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Fig. 1 The geometrical structures of Sii optimized by B3LYP
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Fig. 2 The geometrical structures of Si,P " optimized by B3LYP
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Fig. 3 The geometrical structures of Si;P, optimized by B3LYP
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Fig. 4 The geometrical structures of Si,P; optimized by B3LYP
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Fig. 5 The geometrical structures of SiP; optimized by B3LYP
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Fig. 6 The geometrical structures of P; optimized by B3LYP
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Table 1 The optimized bond length ,Mulliken charge of the most stable isomers of Si,P,, (n+m=5) by B3LYP and MP2

B3LYP Bond length/nm Mulliken charge
Cluster Symmetry Ev/ Enono/ Evrumo/ Egap/
B3LYP MP2 B3LYP MP2
eV eV eV eV

Sif (5) Cy 12.08 97 —11.3186 —9.591 8 1.726 8 Sil—Si2 0.226 49 0.222 54 Sil 0.165 9 0.085 6
Si2—Si3  0.239 41 0.235 70 Si2 0.123 0 0.149 3
Si3 0.294 0 0.307 9
Si,P7(3) Cy 13.2434 —11.6424 —8.6312 3.0112 P—Sil 0.223 85 0.22575 P —0.0065 —0.1159
Sil—Si2  0.233 36 0.22927  Sil 0.187 3 0.206 5
Si2 0.315 9 0.3515
SizPy (7) Cy 13.5509 —13.7199 —6.3553 7.3646 Sil—P 0.219 97 0.21829  Sil 0.204 8 0.203 3
Si2—P 0.236 23 232 01 Si2 0.297 6 0.332 5
P 0.099 9 —0.084 6
Si;P3 (6) Dy, 14.8625 —12.1605 —7.5782 4.5823 P—Si 0.235 57 0.231 99 P 0.044 5 —0.036 8
P—P 0.229 08 0.226 48 Si 0.433 2 0.555 2
SiPi (4) C, 13.006 7 —12.1308 —10.651 1 1.4797 Si—P1 0.232 30 0.240 18 Si 0.249 5 0. 326 6
Si—P2 0.232 15 0.249 53 P1 0.187 3 0. 086 6
Si—P3 0.232 56 0.249 60 P2 0.188 3 0.250 4
P1—P2 0.224 98 0.214 52 P3 0.187 2 0.250 6

P1—P3 0.224 84 0.214 55
P3 (6) Cio 14.084 3 —12.3874 —8.3423 4.0451 P1—P2 0.23372 0.23029 P1 0.140 7 0.073 1

P2 0.2148 0.2317
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Quantum Chemical Investigation of Geometry and Stability of
Silicon-Phosphorous Clusters Si, P, (n+m=5)

WANG Su-Fan'?, FENG Ji-Kang'*, SUN Chia-Chung', GAO Zhen?*, KONG Fan-Ao’
(1. State Key Laboratory of Theoretical and Computational Chemistry, Institute of Theoretical Chemistry. Jilin University .
Changchun 130023, China; 2. State Key Laboratory of Molecular Reaction Dynamics. Institute of Chemistry.,
Chinese Academy of Sciences, Beijing 100080, China)

Abstract On the basis of the relative experiment, the possible geometrical structures and relative sta-
bility of silicon-phosphorous clusters Si,P,} (n+m=5) are explored by means of density functional the-
ory (DFT) quantum chemical calculations (B3LYP/6-31G* ). The effects of polarization functions and
electron correlation are included in these calculations. As a result, the stability regularity of the Si,P,,
cluster is obtained, that is, when n>>m, the most stable structure of the clusters is similar to Si, ,
otherwise, it is similar to P}}.
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