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Abstract

Heusler alloys are a kind of multi-element and multi-structural intermetallic compounds with dis-
tinctive features. The Heusler alloys with ferromagnetic half-metallic properties have shown unique
advantages in the field of spintronics and thus become the key materials for spintronic devices. This
research focuses on the novel quaternary Heusler alloy CoOsCrGe and systematically explores its
phase transition characteristics and half-metallic behavior. It is found that the CoOsCrGe alloy ex-
hibits remarkable half-metallic properties in the cubic phase state. Meanwhile, there is a large en-
ergy difference between the tetragonal phase and the cubic phase of this alloy, and the degree of
tetragonal distortion reaches 1.32, which provides conditions for the occurrence of martensitic
phase transition. Besides, the Curie temperature of the CoOsCrGe alloy is as high as 996.48 K, far
exceeding the requirements of room temperature environment. The excellent properties of CoO-
sCrGe make it expected to become a new functional material with outstanding performance. The
results of this research provide a solid theoretical design basis for the development of new func-
tional materials.
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(VASP) A, X} CoOsCrGe 25t Fa e MAS . BitE KM F45 1 BT Rt 7t [7]. BB THE S, XT
HL P AS e BEAE F SR ) Perdew-Burke-Ernzerhof (PBE)Z & IE () X BE FE T N(GGA) AT IR . B 15K
S 40 BT AR LA FH R A 801 T (PAW) IR 34 3k AT AR BR8] [9] FETHE I B R IE & 8 d liE e &
JRICER p BB T RHRRAR, SR B85 3l 3d74s% . 5d%s®. 3d°4s' 4s4p?. TETHHE S
M EF, PR R B E N 800 eV. R, SR Monkhorst-Pack 75 11 x 11 x 11 [ k M
R HEAT AT K X ARG [10]0 N OR JUART 25 R 5t TQ R RS B 14, 6T &85 A 0 A o 8 St 77 A g Wi S ol e
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FEHIE 0.005 VG N o T 3277 dh R A BRYERFE, JRAS 21 AN ) 33 8 B 4k o Ciis Cro F
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FaE e,
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Figure 1. (a) and (b) are the cut-off energy and k-point convergence tests for CoOsCrGe respectively
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Table 1. Atomic site occupation of the Heusler alloy CoOsCrGe
= 1. BEE#E € CoOsCrGe MR F A1

# 4A (0, 0,0) 4B (0.25,0.25, 0.25) 4C (0.5,0.5,0.5) 4D (0.75,0.75, 0.75)
type I Co Os Cr Ge
type 11 2 Co Cr Os Ge
type 1T %Y Os Co Cr Ge
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Figure 2. The E-V curves of three different atomic site occupation types of CoOsCrGe
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Figure 3. The E-V curves of CoOsCrGe under ferromagnetic, paramagnetic and antiferromagnetic phases
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FTFEVE R R LSS & 2, L5 AR Born #EMA[11]:
c,>0,C, >0, C,-C, >0, 1
C,+2C, >0, C, <B<(, v
ME B & 4 CoOsCrGe HIFRMEH B Ciiv Cio A Cag Wi L7 A Born #EN, X3 HH CoOsCrGe i &
TR E M AE, CoOsCrGe TE /1% A RIFfaeEt:, e A RPN 5 g .

Table 2. The elastic constants, lattice constant (a) and formation enthalpy (AH) of CoOsCrGe
% 2. CoOsCrGe HIBE M EH . RIRER(QFMERIE(AH)

WEH) Cn Ci2 Cas a AH
CoOsCrGe 316.97 251.02 137.61 5.88 —6.53

VUTTHE 3 8 5 <2 2L Ok A [12]:
AH(XX'YZ)=H(XX'YZ)-H(X)-H(X')-H(Y)-H(Z), )
AH FIH 5353 T B R AR LAk o #0072 R e T OB AH 2 BN SUER AW . CoOsCrGe 4
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Figure 4. CoOsCrGe alloy martensitic phase energy varies with c¢/a, with the result of local density approximation in red and
that of generalized gradient approximation in black
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BEATXTEG, PTCABR R SR B [ e LTSS E T BEAS B E  Aoe RR R i . SRR, DYy wAR
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Figure 5. The total density of states and the partial density of states of the tetragonal structure of CoOsCrGe
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Figure 6. The projected density of states of CoOsCrGe
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Figure 7. The Gibbs free energy of the cubic and tetragonal structure of CoOsCrGe
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FHAR IR 9L J7 ARAT DU J5 A I 5 A0 7 B e REZE N T I IR (1410 26T 0, FRATEXT CoOsCrGe fIAL
TR T, AEANFEHRE SR T 2 BIOTRE 7 A A BB 5L, CoOsCrGe HIFHAZIRIE Y 850.6
Ko [N, REETHE SR EHEZS] T AGDIIZ, S5 RIE 7.

3.3. CoOsCrGe B3 & B4

X CoOsCrGe MIREH FIZS % IF THRBOITE, HWAG &M EE&ERE, iTHEER WK 8. fEAHE
HL - ORBR RS, R I A & e m EREH 5 TOKRBRIUE A, X — I GUEISE TORRE AL P24 T B %
MRS PERAS, BB T Rer DL N A T A% R TR AL R B T B BB thah, &3l
5, BHi#E 4 CoOsCrGe HIWAHI N 3 up, X —HUETF A Slater-Pauling FUU, Bl M, =Z, - 24 [15]. LB}
T & 4 CoOsCrGe A& Y& martt. bi)5, M—DHER T RN T, HxFE48+ 1 Cov Os. Cr
JEE AN U BT, AU U RN 2.5, 2.2 12,5 [16]. XGHTEIA 4 CoOsCrGe e (1)t
HAERN LK 8 FREL. BRIk oh, XG40 B RMAEIIT IR, SGRERKT 90%, HET UHEE
IEJE BV B & 42 CoOsCrGe AN FFIH A2 2 & B R ME M R .t T U (B X d U Rk 75 5 35 5,
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Figure 8. Band structure and total density of states of CoOsCrGe, with dashed line for U-corrected result and solid line for
result without U
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Figure 9. (a), (b), (c) and (d) represent the band structures and total densities of states of Co, Os, Cr and Ge vacancy disorders

respectively
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Table 3. Atomic magnetic moments (us) of the Heusler alloy CoOsCrGe
2 3. IBE#IA S CoOsCrGe B[R F M5B (us)

WA Co Os Cr Ge

CoOsCrGe 1.084 —0.107 1.975 —0.006

Table 4. Atomic orbital magnetic moments (ps) of the Heusler alloy CoOsCrGe
= 4. BETEA S CoOsCrGe HIIRE FHIERIE(1n)

JRT s P d
Co 0.002 —0.007 1.090
Os 0.005 —0.018 —0.094
Cr 0.015 0.011 1.949
Ge 0.017 —0.018 —0.006

NT RN H BTG HTEA 4 CoOsCrGe (1 HLFEEMIREAT 04T, WA Wil & 4 CoOsCrGe A%
JEUA R A B AT THE, S5 R I 6. AZEFEMW Cr . Co JETH Os JETH d PUETTHR,
Ge JR-1XF &% FE M TTHR AT LLAIE AT . 45 E W], CoOsCrGe (17 £ B2 id ¥ 4R JE 1 d HUE 141
HAEFISENT . Rtz b, Xt ETE &4 CoOsCrGe JR T-RIFE AR BRI BEAT T 1150, Skt — 0 b
W BT & 4 CoOsCrGe MEFRISRIEIE I, 455 W& 3 M4 4. IGET#IE 4 CoOsCrGe FPUFHE T 1) s A1 p
HUB R AR o PUERFEIR/N. 10 Os JRT 1 4d HUES SR TIMkS Co A1 Cr JET 3d PLIBRIFEAH L
WZAFR/N, Os T Ge JEF 0 T SR 5Tk LT 7T AR AN TF o 255K 8, T4 4 CoOsCrGe
(R TEFE 2 Cr Al Co JRFIITTIR. MILLZ N, Os XHREMETTERIR /N, 10 Ge JE -5t A 4 R 1 ¥ 57 ik 5 /2
WEFHR, LT L2 AN T

EAZ A HAE I Co (A)-Co (A). Co (A)-Cr (B)FI Cr (B)-Cr (B)EE X S4E M, 1 Co (A)-Os (C). Co
(A)-Ge (D). Os(C)-Ge Os (C). Os (C)-Ge (D)L Ge (D)-Ge (D)HIAZ e ELAE FMEE N, #2008 LA H.
YER . IEMAE H Al BAE R R &, RGBS A EAEFH[18]. XF CoOsCrGe AL Hefilh & 241
Jy AT, AR WAL 5. CoOsCrGe MR & ZHONIE, R H#I& 4 CoOsCrGe F77E L MLAE & AH

HAEH.
Table 5. The exchange coupling parameter Jo (meV) of CoOsCrGe, where the subscripts 1 and 2 represent Co and Cr atoms,
respectively
%2 5. CoOsCrGe IR HIBAESH Jy (meV), THR1 M2 RE CoM Cr BT
E Ju Ji2 Jn
CoOsCrGe 0.1094 11.1368 0.9406

mn RS R, Co JRTF1 Os JET 43 AT A H2RI1(0, 0, 0)4LF C £7(0.5, 0.5, 0.5)4b, ZHUREH 1\ TH
WX FRPE. CoOsCrGe [ d-d FUBEZALILIE 10 Y], B RAERMN, I d Pl 20 2L R0RE R 5 m )
WA e (d, Md, HNZERI 0g(d,, d,Md, ). BIL, FORREHR L BB A RS, BA
A U R XFRME R Cr T2 F(0.25, 0.25, 0.25)4k, FAE @9F e, HUEAI = BRI 0, S0, F LB
— 55 HAT PR FRPE Cr i 1 XUE I e PUB A = H &I np PUB AL, MK 5 A7 R e,
I 1o BB LUK R 5 0L ¥ S B e, 1, LI
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Figure 10. The d-d orbital hybridization of CoOsCrGe
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