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Top                                            Side                         
(a) Cu&B40

0/−
  path: Ly  (0.00) [0.00]

Top                                            Side                         
(b) Cu&B40

0/−
  path: Lz  (0.33) [0.08]

Top                                            Side                         
(c) Cu&B40

0/−
  path: Lyz  (0.70) [0.23]
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Top                                            Side                         
(d) Cu&B40  path: Lxyz  (0.70)

 
Top                                            Side                         

(e) Cu&B40
−

  path: Lxyz  [0.60]

   
Top                                            Side                         

(f) Cu&B40
0/−

  path: Lxz  (0.81) [0.54]
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Top                                            Side                         
(g) Cu&B40  path: Lxy  (1.05) 

 
Top                                            Side                         

(h) Cu&B40
−

  path: Lxy   [0.33]
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Top                                            Side                         

(i) Cu@B40
0/−

  path: Lxz  (1.04) [0.89]

 

Top                                            Side                         
(j) Cu@B40

0/−
  paths: Ly, Lyz, and Lxyz  (1.04) [0.89]

    
Top                                            Side                         

(k) Cu@B40
0/−

  path: Lxy  (1.15) [1.04]
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Top                                            Side                         

(l) Cu@B40
0/−

  path: Lz  (1.27) [1.15]
Fig. S1 Optimized structures of metalloborospherenes CuB40

0/− for the two local 
minima (one corresponds to the endohedral Cu&B40

0/−, another corresponds to the 
exohedral Cu@B40

0/−) in the six paths. The round brackets denote the relative energies 
(eV) of neutral metalloborospherenes CuB40, the square brackets denote the relative 

energies (eV) of anionic metalloborospherenes CuB40
−.
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Top                                            Side                         
(a) Ag&B40

0/−
  path: Lyz  (0.00) [0.00]

     
Top                                            Side                         

(b) Ag&B40  path: Lxyz  (0.07)

Top                                            Side                         
(c) Ag&B40

−
  path: Lxyz  [0.39]
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Top                                            Side                         
(d) Ag&B40

0/−
  path: Lxz  (0.10) [0.31]

Top                                            Side                         
(e) Ag&B40

0/−
  path: Lz  (0.22) [0.31]

   
Top                                            Side                         

(f) Ag&B40
0/−

  path: Ly  (0.22) [0.50]
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Top                                            Side                         
(g) Ag&B40

0/−
  path: Lxy  (0.39) [0.84]

Top                                            Side                         
(h) Ag@B40

0/−
  paths: Ly, Lz, Lxy, Lxz, Lyz, and Lxyz  (1.19) [1.53]

Fig. S2 Optimized structures of metalloborospherenes AgB40
0/− for the two local 

minima (one corresponds to the endohedral Ag&B40
0/−, another corresponds to the 

exohedral Ag@B40
0/−) in the six paths. The round brackets denote the relative 

energies (eV) of neutral metalloborospherenes AgB40, the square brackets denote the 

relative energies (eV) of anionic metalloborospherenes AgB40
−.
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Top                                         Side                       
(a) Au&B40

0/−
  path: Lyz  (0.00) [0.00]

 
Top                                Side                       

(b) Au&B40
0/−

  path: Lxz  (0.04) [0.22]

  
Top                                            Side                         

(c) Au&B40  path: Lxyz  (0.06)
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Top                                            Side                         
(d) Au&B40

−
  path: Lxyz  [0.28]

Top                                        Side                       
(e) Au&B40

0/−
  path: Lxy  (0.24) [0.76]     

           
Top                                            Side                         

(f) Au&B40
0/−

  path: Ly  (0.73) [1.05]    
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Top                                            Side                         
(g) Au&B40

0/−
  path: Lz  (0.87) [1.03]

      
Top                                            Side                         

(h) Au@B40  paths: Ly, Lz, Lxy, Lxz, Lyz, and Lxyz  (2.50)

  
Top                                            Side                         

(i) Au@B40
−

   paths: Lyz and Lxyz  [2.90]
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Top                                            Side                         

(j) Au@B40
−

   path: Lxz  [2.90]

     
Top                                            Side                         

(k) Au@B40
−

   path: Ly  [3.18]

  
Top                                            Side                         

(l) Au@B40
−

   path: Lz  [3.20]
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Top                                            Side                         

(m) Au@B40
−

   path: Lxy  [3.37]

Fig. S3 Optimized structures of metalloborospherenes AuB40
0/− for the two local 

minima (one corresponds to the endohedral Au&B40
0/−, another corresponds to the 

exohedral Au@B40
0/−) in the six paths. The round brackets denote the relative 

energies (eV) of neutral metalloborospherenes AuB40, the square brackets denote the 

relative energies (eV) of anionic metalloborospherenes AuB40
−.
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Top                                            Side                         

(a)

 
Top                                            Side                         

(b)

 
Top                                            Side                         

(c)
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Top                                            Side                         

(d)

Top                                            Side                         
(e)

 
Top                                            Side                         

(f)
Fig. S4 Spin densities (isosurface value = 0.0004, blue denotes the positive value (up-spin 

component) and green denotes the negative value (down-spin component)) of 
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metalloborospherenes MB40 (M=Cu, Ag, and Au). (a): Cs Cu&B40, (b): Cs Cu@B40, (c): Cs 
Ag&B40, (d): D2d Ag@B40, (e): Cs Au&B40, (f): D2d Au@B40.

Table S1. Calculated VDEs for metalloborospherenes MB40
− (M=Cu, Ag, and Au).

Calculated VDEs(eV)

Cu&B40
- Cu@B40

- Ag&B40
- Ag@B40

- Au&B40
- Au@B40

-

1 2.46 2.64 2.98 2.63 3.46 3.60

2 3.22 3.49 4.34 3.34 4.45 4.17

3 3.25 3.50 4.37 3.34 4.52 4.38

4 3.38 3.80 4.39 3.64 4.54 4.52

5 3.70 4.00 4.50 3.75 4.63 4.53

6 4.03 4.19 4.57 4.15 4.76 4.60

7 4.10 4.21 4.60 4.17 4.84 4.64

8 4.27 4.32 4.64 4.17 4.99 4.87

9 4.37 4.33 4.7 4.21 5.17 4.91

10 4.39 4.36 4.75 4.40 5.35 5.23

11 4.48 4.48 4.84 4.40 5.44 5.40

12 4.51 4.50 4.90 4.40 5.62 5.53

13 4.58 4.55 5.50 4.50 5.66 5..56

14 4.77 4.56 5.51 4.53 5.75 5.62

15 4.82 4.60 4.6 5.87

16 4.95 4.62 4.62 5.88

17 4.96 4.69 4.65 5.88

18 4.98 4.70 4.71

19 4.99 4.85 4.71

20 5.05 4.91

21 5.06 5.15

22 5.22

23 5.22
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Table S2. Predicted normal mode frequencies (cm-1) and the infrared and Raman 
activities for the Cu&B40.
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Table S3. Predicted normal mode frequencies (cm-1) and the infrared and Raman 
activities for the Cu&B40

-.
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Table S4. Predicted normal mode frequencies (cm-1) and the infrared and Raman 
activities for the Cu@B40.
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Table S5. Predicted normal mode frequencies (cm-1) and the infrared and Raman 
activities for the Cu@B40

-.



28



29



30

Table S6. Predicted normal mode frequencies (cm-1) and the infrared and Raman 
activities for the Ag&B40.
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Table S7. Predicted normal mode frequencies (cm-1) and the infrared and Raman 
activities for the Ag&B40

-.
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Table S8. Predicted normal mode frequencies (cm-1) and the infrared and Raman 
activities for the Ag@B40.
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Table S9. Predicted normal mode frequencies (cm-1) and the infrared and Raman 
activities for the Ag@B40

-.



40



41



42

Table S10. Predicted normal mode frequencies (cm-1) and the infrared and Raman 
activities for the Au&B40.
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Table S11. Predicted normal mode frequencies (cm-1) and the infrared and Raman 
activities for the Au&B40

-.
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Table S12. Predicted normal mode frequencies (cm-1) and the infrared and Raman 
activities for the Au@B40.
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Table S13. Predicted normal mode frequencies (cm-1) and the infrared and Raman 
activities for the Au@B40

-.
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