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a/A /ws /B /uB /BB
GaaMnCr 5.8179 4.12 1.56 2.34 0.08
GagFeCr 5.7581 3.09 0.48 2.44 0.08
GagCoCr 5.8158 2.94 0.20 2.58 0.08
GagNiCr 5.8225 2.42 -0.04 2.36 0.06
GagCuCr 5.9444 3.11 0.06 2.86 0.10
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kK B F Sahariah (f] 1+ 5 45 R B9, B3 (b) vl 40,
GaoNiCr ¥ BE & % AE B 5 c/a [ 2240 £ 1.11 &b
HE— AR /DE.  GaNiCr i 3K 5 /1 N
AFE = —6.14 méV 5 NiyMnGa ) AE(—7.26 meV)
A8 24, (HAH L NipMnGa (c/a = 1.22), FH AR E
c/a = LILfm/N. T AT N JE T 58 — R R BT
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1, XFF NigMnGa PO, Bifi % 00 B (0 B AR, %44 &
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o 300
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4 200
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W GapNiCr & & c¢/a = 1.11 [ AR 5 Xk LAk A
IRARAHAR, BARTE A R T AEAE S5 40 SR AR T )

f E GaoNiCr R A — A~ fe & & /D fH,
GasMnCr ] it & 2 AE i % c/a 178 4k 5 51l £
c/a = 1.11, 1.28 kb tH LA e B A /ME. oo
fEc/a = 1.11 4 & GaoMnCr 7F i 42 i 2 o 1) —
AN RS, W ALEc/a= 1.28 kb K RE & H K, A LA
GaoMnCr i [ T 1E c¢/a= 1.28 Ak FIFa g 25, X
MEIRBN J1 N AE = —8.26 meV E NigMnGa )
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PRAA AR AR R P AN 2 A, DAL T HE BT Ga MinCr 14 &
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TRATVHNTE, PR Ae G B I 1 7 5 )t 2 BURK
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HARAR (9K F ok H T Jahn-Teller W78 1381 Al
oK 4 B0 Rk, R WE AR AR A
25K B AR AAT Rt TR BE B BT R 2 = AR
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SRS, R T 2 8] At 2 R A AR, AT
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T2 e ST 7 AF 0 D 5 R 0 8 A 5 R S AN TR T IR 43
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AU AR BRI T 7 10 9K B 4 B A A U,
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THABER ET70.16 eV kb, HIFE 4 (a) 377 AHH
Oy A5 A AR AT, IR AN 3 EORE T M 71
A Cr J5 79 3d T2 [ 3R 2 d-d 444k, BE% c/a
(AR AL, X AU R AR, B AE ¢fa = 1.28 11
V077 FEa T F4H. SRATANTE, B ECAARAR AT T S (A A
2 Al RSB 22 AE 5 AT 2 6 (25 5 43 A
AR 7 TAIAFAE X B 2R, 3K S5 7 NigMny 4 ,Sny_, [40)
K 2 (R FEAS FTSZIGBIE 72 505 2 1 B0 N,
GaoMnCr & & [ 5 R i 2 FEA%. 5346, SLI7 AR
GaoMnCr H WEH) b1t 8 A 2 BEE AL T 3ok e b
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EAZ ) d-d J4 Ak 5 B 1 58

HH Bl 4 (¢) BT A1, 277 A GaoNiCr H g A (1)
BT HORAER 177 0.11 eV b AN 904,
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HL 2 [A) [ d-d 2% 4k mT 38 5 7 7 MR AR 1. A
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FE Dy ARG ¢/a = 1.25 4k S TESE % K, W40 1
B K5 Mo fICr J& B REHE A 5. GasMnCr i
REFAE0.95 < c/a < 11370 W #h £k it 25 1k
I Je R AL IR B W S, fEc/a = 1.2
S B /MA 4.09 pg, 2 TR/ R AR AN o B 3
U AR &R R B R AR S (a2)
Al A, 095 < c/a < 1I3REFE B9 4k 32 2 il Cr
BV HIBEES. 113 < ¢/a < 1.357T0HN
GaoMnCr [ BERE S8 INTE ¢ /a = 1.25 4b S 5E
B KAE 4.22 pp SR IZ T BEAR, 0 0Y 77 AH 8 &
i (c/a = 1.28) I, WiHi A 4.21 pp. HE S (ad) 7]
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113 < ¢/a < 1.25 BEFE RIS 2252 i Mn i+
IR AL E 0, 1M 1.25 < ¢/a < 1.35 MG
()T B2 Cr Ji - B MG FE AR A i 5 v g 1. fE
DY 5 W5 A () o A% o 5 B R AR AR S LS R
b —E. B 4 (a) AT R0 5 A Cr R 7 B4y
AE AL AR 7 MAEEAN —0.74 eV A 1.01 eV
Wb AR AN, W AR 2 S AE Y 5 A e AT A AL T
0.38 eV F1 1.7 eV &b, 4l 4 (b) Frow; J5fultth, Cr R
T3 A BEAE H R A R 77 1) 1.15 eV 12,78 eV
M ANE, BT R T m RS, xR
AE R AR I A2 Cr JR 711 3d FL AR S RE RS 2 N
(RS o U Sl 16 T s o =3 R N S o
Cr JE -1 1 B 0 i 2 W AR 2 R AR (WA sk /N ) 1)
s B 4 () FERATAT 152 75 A Mn (1752 FEAE

HiER T 7 A REEN —0.29 eV F10.16 eV Ab [ 1E
Wi AR IS 2 AR B 2 o 4 T3, DT ASE FL - AE
H I Ir) R 7 [ (1) 40 AT R AR 2038 TS24 M (3
25 FEAE F W 1) b7 [ B g AE My AR AR AT = e R X
WA 5). Mn &% AR Mo E 1 H
JE ) B AR R 2 (8 3d HL A A 2 3G OK, B DALAE
W A% HH M G FE AR IR T A, fE AR ) FE
. GagMnCr H Cr A1 Mn J& - ) REFE 43 51 52— Ik
— IR, A FE GagMnCr 1) S 1R
c/a =115 bFH e/ MA (4.09 pp). A, GagMnCr
B Cr A Mun i BB 53 0] 52— el — 34 i AR 10
ALK H Mn 51 1) Cr JR 738, 25 B
BT AT 5, 7R AR i FE Hh GapMnCr SR AS AL A
I, DU 7 FH BREHRE L ST 7 A B R K 2.18%.

L (a)

33L () @
I 0@
o
30 00°
o7l w
24F (b1)
2.75 "y
Cr A
L AAAN
L 264) A
S 2ssf
o I
B ooyl
I (b2)
231k
04F Ni
0""
02f /
of (b3)
1 1 1 1 1
09 10 11 12 13 14

4.224
4180  Total ﬁo
. Q
4.136 |- ) %
I gnnx%g >
4.002 |- (al)
230  AMMAMAL
A -
g 25F AMMAMAMA
< L Cr AN
® 220t A
k= L A
2.15 |- .0
1.826 F
Mn W
1.743 L
I '0“
1.660 |- of
1.577 -— W I I (a3)
0.9 1.0 1.1 1.2 13 1.4
c/a

5 (a) GaxMnCr [ BLIE &5 TRISES c/a %R, (al) MEBESEL o/a W%, (a2) CrifELS c/a XA,
(a3) Mn BERE 5 ¢/a 9% %; (b) GaoNiCr AR RS TR 5 ¢/a %R, (bl) BRIES ¢/a %R, (b2) Cr

WS c/a IR AR, (b3) NilliHH 5 c/a FIRAR

GaoNiCr G 0 5 GapMnCr A Eb, AR
AR E. HE S (b1) AT AL 7 c/a < 1JaHIH
(FE4f c 1), GagNiCr [ HIFEBEEE c/a B3 K2
FRIBI T, 76 c/a = 1 3277 A GaoNiCr FIRERE 5%
/IN2.41 pp; He/a > 1(hifd c ) B, GagNiCr 1I#
FEBEE c/a 3G R B IE G, 78 D477 A e 2 i (K A
c/a = 111 AbHER A 2.62 pp. HE 5 (b2) ATl Cr
JR 7 W FE B ¢/ a W A2 AN 35 5 S B 1R AR A 3
FEARA, 3 1 BH LE DU 7 AR i A2 o, Cr J5 5 I A
WHRTE T GagNiCr S BEFERIAZ L. BEAh, Ni J7 11
ikt c/a AR5 SREFH AN Cr iR ¥ R65E fr)& 35 2
— 2. B S5 (b2) 7 K1 GaoNiCr & & 1 i Cr Ji7
THESE (c/a > 1) B4 FS 2 5 U8 36 19 1, 1 7E
GasMnCr & 5 Cr J& T HiSE (c/a > 1) R B#T

HE k. IWE 4 (¢) FTAISL M Cr 50 5% %
1EEBER LT BE RN —1.40 eV Ak K IE 1 iy A8
FOORE 2 JRAR, [FIET 97 oK BE AL (W 1 R RE LB
3l); Cr 15373 % FEAE Bl W T 7 A 2 oK fe 4 b i
gt AE B RE X A 5. AEMS AR (R RE A, Cr JR T
53 255 P B A AT AR e ) bR B i ] R 2 T
() 3d HL T o0 AT 228K, R Cr iSE (c/a > 1) A
e 3ot BRI IE ), HAEc/a = 1 A F/ME.
i DA 24T AT %0, GagNiCr PU 05 FH SRR L Sz 5
FHB K 8.71%.

3.5 Ga,MnCr fl Ga,FeCr BIE Fikohis

FAT 5y [RARAH A4S (1) Heusler & 4 (1 32 J7 BEAH
ity R ARRRR, W7 2 R R E, X
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R 7R R & RS, ol ik
FAK R 1B T R 4 8 Heusler & 45 10 45 1) 2 75
R, SR ik b B A0 B A R 2 R R
AU Ha 7 Heusler & 47 L2, I 451
ARE 5K TG A VI R P2 i #eK
AR AT T AR R B S R AR . 8 TR
B, WAV AHE T BB AR K] GagMnCr Al
ToAHAZ 1) GagFeCr I MR R0 FHRBN1E,
K6 (a) F1 (D) Frax. HIPE 6 (a) AT, A8 % R 3h v
EL W, X > WHX - GJjhHBLEM, X

Ak, X5 TH ST U 5 i 42 A GaoMnCr I g
A — . 75T AL I 15 Y 7E Heusler & 42
NipMnX (X = Al, Ga, In, Ge) [**l 225 1.2,
2RI NipgMnX 75 1 14 75 2 SO AE [110] J7 19
A IR A, BIFE RO AR R, SR BT AT AN,
L2, 451 GaoMnCr 2 EFa s, KB FIR3) 1 A7
TE M, Rk GaoMnCr 45 1T A& A77E DU J7 4% (1) 1
RARAAE. TMAER 6 (b) H GagFeCr 17 T 1A F
FEHEAN, Ui W] GagFeCr 7£ L2, S5 HPRES T RFEE
(¥, NAETE S IRMAHAE.

Wi/ THz
S = N W kR OO N 00 ©
T

=

S

Q

=L \
g_______ X -
=

K6 L2; M1 GaaMnCr(a) fil GagFeCr (b) [ F k).

T GapMnCr [ L2, 52 ERTE, &R E Mm%
8
7
6
Z
N 3
g oo
@ 1
X o0
—1
—2
-3
—4
4 %

iz 3 T 9 FE v R BRI 5 — 1 R B O
K CASTEP #i3ext L2 B Heusler &4 Gao X Cr
(X = Mn, Fe, Co, Ni, Cu) i i A5 k. 10 J7 Wy
ARG BTSSR PR ISR AT T UL e
T RT3 DL R 4518 fEDY 7R, 1)
Gay XCr (X = Fe, Co, Cu) WIS (¢/a = 1) 2
FOER, DEAED RIEAEAE; 2) X T GagMnCr il
GaoNiCr, —#H 991 c/a = 1.28 F11.11 &b AFAE—
ANREM DY 5, AR 2 AE 7358 —8.26 meV
M —6.14 meV; 3) GaoMnCr & i 5 1 Cr i ¥ A
Mn JE T3 FE$R AL, 1M GapNiCr o Bi 48 7 32 2 51wk
H R Cr i, £V 7 WA AR, 3 IR 43 5l
BINT 2.18% A18.71%; 4) GapMnCr 75 Fili /7 1E
REA, R GaoMnCr 2 JEFRAS, FAE D IRAEAAE )
A RE.
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Abstract

In Gagz-based Heusler alloys Gaa XCr (X = Mn, Fe, Co, Ni, Cu) the tetragonal distortion, electronic structure,
magnetism and phonon dispersion have been studied by first-principles calculations based on the density functional
theory. The volume-conserving tetragonal distortions of the cubic GaxXCr show that Cr atom makes the greatest
contribution to the total magnetic moment. No martensitic transformation has been found in GazFeCr, GaxCoCr and
GazCuCr. For both GaaMnCr and GasNiCr, the tetragonal phase is lower in energy as compared with the cubic phase.
GasMnCr and GazNiCr have the lowest total energy at ¢/a = 1.28 and 1.11, respectively. Correspondingly, the energy
difference AE between the cubic and the tetragonal phase is —8.26 meV in GaoMnCr and —6.14 meV in GagNiCr. For
GazMnCr and GazNiCr, calculations of electronic structure and phonon dispersion reveal that a sharp peak near the
Fermi level will lead to a structural instability by increasing the energy of the system, which can result in a broadening
in the energy range due to hybridizations between 3d electrons as well as the potential structural transformation. With
proper ¢/a and AE a potential tetragonal martensitic transformation can be expected in GazMnCr, the phonon dispersion

of which further shows that the acoustic modes tend to be softened.

Keywords: Heusler alloys, ferromagnetic martensitic transformation, first-principles calculations
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