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Table S1. B3LYP and CCSD(T) calculated total energies at 0 K, zero-point energy corrections (ZPE), B3LYP/6-311G** optimized Cartesian 
coordinates, unscaled vibrational frequencies (vi), and moments of inertia (Ii) of all species involved in the C2H + C3H4 reaction.      
 

Species,  
(point group) 

electronic state 

Energies, a.u. 
  

i Ii,  
a.u. 

Cartesian coordinates, angstroms vi, cm-1 

     Atom X Y Z  

H (18-21) 
 

ZPE(B3LYP/6-311G**) = 0.0 
E(B3LYP/6-311G**) = -0.502155930011 
E(CCSD(T)/CC-PVDZ) = -0.499278 
E(CCSD(T)/CC-PVTZ) = -0.49980982 
E(CCSD(T)/CC-PVQZ) =  -0.499946 
E(CCSD(T)/CC-PV5Z) = -0.499995 
E(CCSD(T)/CBS) = -0.49999 

        

C2H 
(C∞v) 

 

ZPE(B3LYP/6-311G**) = 0.014445 
E(B3LYP+ZPE) = -76.615013 
E(CCSD(T)/CC-PVDZ) = -76.398687 
E(CCSD(T)/CC-PVTZ) = -76.46769892 
E(CCSD(T)/CC-PVQZ) = -76.4876915 
E(CCSD(T)/CC-PV5Z) = -76.4936542 
E(CCSD(T)/CBS) = -76.49585 

A 
B 
C 

0.00000 
40.54466 
40.54466 

 C 
H 
C 

0.000000 
0.000000 
0.000000 

0.000000 
0.000000 
0.000000 

-0.473068 
-1.536812 
0.729203 

370, 416, 2089, 3465 

CH2CCH2 
Allene 
(D2d) 

 

ZPE(B3LYP/6-311G**) = 0.054873 
E(B3LYP+ZPE) = -116.638325 
E(CCSD(T)/CC-PVDZ) = -116.314014 
E(CCSD(T)/CC-PVTZ) = -116.43338571 
E(CCSD(T)/CC-PVQZ) = -116.466524 
E(CCSD(T)/CC-PV5Z) = -116.476317 
E(CCSD(T)/CBS) = -116.47946 

A 
B 
C 

12.21789 
203.15738 
203.15833 

 

 C 
C 
H 
H 
C 
H 
H 

0.000002 
1.306511 
1.877635 
1.877580 
-1.306511 
-1.877613 
-1.877615 

0.000014 
0.000001 
0.662901 
-0.662926 
-0.000037 
-0.639697 
0.639851 

0.000058 
-0.000019 
0.639704 
-0.639744 
-0.000055 
0.662927 
-0.662796 

369, 369, 896, 921, 921, 1055,  
1108, 1466, 1508, 2041, 3114, 
3116, 3187, 3187 
 

CH3CCH 
Methyl Acetylene 

(C3v) 

 

ZPE(B3LYP/6-311G**) = 0.055468 
E(B3LYP+ZPE) = -116.635302 
E(CCSD(T)/CC-PVDZ) = -116.315233 
E(CCSD(T)/CC-PVTZ) = -116.43520449 
E(CCSD(T)/CC-PVQZ) = -116.46871 
E(CCSD(T)/CBS) = -116.4817 

A 
B 
C 

11.25810 
210.15954 
210.15977 

 

 C 
H 
C 
C 
H 
H 
H 

-1.420160 
-2.482190 
-0.219254 
1.238135 
1.629948 
1.629948 
1.629969 

-0.000001 
-0.000004 
0.000001 
0.000001 
1.011755 
-0.386271 
-0.625488 

0.000001 
0.000006 
-0.000005 
-0.000001 
-0.138100 
0.945252 
-0.807125 

339, 340, 666, 943, 1057, 
1057, 1417, 1480, 1480, 2231,  
3025, 3084, 3084, 3479 
 

HCCCH2CCH2 (1) 
(C1) 

 

 

ZPE(B3LYP/6-311G**) = 0.075116 
E(B3LYP+ZPE) = -193.341599 
E(CCSD(T)/CC-PVTZ) = -192.99550682 
 
 

A 
B 
C 

88.19176 
694.82838 
747.59397 

 

 C 
C 
C 
H 
C 
C 
H 
H 

-2.365351 
-1.318329 
-0.044912 
-0.129227 
1.114161 
2.246218 
2.542024 
2.943916 

-0.508426 
0.077818 
0.801351 
1.657627 
-0.033911 
-0.440266 
-0.174286 
-1.061725 

0.041871 
0.026158 
0.008989 
-0.672050 
-0.386572 
0.125118 
1.144727 
-0.429228 

89, 196, 316, 328, 434, 577, 
669, 686, 859, 895, 909, 976,  
1046, 1223, 1315, 1412, 1439,  
1741, 2231, 2945, 3020, 3033,  
3153, 3479 
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 S16

Table S2. RRKM calculated rate constants for individual reaction steps of the C2H + C3H4 reaction 

on the C5H5 potential energy surface at collision energies of 0-5.3 kcal/mol. 

 
Collision Energy, kcal/mol Reaction 

Step 
Transition 

State 
Symmetry 

Factor 0.00 1.00 2.00 3.00 4.00 5.26 
1 → 3 TS 1 1 1.00E+10 1.12E+10 1.25E+10 1.39E+10 1.53E+10 1.72E+10 
3 → 1 TS 1 2 2.41E+08 2.85E+08 3.35E+08 3.93E+08 4.57E+08 5.51E+08 
1 → 4 TS 3 2 6.96E+05 1.12E+06 1.76E+06 2.69E+06 4.03E+06 6.49E+06 
4 → 1 TS 3 1 7.71E+05 1.23E+06 1.92E+06 2.92E+06 4.34E+06 6.95E+06 
1 → 5 TS 4 2 2.48E+07 3.28E+07 4.27E+07 5.51E+07 7.03E+07 9.41E+07 
5 → 1 TS 4 1 5.99E+04 8.44E+04 1.17E+05 1.61E+05 2.18E+05 3.15E+05 
1 → 16 TS 5 2 6.44E+04 1.13E+05 1.90E+05 3.10E+05 4.90E+05 8.42E+05 
16 → 1 TS 5 1 2.95E+04 5.17E+04 8.72E+04 1.42E+05 2.26E+05 3.88E+05 
1 → 18 TS M 2 2.58E+08 3.37E+08 4.34E+08 5.54E+08 6.99E+08 9.24E+08 
1 → 20 TS N 2 6.69E+08 9.11E+08 1.22E+09 1.62E+09 2.11E+09 2.91E+09 
2 → 3 TS 2 2 8.93E+05 1.18E+06 1.55E+06 2.00E+06 2.57E+06 3.48E+06 
3 → 2 TS 2 3 1.46E+08 1.82E+08 2.26E+08 2.78E+08 3.39E+08 4.31E+08 
3 → 11 TS 12 2 1.36E+08 1.63E+08 1.92E+08 2.26E+08 2.64E+08 3.20E+08 
11 → 3 TS 12 1 1.11E+11 1.26E+11 1.43E+11 1.61E+11 1.80E+11 2.07E+11 
3 → 12 TS 11 1 3.35E+07 4.79E+07 6.72E+07 9.25E+07 1.25E+08 1.80E+08 
12 → 3 TS 11 1 1.34E+03 2.13E+03 3.32E+03 5.05E+03 7.55E+03 1.22E+04 
4 → 20 TS C 3 2.02E+05 3.06E+05 4.53E+05 6.58E+05 9.37E+05 1.43E+06 
5 → 6 TS 8 1 5.12E+05 6.46E+05 8.09E+05 1.00E+06 1.24E+06 1.60E+06 
6 → 5 TS 8 2 1.95E+08 2.30E+08 2.71E+08 3.17E+08 3.68E+08 4.42E+08 
5 → 18 TS D 1 2.16E+06 2.96E+06 4.02E+06 5.40E+06 7.16E+06 1.01E+07 
6 → 7 TS 10 1 2.46E+07 3.30E+07 4.37E+07 5.72E+07 7.39E+07 1.01E+08 
7 → 6 TS 10 1 9.11E+05 1.24E+06 1.67E+06 2.22E+06 2.91E+06 4.04E+06 
6 → 8 TS 9 1 4.16E+08 5.51E+08 7.21E+08 9.32E+08 1.19E+09 1.61E+09 
8 → 6 TS 9 1 1.15E+08 1.52E+08 1.98E+08 2.56E+08 3.27E+08 4.38E+08 
6 → 10 TS 20 1 5.24E+09 5.92E+09 6.68E+09 7.46E+09 8.34E+09 9.53E+09 
10 → 6 TS 20 1 2.83E+12 2.97E+12 3.10E+12 3.23E+12 3.37E+12 3.54E+12 
6 → 18 TS F 3 7.95E+08 1.02E+09 1.28E+09 1.61E+09 2.00E+09 2.59E+09 
6 → 21 TS E 1 1.80E+09 2.23E+09 2.75E+09 3.36E+09 4.07E+09 5.13E+09 
7 → 21 TS G 1 9.97E+07 1.23E+08 1.51E+08 1.84E+08 2.23E+08 2.81E+08 
7 → 22 TS P 1 2.07E+09 2.49E+09 2.97E+09 3.53E+09 4.17E+09 5.09E+09 
8 → 9 TS 6 1 1.16E+08 1.53E+08 2.00E+08 2.58E+08 3.29E+08 4.41E+08 
9 → 8 TS 6 2 1.13E+06 1.54E+06 2.06E+06 2.72E+06 3.56E+06 4.92E+06 
8 → 21 TS H 1 4.14E+09 5.01E+09 6.03E+09 7.20E+09 8.54E+09 1.05E+10 
9 → 13 TS 7 3 3.73E+04 5.06E+04 6.78E+04 8.96E+04 1.17E+05 1.62E+05 
13 → 9 TS 7 1 2.06E+05 2.81E+05 3.79E+05 5.05E+05 6.65E+05 9.28E+05 
9 → 19 TS B 3 6.28E+07 9.40E+07 1.25E+08 1.72E+08 2.33E+08 3.37E+08 
9 → 21 TS A 2 2.05E+08 2.52E+08 3.08E+08 3.74E+08 4.51E+08 5.67E+08 
10 → 11 TS 21 1 2.82E+12 2.95E+12 3.08E+12 3.21E+12 3.34E+12 3.50E+12 
11 → 10 TS 21 1 2.80E+10 3.12E+10 3.46E+10 3.83E+10 4.18E+10 4.75E+10 
11 → 22 TS O 1 9.26E+09 1.14E+10 1.39E+10 1.69E+10 2.01E+10 2.51E+10 
12 → 13 TS 14 1 9.16E+09 1.04E+10 1.21E+10 1.37E+10 1.56E+10 1.82E+10 
13 → 12 TS 14 1 1.90E+06 2.30E+06 2.76E+06 3.30E+06 3.91E+06 4.83E+06 
12 → 14 TS 13 1 5.63E-03 4.62E-02 3.79E-01 3.04E+00 2.02E+01 8.23E+01 
14 → 12 TS 13 1 5.55E-03 4.55E-02 3.73E-01 2.99E+00 1.98E+01 8.09E+01 
13 → 15 TS 17 1 9.03E+03 1.40E+04 2.12E+04 3.16E+04 4.61E+04 7.25E+04 
15 → 13 TS 17 2 1.82E+05 2.73E+05 4.00E+05 5.76E+05 8.13E+05 1.23E+06 
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13 → 19 TS L 1 1.15E+06 1.62E+06 2.24E+06 3.06E+06 4.14E+06 5.94E+06 
14 → 15 TS 15 1 3.14E+09 3.68E+09 4.28E+09 4.95E+09 5.70E+09 6.76E+09 
15 → 14 TS 15 2 1.33E+07 1.59E+07 1.87E+07 2.20E+07 2.57E+07 3.10E+07 
14 → 17 TS 16 2 2.70E+04 4.99E+04 8.79E+04 1.49E+05 2.43E+05 4.31E+05 
17 → 14 TS 16 2 1.18E+02 2.30E+02 4.24E+02 7.51E+02 1.28E+03 2.40E+03 
15 → 16 TS 18 2 3.07E+05 4.58E+05 6.70E+05 9.62E+05 1.36E+06 2.05E+06 
16 → 15 TS 18 1 3.45E+06 5.02E+06 7.16E+06 1.00E+07 1.39E+07 2.04E+07 
15 → 18 TS K 4 5.35E+08 6.95E+08 8.89E+08 1.13E+09 1.40E+09 1.89E+09 
15 → 19 TS J 1 2.46E+06 3.51E+06 4.92E+06 6.78E+06 9.22E+06 1.33E+07 
16 → 17 TS 19 1 5.82E+09 6.32E+09 6.85E+09 7.41E+09 8.00E+09 8.76E+09 
17 → 16 TS 19 1 5.36E+08 6.17E+08 7.06E+08 8.06E+08 9.17E+08 1.07E+09 
16 → 18 TS I 1 2.27E+08 3.03E+08 3.99E+08 5.20E+08 6.69E+08 9.06E+08 
16 → 23 TS Q 1 3.30E+10 3.96E+10 4.72E+10 5.58E+10 6.57E+10 7.98E+10 
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