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Computational Methods

In the calculations for validating the strategy, geometry optimization and
harmonic vibrational frequency analysis of all clusters were performed at the
PBEO/BS1 level, where BS1 denotes a mixed basis set with cc-pVTZ for C, B, O,
and S and cc-pVTZ-PP for Se, Te, and Po. Adaptive natural density partitioning
(AANDP)* analyses were performed at the PBEO/6-31G(d) levels. The
thermodynamic stability was studied by the exploration of potential energy
surfaces of 1a using basin hopping algorithm.? The isomers were initially
optimized at the PBE/DZVP level and then the 20 low-energy isomers were re-
optimized at the PBEO/BS1 level. The single point energies of the five lowest
isomers were calculated at the CCSD(T)/BS1 level considering the Gibbs free
energy corrections obtained at the PBEO/BS1 level, which was reported in the
text. The dynamic stability of 1a was studied using 100 picoseconds Born-
Oppenheimer molecular dynamic (BOMD) simulations at the PBE/DZVP level
and concerned temperatures using the CP2K3 package. Nucleus-independent
chemical shift (NICS)* was calculated to assess the aromaticity of 1a. The basin
hopping algorithm was realized using the Tsinghua Global Minimum (TGmin)
2.0 program,®> the CCSD(T) calculations were carried out using the MolPro
2012.1 package,® the CS-NICS and composition of each orbital in ANDP were
generated with the Multiwfn 3.7 code,” the EDA-NOCV®° were performed at
the PBEO/TZ2P'° |level using the ADF 2022 program package, '* and all other
calculations were performed using the Gaussian 16 package.?
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SI2: The structures of CB,X; (X =0, S, Se, Te, Po), Wiberg bond orders of 1a,
NBO charges (in |e]|) of 1a, full AANDP bonding patterns of 1a, the shapes of
deformation densities (Ap) for EDA-NOCV analysis of 1a, concerned isomers
of 1a, and BOMD simulations of 1a.

c, CB,0, c,,CB,S, c,, CB,Se,

C, CB,Te, c,, CB,Po,
Fig. S1 PBEO/BS1-optimized structures of CB,X4 (X =0, S, Se, Te, Po), all of which are not planar.

Wiberg bond orders NBO charges

Fig. S2 The Wiberg bond orders and NBO charges (in | e|) of 1a.
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Fig. S3 Full sets of ANDP bonding patterns for clusters 1a.
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Fig. S4 The shapes of deformation densities (Ap) for EDA-NOCV analysis of CBgOs. The
corresponding orbital value is given in kcal mol=L. The isovalues of the surfaces are 0.01 for
Dporb(a)-(2), 0.003 for Apgrps). The direction of charge flow is from red to blue.
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Fig. S5 Structures and relative energies (AE, in kcal mol at the CCSD(T)//PBEO level) of 1a and its
isomers constructed by exchanging the positions of carbon and boron in 1a.

Time (ps)

Fig. $6 Root-mean-square deviation (RMSD, in A) for 1a in BOMD simulations at 4, 298, 500, and
1000 K. The simulations were performed at the PBE/DZVP level.



SI3: Cartesian coordinates of optimized structures shown in Fig. S1 and Fig. 2 at the

PBEOQ/BS1 level.
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