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Supplementary Information — Part |

Table S1.  Cartesian coordinates for (a) the global-minimum (GM) (C,,, 'A;), (b) the local
minimum (LM) (Cs, 'A"), and (c) the transition state (TS) (C;, 'A) structures of
BesBi;~ cluster at the PBE0/6-311+G* level.

Figure S1.  Alternative optimized structures of Be;B;;~ cluster at the PBE0/6-311+G* level,
the relative energies (in eV) are shown in square bracket with the corrections of
zero-point energies (ZPEs), as well as for top four isomers at the single-point
CCSD(T)/6-311+G*//PBE0/6-311+G* level.

Figure S2. The bond distances (in A) obtained at the PBE0/6-311+G(d) level for (a) the GM
(Csy, 'Ay) and (b) the LM (Cs, 'A'") structures of Be;By;~ cluster.

S1


mailto:yingjinwang@sxu.edu.cn
mailto:hj.zhai@sxu.edu.cn

Figure S3.

Figure S4.

Figure S5

Figure S6.

Figure S7.

Figure S8.

Figure S9.

Calculated Wiberg bond indices (WBIs) in black and natural atomic charges (in |e|)
in blue for (a) the GM (Csy, 'A}) and (b) the LM (C;, 'A") of Be;B;~ cluster from
natural bond orbital (NBO) analyses at the PBE0/6-311+G* level.

The parameters of (a) bond distances, (b) Wiberg bond indices (WBIs) and (c)
natural atomic charges in |e| for TS (Cj, 'A) structure of Be;By;~ cluster. The WBIs
and natural atomics are obtained from the natural bond orbital (NBO) analysis at

the PBE0/6-311+G* level.

Born-Oppenheimer molecular dynamic simulations for Be;B;,~ cluster at (a) 300
K, (b) 400 K, and (c) 600 K for 50 ps using the software suite CP2K. Some typical
GM structures are picked up during the dynamic simulations. The root-mean-
square-deviation (RMSD) and maximum bond length deviation (MAXD) values
(on average) are indicated.

The canonical molecular orbitals (CMOs) for the GM (C,,, !A;) of Be;B;~ cluster.
(a) Thirteen 6 CMOs for ten Lewis two-center two-electron (2c-2e) B-B o bonds
in B;; skeleton, two three-center two-electron (3c-2¢) and one six-center two-
electron (6¢c-2¢) delocalized ¢ bonds on two Bj triangles. (b) Four radials 1 CMOs
for three delocalized © bonds on waist and one delocalized © bond on two B;
triangles. (c) Three tangential 1 CMOs for three delocalized © bonds on waist.

The CMOs for the LM (Cs, 'A") of BesBy;~ cluster. (a) Thirteen 6 CMOs for eleven
Lewis 2c-2e B—B o bonds in By; skeleton, one 3c-2e 6 bond on bottom Bj triangle
and one 7c-2e delocalized ¢ bond on the top B4 pyramid and bottom Bj triangle.
(b) Four radials m CMOs for three delocalized m bonds on waist and one
delocalized n bond on top B4 pyramid and bottom Bj triangle. (¢) Three tangential
n CMOs for three delocalized © bonds on waist.

Electron localization functions (ELFs) for (a) the GM (Cs,, 'A)), (b) the LM (Ci,
'A") and (c) the TS (C}, 'A) structures.

The CMOs for the TS (C}, 'A) of BesBy;~ cluster. (a) Thirteen ¢ CMOs for eleven

2c-2e B-B o bonds in Bj; skeleton, one 3c-2e ¢ bonds on bottom Bj triangle and
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one 7c-2e delocalized ¢ bond on top B4 pyramid bottom Bj; triangle. (b) Four
radials 1 CMOs for three delocalized m bonds on waist and one delocalized © bond
on top B4 pyramid and bottom B; triangle. (c) Three tangential 1 CMOs for three
delocalized  bonds on waist.
Figure S10. The adaptive natural density partitioning (AdNDP) bonding pattern for the TS (Cj,
'A) structure of Be; By~ cluster. The occupation numbers (ONs) are indicated.
Figure S11. The evolution process of the delocalized (a) 6¢-2e 6 bond and (b) 6¢-2e m bond on

two Bj triangles during the interconversion between the GM and LM.
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A short movie extracted from the BOMD simulation for Be;B;;~ cluster. The simulation was
performed at the temperature of 600 K for 50 ps, starting from the equilibrium
GM structure with random atom velocities. The movie roughly covers a time span

of 12 ps.
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Figure S1.  Alternative optimized structures of Be;B;;~ cluster at the PBE0/6-311+G* level,
the relative energies (in eV) are shown in square bracket with the corrections of

zero-point energies (ZPEs), as well as for top four isomers at the single-point

CCSD(T)/6-311+G*//PBE0/6-311+G* level.
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Figure S2.  The bond distances (in A) obtained at the PBE0/6-311+G(d) level for (a) the GM
(Cyy, 'A}) and (b) the LM (Cs, 'A") structures of Be;Bj;~ cluster.

GM(Czy, A1)

LM (Cs, 'A")
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Figure S3. Calculated Wiberg bond indices (WBIs) in black and natural atomic charges (in |e|)
in blue for (a) the GM (Csy, 'A}) and (b) the LM (C;, 'A") of Be;B;~ cluster from
natural bond orbital (NBO) analyses at the PBE0/6-311+G* level.

GM (Cuy, A1)

LM (Cs, 'A")
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Figure S4. The parameters of (a) bond distances, (b) Wiberg bond indices (WBIs) and (c)
natural atomic charges in |e| for TS (Cy, 'A) structure of Be;By;~ cluster. The WBIs
and natural atomics are obtained from the natural bond orbital (NBO) analysis at

the PBE0/6-311+G* level.

LM(Cs, 'A")
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Figure S5

(a)
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Born-Oppenheimer molecular dynamic simulations for Be;B;;~ cluster at (a) 300
K, (b) 400 K, and (c) 600 K for 50 ps using the software suite CP2K. Some typical
GM structures are picked up during the dynamic simulations. The root-mean-
square-deviation (RMSD) and maximum bond length deviation (MAXD) values

(on average) are indicated.
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Figure S6.

(a)o g i I E I !

The canonical molecular orbitals (CMOs) for the GM (C,,, 'A) of Be;B;;~ cluster.
(a) Thirteen ¢ CMOs for ten Lewis two-center two-electron (2¢c-2e) B-B o bonds
in B;; skeleton, two three-center two-electron (3c-2e¢) and one six-center two-
electron (6¢-2¢) delocalized o bonds on two Bj triangles. (b) Four radials 1 CMOs
for three delocalized m bonds on waist and one delocalized © bond on two B;

triangles. (c) Three tangential 1 CMOs for three delocalized © bonds on waist.
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Figure S7. The CMOs for the LM (C;, 'A") of Be;By;~ cluster. (a) Thirteen 6 CMOs for eleven
Lewis 2c-2e B—-B & bonds in By; skeleton, one 3c-2e ¢ bond on bottom Bj triangle
and one 7c-2e delocalized ¢ bond on the top B4 pyramid and bottom Bj triangle.
(b) Four radials m1 CMOs for three delocalized m bonds on waist and one

delocalized © bond on top B4 pyramid and bottom Bj triangle. (c) Three tangential

1t CMOs for three delocalized ©t bonds on waist.
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Figure S8. Electron localization functions (ELFs) for (a) the GM (C,,, 'A)), (b) the LM (Ci,

Qfs%‘o

'A") and (c) the TS (Cy, 'A) structures.
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Figure S9. The CMOs for the TS (C), 'A) of Be;Bi;~ cluster. (a) Thirteen ¢ CMOs for eleven
2c-2e B-B o bonds in By skeleton, one 3c-2e o bonds on bottom Bj triangle and
one 7c-2e delocalized ¢ bond on top B4 pyramid bottom Bj; triangle. (b) Four
radials T CMOs for three delocalized m bonds on waist and one delocalized © bond

on top B, pyramid and bottom Bj; triangle. (c¢) Three tangential 1 CMOs for three

¢ ¢
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Figure S10. The adaptive natural density partitioning (AdNDP) bonding pattern for the TS (C;,

IA) structure of Be;B;~ cluster. The occupation numbers (ONs) are indicated.
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Figure S11. The evolution process of the delocalized (a) 6¢-2e 6 bond and (b) 6¢-2e © bond on

two Bj triangles during the interconversion between the GM and LM.
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Table S1.  Cartesian coordinates for (a) the global-minimum (GM) (C,,, 'A;), (b) the local

minimum (LM) (C;, 'A"), and (¢) the transition state (TS) (C), 'A) structures of

Be;Bi~ cluster at the PBE0/6-311+G* level.
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