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ABSTRACT

Compression and decompression experiments on face-centred cubic (fcc) y'-FesN to 77 GPa
at room temperature were conducted in a diamond anvil cell with in-situ X-ray diffraction
(XRD) in order to examine its stability under high pressure. In the investigated pressure range,
v'-FesN did not show any structural transitions. However, a peak broadening was observed in
the XRD pattern above 60 GPa. The obtained pressure-volume data to 60 GPa were fitted to
the third-order Birch-Murnaghan equation of state (EoS), which yielded the following elastic
parameters: Ky = 169 (6) GPa, K'= 4.1 (4), with a fixed Vy = 54.95 A at 1 bar. A quantitative
Schreinemakers’ web was obtained at 15-60 GPa and 300-1600 K by combining the EoS for
v'-FesN with reported phase stability data at low pressures. The web indicates the existence of
an invariant point at 41 GPa and 1000 K where y’-FesN, hexagonal closed-packed (hcp) e-
FesNs, double hexagonal closed-packed B-FesNs, and hcp Fe phases are stable. From the
invariant point, a reaction y'-FesN = B-FesN3 + hep Fe originates towards the high pressure
side, which determines the high-pressure stability of y'-FesN at 56 GPa and 300 K. Therefore,
the y'-FesN phase observed in the experiments beyond this pressure must be metastable. The
obtained results support the existing idea that f-Fe;N3; would be the most nitrogen-rich iron
compound under core conditions. An iron carbonitride Fe;(C,N); found as a mantle-derived
diamond inclusion implies that B-FesN3 and Fe;C; may form a continuous solid solution in
the mantle deeper than 1000 km depth. Diamond formation may be related to the presence of
fluids in the mantle and dehydration reactions of high-pressure hydrous phase D might have
supplied free fluids in the mantle at depths greater than 1000 km. As such, the existence of

Fe7(C,N)3 can be an indicator of water transportation to the deep mantle.
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INTRODUCTION

Knowledge of the distribution of volatile elements within the solid Earth is a key to
understanding the origin and evolution of the Earth as well as those of terrestrial atmosphere.
One of the potential volatile storage sites in the deep Earth is considered to be the core, which
is linked to one of the major issues with the core, namely, light element in the core. The
comparison of geophysical observations and laboratory experiments shows that the Earth’s
core is likely less dense than pure iron (or an iron-nickel alloy) (Birch 1952). The value for
the so-called core density deficit (cdd) has been revised based on high-pressure experimental
measurement of iron density and recent estimates range from 3.6 to 4.6 % for the solid inner
core at 6000 K (Dewaele et al., 2006; Fei et al., 2016). The cdd has often been associated
with the presence of light element(s) including O, S, H, C, and Si (Poirier 1994). The
identification of the kind and amount of the light elements in the core places constraints on
the origin, formation, and evolution of the Earth because redistribution of light elements into
an iron-rich core should depend on a number of thermodynamic conditions during core

formation.

As a major volatile element in the atmosphere, the presence of water/hydrogen in the
core and its consequences have been discussed (e.g., Okuchi 1998; Nomura et al. 2014) as
well as its circulation in the mantle (e.g., Komabayashi 2006). On the other hand, nitrogen
which is another major component of the atmosphere has received less attention and its
circulation and storage in the deep Earth were less studied (Mikhail et al. 2017; Minobe et al.

2015; Litasov et al. 2017; Bajgain et al. 2018) despite of its abundance in meteorite from
3
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thousand ppm (chondrites) to 1 wt% (iron meteorites) (see Litasov et al. (2017) and reference
therein). In order to discuss the storage of nitrogen in the core, phase relations in the system

Fe-N should first be elucidated.

Another potential storage site for nitrogen is the mantle. Mantle-derived diamonds are
contaminated by nitrogen up to 1500 ppm (Cartigny 2005). Various mineral inclusions were
found in those diamonds and their parageneses may indicate high pressure conditions of
formation in the deep mantle (Kaminsky and Wirth 2011). Minobe et al. (2015) discussed
that one of the inclusions, Fe7(C,N)3; phase, may indicate that its origin would be deeper than
1000 km based on the stability of Fe;N3 phases. On the other hand, diamond formation may
be related to the presence of C-H-N-O fluids in the mantle (Harte 2010). As such analyzing
the stability of iron nitride phases may enable us to place constraints on the presence of fluid

in the deep mantle.

Phase relations of the system Fe-N at 1 bar (e.g., GOhring et al. 2016) show that the
Fe-rich solid compounds in the system, which could be candidates for the inner core structure,
include y'-FesN and e-FesNy with x = 0.75-1.4 (Leineweber et al. 1999; Niewa et al. 2009;
Widenmeyer et al. 2014). The y'-FesN phase has a cubic perovskite structure with a face-
centered cubic (fcc) arrangement of Fe atoms along with a single N atom placed at the centre
of the structure (Jacobs et al. 1995). e-Fe3Nx has a hexagonal closed-packed (hcp) structure
similar to e-Fe with N atoms occupying the octahedral interstices of the layered Fe atoms
(Jacobs et al. 1995). In contrast to y'-FesN, the crystallographic configuration of hcp e-FesNx
allows a wide range of N stoichiometry ranging between e-FesN and e-FesNi s (~ e-Fe7N3)
(Leineweber et al. 1999; Widenmeyer et al. 2014) with x changing as a function of

temperature (Litasov et al. 2013).
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High-pressure-temperature (P-7) stability of e-Fe;Nx was studied by Minobe et al.
(2015) who examined phase relations of FesN3 (i.e., x~1.3 in Fe3Ny) in a laser-heated
diamond anvil cell (DAC). They showed that e-Fe7N3 was transformed into double hexagonal
closed-packed B-FesN3z at 40 GPa and 1000 K which is stable at least to 150 GPa and 2720 K.
On the other hand, the stability of y'-Fe4sN was examined to 30 GPa in multianvil apparatus. It
transforms to e-FesNy at 1373 K and 8.5 GPa (x = 0.75, Guo et al. 2013), 1600 K and 15 GPa
(x =0.95, Niewa et al. 2009), and at 1273 K and 30.5 GPa (x = 0.80, Litasov et al. 2013). The
stability of y’-Fe4N was poorly constrained above 30 GPa. Minobe et al. (2015) used y'-FesN
as a starting material and collected its XRD pattern at 99 GPa and 300 K. Then they

conducted laser heating on the sample and the following reaction took place,

3 y'-FesN = B-FesN3 + 5 e-Fe........... (1)

The temperature of reaction (1) was not well constrained as it was below the minimum
temperature measurable by the spectroradiometric method (ca. 1300 K), but they considered
1000 = 300 K (Minobe et al. 2015). As such, the stability of y’-FesN under high pressures
may not be tightly constrained by the laser-heated DAC technique. In addition, Adler and
Williams (2005) argued that the transition in y'-FesN might be kinetically impeded as they
observed gradual weakening of the diffraction peaks with increasing pressure. If reaction (1)
observed in Minobe et al. (2015) was due to the metastable existence of y'-FesN to 99 GPa,
the possibility that it might not be an equilibrium univariant reaction remains. One potential
approach to the thermodynamic stability of y'-FesN under high pressure is to construct a
Schreinemakers’ web using existing phase equilibrium data under low pressure and predict
the possible location of reaction (1). Since FesN is the most iron-rich compound in the system

Fe-N, whether reaction (1) is an equilibrium univariant reaction or not, and if it exists, its P-T
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location should be constrained for the discussion about the constituent phase of the inner

core.

Here we conducted static compression and decompression experiments of y'-FesN to
77 GPa with in-situ X-day diffraction (XRD) to examine its stability at 300 K. From the
collected pressure-volume (P-V)) data, we evaluated its equation of state (EoS) and the dP/dT
slope of reaction (1) from the Clausius-Clapeyron relation. The elastic properties of y'-FesN
were only studied to 32 GPa (Adler and Williams 2005), while those of B-Fe;N3; were to 132
GPa (Minobe et al. 2015). We constructed a quantitative Schreinemakers’ web for the phase
relations involving FesN, FesN3, and Fe and discuss the thermodynamic stability of y'-FesN
and its implications for Earth’s core and the origin of carbonitrides found in diamond

inclusions.

EXPERIMENTAL PROCEDURE

Compression experiments were performed in a DAC. High pressures were generated
with a pair of diamond anvils with a 300 um culet. Rhenium gaskets were pre-indented to a
thickness of 30 um before a hole with a diameter of 100 pm was drilled to form a sample
chamber. The starting material was powdered FesN (Kojundo Chemical Lab. Co. Ltd.). The
commercially available powder contained a slight amount of pure Fe. An XRD measurement
at 1 bar and 300 K on the starting material was employed at the University of Edinburgh.
Rietveld refinement on the XRD pattern revealed the sample is a mixture of 91 % y'-FesN
and 9 % Fe. The sample was sandwiched between 10-um-thick layers of KCI, which served

as pressure transmitting medium and pressure marker (Dewaele et al. 2012). To remove air
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moisture, the DAC was dried in a vacuum oven at 383 K for 8 hours prior to pressurization at

room temperature.

In-situ XRD experiments were conducted at beamline 115 (Anzellini et al. 2018) at
the Diamond Light Source synchrotron facility, UK, using monochromatic X-rays with a
wavelength of 0.4246 A. The X-ray beam size at the sample position was 9 pm x 6 pm (full-
width at half maximum, FWHM). The XRD data collected on a 2-D detector (Perkin Elmer)
was integrated into one-dimensional pattern with the Fit2d program (Hammersley et al.
1996). Another series of compression experiments were made at beamline BL10XU, SPring-
8 (Ohishi et al., 2008). Monochromatic incident X-rays were focused and collimated to an
area of 6-um (FWHM) at the sample position with a wavelength of 0.4146 A. A 2-D flat
panel detector (Perkin Elmer XRD 0822) collected the XRD data. At both beamlines, the
typical exposure time was 1 second. In all the runs, pressures were calculated from the unit-
cell volume of the internal pressure calibrant KCI according to the EoS proposed by Dewaele

etal. (2012).

RESULTS

Compression behaviour of y'-FesN

Four separate sets of compression/decompression experiments of y'-FesN were
performed between 22 and 77 GPa at 300 K. A representative XRD pattern of the sample is
shown in Figure 1. The unit-cell volume of y'-FesN was obtained based on the (111)
diffraction line as the (200) diffraction peak was not always present in the diffraction

patterns. The experimental conditions are summarized in Table 1.
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The runs 1-3 were conducted at 115 and the run 4 was at BL10XU. In the first run, we
started collecting XRD patterns at 38 GPa and compressed the sample to 72 GPa. Then a
decompression cycle was performed to 39 GPa. The P-V data in both compression and
decompression cycles overlap (Fig. 2). In the second and third runs, the samples were directly
compressed to 33 and 75 GPa respectively. In the fourth run, a one-way compression run was
conducted from 22 to 77 GPa. Figure 2 plots results from this study and Adler and Williams
(2005). When one compares different datasets, the consistency between pressure scales used
in each study needs to be critically evaluated. Adler and Williams (2005) used ruby as a
pressure calibrant while we used KCl. We recalculated the pressure values in Adler and
Williams (2005) based on the lattice constant of Au embedded in their sample chamber, using
the pressure scale by Sokolova et al. (2016). The pressure scales set by Sokolova et al. (2016)
is consistent with the EoS of KCI by Dewaele et al. (2012) which is used as the pressure
marker in this study. As such the plots in Figure 2 are based on the consistent pressure scales.
Our results are consistent with Adler and Williams (2005) at 20-30 GPa where the data

overlap.

In all the runs, to the highest pressure of 77 GPa, y'-FesN sustained its structure
without a pressure-induced phase transformation, which reproduced the results of Minobe et
al. (2015) who observed y'-FesN to 99 GPa at 300 K. In order to closely examine the effect of
pressure on the structure of y'-FesN, we plotted the FWHM of the peak (111) as a function of
pressure (Fig. 3). The FWHM of y'-FesN was normalised to that of KCl as the peak width is
sensitive to the stress state in the sample chamber (Komabayashi et al., 2007). While the error
bars of several data points are fairly large, a peak broadening is clearly observed above 60

GPa, suggesting that the structure of y’-FesN might not be stable under those pressures.
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The isothermal compression and decompression data were fitted to the third-order

Birch-Murnaghan (BM) EoS:

P2 |- )| -2e-0|®)" -1}

where Vy, Ko, and K' are the unit-cell volume, isothermal bulk modulus, and its pressure
derivative at 1 bar and 300 K. We considered only the data up to 60 GPa as the data collected
at greater pressures showed the peak broadening as mentioned above. We also adopted the
data by Adler and Williams (2005) since their data coverage was complementary to ours at
higher pressures (Fig. 2). A least squares fit yields Ko = 169 (6) GPa and K'=4.10 (4) with a
fixed V= 54.95 A (Adler and Williams 2005). The resulting compression curve is illustrated

in Figure 2.

The normalized volume, V/Vy, of y'-FesN as a function of pressure is plotted in Fig. 4
together with existing data (e-Fe7N3, Adler and Williams 2005; B-FesN3 Minobe et al. 2015).
For comparison, other iron-alloys systems are also shown (g-Fe-9wt%Si, Tateno et al. 2015;
e-Fe;Cs, Nakajima et al. 2011; y-Fe, Komabayashi 2014; e-Fe, Fei et al. 2016). The hcp
structure (€) of Fe becomes less compressible with the addition of Si, C, or N. In contrast, the
fce structure (y) increases its compressibility when nitrogen is added to iron, which is similar
to the case of hydrogen (Narygina et al. 2011). Note that y’-FesN does not form a solid
solution with y-Fe at 1 bar (Gohring et al. 2016) as it occurs only as a stoichiometric
compound (Jacobs et al. 1995) and therefore, the comparison made here is exclusively

qualitative.

Subsolidus phase relations of the system Fe-N
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The present experiments did not observe any decomposition/transformation of vy'-
FesN to 77 GPa although a peak broadening for the sample was seen above 60 GPa. Minobe
et al. (2015) showed that the structure was immediately decomposed upon laser heating at 99
GPa. They reported the temperature for the reaction was 1000 + 300 K. The large uncertainty
came from the difficulty in measuring low temperature by the spectroradiometric method and
implies that constraining its P-T location in a laser heating experiment is difficult. The phase
equilibria of y'-Fe4sN were therefore assessed from the construction of a Schreinemakers’ web
at 20-60 GPa in the system Fe-N. An invariant point in a binary system consists of four
phases from the Gibbs phase rule. Existing experiments reported y'-FesN, e-FesNs, B-FesNs,
e-Fe, and y-Fe in this pressure range (Niewa et al. 2009; Komabayashi et al. 2009; Litasov et
al. 2013; Minobe et al. 2015). Since five phases are present, at least two invariant points need
to be recognised. From the reported experimental data, we identified the following invariant
points: (i) e-Fe, y-Fe, e-Fe7N3, and y'-FesN; (ii) e-Fe, B-FesNs, e-FesNs, and y'-FesN (Fig. 5).
Then a web of reactions was constructed; three univariant reactions originate from each
invariant point. The P-T locations of reactions were then constrained by experimental phase
equilibrium data (Niewa et al. 2009; Komabayashi et al. 2009; Litasov et al. 2013; Minobe et
al. 2015). Results show that invariant point (i) is located at 29 GPa and 1310 K and invariant
point (i1) is at 41 GPa and 1000 K. All the reactions originating from each invariant point are
listed in Table 2. Reaction (1) y'-FesN = e-Fe + B-FesN3 that determines the stability of y'-

Fe4N originates from invariant point (ii) towards the high pressure side.

In order to predict the P-T location of reaction (1), the Clausius-Clapeyron relation for
each reaction in the constructed Schreinemakers’ web was assessed. The Clausius-Clapeyron

equation is expressed as:

dP _ AS

dr = AV 3)

10
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where AS and AV are the change in entropy and volume of the reaction respectively. For e-Fe-
N alloys, (i.e., FesNx) we assumed the same x of 1.3 (i.e., Fe7N3) for the P-T condition

studied.

The following reactions from invariant point (i) were first assessed:

Y'-FeaN =vy-Fe+e-FesNs. ... 4)
y-Fe=e-Fe.....oooooiii (5)
v-FesN =ge-Fe+e-FesNs.........ooooiiil . (6)

The values for A4S, AV and slope for reaction (5) were provided by Komabayashi (2014). The
P-T locations and slopes for reactions 4 and 6 were each constrained by one experimental
data point; AV were calculated at 300 K using the EoS constructed above for y’-FesN together
with the EoS of Alder and Williams (2005) for e-Fe;N3. Then we optimised their dP/dT
values and A4S simultaneously so that the calculations reproduce the experimental data (Fig.
5). For invariant point (ii), we assumed the same AS, AV and dP/dT slope for reaction (6).

The slope and AV for the reaction:

€-FerN3 =B-FerNz. oo, (7)

were given in Minobe et al. (2015) and AS was evaluated in this study. Then A4S for reaction
(1) was obtained through reactions (6) and (7) and the dP/dT value was calculated from
equation (3). The optimised parameters set for all the reactions is given in Table 2 and the

calculated boundaries are shown in Figure 5.

Figure 5 illustrates that the reactions involving y'-FesN have negative dP/dT slopes,
which indicates that the entropy differences are positive. Table 2 shows that those reactions

are indeed characterised by large positive entropy differences, which is caused by a larger

11
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entropy of FesN3 compared to y'-FesN. This would be due to the different dissolution
mechanisms of nitrogen in the structures. As mentioned earlier, nitrogen goes into interstitial
sites in e-Fe3Nx structure and therefore the configurational entropy should be larger than for
v'-FesN where nitrogen substitutes for iron. A recent computational study revealed the
structure of B-Fe7N3 which is characterised by the absence of a close-packed arrangement of
iron unlike e-FesNy and y'-FesN (Gavryushkin et al., 2018). This may also explain the high

entropy of B-Fe7Ns.

Recently Gavryushkin et al. (2018) predicted a new form of Fe;N3 which take an
orthorhombic structure with the space group of Amm?2. Amm2-Fe;N3 may be stable between
e-FesNs and B-FesNs at OK. They suggested that the 4mm?2 phase might not be stable at high

temperature, which should be clarified in the near future.

Figure 5 shows that reaction (1) originating from the invariant point (ii) is located at
56 GPa at 300 K. This indicates that y'-FesN observed at higher pressures in this study and
Minobe et al. (2015) should be metastable. Indeed, we observed a peak broadening in the
XRD pattern for y'-FesN at pressures higher than 60 GPa (Fig. 3). Therefore, the
instantaneous decomposition of y’-Fe4N upon laser heating at 99 GPa observed in Minobe et
al. (2015) was due to the metastable presence of the phase at 300 K and their reported

temperature of 1000 = 300 K for its decomposition is for the kinetic boundary.

IMPLICATIONS

In the present study, the high-pressure stability of y'-FesN was defined by reaction (1)
which takes place at 56 GPa and 300 K. Here we extend the discussion further to very high
pressures, examining the relative stability of each side of reaction (1) under core pressures

based on the volume, which expresses the pressure dependence of the Gibbs free energy. A
12
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similar argument was made earlier by Adler and Williams (2005) with e-Fe;N3 instead of -
FesN3 on reaction (1) because the high-pressure form, B-Fe;N3 was not known at that time
(Minobe et al. 2015). Figure 6 shows the molar volume of each side of reaction (1) as a
function of pressure to 400 GPa based on the latest EoS for each phase (y'-FesN, this study;
Fe, Fei et al. (2016); B-FesN3, Minobe et al. (2015)). The assemblage of B-FesN3 + 5 e-Fe
shows a smaller volume than 3 y'-Fes4N at all the pressures, similar to the case in Adler and
Williams (2005) with e-FesN3. This means that once the assemblage of B-FesN3 + 5 e-Fe has
been stabilised, y'-FesN will never be stabilised with increasing pressure. As such, y'-FesN
cannot be a candidate for Earth’s inner core. As Minobe et al. (2015) suggested, therefore, the
likely stable nitride in Earth’s inner core would be -FesNs, although the presence of a further

phase transition of B-Fe7N3 above 150 GPa and 2720 K cannot be ruled out.

Minobe et al. (2015) and Litasov et al. (2017) argued that the nitrogen content in the
inner core to account for a 10% cdd assuming a mixture of hcp Fe + B-FesN3; would be 9.5
wt%. Minobe et al. (2015) however discussed that the maximum nitrogen content in the core
should be about 1 wt% from its abundance in CI chondrites. From the first principles
calculations of the sound velocity and density of the Fe-N liquids, Bajgain et al. (2018)
concluded that the nitrogen content in the outer core would be less than 2 wt%. As such, the
estimated nitrogen content in the core is not high and there must be some other light elements
in there. Due to the low nitrogen content in the core, B-FesN3 could only be formed if the
eutectic composition is very Fe-rich and direct measurements of the melting phase relation of

the system Fe-N under inner conditions should be studied in the future.

Whether B-Fe;N3 would sink or float in the outer core is another important issue when
it is precipitated from the liquid outer core. Minobe et al. (2015) reported that the

compression behaviours and molar volumes of B-FesN3 and Fe;C; are very similar to core
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pressures. Hence we here assume the same thermal parameters for B-FesNs3 as for Fe;Cs
(Nakajima et al., 2011). The calculated density of B-FesN3 at 5000 K and 330 GPa is 12.47
g/cm?, which is denser than the outer core (12.17 g/cm®) and less dense than the inner core
(12.76 g/cm®). As such it should sink in the outer core although FesN3 alone cannot meet the

inner core density.

The stability of nitrides under high-P-7 conditions can place constraints on the origin
of mantle-derived diamonds. Here we make a case study of mineral inclusions found in
diamonds from Juina, Brazil (Kaminsky and Wirth 2011). From mineral parageneses of the
inclusions, Kaminsky and Wirth (2011) suggested that the origin of these diamonds might be
in the deep Earth. The list of mineral inclusions they found included an Fe7(C,N)s phase with
N/N+C = 0.27. From its nitrogen:carbon ratio, Minobe et al. (2015) argued the possibility of
the formation of a continuous solid solution between B-FesN3 and Fe;Cs as they have the
same or very similar structures (Nakajima et al 2011; Minobe et al. 2015). If this is the case,
the stability of B-FesNs indicates a deep mantle origin. On the other hand, diamond formation
may be related to the presence of fluids in the mantle and dehydration reactions in subducting
slabs in the mantle should be important (Harte 2010). There are expected major dehydration
zones along the subduction of a slab: ~300 km (10 GPa) depth and ~700 km depth (25 GPa)
(Komabayashi 2006). Those depths are however, in the stability field of &-Fe;N3; which would
not form a solid solution with Fe;Cs. High-pressure hydrous phase D may be a water carrier
into the deep lower mantle (Komabayashi 2006). Dehydration reactions of phase D is
expected to occur at depths greater than 1000 km (40 GPa) if the slab temperature is lower
than 1300 K (Nishi et al. 2014), which is in the stability field of B-Fes;Ns3. As such the
presence of the Fe7(C,N); phase in diamonds may indicate the water transportation to the

deep lower mantle.
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Figure captions

Figure 1. Representative XRD pattern of y'-FesN together with Fe (initially present in the

starting material) and KCl at 75 GPa and 300 K.

Figure 2. Unit-cell volume of y'-FesN as a function of pressure at 300 K. The solid and
dashed lines are calculated compression curves from EoS based on a combination of our data
and those of Adler and Williams (2005) and the result of Adler and Williams (2005)
respectively. Only the compression data of Adler and Williams (2005) were used. For
comparison, a compression curve for y-Fe at 300 K (Komabayashi 2014) is shown. The data

taken up to 60 GPa were used for the fitting to the EoS of y'-FesN.

Figure 3. Full width at half maximum (FWHM) of the dominant (111) peak of y’-FesN
normalized to that of the (110) peak of KCI. Above 60 GPa, a peak broadening was observed.

The grey line is a guide to the eye.

Figure 4. Compression curves of iron nitrides, iron and other iron alloys (y'-FesN, this study;
e-Fe, Fei et al. (2016); e-Fe7Cs, Nakajima et al. (2011); e-FesN3, Adler and Williams (2005);

B-FesN3, Minobe et al. (2015); e-Fe-9wt%Si, Tateno et al. (2015)).

Figure 5. Schreinemakers’ web for phase relations of the Fe-rich side of the Fe-N system.
The squares are experimental constraints on reactions (Niewa et al. 2009; Litasov et al. 2013).
Two invariant points are recognised: (i) at 29 GPa and 1310 K involving ¢-Fe, y-Fe, y'-FesN

and e-Fe7N3 and (ii) at 41 GPa and 1000 K involving &-Fe, y'-FesN, e-FesN3 and B-Fe7Ns.
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The high-pressure stability of y’-FesN is determined by the reaction of y’-FesN = B-FesN3 + ¢-
Fe at 56 GPa and 300 K (the coefficients are omitted for clarity). The uncertainty range of the

reaction is due to the uncertainty in the EoS fitting.

Figure 6. Molar volumes of 3 y'-FesN and its isochemical assemblage of B-FesN3 + 5 e-Fe as
a function of pressure. The volume of the assemblage of B-Fe;N3 + 5 e-Fe (red) is smaller
than that of 3 y’-Fe4N (blue) implying that once transformed, y'-FesN will not be stabilised

anymore upon further compression.
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Table 1. Experimental conditions and unit-cell volume of y'-FesN

Run Beam Compression/ a of KCl1 P V of y'-FesN

line Decompression? (A) (GPa) (A3

#1 115 C 3.182 38.32 47.05
C 3.179 39.74 46.74

C 3.132 46.98 45.82

C 3.107 52.22 44 .85

C 3.078 58.49 44 .42

C 3.059 63.01 43.87

C 3.031 70.55 43.04

C 3.025 72.07 42.73

D 3.032 70.25 43.11

D 3.088 56.32 44.22

D 3.085 57.03 44.38

D 3.109 51.79 44.70

D 3.148 44.13 45.61

D 3.178 38.96 46.28

#2 115 C 3.216 33.13 47.48
#3 115 C 3.014 75.22 42.16
#4 BL10XU C 3.305 22.32 49.46
C 3.305 22.35 49.45

C 3.305 22.35 49.42

C 3.234 30.62 48.38

C 3.234 30.66 48.20

C 3.187 37.48 46.84

C 3.148 44.13 46.01

C 3.115 50.43 44.95

C 3.087 56.47 44.06

C 3.066 61.43 43.20

C 3.050 65.36 42.81

C 3.029 70.96 41.88

C 3.020 73.63 41.61

C 3.007 77.39 40.82

IC, compression; D, decompression
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Table 2. Clausius-Clapeyron equation for chemical reactions

Reaction dP/dT, AV, cm?/mol AS, J/K/mol
GPa/K

Invariant point at 29 GPa and 1310 K
3 y'-FesN = e-Fe7N3 + 5 y-Fe - 0.0486 -3.123 151.86
v-Fe = g-Fe! 0.0394 -0.0679 -2.67
3 v'-FesN = g-Fe7N3 + 5 ¢-Fe -0.0399 - 3.462 138.51

Invariant point at 41 GPa and 1000 K
3 v'-FesN = g-Fe7N3 + 5 ¢-Fe -0.0399 - 3.462 138.51
g-Fe7N; = B-Fe7N5? 0.0029 -2.670 -7.628
3 y"-FesN = B-Fe7N3 + 5 e-Fe -0.0213 -6.132 130.88

I All the parameters are from Komabayashi (2014).
2 The dP/dT slope and volume for B-Fe;7N3 are from Minobe et al. (2015).
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