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Fig. S1. Low-lying isomers of La2B7
−, their symmetries, and electronic states. The energies 

shown in kcal/mol are relative to the global minimum. The numbers in the first and second rows 

represent the energies obtained from the PBE and PBE0 levels, respectively. The CCSD(T) 

energies for the three lowest-lying isomers are given in the parentheses.  
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Fig. S2.  Low-lying isomers of La2B9
−, their symmetries, and electronic states. The energies 

shown in kcal/mol are relative to the global minimum. The numbers in the first and second rows 

represent the energies obtained from the PBE and PBE0 levels, respectively. The CCSD(T) 

energies for the three lowest-lying isomers are given in the parentheses. 
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Fig. S3. Canonical molecular orbitals of La2B7
− at the PBE0/TZP level (isovalue = 0.03 au).  

 

 

 

 

 

 

Fig. S4. Canonical molecular orbitals of La2B9
− at the PBE0/TZP level (isovalue = 0.03 au).  
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Table S1. EDA-NOCV analyses of La2Bx
− (x = 7−9) at the PBE0/TZP level. Charge flows from red → 

blue.  

 

a Values in parentheses correspond to the percentages of total orbital interactions . 
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Table S2. The calculated atomic charges on the La and B atoms in La2Bx
− (x = 7−9) with 

different partition schemes at the PBE0/TZP level.  

 Mulliken Hirshfeld Voronoi MDC-q 

 La B La B La B La B 

La2B7
− a 0.366 -0.247 0.413 -0.261 0.493 -0.283 1.034 -0.438 

La2B8
−−b 0.647 -0.287 0.475 -0.244 0.539 -0.260 1.029 -0.382 

La2B9
− 0.722 -0.272 0.526 -0.228 0.578 -0.239 1.035 -0.341 

a Spin densities on La and B of La2B7
− are calculated to be 0.62 and 0.11, respectively. 

b Spin densities on La and B of La2B8
− are calculated to be 0.26 and 0.06, respectively. 

 

 

 

 

 

Table S3. Bond distance, bond order index of La…La and binding energies (BE) between the 

two La atoms and the Bx
− rings in La2Bx

− (x = 7−9) at the PBE0/TZP level.   

 La−La distance (Å) 
La−La bond order 

BE (kcal/mol)a 
Mayer G-J N-M 

La2B7
− 3.832 0.402 0.408 0.435 340.43 

La2B8
− 3.646 0.428 0.376 0.401 367.84 

La2B9
− 3.470 0.427 0.388 0.435 372.42 

a Binding energies are calculated as follows:  

La2B7
−:   La2B7

− (D7h, 
3A2

’) → 2La (2D) + B7
− (D7h, 

1A1
’); 

La2B8
−:   La2B8

− (D4h, 
2B2u) → 2La (2D) + B8

− (D4 h, 
2Eu); 

La2B9
−:   La2B9

− (D9h, 
1A1

’) → 2La (2D) + B9
− (D9h, 

3A2
’). 

 


