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Fig. 1. Crystal structures of Co,NiGa alloy: (a) Austenitic
phase; (b) martensitic phase.
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Fig. 2. E of L2;- and XA-Co,NiGa alloys change with respect to 7, together with the trends of AEtfft'L-z of the four off-stoi-

chiometric alloys at equilibrium volume: (a) Ei; (b) AEX L.
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Table 1.

AE,,, and AE/, for respective site occupations of the ferromagnetic and non-spin-polarized XA-Co,,NijsGa,

Co,,NiGay g, Co; gNij ,Ga and Co,Ni; ,Gag g alloys, together with their theoretical values of the volume and y. in the ferro-

magnetic state.

Alloys Site occupancy AE,./mRy AEL, /mRy V/(A3-atom™) Mot/ M8
Coy(Nig 3Cop2)Ga 0 0 11.706 3.064

Co,,NijsGa
Coy(Nig sGag.2) (Gag sCog o) 5.395 5.568 11.801 3.356
Co,Ni(GaggCops) 0 0 11.630 3.488

Co,,NiGay g ) )

Coy(Nig 5C0.) (Gag sNig 9) 0.688 0.211 11.624 3.402
(Coy gNig 2)CoNiGa 0 0 11.700 2.539
Co(CoygNig»)NiGa 0.317 0.681 11.710 2.559

Co, gNi; ,Ga
(CoyGayg.2) CoNi(Gag gNig 2) 2.441 1.953 11.748 2.569
Clo(Coy sGag )Ni(Gag gNig o) 5.791 5.798 11.855 2.798
Co,Ni(GaggNig ) 0 0 11.607 3.167
Co,Ni; ,Gag g (CoygNij 2) CoNi(GaygCoy 9) -1.023 -0.617 11.648 3.253
Co(CoygNig»)Ni(Gag gCog o) ~0.717 ~0.153 11.615 3.255
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Fig. 3. Ey (in Ry) of L2;- and XA-Co,NiGa alloys change with respect to the tetragonal lattice ¢/a and ry: (a) L2;-Co,NiGa;

(b) XA-Co,NiGa.
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B XA-F L1,-Co,NiGa & £ 158 Y25 - —3. M
i PAW #4751 EMTO J5 45 ) Co,NiGa

BEPHEE VIERS R, —2 (BT Heusler
Ba BIMAARIRE Ty SHTEE (n=(c/a)/V,
e/a F Vil @24 R I AR AR ) B
2RI FR: Ty 38 W BE n 0938 0T 5, i1t
BT UG 4 n BERUT ARG R . gk 2 frd,
WA 4 n~25 e/a~z BB BEAIME. R
P Ty~n AR KR, A HXTT Coy ,NiGay ,,
Co, ,Niy,,Ga il CooNiy, ,Ga, , &4, M « )\ 03
gl 0.4, e/a Fl n AHEZEIN, HEERR Ty E,
flEHE MT (& A ; #8100, Co UL NifY, e/aFl n
YR 5 T o WA/, R Ty (B A B2
fiK, AFIF MT k.

fEF 2, 2 o N OHEE 0.4 B, PIA Ga A
A4S of a (HBWIEIN; Co BUAL Ni Al Ni Bt
Co BRI &4 ¢/ a (HIWBE = B9 3EIms A A%, 14 4
XF I % UL B 4 B AT o MR AE (3. Co Al
Ni 735 Ga YA R T L1y #H B, IIFHRTFEAR,
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VU7 fm A AR B

i (|c/a-1]) ZHIEI, KR FERY)

KA MT; 2811 Co HUAC Ni Al Ni Bt Co Wi [a]

TR T L1, FXT XA AT AR
J7 &SI K XA e/ a — 1|3

, ANFF Y
U

#2 XA-Coy,Ni;_,Ga,Coy, ,NiGa,_,,Co, ,Ni;,Ga

F1 CooNiy, ,Gay_, (0

<sz<04)%8

HEEM ef/a B

TR, LR L1y AIXSR AIARERRN ¢/ a B9 EMTO

AGEAES
Table 2.

The e/a, volume and electron density of

the XA-Co,,,Ni; ,Ga, Coy,,NiGa; ,, Co, ,Nij, ,Ga

and CoyNiy,,Ga; , (0

< z < 0.4) alloys, and the cor-

responding volume and ¢/a of L1, by EMTO calcula-

tions.
XA 1,

Alloys e/a

V/A3 n/A3 V/A3 c/a
Co,NiGa 7.0 11.706 0.598 11.629  1.260

11.65084  0.601682  11.55082  —
Coy NiggGa 6.9 11709  0.590  11.630 1.254
CoysNiggGa 6.8 11.706 0581  11.630 1.248
Coy3Nip,Ga 6.7 11.700 0.573 11.628  1.242
CopNiggGa 6.6 11.694  0.564  11.627 1.236
CopNiGage 7.6 11.661  0.652  11.579 1.282
Co,,NiGags 8.2 11.630  0.705  11.525 1.305
Coy3NiGay; 8.8 11.494 0.766 11.466  1.326
CopyNiGags 9.4 11.458  0.820  11.405 1.344
CoygNij;Ga 7.1 11.710 0.606 11.634 1.260
Co Nij,Ga 7.2 11700 0.615  11.635 1.263
Coy7Nij 3Ga 7.3 11.698 0.624 11.636  1.266
Co Nij,Ga 7.4 11.691  0.633  11.637 1.269
Co,Ni, ,Gagy 7.7 11.660  0.660 11580 1.284
CooNij,Gags 8.4 11.648 0721 11525 1.306
CooNiy 3Gag; 9.1 11.445 0.795 11.467 1.327
CooNi, ,Gags 9.8 11439 0857 11405 1.346

3.3 ®; B

K 6 Frx, XA-Co,NiGa

A4 Col(uca ),

ColIl( prcon ), Ni( pni) T AORERE B SR w0 5390
H1.51 up, 1.26 up, 0.14 ug M1 2.87 ug, H L1, 45
FI T BT REAE AT 9K 1.42 ug, 1.10 ug, 0.18 ug
2.64 pp, PIFRESH N B u, 25K PAW 37

E R

(3.05 g B2 F0 2,79 uph?) FeARW 4 .

AL, XA-F L1p-CooNiGa 15453 B o ¥ FEER YR
T Co JET I TTHR, Ni J X STRRE/NER 73, Ga
JEF LR A et fe sy, N A% & Ga i

T HITEFE.

w/ps

w/ps

v/ s

w/ s

6 PUZH AR Al o T A LA e A A% TR Y R AR L
Mot % xﬂgﬁi{t%% (a‘) COZ+.nNil .I‘Ga‘7 (b) C02+1N1Ga‘1 i

@ PAWB2(XA)
= PAWBT(L10)

———————8——-8——10
g—zs ~ A -~
R S e T ¢ S ¢

— 0
- B Lot @ [ICoGa

o- HNiCol
—@— [iCol HCoNi  Solid: XA
—@— fCont A UNi Empty: L1,

0 0.1 0.2 0.3 0.4
x
(c) —B ot —®— [LCoCa HNiCol
@ [iCol HCoNi  Solid: XA

—@— [iColl —A— HNi

Empty: L1,

(¢) Coy ,Nij, ,Ga; (d) CooNiy, ,Gay ,

Fig. 6. 2-dependence of the magnetic moments for each

atom in both phases and the g of the four off-stoichiomet-

ric alloys: (a) Coy,,Nij ,Ga; (b) Coy, NiGay 4; (c) Cog Nij,,

Ga; (d) CooNiy, ,Gay 4

TEE 6, &% XA BICIARR, % Co B8 Ni

ik IY o N0 I 0.4, PULLAEfL
A IR T BRI, T ANTE g0~

IR

X

A5 Ak A S B T RO R B B R 22 (R
MM 2ZEE. T Cod B A 4, T e
Ni( pcoy ) 3L Ga( pcog, ) JAT1E 1 Co JEFHERE
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WIRT S 7E4 B s B8 Ni(pni) 88 Ga(pea ) Ji T
fEE. B, BEE Co & &9, XA-Co,, Ni;_,Ga
1 Coy NiGay , B4 Mo, YIBWHEIN. 24 Ni Bt
Co B}, HHF & 7E Col ' A Ni JEFHEH (i )
INT pcor, T XA-Coy Niy, ,Ga 5 4 [ o Bz
FR3E T /N . XFF CooNiy,Gay , A4, it i hY
Ni J& ¥ 5 ¥E7E Col WAL E L, # A Co 5
TE Ga JFFHINLE [ pcot FI pnicy 2 AT HESN 1Y,
N ficos, > poor. FIL, 2L F P4 Co it &S
4, BEE Ni SRR, CooNiy,,Ga, , B 4aTE XA
B LA AE A o HLZHTHE N, B Co AT Ni 43 51 B
R Ga AMUEHE T H&4 MT &4, i HXHAR
Ui HLHEATHE .

XF LB FC AR RIS B AH & B, DU ARfb 2411 i
EU A 4 T A ) 45 D R i i 3 1) A Ak
EBFEA . TER— o &, WA R 1#E
HHZEAZ, FEEH S DR, (5 RIK
RAHBAHZEA KR, ATF ISR TS H A 0.32 up.
FKHEPIT CooNiGa fb2Fit & A 4, Co ol Ni
R G 4 KA MT B REEAR ST R KT
WEREAEA,, PRS2 77 AR B K A R A0

3.4 THHEEEH

XA-Co,NiGa FaEMFERTEREL (C)), Cp, Cy
), ZihtEsE (G E) i EMTO 5545
R 3y, X B, b T HAF S O A L2, 451
PEEZE RPEATXT L, g 28 Tixar 45 H
EMTO BUS(E. v W, A [2,-Co,NiGa 54 Oy,
Clo F1 Cyy WTHRZE S 5 SR [38) MR, 1T O
DR 230 T SCHik [39] FRAYSE SR, STk [38, 39) ¥R
S — ) PAW S kIF 454 GGA-PWIL
(Perdew-Wang 1991)10 Z2 4 SCHR Stk 173158, H
EATSASC=H BRI kSEEEBIARR, B
T FEURE I S R H RO A R Y 25 IR 45 B A

5 SR E AR, HAT R R 5 — PR R B
W2 ARVFIE BN, AL L2, 454, XA-Co,NiGa &
& Cy, C', G E¥J RN, 2 CE /b
B, AR T s 1R R TR Cy>| O,
Ci1+2C >0 Fl Cyy>0B0, BIRH T C 1< Chy, XA-
CooNiGa & &7 J12%¢ IR AT EN, HAHL L2)
SEA A Sy KR VLT iR AR T, RIITAE 0 K R
HARER L1, &AM,

B7 45 T A AR fb 2= 1T A 4 By Ui
WL Cyy 1 OBz AR OCR. XTF Coyy Nij ,Ga,
Co,, NiGa, , fll Co,Ni,, Ga, , & 4, BE#H = M
0 ¥EImE] 0.4, BAI1H Oy ¥IZEHIIN; FiE M Cl
B, WEWIE R N, X = A4
B~z B, B L1y MR B B 2 B934 0
RN, J5 Wi RS 2 W/, 228 55 1)
SRPE AL O W A S AR E PERE AL AR R G
FEE T EFEH. it NREEIS 22 MIE I,
Co FI Ni Bt Ga HFIT-H4: MT BKLE, T Co
B Ni i T MT g9 k4. XFF Coy Niy ,Ga
A4, B NI SR, Oy WA, C'EAE
AN, A A ST T AR RV REAE 2 R AN TR A
MHAERE R FIBORBAEE S Kk MT.

K 7(b) T L T PUALA 4 5 [OAAR Y
T B U SER R O, b 2 BAEfR G R . T, A4l
H4& C~r 5 C~a WX RAEEHR, YT
Coy, Ni, ,Ga & &K R, C ALK = 1Y 3G N 2
W, BERE Co BUL Ni A H T4 4 D IRIR %
A= DU AR AL BRI, S FCMARH A AR AR PR %
WA, A, Hofh =2H-A 410 O, B o B34 N
B, TR I A Ok A2 5 kA
VU7 AR AR RIEAT] S FOARAHAR XS T 57 7 A A AR
FEVER TR, K, RIS 4 o~ M O~
AR ZR, SIUER T Co BUX Ga 0 Ni i A i
#E CooNiGa &4 &4 MT, 1 Co AR Ni T30 il
TH4 MT MEAL.

# 3 L2;-M XA-Co,NiGa &4 AT IRIER B (O, Cla, Cu M C' = (Cyy — Cpy)/2). Z B YIS G Aty T

i E 1 EMTO A4 R 5 HIe S HE T b
Table 3.

Single crystal elastic constants (C}y, Cjy, Cy and C' = (O}, — C}5)/2), polycrystalline shear elastic modulus G and

Young’s modulus F of the L2;- and XA-Co,NiGa alloys calculated by EMTO are in comparison with the theoretical refer-

ence values.

Alloys Site occupancy Methods Ci,/GPa C15/GPa Cy,/GPa C'/GPa G/GPa E/GPa
EMTO 194.20 172.68 136.72 10.76 55.20 150.22
) L2, PAWES] 181 186 141 -2.5 52 139
Co,NiGa )
PAWE 166.96 150.50 111.25 8.23 49.44 134.15
XA EMTO 176.29 182.55 110.91 -3.13 28.56 81.40
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—a Cog4,Ni;_,Ga
-8 Coyy,NiGa;_,
126 A Cos_,Ni;,,Ga
£ ¥ CoyNiy;,Gay_y
@) (a)
\: 119
)
112 -
105 — L L L +— 150
—& Coy,;,.Ni;_,Ga, Solid: C”
-0 Coyy,NiGa;_,, Empty C
3 & Coz_,Nij4,Ga 1100
< - ColeHlGal P A <
ol a0
o 0 - 150 g
Q Q
—3} 10
JEY; 3 W L L L +— —50
0 0.1 0.2 0.3 0.4
xr
7 XA-Co,. Ni; ,Ga, Co,, NiGa, ,, Co, ,Ni,, Ga Fl

CoyNi,,Ga, , (0 < 7 < 04) FE&M Oy f OV R A E
4 DU A CLBE 2 7 XR  (a) Cus () C'and G,

Fig. 7. a-dependence of both Cy, and C' of the XA-Co,, ,Ni; ,
Ga, Co,,NiGa, ,, Coy Nij, Ga and CooNij, ,Ga; (0 < z <
0.4) alloys and C; of the four alloys with L1, phase: (a) Cy;
(b) C"and Ci.

WE, AR G/BIARAL v FIRPEIE (Cp=
Cly~Cyy) ARG B MR IE e 1. X G/B <
0.57, v > 1/3, Cp > 0 I}, &4 IEEPEER; A
Hi, LB ME. X AUH Coy,Nij_Ga (z=

42
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|
g 21
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<
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& 8
(d) Ga

XA-F L15-Co,NiGa & 4=

T HAHEE (DOS), Col Hl Coll, Ni, CGa JH T Fik DOS X k.

0.2, 0.3, 0.4) &4 2 1 2= Rae vk, ik — 20 ot
I8 T H 12k 6E. 24 o A 0.2 355 0.3, FE5 0.4
W, S48 G/BM 0.19 8% 0.21., #5)] 0.22;
v M\ 0.41 38/ 2 0.40, FiE] 0.39; Cp M 66.19 Jik/)s
F| 64.45, 1% 63.38 GPa, % Co HUY Ni i}, G/B
WG v A Cp AW, BT Co B Ni Bk
T A4 ke MT X T .

45

IETHEAHT R T XA L1-CooNiGa &
)BT A% (density of states, DOS) J H:
ST RIS B BT NipMnGa J45 4 12,
ZH CoyYZ FERILIRICAL & A AR E M i L 745
F ML FE 38 5 7T U3 T Jahn-Teller ASFRE PERK
N PLSL R AE 2R oK BB L F € T A DOS M2,
FRGERYAHRT RE B, R R AR . BRI, X
HEE 6 & TOKREH R ﬁﬁﬁf"ﬂ?ﬂ‘] DOS 43
DL, A 8(a) FiR, T XA 45K, HEm T
)45 DOS 7E 2% K BEIAL A7 AE— > B i e (AN iy
KPR, WAE L1y 2548 N izl R AR B, —&R 73
TR TIORGEHRLL L, 55— g3
PTORREH VLT, FEKBEHAE T E08 L, TE AL
T EA R, A R TR R R R i REAR,

3.5

Co,NiGa &l &4 LKA XA-L1y 1) MT.

42

(c)
T L
e M
2
g — XA-Co,NiGa SR
E 0 —— L1¢-CosNiGa
: 7%_’
8 a1}
- f
—42 s s
(d)

| L
: 3
+ L
g o
«E (o |
)
g -3t
a

_6 1 1

~0.3 —0.2 —0.1 0 0.1
Etot/Ry

(a) Tot; (b) Col and Coll; (c) Ni;

Fig. 8. Total electron density of states (DOS) and local DOS corresponding to Col and Coll, Ni, Ga atoms of XA- and L1;-Co,NiGa

alloys: (a) Tot; (b) Col and ColI; (c¢) Ni; (d) Ga.
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XJEE Col Fl ColI(E 8(b)) Ni([&l 8(c)) Al Ga J&
¥ (B 8(d)) AlEm T YR DOS, K3 XA 4544
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Kl 8(c) ik iR B4 TRRIEFRL, TE A T8
o W B % A B, L Col By 5k A6 B K8t Ga
JE - FE VU7 g A8 I b oK BRI € ] T 1Y
DOS WAFE— B/ N AR, /N 43 FLF M
RERAL SN B FORBEH VLT, SR TIAH L Col F1 Ni Ji
F, HEIGAEL . X+T Coll J&F, T7E-0.1 Ry
BiF 3T 19 DOS W (W& 8(b) #i sk BT 7n ) & AR B
SEEE T SRR, POKTE LA R Y
%, A W ILAE DY T AR T i B R R TR R A RRUE .
(K, AHXET XA #H, Col Al Ni J5i -1 2 K REZL T
VT A g T B DOS X L1, (e P s T HE/E
. dt—2, FATHENAE Co 1 Ni UL Ga 1944
. L1o AR XSRS M B8 5 AT RE SRR T Co Ml
Ni JEFTEPOK TR A BER T DOS B BTHR.

4 % @

AR —PEEIE EMTO-CPA &%
RS T UL Co Ml Ni i #:19 Co,NiGa fEIERIC
124 4 Coy ,Niy ,Ga, Coy,,NiGa, ,, Coy ,Nij,,
Ga Fll CoyNiy, ,Ga, , B FIREEH S i+ 547 . 5
TOPRARAE | W | 5P BRI L 1254 i B O 1) 28
TR S Y BRI, A 8505 | Co,NiGa 2
“IUAESm SRRt S B
R IT

1) MEA 4L o A 0 88 m3) 1, 48 KRE2HG
SRR EA XA FoEsit, Hid & Co
Ni JEFHIAEF 155 & r, RIS o P e A e 5
TR E, HF Co, ,Nip, ,Ga H4TE v > 0.68 it
HA L2 FaE 45k, B> Ni U Ga B, il
Ni JF i) 4l /e Col I, R R Co JE-F N 5
PETE Ga JR 7. b5 Co Fl Ni JEF X Fpfs
FE 5 FEZ A AT S, SRR OE R
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2) 7E0 < z < 045N, BEE =193,
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(LT B BE IR WA, X FPI4 Ga IEANE A4,
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Abstract

Using the first-principles exact muffin-tin orbital method combined with the coherent potential
approximation, the crystal structure and site occupation, martensitic transformation, magnetic moment and
elastic constant for each of Co, Ni;, ,Ga, Coy, NiGa, ,, Coy Ni;,,Ga and CoyNi;,,Ga; , (0 < z < 0.4) alloys
with Co and Ni excess at 0 K are systematically investigated. It is shown that most of the austenitic phases of
the alloys have XA stable structure, and the excess Co and Ni atoms occupy the insufficient atomic positions,
and it is inversely occupied only when Ni replaces Ga. With the increase of z, the total electron energy of L1,
relative to XA of only two Ga-insufficient alloys gradually decreases, for the former, the tetragonal shear elastic
constant gradually increases, but for the latter, it gradually decreases. It is indicated that the martensitic
transformation is promoted by the substitution of both Co and Ni for Ga in the energy and mechanics, and the
martensitic transformation temperature is expected to increase. The values of total magnetic moment (u.) of
the XA phase and L1, phase of each alloy are mainly contributed by Co atoms, but onlya relatively small
portion by Ni atoms. And the values of u, of two phases in the four alloys have the same relationship with =z,
and the difference between them with the same compositions is not more than about 0.32 up . The analyses of
electronic structure calculations show that the distributions of spin-down electronic density of states of Co and
Ni atoms near the Fermi energy level have contributed significantly to the stability of L1, relative to the XA
phase, which is attributed to the Jahn-Teller effect. The above results are expected to provide a theoretical

reference for the optimal design of the structure and properties of Co,NiGa-based ternary alloys.
Keywords: first principles calculations, site occupation, phase stability, Co,NiGa alloy
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