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B—M BB half-Heusler &% VLiBi
MCrLiBif¥ & B Ekmim™

gimt W FEEZE IEHE AXEFE

(RIS H T TR B, W 571158)
(2018 4F 6 7 9 HIH; 2018 4 8 [ 20 HUKFIME 5k )

Pt X & — Rl % 4 )8 0 R 1) half-Heusler & 4 VLiBi Al CrLiBi. R 28— JE B 1) 4 34 BE 28 1 4%
J0FTH9% 77 ¥ 1 H 5 half-Heusler &4 VLiBi # CrLiBi T 4544, 11545 RE M, VLIBi Al CrLiBi &% &8
PEERREAR, S A2 42 SR B B 0.25 oV A10.46 eV, ML A B 49 09 3.00 g F14.00 pp. Rk THESE
R, ISR SRR T VM Cr i SR T RERE, Li A Bi B9 R TR RS, 1 H Bi B R TR e U
FFH P 89373 07 3253t S e 1 S BLIRLE T, VLiBi Al CrLiBi 1 & BLIE S (To) A5 545 23 %)~ 1401 K A1
1551 K. i i k% 5 50E £10% HIEH P Ak, 2 51THE VLB A CrLiBi (458, THERF 70 R A, S £
7 —5.6%—10% 1 —6.9%—10% [F170 FE 4 224k IsF VLiBi A CrLiBi {75 B A -4 @ 1k, I B & R S i s fa 2 T
3.00 pp F14.00 pp. KR L (LDA)+U (FT S H BAE I (1977775 VLiBi M1 CrLiBi [ HL 1
SER, MU AR K F 5 eV B VLB Al CrLiBi AR FE & @tk thak, SR E 5 e - YU & (spin-orbit
coupling, SOC) R FIT™ B EEIL L (GGA)+SOC J7ik1H 5 VLiBi #1 CrLiBi FIH F45#, M HERERE
RIS B RE AR A 5 2 oK BB 2R, b VLiBi Al CrLiBi 78 2 K 10 AL 1 B e AL 2> 1) N 98.8% Fll 94.3%,
EATTI R R 43 AR 3.03 wp A1 4.04 pp. VLiBi 24 @ JLF- A5 SOC &b [ g2, 1M CrLiBi 76 9%
KA A 5 i 1) B el A 26

X2 Fe)m, BoVEERE, Tk, SR

PACS: 75.50.Cc, 71.15.Mb, 71.20.-b, 71.55.Ak DOI: 10.7498/aps.67.20181129

15 =

4 B 1 Bk WA AR (half-metallic ferromagnet)
&~ B e J7 A i HL R A A & @ PR o —
AN B B J7 0] B L R B A R 6 R I I G A
B BT TS M I A A E AT AE ORI
b i) H JiE B A6 ZE (spin polarization) 5 100%. F
% JB iR/ de Groot %5 [ 7E 1983 4F 11 5 half-
Heusler & 4 NiMnSb (C1, 45 #4) B L+ fe 5 45 14
IE ORI, 25, TR B R I
P AL 4 23] half-Heusler & 4z [45], full-Heusler
4 =81, U 4 )8 5 R0 FBR IR TG 2 A4 LI A

« [ERAARRIEEE S (HHES: 11364014) IR
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B AL E 1L 55 (rock salt) 51L&
Py 21810 5 B 45 4 1) StoCrReOg ML XU It
4 4 CosoFeas_,Mn,Si 5], 5 ELH 7 + 45 E L4
Lag.7Sro.sMnO3 U617 S B g @i, 48
(half metal) #% I\ 9 & Hl4E T — o ¥ & —
H JiE BT~ 2248 1 (spintronic device) 41 H gL JE 2%
(spin filter). H i€ ~ & (spin diode) I H it =%
% (spin transistor) FIEEAR [ evE A# R} [18)

AH EC BT HoAth 45 440 1) e JB AL R, 2 )@ 1t
half-Heusler & 4 B A LA R R E: 1) B AR
T LR Te (W NiMnSb ) Te b 728 K 1),
2) EATH A% AR 5 Tz R ) o6 AR A R
(41 ZnS, InSb Fl GaAs) I A% 4 A AL (7] 2 25 1a]
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B F43m), AT & E G & o SRR
FANEA K (BE B ) ST AT R e
TEEdR . BRIk, i+ LAk 4 )8 £ half-Heusler
MR R GERAATTIZ RE. BT
P i 1) B 45 0 1 5 R B, half-Heusler & 4
NiCrZ (Z = P, Se fil Te) ?°], NiVAs ?!l, CoCrP Al
CoCrAs ", FeCrSb #l FeMnSb *2, CoMnX (X=
P, As F1Sb) ?3], CoCrTe Fl CoCrSb >4 j& 2 4 J&
PEERREAR. Lin %5 22 () o 7 25 W 1F 5 & P16 Fh Te
A half-Heusler & & R AL & B %M. LR
A 1 2E 4 8 M half-Heusler & 4 #1 & A A0 o U
&IRICEK, HEEERMAZ, 2011 4F Chen %5 P9 R B
T i 48 ot & 1 half-Heusler & 4 GeKCa 1
SnKCa th BG4 @tk X —F 545 R 51 K A
FRZ 2 4 )8 M4 half-Heusler & 4 ) 7T 245,
WA A, BATIE AR T RE —FfidESE
JGE ) half-Heusler & 4 B A -4 )@ MR 7 ikiE,
BRI, AR SCEU ) T3 05 TH AR R A L.

A ERSH — ML 48 ot & 1 half-
Heusler & 4 VLiBi 1 CrLiBi (= [d] #f 8 F43m).
DI R N o = PR S o ) I S T4
(full-potential linearized augmented plane wave,
FP LAPW)J5i%, tHE €A 7454, B 58
HL T &% ¥ (density of states, DOS) f& s &5 1) Fl
% S TN S o W S R R A o

2 mREMER 5 E %

KL WE —F &8 ——C1, 45 ¥ Heusler
(half-Heusler) & 4 NiMnSb ] di i 25 44 (¥ WL IS HL
f VR 45 W B 22 ICSD-643108) #49 % half-Heusler
£ 4 VLiBi M1 CrLiBi i) fn {45 #4). Half-Heusler &
G 1) 8 A% &5 H 2 H 3N IR A0 7 5 45 #E B 1 T
R, A RN FA3m (25 1M #E 9% 5 No. 216).
FE i AE 22 1) half-Heusler & 4> VLiBi Al CrLiBi §h %
W, 5 5T 1) Wyckoff 73 BAk b A B 3l &: V(Cr)
4¢(1/4, 1/4, 1/4), Li 4a(0, 0, 0), Bi 4b(1/2, 1/2,
1/2). H=E g5 EanE 1 prr.

K F WIEN2k 27 2 5 40, i1 % half-Heusler &
4> VLiBi Ml CrLiBi i) i1 25 #4.  WIEN2k 1} H 2
PR T BT RS N FP__LAPW
ik, & H T Re B i v TSI ERR T 2
—. %5 R R (muffin-tin) A5 4 54K 5

Gy NN AR X 3 R ER XCF R B S ] X 7R
JEF BRI P, HLAT 5 55 43 A A1 3% R R 5 B A 1 RA)
BROGRR M, S R 5L 4% 1) R ORI RO R 2

s FERI R B X, BT AR R P 2%,
TR BCR PR EARR. fEHRTEN
THE A BT A - SR BE A OR FH Perdew 25 1281 2
W) SO BE 3B (generalized gradient approxi-
mation, GGA) ) PBE96 77K ALEE. Cr, V, Li fl
Bi R R BRI 2.2, 2.2, 1.7 F12.5 a.u.
(au NRFHAL, 1 au = 0.0529177 nm). K
53 R FH VG T A PO A 2%, 28— A1 FL I X e st IO A B
12 x 12 x 12. W S HH Ryt X Kiax = 8.5,
Ryt =& i /NERERSE I T BRPAR, K s A2 T T JE
X KRR TR, BT R UCSIOoRs
1.0 x 107 e/cell (HXHLA7 I SAPRIEE).

K1 Half-Heusler &4 VLiBi [ 5 A 45
Fig. 1. Crystal structure of the half-Heusler alloy VLiBi.

3 LR

3.1 Half-Heusler &% VLiBi 1 CrLiBi
HFEEEM

HUBR R « S R G AR AT AE H EAR AL (non spin-
polarized) #H AL B, TF & A A [ &6 4% 5% 20N half-
Heusler & 4> VLiBi Al CrLiBi f) /i il S B & % T
SR RETC ., ML) SR BB R 1) KR R
AH 2R i B B A B (supercell), - H ¥ 79 AH 48 i
JfL FR OGS R SR B AN SE A R 2) K
P A — A T i R BT R T TR SR A 5 )
T, 1 PR B PN A B R BT R RS S i
T B BE BN RPAT. Wi A 4 i IS R B
B H AR A 2 FroR. FE B 2 R AT Sk
WEAIFNAE B e AL A, VLiBi 1 CrLiBi i 8k i A Bt
B REE h2R R B AR IR, EATT TAlE EOR R
THE 45 45 5] VLIBi M1 CrLiBi i ~F 47 & 48 5 % 2>
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o~ 0.646 nm F10.650 nm. $ERATH I, H BT
o4 i half-Heusler &4 VLiBi 1 CrLiBi [ %R
8, %A Sk A S80S BRI S
iz

H e AL v A T i A S AR S 1) VLB Al

o

CrLiBi ML T 450, Hatw & W B 3 R, 1E
VLiBi #1 CLiBi H Ji€ [7 | 1) B & 47 (K13 (a)
T T T T T T T T
—45076.53- (a) —A— Ferromagnetic
i —O— Antiferromagnetic
—45076.56 - A. —— Non spin-polarized |
= I hd |
£ —45076.59 X\ / E
K] F [ ] [ ) 1
£ —45076.62 \\ /o/ A
& I .\.o S O/A/
B —45076.65| \ ) » A N
- 45076.68 - A Q\g. o’O;A/
g@ B 1 \A \C’f"o’c’;/A |
—45076.71} \A\ /1 e
I PV
—45076.74} E
0.55 0.60 0.65 0.70  0.75
A /nm

K2 VLiBi Ml CrLiBi HUBkBIAR S BRREAR TN B R A AR D s LA e B s i AR A

fE&E/(Ry/formula unit)

K3 (c)) i, e Fid HRBEH B (L T0 eV
AbREZR), DAL, B e E b7 1 T BE A R AT

J& M. M fE VLiBi A1 CLiBi H g [ K # 7 R HF
ghH (B3 (b) FE 3 () H, fERKREH b H A —
AR SRR, I B OKRE AL T Bl 2
W R Re T e S (AES)R) YR, BTLL, half-

He iy x&
Heusler &4 VLiBi 1 CLiBi 24 J&. /£ A e T

—45279.66 ——

T T T T T T

L (b) —A— Ferromagnetic
—45279.69 |- —O— Antiferromagnetic |

L —— Non spin-polarized
—45279.72 - i

e e

\ %

—45279.75 ., i

- ~o-oo"
—45279.78} o\ i
—45279.81 1 Q o

AN /

I \O /O/O
—45279.84 - ~0~g-0-9 m

r A /A/A
—45279.87 - \& A i

L A A
—45279.90 L L t - + L

0.57 0.60 0.63 0.66 0.69 0.72
FE AL/ nm

(a) VLiBi; (b) CrLiBi

Fig. 2. Calculated total energies of ferromagnetic, antiferromagnetic and non spin-polazied phases as functions of
the lattice constant for VLiBi and CrLiBi: (a) VLiBi; (b) CrLiBi.

5 5
N ] ] F \

4 T — Y \ —| 4
3\ k_/ _- L ] 3
2k T 1 = ———
M1%77 1 = -
(I s I S R e e [ ¥ ) U N —_l..Jo &
_1 C 1.1
oL | i:;;7’ ~§::_/i y
-3k ; T/_ B <;' _3
Sl i —11-
o 1 T )

_5 -5
w L A r A X WK W L A r A x W K
5 5
4 -_& _/.\_- A
3 \ ds
o [ 1=,
> i ] >
© r 4 3
I 0} -</- —e---- 0 I#
& 1.,
5 =
-2 - -2
_3 :7 §< -3
—4 __\ — —4
s (c) 1«

w L A r A X W K w L A r A X W K
K3 VLiBi fil CrLiBi AETT 45 (a) VLiBi, EiEr L; (b) VLiBi, BEH F; (c) CrLiBi, Hi€r I-; (d) CrLiBi, H

W& SKEed Br (KFELR) AT 0 eV

Fig. 3. Band structure of VLiBi and CrLiBi: (a) VLiBi, spin-up; (b) VLiBi, spin-down; (c) CrLiBi, spin-up;
(d) CrLiBi, spin-down. The Fermi level E (horizontal dotted line) is located at 0 eV.
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ffEH &, VLB F1 CLiBi 1 5 45 I #R A T 55 — A
B IX AT FR A X, AN AL T XAk L. B 44
H 7 VLiBi #1 CrLiBi fJ 2 DOS L & V, Cr A1 Bi
JR T3 By 3 S % ¥ (partial density of states,
PDOS). 1T Li J& 5 1£ 9% oK e 9 Bt il (1 35 % &
RN, RIEEAH S H. 752 E4(a) Biw FIV-d
PDOS 73 A s, 7] BAIG £ H 7 #) VLiBi 1) V-d 7
AAE —0.4 81 1.7 eV 453746 B b m _EATE g T
PDOS I, V-d B FZ&X A~ PDOS &R T K
LB R (exchange splitting). HT 52 V-d H T35
(A H B LR R, oK Re B3 B Jigm) T (1)
G et O N[ PR | /35 A N = Bl 1 O
Rer S BRIX (WL 3 (b)). 5 VLiBi (5 AL, Cr-
LiBi ff] Cr-d L 7476 —1.2 /1.8 eV 2b IR T
JiEm] BT A gl T AR SR (WL 4 (b)), Cr-d &
M ¥ ¥ 5 Bi-p £ HL T AH BAE B BT oK BE R AL T
FE E ) R e T R (LI 3 (d)). FER 4 PR i)

H i€ 4] T 1 DOS 73 41 & 7, VLiBi A1 CrLiBi # 4y
W T4 AL T —1.07 eV F —0.89 eV, T i 43 5l
fi7F0.25 eV F10.46 eV. K, VLiBi #l CrLiBi ¥
Y& JE B (half-metallic gap, B: 7E¥&EIIIEE
JERE A TR oK BE A 5 PR R 2 T IR
XA R b B ) 230N 0.25 eV 0,46 eV,
Ak 4 8 RE A 7 B2 il A2 1.32 eV AT 1.35 eV (F1] T
x1H).

# 1 Half-Heusler & 4 VLiBi #1 CrLiBi f T4 & k& % %1

(a0)AEE IR (Eg) AEEIRM (Brwg)

Table 1. Calculated equilibrium lattice constant (ag),

non-metal band gap (Eg) and half-metallic gap (Enmg)
of the half-Heusler alloys VLiBi and CrLiBi.

~ AT F&)E P4 BB
= é AL - 4
WA ap/nm R Eg/eV Eumg/eV
VLiBi 0.646 1.32 0.25
CrLiBi 0.650 1.35 0.46

8T I p 8
6 (a) ‘ Total (b) Total ] 6
af e & /\\J/\ | 4
2r 92
of j M 0
L W ‘ \\./\/\A/\N M | s
4r \ v | 14
6 il ~ 16
2 1 L 1 L : L 1 L 1 1 1 ‘I 1 L 1 8
4k ‘ —vd ‘ Cr-d -6
Tk 43 7
I _//\ M | ] 2
z 0 — ~va —— 0 >
o \ ‘ 1, ©
A 1+ ] a
L 12
2 | \ i
] 3
L . . -4 4
1% [ B ! L I I I I I 100
10+ \ Bip \ Bip 06
0.5 ‘ ‘ —10.3
0 \ T \ A
0.5 \/—\\\/ ‘ —10.3
1.0 ‘ —10.6
15 L oy [ N | I I 0.9
' —4 -2 0 2 4 —4 -2 0 2 4
A /eV fEs/eV

4 VLiBi A CrLiBi #) DOS 4 ii K& 4% Ji -1 3 % PDOS 4345 (¥ KAEAI T 0 eV)  (a) VLiBi; (b) CrLiBi
Fig. 4. DOS of VLiBi and CrLiBi, and PDOSs of V, Cr and Bi: (a) VLiBi; (b) CrLiBi. The Fermi level is located at 0 V.

3.2 Half-Heusler 8% VLiBi#f1CrLiBi
RORE M
Xt VLiBi A1 CrLiBi P REFE TF R BoR, EATH &
LS 53 0008 3.00 up A14.00 pp, P& & &R

THEFE T3 2 h . A 4 10 A IS A
SR T I 4 8 T &R VA Cr 1R T BEHE, Li 1 Bi
[ JE T REAE BN, I L Bi JR T RERE A FUE (I E e
6] R 77 1f)).

76 LAfE ) Heusler & 4 HLF 45/ TH S b, 3
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o MR (B0 N up) SRS S RHEZ
—. XtF VLiBi F1 CrLiBi ) % 505 I B8 (AL
Hug), BEMNEATHLF45 1) 0T 45 R 43 2 Al R
H, B MEENE TSI EEETT=0K
PIFESTIE, FORAEH UL E RS2 R T 48
(19, T BORBE % UL BT A REAS 58 A 4 L7 T o5 4.
VLiBi #1 CrLiBi i) 2% K Be & A7 T B i€ 7] T + 5 7
FIA R o (L 3 AR 4). FRAE =R, £/ 3 Bt
BRI TR, SOKRER LN A RN H
JE R R HUE R (B 3 A0S H 2K RE B I 1R B8 i 1

B, NI — R 588 B e n T fe ) X Lk
RE 7 B LT BT IR, TR AR, JEUH S8 B HUIE AR 1
HL T HOR 8. RIS 4 VLIBi Al CrLiBi 7 5 95 H
g NREAS T (AR ) BONEEL a4k
RGBT BBV, hIHERTIE 7 A iEn LS
(R (B ) b)) 2l — e R . I S R
N B P BT R ) B R RERE (IEME) 5
H e A T 1 B R () i ARECRT, TR,
s ML SRR R B (BN ).

2  Heusler & 4 VLiBi M CrLiBi ff # L 8 BEHE (Mot )~ R T WERE (Matom )~ S BRBE -8R B VR i 5 BE 22

(AEap) FUR B (TMFA)

Table 2. Calculated total magnetic moment (Miot), atomic magnetic moment (Matom), total energy dif-

ference between antiferromagnetic and ferromagnetic phases (AFEa_r), and Curie temperature (Tév{FA) of

half-Heusler alloys VLiBi and CrLiBi.

PO aE R JEFHEHE Matom/uB S -G R 2 S B
Mot /uin V ik Cr Li Bi ABEpr/eV TETA/K
VLiBi 3.00 2.66 0.08 —0.13 0.544 1401
CrLiBi 4.00 3.75 0.07 ~0.16 0.602 1551

e R PO R TR IR BR T A BE R L F 0 B R (I ME) 5 E AR BT B R AR (S (E)

FACKCRD, RS = A B R 4 S BR AT ] B X AR

M 4 i 7 VLB Al CrLiBi () 2 25 % JE 9 Aii
LA, EFOKRER AT A e R, BT
(1) FL - #02 E e ) B, R AP 4 BiToR 1) V-d
Cr-d ) DOS i & th, P Kae g btio B e B+
KZHGZEVECr ) 3d BT (KUFHE ), dETH
Jie 4 ¥ ) B4 VLiBi A CrLiBi 7242 | R Wik, TR
BREEAS P R AP 3535 L (mean field approxi-
mation, MFA) 77115 VLiBi Al CrLiBi (18t
JE LR, AGSEEE R AT R 2 .

3.3 HFXRENXFE RIS

Half-Heusler &4 VLiBi M1 CrLiBi & A i 4
JEICE, R TR R, T R SR OBk
FHEAE FXE 2 4 R i) S, SR P ) 4k 2 30
(LDA)+U B9 77 2 1+ 5 VLiBi Al CrLiBi (1 # 1
ZEF. 2 HITE VA Cr [ 3d SUIE R N T -G AR B
YEH T (on-site Coulomb interaction) U, BLU = 1,
3H15 eV, 115 VLiBi fil CrLiBi [ B T 45 44, &5 53
w5 Fros. WEIS LA H, MU A KF]5 eV
I, VLiBi 1 CrLiBi H i 7] L i 5~ BE 5 7 v < J
(5 (a) FTE 5 (), HEIER ™ 1 H-FRETT L 2

SRMER (B 5 (b) FIIE 5 (d)), Kk, 78 3% K1 AL i
H AL 100%, S mMERFEAR. M4
RN, BT S AREEFE 5 3.00 up F14.00 pp.
THHE S Bigl Po HIu R AW H T 451
RO, WREE T H e -$IER A (spin-orbit cou-
pling, SOC) i, 2 K TH Ak () B e i A6 2 2 Fir
BEAR P12 S ik, AR STt — 5 7T HEL T SOC 3%
N Bi & 4> VLiBi M1 CrLiBi ¥ 4 & 4 i) 5% .
12 GGA+SOC J7 i (fE 5 5 HL 7k ek 27 72 11
JE W 2 i A i N SOC ) 1 5 half-Heusler 4 45
VLiBi fl CrLiBi ) B 145 14, 25 Rl 6 s, M
Kl 6 7] & H, VLiBi Al CrLiBi [ Jig [f)_F H 1 RE T 1
SRR, {HE, £ CrLiBi E [ T H 1B
)y B A H B T S & Sk e A A (L 6 (b)
1), 7£ VLiBi H I ) F B ey s B A 3R
MISHIBES A (WL 6 (a) WIEE). X —
IR R 2 SOC1E AT p-d 28 AL BLIE L7 1) R 3
PEFRAK, Z BB R AR 58, &0 I RS 7310 2
R B e T B ReRR NS T gs Rk ol 2K
REZL, 19 2K I AL 1) B IERR AL A2 100%. 2
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RIS
= AN

w L r X W K Ay L r X W K
3
=
_ﬁ ffr‘t
2
— 7\ 7\
N —U=1lev /\
> () — U=3[ev
L —— U=5[ev
SR 8 N S I
14
§/
_9o
f
s <
w L r X w K w L r X w K

El5 SRH LDA+U J7#it5 VLiBi M CrLiBi R &5 4 (U 733 1, 315 eV; KA A T 0 eV i)  (a) VLIBi, HJiEMH
F; (b) VLiBi, B#EMATF; (c) CrLiBi, HEH k; (d) CrLiBi, Higm T

Fig. 5. Calculated spin-dependent band structure of VLiBi and CrLiBi by LDA+U method with U = 1, 3, and 5 eV:
(a) VLiBi, spin-up; (b) VLiBi, spin-down; (c¢) CrLiBi, spin-up; (d) CrLiBi, spin-down. The Fermi level is located at 0 eV.

6 T T
a .
() 0.6 1 V :
L 0.4 :
-~ a4z
. %02
Z )
> 0
—2
o
fa) 5 g /eV
0 T T
—4 -2
(b) o
61706
>
1<
_ 203
! A
4_
% 0
S~
n
@]
= 2
(b)
0

E6 KA GGA+SOC JikitH VLiBi fl CrLiBi 1T DOS 434 (a) VLiBi; (b) CrLiBi; P4 BN 3 K AL I A el F
f¥) 857 DOS 434

Fig. 6. Spin-polarized total density of states calculated by GGA+SOC method: (a) VLiBi; (b) CrLiBi. The insert shows
the spin-down DOS around the Fermi level.

217501-6


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

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 21 (2018) 217501

2 KT fE A B R & Cr-d 5 V-d F1 Bi-p #Li& 1
REAS. TOKMALI E BE A2 @ LT

_ m(Er) —ny (Er) (1)

ny (Er) +ny (Er)’

Hrf, ny(Br) Ming (Ep) 4399 9 2 K TH AL H g W) -
A FER R H 7 DOS. AL (1) 3t 5453 2 half-
Heusler 44 VLiBi Ml CrLiBi 7£ 2% K fE 1 AL 1 E fig
WAL ZE 23 531 H 98.8% A1 94.3%, IS B A1 ) & At 1
5> 3 3.03 pup A14.04 pup. FHEE T SOC &M 1
GGA+SOC i H 45 R B, CrLiBi 7E # oK A A
B E AL T VLB )2 & @ LR %
H R HLTE #E 5 RS .

3.4 ERREHRTUXFEEMRMEIE
AN

TER R B ) g i FE b A B8 SR A A%

MIFEAR, A A SCHIF 90 8 % % 1) [ 2 72 2% 55 hallf-

Heusler &4 VLiBi Al CrLiBi f) 24 J@8 P A & i i

10 , . : . ,
s @ Aajag=—10%
. Aajag=+10% 1
o miE afa0 = +10% ]
4 .
So2
o
2 0
0
S
4
6
8 - -
10 1 1 1
—4 —2 0 2 4

L (b)

Aa/ag= —10%
Aa/ag=+10%

B L

;3
(@)

3_ -
6 aenT ]
9_ -
12- 1 1 1 1 1 1 1

—4 —2 0 2 4

At /eV
Bl7  VLiBi il CrLiBi ff % # HUF X T 7 i A 5 204k
Aa/ao N £10% ) DOS 431 (a) VLiBi; (b) CrLiBi
Fig. 7. DOS of VLiBi and CrLiBi under their lattice con-

stant changing from —10% to +10% relative to the equi-
librium lattice constant: (a) VLiBi; (b) CrLiBi.
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Abstract

The hypothetical half-Heusler alloys VLiBi and CrLiBi containing only one transition metal element are constructed.
The electronic structure and magnetic properties of VLiBi and CrLiBi are investigated by using the first-principles full-
potential linearized augmented plane wave method based on density functional theory. The spin-polarized calculations of
electronic structure for the half-Heusler alloys VLiBi and CrLiBi are performed. The calculation results reveal that VLiBi
and CrLiBi are half-metallic ferromagnets with the half-metallic gaps of 0.25 eV and 0.46 eV and the total magnetic
moments of 3.00 up and 4.00 up per formula unit, respectively. The total magnetic moments mainly originate from the
magnetic moment on V or Cr atom. Li and Bi have small atomic magnetic moments, where the atomic magnetic moment
of Bi is negative. The mean field approximation method is used to estimate the Curie temperatures of the alloys. The
calculated results show that the values of Curie temperature for VLiBi and CrLiBi are 1401 K and 1551 K, respectively.
To study the robustness of the half-metallicity with the change of lattice constant, the electronic structures of VLiBi
and CrLiBi are also calculated under their lattice constant changing from —10% to +10% relative to the equilibrium
lattice constant. It is found that the VLiBi and CrLiBi can maintain their half-metallicity and retain their total magnetic
moments of 3.00 up and 4.00 pup per formula unit even when their lattice constants change from —5.6% to 10.0% and
from —6.9% to 10.0%, respectively. To discuss the effect of strongly correlated interaction on the half-metallicity, the
electronic structure of VLiBi and CrLiBi are calculated by the LDA+U method with U for V-3d and Cr-3d orbital. The
calculation results indicate that VLiBi and CrLiBi can keep their half-metallicity and integer total magnetic moments
of 3.00 ug and 4.00 pp when the value of U reaches to 5 eV. Also, the electronic structure of VLiBi and CrLiBi are
recalculated by the GGA+SOC method. The calculated results show that 1) there are some spin-down bands crossing
the Fermi level, 2) the spin polarizations of VLiBi and CrLiBi at the Fermi level are 98.8% and 94.3%, respectively, and
3) total magnetic moments of VLiBi and CrLiBi are 3.03 ug and 4.04 ug per formula unit, respectively. The spin-orbit
coupling has a weak effect on the half-metallic of half-Heusler alloy VLiBi and the spin polarization is still high for the
half-Heusler alloy CrLiBi. The half-Heusler alloys VLiBi and CrLiBi may be useful in spintronics and other applications.
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