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Table S1: List of all possible exothermic combinations of products identified for the N(
2
D) + CH2CHCN 

reaction, determined at the CCSD(T)/aug-cc-pVTZ//B3LYP/aug-cc-pVTZ level of theory. 

 
 

N(
2
D) + CH2CHCN      

1
c-C3H2N2 + H                    - 0.04 kJ/mol 

                                                        
1
c-C(N)N + CH2CH - 2 kJ/mol 

                                                        
3
NCCN + CH3  - 5 kJ/mol 

                                              H2CN + 
1
CCNH - 7 kJ/mol 

                                              H2CN + 
3
CCNH - 11 kJ/mol 

                                              
3
NCHCCNH + H - 12 kJ/mol 

                                              
3
c-CH(NH)CH + CN - 17 kJ/mol 

                                              
1
c-CH(N)CCHN + H - 23 kJ/mol 

                                              
1
c-CH2CC(N)N + H - 30 kJ/mol 

                                              
1
c-CH2NC(N)C + H - 47 kJ/mol 

                                              
1
c-CH2(NCN)C + H - 48 kJ/mol 

                                              HCNH + 
1
HCCN - 54 kJ/mol 

                                              
1
CHNCCNH + H - 61 kJ/mol 

                                              
1
c-CH(N)CCNH + H - 68 kJ/mol 

                                              
1
c-CH(NCN)CH + H - 70 kJ/mol 

                                              
3
CH2NCCN + H - 70 kJ/mol 

                                              
1
CCNN + CH3  - 72 kJ/mol 

                                              
3
CHNCHCN + H - 87 kJ/mol 

                                              
1
NHCHCCN-i + H - 90 kJ/mol 

                                              
3
CHNHCCN + H  - 91 kJ/mol 

                                              c-CH(NH)C + 
1
HNC  - 93 kJ/mol 

                                              
1
c-CH(NH)CCN + H - 98 kJ/mol 

                                              HCNH + 
3
HCCN - 104 kJ/mol 

                                              
1
CH2CCNN + H - 105 kJ/mol 

                                              
1
CH2NH + C2N - 106 kJ/mol 

                                              
1
HCCN + H2CN - 108 kJ/mol 

                                              
1
c-C(NH)CHCN + H - 116 kJ/mol 



 

  S3 

                                             H2CN + CCNH - 119 kJ/mol 

                                             c-CH(NH)C + 
1
HCN  - 150 kJ/mol 

                                             
1
c-CH2(N)CH + CN - 153 kJ/mol 

                                             
3
NCHCHCN + H - 154 kJ/mol 

                                             
3
HCCN + H2CN - 157 kJ/mol 

                                             
3
CHNCHCN + H - 161 kJ/mol 

                                             
1
CH2NCCN + H - 194 kJ/mol 

                                             
1
CHNCHCN + H -200 kJ/mol 

                                             c-CH2(N)C + 
1
HNC  - 210 kJ/mol 

                                             
1
NHCCCNH + H - 218 kJ/mol 

                                             
1
c-CH2(N)CCN + H - 223 kJ/mol 

                                             
1
c-CH(N)CHCN + H - 236 kJ/mol 

                                             c-CH2(N)C + 
1
HCN  - 267 kJ/mol 

                                             
1
NHCCHCN + H - 318(.8) kJ/mol 

                                             
1
HNCCHCN + H - 319(.2) kJ/mol 

                                             CH3CC + N2  - 344 kJ/mol 

                                             
3
CNCHCN + H2  - 365 kJ/mol 

                                             CH2NC + 
1
HCN  - 382 kJ/mol 

                                             
1
NCCN + CH3  - 420 kJ/mol 

                                             CH2CCH + N2  - 516 kJ/mol 
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Figure S1: Schematic representation of the Potential Energy Surface including all possible 

isomerization processes for the N(
2
D) + CH2CHCN reaction identified at the CCSD(T)/aug-cc-

pVTZ//B3LYP/aug-cc-pVTZ level of theory. (Top): considering only N(
2
D) addition to the double bond. 

(Bottom): considering  the attack of the N(
2
D) atom to the triple bond of CN and to the lone pair of the nitrogen atom.  
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List of all possible products starting from the various minima identified in the Potential Energy 

Surface, with relative energies reported at the CCSD(T)/aug-cc-pVTZ//B3LYP/aug-cc-pVTZ level of 

theory. 
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Table S2: Reaction Enthalpies and Barrier Heights, reported in kJ/mol, evaluated at the CCSD(T)/aug-cc-

pVTZ//B3LYP/aug-cc-pVTZ level of theory for the reaction N(
2
D) + CH2CHCN. 

 

 

process ∆H
0

0 Barrier 

height 
process ∆H

0
0 Barrier 

height 

N(
2
D)+CH2CHCN → MIN1 -414  MIN1 → 

1
c-CH2(N)CCN+H 191 215 

MIN1 → MIN3 47 189 MIN1 → 
1
c-CH(N)CHCN+H 178 193 

MIN1 → MIN4 81 260 MIN3 → 
1
c-CH(NH)CH+CN 350  

MIN1 → MIN12 -85 130 MIN3 → 
1
c-CH(NH)CCN+H 269 275 

MIN1 → MIN5 82 250 MIN3 → 
1
c-C(NH)CHCN+H 251  

MIN3 → MIN2 -155 75 MIN3 → 
1
c-CH(N)CHCN+H 131 148 

MIN3 → MIN7 174 321 MIN4 → 
1
c-CH2(NCN)C+H 293  

MIN7 → MIN8 -30 173 MIN4 → 
1
c-CH(NCN)CH+H 263 272 

MIN5 → MIN14 41 104 MIN4 → 
1
c-CH2(N)CH+CN 180  

MIN5 → MIN6 7 181 MIN5 → 
1
c-CH(N)CCHN+H 309  

MIN12 → MIN13 158 339 MIN5 → 
1
c-CH2(N)CCN+H 109 128 

MIN12 → MIN20 206 338 MIN5 → c-CH2(N)C+
1
HCN 65 110 

MIN14 → MIN20 -2 62 MIN6 → 
1
c-CH(N)CCNH+H 257 271 

MIN8 → MIN16 -153 39 MIN6 → 
1
c-CH2(N)C+

1
HNC 115 147 

MIN6 → MIN11 -25 132 MIN6 → 
1
c-CH2(N)CCN+H 102 128 

MIN11 → MIN20 57 216 MIN7 → 
1
c-CH(N)CCHN+H 170  

MIN13 → MIN19 -109 191 MIN7 → 
1
c-CH(NH)CCN+H 95  

MIN2 → MIN21 -1 38 MIN7 → c-CH(NH)C+
1
HCN 43 131 

MIN21 → MIN9 3 67 MIN8 → 
1
c-CH(N)CCNH+H 135 167 

MIN9 → MIN10 115 192 MIN8 → c-CH(NH)C+
1
HCN 130  

MIN10 → MIN15 111 207 MIN8 → 
1
c-CH(NH)CCN+H 125 152 

MIN15 → MIN22 -49 146 MIN14 → 
1
c-CH2NC(N)C+H 244  

MIN22 → MIN17 10 190 MIN14 → H2CN+
1
c-C(N)CH 172  

MIN17 → MIN23 127 321 MIN2 → HCNH+
1
HCCN 468  

MIN23 → MIN18 -139 1 MIN2 → 
3
CHNHCCN+H 431  

MIN22 → MIN18 -2 240 MIN2 → HCNH+
3
HCCN 418  

MIN2 → 
1
HNCCHCN+H 203 226 MIN2 → 

3
CHNCHCN+H 361  

MIN21 → HCNH+
1
HCCN 469     
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process ∆H
0

0 Barrier 

height 
process ∆H

0
0 Barrier 

height 

MIN1 → 
1
c-CH2(N)CH+CN 261  MIN21 → 

3
CHNHCCN+H 432  

MIN21 → HCNH+
3
HCCN 419  MIN16 → 

3
NCHCCNH+H 364  

MIN21 → 
3
NCHCHCN+H 369  MIN16 → 

3
NHCHCCN-i+H 286  

MIN21 → 
1
NHCCHCN+H 204 239 MIN16 → 

1
NHCCCNH+H 159  

MIN12 → 
3
CH2NCCN+H 429  MIN20→ 

3
CH2NCCN+H 223  

MIN12 → 
3
CHNCHCN+H 412  MIN20 → 

1
CH2NCCN+H 99  

MIN12 → CH2N+
1
HCCN 391  MIN20 → CH2NC+

1
HCN -89 20 

MIN12 → CH2N+
3
HCCN 342  MIN13→ 

3
CH2NCCN+H 271  

MIN12 → 
1
CH2NCCN+H 305 304 MIN13→ 

1
CH2NH+CCN 235  

MIN12 → 
1
CHNCHCN+H 299 299 MIN13→ 

1
CH2NCCN+H 147  

MIN12 → 
1
CNCHCN+H2 134 349 MIN19→ 

3
NCCN+CH3 445  

MIN11 → 
1
 CH2N+

1
CCNH 343  MIN19→ 

3
CH2NCCN+H 380  

MIN11 → 
1
 CH2N+

3
CCNH 339  MIN19→ 

1
CH2NCCN+H 256  

MIN11 → 
1
CHNCCNH+H 289  MIN19→ 

1
NCCN+CH3 30  

MIN11 → 
3
CH2NCCN+H 280  MIN18→ 

1
CCNN+CH3 282  

MIN11 → 
1
CH2NCCN+H 156  MIN18→ 

1
CH2CCNN+H 249  

MIN9 → 
1
HCCN+HCNH 466  MIN18→ CH3CC+N2 10 53 

MIN9 → 
3
NHCHCCN-i+H 430  MIN10 → 

1
c-C3H2N2+H 404  

MIN9 → 
3
HCCN+HCNH 416  MIN15 → 

1
c-C3H2N2+H 293 312 

MIN9 → 
3
NCHCHCN+H 366  MIN23 → 

1
c-CH2CC(N)N+H 176 183 

MIN9 → 
3
NHCCHCN+H 201 224 MIN17 → CH2CH+ 

1
c-C(N)N 333  

MIN17 → 
1
c-CH2CC(N)N+H 305  MIN22 → CH2CCH+N2 -173 47 

 

 

 

 

 

In the following pages are reported the structures of all the stationary points identified at the B3LYP/aug-cc-

pVTZ level of theory for the N(
2
D) + CH2CHCN reaction. In details, the geometries are reported in the form 

of the z-matrix where the first column indicates the bond distances (in Å), the second column reports the 

bond angles and the third column reports the dihedral angles ( both expressed in degrees °).  
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