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Understanding the structural changes of hematite (a-Fe203) under extreme conditions of pressure and
temperature is crucial for gaining insights into the physical properties of planetary interiors such as
Earth and super-Earths (2 to 10 times more massive). At ambient conditions, hematite is a rhombohedral
structured antiferromagnetic insulator [1,2]. Its high-pressure behaviour has been largely studied over
the past decades using static compression [1,3,7]. Several phase transitions were reported but particular
attention was given to the structural, electronic and magnetic changes occurring ~50 GPa: a 10%
volume cell drop accompanied by a change of crystal symmetry corresponding to a distorted perovskite
(C-Fe203) [3], a Mott insulator-metal transition and the collapse of the iron magnetic moments
corresponding to the high-spin (HS) to low-spin (LS) electronic phase transition [3-7]. However the
exact nature of the phase transition in this pressure area remains controversial [4,6,7]. The question of
which transition drives the other one, electronic or structural, is still under debate.

Here, we report ultrafast time-resolved X-ray Absorption Near Edge Spectroscopy (XANES)
measurements obtained on laser-compressed Fe20s at the High Power Laser Facility (HPLF) of ESRF-
ID24 beamline [8]. Our XANES data provide information on time-resolved structural transformations
by showing changes in the pre-edge, the white line and the 1« Extended X-Ray Absorption Fine
Structure (EXAFS) oscillation within hundreds of ps after the shock breakout from the samples. More
severe spectral changes are observed at longer delays between the X-ray probe and the shock, during
its thermodynamic release. We will present a detailed time-resolved study of the XANES changes as a
function of pressure and temperature, along the Fe20Os Hugoniot thermodynamic path and release. For
further understanding of the XANES features, preliminary FDMNES [9] and Quantum Espresso [10]
ab-initio calculations will also be presented.

References:

[1] Finger et al. Crystal structure and isothermal compression of Fe203, Cr203, and V203 to 50 kbars.
Journal of Applied Physics 51, 5362-5367 (1980)

[2] J. Hubbard. Electron correlations in narrow energy bands. II. The degenerate band case. Proc. R. Soc.
Lond. A277237-259 (1964)

[3] E. Bykova et al. Structural complexity of simple Fe203 at high pressures and temperatures. Nat
Commun 7, 10661 (2016).

[4] M. P. Pasternak et al. Breakdown of the Mott-Hubbard State in Fe203: a First-Order Insulator-Metal
Transition with Collapse of Magnetism at 50 GPa. Phys. Rev. Lett 82, 4663 (1999)

[5] A.G Gavriliuk et al. Spin Crossover and the Magnetic P-T Phase Diagram of Hematite at High
Hydrostatic Pressures and Cryogenic Temperatures. Jetp Lett. 107, 247-253 (2018).

[6] A. Sanson et al. Local structure and spin transition in Fe203 hematite at high pressure. Physical Review B
94,014112 (2016)

[7]J. Badro et al. Nature of the High-Pressure Transition in Fe203 Hematite. Phys. Rev. Lett. 89 (20),
pp-205504. 10.1103/89.205504 (2002)

[8] N. Sévelin-Radiguet et al. Towards a dynamic compression

facility at the ESRF

J. Synchrotron Rad. 29, 167-179 (2022)

[9]Y. Joly et al. Finite-difference method for the calculation of X-ray spectroscopies. International Tables for
Crystallography Vol. I, X-ray Absorption Spectroscopy and Related Techniques (2022)

[10]P. Giannozzi et al. QUANTUM ESPRESSO: a modular and open-source software project for quantum
simulations of materials. J. Phys.: Condens. Matter 21 395502 (2009)



