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Part I.   Isomer structures and their relative energies: CAl5
+, CSi5

2-, CBe5, CP5
3+, 

and CB5.  
 
Part II.   PpC contained local minimum structures CSi4P- and CSi3P2 (Ref. 27b). 
 
Part III.  Figure S1: Calculated IR spectrum for the 2D ppC structure of CAl5

+ and 
vibration frequencies. 
 
Part IV.  Complete reference 47. 
 
Part V.   Movie S1: A movie of quantum molecular dynamics trajectory (10 ps 
simulation) of the ppC CAl5

+ at 300 K.  
 
Part VI.   Movie S2: Movies of the two lowest-frequency vibration modes for the 
ppC CAl5

+.  
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Part I. Isomer structures and their relative energies: CAl5+, CSi52-, CBe5, CP5
3+, and 

CB5. The planar pentacoordinate carbon structures are highlighted in red. 
 
 
Top 10 isomer structures and relative energies (kcal/mol, at 0 K) of CAl5+. (The 

B3LYP/aug-cc-pVTZ and CCSD(T)/aug-cc-pVTZ//MP2/aug-cc-pVTZ relative 

energies are in black and red, respectively，in unit of kcal/mol).  
 

                                    

D5h, 1A1’          C3v, 1A1’          Cs, 1A’           C2v, 3A1 

      (0.00)             (3.96)           (10.15)           (11.78) 

      (0.00)             (5.00)           (10.04)           (17.41) 
        
 
 
 

                                    
  C2v, 1A1               C2v, 3A1                 C1, 3A           C1, 3A 

      (16.11)            (20.06)           (21.22)          (25.51) 
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Top 8 isomer structures and relative energies (kcal/mol, at 0 K) of CSi52-. 

(B3LYP/aug-cc-pVTZ energies). 
 

                                                     
 

0.00                    1.31                   1.77                         

C2, 1A                  C2v, 1A1                         C1, 1A                        
  
 

                                               

5.75                     8.93                  14.12                        

  Cs, 1A’                   C1, 1A                  Cs, 1A’                                  

                 
 

                
14.57                 15.27 

D5h, 1A1’                Cs, 1A’ 
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Top 10 isomer structures and relative energies (kcal/mol, at 0 K) of CBe5. 

(B3LYP/aug-cc-pVTZ energies). 
 

                                             

   Cs, 3A’                    Cs, 1A’                      Cs, 1A’   

0.00                      4.16                        5.75  

 

                                            

Cs, 3A’                    C1, 1A                      Cs, 1A’ 

    6.56                     7.14                        7.81 
 
 

                                                 

   Cs, 1A’                    C2v, 3A1                      Cs, 1A’ 

    7.94                      9.81                        11.1 

 

 

                 
D5h, 1A1

’                      

   18.50                          
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Top 8 isomer structures and relative energies (kcal/mol, at 0 K) of CP5
3+. 

(B3LYP/aug-cc-pVTZ energies). 

 

                                           

C2, 1A             Cs, 1A’            Cs, 1A’            Cs, 1A’ 

0.00             17.22              32.11            34.71 
 
 
 

                               

Cs, 1A’            C1, 1A             C2v, 1A1           D5h, 1A1
’ 

35.50             38.00             41.08             63.86 
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Top 8 isomer structures and relative energies (kcal/mol, at 0 K) of CB5. 

(B3LYP/aug-cc-pVTZ energies). 
 
 

                              

C2v, 2A1                Cs, 2A’               Cs, 2A’ 

0.00                  7.06                 28.93 
 
 

                                      

Cs, 2A’               Cs, 2A’                Cs, 2A’ 

37.45                38.79                 43.13 
 
 

                   

Cs, 2A’               C2v, 2A1 

44.48                44.59 
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Part II. PpC contained local minimum structures CSi4P- and CSi3P2 (Ref. 27b). 
 

 

CSi4P– C2v 

ETot. = –1537.54345 a.u. 

ZPE = 6.10 kcal/mol 

HOMO-LUMO Gap = 2.54 eV 

NImag = 0 

νMin. = 132.6 cm–1 

 

 

Cartesian Coordinate (Å) 

C      -0.10265      0.00000      0.00000 

P       1.84154      0.00000      0.00000 

Si      0.62500      1.91367      0.00000 

Si      0.62500     -1.91367      0.00000 

Si     -1.58954      1.20610      0.00000 

Si     -1.58954     -1.20610      0.00000   

 

 

 

 

 



 S8

 

 

 

 

 

CSi3P2 C2v 

ETot. = –1589.34615 a.u. 

ZPE = 6.36 kcal/mol 

HOMO-LUMO Gap = 3.11 eV 

NImag = 0 

νMin. = 122.1 cm–1 

 

 

Cartesian Coordinate (Å) 

C      -0.16908      0.00000      0.00000 

P       0.60892     -1.69489      0.00000 

P       0.60892      1.69489      0.00000 

Si      2.08106      0.00000      0.00000 

Si     -1.65671     -1.18735      0.00000 

Si     -1.65671      1.18735      0.00000   
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CSi3P2 C2v 

ETot. = –1589.33894 a.u. 

ZPE = 6.36 kcal/mol 

HOMO-LUMO Gap = 3.47 eV 

NImag = 0 

νMin. = 126.6 cm–1 

 

 

Cartesian Coordinate (Å) 

C       0.15440      0.00000      0.00000 

Si      0.56414     -1.91457      0.00000 

Si      0.56414      1.91457      0.00000 

Si      2.01550      0.00000      0.00000 

P      -1.49798     -1.10839      0.00000 

P      -1.49798      1.10839      0.00000   
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Part III. Figure S1. Calculated IR spectrum for the 2D ppC structure of CAl5

+ 
and vibration frequencies. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    v1(e2’’)            69.4 cm-1 

v2(e2’’)            69.4 cm-1 

    v3(e1’’) 79.1 cm-1 

    v4(e1’’)            79.1 cm-1 

    v5(a2’’)           208.6 cm-1 

    v6(e1’)           300.8 cm-1 

v7(e1’)           300.8 cm-1 

    v8(a1’)           370.4 cm-1 

    v9(e2’)           406.8 cm-1 

    v10(e2’)           406.8 cm-1 

    v11(e1’)           627.7 cm-1 

    v12(e1’)           627.7 cm-1 
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