Abstract:
The density, elasticity, and structural stability of iron and iron alloys are of great research interest in planetary science because  of the  known ubiquity of iron-rich cores in planetary bodies, and the observation that Earth’s core is approximately 10% less dense than pure iron.  The presence of carbide, sulfide, and phosphide inclusions in iron-nickel meteorites suggests that C, S and P are potential “light” constituents of planetary cores.  
We have made in situ high-pressure X-ray diffraction measurements of Fe2P to pressures exceeding 15 GPa as part of our ongoing investigations of iron-phosphide phases and the feasibility of P storage in planetary cores. Our previous Equation of State (EoS) measurements on Fe3P, known as schreibersite when found in iron meteorites, produced a bulk modulus, KT0, of 159 +/-4 GPa.  However, we found that the structure is not stable above ~15 GPa, and are now interested in other Fe-P stochiometries, such as Fe2P.  We used the synchrotron X-ray source at Argonne National Lab (the Advanced Photon Source) and the high-pressure beamline at Sector 16 (HP-CAT).  Diamond Anvil Cells were used to generate high pressures.  An X-ray beam with a wavelength of 0.4372 Angstroms was focused on the sample, and diffracted X-rays were imaged using an imaging plate approximately 350 mm away. All measurements were conducted at room temperature (~300 K).   Our starting material contained both Fe3P and Fe2P; therefore our data contain information from both phases.  The peaks of Fe3P and its EoS were used to calibrate the Fe2P EoS relative to Fe3P.   We imposed a constant ratio of the unit cell lattice parameters (c/a = 0.490) based on ambient-pressure measurements and used it to reduce the number of fitting parameters; this is consistent with observations of the tetragonal Fe3P structure over this pressure range.  A second order fit (dk/dp=4) to the Birch-Murnaghan EoS gave KT0=140 +/-4 GPa.  We also modeled the propagation of uncertainties from our experimental geometry to the measured diffraction on the imaging plate.
