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Table S5. Relative energies of the ring opening and decomposition reactions (ΔE, 

kcal/mol) and corresponding transition states (ΔE(TS), kcal/mol) for the cyclohexadiene 

radical cation, dication in the singlet state, and C6H7
+. 

 
Isomer,  
fragmentation channel 

ΔE ΔE(TS) Level of calculations 

C6H8
+    

1+ (1,3-CHD+) 0  B3LYP/6-31G**  
 0  B3LYP/6-31G** +ZPE 
 0  QCISD(T)/6-311G**//QCISD/6-31G*37 
 0  UMP2/6-311+G**// UMP2/6-31G*39,47 
5+ 23.7 39.9(TS15) 

35.3(TS58) 
B3LYP/6-31G** + ZPE 

 25.7 36.7(TS15) 
35.5(TS58) 

QCISD(T)/6-311G**//QCISD/6-31G*37 

8+ 18.6  B3LYP/6-31G** + ZPE 
 21.5 36.9(TS18) QCISD(T)/6-311G**//QCISD/6-31G*37 
9+ 12.7 30.6(TS89) B3LYP/6-31G** + ZPE 
 16.8 31.0(TS89) QCISD(T)/6-311G**//QCISD/6-31G*37 
10+ 9.9 37.5(TS910) B3LYP/6-31G** + ZPE 
 14.2 48.0(TS910) QCISD(T)/6-311G**//QCISD/6-31G*37 
2+ (1,4-CHD+) 13.6  B3LYP/6-31G**  
 11.9  B3LYP/6-31G** +ZPE 
 12.0  G3MP2// B3LYP/6-31G** 
 9.8  UMP2/6-311+G**//UMP2/6-31G*39,47 
3+ 27.4 32.1(TS13) B3LYP/6-31G**  
 24.7 29.2(TS13) B3LYP/6-31G** +ZPE 
 23.0 26.8(TS13) G3MP2// B3LYP/6-31G** 
 23.9 35.5(TS13) UMP2/6-311+G**//UMP2/6-31G*39,47 
4+ 21.0 27.6(TS34) B3LYP/6-31G**  
 20.6 25.5(TS34) B3LYP/6-31G** +ZPE 
 11.0 25.0(TS34) UMP2/6-311+G**//UMP2/6-31G*39,47 

C6H8
+(1+)→H+C6H7

+ 52.4 52.4(TS111) B3LYP/6-31G**  
 45.7 46.2(TS111) B3LYP/6-31G** +ZPE 
 41.3 41.0(TS111) G3MP2// B3LYP/6-31G** 
 38.9 49.5(TS111) UMP2/6-311+G**//UMP2/6-31G*39,47 
C6H8

+(1+)→H2 + C6H6
+ 57.3 57.4 B3LYP/6-31G(d,p)  

 50.9 58.8 G3MP2// B3LYP/6-31G** 
C6H8

+(1+)→C4H6
++C2H2 78.8  B3LYP/6-31G**  

 75.0 74.2 B3LYP/6-31G(d,p) +ZPE 
 78.4  UMP2/6-311+G**//UMP2/6-31G*39,47 
 69.4 71.7 G3MP2// B3LYP/6-31G** 
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C6H8
+(1+)→C2H3

++C4H5 113.7  B3LYP/6-31G(d,p)  
C6H8

+(1+)→CH3
++C5H5 115.3  B3LYP/6-31G(d,p) 

C6H7
+    

C6H7
+→H+C6H6

+ 64.9  B3LYP/6-31G(d,p) +ZPE 
C6H7

+→H++C6H6 176.0  B3LYP/6-31G(d,p) +ZPE 
C6H7

+→H2+C6H5
+ 63.8  B3LYP/6-31G(d,p) +ZPE 

C6H6
+→H+C6H5

+ 92.7  B3LYP/6-31G(d,p) +ZPE 
    
C6H8

2+    
1++ (1,3-CHD2+) 0  B3LYP/6-31G** +ZPE 
 0  G3MP2// B3LYP/6-31G** 
2++ (1,4-CHD2+) 18.8  B3LYP/6-31G** +ZPE 
 18.3  G3MP2// B3LYP/6-31G** 
3++  -5.1  B3LYP/6-31G** +ZPE 
 -5.7  G3MP2// B3LYP/6-31G** 
C6H8

2+(1++)→C3H3
++ C3H5

+ -25.4 56.0 B3LYP/6-31G(d,p) +ZPE 
 -27.3 57.1 G3MP2// B3LYP/6-31G** 
C6H8

2+(1++)→C2H3
++ C4H5

+ -16.8 57.5 B3LYP/6-31G(d,p) +ZPE 
 -19.3 56.9 G3MP2// B3LYP/6-31G** 
C6H8

2+(1++)→C4H3
++ C2H5

+ -17.0 56.8 B3LYP/6-31G(d,p) +ZPE 
 -26.1 60.2 G3MP2// B3LYP/6-31G** 
C6H8

2+(1++)→C5H5
+(3D5h)+ CH3

+ -17.1  B3LYP/6-31G(d,p) +ZPE 
C6H8

2+(1++)→C5H5
+(1C2v)+ CH3

+ -6.7  B3LYP/6-31G(d,p) +ZPE 
C6H8

2+(1++)→C5H5
++ CH3

+ -0.4 58.5 B3LYP/6-31G(d,p) +ZPE 
 -3.5 57.6 G3MP2// B3LYP/6-31G** 
C6H8

2+(1++)→ C6H7
++ H+ 42.3 77.2 B3LYP/6-31G(d,p) +ZPE 

C6H8
2+(1++)→ C6H6

+++ H2 57.5 97.3 B3LYP/6-31G(d,p) +ZPE 
    
C2H5

+(1C2v) → C2H3
++ H2 52.3  B3LYP/6-31G(d,p) +ZPE 

C2H5
+(1C2v)→CH3

++CH2 150.5  B3LYP/6-31G(d,p) +ZPE 
C2H5

+(1C2v)→CH3+CH2
+ 147.8  B3LYP/6-31G(d,p) +ZPE 

C3H5
+(1C2v) → C3H3

++ H2 56.2  B3LYP/6-31G(d,p) +ZPE 
C3H5

+(1C2v)→CH2
++C2H3 176.8  B3LYP/6-31G(d,p) +ZPE 

C4H5
+(1C2v) → C4H3

++ H2 52.0  B3LYP/6-31G(d,p) +ZPE 
C4H5

+(1C2v)→C2H3
++C2H2 83.1  B3LYP/6-31G(d,p) +ZPE 

C4H5
+(1C2v)→3C2H++C2H4 171.1  B3LYP/6-31G(d,p) +ZPE 
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Table S6. Relative energies (ΔE, kcal/mol) of various rotamers of hexatriene monocation 

with respect to the ttt rotamer 10+ and various rotamers of hexatriene dication with 

respect to the ttt rotamer 54++. 

Isomer ΔE Level of calculation 
5+(ccc-HT) 14.2 ROHF/6-31G41 
 14.0 CASSCF/6-31G41 
 13.8 B3LYP/6-31G(d,p)+ZPE 
8++(ccc) 14.6 B3LYP/6-31G(d,p)+ZPE 
13++(ctc) 11.0 B3LYP/6-31G(d,p)+ZPE 
8+(cct-HT) 8.5 ROHF/6-31G41 
 8.6 CASSCF/6-31G41 
 8.7 B3LYP/6-31G(d,p)+ZPE 
51++(cct) 9.0 B3LYP/6-31G(d,p)+ZPE 
12+(ttc-HT) 3.8 ROHF/6-31G41 
 3.4 CASSCF/6-31G41 
 3.7 B3LYP/6-31G(d,p)+ZPE 
40++(ttc) 6.0 B3LYP/6-31G(d,p)+ZPE 
9+(tct-HT) 2.3 ROHF/6-31G 41 
 2.7 CASSCF/6-31G41 
 2.8 B3LYP/6-31G(d,p)+ZPE 
105++(tct) 2.8 B3LYP/6-31G(d,p)+ZPE 
10+(ttt-HT) 0 ROHF/6-31G 41 
 0 CASSCF/6-31G41 
 0 B3LYP/6-31G(d,p)+ZPE 
54++(ttt) 0 B3LYP/6-31G(d,p)+ZPE 
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Fig. S1. Energy levels and electronic density distributions for the four highest occupied 

molecular orbitals in the 1,3-CHD and 1,4-CHD molecules calculated at the HF/6-

311+G* level of theory. 
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Fig. S2. Schematic presentation of ionization energies and molecular orbital levels 

involved in the formation of mono- and dications of 1,3-CHD.
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Fig. S3. Schematic presentation of ionization energies and molecular orbital levels 

involved in the formation of mono- and dications of 1,4-CHD. 
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