Phase stability and the equation of state of FeS at high pressures and temperatures
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stoichiometric FeS sample synthesized by Fei [2]. A foil of
FeS was loaded into a symmetric diamond anvil cell,
Understanding a planet's structure and evolution requires  sandwiched between two layers of MgO to thermally
combining geophysical evidence (e.g., seismology and insulate the sample from the diamond surfaces, and also to
gravitational observations) with mineralogical measurementserve as a pressure proxy. The FeS sample was heated using
of candidate materials at relevant conditions of planetary  a double-sided Nd:YLF laser-heating system, as described by
interiors. Iron alloys are believed to be the principal Mao, et al.[3]. Thermal radiation was collected from both
constituent of terrestrial planets' cores, and sulfur is a likelysides of the sample surface, dispersed by an imaging
candidate for a major alloying component. Recent advancesspectrometer, and the intensity (as a function of wavelength)
in our understanding of Martian geophysics and the was measured on a CCD. Temperature was determined by
possibility for future seismological exploration there have fitting the spectral intensity, corrected for the system

spurred our interest in measuring the high-pressure, high- response, to Wien’s approximation to Planck’s law.
temperature behavior of stoichiometric iron sulfide atthe  Temperature as function of distance across the hotspot was
conditions of the Martian core. determined for the FeS samjhesitu.

Introduction

Iron sulfide is also interesting from a materials science Energy-dispersive x-ray diffraction patterns, using a fixed
perspective. It undergoes a series of structural and electroniangle of B = 5.5, were taken throughout the heating

phase transformations as pressure and temperature are cycles. Special care was taken to ensure the alignment of the
increased, including a semiconductor-to-metal transformatiotaser hotspot with the central part of the x-ray beam. The

[1]. A pressure vs. temperature (P-T) phase diagram for FeSample was also visually monitored during heating using

is shown in Figure 1. There are still uncertainties about theremote cameras focused on each side of the sample. Five
exact structures of the high-pressure FeS phases and of théheating cycles were performed on two separate samples of

nature about the electronic transitions.
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FeS. The pressure was determined by referencing the 100%
diffraction peak (200) of MgO to a nonhydrostatic room-
temperature MgO equation of state{ik 177 GPa, k' =4
GPa) [4].

Results and Discussion

The heating cycle at 35 GPa (Figure 2) shows the presence
of two phase transformations in FeS. At the peak
temperature, visual observation of the FeS revealed rapid
textural changes indicative of fluid flow associated with
melting. The corresponding diffraction pattern showed only
peaks due to the MgO insulation layer. As the sample
temperature was lowered, peaks indicating the presence of
hexagonal FeS appeared, including the (200), (002), and
(201) triplet. The appearance of hexagonal FeS under
cooling conditions suggested that the crystals nucleated from
the FeS melt, providing a strong confirmation of the
thermodynamic stability of the hexagonal phase at these

Figure 1: P-T phase diagram of FeS. Solid circles indicate conditions. As the sample temperature was lowered further,
the presence of (a,c) hexagonal FeS(V), while the open circthe hexagonal peaks disappeared and were replaced by
shows (2a, c) FeS(IV). Filled square indicates the highest diffraction lines consistent with FeS(lll) [2, 5, 6]. The 300
temperature at which FeS(lll) is observed. The open triangle& diffraction patterns both before and after heating are also

indicates FeS melting. Lower P-T phase boundaries are
shown as gray [2] and black [5]; dashed lines represent the

consistent with the presence of FeS(lll).

authors’ extrapolations. Experimentally determined melting This data set, thus, constrains the FeS melting point and
curves of FeS are shown [7, 8]. Plausible temperature ranggsnoclinic-hexagonal transformation at 35 GPa to be

for the Martian core are also shown.

Methods and Materials

2100(100) K and 1225(25) K, respectively (Figure 1). The
former is consistent with the melting curve reported by
Boehler [7], while the latter indicates that phase Il persists
to higher temperatures than expected based on extrapolation

All experiments were performed at the GSECARS sector ofof low P-T data [2, 5.

the Advanced Photon Source (APS) at Argonne National

Laboratory (ANL). The starting material is a synthetic,
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Figure 3: High-temperature diffraction patterns for each
heating cycle plotted as a function of d-spacing. (*) indicates
Pb fluorescence peaks. The hexagonal unit cell parameters
are shown above each diffraction pattern.



