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Report:

Knowledge of the Earth's composition, structure and dynamics is essential for understanding of geological
processes. Most physical properties of the Earth's interior have been extracted from seismological
observations or structural laboratory studies of phases attendant in the Earth's body [1,2]. Here, iron is one of
the most important components of the minerals which form the Earth’s mantle and crust. Furthermore, iron
contributes significantly to the core composition. Depending on pressure, temperature and oxygen fugacity,
the coordination number, oxidation state and spin state of iron can change strongly which influences
macroscopic properties of the iron containing minerals. Thus, experimental determination of the oxidation
state and coordination is crucial for understanding the thermodynamic properties of the minerals at the
conditions of the deep Earth.

Core-level spectroscopy provides a possibility to investigate physical properties of iron containing minerals
by measuring iron absorption edges. Fe K-edge spectroscopy is known to be a feasible tool to determine the
Fe?*/Fe’" ratio of a mineral under ambient conditions [3]. However, Fe K-edge studies under high pressure
require an experimental energy resolution below 1 eV which reduces the count rate. Due to the strong
absorption of the signal by the diamonds, high pressure studies of the Fe K-edge are difficult. Thus, bulk
sensitive study of the Fe My;3-edge is presented on differently coordinated iron oxides to show the feasibility
of the M-edge as a tool to determine the Fe**/Fe*" ratio of a mineral.

The experiment was performed at beamline ID16 [4]. The multi-analyzer spectrometer in Rowland geometry
was used at an analyzer energy of 9.68 keV. The scattering angle was set to 35° and 135° resulting in
momentum transfers of (3.22£0.81) A™ and (9.13+0.53) A™', respectively, to study dipolar and non-dipolar
excitation channels. XRS spectra of different polycrystalline powders were measured between 9.734 to 9.757
keV to cover the energy loss range from 46 to 69 eV in the vicinity of Fe M;3-edge with an overall energy



resolution of 0.8 eV. The single spectra for each sample were summed up and a background was substracted
(lorentzian function for low momentum transfer and linear background for high momentum transfer). Finally,
the spectra were normalized to the integrated intensity between 702 eV and 728 eV.

The XRS spectra of different iron minerals (FeAl,O, (tetrahedral Fe*"), Fe,SiO4 (octahedral Fe*"), FePOy
(tetrahedral Fe3+) and Fe,O3 (octahedral Fe3+)) are presented in figure 1. The shape of the Fe M,/;-edge for q
= (3.22+0.81) A™! shows significant differences for Fe?" and Fe** including a shift of the white line of
approximately 2.5 eV. Furthermore, an additional shift of 0.5 eV of the absorption edge can be observed for
each oxidation state from octahedral to tetrahedral coordination which emphasizes the sensitivity of the
dipolar contribution to the Fe My/3-edge to the oxidation state and symmetry of iron in a mineral. The high
momentum transfer data at q = (9.13+0.53) A™! show significant differences compared to lower q. Here,
slight dependence of the spectral shape related to the coordination can be observed but strong changes
according to the oxidation state are clearly visible. The Fe* spectra show a twin-peak shape while only one
line contributes to the spectra of Fe’". Furthermore, an energy shift of approximately 1 eV can be observed
between the Fe*" and Fe** spectra for the non-dipolar excitations (AJ = 0, 1, +2).

In the presented study we show the high sensitivity of the Fe M,/;;-edge on the oxidation state and
coordination of iron in different minerals. Changes of the spectral shape were observed for dipolar
excitations for low momentum transfer and non-dipolar excitations for high momentum transfer, which are a
special feature of XRS and are not accessible by other techniques. Due to this fact XRS becomes a very
promising tool to investigate changes of the Fe’"/Fe’" ratio and spin state in situ even using highly absorbing
sample environments by measuring Fe M,/;-edge. Furthermore, atomic multiplet and charge transfer effects
can be investigated in future using different theoretical models [5].
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