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Computer Smulation on L i-Insertion RoutesBased on First-Principles
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Abstract: Inorder © study the processof L i intercalations in InSb, an Ab initio method with the first-principles
pseudo potentials based on the density functional theory was used to calculate the total energies, the equilibrium
wolumes of L i intercalations in InSb in 125 possible cases, the fomation energies and the relative volume changes
during the material changed fran one phase b another Camparing with the experimental woltage profile curve,

we shov that the most favored intercalation mute for undergoing tvo intemediate phase isLi + In,Sh, -

LilnnSo,, 2Li+Li, IS, -L kIS, 9OLi+LiInSh -Li, Sh +4In, and the most favored route for under-
going three intemediate isLi+ In, S, -Li I, S, 2Li+LiIn, S LISy, 4Li+LiIn, S -»Li; IS, +

In, 5Li+Li IS —Li, S, +3In  The lattice constant and total energy of L i; Sb was al® calculated The
band structures, electronic density of states for Li; Sb were al® ditussed The reqult hows that the wolune
dightly expands fram InSb oL i; Sh  The material changed from samiconducting to metallic then again to sami-
conducting
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Tab. 1 The fomation energies, the changesof unit cell volumes and the sum of the
fomation energies for the routes undergoing o intermediate phase
1 2 3 4 Ep v Exs v (= v E,
X1 XoXs X XoXs X XpXg X XX /e/ 5 K=Y ® eV ¥ =Y
1 000 010 210 444 2.04 0.05 2.00 0.08 1.85 -0.18 5.89
2 000 010 041 444 2.04 0.05 1.95 0.05 1.83 -0.16 5.8
3 000 010 110 444 2.04 0.05 1.90 0.04 1.87 -0.15 5.81
4 000 010 321 444 2.04 0.05 1.88 0.08 1.87 -0.18 5.79
5 000 020 041 444 2.06 0.09 1.90 0.01 1.83 -0.16 5.79
6 000 010 421 444 2.04 0.05 1.94 0.11 1.80 -0.20 5.78
7 000 020 421 444 2.06 0.09 191 0.06 1.80 -0.20 5.77
8 000 010 331 444 2.04 0.05 1.98 0.11 1.74 -0.21 5.76
9 000 020 331 444 2.06 0.09 1.96 0.06 1. 74 -0.21 576
’ 50 y 1

9 Xe, Xoy Xg 1 3 Li .
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Tab. 2 The fomation energies, the changesof unit cell volumes and the sum of the fomation
energies for the routes undergoing three intemediate phase
1 2 3 4 5
Xy Xo Xg Xy Xp Xg Xy Xo Xs Xi X5 X3 Xy Xp Xg
1 000 010 210 331 444
2 000 010 210 421 444
3 000 010 210 342 444
4 000 010 110 321 444
5 000 010 041 342 444
E /& E, /&V v Eys /& v E,, /& V /% Es /&Y v
1 7.76 2.04 0.05 2.00 0.08 1.98 0.03 1.74 -0.21
2 7.75 2.04 0.05 2.00 0.08 1.91 0.03 1.80 -0.20
3 7.70 2.04 0.05 2.00 0.08 1.87 -0.01 1.79 -0.17
4 7.69 2.04 0.05 1.90 0.04 1.88 0.04 1.87 -0.18
5 7.64 2.04 0.05 1.95 0.05 1.86 0.01 1.79 -0.17
3 20 , 2 5
2 : 4 , 1 2 , 1
(Es =1.98) 2 (Ey =1.91) 0.07 &v : 2 ,
1 1 2 2 3 1 1
2 2 1 3 1
2 4 , 3 , 1 ;
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