Electronic structure of Fe,0; above 700 GPa
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A new x-ray spectrometer was used to measure the behavior of
iron valence electrons at planetary core conditions
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 XAFS is capable of characterizing both the crystal and electronic
structure of matter at high-energy-density (HED) conditions

« We have measured XAFS data of compressed Fe,0; above 700 GPa

* Analysis shows the oxygen ion potentials become skewed and the iron d
states broaden with increasing density

XAFS measurements indicate the persistence of iron

oxygen bonding above 400 GPa

XAFS: X-ray absorption fine structure
XANES: X-ray absorption near edge spectroscopy
EXAFS: Extended x-ray absorption fine structure
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Few experiments are capable of understanding chemical bonding and electron
structure at high energy density conditions
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Iron oxides under extreme environments influence

the evolution of the Earth and super-Earths
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Many different stoichiometries have been
identified in iron oxygen systems up to 120
GPa’

Iron-oxygen systems go through oxidation
changes with increasing pressure™ 1

What happens to Fe,O; when it is

compressed to hundreds of GPa?



https://phys.org/news/2015-12-earth-layers.html

The crystal structure of Fe,0; has been mapped out to 400 GPa
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There is an open question about the behavior of Fe,0; above 400 GPa




A new x-ray spectrometer was used to measure the behavior of
iron valence electrons at planetary core conditions
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 XAFS is capable of characterizing both the crystal and electronic
structure of matter at high-energy-density (HED) conditions

« We have measured XAFS data of compressed Fe,0;above 700 GPa

* Analysis shows the oxygen ion potentials become skewed and the iron d
states broaden with increasing density

XAFS measurements indicate the persistence of iron

oxygen bonding above 400 GPa
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The x-ray absorption spectrum is produced by
x-ray excitations of core electrons
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XANES is sensitive to the electron structure around the continuum
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The EXAFS modulations are produced by scattering
of the photoelectron off neighboring atoms
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The EXAFS modulations depend upon the radial distribution
of atoms surrounding the absorbing atom
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iron valence electrons at planetary core conditions
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Samples were compressed to core Earth conditions over 5 ns
and probed with a broadband x-ray source for 100 ps
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We designed, built, tested and deployed a new high resolution,
x-ray spectrometer (EFX) for XAFS measurements on OMEGA
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XRS: Rowland Yaakobi X-ray Spectrometer (Previous XAFS OMEGA spectrometer) D.A. Chin et al., Rev. Sci. Instrum. 94, 013101 (2023).
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We measured Fe,0; XANES and EXAFS compressed above 700GPa
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The EXAFS spectra were analyzed assuming a ion
distribution could be modeled as a skew Normal
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The inference results show the distribution becomes
significantly more skewed when it enters y phase
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The pre-edge feature is from a 1s - 3d transition that is allowed through
hybridization with the oxygen p orbital
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Each spectra was individually analyzed to isolate the pre-edge feature
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The pre-edge Gaussian and sigmoid functions were
convolved with the spectrometer spectral response

and compared with the data *D. Phan et al., arXiv preprint arXiv:1912.11554 (2019).
**E. Bingham et al., J. Mach. Learn. Res. 20, 28 (2019).




Perturbation from the neighboring oxygen atoms cause the
iron d-states to broaden with increasing density
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Perturbation from the neighboring oxygen atoms cause the
iron d-states to broaden with increasing density
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Density Functional Theory
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The pre-edge feature is confirmation that
iron and oxygen remain bonded above 400 GPa
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The analysis indicates that Fe,O; maintains short range
order into the y phase




A new x-ray spectrometer was used to measure the behavior of
iron valence electrons at planetary core conditions
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« XAFS is capable of characterizing both the crystal and electronic
structure of matter at high-energy-density (HED) conditions

« We have measured XAFS data of compressed Fe,0; above 700 GPa

* Analysis shows the oxygen ion potentials become skewed and the iron d
states broaden with increasing density
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