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Supplementary Information

Cartesian coordinates for the Cy, ('A;) GM La©BgCy*, Cy4, (*B;) GM La©BgC,,
and Dy, ('A1g) LM La©OB;C,~ clusters at B3LYP level.

Alternative optimized Low-lying isomers of La©BgC," cluster. The relative
energies are shown at the single-point CCSD(T) (for top five), B3LYP (in square
brackets) and PBEO (in curly brackets) levels, respectively. The relative energies
at the B3LYP and PBEO levels are corrected with the zero-point energies (ZPEs).
All energies are in eV.

The top eleven Low-lying isomers of La©BgCy cluster. The relative energies are
shown at the single-point CCSD(T) (for top five), B3LYP (in square brackets)
and PBEO (in curly brackets) levels, respectively. The relative energies at the
B3LYP and PBEO levels are corrected with the zero-point energies (ZPEs). All
energies are in eV.

The top ten Low-lying isomers of La©BgC4~ cluster. The relative energies are

shown at the single-point CCSD(T) (for top five), B3LYP (in square brackets)
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Figure S4.

Figure SS.

Figure S6.

Figure S7.

Figure S8.

Figure S9.

Figure S10.

and PBEO (in curly brackets) levels, respectively. The relative energies at the
B3LYP and PBEO levels are corrected with the zero-point energies (ZPEs). All
energies are in eV.

Calculated Wiberg bond indices (WBISs) of the Cy, ('A;) GM La©B3Cy4*, Cy, GM
(?B;) La©B;sCy4 and Dy, ('Ajg) LM La©BgC4~ clusters from the natural bond
orbital (NBO) analyses at B3LYP level.

Calculated natural atomic charges of the Cy, (1A;) GM La©BCy4*, GM C,, (°B;)
La©BsC4 and Dy, LM ('A;,) La©BgCy~ clusters from the NBO analyses at
B3LYP level.

Occupied canonical molecular orbitals (CMOs) of the C,, ('A;) GM La©BgC,*
cluster. (a) Twelve o CMOs for two-center two-electron (2c-2e¢) B-C/B—B Lewis
¢ bonds in BgC, ring. (b) Five delocalized o CMOs in La©BgC4". (c) Four
delocalized 1 CMOs in La©BgC,*.

Occupied canonical molecular orbitals (CMOs) of the Duj, ('A;,) LM La©BsCy~
cluster. (a) Twelve c CMOs for 2¢c-2e B—C/B—B Lewis ¢ bonds in BgC, ring. (b)
Five delocalized ¢ CMOs in La©BgC, . (¢) Five delocalized m1 CMOs in
La©BgCy4.

Occupied canonical molecular orbitals (CMOs) of the C,, (°B;) GM La©BgC,
cluster. (a) Twelve c CMOs for 2¢c-2e B—C/B—B Lewis ¢ bonds in BgC, ring. (b)
Five delocalized c CMOs in La©BgC,. (¢) Five delocalized 1 CMOs in La©B;gC,,
the SOMO represents single occupation.

Chemical bonding pattern of the C4, (?°B;) GM La©BgC, cluster based on the
unrestricted adaptive natural density partitioning (UAdNDP) analysis. Occupation
numbers (ONs) are indicated.

The calculated ¢ and n-ring current images of Cy, (1A;) GM La©BgC4" and Dy,
(A1) LM La©BgCy~ clusters. The external magnetic field is perpendicular to the

molecular wheels.
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Figure S11.  The energy cycle of Cy, (°B;) GM La©BgC, cluster, along with the isomerization
energy of BgC, ring, bond dissociation energy (BDE) and inherent interaction

energy between the central Y and BgC, ring (in kcal mol).
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Alternative optimized Low-lying isomers of La©BgC," cluster. The relative

energies are shown at the single-point CCSD(T) (for top five), B3LYP (in square

brackets) and PBEO (in curly brackets) levels, respectively. The relative energies

at the B3LYP and PBEO levels are corrected with the zero-point energies (ZPEs).

Figure S1.
All energies are in eV.
C4V,1A1 Cs,ﬂA' C1,1A
0.00 0.23 0.50
[0.00] [0.34] [0.51]
0.72} {0.18} {1.24}

\ b d

\‘ 7 9 .\J‘
Ci'A Ci,'A Ci,'A
[0.74] [0.78] [0.97]
{0.00} {0.69} {0.58}

9
\
9

Cs'A Ci,'A
[1.01] [1.04]

Ci'A C,'A'
[1.27] [1.28]

B

Co A" Cav?Ar
0.57 0.89

[0.57] [0.70]
{1.30} {1.36}

3 _'V

Caw,'As Ci,'A
[0.98] [0.99]
{1.73} {0.26}

oy
[1.06]

Cs,1A'
[1.23]
b \\‘
9 )
Ci'A Ci'A
[1.39] [1.41]



Continue ......

G Ci'A Co'A' CaA! Ci'A
[1.46] [1.50] [1.52] [1.54] [1.55]

9 9
Cs A Ci,'A Ci,'A Cs,'A' C., A
[1.55] [1.57] [1.58] [1.67] [1.70]

Ci,'A Cs'A' Ci,'A
[1.83] [1.84] [1.85]

CZ v.1A1 Cs, 1A‘
[2.35] [2.42]

S5



Continue ......

Co A Ca, A C.'A E.A Co A
[3.08] [3.16] (3.18] [4.07] [4.09]
% ’
N
\‘
C.'A Co A
4.11] [4.11]

S6



Figure S2
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The top eleven Low-lying isomers of La©BgC, cluster. The relative energies are
shown at the single-point CCSD(T) (for top five), B3LYP (in square brackets)
and PBEO (in curly brackets) levels, respectively. The relative energies at the

B3LYP and PBEO levels are corrected with the zero-point energies (ZPEs). All

energies are in eV.
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Figure S3

The top ten Low-lying isomers of La©OBgC4~ cluster. The relative energies are
shown at the single-point CCSD(T) (for top five), B3LYP (in square brackets)
and PBEO (in curly brackets) levels, respectively. The relative energies at the
B3LYP and PBEO levels are corrected with the zero-point energies (ZPEs). All

energies are in eV.
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Figure S4.  Calculated Wiberg bond indices (WBIs) of the Cy, (1A;) GM La©BgC,4", C;, GM

(?B;) La©BsCy4 and Dy, ('Ajg) LM La©BgC4~ clusters from the natural bond

orbital (NBO) analyses at B3LYP level.
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Figure S5.  Calculated natural atomic charges of the C,, (*A;) GM La©BgC,", GM Cy, (°By)

La©BsC4 and Dy, LM ('A,) La©BgC,y~ clusters from the natural bond orbital

(NBO) analyses at B3LYP level.
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Figure S6.  Occupied canonical molecular orbitals (CMOs) of the Cy4, (*A;) GM La©BgC,*
cluster. (a) Twelve 6 CMOs for two-center two-electron (2¢c-2e) B—C/B—B Lewis
c bonds in BgC, ring. (b) Five delocalized o CMOs in La©BgC4". (c) Four

delocalized 1 CMOs in La©BgC,*.
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Figure S7. Occupied canonical molecular orbitals (CMOs) of the Dy, ('A;,) LM La©BgCy™
cluster. (a) Twelve ¢ CMOs for 2c-2e B-C/B—-B Lewis o bonds in BgC, ring. (b)

Five delocalized 6 CMOs in La©BgC, . (c¢) Five delocalized 1 CMOs in La©OBgC,™.
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Figure S8. Occupied canonical molecular orbitals (CMOs) of the C,;, (?B;) GM La©BgC,
cluster. (a) Twelve ¢ CMOs for 2c-2e B-C/B—-B Lewis o bonds in BgC, ring. (b)
Five delocalized c CMOs in La©OBgC,. (¢) Five delocalized 1 CMOs in La©OBgC,,

the SOMO represents single occupation.
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Figure S9. Chemical bonding pattern of the C,, (?B;) GM La©BgC, cluster based on the
unrestricted adaptive natural density partitioning (UAdNDP) analysis. Occupation

numbers (ONs) are indicated.
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Figure S10. The calculated ¢ and m-ring current images of Cy, ('A;) GM La©B3Cy4* and Dy,

('Ajg) LM La©BgC,~ clusters. The external magnetic field is perpendicular to the

molecular wheels.
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Figure S11.  The energy cycle of Cy, (°B;) GM La©BgC, cluster, along with the isomerization
energy of BgC, ring, bond dissociation energy (BDE) and inherent interaction

energy between the central Y and BgC, ring (in kcal mol).

BsCa (frozen, Dan, 'A1q)

BsCas (LM, Dan, "Axg) La©BsCa(Cav, ?B1)

S16



Table S1.  Cartesian coordinates for the Cy, ('A;) GM La©B3Cy4*, Cs, (°B;) GM La©BgCy,
and Dy, (1A1g) LM La©BgC,~ clusters at B3LYP level.

La©BsCy* GM (Cyy 'Ay)
B 1.35113700 2.46442600  -0.36429900
B -1.35113700 246442600  -0.36429900
B -2.46442600 1.35113700  -0.36429900
B -2.46442600  -1.35113700  -0.36429900
B -1.35113700  -2.46442600  -0.36429900
B 1.35113700  -2.46442600  -0.36429900
B 2.46442600  -1.35113700  -0.36429900
B 2.46442600 1.35113700  -0.36429900
C 0.00000000 2.75120900  -0.30958500
C 2.75120900 0.00000000  -0.30958500
C 0.00000000  -2.75120900  -0.30958500
C -2.75120900 0.00000000  -0.30958500
La 0.00000000 0.00000000 0.38600000

La©BsC4 GM (Cy, 2By)
B 1.35917900 246062800 -0.22652300
B -1.35917900 2.46062800  -0.22652300
B -2.46062800 1.35917900  -0.22652300
B -2.46062800  -1.35917900  -0.22652300
B -1.35917900  -2.46062800  -0.22652300
B 1.35917900  -2.46062800  -0.22652300
B 246062800 -1.35917900  -0.22652300
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