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Fig. 1 [Initial structure of body-centered cubic (bec) Sis(a) and its optimized result (b)
The coordination number of the central atom is increased from 8 to 14 through structural

optimization, making the molecule more globular.
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Fig.2 Stable structures of Si;—Si,¢ clusters and the structural growth patterns of silicon microclusters
I —III,; Illustration of the structural growth patterns from Si4 to Sij¢: Sia clusters can be constructed by succes-
sively adding two- or three-coordinated atoms to Si.—;, forming molecules covered exclusively with four-membered

rings (Dz4). NI~XX; part of the stable structures not included in I —1XIL
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Table 1 Optimized structures and binding energies of Si,—Si,; microclusters’

Sia Structure Symmetry Bond length(nm) Energy per-atom(eV)
Siy j U C; 0.259(1—2),0.257(2—7),0. 269(1—9) 3.57(g)
0.262(2—8),0.251(6—7),0. 255(6—8)
v C, 0. 255(1—2),0. 286(1—3),0. 258(1—9,3—4) 3.55(D
0.262(3—8),0.251(2—8),0. 256(8—9)
| C, 0.255(2—3,7—9),0.271(2—7),0. 261(2—4) 3. 54(1)
0.258(4—6),0.266(6—7),0.249(8—9),0.263(6—8)
Sijo v Dy 0.260(6—8),0.252(4—9),0.304(5—6) 3.74(g)
1v C, 0.248—0. 270 3.62(D
i C: 0. 248—0. 272 3.62()
1wl D14 0.254—0. 269 3. 60(D)
Siy VI C, 0.257(1—5,2—10,3—10),0. 251(1—7,4—9) 3.75()
0.253(1—8,4—8),0. 265(2—5,3—5),0. 260(2—9,6—8)
0.259(2—10,3—7,3—11,4—5,6—7),0. 255(6—10)
il C, 0.249—0. 259 3.68(1)
Siys it Da 0. 250—0. 256 3. 81(g)
Vil C, 0.253(1—8),0. 251(1—7),0. 259(1—5),0. 257(3—7) 3.79(D
0.267(3—11),0.261(3—5,3—10,6—10),0. 257(10—12)
0.303(5—6),0.259(6—8),0. 248(11—12)
Siys X Cy 0.258(1--5,2—13,3—7,3—10,4—5),0. 251(1—7,4—9) 3.81(g)
0.253(1—8,4—8),0. 267(2—5),0. 271(2—11)
“.264(2—10,10—12),0. 260(2—9,6—8,6—10)
0. 262(3—5,3—11),0. 301(5—6),0. 257(6—9)
0.253(11—12),0. 250(12—13)
1Y C, 0.246—0. 292 3.78(D
Siy X C, 0.258(1—5,6—7,6—10,11—12,3—14),0. 251(1—7) 3. 80(g)
0.253(1—8),0.298(5—6),0. 269(10—12)
0.255(12—14),0.267(3—5,3—11),0. 261(3—1p,6—8)
Siys X <, 0.251—0. 267 3.87(g)
Fig. 1(b) Ox 0.253—0. 309 3.77(D
Siye )l C, 0.247—0. 263 3.95(g)

» g, global minimum; 1, local minimum.
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Application of the Many-Body Expansion Potential Energy
Functions to the Study of Group IV Atomic Microclusters (IV)

—Structures and Stabilities of Si,—Si,; Microclusters

LI Si-Dian
(Department of Chemistry, Yuncheng Advanced Training College, Yuncheng, 044000)

Abstract A many-body expansion potential energy function is used to study the structures and
stabilities of silicon microclusters, suggesting that firstly, Si;—Si; clusters can be constructed by
successively adding two- or three-coordinated atoms, forming surfaces covered with four-mem-
bered butterfly rings (D,,); secondly, the trigonal bipyramid Sis(Ds.) and D,; Sis are the build-
ing blocks for most of these compact structures with a D,, cage Si;, added in for the clusters with
over 10 atoms and both Si,, and Si;s are covered with three- or four- or five-coordinated atoms,
predicting that Sis, Sig, Sije» and Siy be the prominent peaks in the mass spectra of fragmentized
silicon clusters, in agreement with experiments; and finally, these non-diamond compact struc-
tures have a maximum coordination number of five and the formation of six-coordinated silicon
centres within half a sphere leads to destablization in energy.

Keywords Many-body expansion potential energy function, Silicon clusters, Structures, Stabil-

ities, Surface structures
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