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1. Computational methods

All standard electronic structure calculations are carried out using the Gaussian 03 program.'
Geometries and harmonic vibrational frequencies of the lower-lying isomers are determined using density
functional theory (DFT) with the popular hybrid B3LYP functional which involves the Becke three-
parameter exchange® and Lee—Yang—Parr correlation® functionals. The initial search for all possible low-
lying isomers of BeLis is performed using a stochastic search algorithm that was implemented by us.’
Firstly, the possible structures of B¢lLig are generated by random “kick” method, and then rapidly
optimized at the B3LYP/3-21G level.” In this search procedure, the minimum and maximum distances
between atoms are limited to 1.5 and 10 A, respectively. Geometries of the lower-lying isomers with
relative energy of 2.00 eV and their vibrational frequencies are further refined using the B3LYP
functional in conjunction with the 6-311+G(d) basis set.’ In order to obtain more accurate energetic
properties, the optimizations and geometries and calculations of vibrational frequencies of few lowest-

lying isomers are further performed at the MP2/6-311+G(d) level of theory.

Nucleus independent chemical shift (NICS) of the global minimum B¢Lig (C;) and B6H62'(Oh), Sig”
(Oy) is calculated at center positions of the Bg and Sis cages by using GIAO-B3LYP/6-311+G(d) method.”
Natural charge populations and Wiberg bond indices of compounds are computed at the B3LYP/6-
311+G(d) level of theory by using NBO software.® Electron localization function (ELF) of the BeLis is
obtained at the B3LYP/6-311+G(d) wavefunction using Dgrid-4.5 software.” Total (DOS) and partial

(pDOS) densities of states of B¢Lig are obtained at the wB97XD/6-31++G(2d,2p) level.
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2. Plots of average adsorption energies (E.qs, €V) per H, molecule of B¢Lis-nH, and reaction enthalpy
(AH, eV) of processes: BgLis-nH, — BgLig + NH,. All values are calculated at wB97XD/6-31++G(2d,2p)

level.
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3. Cartesian coordinates of the low-lying isomers BgLig obtained at the B3LYP/6-311+G(d) level and

configurations I, II and III obtained at the wB97XD/6-31++G(2d,2p) levels.
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