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Topological Studies on the Structures of the Neutral and Charged BH,
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Abstract: The structures of BH;, BH,, and BH; were optimized at the level of B3LYP/6-311+G(d,p) and CCSD/6-311+
G(d,p). The topological analyses of electronic density for chemical bonds of the neutral and charged BH, were
performed. The calculated results show that the symmetries of BH;, BH,, and BH; are C,, C,, and T, respectively.
There are B—H bond, H—H bond and atom-molecular bond in BH; and BH,. There are four equivalent B—H bonds

in BH;. In the case of BH, there is an unpaired electron that occurs near the boron atom.
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Table 1 The geometry parameters of the optimized

structures
Species R/ nm Al(°) D/ (®°)

BH; R,=0.1178 A3=142.32 D.,1»=180.00
R,=0.1461 An=92.77 D;5,1,=180.00
R5=0.0809 A5,=32.15

BH, R,=0.1186 A3=129.66 D.»=154.18
R,=0.1293 Au=112.93 D5,1,=100.67
R5=0.1037 A5,=47.29

BH; R,=0.1182 A3=130.0
R,=0.1289 A5=46.7
R5=0.1022

BH; R»=0.1241 A3,=109.47 D,»=120.0

“at the MP2 level, Ref.[10]; R: bond length; A: bond angle;
D: dihedral angle
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Table 2 Total energies of BH;, BH,, and BH; and the ionization potential (eV) and electron affinity (eV) of BH,

B3LYP/6-311+G(d,p)*

CCSD/6-311+G(d,p)

Species Symmetry Ex(hartree)  Ex(kJ-mol ) Ex(hartree) Ex(kJ -mol™) [P V) EA*(eV)
BH; G 26,8148 0.00 26,7124 0.00
BH, C ~27.1259 -816.79 ~27.0103 —782.14 8.10 298
BH; T, _27.2418 ~1121.09 ~27.1198 ~1069.63

‘including ZPE at the B3LYP level of theory for all species; "IP: ionization potential; “EA: electron affinity
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Table 3 The net charges on each atoms of BH;,

BH,, and BH;
Species Net charge (e)
B, H, H, H, H;
BH; 1.7698 -0.4315  -0.4315 0.0461 0.0461
BH, 1.6406 -0.6027  -0.6027 -0.2178 -0.2178
BH; 1.6609 -0.6650  —0.6650 -0.6650  —0.6650
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Table 4 Topological properties at the critical points of chemical bonds in BH;, BH,, and BH;

Eigen. of the Hessian Matrix

Species Bond p/(e*a™®) Y n x Vo &
BH; B—H, 0.2060 —-0.4494 -0.4032 0.1287 —-0.7239 0.1146
BH, 0.1800 -0.3575 -0.3425 0.3734 —-0.3266 0.0438
BH; 0.0837 -0.1470 -0.1392 0.1500 -0.1362 0.0560
BH; B—H; 0.2060 —-0.4494 -0.4032 0.1287 —-0.7239 0.1146
BH, 0.1800 -0.3575 -0.3425 0.3734 —-0.3266 0.0438
BH; 0.0837 -0.1470 -0.1392 0.1500 -0.1362 0.0560
BH; B—H,H; 0.1075 -0.2578 -0.0346 0.3354 0.0430 6.4509
BH. 0.1348 -0.2035 -0.0143 0.0674 —-0.1504 13.2308
BH; H—H; 0.2059 —-0.6854 —0.5566 0.6616 —-0.5804 0.2314
BH, 0.1349 -0.2128 —-0.0404 0.0248 —-0.2284 4.2673

p: the electronic density ; V%: the Laplacian of p; &: ellipticity
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Table 5 The spin densities on each atom of BH,

Spin density (e*a;™)
B, H, H; H, H;
BH, 0.6232 -0.0357 -0.0357 0.2242 0.2242
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