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Table S1: List of all possible exothermic combinations of products identified for the N(°D) + CH,CHCN
reaction, determined at the CCSD(T)/aug-cc-pVTZ//B3LYP/aug-cc-pVTZ level of theory.

N(®D) + CH,CHCN — c-CsH,N, + H - 0.04 k/mol
N c-C(N)N + CH,CH - 2 kd/mol
N *NCCN + CH, - 5 kd/mol
N H,CN + *CCNH -7 kJ/mol
N H,CN + °*CCNH - 11 kd/mol
N *NCHCCNH + H - 12 kJ/mol
N %c-CH(NH)CH + CN - 17 kd/mol
N 'c-CH(N)CCHN + H - 23 kJ/mol
N 'c-CH,CC(N)N + H - 30 kd/mol
N 'c-CH,NC(N)C + H - 47 k3/mol
N 'c-CH,(NCN)C + H - 48 kJ/mol
N HCNH + "HCCN - 54 kJ/mol
N 'CHNCCNH + H - 61 kd/mol
N 'c-CH(N)CCNH +H - 68 kd/mol
N 'c-CH(NCN)CH +H - 70 kd/mol
N CH,NCCN + H - 70 ky/mol
N 'CCNN + CH; - 72 k3/mol
N *CHNCHCN +H - 87 kd/mol
N 'NHCHCCN-i + H - 90 kd/mol
N *CHNHCCN +H - 91 kd/mol
N c-CH(NH)C + *HNC - 93 kd/mol
N 'c-CH(NH)CCN + H - 98 kd/mol
N HCNH + *HCCN - 104 kd/mol
N 'CH,CCNN +H - 105 kJ/mol
N 'CH;NH + C;N - 106 kd/mol
N 'HCCN + H,CN - 108 kJ/mol
N 'c-C(NH)CHCN + H - 116 kJ/mol



'NHCCHCN + H
'"HNCCHCN + H
CH,CC+N,
SCNCHCN + H,
CH,NC + *HCN
'NCCN + CHjs

CH,CCH + N,

- 318(.8) kJ/mol
- 319(.2) kd/mol
- 344 kJ/mol
- 365 kJ/mol
- 382 kJ/mol
- 420 kJ/mol

- 516 kJ/mol

N H,CN + CCNH - 119 kJ/mol
N ¢-CH(NH)C + 'HCN - 150 kd/mol
N 'c-CHy(N)CH + CN - 153 kJ/mol
N *NCHCHCN +H - 154 kJ/mol
N *HCCN + H,CN - 157 kd/mol
N *CHNCHCN + H - 161 kJ/mol
N 'CH,NCCN + H - 194 kJ/mol
N 'CHNCHCN + H -200 kJ/mol
N ¢-CH,(N)C + 'HNC - 210 kd/mol
N 'NHCCCNH + H - 218 kJ/mol
N 'c-CH,(N)CCN + H - 223 kd/mol
N 'c-CH(N)CHCN +H - 236 kJ/mol
N c-CH,(N)C + 'HCN - 267 kJ/mol
N
N
N
N
N
N
N
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Figure S1: Schematic representation of the Potential Energy Surface including all possible
isomerization processes for the N(°D) + CH,CHCN reaction identified at the CCSD(T)/aug-cc-

pVTZ/IB3LYP/aug-cc-pVTZ level of theory. (Top): considering only N(*D) addition to the double bond.
(Bottom): considering the attack of the N(°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.

MIN1 — 1¢c-CH2(N)CH + CN EreL= - 153 kJ/mol

— TS3 — 1c-CH2(N)CCN + H EgeL= - 223 kJ/mol

EreL= - 414 kd/mol

MIN3 — 1¢c-CH(NH)CH + CN EreL= -17 kJ/mol
— TS7 — 'c-CH(NH)CCN + H EgeL= - 98 kd/mol
—— 1c-C(NH)CHCN + H EreL= - 116 kJ/mol

— TS5 ——» 1c-CH(N)CHCN + H EreL= - 236 4kJ/mol
EreL= - 367 kdJ/mol

MIN4

—_—) 1C‘CHQ(NC;N)C + H EREL= - 40 kJ/mOI
gq“ — TS8 — 1c-CH(NCN)CH + H EgeL= - 70 kd/mol
> 1c-CH2(N)CH + CN EreL= - 153 kd/mol
EreL= - 333 kd/mol
MINS —— 1c-CH(N)CCHN + H EreL= - 23 kJ/mol

— TS11 —> 1c-CH2(N)CCN + H EgeL= - 223 kd/mol
— TS9 — c-CH2(N)C + THCN EreL= - 267 kd/mol

EreL= - 333 kd/mol

MING — TS13—»1c-CH(N)CCNH + H EreL= - 68 kJ/mol
M — TS12—> ¢-CH2(N)C + THNC EreL= - 210 kJ/mol
— TS14—> 1c-CHz(N)CCN + H EgeL= - 223 kJ/mol

EreL= - 325 kd/mol
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MIN7
—— 1¢c-CH(N)CCHN + H EreL= - 23 kdJ/mol

— 1¢c-CH(NH)CCN + H EreL= - 98 kd/mol
— TS10 — C-CH(NH)C + THCN  Egg = - 150 kJ/mol

EreL= - 193 kd/mol

MINS
— TS15 —»1c-CH(N)CCNH + H EreL= - 68 kJ/mol

—— c-CH(NH)C + HNC EreL= - 93 kJ/mol

— TS16 — 1c-CH(NH)CCN + H EgeL= - 98 kJ/mol
EreL= - 223 kd/mol

MIN14
———— 1c-CH:NC(N)C +H  EreL= - 47 kd/mol

— CH2N + '¢c-C(N)CH EreL= - 119 kd/mol
¢

EreL= - 291 kd/mol

MIN2 — THCCN + HCNH EreL= - 54 kd/mol
— 3CHNHCCN + H EreL= - 91 kd/mol
——— 3HCCN + HCNH EreL= - 104 kd/mol
——— 3CHNCHCN + H EreL= - 161 kd/mol

——» TS45 — 1HNCCHCN + H EgreL=- 319 kJ/mol
EreL= - 522 kd/mol

MIN21 — THCCN + HCNH EreL= - 54 kd/mol
— 3CHNHCCN + H EreL= - 91 kd/mol
—— 3HCCN + HCNH EreL= - 104 kd/mol
—— 3NCHCHCN + H EreL= - 154 kdJ/mol

(-
EreL= - 523 kdJ/mol

— TS43 —'NHCCHCN+H EreL= - 319 kdJ/mol
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— 3CH2NCCN + H EreL= - 70 kd/mol

MIN12 — > SCHNCHCN+H  Engi= - 87 kd/mol
— CH2N + THCCN EreL= - 108 kJ/mol
— CH2N + 3HCCN EreL= - 157 kJ/mol
¢ —— TS47—> 1CH2NCCN + H  EgeL= - 194 kd/mol

EreL= - 499 kd/mol — TS48—> 1CHNCHCN + H EgeL= - 200 kJ/mol
— TS49—> 1CNCHCN + H> ERgeL= - 365 kJ/mol

MIN11 — CH:2N + 'CCNH EreL= - 7 kd/mol
—— > CH2N + 3CCNH EreL= - 11 kd/mol
— TCHNCCNH + H EreL= - 61 kd/mol
¢ — 3CH2NCCN +H EreL= - 70 kJ/mol
—_ 1 .

EreL= - 350 kd/mol CH2NCCN +H Erer= - 194 kd/mol
MIN9 —— THCCN + HCNH EreL= - 54 kJ/mol
— 3NHCHCCN-i+ H EreL= - 90 kd/mol

—+ 3HCCN + HCNH EreL= - 104 kJ/mol

— 5 3NCHCHCN +H EreL= - 154 kJ/mol

— TS37 — INHCCHCN + H EgeL= - 319 kJ/mol
EreL= - 520 kd/mol

MIN16
———» 3NCHCCNH +H EreL= - 12 kJ/mol
¢ —— 3NHCHCCN-i + H EreL= - 90 kdJ/mol
— 1INHCCCNH + H EreL= - 217 kJ/mol
EreL= - 376 kd/mol
MIN20 —» 3CH2NCCN +H EreL= - 70 kd/mol
, L 1CH2NCCN + H EreL= - 194 kdJ/mol
< - —> TS46 — CH.NC + 'HCN  Ege= - 382 kJ/mol

EreL= - 293 kd/mol
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MIN13

«C
EreL= - 341 kd/mol

MIN19
¢ I
EreL= - 450 kd/mol
\ MIN18
$-ee-e®
EreL= - 354 kd/mol

MIN10

°

EreL= - 405 kd/mol
MIN15

21

EreL= - 294 kJ/mol

—» 3CH2oNCCN +H  Ege=- 70 kd/mol
—_b 1(:HQNH + CCN EREL= -106 “J/mol

— 1CH2NCCN +H  EgeL= - 194 «kJ/mol

— 3NCCN + CHs EreL= - 5 kd/mol
—> 3CH2NCCN + H EreL= - 70 kdJ/mol
—— 1CH2NCCN + H EreL= - 194 kJ/mol
———— TNCCN + CHs EreL= - 420 kJ/mol

— 1CCNN + CHs3 EreL= - 72 kd/mol
— 1CH2CCNN + H EgeL= - 105 kd/mol

——» TS40 — CH3CC + N2 EgeL= - 344 kd/mol

— 1¢-CsH2N2+ H EreL= - 0.04 kJ/mol

—>»TS44 — 1¢c-C3H2N2+ H Eger= - 0.04 kd/mol
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MIN23

M — TS42—1c-CH2CC(N)N + H EgeL= - 30 kd/mol

EreL= - 206 kJ/mol

MIN17

— CHngt'l-+1C-C(N)N EreL= - 2 kd/mol
— 1c-CH2CC(N)N +H  EreL= - 30 kd/mol

-
EreL= - 335 kd/mol

— TS41—> CH2CCH + 'N2 EgeL= - 516 kd/mol

EreL= - 343 kd/mol
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Table S2: Reaction Enthalpies and Barrier Heights, reported in kJ/mol, evaluated at the CCSD(T)/aug-cc-
pVTZ//IB3LYP/aug-cc-pVTZ level of theory for the reaction N(°D) + CH,CHCN.

process AHY Barrier process AH%, Barrier
height height

N(*D)+CH,CHCN — MIN1 -414 MIN1 — c-CH,(N)CCN+H 191 215

MIN1 — MIN3 47 189 MIN1 — 'c-CH(N)CHCN+H 178 193

MIN1 — MIN4 81 260 MIN3 — 'c-CH(NH)CH+CN 350

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

MIN1 — MIN5 82 250 MIN3 — 'c-C(NH)CHCN+H 251

MIN3 — MIN2 -155 75 MIN3 — 'c-CH(N)CHCN+H 131 148

MIN3 — MIN7 174 321 MIN4 — 'c-CH,(NCN)C+H 293

MIN7 — MINS -30 173 MIN4 — 'c-CH(NCN)CH+H 263 272

MIN5 — MIN14 41 104 MIN4 — 'c-CH,(N)CH+CN 180

MIN5 — MING 7 181 MIN5 — 'c-CH(N)CCHN+H 309

MIN12 — MIN13 158 339 MIN5 — 'c-CH,(N)CCN+H 109 128

MIN12 — MIN20 206 338 MIN5 — c-CH,(N)C+'HCN 65 110

MIN14 — MIN20 -2 62 MING — 'c-CH(N)CCNH+H 257 271

MIN8 — MIN16 -153 39 MING6 — 'c-CH,(N)C+'HNC 115 147

MIN6 — MIN11 -25 132 MING — 'c-CH,(N)CCN+H 102 128

MIN11 — MIN20 57 216 MIN7 — 'c-CH(N)CCHN+H 170

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

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

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

MIN9 — MIN10 115 192 MIN8 — c-CH(NH)C+'HCN 130

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

MIN15 — MIN22 -49 146 MIN14 — 'c-CH,NC(N)C+H 244

MIN22 — MIN17 10 190 MIN14 — H,CN+'%c-C(N)CH 172

MIN17 — MIN23 127 321 MIN2 — HCNH+'HCCN 468

MIN23 — MIN18 -139 1 MIN2 — *CHNHCCN+H 431

MIN22 — MIN18 -2 240 MIN2 — HCNH+*HCCN 418

MIN2 — "HNCCHCN+H 203 226 MIN2 — *CHNCHCN+H 361

MIN21 — HCNH+'HCCN 469
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process AHY Barrier process AH% Barrier
height height

MIN1 — 'c-CH,(N)CH+CN 261 MIN21 — *CHNHCCN+H 432

MIN21 — HCNH+?HCCN 419 MIN16 — *NCHCCNH+H 364

MIN21 — *NCHCHCN+H 369 MIN16 — *NHCHCCN-i+H 286

MIN21 — 'NHCCHCN+H 204 239 MIN16 — "NHCCCNH+H 159

MIN12 — *CH,NCCN+H 429 MIN20— *CH,NCCN+H 223

MIN12 — *CHNCHCN+H 412 MIN20 — *CH,NCCN+H 99

MIN12 — CH,N+'HCCN 391 MIN20 — CH,NC+'HCN -89 20

MIN12 — CH,N+*HCCN 342 MIN13— *CH,NCCN+H 271

MIN12 — 'CH,NCCN+H 305 304 MIN13— 'CH,NH+CCN 235

MIN12 — *CHNCHCN+H 299 299 MIN13— *CH,NCCN+H 147

MIN12 — "CNCHCN+H, 134 349 MIN19— ®NCCN+CHj 445

MIN11 — ' CH,N+'CCNH 343 MIN19— *CH,NCCN+H 380

MIN11 — ' CH,N+*CCNH 339 MIN19— 'CH,NCCN+H 256

MIN11 — *CHNCCNH+H 289 MIN19— *NCCN+CHj 30

MIN11 — *CH,NCCN+H 280 MIN18— *CCNN+CH, 282

MIN11 — '‘CH,NCCN+H 156 MIN18— 'CH,CCNN+H 249

MIN9 — "HCCN+HCNH 466 MIN18— CH3;CC+N, 10 53

MIN9 — *NHCHCCN-i+H 430 MIN10 — '¢-C3H,Ny+H 404

MIN9 — *HCCN+HCNH 416 MIN15 — *c-C3H,N,+H 293 312

MIN9 — *NCHCHCN+H 366 MIN23 — 'c-CH,CC(N)N+H 176 183

MIN9 — *NHCCHCN+H 201 224 MIN17 — CH,CH+ 'c-C(N)N 333

MIN17 — 'c-CH,CC(N)N+H 305 MIN22 — CH,CCH+N, -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(*D) + CH,CHCN reaction. In details, the geometries are reported in the form

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

bond angles and the third column reports the dihedral angles ( both expressed in degrees °).
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0.00007
179.99993

0.07214
99.66556
171.50080
178 82558
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C

c 1 | 41846

C 2 139911 1 12369764

N 2 255704 1 12456582 3  359.99993

N 1 127901 2 12550992 3  359.99993

H 1 109499 2 11686370 3  179.99993

H 2 108114 1 11904772 3  180.00007
INCHCHCN

L

C 1 233501
» C 2 13451 1 124.26384

N 3 117442 2 17223196 1  180.00085

N 2 126859 1 2555225 3 180.00011

H 1 108091 2 143.19965 3 18000213

(w. H 1 108824 2 9700451 3  359.99857

3CH:NCCN

C

C 1 247862

C 2 139367 1 13221286

N 3 115795 2 17271374 1 18003762

N 3 235472 1 720773 2 359.94081

H 1 108134 2 11950762 3 268.46003

H 1 108141 2 11947863 3  91.58547
ICH:NCCN

C

C 1 248305

C 2 141159 1 12121878

N 2 256648 1 12204340 3 000305

N 3 235551 1 1043332 2 34907557

H 1 108454 2 12991575 3  267.99654

H 2 107988 1 11846282 3  183.94401
ICHNCHCN

C

c 1 1.31353

N 2 123870 1 17405770

H 3 102583 2 11396205 1  180.49088
ICCNH
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C
C
N
H
CCNH
ICHNCCNH

INCHCHCN

‘»{J’

INHCCHCN

ot

INCHCCNH

1
2
3

TEZZO0O0 nmZzZn0n0n

TZZZ00n0

TZZN0nNnn

H

o WD e

B W= b B e B e B B

—d e L DD e

1.33491
1.20865 1
1.00571 2

2.44359
127076
1.22768
245637
1.07240
1.01336

1.41846
139911
2.55704
1.27901
1.09499
1.08114

1.32092
1.41538
256874
1.20617
1.01642
1.08196

139345
125020
1.24956
1.27951
1.01910
1.09687

174.54877
137.79861 1

W NN -

bt Nt Do L

W -

151.67337
171.58546
13.78431
141.40903
11971047

123.69764
12456582
125.50992
116.86370
119.04772

12218906
122.92746
173.73335
120.18978
118.71690

17561171
172.71029
122.64380
11478123
119.49238

179.99498

R W™ -

W W W

W W

W W e

234.70230
0.58631
186.20970

20990372

359.99993
359.99993
179.99993
180.00007

0.07214
99.66556
171.50080
178.82558

179.24532
0.81057
17999321
180.69071
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C

ICH:NH

CCNN

te-CaHaN3

©

le-CH2CC(N)N

¢

CH:CH

H
H
H

(& [ pre—

ZzZ00

N

ZZOD OO ZZIZOIXOO

<o« i< -Ho o]

) e

1
2
3

Lo R L —_— N =

B e e

251428
1.18182 1 0.09347
107856 2 118.77897
107856 2 119.12869
1.263%0
109345 2 12467646
108904 2 11896024 3
102046 1 11140702 3
1.26282
238880 1 17997438
1.12287 2 0.02562
1.39497
1.07908 2 130.25993
137079 1 90.18834
1.06974 1 13697624
1.23482 2 13809125
1.36238 2 111.73532
1.30671
1.08359 2 121.45368
108367 2 121.44907
327726 1 42.17991
142140 2 154.04608
124275 5 6408693
1.30127
108577 2 122.28669

109129 2 12183822
107749 1 138.78445

3 179.69967
3 359.69884
179.97395
359.97675
1 0.00000
3 179.98758
3 0.00634
1 0.00726
3 17999314
3 17992772
2 35995324
1 2682282
2 180.07446

3 180.06320
3 180.08060
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