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Abstract
The Fe-S system was explored in a laser-heated diamond-anvil cell at 89(2) GPa and 2380(120) K 

to better understand the phase stability of Fe2S. Upon temperature quenching, crystallites of Fe2S were 
identified, and their structure was investigated using single-crystal X-ray diffraction techniques. At 
these conditions, Fe2S adopts the C23 structure (anti-PbCl2, Co2P) with space group Pnma (Z = 4). 
This structure consists of columns of corner-sharing, FeS4 tetrahedra, and columns of edge-sharing 
FeS5 square pyramids linked along edges in the b direction. Sulfur is in ninefold coordination with 
Fe. This study marks the first high-pressure structural solution and refinement of Fe2S synthesized in 
a multigrain Fe+FeS sample at 90 GPa and 2400 K and establishes the stability of C23 Fe2S at these 
conditions. A previous powder diffraction study reports an orthorhombic Fe2S phase with a C37, Co2Si-
like unit cell above 190 GPa. A C23–C37 structural transition is inferred to explain the previously 
observed unit-cell parameters at higher pressures and temperatures. These results highlight the utility 
of applying single-crystal X-ray diffraction techniques to high P-T multigrain samples to explore the 
structural properties of iron-rich phases in Earth and planetary cores.
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Introduction
Equations of state studies of solid and liquid iron reveal that 

the seismically determined density profile through Earth’s core is 
3–8% less dense than pure iron (Dewaele et al. 2006; Kuwayama 
et al. 2020). Cosmochemically abundant light elements such as 
sulfur, oxygen, silicon, carbon, and hydrogen likely account for 
this density deficit (e.g., Birch 1952; Jephcoat and Olsen 1987). 
Exploring the phase stability of Fe-(S,Si,O,C,H) alloys at high 
pressures and temperatures is therefore critical to constraining 
core chemistry and thermodynamics. This study focuses on the 
structural properties of Fe-S alloys as sulfur is likely a significant 
core-alloying component due to its abundance in iron meteorites 
thought to originate from planetary cores and its depletion in the 
silicate Earth compared to chondrites (Scott and Wasson 1975; 
McDonough and Sun 1995).

Sulfur easily reacts with iron to form numerous high P-T iron 
sulfides including FeS, Fe3S2, Fe2S, and Fe3S (e.g., Fei et al. 1995, 
1997, 2000; Ozawa et al. 2013; Tateno et al. 2019). Experimental 
studies have reported that tetragonal Fe3S (I4, Z = 4) is the stable 
iron-rich sulfide between 21 and 250 GPa and to high temperatures 
(Fei et al. 2000; Seagle et al. 2006; Kamada et al. 2010, 2012; 
Ozawa et al. 2013; Mori et al. 2017; Yokoo et al. 2019), but ab 
initio calculations contrarily predict that only FeS and Fe2S stoi-
chiometries are stable in the 100–400 GPa pressure range (Bazha-
nova et al. 2017). Experiments at 300 GPa targeting core-relevant 
compositions have determined that FeS is a low-temperature phase 
and Fe2S is a high-temperature phase coexisting with Fe at these 
conditions (Ozawa et al. 2013; Tateno et al. 2019).

Fe2S has emerged as a relevant Fe-rich sulfide, particularly in 
the context of the high P-T conditions of Earth’s core (Tateno et al. 
2019). Two structures have been reported for Fe2S in the pressure 
range of 22–306 GPa. TEM analysis of a sample recovered from 
22 GPa and 1900 K indicates that Fe2S assumes the C22, Fe2P-type 
structure at these conditions (Koch-Müller et al. 2002). At high 
temperatures between 190 and 306 GPa, Fe2S has been observed 
to take an orthorhombic lattice (Tateno et al. 2019), with unit-cell 
parameters compatible with the C37 structure (Co2Si type, Pnma, 
Z = 4) (Tateno et al. 2019). These results are supported by ab initio 
calculations predicting a Pnma Fe2S phase to 400 GPa at 300 K 
(Bazhanova et al. 2017). A recent examination of the analogous 
Fe2P system reveals a pressure-induced C23–C37 transition above 
42 GPa (Nakajima et al. 2020), supporting that the C37 structure 
is a high-pressure polymorph in these Fe2X (X = S, P) compounds. 
Furthermore, as the phase relations observed in the iron phosphide 
system tend to serve as low-pressure analogs to the iron sulfide 
system (e.g., Rundqvist 1962; Ono and Kikegawa 2006; Dera et 
al. 2008; Gu et al. 2016; Tateno et al. 2019), the C23 and C37 
structures observed in Fe2P may reflect higher pressure phase 
relations in Fe2S.

While experimental and calculated results demonstrate that 
Fe2S is an important compound to further investigate in relation 
to Earth’s core chemistry, an examination into the crystallography 
of Fe2S at high pressures has not been carried out. In the current 
study, crystallites of Fe2S were synthesized in a Fe+FeS starting 
foil in a laser-heated diamond-anvil cell at 90 GPa and 2400 K, 
and its crystal structure was determined based on single-crystal 
X-ray diffraction techniques. Structural solution and refinement of 
atomic fractional coordinates indicate that the equilibrium phase is 
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