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Introduction

The nitrogen containing iron compound γ′-Fe4N is well-
renowned in the scientific community due to it’s excellent
properties with regards to chemical stability and magnetism.
γ′-Fe4N crystallizes in a cubic structure at ordinary pres-
sures, with the Fe atoms forming a face-centered cubic crystal
structure and the nitrogen atoms at the octahedral interstitial
(body center of FCC structure formed by the Fe atoms) sites
as shown in Fig. 1. This structure of γ′-Fe4N belongs to the
Pm3m space group. This structure is the equilibrium struc-
ture at a pressure of 0 GPa. When the pressure is increased
to 10 GPa, γ′-Fe4N acquires a different structure belonging
to the P2/m space group having a monoclinic symmetry. In
our study, the stability of this structure is analysed.

Procedure

The Plane-wave Pseudo-potential(PW+PP) Density Func-
tional Theory (DFT) code as implemented in Quantum
ESPRESSO was used for the ab-initio simulations. The crys-
tal structures were viewed using VESTA crystal viewer, and
the conversion of CIF files into the Quantum ESPRESSO in-
put files were done using the cif2cell python package.

Creating the CIF file of cubic γ′-Fe4N

The Crystallographic Information File (CIF) was created for
the Fe4N crystal from the parameters reported by Cheng et
al. [1] The a, b and c parameters for the crystal at pressure
0 GPa for the γ′-Fe4N were all equal to 3.7950 Å due to the
cubic symmetry. The angles α, β and γ were assigned a value
of 90o as mandated by the geometry. The Wyckoff symbols
for Fe were taken to be 1a and 3c with the fractional coor-
dinates specified as (0,0,0) and (0,0.5,0.5) respectively. For
N the Wyckoff symbol was 1b with the fractional coordinate
specified as (0.5,0.5,0.5). The CIF file was then converted into
the Quantum ESPRESSO input file using the cif2cell package.

Figure 1: γ′-Fe4N with Pm3m crystal structure

Convergence testing of γ′-Fe4N with Pm3m
crystal symmetry.

k-point grid convergence

The self-consistent field (SCF) calculations were checked for
k-point grid convergence by doing the SCF calculations for
γ′-Fe4N with k values in the range from 1 to 14 following a
k ∗ k ∗ k Monkhorst-Pack Grid sampling as shown in Fig. 2.
The grid sampling of 12*12*12 was taken as the optimized
value.

Energy cut-off convergence

Since we have used ultra-soft pseudo-potential, the ratio of the
plane wave basis-set energy cutoff and charge density cutoff
was set as 7. The SCF calculations were done for different val-
ues of plane-wave basis-set energy cutoffs as given in Fig. 3.
The optimised plane wave basis-set energy cut-off was then
fixed and the charge density cutoff was varied as given in
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Figure 2: Convergence testing with k-mesh size of γ′-Fe4N

Table.1. The saturation in the change in hydrostatic pres-
sure was taken as the convergence criteria. The ecutwfc and
ecutrho values were taken to be 106Ry and 742 Ry respec-
tively.

Figure 3: Convergence testing with wave function cutoff value
of γ-Fe4N

Geometry optimization

The structure was then subjected to variable-cell relaxation
with the k-point grid values, energy and density cutoffs taken
as the optimised values.

Factor Ecutrho Hydrostatic pressure(Kbar) Run time
6 636 -04.22 1hr12m
7 742 -04.21 1hr14m
8 848 -04.19 1hr14m
9 954 -04.23 1hr13m

Table 1: Convergence testing at different ecutrho values with
fixed wave function cutoff value γ-Fe4N

Figure 4: Energy volume graphs of γ′-Fe4N with P2/m by
varying the unknown angle β using self-consisted field method

Figure 5: Variation of minimum energy with the unknown
angle β of γ′-Fe4N with P2/m

Creating the CIF file of monoclinic γ′-Fe4N

The CIF was created for the γ′-Fe4N crystal using the pa-
rameters reported by Cheng et.al [1]. The a, b and c pa-
rameters for the crystal with monoclinic symmetry at pres-
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sure of 10 GPa for γ′-Fe4N were 5.24780 Å, 3.71980 Å and
5.24780 Å. The angles α and γ were assigned a value of
90o as mandated by the geometry. But the angle β not be-
ing mentioned in the paper [1], was approximated via SCF
calculations at various values of β. The results are shown
in Fig. 4. The exact values are shown in table.2 . The
minimum energy values corresponding to the varying angles
of β are then interpolated using a polynomial to get an es-
timate of the unknown angle β as shown in Fig.6. The
Wyckoff positions, along with the fractional coordinates for
Fe were taken to be 1e(0.5,0.5,0.0), 2m(0.7294,0.0,0.27070),
2m(0.76405,0.0,0.76413), 1b(0.0,0.5,0.0), 1f(0.0,0.5,0.5) and
1h(0.5,0.5,0.5). The Wyckoff symbol for N was taken
to be 2n with the fractional coordinate specified as
(0.74984,0.5,0.25107). The crystal structure of the monoclinic
γ′-Fe4N is shown in Fig. 6.

Figure 6: γ′-Fe4N with P2/m crystal structure

Convergence testing of γ′-Fe4N with P2/m
crystal symmetry.

The convergence of γ′-Fe4N in P2/m symmetry was done in
a procedure synonymous to the one outlined for γ′-Fe4N in
Pm3m symmetry. The K point grid, Ecutwfc and Ecutrho
was taken as 3*5*3, 91 Ry and 637 Ry respectively.

Angle β(°) Minimum energy(Ry)
90 -2690.62273666
91 -2690.62281640
92 -2690.62124500

Table 2: Finding the angle β for the γ′-Fe4N crystal with
P2/m symmetry

Figure 7: Energy-volume graph of γ′-Fe4N with Pm3m gener-
ated through vc-relax calculations at various pressures. These
volumes are acquired by the crystals at the taken pressures

Figure 8: Energy-volume graph of γ′-Fe4N with P2/m using
self-consistent field method calculation

Results and Discussion

The convergence test for the cubic and monoclinic γ′-Fe4N
structure were done for different K points, energy and den-
sity cutoffs. These values were chosen via time-complexity
trade off to be 12*12*12, 106 Ry and 743 Ry for the Pm3m
and, 3*5*3, 91 Ry and 637 respectively for the P2/m sym-
metry. From energy volume graph with cubic Pm3m crystal
symmetry,volume is reduced by 7.2 percent and 14.28 per-
cent at pressures of 10 GPa and 30 GPa respectively from
ground state equilibrium values. Fitting Birch Murnaghan
equation to the energy-volume data,we get the Bulk-modulus
at 178GPa. The optimum value for angle β in the P2/m
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symmetry was taken to be 90.820 as given by Fig 5 .From
the energy-volume graphs of Fig. 7 and Fig. 8 of the two
crystal structures with cubic Pm3m and monoclinic P2/m of
γ′-Fe4N,it can be observed that monoclinic P2/m has ground
state energy of −2690.62492Ry and cubic Pm3m has ground
state energy of −1345.31382Ry ,thus P2/m has lower energy
and so a more stable crystal structure.
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