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Scientific background

Because of the high cosmic abundance of iron and hydrogen, the properties of Fe-H system
at very high pressure are very important for the understanding of planetary interiors. In
particular, hydrogen is considered as a possible light element in the earth core [1,2]
(130<P<360 GPa, T>1500K).

During a previous experiment (HC-836), we showed that under mild laser heating two new
compounds with stoichiometries FeH2 and FeH3 were formed under high pressure,
respectively at 67 and 86 GPa [3].

This sequence of iron hydrides was the first clear experimental validation of a rough rule
emerging from a large amount of ab-initio calculations on many metals, namely that the
hydrogen:metal ratio of hydrides should increase under pressure. Furthermore, it supports the
expectations of new iron hydrides with higher H-stoichiometries at higher pressures, such as
FeH4 predicted to be stable above 200 GPa and at the Earth’s inner core conditions [1],
which was the aim of this proposal.

Experimental technique

Iron samples have been loaded in the high pressure chamber of diamonds anvil cells with
hydrogen as pressure medium; &’-FeHy formed spontaneously above 3.5 GPa. The conditions
reached in 4 experimental runs are summarized in table 1. Thermal insulation of the hydride
samples during laser heating was ensured by the presence of c-BN grains, lying inbetween
the sample and the diamond anvil. X-Ray diffraction characterization was performed in situ
with wavelength A=0.3738A.



Run Anvil culet|Pits on the|P range | Comment
size (um) diamond anvils | (GPa)
CDMX23 |100*300 N 150 - 60 GPa | Laser heating first
(11°) performed in our lab to
form FeH3
CDMX22 | 70*300 (AB) | N 150 Hydrogen leaked in the
gasket
CDMX9 150*300 N 70to 135
CDMX7 50*300 N 100 to 150 | Laser heated at 100, 115,
GPa 125, 144 and 150 GPa

Table 1 - Experimental conditions for HC-1914

Results

By laser heating Fe in hydrogen medium above 140 GPa, we induced the synthesis of a new
FeHx phase. Complete determination of the structure of this new phase is still ongoing but
our first results, shown on fig: 1, indicate that it has a tetragonal symmetry (space group
I14/mmm). This first result shows that this new phase is different from the one predicted in
[1]. This new phase could be succesfully reproduced in two independent experimental runs.
Ab-initio calculations, based on our experimental results, are now being performed in order
to refine the positions of the H atoms in this phase and consequently to determine its
stoichiometry.

900
700 |-

500 |-

ReHx

300

Intensity (arb. units)

100

3 5 7 9 11 13 15 17 19
20 (°)

~
=

Figure 1 - Rietvield refinement of the new FeHx phase. Red: observed diffraction pattern, black: calculated diffraction
pattern.
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