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Abstract
We found a new phase transition in Fe2P from Co2P-type (C23) to Co2Si-type (C37) structure
above 42 ± 2 GPa based on in situ X-ray diffraction experiments. While these two structures have
identical crystallographic symmetry, the orthorhombic unit cell is shortened in a-axis but elongated
in c-axis, the coordination number of phosphorous increases from nine to 10, and the volume reduces
by 2% across the phase transition. The new C37-type Fe2P phase has been found to be stable, at
least to 83 GPa at high temperature. The Birch-Murnaghan equation of state for C37 Fe2P was also
obtained from pressure-volume data, suggesting that phosphorous contributes to 17% of the observed
density deficit of the Earth’s outer core when it includes the maximum 1.8 wt% P as observed in iron
meteorites. In addition, since both Fe2S and Ni2Si are also known to have the C37 structure under
high pressure, (Fe,Ni)2(S,Si,P) could have wide solid solution and constitute planetary iron cores,
although it is not dense enough to be a main constituent of the Earth’s inner core.
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Introduction
Planetary cores, not only of our planet but also other planets, likely include light elements in addition to iron and nickel
(McDonough 2014). The equation of state (EoS) of liquid Fe,
the most recently determined in a diamond-anvil cell (DAC) by
Kuwayama et al. (2020), demonstrates that the Earth’s outer core
is less dense by 7.5–7.6% than the liquid pure Fe, suggesting the
presence of substantial amounts of light impurity elements (e.g.,
Birch 1952; Hirose et al. 2013). The inner core is also less dense
than pure Fe by 4–5% (Fei et al. 2016) when inner core boundary is at ~5400 K (Hirose et al. 2013). Phosphorous (P) should
be one of core impurity elements since iron meteorites contain
up to 1.8 wt% P (Buchwald 1975). Indeed, the silicate Earth is
depleted in P (~90 ppm) relative to chondrites (0.1–0.2 wt%)
(McDonough 2014; Wasson and Kallemeyn 1988), indicating
that most of P is stored in the metallic core.
Chondrites and iron meteorites include nickel-bearing iron
phosphides such as (Fe,Ni)3P schreibersite and (Fe,Ni)2P barringerite/allabogdanite (low-/high-pressure polymorphs) (Britvin
et al. 2002; Buchwald 1975). In the Fe-P system, Fe3P is the
most Fe-rich phosphide at 1 bar and forms eutectic relation with
Fe (Zaitsev 1995). Experimental studies reported the Fe3P is
stable to at least 111 GPa (Stewart and Schmidt 2007; Lai et
al. 2020). On the other hand, theoretical calculations predicted
that Fe + Fe2P or Fe4P + Fe2P is stable relative to Fe3P under
Earth’s inner core conditions (Zhao et al. 2017; Sagatov et
al. 2020). Indeed, recent experiments have demonstrated that
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Fe3S decomposes into Fe + Fe2S above 250 GPa (Ozawa et al.
2013; Tateno et al. 2019a). Since the Fe-S and Fe-P systems
are known to exhibit similar phase relations (e.g., Stewart and
Schmidt 2007), Fe2P may be important iron phosphides in
planetary cores.
The elastic property and phase relations in Fe2P were previously reported by experiments to 40 GPa and 1400 K (Dera et
al. 2008). Stable Fe2P crystal is barringerite at 1 bar (hexagonal, P62m, C22) and changes to allabogdanite (orthorhombic,
cotunnite-type Pnma, C23) above 8 GPa. Stable structures at
higher pressures were predicted by theory, but results have
been controversial. Wu and Qin (2010) calculated that C23
Fe2P transforms into a trigonal structure with space group P3m
above 153 GPa, but they did not consider the Co2Si-type (C37)
structure. While first-principles swarm structure predictions by
Zhao et al. (2017) reported a wide stability of orthorhombic
Co2Si-type (C37) Pnma structure from ~10 to 400 GPa, the
more recent calculations by Sagatov et al. (2020) demonstrated
that C23 Fe2P is stable up to 400 GPa and 4000 K. On the other
hand, theoretical and experimental studies showed that Fe2S
forms the C37 structure under core conditions above 190 GPa
(Bazhanova et al. 2017; Tateno et al. 2019a).
To clarify high-pressure phase relations in Fe2P, here we
examine phase equilibria in Fe2P up to 83 GPa at high temperatures based on in situ X-ray diffraction (XRD) measurements.
Results demonstrate that the C23 phase undergoes a transition
into the C37 structure above 42 GPa with about 2% volume
reduction. We also obtain the EoS of C37 Fe2P. These results
suggest the possible presence of C37-type (Fe,Ni)2(Si,S,P) in
metallic iron cores of planets.
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