep-core electron of a particular atomic
species. The data are interpreted for quantitative information about partial pair distribution
functions — including the number and species of and distance to surrounding atoms — and about
partial electron densities of state. Because the time scale of the physical interaction is limited
by the mean free path of the photoelectron, XAS is inherently a local probe and is sensitive
specifically to local atomic correlations. Because neither the interpretation of the measurement
nor the theory used to describe it are dependent upon assumptions of symmetry or periodicity,
XAS is equally applicable to condensed matter in all forms, such as crystals, liquids, and soft
condensed matter as well as amorphous and glassy materials.

What is the basic principle of vour technique?

XAS measures the probability that a deep core electron will be promoted by an incident X-ray
into an unoccupied bound or continuum state. An incident photon of sufficient energy will
promote a deep-core electron. This creates a core-hole and a photoelectron whose kinetic
energy is equal to the excess energy of the incident photon above the binding energy of that
deep-core electron. This photoelectron propagates out from the position of the absorbing atom
and scatters from neighboring atoms. The resulting interference results in an oscillatory fine
structure on top of the step-like dispersion observed in the photo-absorption of an isolated atom.
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The figure on the left shows a schematic of the photo-absorption process. The core-hole is
eventually refilled by a higher-lying electron, resulting in the emission of a secondary photon
(middle) or of an Auger electron (right).

What are the limitations of vour technique?

(1) XAS is inherently a local probe and is insensitive to correlations on length scales above
about 1 nm and so it views condensed matter through a different “lens” than X-ray scattering or
vibrational spectroscopy. (2) Although most of the periodic table is accessible to XAS
measurements, the lower energy edges (notably the K edges of the first row elements and the



transition metal L edges) require UHV conditions. (3) A full interpretation of the XAS data
may require substantial training.

What kind of sample does one need - i.e. minimum/maximum sample dimensions/shapes?

One of the great advantages of XAS is that sample preparation is often relatively simple,
particularly for hard X-ray edge energies (above 5 keV or so). It is common to measure XAS on
a wide variety of sample types and in a wide variety of environmental conditions (e.g. inside a
furnace, cryostat, high pressure cell, or chemical reactor). With focusing optics, it is possible to
measure sample heterogeneity on length scales of 10s of microns or less.

Examples of results, preferably, but not necessarily on a glass

Shown here are Ti K edge data —
on zirconolite as part of an
effort to explore the effect of
cumulative ot-recoil damage
on material structure and Pu
retention. By depth profiling
a polished, irradiated disk of
zirconolite, we can explore the
local structural changes in the 4, 5000 5050 2100
amorphized surface layer. Energy (eV)

From the increase in the 3d peak just above 4970 eV and the damping of higher energy
oscillations, we obtain quantitative data on these local structural changes.
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