Tuning the electronic and magnetic properties of Heusler alloys: A theoretical and experimental investigation
Daniel Wines?!, Fatih Ersant¢, Rabin Mahat3, Shambhu KC3, Sudhir Regmi?, Upama Karkis3, Prahallad Padhan*, Arunava Gupta®, Patrick LeClair® and Can Atacal

IDepartment of Physics, University of Maryland Baltimore County, Baltimore, MD, 21250
@ UMBC ?Department of Physics, Aydin Adnan Menderes University, Aydin 09100, Turkey
SDepartment of Physics and Astronomy, University of Alabama, Tuscaloosa Al 35487
‘Department of Physics, Nanoscale Physics Laboratory, Indian Institute of Technology Madras, Chennai-600036, India

ALABAM A *Department of Chemistry and Biochemistry, University of Alabama, Tuscaloosa Al, 35487

THE UNIVERSITY OF

Experimental Motivation Fe, V., Ge Co,,V, FeGe

He_usler al_loys are a Iarge_ family 3 ' ograph o | ol L2, : 0 s [ DO, ] 1], Co. V FeGe Co. v FeGe
Of Inte reStI ng materlals Wlth -Q'“':-‘ *...a ;”:.': J 7 ’..‘ ‘," - 08 oo % ------ ------ 5 ..... @ ..... é ...... o 142 0.01 8 . 15.5 E X =0.25,U=4 eV for Co, Fe, and V X =0.375,U =4 eV for Co, Fe, and V
PR - - - S LLTONS Sl X e d PSRN e ./ 8 5 14 < s 4 4 —7
applications in Information storage [ s iancie s X 53 ADCERTS Eomi o @ 8 3 0 " g _____________ 15 2 =L
- - i | B0, O T < g ' = S -0.04 } . 1 = - A8
and spintronics. S A e = e 055 Z oo . % [, |z i T = < _
-y = RS A R el “,_."q .,_.‘“‘. Ly | < . ‘ - ~5 . :—‘, 125 _ g § =% /3
Some of these alloys exhibit half- &5 Sl aaaal & AT poos | TIRARN u oo lis S o =ki;
- - - - g :"7"\ ¥ .§="' "‘. :‘; .  "_¢ ' \ =N Y = ‘ & I ’,4;b\‘]:‘.\;]5! _0.03 o e/ 0 EERRRRNENNN NN RN NN NN RN RN NNNRNRRRRRNRNNEE IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ||||||||||||||||||||||||||||||||||||||||
metallic characteristics, making — Sf te i a800im . o oD ps = -0l -ig's!;s,-,g;.;’in-,;" ) 5 ; 32 2 —={ 2 M= 4.50 p,
- = n . ‘ _— e ————— , ', '\-> .; 4 PIATEY '\: 7 "';,i TR ALY .'-".'_5;-. -0.12 | > ...-‘S“;"..‘E‘E‘“ e [ 2.5 = é.-) _ — ?
them more attractive for device — 0 LR A el ORGP . : 2 S-2f T ﬂi 5 ’
- - i Al e ,u»: :‘: F <394 ".7 ) 0.5 .2’
applications. o A N SO ot T 0.06 e < <o oo | ——=
] ] _ :;,;y"{‘-;-t\-_;’..;‘_ i . W .‘gi:‘f‘ 0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1 4} g 4 E * ‘ y -
Electronic and magnetic properties &~ =57\ Nl NN Ll R Fe,Ge Fe,VGe Fe,Ge GF%VGe % O %g :
- B SARNL Y ght R T V concentration in Fe. V Ge V concentration in Fe, V Ge < = ® = i —
o, "~ taa : 3-x X 3-x X = —
Of these al onS Can be eXtenSIVer 8 i DA, 3 f A R. Mahat, S. K.C., D. Wines et al., J. Alloys and Compounds, 154403, 2020, 10.1016 -6
tuned through chemical N el SN We used DFT as an input to the cluster expansion to search for energetically stable alloys Co,,V, FeGe Co,V, FeGe
- - — — , , - . . i X=0.5,U=4¢eV for Co, Fe,and V X =0.625,U=4eV for Co, Fe,3 eV for V
substitution. v a1 B0 T in the cubic and hexagonal phases. Each data point represents the energy of a random 4 — =
Studied Fe,_ V., Ge (cubic and = 2 & Iy i structure created. ===
3-x Vx Y - e I
, 2L TS 4 i
s ' : —A— Experimental (Single phase ' ' ' ' ' — A- Experimental (Singlr phase ‘;5 Z
hexagonal)’ FeB-XchGe e ~ > hN - : Exgerimenta: Egogllaleplghasé) 1 : Exgerimenia: ggogtlalep rr]Jhas)e) o~ '—§;:€§
e - @ x=025(2,) : @ x=025(2,) \ % - i
580 —¥¢— Theoretical lattice parameters - 580 Theoretical lattice parameters : 0 ||||||||||||||||||||||||||||||||||||||||||||| ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
~0.7% L 1~ 0.7% 56 —~ = ; M=4.00 p,
2 i 1 = = N
_ 576} ‘_._.M_._A—-—I-_A:l--—-*-# —————— -¥ | _ @ - Aa- -A- - Al- *x----% 5 2+ ‘__1-5 ’:z.if B + 3
% o<|: 5.75 | ) =1 _= <
520F DOA9 a ol ‘i i | = ]
i Af"'A, I“' 0.8% o) 4.25 Q =N ~ —— I
§ % DOA9 A o _‘C(e % 6 e =
IVI et h O d O I O g y 151 g ?x - a4 1~ 0.5% 3 El Density of States (arb. units) Density of States (arb. units)
510 1 . ] : ] ) 1 UE) gl . ] 4.20 ] ; 1 ) 1 ) ] UE) é: ]
0.0 0.2 0.4 0.6 0.8 1.0 00 02 04 06 08 1.0
. V concentration V concentration C F VG
Alloy System < > Lattice Model R. Mahat, S. K.C., D. Wines et al., J. Alloys and Compounds, 154403, 2020, 10.1016 O 2 e 1_X e
E(ry,. . .r,) E(6y,- - -,On) After structural relaxation, our values for lattice constant are in good agreement

CoFe, V Ge

' CoFe, VG
Q Q Q Q :@i @ @ @ with measured values e x =0.375, U =4 eV for Co, Fe, V

NN

-10

O NON JENSOH JON Fe, Cr,Ge 2
A : : -
usters I i >
Q Q Q Q ) @ @ :@_ _@} Fe, ,Cr,Ge exists In the hexagonal phase. i 0
20 o o 6.4 oL
oX JoX ON JON o, =1 It 3
;= =* 15¢ o . | = -
E(Gli' ' "Gn) = Za‘]aca ’g 104 ; ! Z: G;? 4
* We used density functional theory (DFT) along with the cluster = o s 2 R = =
expansion formalism to study Heusler alloyed structures. . © "2 -6 . . —==le= .
0 AA ; F Density of States (arb. units) Density of States (arb. units)
Elp|l = T.lpl + Vorilpl +Vylpl + E,c [P] + Ey [p] : The DFT+U corrected Density of States (DOS) confirm the half-

0 0.2 0.4 0.6 0.8 1
Fe Ge Fe,CrGe
Cr Concentration in Fe, Cr Ge

metallic nature of these alloys. Calculated magnetic moments match
experimental and Slater-Pauling values.

* For Co-based alloys, we applied DFT+U correction to treat strongly

Crystal Experimental lattice  Theoretical lattice Expt. M, at T =5K  Theor. M,

localized d electrons. structure (R) (A) (ug/fu.) (ug/f 1)
U parameter Is the energy bound on a Hubbard-like correction term to 0 DOy’ a= igggg; a = Zgg 6.55(9) 6.48 :

the energy functional, determined semi-empirically. 0 L1t o 3.6667(1) o 6.55(9) 6.45 C()ﬂCl LUSI10NS

025 DO, a =5.1885(2) a=>5.144 5.79(5) 5.98 _ _ .

¢ = 4.2260(3) ¢ = 4.202 Properties of Heusler alloys can effectively be tuned by varying
T a=>. a = ). ) . . - . 1 "
020 PO, D o >HE) > chemical substitution. Our results are in good agreement with
Acknowledgements 0.70 DO, @ = 319550 @ 5.153 4.44(7) 4.98 experiment and confirm half-metallic properties of Co,_V,FeGe and

We acknowledge the UMBC High Performance Computing Center and funding
from NSF Grant DMR-1726213, DMR-1508680, and DMREF-1235396.

Co,Fe, V,Ge.
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