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First-principles study on Pd-based Heusler alloy
Pd,CrGa and Pd,FeGa
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Abstract: Based on genetic algorithm, the structures of Pd-based Heusler alloy Pd,MnSn, Pd,CrGa and Pd,FeGa were
forecasted. The tetragonal distortion, magnetic, DOS elastic constants and phonon dispersion spectra of Pd,CrGa and
Pd,FeGa were calculated by first-principles calculation based on DFT with projector augmented wave pseudopotential
(PAW). At last, based on the result of Helmholtz free-energy, the phase transition temperatures of Pd,CrGa and Pd,FeGa
were predicted. The crystal structure prediction shows that Pd,MnSn is L2, cubic structure, but Pd,CrGa and Pd,FeGa are
tetragonal structures at 0 K. The tetragonal distortion analysis show that there are local minimums total energy at c/a<<
1.0 and ¢/a>1.0, which correspond to stable martensitic phases. Pd,MGa (M=Cr, Fe) are ferromagnetic in these two
postures, and M (M=Cer, Fe) is the main magnetic contribution to its alloys, respectively. The elastic constants of Pd,CrGa,
Pd,FeGa show that, cubic structure doesn’t satisfy stability conditions, but tetragonal structure satisfy the stability
conditions at c/a~1.24 and c¢/a=1.30, respectively. Based on the results of Helmholtz free-energy, the phase transition
temperatures of Pd,CrGa and Pd,FeGa tetragonal structure transferring to cubic structure are about 350 K and 130 K,
respectively.
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Fig. 1 Crystal structure of Heusler alloy
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Fig. 2 Crystal structure of Pd;MGa(M=Cr, Fe): (a) L2; (b) Tetragonal
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Table 1 Lattice constants of Pd,MnSn and Pd,MGa(M=Cr,
Fe)

L2, structure NM structure

Compound  Method
a=b=c/A a=b/A c/A
USPEX 6.418 - -
VASP 6.426 - -
Pd,MnSn
Ref.[22] 6.381 - -
Ref.[23] 6.428 - -
USPEX - 5.766  7.206
VASP 6.211 - -
Pd,CrGa
Ref.[23] 6.134 - -
Ref.[24] - 5.620  7.306
USPEX - 5.615 7.362
Pd,FeGa
VASP 6.146 - -

5T USPEX Flll4h R, ASCEH 07 Pd,CrGa
M1 Pd,FeGa 1) L2, 5L, JFRH B BEr A 7 200
Pd,MnSn. Pd,CrGa Fll Pd,FeGa /it 81T i A% A4k o
R RE T, T8I — R R RURT 8 1 (14U
G DMfE L S MRS e, b SRAR A7 T S5k
ks L SERPT3R 1.

EBP’s J5 k22U H i N AMIFSY Heusler 54
G XA ) Pd,CrGa Fl Pd,FeGa 17
Ji G5 VY 5 A8, AR TR R T AR R AR, AR
el 3 s

2014 44
40
=— Pd,CrGa
201t o— Pd,FeGa
il
S -20
_40 L
-60

08 09 10 11 12 13 14
cla
3 Pd % Heusler &4 Pd,CrGa Fl Pd,FeGa R FRANZR IR B
ReZECHHXT T~ L2, 4549) 5 co/a MG R
Fig. 3  Total-energy difference (E£—FE;) dependence of
Pd,CrGa and Pd,FeGa on variation of ¢/a at constant volume
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WU A8 Rl fih, Pd,CrGa. Pd,FeGa fE ¢/a<<1.0
Hl cla>1.0 4bF5 IS RE M) JRIR /M, BB,
JA R, 1% 5 NipMnGa [#1P0 J57 48 1 2k 2S5 A
Bl Pd,CrGa. Pd,FeGa f£ c/a>1.0 BV Jy &5 5 K
A B cla=1.24 FT c/a=1.30 4, ST
USPEX Tl {1 45 AW 45 . Pd,CrGa. Pd,FeGa [)iX
FiPE R URE EA1E c/a> 1.0 &b IR FINM) P 5
SERIR)E AR, X PP A AR TR Pd,CrGa.
Pd,FeGa 1] BEAEAE S FOARAHAS, HATH w1 N AT
RNME-

22 HIMMEEE

Pd,CrGa. Pd,FeGa 1] L2, 454 H1 NM U J7 €544 1)
WEREVH S RT3 2. R 2 AT, Gigsed L2, or
J7 5K NM YT 8544 Pdy,CrGa. Pd,FeGa ¥ 2 4%

F 2 PdyCrGa. Pd,FeGa (¥ ERERFI A R 10 Rl i
Table 2 Total and local magnetic moments of Pd,CrGa,
Pd,FeGa

Magnetic moment/up

Compound  Structure
Pd M(M=Cr,Fe) Ga Total

L2, 0.119 3.393 —0.046 3.585

Pd2CrGa NM
(cla=1.24) 0.154 3.374 —0.037 3.646
L2, 0.080 3.048 —0.040 3.168

szFeGa NM
(cla=1.30) 0.133 2.976 —0.068 3.174
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Fig. 4 Calculated spin-projected DOS plots for Pd,CrGa and Pd,FeGa: (a) Pd,CrGa L2, structure; (b) Pd,CrGa NM tetragonal
structure; (c) Pd,FeGa L2, structure; (d) Pd,FeGa NM tetragonal structure
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Table 3 Calculated bulk modulus and elastic constant for Pd,CrGa,
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Compound Structure
Cl 1 C12 C13 C33 C44 C66 B
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Pd,CrGa
NM (c/a=1.24) 218.07 70.89 124.36 184.99 75.53 23.74 140.04
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Fig. 5 Phonon dispersion curves of Pd,CrGa: (a) Phonon dispersion curves for Pd,CrGa L2, structure; (b) Calculated phonon DOS
for Pd,CrGa L2, structure; (¢) Phonon dispersion curves for Pd,CrGa NM tetragonal structure; (d) Calculated phonon DOS for
Pd,CrGa NM tetragonal structure
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