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Fig. 1. Geometric structures, point group symmetries, and relative energies (in eV) of the low-energy isomers of Li,Bg (n = 1-8)
computed at the CCSD(T)/def2-TZVPPD (left) and CCSD(T)/6-3114+G(d) (right) levels, structure of isomer is from Ref. [51].
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Fig. 2. Side view (a) and top view (b), (c) for the most stable isomer of LigBg, optimized at the PBE0/6-311+G(d) level, bond dis-
tances (in A), natural atomic charges (in |¢|), and Wiberg bond indices are presented in (a)—(c), respectively, the atom color of B is

orange, the atom color of Li is purple.

070704-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z R Acta Phys. Sin. Vol. 75, No. 7 (2026) 070704

PRS2 7 R HLEAT /TR e Sl (A 1 A0

i AR — R IA, B e = 9, BARMSTT

LERA B S AL R RE S BRI, WA 7R B T RO 10 i
REHE B TF, (H AR ARG E S A TR L 2 v T A 2
ZIRRER TR, X — RSk TG HROH 1Y
AR, VR T HES ) = 4 P AR ) Y
SRR

2.1F

3.3
3.0

> 4
24} *

Ef/eV

1.8}

15} :

1.2 [_a CCSD(T)/def2-TZVPPD

0.9 [~ CCSD(T)/6-311+G(d)

—a— PBE0/6-311+G(d)

1 2 3 4 5 6 7 8 9 10 11 12
Lithium content

Kl 3 Li,Bg(n = 1—12) B R AE i 5 14 14 19 2L g (E;) 72
PBEO(M# (1) 55 CCSD(T) (ZL G A ) 45950 F iyt ke
Fig. 3. Fragmentation energies (E;) for the lowest-energy
isomers of Li,Bs (n = 1-12) compared at the PBEQ (olive)
and CCSD(T) (red and blue) level.
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Fig. 4. Root-mean-square deviations (RMSDs) and geomet-
ric evolution of the O;-LigBg cluster from molecular dynam-
ics (MD) simulations at 300, 600, 900, and 1000 K over a
20 ps.
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Fig. 5. Calculated isochemical shielding surfaces (ICSSs) of
(a) O, LigBg and (b) Dg, CgHg, with the corresponding
NICS-ZZ components indicated; the C, axis of LigBg and Cj
axis of CgHy are designated as the z axis in vertical direc-
tion, the chemical shielding areas are indicated in yellow,
while chemical deshielding areas are marked in blue.
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Fig. 6. Electronic structure of the most stable isomer LigBg with
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Energy/eV
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(a) FHLTRES S 0 THUE, HEEBR UL GARR; (b) SRS HE; (c) AANDP

Oy, symmetry: (a) One electron energy levels and MOs, the energy gap

highlighted in red; (b) total and partial density of states; (¢) AANDP bonding patterns with corresponding occupation numbers (ONs).
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Fig. 7. Simulated infrared and Raman spectra of O)-LigBg
at the PBEOQ level, with the units of cm™.
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LigBg: A theoretically predicted cubic superatom with
an octahedral boron core”
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Abstract

Three-dimensional (3D) boron configurations are scarce in small boron-based clusters. Herein, we employed
the particle swarm optimization (PSO) algorithm to design a unique O,-symmetric cubic LigBg structure, in
which eight lithium atoms form a cubic framework centered by a Bg octahedron. This geometry exhibits
exceptionally high stability. Its fragmentation energy (E;), computed at the CCSD(T)/def2-TZVPPD level, is
2.26 eV, at least 0.29 eV larger than that of adjacent lithium-boron complexes, such as LigBg (1.97 V), Li;Bg
(1.58 V), LigBg (1.01 eV), and Li;(Bg (1.65 V). Moreover, a substantial energy gap of 2.36 eV (at PBEO level)
further contributes to its stability. Molecular dynamics (MD) simulations confirm the structural integrity of this
cluster remains even at 1000 K, underscoring its remarkable thermal robustness. NBO analysis reveals

significant electron transfer from the lithium framework to the boron core, suggesting that the global minimum

structure can be conceptually represented by the e ©

formula [Lig]**[Bg]®. Detailed electronic analysis shows

[ )
that this cluster exhibits superatomic character, with o LisBo(On, 1A1y)
the electronic configuration of 1S21P%2S21D12PS. Our . Q) 18%1P62821D102P6
. e : C L
findings propose a strategy for constructing spatial ¢ < 4

architectures in small boron-based clusters and

© ©

introduce a new member to the superatomic family.
Keywords: three-dimensional boron clusters, charge transfer, superatomic shell, density functional theory
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