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Table 1. The angle relative to the crystal orientation of [100] and relative displacement Ad relative to the

lattice parameters agwith the 2 x 2 x 1 supercell of the Pm3m structure of each atoms with the relative

movement of 0.1 at 10 GPa.

¥ WIMEHLE B ENE B/ (°) Ad/A
Fel (0.25, 0.25, 0.0) (0.2520, 0.2503, 0.0) 9.52 0.000038072
Fel (0.25, 075, 0.0) (0.2480, 0.7497, 0.0) 189.52 0.000038072
Fel (0.75, 0.25, 0.0) (0.7480, 0.2497, 0.0) 189.52 0.000038072
Fel (0.75, 0.75, 0.0) (0.7520, 0.7503, 0.0) 9.52 0.000038072
Fe2 (0.0, 0.0, 0.0) (0.0002, 0.0013, 0.0) 80.48 0.000015187
Fe2 (0.0, 0.5, 0.0) (0.9998, 0.4987, 0.0) 260.48 0.000015187
Fe2 (0.5, 0., 0.0) (0.4998, 0.9987, 0.0) 26.48 0.000015187
Fe2 (0.5, 0.5, 0.0) (0.5002, 0.5013, 0.0) 80.48 0.000015187
N (0.25, 0.25, 0.5) (0.2501, 0.2500, 0.5) 9.52 0.000000134
N (0.25, 0.75, 0.5) (0.2499, 0.7500, 0.5) 189.52 0.000000134
N (0.75, 0.25, 0.5) (0.7499, 0.2500, 0.5) 189.52 0.000000134
N (0.75, 0.75, 0.5) (0.7501, 0.7500, 0.5) 9.52 0.000000134
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Table 2. Crystal structures, lattice parameters, atomic positions and magnetic moments of Fe4N under

0 GPa or 10 GPa.

FTAURA ) AR A At fSE g /.
Fel : 2.336 (2.307%), 2b))
a=3.795 Fel : 3¢ (0.5, 0, 0.5) Fe2 : 2,951 (2.972%), 3))
_ e2: 2. . s
Pm3m 0 GPa (3.780%), 3.797") Fe2 : 1a(0, 0, 0)

3.7909), 3.748D))

N: 16(0.5, 0.5, 0.5)

N: 0.026 (0.0502))
tot: 9.983 (10.01%))

Fel : 1.746
Fel : 3¢(0.5, 0, 0.5)
_ Fe2 : 2.935
Pm3m 10 GPa a = 3.70463 Fe2 : 1a(0, 0, 0) N: —0.007
N: 156(0.5, 0.5, 0.5) e
tot: 8.164
Fel : 1e(0.5, 0.5, 0.0) Fel : 1.989
Fe2 : 2m(0.72940, 0.0, 0.72930) Fe2 : 1.939
a = 5.24780 Fe3 : 2m(0.76405, 0.0, 0.23587) Fe3 : 2.927
P2/m 10 GPa b= 3.71980 Fed : 16(0.0, 0.5, 0.0) Fed : 1.965
c = 5.24780 Fe5 : 1£(0.0, 0.5, 0.5) Feb5 : 1.976
Fe6 : 1h(0.5, 0.5, 0.5) Fe6 : 1.577
N: 2h(0.74894, 0.5, 0.74893) tot: 17.240

a) 3CHR [10], b) 3Tk [31], c) 3Tk [32], d) 3CHk [33].
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Fig. 1. (color online) The enthalpy difference and mag-
netic moments of FeyN with the Pm3m structure chang-
ing with pressure: (a) The enthalpy difference of FesN
with and without considering the electron spin polariza-
tion; (b) the contribution to the magnetic moments by
the unequal atoms and total magnetic moments; (c) the
contribution to the magnetic moments by different orbit

and total magnetic moments.

156301-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 64, No. 15 (2015) 156301

AT, H TR E B N 5 Fel MIARXTRSh 518 1 5
HNIETHITTRER, {52 Fe2 Ji 7 LT RH 5T#k,
XY IH OAL ) Fel 5 N /N T T5UA Ak Fe2
5N 8K (Z K 3), HAERMEX, b
A 3R 5% R 8 2 A N B R 3 A x H Rl
B Fel Jol 7518 7R3N, m0X Fe2 i 7 HIIRa0 L
FERAIEA. WE2(c) () T, B % R
PR, Pm3m 451 FeyN 3856 e i A 735 I
BEFT THAL L (B DL 7 R ). IS 2 (c) WI R,
£ G R =S5O 30 T3CA LA (L 2 £), R
AIEESCRE T WBL TS, 1 HAE S MR A
PR BE S 7~ B 1 6 SO (WK 2 (c), XL

DA RREE S S T I TS R 2 (d) AT
R W L AR Fel (REN 51 T R RAE S
TR, {E 2 T0 A AL 1 Fe2 (Y 4IR 51 X K AL T
B vTmk. T H ARG AR N A REAI TRk (0
K 2(d)), X RUHHMREEE S SE T ML T kR
B AN Fe J57 I B KT N, BRIk, 75
SR E B E R T Fe (Y DTk & 3,
N R H) 5T R ML 1Z AT L2 . X U1 2 (d) Ak
10 N Ji X R AT ) DR A T 0 A Fel 5 AL Ak
(N ARSI S e 50 1ol K. A
B RENVERS, Fel 5 NAE SR &R b 1P o B
Ak, b ASREE TR

25 A 4 z A T z g .
" (b) Fel
S T B s = N i - Fe220
— P v N
T — tot 115
10Z _— \\ Eﬁ:OGPa-IO
i 15
H
o 0 .
bf (c)
R 20+ j / N

15+

AN £

~—!

TR

A/

]
o T i IR K
1 \ 1
1l N ]
T il Py
- H! Vi
[; 1 ]

G X M G R

2 (MTIREH) 7£0 GPa T, Pm3m 4 FesN i

M X

TR RN LA P A

PR

(a) HHE AT H e AL

AR T (b) BN FEEE; (o) ABRAT AR T; (d) R 5% 2

Fig. 2. (color online) The phonon spectrum and the corresponding phonon density of states of Pm3m
structure Fe4N crystalline alloy at 0 GPa: (a) The phonon spectrum of the system with consideration of
electron spin polarization; (b) is the corresponding phonon density of states; (c¢) the phonon spectrum of

the system without consideration of electron spin polarization; (d) is the corresponding phonon density of

states.
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Fig. 3. (color online) (a) The bond length of Fel-Fe2, Fel-N and Fe2-N as a function of
pressure; (b) the bond length of Fel-Fe2, Fel-N and Fe2-N relative to the bond length of

ones in 0 GPa as a function of pressure.
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Fig. 4. (color online) The low-energy phonon modes

of FesN crystalline alloy of Pm3m structure in the
main symmetry points (points G, X, M, and R) and
point (0.37, 0.37, 0) in the Brillouin zone changing

with pressure.
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Fig. 5. The phonon spectrum of FesN crystalline alloys of Pm3m structure at different pressures (0
GPa, 1 GPa, 1.3 GPa, 4 GPa, 10 GPa, 20 GPa, 30 GPa, 31.4 GPa, 31.5 GPa).
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Fig. 6. (color online) The phonon density of states of Fe4N crystalline alloys of Pm3m structure at
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Fig. 8. (color online) The phonon density of states of Fe4N crystalline alloys of Pm3m structure at different
pressures(61.1 GPa, 61.3 GPa, 80 GPa, 90 GPa, 140 GPa, 150 GPa, 200 GPa, 237 GPa, 250 GPa).
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Abstract

By using projection augmented plane wave method (PAW) and based on the density functional theory, the stability
of lattice dynamics and the magnetism of ordered crystalline alloy y’-FesN are studied at high external pressures. In
comparison with the phonon spectrum of y’ -Fe4N without considering the spin-polarization, it is found that the ground-
state lattice dynamics stability of the ferromagnetic phase y’ -FesN is induced by the spontaneous magnetization at
pressures below 1 GPa. The phonon spectra at point (0.37, 0.37, 0) in line X, points X and M become softening
at pressures between 1.03 and 31.5 GPa. The pressure-induced effect and the spontaneous magnetization effect on
the atoms reach a stable equilibrium state at the pressures between 31.5 and 60.8 GPa, which result in the phonon
spectrum stability. As the pressure exceeds 61.3 GPa, the system becomes more instable dynamically with the increase
of the external pressure. The softening at point M of the acoustic phonon is treated by the soft-mode phase theory
at 10 GPa, and a new dynamic stability high-pressure phase with a space group of P2/m is found. This new phase is
thermodynamically stable and possesses the same magnetic moments as that of y’-Fe4N at pressures below 1 GPa. The
enthalpy value of the phase P2/m is less than that of phase y’ at the pressures between 2.9 and 19 GPa, therefore its
ground-state structure is more stable. As the pressure exceeds 20 GPa, both phases possess almost the same magnetic

moments.

Keywords: ferromagnetic collapse at critical pressure, soft-mode phase theory, first principle, y’-FeyN
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