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Table 1. Crystal structures, lattice parameters, atomic positions and magnetic moments of different ordered

crystalline alloys FezPt.

RS G A A JEhrE WesE /up-fu. 1
Fe: 3¢(0, 0.5, 0.5) Fe: 2.731 (2.67P)
_ : 3¢(0, 0.5, 0.
Pm3m a = 3.7409(3.7270%) ¢ Pt: 0.357(0.27")
Pt: 1a(0, 0, 0)
Tot: 8.549
Fel: 2.690
Fel: 4e (0, 0, 0.7511)
a=b=>5.5065, c=6.9331 Fe2: 2.808
I4/mmm Fe2: 8h (0.2507, —0.2507, 0.5)
(a=b=>5.7299 ¢ = 6.3399)¢ Pt: 0.375
Pt: 4d (0.5, 0, 0.25)
Tot: 8.681
Fel: 2.873
Fel: 8¢ (0.25, —0.25, 0.25)
_ B F2: 2.632
L2 (Fm3m, Pt & Al) a = 5.9432(5.96114) Fe2: 4b (0.5, —0.5, 0.5) Pt. 0.593
Pt: 4a (0, 0, 0) o
Tot: 8.901
Fel: 2.632
Fel: 4a (0, 0, 0)
= . d Fe2: 2.873
L2y (Fm3m, Pt &t Mn) a = 5.9432(5.96119) Fe2: 8c (0.25, —0.25, 0.25) Pt 0.523
Pt: 4b (0.5, —0.5, 0.5) S
Tot: 8.901
Fel: 2.632
Fel: 4b (—0.5, 0.5, 0.5)
_ Fe2: 2.873
DO3(Fm3m) a = 5.9426(5.8000°) Fe2: 8¢ (—0.25, —0.25, 0.25) Pt: 0.523
Pt: 4a (0, 0, 0) C
Tot: 8.901
Fel: 2.721
Fel: 2b (0, 0, —0.5)
a=b=23.6784, c = 7.7281 Fe2: 2.698
DOs2s (I4/mmm) ¢ Fe2: 4d (—0.5, 0, —0.25)
(a =b=3.540 ¢ = 7.2199) Pt: 0.335
Pt: 2a (0, 0, 0)
Tot: 8.452
Fel: 2.746
Fel: 4h(0.2715, 0.2285, 0.5)
a=b=>52607, c=3.7871 Fe2: 2.725
P4/mbm Fe2: 2d (0.5, 0, 0)
(a =b=>5.2909 ¢ = 3.7412) Pt: 0.356
Pt: 2a (0, 0, 0)
Tot: 8.572

a, 3CHk [23]; b, 3CHK [24]; c, SCHR [25]; d, 3CHR [26]; e, 3CHR [27]; £, SCHKk [28].
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Fig. 1. (color online) The phonon spectrum and the corresponding phonon density of states of crystalline

alloy FegPt of Pm3m structure at 0 GPa: (a) the phonon spectrum of the system with consideration of
electron spin polarization; (b) the corresponding phonon density of states; (c) the phonon spectrum of

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

of states.
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Fig. 2. (color online) (a) Energy evolution curve of displacements of moving Fe atoms in plane
[100]-[010] along the polarization vector of soft mode TA1 (M) of point M at 0 GPa; (b) the phonon
spectrum of crystalline alloys FesPt-P4/mbm structure at 0 GPa; (c) the corresponding phonon
density of states at 0 GPa.
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Fig. 3. (color online) Calculated enthalpy differences
of I4/mmm, P4/mbm, DO3s, DO22 with respect to
the Pm3m structure of FesPt as a function of pres-

sure.

M 4 A5, fE Pm3m G54, T4/mmm 45 H4
DOy 5K F1 PA/mbm S5 14 1] FesPt fads &4,
Pt J5 7 LA NG %o 8 R B DT R AN K, AR R 11
SR FEER AT Fe i1 Fe JEFHHEFHSN

PP "R N N N 1 B "N N A PR PR |
O N B O O N R O O N R O ®

|
N

W/ pp-fou.—1
Ok N OoOMAE SN ONE O X ONE O ®

S N O ®

o
-
o
%)
=)
w
=)
IS
o
ot
o
=)
o

10 20 30 40 50 60 70

H71/GPa

Ka  (WHEG) Pm3m 858 I4/mmm 858 DOge ZHIH P4/mbm 5K Fea Pt HIHLAERE /1 072 1L

Fig. 4. (color online) The magnetic moment of the FegPt of Pm3m structure, I4/mmm structure, DOa2

structure and P4/mbm structure changing with pressure.
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B 1A ST (ST SR | T SRS T A AR

Table 2. The average magnetic moment of atoms, total magnetic moment and volume of primitive cell of

crystalline alloys FegPt of I4/mmm structure at the different pressures.

I4/mmm 36 GPa 36.8 GPa 36.85 GPa 39 GPa 43 GPa
Fel WP YHEH [ us 1.571 1.541 1.539 —0.601 0.041
Fe2 iR / np 1.574 1.542 1.540 0.342 —0.048
Pt FIP¥IREH / us 0.076 0.073 0.073 —0.001 0.001
MBS /pgfu. ! 4.795 4.698 4.693 0.081 —0.053
J5 AR /A3 43.47 43.325 43.32 41.905 41.475

K3 AFKEIIT DO22 Hik FesPt fhS &

A ST RSP R A SR U A AR

Table 3. The average magnetic moment of atoms, total magnetic moment and volume of primitive cell of

crystalline alloys FesPt of DOgs2 structure at the different pressures.

DOas 36 GPa 36.8 GPa 36.85 GPa 39 GPa 43 GPa

Fel WP / up 0.01 —0.22 0.255 —0.256 —1.115
Fe2 W F350E / up —0.01 0.238 —0.264 0.278 1.712
Pt B FIREE / us 0 —0.003 0.003 —0.004 0.100
SR Jpp fau L —0.009 0.253 —0.27 0.296 2.408
AR /A3 42.07 42.040 42.02 41.890 42.600
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M5 —B 9 BT 1, Pm3m 4514 ) Fes Pt & 4
& E RS EIE FE 7 41.9 GPaftiz, iKRE
AR AT E. K750 GPa < P < 26.95 GPa
F136.85 GPa < P < 41.9 GPa X A/ (LI 5 —
Bl 7), AR R B R 5 27 SO TAL I T B &
717 42.8 GPa < P < 45.75 GPa, 45.9 GPa < P <
46.7 GPa, 46.9 GPa < P < 50.6 GPa, 50.9 GPa <
P < 54.8 GPaltf, A RE R H I T 4 ) 22 5L
MR RE LA TR IS (L 6— KE8).
54.9 GPa < P < 57.2 GPal}, 1k R AE A T
LT . (B 26.95 GPa < P < 36.8 GPa,
41.95 GPa < P < 42.7 GPa, 45.8 GPa, 46.8 GPa,
50.65 GPa < P < 50.85 GPa, 54.85 GPaJk JJ[X
(AR ) s b R R iR (B 66— 9).
JE 71K T4 F 57.25 GPa I, & &R KRG 7€ 474
KHEFBFERE. IR MMES Pmd3m4ii
(1) Fes Pt & 2 G 4 1 6 B i 77 1 788 A0 A AR 0T
Ri % T & R T WA 2 S I Pmdm 45 7 1
FesPt fb A & & M7 7 1%, AT TH5E 245 F R,
P R ik i 2 A e H LR e YRS BT it n 1) &

HIFR. I A W ) Pm3m 45K ) Fes Pt
A A S AL T R RE R A R I IR, IR I
FOREWATEE, 13K R 7S 9EH
BRURK, R 9] 2 AR R G R B 0 e S T M. AT
WHNIE S/ T 26.95 GPa b 7k RIR HE 1K 5 R R AU

Wi/ THz

N % 0
-8 ) 40 45 50 55 60
r 40 — 60 GPalXJiklsl

oL vy e e
0 10 20 30 40 50 60 70O 8 90 100

J£71/GPa
5 (MTIEE) Pm3m 4l FesPt dhis & S HKHE S T
FEAT LN X EEORR A (X A M R BB 77 A2 il 2R

Fig. 5. (color online) The low energy phonon of crys-

talline alloy FezPt of Pm3m structure in the main sym-
metry points (points X and M) in the Brillouin zone

changing with pressure.
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Fig. 6. (color online) The phonon spectrum of crystalline alloys FegPt of Pm3m structure at different pressures.
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' 41.9 GPa | 45.75 GPa
r— Fe . — Fe i
- - Pt

AN /states-THz !

4 6 8 10 12
@EL%‘/THZ

7 (MTIRAE) Pm3m 44 Fes Pt i & & (AR E 1 RIS T4
Fig. 7. (color online) The phonon density of states of crystalline alloys FesPt of Pm3m structure at different

pressures.
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Fig. 8. (color online) The phonon spectrum of crystalline alloys FesPt of Pm3m structure at different pressures.
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12 54.9 GPy 4 57.1 GPa 57.2 GPa
JTANRRGEATLY, ST =
Lt K NS Y
-~ /A A 1 . A G Y i R AN A P
—4 4+
G X M G R M X RG X M G R G R M X R
12 + 7.25 GPa B 57.3 GPa a ﬁ -
« 8r T e N
U A N
OG X M G R M X RG X M G R G R M X R
20 100 GPa + 200 GP: a
16 1 <
+ / 1 -@-/
N 12 B . T
E e LN
¥ S[ Iy~
X A § %%&_

R M X RG X M

G

R M X RG X M G

9 (MFIR() Pm3m 45#) FesPt S S EEANFE RS ik

Fig. 9. (color online) The phonon density of states of crystalline alloys FegPt of Pm3m structure at

different pressures.

AT 7R R SO A, RN T
26 GPaff (WL 5), B R A 1R 98 1 2k md v,
1E 2 A 2R B AR B 1 0 3G K 5 28 1R 2218 /s (AL
Bl 4), IMiREs T H R ARG 4R 80, 1X 55
TR [ P S T TAL AR L X 32 B AR A M
)R AT B TR 35, 7626 GPa < P < 26.95 GPa
RAM XA (W 5), BEE G, M S
T [ 75 4 S P - TAL (1) R ATURIE R /)S, 1% 156 B 7E Lk
JE 3K [A], 1 RAEAR R 3 )R e R R L E R
REAL SR R 2R B3N ) 2 AT B e, AT A4 R
I HGERM TR e, 26.95 GPa < P < 36.8 GPa
(NSRS & VRS RE W R N AR S G G R A e (S
FHAEAS 4R & 038 IR 7k B T 3 ) 2 5w SE R
A, I B 3) 1% F45E. 36.85 GPa < P <
41.9 GPaltf, K JJ0IMER T B e #h & 1F F 55 18
PR R I 5T XA T30 )1 2 A e PATIRAS, A
TR 1) 5 2 S 75 - B T AR El SR 1) T %,
B & R 7R3 K, M &R 1 R B I ek ), el
BT R ek R AR Y 1 A0 T i AR AT R oK T

WHA AT A, BT ERREIEL T B S
YER (B F53) Jo R T B e B 1 481k 1)
EHIFTT (s)® (B T = 2(s)* Jo/(3ks)), HIk, 7E
36.85 GPa < P < 41.9 GPaiulH, Bt & /191 K
ARG Jo Wb, T T B R R T4 T3
FIEAFEE PHPIRAS, B R ) 5 2 3 s 7 B
T M. 41.95 GPa < P < 57.2 GPa X [8], fk &5
TR 5EARELE R (LK S—K9), A
PP )RR E M IX TR R A, X U B 7 Ik Bk
I 85 (01 L ) B4k R 52 AT AR K R T
X JH), A 2 B 45 R 0] 77 A U, NI S 80T
R, K 45.8 GPa |, 7k REHOEH L
AR IRA K (W 6 M 7), B Fitfase.
XYL, TR R A R B T A AR
58, T FLIX — BTk 32 Y [ T O AL Y Fe R 5T
Bk, JE KT 57.25 GPa I, & R R TR 5
VR, SAE BN —FE, R R BT AT
faE (WL 9).

146301-9


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

¥ 12 Z R Acta Phys. Sin.

Vol. 64,

No. 14 (2015) 146301

4 % @

L E R XA 5 FesPt & 24 ] L& 4 B
PE SR BN 702 AR AR (1) 5 — MR R BEOH B, 48
B R 458 1) K FesPt A& &SV
TRl F 7R 7 B 30 A 28 00 TO0 T 465 ) 55 B it o 1 s
DR UK, BAR R IIREAE SR B, TG
I LS 7 s MR, 3T Pm3m 458 FesPt (IR 1
T A A R AR UK, R R T REN
et SR BH, mxMES R, A%
FEHETE () Pm3m 2516 1) S T35 A IR &,
XU B A R IR R AR A A R I AR e
1EH; 2) BB T (117 26.95 GPa) 1)
Pm3m 4514 FesPt H B 148 7] 75 22 305 7 TA1 K
b, KPR TR R ARG B KRS 4, X —
g 5 AR s b T RO SRR I 45 RARTE, 72 Pm3m
454 Fes Pt Hv, B[] 75 27 SC S -1 TA L AL AHAZ B
BN 15K RIBEART - B T RG S UIM O, T BAE
FET, #% TAL(M) 5252075 7 1Ak 1) &= 5% 3l T
O bS5 B Fe Ji7 7 73 B (1) P4/mbm 458 BB 3h 71
ROE R NE, R I T REM; 3) DO 451
TE W 4R 77 B3R A A2 8 G ANTE 43 GPa F
V2K s A R R e A 9 SR 348 e T B T i B A A 5
SRR 5 1R RAE MR T I B R B2 D) A O
4) FeaPt dh A K LA 410 E IE A8 #eAE F X & 7
IRBBURK, E e A F 5 A 37 1 58 4 B 3 2 i 3
1 & Fe J5 7 3d 71 ¥R, AT S 80m B
A SIRA RS TES. Kk, BATA N T @&
L& 4, BT -HRT - T RE R E
RSP A HUER A2 T AT IR AR

RPN

[1] Nataf L, Decremps F, Gauthier M, Canny B 2006 Phys.
Rev. B 74 184422

[2] Xu J H, Oguchi T 1987 Phys. Rev. B 35 6940

[3] Ravindran P, Subramoniam G, Asokamani R 1996 Phys.
Rev. B 53 1129

(28]

29]

30]

146301-10

Ravindran P, Asokamani R 1994 Phys. Rev. B 50 668
Wassermann E F, Schubert N, Kktner J, Rellinghaus B
1995 J. Magn. Magn. Mater. 140—144 229

Endoh Y 1979 J. Magn. Magn. Mater. 10 177

Tajima K, Endoh Y, Ishikawa Y 1976 Phys. Rev. Lett.
37 519

Noda Y, Endoh Y 1988 J. Phys. Soc. Jpn. 57 4225
Ishikawa Y, Ondera S, Tajima K 1979 J. Magn. Magn.
Mater. 10 183

Xianyu Z, Ishikawa Y, Onodera S 1982 J. Phys. Soc.
Jpn. 51 1799

Xianyu Z, Ishikawa Y, Fukunaga T, Watanabe N 1985
J. Phys. F: Met. Phys. 15 1799

Lu Z C, Xianyu Z, Li J Z, Kang J, Ye C T, Li Z Q, Shen
B G 1995 J. Magn. Magn. Mater. 140—144 219
Xianyu Z, Li J Z, Lu Z C, Kang J, Ye C T, Li Z Q 1995
Physica B 213—-214 535

Wiele N, Franz H, Petry W 1999 Physica B 263-264
716

Gruner M E, Adeagbo W A, Zayak A T, Hucht A, Entel
P 2010 Phys. Rev. B 81 064109

Kresse G, Furthmiiller J 1996 Phys. Rev. B 54 11169
Kresse G, Furthmiller J 1996 Comput. Mater. Sci. 6 15
Kresse G, Joubert D 1999 Phys. Rev. B 59 1758
Perdew J P, Burke S, Ernzerhof M 1996 Phys. Rev. Lett.
77 3865

Kresse G, Hafner J 1993 Phys. Rev. B 47 558

Bloéchl P E 1994 Phys. Rev. B 50 17953

Togo A, Oba F, Tanaka I 2008 Phys. Rev. B 78 134106
Menshikov A, Tarnkzi T, Krhn E 1975 Phys. Stat. Sol.
(a) 28 K85

Whl! M, Sandratskii L M, Kibler J 1995 J. Magn. Magn.
Mater. 140—144 225

Nakata Y 2003 Mater. Trans. 44 1706

Kunzler J V, Grandi T A, Schreiner W H, Pureur P,
Brandao D E 1980 J. Phys. Chem. Solids 41 1023
Ilyushin A S, Wallace W E 1976 J. Solid State Chem.
17 385

Dasgupta A, Horton J A, Liu C T 1984 High Temp.
Alloys: Theory Des. [Proc. Conf.] 115

Zunger A, Wei S H, Ferreira L. G, Bernard J E 1990
Phys. Rev. Lett. 65 353

Abrikosov I A, Simak S I, Johansson B 1997 Phys. Rewv.
B 56 9319

van de Walle A, Tiwary P, de Jong M, Olmsted D L,
Asta M, Dick A, Shin D, Wang Y, Chen L Q, Liu Z
K 2013 CALPHAD: Computer Coupling of Phase Dia-

grams and Thermochemistry 42 13


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://journals.aps.org/prb/abstract/10.1103/PhysRevB.74.184422
http://dx.doi.org/10.1103/PhysRevB.35.6940
http://www.ncbi.nlm.nih.gov/pubmed/9983569
http://www.ncbi.nlm.nih.gov/pubmed/9983569
http://dx.doi.org/10.1103/PhysRevB.50.668
http://dx.doi.org/10.1016/0304-8853(94)01586-4
http://dx.doi.org/10.1016/0304-8853(79)90173-2
http://dx.doi.org/10.1103/PhysRevLett.37.519
http://dx.doi.org/10.1103/PhysRevLett.37.519
http://dx.doi.org/10.1143/JPSJ.57.4225
http://dx.doi.org/10.1016/0304-8853(79)90174-4
http://dx.doi.org/10.1016/0304-8853(79)90174-4
http://dx.doi.org/10.1143/JPSJ.51.1799
http://dx.doi.org/10.1143/JPSJ.51.1799
http://dx.doi.org/10.1088/0305-4608/15/8/018
http://dx.doi.org/10.1088/0305-4608/15/8/018
http://dx.doi.org/10.1016/0304-8853(94)00671-7
http://dx.doi.org/10.1016/0921-4526(95)00203-L
http://dx.doi.org/10.1016/0921-4526(95)00203-L
http://www.sciencedirect.com/science/article/pii/S0921452698012733
http://dx.doi.org/10.1103/PhysRevB.81.064109
http://dx.doi.org/10.1103/PhysRevB.54.11169
http://dx.doi.org/10.1016/0927-0256(96)00008-0
http://journals.aps.org/prb/abstract/10.1103/PhysRevB.59.1758
http://dx.doi.org/10.1103/PhysRevLett.77.3865
http://dx.doi.org/10.1103/PhysRevLett.77.3865
http://dx.doi.org/10.1103/PhysRevB.47.558
http://dx.doi.org/10.1103/PhysRevB.50.17953
http://dx.doi.org/10.1103/PhysRevB.78.134106
http://dx.doi.org/10.1002/(ISSN)1521-396X
http://dx.doi.org/10.1002/(ISSN)1521-396X
http://dx.doi.org/10.1016/0304-8853(94)00672-5
http://dx.doi.org/10.1016/0304-8853(94)00672-5
http://dx.doi.org/10.2320/matertrans.44.1706
http://dx.doi.org/10.1016/0022-3697(80)90054-2
http://dx.doi.org/10.1016/S0022-4596(76)80007-2
http://dx.doi.org/10.1016/S0022-4596(76)80007-2
http://dx.doi.org/10.1103/PhysRevLett.65.353
http://dx.doi.org/10.1103/PhysRevLett.65.353
http://dx.doi.org/10.1103/PhysRevB.56.9319
http://dx.doi.org/10.1103/PhysRevB.56.9319
http://dx.doi.org/10.1016/j.calphad.2013.06.006
http://dx.doi.org/10.1016/j.calphad.2013.06.006

) I8 % 48 Acta Phys. Sin. Vol. 64, No. 14 (2015) 146301

Low energy phonon instabilities and magnetic
abnormalities in ordered crystalline state alloys of FezPt
at high pressure”

Cheng Tai-Min"" Zhang Long-Yan? Sun Teng? Zhang Xin-Xin" Zhu Lin? Li Lin?

1) (Department of Mathematics and Physics, Shenyang University of Chemical Technology, Shenyang 110142, China)
2) (College of Sciences, Northeastern University, Shenyang 110004, China)

( Received 25 December 2014; revised manuscript received 27 January 2015 )

Abstract

The ordered crystalline FesPt invar alloy is in a special magnetic critical state under which the lattice dynamic
stability of the system is extremely sensitive to the external pressure. Using projection augmented plane wave method
based on the density functional theory, we calculate the dependences of enthalpy and magnetism of different crystalline
alloys of FezPt on external pressure. The results reveal that the P4/mbm structure is thermodynamically stable under
pressures below 18.54 GPa. The total magnetic moments of Pm3m, I4/mmm and DOa structures decrease rapidly
and oscillate near the ferromagnetic collapse critical pressure. Furthermore in 14/mmm and DOa2 structures the atomic
magnetic moment of Fel reverses near the critical pressure. At a pressure of 43 GPa, the micro-ferrimagnetic property
in DO32 structure becomes apparently strengthened while its volume increases rapidly. The lattice dynamic calculation
shows that the spontaneous magnetization of the system in ferromagnetic states induces the softening of the transverse
acoustic phonon TA1(M) in the FesPt of Pm3m structure, and there exists a strong spontaneous volume magnetostriction
at pressures below 26.95 GPa. Especially, in the pressure range between the ferromagnetic collapse critical pressure 41.9
GPa and the magnetism completely disappearing pressure 57.25 GPa, the lattice dynamic stability is more sensitive to

the pressure. The pressure induces the stability of the phonon spectrum of the system at pressures above 57.25 GPa.

Keywords: ferromagnetic collapse critical pressure, soft mode phase transitions, first principles, crys-

talline invar alloy FesPt
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