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Abstract: New rare-earth half-metal Fe,laO, is designed, and then is geometrically optimized with the first-

principle pseudo-potentials based on the density functional theories. The magnetic and electric properties

including the charge order and the molecular magnetic moments of Fe,la0, are calculated in system. Then the

electronic structures of Fe,l.aO, are analyzed from coordinate field theories. From our calculation, Fe,l.aO, is a

new rare-earth ferromagnetic Il B-type half-metal. For Fe,L.aO,, the stable lattice constant is about 0.623 nm and

the molecular magnetic moment is about 1.0us. The mechanism of soft magnetism of Fe,laO, is that La has more

outermost electrons than Fe so that the crystal field of the coordinate compounds ML, and MLg of Fe,laOy is very

strong. The average electronic structures of ML, and MLg can be approximatively written as a;,’ 1 a, IR

e; 1 e; ! b 1 b | and a, 1 a, a2 tel! b 1 b l e; 1 e; ! e, T, respectively.
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Table 1 Un-optimized and optimized fractional coordinates of atoms in a Fe,LaQ, primitive cell
Element Ao nmber Un-optimized fractional coordinates of atoms Optimized fractional coordinates of atoms
u v w u v w
0 1 0.254 9 0.254 9 0.254 9 0.273 9 0.273 9 0.273 9
0] 2 0.254 9 1.254 9 -0.264 7 0.273 9 1.273 9 -0.321 8
(0] 3 1.254 9 -0.264 7 0.254 9 1.273 9 -0.321 8 0.273 9
0] 4 -0.264 7 0.254 9 1.254 9 -0.321 8 0.273 9 1.273 9
0 5 -0.254 9 0.745 1 1.264 7 -0.273 9 0.726 1 1.321 8
0 6 -0.254 9 -0.254 9 -0.254 9 -0.273 9 -0.273 9 -0.273 9
0 7 0.745 1 1.264 7 -0.254 9 0.726 1 1.321 8 -0.273 9
0] 8 1.264 7 -0.254 9 0.745 1 1.321 8 -0.273 9 0.726 1
Fe 1 0.500 0 0.500 0 0.500 0 0.500 0 0.500 0 0.500 0
Fe 2 0.500 0 1.500 0 -1.000 0 0.500 0 1.500 0 -1.000 0
Fe 3 1.500 0 -1.000 0 0.500 0 1.500 0 -1.000 0 0.500 0
Fe 4 -1.000 0 0.500 0 1.500 0 —-1.000 0 0.500 0 1.500 0
La 1 0.125 0 0.125 0 0.125 0 0.125 0 0.125 0 0.125 0
La 2 -0.1250 0.875 0.875 0 -0.125 0 0.875 0 0.875 0




1860 ol A

%23 %

N

HE [n] B (1 B Bt A 78 B 57 91 Bl PN BR A 1T
FHL,

4 551 T Fe,LaO, H EM AL B R E (K
T sum M) Ao A BE (BRI s ,p F1 d HTER)
W R B R 51 2 i T AL 0252p¢, Fe3d4s?
Ml LaSs25p®5d'6s2, MKl 4 Fe,LaO, 7 28 K H kb H A
HE ] 4 S A BT LA Bt s T AR B, R
W 2l K T B 30 1) R 1 32 3 1 BB JR S8l Ak, PRI Fe,LaO),
S HE SRR PR R FelaO, 5 Fe,0, H
LM A Y 1T -B BB m AR 518 3 45 i 45
— 3, 3 NS ORI, B BE ] E AN T RE
WA H-0.25 eV, FAH LN 0.72 eV, BT 8 F
29 0.97 eV,im T Fey0, 19 0.75 eV, FelaO, 752K
AR 19 S S 3% 249 —17.7 electrons/eV, EUH It K
T Fe;0, 11-4.9 electrons/eV., H T2 4 & b B #E
F PR BB 3 PR 2 OK T BT AR R e, PRt
KW Fe,laO, 7> THEFE | W45 S5 REERE 5
Fe;0, AR 220 B AE T SCHAT IR

Density of states (electrons / eV)

Upspin

-10 Downspin

'
-30 -20 -10 0 10
Energy / eV

B4 LaFe0, 0 1 RENE b 19 55025 55 18 1 5325 95 1
Fig.4 Spin-polarized state total and partial densities of
LaFe)O,

LK2HMT Fe,laO, JEM P T AR T4 T 5 p
I d U3 1 55 H AT B i W A G e 2B
£ 2,0 TR NE, X5 Fe,0, 1 O I A
55 G (292 010w AN TR129 ki1 5 K AE T La UMK
A 7 Fe JEF J& B i v AR 58 04 2 I 71 38 ff Fe-0
M La-O e {758 1 0 s X 423 02p $hil, 3m

T p HFAEELA B T X P s O 1 HL -5t
AR 2RI 2598, R 2 B FeLaO, 1 O HUHL
THCHh 6.64 MHLF, 1T Fe,0, 1 O I FECH 6.71
A JEE LLETE £ 0.24 T, AL La 95
FREFEAUN -0.04u, JLT- T Z0g AT, B AL Fe (Y5
FHERE R 0.52u, H R/ NS [ ¥ AH TR, 26 B Fe,LaO,
()5 F#EHE EZORIET Fe, HIL FeLaO, &4k i
48 FeyO, W2 SRR BY A 7 F1 B A7 Ji
FRAFAEAN S5 A S B WG 4 T D 4 R R n
A A5 T B R R 2.00u, 1T AN JEMET A 2 A4S Fe,LaO,
535, P FelaO, 993 T #EH N 1.00u;, XK
Fe,LaO, J& T HCERMETEY BT, — Mt Rk 14 4 Jo
(hn s 2 43 (1 3% 525 42, MgAlO, Al CdFe,0, 55) Y
1 R85 R BUE A TG 37 722 Ak %) 7805 e A
T A 5% HL AR (AN 4 1k A% 8 2% | B e f IR A8
JiE 1 45 ) rh ELAG 5 ik %) o i 262620 TRt FRATT AT
T Fe,LaO, 1E4T A BE HL £ 5 14 i fF A v B 3K
149 I FH 5%
%2 LaFeO, Bl &REFHBESH
Table 2 Magnetic and electric parameters of atoms

in a LaFe,O, primitive cell

Spec. lon s P d  Total Char./e Spin/u,
0 1 185 479 0 6.64  —0.64 0
0 2 185 479 0 6.64  —0.64 0
0 3 185 479 0 6.64  -0.64 0
0 4 185 479 0 6.64  -0.64 0
0 5 185 479 0 6.64  -0.64 0
0 6 185 479 0 6.64  -0.64 0
0 7 185 479 0 6.64  -0.64 0
0 8 185 479 0 6.64  -0.64 0
Fe 1 04 051 657 748 052 0.52
Fe 2 04 051 657 748 052 0.52
Fe 3 04 051 657 748 052 0.52
Fe 4 04 051 657 748 052 0.52
La 1 177 622 153 952 148 -0.04
La 2 177 622 153 952 148 -0.04
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eV fl-16.5 eV, EMTFEE K H LaSp 5 025 M2k,
HETH 4 FER A 02p MHHAEH DM LaSd
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