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Figure S1: Geometrical parameters of all of the minima and transition states involved in the 

reaction of Th2+ + CH4 (ground spin state structures). Bond lengths are in angstrom and angles are 

in degrees.  

 

Figure S2: Geometrical parameters of all of the minima and transition states involved in the 

reaction of U2+ + CH4 (ground spin state structures). Bond lengths are in angstrom and angles are in 

degrees.  

 

Figure S3: Geometrical parameters of all of the minima and transition states involved in the first 

dehydrogenation reaction of Th2+ + C2H6 (ground spin state structures). Bond lengths are in 

angstrom and angles are in degrees.  

 

Figure S4: Geometrical parameters of all of the minima and transition states involved in the second 

dehydrogenation reaction of Th2+ + C2H6 (ground spin state structures). Bond lengths are in 

angstrom and angles are in degrees.  
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Figure S5 : Geometrical parameters of all of the minima and transition states involved in the C-C 

bond activation reaction of Th
2+

 + C2H6 (ground spin state structures). Bond lengths are in angstrom 

and angles are in degrees 

 

Figure S6: Geometrical parameters of all of the minima and transition states involved in the first 

dehydrogenation reaction of U2+ + C2H6 (ground spin state structures). Bond lengths are in angstrom 

and angles are in degrees.  

 

Figure S7: Geometrical parameters of all of the minima and transition states involved in the second 

dehydrogenation reaction of U2+ + C2H6 (ground spin state structures). Bond lengths are in angstrom 

and angles are in degrees.  

 

Figure S8 : PEP for the C-C bond activation of C2H6 by U
2+

  (quintet and triplet spin states).   

 

Figure S9 : Geometrical parameters of all of the minima and transition states involved in the C-C 

bond activation reaction of U
2+

 + C2H6 (ground spin state structures). Bond lengths are in angstrom 

and angles are in degrees. 

 

Figure S10 (a and b) : Geometrical parameters of all of the minima and transition states involved 

in the reaction path presented in Figure 6 (double dehydrogenation of C3H8 by Th
2+

).  Bond lengths 

are in angstrom and angles are in degrees. 

 

Figure S11 (a and b) : Geometrical parameters of all of the minima and transition states involved 

in the reaction path presented in Figure 8 (elimination of CH4 and H2 from C3H8 by Th
2+

). Bond 

lengths are in angstrom and angles are in degrees. 

 

Figure S12 : Geometrical parameters of all of the minima and transition states involved in the 

reaction path presented in Figure 10 (elimination of C2H5
+
 from C3H8 by Th

2+
). Bond lengths are in 

angstrom and angles are in degrees. 

 

Figure S13 : Alternative PEP for the double dehydrogenation of  C3H8  by Th
2+

 (triplet and singlet 

spin states).The labelling between the reactants and products identifies the first association complex 

(FC), the transition states (TS1-TS4), and the intermediates (I to IV). Spin states are given between 

parentheses. 

 

Figure S14 (a and b) : Geometrical parameters of all of the minima and transition states involved 

in the first and second dehydrogenation of  C3H8  by Th
2+

  presented in Figure S13. (ground spin 

state structures). Bond lengths are in angstrom and angles are in degrees. 

 

Figure S15 : Alternative PEP for the elimination of H2 and CH4 from  C3H8  by Th
2+

 (triplet and 

singlet spin states). The labelling between the reactants and products identifies the first association 

complex (FC), the transition states (TS1-TS3), and the intermediates (I to III). Spin states are 

given between parentheses. 

 

 Figure S16 (a and b) : Geometrical parameters of all of the minima and transition states involved 

in the elimination of H2 and CH4 from C3H8  by Th
2+

  presented in Figure S15. (ground spin state 

structures). Bond lengths are in angstrom and angles are in degrees. 

 

Figure S17 : Second alternative PEP for the elimination of CH4 and H2 from  C3H8  by Th
2+

 (triplet 

and singlet spin states).  The labelling between the reactants and products identifies the first 
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association complex (FC), the transition states (TS1-TS4), and the intermediates (I to IV). Spin 

states are given between parentheses. 

 

 Figure S18 (a and b) : Geometrical parameters of all of the minima and transition states involved 

in elimination of CH4 and H2 from  C3H8  by Th
2+

  presented in Figure S17. (ground spin state 

structures).  Bond lengths are in angstrom and angles are in degrees. 

 

Figure S19 : PEP for the elimination of C2H6  from C3H8  by Th
2+

 (triplet and singlet spin states).  

The labelling between the reactants and products identifies the first association complex (FC), the 

transition state (TS1), and the intermediates (I). Spin states are given between parentheses.  

 

Figure S20 (a and b) : Geometrical parameters of all of the minima and transition states involved 

in the elimination of C2H6  from C3H8  by Th
2+

  presented in Figure S19 (ground spin state 

structures).  Bond lengths are in angstrom and angles are in degrees. 

 

Figure S21 : PEP for the elimination of C3H7
+
  from C3H8  by Th

2+
 (triplet and singlet spin states).  

The labelling between the reactants and products identifies the first association complex (FC), the 

transition states (TS1-TS2), and the intermediates (I). Spin states are given between parentheses. 

 

Figure S22 : Geometrical parameters of all of the minima and transition states involved in the 

elimination of C3H7
+
  from C3H8  by Th

2+ 
presented in Figure S21 (ground spin state structures).  

Bond lengths are in angstrom and angles are in degrees. 

 

Figure S23 (a and b) : Geometrical parameters of all of the minima and transition states involved 

in the double dehydrogenation of C3H8  by U
2+ 

presented in Figure 7  (ground spin state structures).  

Bond lengths are in angstrom and angles are in degrees. 

 

Figure S24 (a and b) : Geometrical parameters of all of the minima and transition states involved 

in the elimination of CH4 and H2 from C3H8  by U
2+ 

presented in Figure 9 (ground spin state 

structures).  Bond lengths are in angstrom and angles are in degrees. 

 

Figure S25 : Geometrical parameters of all of the minima and transition states involved in the 

elimination of C2H5
+
  from C3H8  by U

2+ 
presented in Figure 11 (ground spin state structures).  

Bond lengths are in angstrom and angles are in degrees. 

 

Figure S26 : Geometrical parameters of all of the minima and transition states involved in the 

elimination of C3H7
+
  from C3H8  by U

2+ 
presented in Figure 12 (ground spin state structures).  

Bond lengths are in angstrom and angles are in degrees. 

 

Figure S27 : Alternative PEP for the first and second dehydrogenation of  C3H8  by U
2+

 (quintet and 

triplet spin states).  The labelling between the reactants and products identifies the first association 

complex (FC), the transition states (TS1-TS4), and the intermediates (I to IV). Spin states are given 

between parentheses. 

 

Figure S28 : Geometrical parameters of all of the minima and transition states involved in the first 

and second dehydrogenation of  C3H8  by U
2+

  presented in Figure S27. (ground spin state 

structures).  Bond lengths are in angstrom and angles are in degrees. 

 

Figure S29 : Alternative PEP for the elimination of CH4 and H2 from  C3H8  by U
2+

 (quintet and 

triplet spin states).  The labelling between the reactants and products identifies the first association 
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complex (FC), the transition states (TS1-TS3), and the intermediates (I to III). Spin states are 

given between parentheses. 

 

 Figure S30 (a and b) : Geometrical parameters of all of the minima and transition states involved 

in the first and second dehydrogenation of  C3H8  by U
2+

  presented in Figure S29. (ground spin 

state structures).  Bond lengths are in angstrom and angles are in degrees. 

 

Figure S31 : Alternative PEP for the elimination of CH4 and H2 from  C3H8  by U
2+

 (triplet and 

singlet spin states).  The labelling between the reactants and products identifies the first association 

complex (FC), the transition states (TS1-TS4), and the intermediates (I to IV). Spin states are given 

between parentheses. 

 

 Figure S32 (a and b) : Geometrical parameters of all of the minima and transition states involved 

in elimination of CH4 and H2 from  C3H8  by U
2+

  presented in Figure S31. (ground spin state 

structures).  Bond lengths are in angstrom and angles are in degrees. 

 

Figure S33 : PEP for the C-C bond activation of C3H8 by Th
2+

  (triplet and singlet spin states).   

 

Figure S34 : Geometrical parameters of all of the minima and transition states involved in the C-C 

bond activation of C3H8  by Th
2+

  presented in Figure S33 (ground spin state structures).  Bond 

lengths are in angstrom and angles are in degrees. 

 

Figure S35 : PEP for the C-C bond activation of C3H8 by U
2+

  (quintet and triplet spin states).   

 

Figure S36 : Geometrical parameters of all of the minima and transition states involved in the C-C 

bond activation of C3H8  by U
2+

  presented in Figure S33 (ground spin state structures).  Bond 

lengths are in angstrom and angles are in degrees. 

 

Figure S37 : PEP for the elimination of C2H6  from C3H8  by U
2+

 (quintet and triplet spin states).  

The labelling between the reactants and products identifies the first association complex (FC), the 

transition state (TS1), and the intermediates (I). Spin states are given between parentheses. 

 

Figure S38: Geometrical parameters of all of the minima and transition states involved in the 

elimination of C2H6  from C3H8  by U
2+ 

presented in Figure S35 (ground spin state structures.  Bond 

lengths are in angstrom and angles are in degrees. 

 

Scheme 1 : Lewis resonance structures for UC2H2
2+

. 
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Figure S10 (a) 

 

 

 

 

FC   (3A)

2.72 2.72

3.10

58.1

1.551.55

117.3

TS1 (1A)     i 855 cm-1

2.68

2.16

2.89

1.57
1.56

2.11

1.33

2.23

116.2

I (1A)

2.57

1.97

2.24

1.59
1.58

2.66

119.1

2.13

TS2 (1A)     i 1018 cm-1

2.13
0.98

1.60
1.58

2.69

2.25

115.7
1.53

II (1A)

2.62

2.57

0.76

2.24

2.66
2.22

1.59
1.58

113.5

2.25

ThC3H6
2+ (1A)

2.25

1.58
1.58

109.5

Th2+ Th2+

Th2+

Th2+

Th2+

Th2+



16 

 

 
Figure S10 (b) 

 

 

 

 

 

 

 

 

 

 

 

III (1A)

1.96

2.47

2.68

2.47

1.41
1.41

119.3

TS4 (1A)   i 1075 cm-1

2.13
2.15

0.99

1.55

2.34

2.61
2.26

1.451.46

118.4

IV (1A)

2.65

0.762.61

2.20

1.371.54

2.52

2.26

ThC3H4
2+ (1A)

2.20
2.20

1.37
1.54

2.51

TS3 (1A)     i 833 cm-1

2.37
2.53

2.00

2.37

1.46
1.46

2.37

Th2+

Th2+

Th2+

Th2+

Th2+



17 

 

 

 

 
 

 
 

Figure S11 (a)  
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Figure S14 (a) 
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Figure S14 (b) 
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Figure S23 (a) 
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Figure S28 (a)  
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Figure S28 (b)  
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Figure S30 (a) 
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Figure S32 (a) 
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Figure S32 (b) 
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Figure S37 
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Figure S38 
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Scheme 1 


