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Report:

The aim of this experiment was to perform the measurement of a.-U equation of state (EoS) under quasi-hydrostatic
conditions, at ambient and low temperature. In fact, previous measurements performed under non-hydrostatic
compression at 300K gave a bulk modulus (104 GPa) 30% lower than the bulk modulus predicted by ab initio
calculations at OK (136 GPa) [1]. This finding suggests that a.-U is a very challenging system for DFT calculations, but
needed to be confirmed by more precise data (under quasi-hydrostatic compression [2]), and temperature effect on the
bulk modulus needed to be clearly elucidated.

We have prepeared two diamond anvil cells, loaded with U, ruby and Au (both pressure markers) embedded in helium
pressure transmitting medium. These cells have been prepeared in a glove box in helium atmosphere to prevent the
oxydation of uranium. We have used angle-dispersive X-ray diffraction (A=0.4155 A) with a MAR imaging plate.
Pressure was primarily estimated from ruby luminescence signal with an updated pressure calibration [3].
Unfortunately, the pressure reached in both runs has been limited by early failure of the diamond anvils at 300K, at
respectively 18 GPa and 60 GPa for runs 1 and 2. Failure of the anvils is a well-kown phenomenon for diamond anvil
cells when used with helium pressure medium [4]. These failures prevented us from performing the low temperature
EoS measurement which was planned after the 300K measurement. The current results has thus only preliminary; we
are planning to finish this project in the following monthes using beamtime allowed for other projects at the ESRF.

The X-ray diffraction data proved that uranium was purely metallic (no oxydation). The MAR imaging plates have
been circularly integrated with the Fit2D program and LeBail refinement has been performed using the GSAS package.
Figure 1 summarizes the P-V data measured during this experiment. These points can be fitted with a Vinet EoS, with
the following parameters: V,=82.75 A%, K,=115 GPa, K',=5.43. The experiment vs. theory discrepancy is thus reduced
(17% difference in bulk modulus Ky) but remains larger than for transition metals [3]. It can be noted that it is a general
trend that DFT calculations overestimate bulk modulus [3].
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Figure 1: P-V points for o.-Uranium.
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