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(a) Fe-3.24%Si (16-atoms) (b) Fe-3.24%S1 (32-atoms)
(c) Fe-3.24%Si (1-64-atoms) (d) Fe-3.24%Si (11-64-atoms)

[E 1 hep-Fe-3.24%Si fI45H4
Fig. 1 Structure of hcp-Fe-3.24%Si
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W0 K IR LR, HIAE — Ve )y vy P AR BRSO A2, Wl 3 TR, Heorp 20 (S0 (B RN 28 66 500
Hear i3 Fe-3.24%Si A7 HHEFNTC A Be T 53455 . YR58 K T 100 GPa B, Fe-3.24%Si A7 H g} (%%
JE 1 T A BERS (9% B2, I HLTE R S A, R AR 205 fE T A e e . LA oY TR
R, KRR T2 60 GPait, 7 ABERAS L L AREERE . HIEHRE T 100 GPaht, 5
Asanuma %5 3 18 5250 I 5 (1Y) Fe-3.4%Si 1932 50 508 — 35, B 6 A BEX g R m . A%
& H €Y Fe-3.24%Si 1Y 1845 5 F = [ Birch-Murnaghan R 25 75 2 (CH: v %) 44 %5 i p,=(8.87+0.09) g/em®)

wE
(ﬁ)g—(ﬁ)g}x{1+§(&;—4) (ﬁ)5—1} (12)
Po Po 4 Po

B E T AR B R K,=(368+38) GPa, & 1 R BN K;=3.72+0.31. Hf i1 5 45 RAMfEE
330 GPa, 5 Martorell 2% R H &5 — 14 5 32 73+ 3l J1 22 LY Fe-3.24%S1 45 5 — 3, HAMg & T
Tsuchiya 55" F 28 — PR B8R 45 2 1 45

3
==K
P20

400 -
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Fig. 2 Variation of the energy per unit volume e versus pressure Fig.3 Calculated density vs. pressure for Fe-3.24%Si
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060101-4



533 % ZER 2545 Fe-3.24%Si PR AS Iy B AR S 1 55 — PR B B4 HBR N AZSiTe R A 23R %6

Yerr 1 dpy (V)
dT = -T—dV+— V+(V,-V dv 16
v +2CV puM)+(Vo=V) av (16)
Cy=Cy+Cy. (17)
Yer = (NCri+7eCve) [Cy (18)

s €y AR Sl AR X A2 25 L A A BT, 1R A ks L3R, 7R B0 T C=3R/u, Horb R M BAR A B,
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VA 35 FT A 4 hop-Fe-3.24%Si 72 % I T (195 5 00,=7.995 glem®. #§3X L2 HUUA (13) X, 14715 5
Fe-3.24%Si 7E % i T IR A7 8, WK 3 h 2L @ TR, 5 Fe-3.4%Si 19 # i R 50E — 2, 5
100 GPa LA I 955 — PR R 45 2R — 3.

2.3 =& T hep-Fe-3.24%Si i 55 1%

R T XS L5387 TR, 4 58 75 100 GPa 1410 5 Fres s (Abi, Tsuchiya, e al., 2009!'*))
DL, BTG R Fe-3.24%Si BRRZAS 7 #2TC . NS EE;;;VI:{I‘?M,_’ZOM[M . -
WL % IR L, A S % 4 e O R o it l
X R IR TR, R A5 11-64-atoms 4514 S 10y e
TEE I T 75, Fe-3.24%Si" 2 i\ I B o
PR v, RN R (LA 4) é . P % ‘/L

v, =—(2.08+0.43)+(1.10£0.04)p  (19) E L e

R, Fe-3.24%Si BYO\IE 7 3 v, 76 % 18 T i O
i /&£ Birch & U, FEARIE T, BT A Fe-3.24%Si T T s
3125 2R 5 S50 1Y Fe-4.5%Ni-3.7%Si (1) Density/(g-cm )
P v, — B X T v, AT B4 0KIRA T Fe-3.24%Si TS BRI 7
W — M A R R RS Tsuchiya A Fig. 4 Sound velocity of Fe-3.24%Si versus density at 0 K
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1 T
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LM R AEAES ™, Antonangeli 2 7EMK T 93 GPa, A% T 1 100 K A9 15 JE 75 Bl & 1 Fe 1Y 75
W, G5 R W] Fe MU B AE 1100 K M AR 2 Birch & . 4R, Lin %1 Mao 551" Al
Sakamaki S5 (A 5T 45 S R B Fe MU 7 el 7 i T S8 AR LM R, B A Birch EH7E &
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P rE o, M 5 300 KT Fe-9%Sit'” Ay AU 7 i Ak # — 2, W] Fe-9%Si B AU 75 3 7E 5 ik o= J T
58K JE Birch a2 . 78 PN A% B I 3 R 25 1, BB Fe-3.24%Si B YN I 745 475 4R 7 2 Birch 22 £, NI
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Fig. 5 Comparison of the density, longitudinal sound velocity v,, bulk sound velocity v, and
shear velocity v, of Fe-3.24%Si with those of Fe and the data of the inner core
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First-Principles Calculations of the Equation of State and Sound Velocity of
Fe-3.24%Si: Implications for the Composition of Earth’s Inner Core

LI Peiyun, HUANG Haijun, LI Yanli
(School of Science, Wuhan University of Technology, Wuhan 430070, China)

Abstract: Silicon (Si) is considered as one major light element in Earth’s inner core, but its content is still
controversy. In order to constrain its content in the inner core, using first-principles calculation method, we
constructed four different supercells of Fe-3.24%Si and investigated the effects of cell size and spin on
geometry optimization. It is found that the spin doesn’t affect the equation of state of Fe-3.24%Si above
100 GPa, and below 100 GPa, the calculated results with the spin are closer to the experimental data. Based
on the equation of state, the sound velocity at 0 K and the corresponding thermodynamic parameters, the
density and sound velocity of Fe-3.24%Si are obtained under the conditions of the inner core. The density of
Fe-3.24%Si is lower than that of pure iron and slightly higher than that of the inner core. The sound
velocities of longitudinal wave and shear wave for Fe-3.24%Si are very close to that of pure iron, but both
are significantly higher than that of the inner core. Therefore, we could exclude the possibility that Earth’s
inner core contains a large amount of Si.

Keywords: Fe-3.24%Si; first-principles calculation; equation of state; sound velocity; inner core
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