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Table S1. Cartesian coordinates for the global-minimum (GM) structure, Cs (*A’), of V2B7 cluster at the PBE0/def2-qzvp level. Also
shown are those for a high symmetry D7 (1A1’) structure, which is a second-order saddle point on the potential energy surface.

(a) GM, V2B~ (Cs, *A")

B -0.01043500 -1.80676600 0.00000000
B 0.03795400 0.40036800 1.76112500
B -0.07018600 -1.12503600 -1.41170800
B 0.03795400 0.40036800 -1.76112500
B 0.03795400 1.62708500 0.78405300
B 0.03795400 1.62708500 -0.78405300
B -0.07018600 -1.12503600 1.41170800
\% 1.17112700 -0.03378500 0.00000000
\% -1.17134700 0.03420500 0.00000000

(b) V2B7~ (D7, 1At
B 0.00000000 1.80563900 0.00000000
B 1.76036800 -0.40179200 0.00000000
B -1.41170500 1.12579800 0.00000000
B -1.76036800 -0.40179200 0.00000000
B 0.78343700 -1.62682500 0.00000000
B -0.78343700 -1.62682500 0.00000000
B 1.41170500 1.12579800 0.00000000
\% 0.00000000 0.00000000 1.17125300
\% 0.00000000 0.00000000 -1.17125300



Table S2. Calculated bond distances (BD; in A) and Wiberg bond indices (WBIs) of GM V2Br~ cluster at the PBEO/def2-qzvp level.
The relevant computational data of D7 V2B~ structure (second-order saddle point) are also shown as a footnote in the table.

Link®? V8-Bl1 V&-B2 V8-B3 V&-B4 V8&-B5 V&-B6 V8-B7
BD 2.14 2.18 2.13 2.16 2.14 2.16 2.16
WBI¢ 0.47 0.40 0.49 0.43 0.47 0.43 0.43
Link V9-B1 V9-B2 V9-B3 V9-B4 V9-B5 V9-B6 V9-B7
BD 2.17 2.13 2.18 2.13 2.17 2.15 2.15
WBI¢ 0.42 0.49 0.40 0.49 0.42 0.45 0.45

@ Cluster structure and atomic labels are shown in Figure 2.

b Calculated BDs of D7 V2B7~ structure are 1.57 A for the B-B links and 2.15 A for V-B links. Their corresponding WBI values are 1.29 and
0.45, respectively.

¢ The WBIs are obtained using the NBO 6.0 program.
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Cs ('A") 0.00 Ci (3A) 0.64 Ci (°A) 0.88 C1 (*A)0.93 Ci ('A) 1.04
0.00 0.62 0.85 0.92 1.04
(0.00) (0.83) (1.06) (1.02) (1.26)

\
Ci ('A)1.19 Ci GA) 1.21 Ci ('A) 1.31 Ci ('A) 1.34 Ci ('A) 1.47
1.16 1.21 1.30 1.33 1.47
(1.05) (1.13) (1.36) (1.33) (1.54)
Ci ('A) 1.51 Ci ('A) 1.55 Ci (3A) 1.58 Ci ('A) 1.61 Ci ('A) 1.64
1.50 1.54 1.56 1.57 1.62
(1.37) (1.08) (1.42) (1.52) (1.40)

Ci ('A) 1.67 Ci ('A) 1.71 Ci ('A) 1.72 Ci ('A) 1.83 Ci ('A) 1.84
=24
C1 (1A) 1.90 Cq (1A) 1.91 Cq (1A) 2.10 Cq (1A) 2.13 Cq4 (1A) 2.14
%
\ W

Ci ('A) 2.17 Cs ('A) 2.30 Ci ('A) 2.61 Ci ('A) 2.70 Ci ('A) 2.71

Figure S1.  Alternative optimized low-lying isomeric structures of V2B7~ cluster at the PBE0/def2-qzvp level along with their relative
energies (shown in the first row), including zero-point energy (ZPE) corrections. The energetics data are also presented for the top
fifteen structures at the PBE0-D3/def2-qzvp (the second row, in italics) and B3LYP/def2-qzvp (the third row, in parentheses) levels.
All energies are shown in eV. The three sets of energetics data appear to be coherent with each other.

S3



(a) (b)
7x2c-2e o bonds 3x9c-2e 1T bonds
ON = 1.81 |e| ON =2.00 |e|

(C@ @ @
3x9c-2e o bonds
ON = 2.00 |e|

(d) (e)
2xnonbonds 2c-2e o bond
ON = 1.66 |e| ON =1.99 |e|

Figure S2. An alternative bonding scheme of GM Cs ('A’) V2B7~ cluster on the basis of adaptive natural density partitioning
(AdANDP) analysis. Occupation numbers (ONs) are indicated. The AANDP scheme differs from that in Figure 4 primarily in the
peripheral B-B ¢ bonding, which is treated here strictly as Lewis-type two-center two-electron (2c-2e) ¢ bonds, thus leading to ON’s
(1.81 |e|) that are relatively less than ideal. Consequently, additional delocalized bonding elements in (b) and (c) are distorted as
compared to the corresponding canonical molecular orbitals (CMOs), despite their ideal ON values of 2.00 |e|.
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Figure S3. Calculated NICS data for GM V2B7~ cluster at the PBE0/6-311+G* level. The NICS:+(0) values are obtained at the center
of the B plane and at the center of quadrilateral B1B2B3B4 unit. The NICS.(1) value is obtained at 1 A above the center of quadrilat-
eral B1B2B3B4 unit.
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Figure S4. A schematic presentation of the constructive/destructive recombination between HOMO and HOMO-7 of GM V2B7~
cluster. This treatment generates two relatively isolated and purified ¢ bonds, one for Lewis-type V-V ¢ bond and the other for
delocalized ¢ bonding along the Bz ring.
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