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total energy package) ' F U5 k. CASTEP # {1 /&
AT B R INE MRS R T R . FIH
SAEECP AT, B TR SRS, BT
W Rk BB L PRI R TT o AREFOR TR Eow
FN 370.0 eV, HLF 2 AT EL AR YA AZ $ORIAR SG 55
BR Bk R SRS I L GGAM'!Y (the generalized
gradient approximation) [ PBE HEATKIIE, AL
e FH {81 5 2% H) b IR I (Ultrasoft) JEAM, A
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H k-point 2% ] o 115 AE B/ DML HI IR Fourier MIA% I
HBEAT, W5 R BFGS B 84N AT 3E4T L
Al LIIRTS B de s 1 4544 o 04T H¥A A SCF 1t
H, R Pulay % FERAEAIEE b, BHIEI
SR R BRERIISIUE N 2.0x107 eV/atom,
BT IR T 0.05 eV, W 2 KT 0.1 GPa,
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2x10 eV/atom.
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Voigt-Reuss-Hill 1AL 7 yEXy 34T T 118, BARUH
AP

G=(C,—-C,+C,)/5 (n
B=(C,+2C,)/3 (2)
E=9BG/(3B+G) (3)
v=(E-2G)/2G (4)

20 AR T MG P R S R Ay 2 M B T DUAR B B ) A
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£ 1 Mg,Si. Mg;SisBi. MgsSi;Bi. MgsSiBi B R &S
Table 1 Lattice constant of Mg,Si, Mg-SisBi, MgsSi;Bi and

MgsSi,Bi
Compound a/nm b/nm c/nm Volume/nm’
Mg,Si 1.2676  0.6338 0.6338 0.509
Ref value!'” - 0.6388  0.6388 -
Mg;Si4Bi 1.3026  0.6436  0.6436 0.539
MgsSisBi 1.3113 0.6495 0.6495 0.553
MgsSisBi 1.2545 0.6696  0.6696 0.562

# 2 Mg,Si. Mg-SisBi. MgsSi;Bi. MgsSi Bi BYJH 3738 14 & £
Table 2 Independent elastic constants of Mg,Si, Mg,SisBi,
Mg;Si;Bi and MgsSiyBi
Elastic constants/GPa

KE%"I_E” * Bi E%Eﬁ MgZSl HEEI%'TZIK‘D{TLEy o) Compound Ci Ciz Cas Cn=Co
T RS IR] B s A, 5 Ik 45 0 45 AR e A A, oAt ) Mg.Si 106757 22832 42.043 83.925
o ] e . . N R Mg;SisBi  95.146  28.434  29.254 65.892
BRI RS, L BT B MeSi FUE (S osh 33277 42488 62188
JCE R [ A MgsSisBi  183.950  27.504  —19.195  164.755
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represent Mg atoms; the purple balls represent Bi atoms )

Mg,Si. MgsSisBi. MgsSisBi. MgsSiBi I db R Zi (B (000 SR T, &t h Mg J& 7, %04 Bi & T)
Crystal structure of Mg,Si (a), Mg7SisBi (b), MgsSis;Bi (c) and MgsSisBi (d) (the yellow balls represent Si atoms; the green balls
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i F—=10~5 eV X [H]. Mg,Si fE—10~-5 eV [X[H], pf
B E 2 Si(3s)mimk; —5~0 eV X [1], Si(3p)~ Mg(2p)
I Mg(3s)fi P 2+ 1b L%, U Mg I Si 2 477 1&
BAEH, SiGp)tf i Tk bk Mg J TR, TR
ZJRIRAE Si T A AE 0~15eV Y, b 35
K H Mg(2p) Rl Mg(3s)IfI ik . Mg;SiyBi #£-10~6 eV
X [R), JCBE e 7 32 i Si(3s)viiik, Mg(3s). Mg(2p)-
Bi(6s)#1 Bi(6p) AR TTHREL D, H BT H B0 E 240 B
%, TUBRANAT 200, Siv Mg Fl Bi 22 W) A7 76 e s 4E 5
—6~0 eV X[, B8 Tl Si(3s). Mg(2p)Fl Mg(3s)
LR TR = A PoE IS, B Si 5 Mg Z [FAF
EHERAEEH; 0~5 eV X0, FEEH T Mg(3s).
Mg(3p) M Si(3p) LAl Tk . MggSisBi fE-10~6 eV [X
H), BB HL 7 B Si(3s) Mg(3s) Ml Mg(2p) 3 [l vk s —6~
0eV XA, EEEH T i Si(3s). Mg(2p)Fil Mg(3s)3L A

3 Mg,Si. Mg;SisBi. MgsSisBi B3 14158
Table 3 Elastic modulus of Mg,Si. Mg;SisBi and MgsSi;Bi

Compound G/GPa B/GPa E/GPa v G/B Ci»— C44/GPa

Mg,Si  42.011 50.807 98.800 0.176 0.788  -19.211
Mg;SisBi 30.895 50.671 77.030 0.247 0.609 —0.82
MgsSizBi 39.912 54.105 92.201 0.216 0.738 -9.081

x4 HER. GEETEER
Table 4 Heats of formation and cohesive energy

Compound E/eV Hiorm/kJ-mol™! Econ/kJ-mol™
Mg,Si —16445.495 —13.488 -315.926

Mg;SisBi —15621.434 -9.134 -317.817

MgsSi;Bi —-16489.386 —15.669 -308.211
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Fig.2 Density of state of Mg,Si (a), Mg;SisBi (b), and MgsSi;Bi (¢)
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Fig.3 Band structure of Mg,Si (a), Mg;Si4Bi (b), and MgsSisBi (¢)
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fi I R AR Mg JRF 1 Si R RS AT RN 0.59, B
A Bi JiF i Si R R AT ECh 0.80, KR
JE 7 HL T A 404 0.205; 24 Bi JR 7 B im0 Si R T,
o Mg JR PR R Si Bi [ F L, AT HBEE
ff L) R 2.24, ShIPAEAS Mg JR 5 1R) Bis Si AR
JE TR AT ECR 0.56, PR R TI8R -7 AT 5L h
0.373. 43 HT MggSiss Mg;SiyBi. MggSisBi ] Mulliken
HL 7 o 1 0 R T, Mg, Si P38 SR 7 55 B8 e e Bl K
Mg,Si S LB 1) Mg-Si 5 T 5
243 EHUHEE
Mg,Si. Mg;SisBi Hl MggSizBi (110)[f Y 243 H
i 25 B T 40 ) 91T I da4b Al de, 55 i 26 22 I -0.044
eV/nm’® # 0.044 eV/nm’. £1 {0 X 1A K HL 1 1) i 25
DX, T X IR R T IR FE X . ] 4a AT RLKR
I, Mg,Si I 72 B JRy 3 rE Si 7 A e, HLSi 7
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SREC AT, TR Mg-Mg 4@ 8 Si J5l 1 Ha fur % B 5
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Table 5 Mulliken electronic populations in Mg,Si,
Mg7Si4Bi and MgsSi3Bi

Population
——  Tot

Compound Atom Charge/ Average charge/

s p electron electron

Mg,Si Mg 0.68 6.55 7.33 0.67 0.447
Si  1.63 3.70 534 -1.34

Mg;SiuBi - Mg 0.72 6.69 7.41  0.59 0.205

Si  1.67 3.47 5.15 -1.15
Bi 123 297 420 0.80
MgsSisBi Mg 0.74 6.70 7.44  0.56 0.373
Si  1.65 3.62 526 -1.26
Bi 130 4.19 549 -0.49
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Fig.4 Electronic charge density difference contour plots of Mg>Si (a), Mg;Si4Bi (b). and MgsSi;Bi (c)
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Mg;Si;Bi. MgsSisBi S AT EA-/E TR T, b4 )
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First Principles Study on Stability, Elastic Properties and Electronic Structure of
Bi-Doped Mg,Si

Ren Yuyan, Wang Wenxin, Li Yingmin
(Shenyang University of Technology, Shenyang 110870, China)

Abstract: This paper studied the doping of Mg,Si by alloying elements Bi from the kinetic point of view. The occupancy, structural
stability, elastic properties and electronic structure of alloying element Bi-doped Mg,Si phase were discussed by the first principle
calculations, which was based on density functional theory in CASTEP program. The calculated results show that Mg,Si, Mg;SisBi and
MgsSi3Bi are stable and the interstitial solid solution MgsSisBi is unstable in the system; the Bi atoms preferentially occupy the Si atoms in the
Mg,Si crystal; Mg,Si, Mg;SisBi and MgsSi;Bi are all brittle phase. The ductility, alloying ability and electrical conductivity of Mg,Si can be
improved by doping alloying element. The essence to the bonding of Mg5Si is a combination of metal bonds, covalent bonds and ionic bonds.
Bi-Si and Bi-Mg bonds are formed in Mg,Si phase by doping Bi atoms, which are beneficial to the improvement of the system stability.

Key words: first-principles; Mg,Si; elastic properties; electron structure
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