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Table S1. Cartesian coordinates for the global-minimum (GM) structures of BeB1,"*
clusters at the PBEQ/6-311+G (d) level.

Figure S1.  Alternative low-lying structures of BeB12" cluster at the PBE0-D3/6-311+G(d)
level. Relative energies are shown with corrections for zero-point energies (ZPEs).
Also shown are energies for top ten low-lying isomers at the single-point
CCSD(T)/6-311+G(d) level in square brackets. All energies are in kcal mol2.

Figure S2.  Alternative low-lying structures of BeB1> cluster at the PBE0-D3/6-311+G(d)
level. Relative energies are shown with corrections for zero-point energies (ZPEs).
Also shown are energies for top low-lying isomers at the single-point
CCSD(T)/6-311+G(d) level in square brackets. All energies are in kcal mol2.

Figure S3.  Alternative low-lying structures of BeB1>~ cluster at the PBE0-D3/6-311+G(d)
level. Relative energies are shown with corrections for zero-point energies (ZPESs).
Also shown are energies for top low-lying isomers at the single-point

CCSD(T)/6-311+G(d) level in square brackets. All energies are in kcal mol2.
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Figure S4.

Figure S5.

Figure S6.

Figure S7.

Figure S8.

Figure S9.

Figure S10.

Calculated Wiberg bond indices (WBISs; in bule color) and natural atomic charges
(in |e|; red color) at the PBE0/6-311+G(d) level. (a) Cationic BeB12* (1, Cev, 2A1)
cluster. (b) Neutral BeBi2 (2, Cs, *A) cluster. (c) Anionic BeBi2™ (3, Cav, 2Az)
cluster.

Calculated (a) bond distances (in A; black color), (b) Wiberg bond indices (WBISs;
blue color), and (c) natural atomic charges (in |e|; red color) of a local minimum
structure for BeBi2 cluster.

An alternative AANDP bonding scheme of tubular BeB1." cluster, in which the
contribution of third B atom is excluded. The occupation numbers (ONSs) are
slightly less than those in delocalized 3c-2e o scheme (in Fig. 3).

The occupied canonical molecular orbital (CMOSs) of neutral BeBiz (2, Cs, *A"). (a)
Three delocalized = bonds. (b) Five delocalized o bonds. (c) One delocalized
bond in the BeB: core. (d) Ten delocalized ¢ bonds for peripheral two-center
two-electron (2c-2e) B—B single bonds.

AdNDP bonding analysis of LM (Cs, *A) structure for neutral BeBi2. The ON are
indicated.

Selected optimized structures at PBE0-D3/6-311+G(d) level for (a) GM BeB12" (1,
Cev, 2A1); (b) LM LiB12 (Cay, 2A"), and (¢) GM Li2B12 (Deg, 1A1). Bond distances
(in A) are shown.

The displacement vectors of soft vibrational modes of neutral BeB1> cluster (a)
global-minimum (GM) and (b) transition state (TS) structure at
PBE0-D3/6-311+G(d) level, which relevant to the rotation between the peripheral

B1pand inner BeB: core.
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Figure S1. Alternative low-lying structures of BeBi1," cluster at the PBE0-D3/6-311+G(d)
level. Relative energies are shown with corrections for zero-point energies (ZPEs).
Also shown are energies for top ten low-lying isomers at the single-point
CCSD(T)/6-311+G(d) level in square brackets. All energies are in kcal mol2.
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Figure S2. Alternative low-lying structures of BeBi> cluster at the PBEO-D3/6-311+G(d)
level. Relative energies are shown with corrections for zero-point energies (ZPEs).
Also shown are energies for top low-lying isomers at the single-point

CCSD(T)/6-311+G(d) level in square brackets. All energies are in kcal mol—2.
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Figure S3. Alternative low-lying structures of BeB1.~ cluster at the PBE0-D3/6-311+G(d)
level. Relative energies are shown with corrections for zero-point energies (ZPEs).
Also shown are energies for top low-lying isomers at the single-point

CCSD(T)/6-311+G(d) level in square brackets. All energies are in kcal mol—.
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Figure S4. Calculated Wiberg bond indices (WBIs; in bule color) and natural atomic charges
(in |e|; red color) at the PBE0/6-311+G(d) level. (a) Cationic BeB12* (1, Cav, 2A1)
cluster. (b) Neutral BeB12 (2, Cs, *A") cluster. (c) Anionic BeBi2™ (3, Cav, 2A2)

cluster.

1 BeB1* (Cev, 2A1) 2 BeB12(Cs, 'A) 3 BeBr2 (Cav, A2)
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Figure S5. Calculated (a) bond distances (in A; black color), (b) Wiberg bond indices (WBIs;

blue color), and (c) natural atomic charges (in |e|; red color) of a local minimum

(LM) structure for BeBi> cluster.
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Figure S6. An alternative ADNDP bonding scheme of tubular BeB12" cluster, in which the
contribution of third B atom is excluded. The occupation numbers (ONSs) are

slightly less than those in delocalized 3c-2e ¢ scheme (in Fig. 3).
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Figure S7. The occupied canonical molecular orbital (CMOs) of neutral BeB12 (2, Cs, 1A). (a)
Three delocalized = bonds. (b) Five delocalized & bonds. (c) One delocalized o
bond in the BeB: core. (d) Ten delocalized ¢ bonds for peripheral two-center

two-electron (2c-2e) B—B single bonds.
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Figure S8. AdNDP bonding analysis of LM (Cs, *A’) structure for neutral BeB1.. The ON are

indicated.
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Figure S9. Selected optimized structures at PBE0-D3/6-311+G(d) level for (a) GM BeB12" (1,
Cov, 2A1); (b) LM LiB12 (Cav, 2A"), and (¢) GM Li2B12 (Ded, *A1). Bond distances

(in A) are shown.

BeBi12* (Cev, ?A1) LiB12 (Cay, 2A") LizB12 (Ded, 'A1)
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Figure S10. The displacement vectors of soft vibrational modes of neutral BeB12 cluster (a)
global-minimum (GM) and (b) transition state (TS) structure at

PBEO-D3/6-311+G(d) level, which relevant to the rotation between the

peripheral Bioand inner BeB: core.
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Table S1.

clusters at the PBEQ/6-311+G (d) level.
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Cartesian coordinates for the global-minimum (GM) structures of BeB1,7*
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