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Fig.1 Crystal structure diagrams of Fe,P,_,Si, compounds
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Table 1 Correspondence of atomic sites of hexagonal phase and body centered orthorhombic phase of Fe,P

AV TEACAR

Ji+ LR x ¥ 2 Ji T Ei x y z
FeC1) 3f 0.257 0 0 Fe(l) 8e 0.218 0.370 0. 359
Fe(2) dc 0.217 0 0.252
FeCll) 3g 0.591 0 0.5 Fe(3) 4d 0 0.701 0.719
Fe(4) 4d 0 0.208 0. 146
Fe(5) 2b 0 0.5 0.073
Fe(6) Z2a 0 0 0.615
PCID 2c 0.333 0. 667 0 Si 8e 0.029 0.334 0.990
PCID 1b 0 0 0.5 P(2) 2b 0 0.5 0. 548
P(3) 2a 0 0 0.968
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Table 2 Variation of lattice constant, volume, formation enthalpy, and ground state energy differences of

the hexagonal and orthorhombic structures of Fe,P, .Si. (x=0-0. 16) compounds with the Si content

S 755 IE3EAH
Fe,P Fe,Py :Sis o Fe.Py o.Si 1 Fe,P Fe.PooSive  FeuPy wSio i
a/A 5.80 5.82 5.85 6.53 6.95 6.43
b/A 5.80 5.82 5.85 6.14 5.67 6.10
/A 3.35 3.33 3.30 10. 36 9.81 10.18
c/a 0.58 0.57 0.56 1.46 1.41 1.58
V/A? 401. 32 402. 80 404. 00 400. 33 398.76 400. 35
AH/eV —0.48 —0.46 —0.43 —0.52 —0.46 —0.48
o/ (/T ) 3.07 3.21 3.26 3.02 3.08 3.15
AE,s/(meV/f.u.) 30. 00 160. 00 210. 00 0.00 160. 00 50. 00

F 3G IR NI M Fe 7 a5 SUB AR SO AN ] o FeC Il D S A7 A B RS 8 PRIFTE 2. 24~
2.26 pp/fou. ZI0EJLPARZ S22, R B @ W RUE M . 1 Fe IR S XTF Sigr
AR B B St ORI E] 0. 16, FREAE M 0. 83 po/ L. u. IR F 1. 08 /L. u. , K 1 8 3
30% . TEIESCAH T AR R B REERAAE KA T B AR AL . 5 0 35 00 2 R 43 AR TS LA B R - Ao T A
9 0. 83~2. 26 py/f. u. §JEFNIEAZA 0. 90~2. 51 py/f. u. AL EIE I T4 12. 6% ., HAKKF,
Fe(4d) M Fe(5) f i B AT e KA RERE (2. 21~2. 51 py/f. u. ), Fe(1)~Fe(3) Fll Fe(6) A0 (1 i FH 2 4R A1 X}
BE/INC0. 90~1. 83 p/ L. w. )™ (HL R B A SiF5 ok 3N I 38 0 30 Al R A% 1 R ) e O B 8 R A AR
AL T 5 A AT HE S, T B A R 30 Ao O A3 (R B R - S AR TR O I RE R AR
B WTI S 3 5 b 100 10 45 1) S 1 R
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Table 3 Variation of local magnetic moments of the hexagonal and orthorhombic phases of

Fe,P,_.Si. (x=0-0. 16) compounds with the Si content

Jry G / Cpg /£ 0D SR RE AR/ Cpp/ w0

e : — & R : :
Fe,P  Fe,Py oSt s FeoPo St s Fe,P Fe,Po 0251y 05 FeoPo St 6

NI FeCl) 0.83 0.95 1.08 IEZH Fe(D 1.21 1.31 1.35

Fe(2) 0.90 0.91 0.97

FeCllD 2.24 2.26 2.24 Fe(3) 1.72 1.79 1.83

Fe(d) 2.21 2.28 2.32

Fe(5) 2.31 2.24 2.51

Fe(6) 1.02 1.14 1.17

Si 0 —0.05 —0.05 Si 0 —0.06 —0.06

P —0.04 —0.05 —0.05 p 0.06 —0.06 —0.06

PCID —0.04 —0.06 —0.06 P(2) —0.05 —0.05 —0.05

P(3) —0.05 —0.05 —0.07
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Fe.,P & ¥H FeC I )R FeC Il ) & o7 B9 28 4 /E HI G 3 Rl 26 Y« 31-3f, 3g-3g LA M 3f-3g A H.AE
FHP . Horp, 31-30 1 3g-3g S 4 A I Al ifE — 25 X 43 0y 22 N 5 )22 T A B AR < 22 R0 A FH AR BRZE ¢ il 1)
R TR 2 S 18D A B L )2 P9 VR ) & A 7R a ek o Bl oy 1) 0 ] — 2 T RLA EAE T . 3RO
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Fig. 2 Variation of exchange interaction J, with Si content of Fe,P,_,Si, (x=0-0. 16) compounds
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F B MR AR O T2 51T /N BERD SR AR SR AR AE RS A . I3 AR 4 25 1 T IR B B AN [ 2
Zeu 0 AT & Re Al I . DAL 3Ch) AN (o) rfrn] LAY AE MG Y, Bl 4 18 2 VR B 1 $2 1 , F e, P I B Y K 1A Ry
TR FEARAS . Hop (S 2k ROR R IB A4 Fe,P SRR ABYL , 2 (0 B 28 FR B 24 5 KRR 3h B (1 17
B FENHAHT Y SIMREE R 0. 0842/ 2 0. 16 B, 28K BEZL 737 148 0. 24 eV F10. 25 eV [AlET E T-H
EEARAE 0~0. 5 eV 3 [ P B BE S 7 JF BE R I o 8K 1 X T 16 A8 A, W& 4(b) Al Ca) TR L 78 ST E 2=
0.08 ff , R KFEH 5 KB4 Fe.P PoKREHAH LLBEML T 0.51 eV, MiZERI 3CH T, SiHk fE o=
0. 16 B $R KBEHR L LA 0.1 eV AL . WT Z-T B4R 7E 0~0. 5 eV i [ Y REHF fa Jf BE 88, T-S 42 -
)RRV R I BB 24 . BRTRT B 1 B oK BE RS 8 Z 40, I T & BB AT 45 K 30 BB T Wi b B 25 08 1 e - L
HERIA (SOCO R F A e 25/ 254k o AN A AT CO FTR , AT % 18 SOC i 7 K 4 CH IR B A i)
BT BB A 4 24, % I SOC I AE T A ML BB 43 2 BB B 0.5 eV, X T IEACS M, A % &
SOC B 7E R a5 CHI B B8 A a2 ) B i 5| A e Al 43 24, 25 8 SOC B B & Si 3 2 B9 35 0, R A BF i e Al 1
JELRBHBEAML T 290.94 eV,

R4 FeP Sic(x=0~0.16) L SWHARFAMEXBHERFREERSISEHETN
Table 4 Variation of interatomic distances with Si content in the hexagonal phase and body centered

orthorhombic phase of Fe,P,_.Si. (x=0-0. 16) compounds

7N TEAEAH

ff] B / A Fe,P  Fe,Py ,Si 0 Fe,P, oSinys  IHEE/A  Fe,P FePyySio o Fe,P, oSiy 1
31-3f 2.52 2.53 2.55 8e-dc 2.58 2.51 2.65
3g-3g 2.90 2.92 2.94 4d-2b  3.04 2.97 2.95
4d-2a  3.04 2.97 2.99
3f-3g 2.65 2.63 2.62 8e-4d  2.61 2.65 2.66
8e-2a  2.67 2.64 2.60
8e-2b  2.68 2.67 2.68
dc-4d  2.67 2.65 2.59
4c-2a  2.59 2.62 2.60
4c-2b  2.59 2.62 2.67

2.4 BFESEESW

52 T BRREAS I SS AN J5 A FeoPy Si,(e=0~0. 16)4b-& Wy iy T 2525 B, I/ 5Ca) Fl (o)
SR FeoPo oSty o5 5 TR Fe,P 2% BE 1Y XT EL L B 5(h) 5 (DX T A A 9 Fe,Py o, Siy 145 R
Fe,P 1925 % B, I tE B A7 (8 43 B 6 0 T | BB R A e 4 i i A8 % BE o An il 5Ca) FT(h) B
IS FesPo oSio o Fe,Po oS 1 AN P 10 25 85 B AR S 2 A AR JERE T ST PR 1, 4
HL P S MR D . 5 Fe,P A LG, S48 2% 45 9% K RE 9% nl 55 IR S 8l , AT 5 | 76 2% 2K T B 30 119
DOSEIE I, 3% J2& th F St 1 s R AR T PR, B Y S1EFBUR P IR 5 Fe 5+ J5 B9 FL %%
JETHE B2 IR HIES T JRAR ) Fe-P Z MY p-d Pl 22 k5@ & . 8244 SR T )5, POKBES T A e 1
O RE B A T, d P AR T AR SRR B R AIC, AR TC T A FE B0 i 3 AT BB R 3K
3-FeRiE R IR . B2 )5 PORBEUMHE AR EEY E T RBRAR X ERE BT SRET
TR R W REA T AR P .

TEE 6 175 Jr A v Bl ST A 3G N, Fe I 1 d #1038 X 4 (R B 5 2% 1 4 1 25 53 R 3 AN TR
(AR Ak, Horp d 2 AR A dR o 3 . VRS AR A AR 2 c Bl R Y BB 2 5 3l Fe-(P/SD 3G 4
M TE R, B 6 Ca) Hh i i W L 3K 32 states+eV ' KB #8501 p-d 24 PR VB 5d.. 5 . fAT 9F .d,, 5 df
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Fig. 3 Electronic energy bands of the hexagonal phase of Fe,P,_,Si,
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Effects of S1 Doping on Ground State Structure, Magnetism and
Electronic Structure of Fe,P Compounds

Zhaxizhuoma', LU Shanshan', WU Xiaoxia'*?, BAI Narsu'**
(1. College of Physics and Electronic Information, Inner Mongolia Normal University,
Hohhot 010022, China;
2. Inner Mongolia Key Laboratory of Applied Condensed Matter Physics , Hohhot 010022, China)

Abstract: Using the first-principles calculations, the effects of Si doping on the phase stability,
magnetic moments, exchange interactions, and electronic structure of ferromagnetic Fe,P are investi-
gated. The results show that with increasing Si doping concentration, the c¢/a ratio of the hexagonal
phase continuously decreases, while the lattice parameters of the orthorhombic phase exhibit differential
variations. Doping significantly modulates the relative stability of the two phases, with all systems exhib-
iting negative formation enthalpies. At low doping concentrations, the hexagonal and orthorhombic
phases have similar energies; as the doping concentration increases, the orthorhombic phase gradually
becomes more stable. The total magnetic moment of the system increases monotonically with doping
concentration, and the local magnetic moments at different Fe sites show significant variations. Particu-
larly in the orthorhombic phase, the distribution of magnetic moments is notably broadened, and the dif-
ferences between magnetic moments at distinct crystallographic sites become more pronounced. Analysis
of interatomic distances reveals that Si doping effectively regulates the strength of magnetic coupling,
with intralayer ferromagnetic coupling dominating in both structural types. Doping also shifts the Fermi
level, and when spin-orbit coupling is considered, a significant band splitting occurs at specific high-
symmetry points in the Brillouin zone. Further analysis indicates that Si doping influences the p-d orbital
hybridization between Fe and P atoms, alters the density of states distribution of d orbitals, and modu-
lates the strength of Fe-P covalent bonds in both phases.

Key words: Si doping; Fe,P compound; magnetism; exchange interaction; electronic structure



