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Table 1 Parameters defining the tin potential used in this study

T, 2,81 A ¢, ~0.872 C, -1.505
D, 1.00eV c, ~ 4,980 c, 2.949

6.25 C, -13.145 C., -15.065
B 3.55 c, ~4.781 c, 19.572
a, 1,579 C, 35.015 C., 12,830
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Table 2 Part of the low-lying structures and averaged binding energies per atom for

tin clusters with 2—1¢ atoms

cluster structure symmetry bond length/ A binding energy/eV
Sn, dimer Doy, 2.81 0.50
Sn, I C,.(B)8 2,84 . 0.87
linear Dup(n)e 2.92 0.60
equilateral
triangle Dyy(m) 3.12 0.84
Sn, { S8 2,94 (1-2) 4.15 (1-3) 0.81
tetrohedron T4(n) 3.43 0.82
triangular cone Cyu(ho 2.98 (1-2) 3.92 (3-4) 0.83
Sn, | Dy (&) 3.18 (1-2) 4.11 (2-4) 1.12
4,24 (1-5)
pentagon Dyp(n) 2.74 1.00
Sn, N C.,(8) 3.06 (1-2) 2.96 (3-6) 1.36
2.90 (4-6) 4.17 (5-6)
octohedron O,(n) 3.60 1.26
chair Dys(n) 3.08 (1-2) 3.95 (2-6) 1.27
8n, v Cyu(B) 3.06 (1-3) 3.11 (4-7) 1.55
Sn, v 0,(8) 3.07 1.78
Sn, kit C,u(8) 2.90 €(3-7) 2.89 (1-3) 1,87
2.77 (1-2) 2,95 (7-8)
Sn,, | C.v(8) 2,74 (1-2) 2,76 (2-3) 1,97
3.02 (4-9) 2.77 (1-6)

3.67 (5-10) 2.82 (3-4)

& g=global minimum, l=1local minimum; n=non-minimum
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Table 3 Comparison between the structures optimised in shells and the ones optimised fully

diamond shell-optimisation full optimisation
Cluster
Ns Nao Ryi/A  EafeV ai Ea/eV Ns N, i E,/eV
Sn,, 1 4 2.81 1,999 0.972 2.065 1 4 0.973 2,057
2 12 5.38 0.833 2 12 0.833
3 12 5.62 0.910 3 12 0.907
Sny, 1 4 2.81 1,028 0.960 1,949 1 4 0.946 1,971
2 12 5.38 0.846 2 12 0,849
3 12 5.62 0.936 3 12 0,938
4 6 6.49 0.967 4 0.953
Sn,, 1 4 2,81 1.814 0.983 1.840 1 4 .0.950 2.021
2 12 5.38 0,822 2 12 0,837
3 12 5.62 0.956 3 12 0.957
4 6 6.49 0.983 4 6 0.979
5 12 7.07 0.969 5 12 0.965
Sn,, 5 12 7.07 1,997 0.990 2.023 5 12 0.985 2.139
6 24 7.95 0.972 6 12 0.950
6’ 12 0.976
Sn,, 6 24 7.95 2.065 0,989 2.073 6 12 0,980 2.096
6/ 12 0.988
7 16 8.43 0.985 7 4 0.974
7’ 12 0.984
Sn,,, 6 24 7.95 0.993 2.301 6 12 0.979 2.394
6’ 12 1.013
7 16 8.43 0.983 7 4 0.977
7’ 12 1,039
9 24 9.60 0.990 9 24 0,987
10 24 10.26 0.984 10 24 0.984

Note, Ng=the Nth shell; ¥, =Number of atoms; R4; =radii, EA=bindir;g energy per atom,
a; =R;/Rg4i, the rclative radii of optimised structures
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STRUCTURES AND RELATIVE STABILITIES
OF TIN CLUSTERS

Li Sidian® R. Johnstonb J. Murrelld
(a. Yuncheng Advanced Training College, Yuncheng 014000, Shanzi, P.R.
Chirna, b. University of Sussez, Brighton BNI 9QJ, U.K.)

ABSTRACT

A many-body expansion interatomic potential obtained from bulk tin was used to
predict the structures and energies of small and medium size tin clusters (Sn,-Snyy,).
The optimized results show that small tin clusters (Sn,~Sn,;) prefer to take compact
structures as their most stable configuration,all unrelated with the bulk lattice; while
medium tin clusters, like, Sn,, Sn,, Sng, and Sn,,, are still kept in shell struc-
tures which are distortions of the microcrystalline fragments of solid tin, with all the
shells compressed and some shells split. The energy per-atom of these clusters in-
creases steadily with the increasing of the cluster size, approaching the cohesive energy
of a-tin at about Sn,,, (extrapolated), where the most stable structure should match

the bulk lattice except for a few percents of surface atoms.

Keywords; Tin clusters, Structures, Stabilities, Potential energy function
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