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Table 1  Total energies Er (a. u. ), zero-point energies(eV ), lowest vibrational frequencies w:(cm™"), energy gaps Eq(eV),
nucleus independent chemical shift NICS, natural charges ¢ and bond lengths R(nm) of Bi.Hi: clusters

Cluster PG Er ZPE w E. NICS R s Re q, q,
BiHis I —-305. 67016 4.52 506. 4( Hy) 7.65 —25.04(0.13)  0.1798 0.1199 0.074 -0.24
BpHis I —-305. 32760 4.33 509.5(H.) 7.23 —29.82(0.14) 0.1789 0. 1220 0.185 -0.435
'Bi:Hiy I —304. 86790 4.15 510. 8( Hu) 1. 60 —-33.72(0.14) 0.1787 0. 1250 0.288 -0.622
*Bi:H12 T —-305. 63602 4. 34 213.9(T.) 1.92 42.06(1.89)  0.1805" 0.1187" 0.014 -0.097
'‘BiHi:  Ce. —-305. 46483 4.45 283.1( A1) 3.89 -11.14(24.35) 0.1837" 0.1181" —-0.048" 0.048"

The number at top left corner is multiplicity. NICS at the geometric centers, number in parentheses is the anisotropy at the geometric centers.

* for the average values
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Contour diagram of HOMO and LUMO for B::Hi; clusters
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#R2 X@BHi: (L)&EHREEEE Er(a.u. ). FREE ZPE (eV) RIERIINE wi(cm 1) BEFRE Es(eV).
K R(nm) HDORFREE gx ZMIUFMHE NICS FIEEEE Eu(k] - mol)
Table 2 Total energies Er(a. u. ), zero-point energies (eV ), lowest vibrational frequencies w;(cm™"), energy gaps E.(eV),

bond lengths R(nm), center atomic charges g, nucleus independent chemical shift NICS

and inclusion energies Ei.. (kJ * mol™') of X@B:Hi: ( I}) structures

- Er ZPE W E, Rs -x Rs-s Ry -u qy NICS Einc
*H@ BHiz 306. 02812 4. 61 467.0 6.02 0.1730  0.1826 0.1200 -2.073 —10.21(24.98) -387.31
'H*@BiHp5 306. 11606 4.46 —-1130.6(3) 5.29 0.1440 0.1817 0.1180 0.300 —10.08(25.33) 1177.00
’Li@B.His 312. 93621 4.56 393.9 6.65 0.1780 0.1879 0.1180 -2.40 -8.26(29.38) -519.86
'Li*@Bi:H:  313.00023 4.58 395.5 7.43 0.1780  0.1882 0.1180 -1.085 -9.93(24.92) 349. 20
'He@ B:H?y 308. 31862 4. 60 421.5 7.42  0.1770  0.1868 0.1190 0.043 -8.69(24.71) —702.33
'Ne@ B-Hi; 433.97261 4.15 257.0 7.37 0.1910  0.2016 0.1200 0.161 -8.79(21.52) -1667.20
'Be@ Bi:His 319. 96419 4.03 201. 8 1.09 0.1780  0.1879 0.1200 —2.932 —12.97(27.67) -942.78
'Be2*@BiHi;  320. 19983 4.51 379.8 8.70 1 0.1790  0.1883 0.1170 -1.51 -8.84(27.87) 2303.63
Na*@B:His  467.45613 4. 20 211.0 7.21 0.1930  0.2038 0.1180 -0.843 -9.00(22.71) —749.27
'Mg>* @B:His  505. 21631 4. 20 181.6 7.52 0.1940  0.2043 0.1150 0.049 -8.60(24.05) 831.70

NICS for the points 0. 1nm above the unique trianglesl; inclusion energy: Einc = E(X) + E(Bi2Hiz ) — E(X@B12Hiz ). Other is same as table 1.
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*£3 XBuHi: £HHEEEE Er(a.u. ) . FREE(eV) RIERIIAE w.(cm') BEFR E (eV).
1K Rs_x(nm). B o(°) BRETH ¢ MEFEE Ev(kJ - mol )
Table 3  XBi:His total energies Er(a. u. ), zero-point energies(eV ), lowest vibrational frequencies w:(cm™"), gaps E.(eV),
bond lengths Rs-x(nm), bond angles «(°), natural charges ¢_and binding energies Ey(kJ * mol™")
PG Er ZPE w1 Rs -x o dx Ey
*HB.Hs Cy,(1) —-306. 1002 4.59 -123.9(B>) 3.46 0.315 33.1 -0.028 259.91
LiBoHiy C,.(1) —-313. 2180 4. 60 -69.4 (B) 5.33 0.232 45. 4 -0.178 144. 43
'BeBi:His Cy,(1) —-320. 3571 4. 54 -78.4 (B) 3.84 0.275 37.5 -0.166 42.55
'H*BHiz C..(1) —-306. 2506 4.77 —242.0(By) 6. 64 0.133 91.6 0. 209 1514. 44
'Li*BiHiy C>,(1) —-313. 2802 4.63 —171.1(B>) 4. 30 0.210 50. 7 0. 650 843. 08
'Be?*B,His Cy,(1) —-320. 2906 4. 64 —250.7(B1) 3.48 0.175 65.4 0. 298 2572.99
'Na*BiHi C>,(1) —-468. 0431 4. 60 -93.1 (B) 3.45 0.247 42.9 0. 836 745. 63
'Mgz*Bquzz_ Cy,(1) —-505. 6563 4. 56 —154. 0( B2) 1.95 0.219 50. 0 1. 290 1966. 52
'H*B.Hiy Cs.(0) —306. 2561 4.79 429.9(E) 7.45 0. 141 89.4 0.191 1520. 93
'Li*BiHiy C3,(0) -313. 2883 4. 64 259.1(E) 4.55 0.214 49. 4 0. 562 863. 91
'Be?*BiHiy C5,(0) —-320. 3138 4. 67 406.6(E) 3.82 0.181 60. 0 0. 163 2587. 43
"Na*Bi.Hp C3.,(0) —-468. 0486 4. 60 147.4(E) 3.72 0. 250 42. 2 0. 788 769. 27
'Mg**Bi:His C3,(0) —-505. 6715 4.57 216.1(E) 2.56 0.223 47.9 1. 096 2003. 26

The number at top left corner is multiplicity. Number in parentheses is the number of imaginary frequency.
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Structures and Stabilities of Borane and Guest Species Icosahedral Clusters*®

Zhang Cai-Yun Wu Hai-Shun
( School of Chemistry and Material Science, Shanxi Normal University, Linfen 041004)

Abstract The equilibrium geometries and stabilities of Bi:Hf2(n =0, —1, —2, —3, —4) clusters are predict-
ed by B3BLYP/6-311G computations, at the same level, endo-and exo-icosahedral clusters (X @ Bi.Hiz and
XB:His, X =H"/*, Li" *, He, Ne, Be"**, Na*, Mg®*) are discussed. It is found that the endo-icosahedral clus-
ters (X@BHi;, X =Li*, Be**, Mg?*) are energetically favorable than the other exo-icosahedral clusters, and the
exo-icosahedral clusters XB,H?s (Cs,) are more stable than that of XB.H}s (Cs,) structures, which are demonstrat-

ed by a transition state from IRC calculations.

Keywords: Bi:Hi: cluster,  Structure and stability, ~ Nucleus independent chemical shift (NICS ),

Energy gap, Inclusion energy
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