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Abstract

FeS exhibits extensive polymorphism at high pressure and temperature. All with NiAs-type (B8) 
or closely related structures. Here we report a new phase transition from FeS VI to CsCl-type (B2) 
phase (FeS VII) above 180 GPa based on the synchrotron X-ray diffraction (XRD) measurements. A 
significant volume reduction by 3.0% was observed at the phase transition, due to an increase in the 
coordination number from six to eight. Present results suggest that a substantial amount of sulfur may 
be incorporated into an Fe-Ni alloy with bcc structure in the Earth’s inner core.
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Introduction

Properties of FeS under high pressure have been of great 
interest in both condensed matter physics and Earth and plan-
etary sciences. Since a considerable amount of sulfur is possibly 
incorporated in Earth’s iron-rich core (Jephcoat and Olson 1987; 
Poirier 1994), pressure-induced structural phase transitions in 
FeS have been extensively studied (e.g., Kavner et al. 2001). 
Stoichiometric FeS has a NiAs-type (B8) related hexagonal 
structure (troilite, FeS I) at ambient condition. Previous ex-
perimental studies demonstrate a series of phase transitions with 
increasing pressure at room temperature; troilite transforms to 
a MnP-type structure (FeS II) above 3.4 GPa (King and Prewitt 
1982), and further to a monoclinic structure (FeS III) above 6.7 
GPa (Nelmes et al. 1999). The structural change from FeS II to 
III involves magnetic disordering (Kobayashi et al. 1997), spin 
transition of iron (Rueff et al. 1999), and metal-semiconductor 
transition (Kobayashi et al. 2001). FeS IV (hexagonal structure) 
and FeS V (NiAs-type structure) are also known to exist at high 
pressure and high temperature (Urakawa et al. 2004). Most re-
cently, a phase transition to FeS VI was found to occur above 30 
GPa and 1300 K (Ono and Kikegawa 2006; Ohfuji et al. 2007). 
FeS VI has an orthorhombic structure close to that of FeS II but 
more distorted. FeS thus exhibits a rich polymorphism, but all 
the known structures are closely related to the NiAs-type (B8) 
structure.

A phase transition from B8 to CsCl-type (B2) FeS has already 
been predicted to occur at 75 or 97 GPa and 0 K by theoretical 
calculations (Sherman 1995; Alfè and Gillan 1998). However, 
previous experimental studies showed a wide stability of B8-like 
FeS VI and no sign of structural change up to 171 GPa (Ohfuji 

et al. 2007). Here we report the XRD measurements of FeS to 
270 GPa and demonstrate the first experimental evidence for a 
structural phase transition to the B2 phase.

Experimental procedures
The synchrotron XRD experiments were conducted at high pressures using a 

diamond-anvil cell (DAC) at BL10XU of SPring-8. We used synthesized polycrys-
talline sample of stoichiometric FeS (troilite) as the starting material (Kobayashi 
et al. 2005). A rhenium gasket was pre-indented to 16 µm in thickness, and a hole 
(ca. 20 µm in diameter) was drilled in the center of the indentation as a sample 
chamber. A pelletized sample was placed between the pressure medium of MgO 
(Kojundo Chemical Lab., 99.99% purity), which also served as thermal insulator 
and internal pressure standard (Speziale et al. 2001). They were compressed by 
a pair of double-beveled 60 µm culet anvils up to 270 GPa. After each pressure 
increment, the sample was heated to less than 1300 K for ca. 30 min (Ohfuji et 
al. 2007). The heating was made from both sides of the sample by a Nd:YLF 
laser. A monochromatic X-ray beam with a wavelength of ca. 0.4133 Å (30 keV) 
was collimated to 15 or 20 µm in diameter. Angle-dispersive X-ray diffraction 
spectra were collected with an imaging plate (IP) detector or a charge coupled 
device (CCD) detector with typical exposure times of 10 and 1 min, respectively. 
The FIT2D program (Hammersley et al. 1996) was used for integrating the two-
dimensional pattern into one-dimensional diffraction profiles. These procedures 
are the same as those described in Ohfuji et al. (2007). We obtained the XRD data 
only at room temperature.

Results

We have collected the XRD data on FeS repeatedly with 
increasing pressure to 270 GPa. Below 215 GPa, the patterns 
were dominated by FeS VI and the results were reported in 
Ohfuji et al. (2007). A new peak (2θ = 13.6°) first appeared at 
186 GPa after heating approximately at 1300 K, together with 
two other minor new peaks at 8.4° and 12.9° (Fig. 1). With fur-
ther compression and heating at 198 and 215 GPa, these peaks 
became more intense, although FeS VI was still dominant in these 
spectra. They further grew when the sample was re-pressurized 
at room temperature to 270 GPa. Upon subsequent heating, the * E-mail: sata@jamstec.go.jp


