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Abstract: Spin-polarized structural properties of γ’-Fe 4N (Pm-3m) and a lower symmetry struc-
ture (P2/m) corresponding to the M-Phonon instability at 10GPa pressure have been studied using
the first-principles calculations based on Density Functional Theory. It was observed that at 10GPa
and 30GPa, there are presence of negative (imaginary) in the phonon spectrum of γ’-Fe 4N cor-
responding to the M-point and X-point respectively. It was found that at 10GPa, there is a phase
transition from Pm-3m (higher symmetry) to P2/m (lower symmetry). Similarly, there is another
phase transition corresponding to the X-instability and a lower symmetry structure has been pre-
dicted for that.
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I. INTRODUCTION

Magnetic, elastic and electronic properties of γ’-Fe 4N
alloy have been widely investigated, both theoretically
and experimentally for magnetic resonance imaging,
high-density magnetic recording applications and as a
precursor in NH3 production. Due to calculated me-
chanical properties, it is found to be ductile and damage-
tolerant. Also all iron nitrides are good metallic conduc-
tors.

With a Pm-3m space group γ’-Fe 4N has a face cen-
tered cubic structure with a N atom in the body center.
Although γ Fe which has fcc structure has no magnetic
properties, insertion of N in its body center, it becomes
γ’-Fe 4N which is ferromagnetic. It has two inequivalent
iron sites with one occupying corners(Fe ) and other in
the face center positions(Fe ) of the system. The octa-
hedral interstitial occupied by N leads to shortening of
Fe-N than the distance between Fe-N .

This paper is an attempt to recreate the work
done by Tai-min Cheng et al. work on spontaneous
magnetization-induced phonons stability in γ’-Fe 4N
crystalline alloys and high-pressure new phase which
studied the stability of lattice dynamics and magneti-
zation of of ordered γ’-Fe 4N crystalline alloy at high
pressure using first principle calculations carried out with
VASP code. Therefore geometry of γ’-Fe 4N alloy was
optimized and M-instability under 10 GPa pressure was
investigated , along with a structure prediction for the
X-instability was done using Quantum ESPRESSO code
for comparison with the work done by VASP code.

II. COMPUTATIONAL METHOD

The calculations are performed based on the Den-
sity Functional Theory (DFT) using the Generalized
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Gradient Approximation (GGA) method in the scheme
of Perdew- Burke-Ernzerhof (PBE). Plane-wave pseu-
dopotential method as implemented in the Quantum
ESPRESSO software package have been used. The initial
part of the calculations which are computationally less in-
tensive have been carried out using a mesh of 10x10x10
as well as a 6x6x6 mesh in order to model the first Bril-
louin zone, but the later parts of the calculations which
were computationally more intensive were carried out us-
ing only a mesh of 6x6x6. Similarly, for the convergence
test results, a kinetic energy cutoff of 101 Ry was used to
brief the plane wave expansion of the Kohn-Sham wave
functions for computationally more intensive tasks and
for the computationally less intensive tasks, cutoff value
of 60 Ry was used. All these values that have been used
are in complete agreement with the results obtained from
the convergence tests and have been mentioned in the re-
spective sections.

In order to determine properties like the equilibrium
lattice constants, the total energy of the system for dif-
ferent values of lattice parameters/unit cell volumes has
been calculated and then the results are fitted into the
Murnaghan equation of state.

III. CONVERGENCE TESTING

For obtaining the reliable values of K-mesh, cutoff
for charge density (ecutrho), cutoff for wavefunctions
(ecutwfc) as well as the starting magnetization values,
independent convergence tests have been carried out and
the obtained results have been presented in the appen-
dices section of this report. For the convergence of K-
mesh and cutoff for wavefunctions, the effect on the de-
viation of hydrostatic pressures have been observed. The
(ecutrho/ecutwfc) factor was investigated to obtain the
value of charge density cutoff to be used. Lastly, the
value of the starting magnetization was optimized in or-
der to carry out spin-polarized calculations. The time
of computation was also observed in each case. All the
observed convergence results have been reported in the
appendix section.
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IV. RESULTS AND DISCUSSION

A. γ′ − Fe4N :

Having obtained the optimal settings, the DFT calcu-
lations were run for the γ’-Fe 4N . After the complete
geometry optimization was carried out, it was observed
that γ’-Fe 4N has a Pm-3m equilibrium crystal struc-
ture. The equilibrium lattice parameter was determined
to be 3.7926 Angstroms which is in complete agreement
with the value of 3.795 Angstroms as reported by Tai-
min Cheng et. al. Figure 2 shows the energy per formula
unit fitted into the Murnaghan equation of state, which
has been plotted against the unit cell volume (for 101Ry
and 10x10x10 setting as well as 60Ry and 6x6x6 settings
respectively). Some important properties of the equilib-
rium structure such as calculated Bulk Modulus (B0),
first derivative of the Bulk Modulus (B′0) as well as the
magnetic moment have been given in Table 1. From the
equation of state fit, the volume and energies per for-
mula unit for the Pm-3m structure close to 3 different
pressures, namely 10GPa, 30GPa as well as 40GPa have
been noted in Table 2. The percentage volume change
obtained in case of 10GPa and 30GPa are -5.217% and
-13.4% respectively, which is in agreement with the pro-
vided results.

FIG. 1. Equilibrium crystal structure Pm-3m of γ’-FeN

TABLE I. Equilibrium Lattice Constant(a0), Bulk Modulus
(B0), first derivative of the Bulk Modulus (B′0) and Magnetic
moment(µB) at equilibrium (using higher precision settings).

a0(Ang) B0(GPa) B′0 Magnetic moment(µB)
3.7926 172.6 4.32 10.00

B. The M-instability:

As shown in the study by Tai-min Cheng et. al., there
is an appearance of the negative (imaginary) frequencies
at the M-point (the soft mode) in the phonon spectrum
of γ’-Fe4N at 10GPa, which implies that the crystal loses

FIG. 2. E(V) curve of γ’-Fe4N fitted with the Murnaghan
Equation of State [spin polarization and high precision set-
tings used(10x10x10 and 101Ry)]

TABLE II. Energies corresponding to different pressure values
according to the equation of state. [spin polarization and
lower precision settings(6x6x6 and 60Ry) used for comparison
with the next section]

Pressure Volume(au3) Energy(Ry)
10GPa 344.6024 -1345.26435
30GPa 314.8503 -1345.22246
40GPa 308.3364 -1345.20619

stability at this pressure value and the crystal symmetry
breaks and there is a phase transition to a low-symmetry
crystal structure.

A distorted supercell (Figure 4) with the distortion cor-
responding to the M-phonon was constructed and DFT
calculations were conducted. After a complete geome-
try optimization, the structure crystallized into a P2/m
crystal structure. The E(V) curve fitted to the non-cubic
Murnaghan equation is shown in Figure 5.

The values of volume and energies per formula unit
corresponding to the pressures of 10GPa, 30GPa as well
as 40GPa have been in the table 4.

On comparing the total energy per formula unit at 10
GPa from the table 2 and table 4, it can be clearly ob-
served that the P2/m – Fe4N is more stable as compared
to the Pm-3m – Fe4N at this pressure value. Thus,there
will a phase transition from the Pm-3m crystal structure
to P2/m crystal structure at a pressure of 10GPa.
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FIG. 3. E(V) curve of γ’-Fe4N fitted with the Murnaghan
Equation of State [spin polarization and low precision settings
used(6x6x6 and 60Ry)]

FIG. 4. Supercell of P2/m Fe4N with distortion corresponding
to the M-phonon

C. The X-instability:

Similarly, there is another appearance of of the nega-
tive (imaginary) frequencies at the X-point (another soft
mode) in the phonon spectrum of γ’-Fe4N at 30GPa.

In order to obtain the distorted crystal structure asso-
ciated with the distortion corresponding to the X-phonon
was obtained using the ISODISTORT module.

One such distorted crystal structure obtained from the
ISODISTORT module with a distortion corresponding to
the X-phonon has been visualized as shown in Figure 6
which forms a C2/m crystal structure. Due to a lack
of computational time and resources, we were unable to
carry out the DFT calculations for this part.

TABLE III. Equilibrium Volume(a0), Bulk Modulus (B0),
first derivative of the Bulk Modulus (B′0) and Magnetic
moment(µB) for the P2/m supercell [using lower precision
settings(60Ry and 6x6x6)].

V0(au3) B0(GPa) B′0 Magnetic moment(µB)
728.74 163.8 4.70 17.62

FIG. 5. E(V) curve of P2/m-Fe4N fitted with the Murnaghan
Equation of State [spin polarization and low precision settings
used(6x6x6 and 60Ry)]

TABLE IV. Energies corresponding to different pressure val-
ues according to the equation of state. [spin polarization and
lower precision settings(6x6x6 and 60Ry)] for P2/m structure.

Pressure Volume(au3) Energy(Ry)
10GPa 691.31 -1345.264425
30GPa 634.53 -1345.226155
40GPa 619.71 -1345.20783

V. CONCLUSIONS

In this work, we analyzed different properties of γ’-
Fe4N. The equlibrium lattice parameter for Pm-3m γ’-
Fe4N is 3.7926 Angstroms. The volumes and energies
per formula unit were analyzed for the pressure values of
10GPa, 30GPa as well as 40 GPa.

It was also concluded that at 10 GPa, the P2/m struc-
ture (lower symmetry) is more stable than the Pm-3m
structure. This is in complete agreement with the pre-
viously found soft mode at the M-point in the phonon
spectrum. A similar soft mode is also seen at 30 GPa
that corresponds to the X-Phonon. A possible crystal
structure (C2/m) was suggested.
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FIG. 6. Supercell of Fe4N with distortion corresponding to
the X-phonon
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Appendix: Convergence Tests 

Low Precision Settings: (6x6x6) 

 

 

 

High-precision settings: (10x10x10) 
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