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Fig. S1 Optimized geometries (length in A and angle in degree) for other

intermediates, transition states,

and products as shown in (a) and (b). The

experimental data are in /talic.
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Fig.S2 Potential energy diagram of the unimportant reaction channels (a) and (b) at

the UCCSD(T)/cc-PVTZ//M05-2X/6-311++G(d,p) level.
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Fig. S3 Temperature dependence of the rate constants at other theoretical methods (a)
at 760 Torr Ny; (b) at 1 Torr He.
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Table S1. Relative energies(AE) for the other species (energies in kcal mol-!).

Species AE? AEP
R: CH,=CHCN+Cl 0.00 0.00
P3:H+CICHCHCN 18.02 19.63
P4:CH,CIC+HCN 71.85 73.30
P5:H+CH,CCICN 20.95 22.12
P6:CH,CH+CICN 33.19 31.19
P7:C,H,+HNCCI 38.14 39.09
IM3 23.65 29.10
IM4 -18.20 -14.62
IM5 -26.69 -22.49
IM6 17.49 23.19
TS2 25.08 25.31
TS3 90.16 90.06
TS4 28.16 31.91
TS5 31.09 31.07
TS6 33.34 36.50
TS7 23.72 27.56
TS8 26.34 29.27
c-IM1 -8.70 -4.28
c-IM2 8.28 12.97
c-IM3 10.57 15.15
c-TS1 1.40 5.03
c-TS2 36.67 38.05
c-TS3 44.14 48.55
c-TS4 56.92 60.70
c-TS5 43.82 4722

“M05-2X/6-3114++G(d,p);"UCCSD-ccPVTZ/M05-2X/6-311++G(d,p)






Table S2 The coordinates, rotational constants, and harmonic frequencies of reactants and IM1

Species Coordinates(Atom, X, Y, Z) Rotational constants(cm™!) Frequencies
C -0.005245  0.000000  -0.005592 1.669, 0.168, 0.152 237, 353, 586, 720, 892, 1014,
H 0.005412 0.000000  1.074545 1027, 1124, 1333, 1463,1717,
H 0.942153 0.000000  -0.525485 2413, 3197, 3230, 3294
CH,=CHCN C -1.157515 0.000000  -0.667452
H -2.111380 0.000000  -0.158610
C -1.208053 0.000000  -2.099112
N -1.264285 0.000000  -3.245738
Cl Cl -2.192771  -0.373494 0.000000
C 0.492511 0.720855 0.471412 0.392, 0.065, 0.059 53, 215, 290, 428, 561, 636,
H 0.226236 0.441788 1.483835 720, 870, 1042, 1153, 1217,
H 0.957050 1.701085 0.450880 1303, 1416, 1505, 2240, 3134,
M1 C -0.657625 0.642953  -0.452590 3213, 3250
H -0.581900 1.062469  -1.443967
C -1.812983  -0.052112  -0.112001
N -2.778996  -0.615915 0.187887
Cl 1.781101  -0.443004  -0.068243




Table S3 The rate constants at various methods in the temperature of 200-3000 K and at 760 Torr N». (k is in cm? molecule-'s™!)

T(K) % 2 ke 2 ke 1% e I ki 2 Jem %
200 3.15 4.09 3.14 5.61 1.19 1.92 1.78 1.98 1.66 1.31 8.74
x10-10 x10-! x10°13 x10° x108 x10 %10 %10 %10 x10 %1010
220 2.55 2.76 1.47 3.85 7.82 1.43 1.29 1.49 1.27 9.62 6.09
x10-10 x10-11 x10°1° %10 x1079 x10 %10 %10 %10 x10-10 x10-10
240 2.0 1.88 7.25 2.65 5.21 1.06 9.31 1.12 9.65 7.04 4.26
%1010 x1011 x10716 %10 %107 %10 x10°10 %10 %1010 x10710 x10710
260 1.60 1.28 3.75 1.84 3.51 7.90 6.75 8.36 7.30 5.15 2.99
%1010 x10-1! x10716 %10 %107 %1010 %1010 %1010 %1010 x10-10 x10710
230 1.25 8.82 2.03 1.29 2.39 5.85 4.89 6.24 5.51 3.76 2.11
%1010 x10-12 x10716 %10 %107 x10-10 %1010 %1010 %1010 x10-10 x10-10
9.9 6.33 1.21 9.36 1.70 4.46 3.66 4.78 4.27 2.83 1.54
298 1010 | x1012 | x1076 | x1010 | x10? x10710 x10710 <1010 | x101 | x1010 | xigro | (111£023)x10°0
318 7.62 4.39 7.04 6.61 1.18 3.30 2.66 3.56 3.21 2.07 1.10
%1010 x10712 x10717 x10-10 %107 x10-10 %1010 %1010 %1010 x10710 x10710
333 6.24 3.35 4.79 5.11 8.98 2.63 2.10 2.85 2.59 1.64 8.49
x10-10 x10-12 x10-17 x10-10 x10-10 x10-10 x10-10 x10-10 x10-10 x10-10 x10-11
500 6.09 9.51 1.50 3.39 5.48 2.20 1.58 2.45 2.36 1.28 5.49
x10-12 x1014 | x10-18 x10-11 x10-11 x10-11 x10-11 x10-11 x10-11 x10-11 x10712
600 9.53 4.90 2.92 5.91 9.79 4.03 2.48 4.71 498 2.14 6.38
x10-13 x10-15 x10-19 x10-12 x10-12 x10-12 x10-12 x10-12 x10-12 x10-12 x10713
800 3.00 3.38 1.88 1.79 3.06 1.30 7.04 1.60 2.10 6.89 191
x10-13 x10717 x10-20 x10-14 x10-14 x10-14 x10-13 x10-14 x10-14 x10°13 x10715
1000 2.85 8.40 1.89 1.19 1.85 9.37 5.72 1.11 1.40 5.68 2.03
x1017 x10719 x10-2! x10-16 x10-16 x10717 x10-17 x10-16 x10-16 x10717 x10717
1200 7.81 4.46 2.53 2.55 3.73 2.13 1.41 2.45 3.00 1.41 6.06
x10-19 x10-20 x1022 x10-18 x10-18 x10-18 x10-18 x10-18 x10-18 x10-18 x10719
1400 4.17 3.84 4.21 1.15 1.60 9.96 7.00 1.12 1.35 7.06 3.44
x10-20 x102! x1023 x10719 x10719 x10-20 x10-20 x10-19 x10719 %1020 %1020




1600 3.50 4.61 8.27 8.44 1.14 7.56 5.56 8.40 991 5.64 3.02
x10°2! x1022 x10-2 x10-2! %1020 x102! x102! x102! x102! x10-2! x102!
1800 4.06 7.10 1.86 8.85 1.16 8.13 6.18 8.92 1.04 6.30 3.64
x1022 x10-23 x10-2 x1022 x102! x10-22 x10-22 x1022 x10°2! x1022 x10-22
2000 6.01 1.32 4.69 1.21 1.55 1.13 8.87 1.23 1.43 9.08 5.57
x1023 x1023 x10% x1022 x10-22 x10-22 x1023 x1022 x1022 x1023 x10-23
2200 1.08 2.87 1.30 2.04 2.57 1.94 1.55 2.09 2.40 1.59 1.03
x10-23 x1024 %1025 x10-23 x10-23 x10-23 x10-23 x10-23 x10-23 x10-23 x1023
2400 2.27 7.04 3.93 4.05 5.03 391 3.19 4.19 4.79 3.29 2.21
x10-24 x10-25 x10-26 x10-24 x10-24 x10-24 x10-24 x10-24 x10-24 x10-24 x1024
2600 5.42 1.92 1.27 9.22 1.13 9.02 7.47 9.61 1.09 7.73 5.37
x10-25 %1025 x10-26 x10-25 x10-24 x10-25 x10-25 x10-25 x10-24 %1025 x1025
2800 1.44 5.72 4.40 2.36 2.87 2.33 1.95 247 2.80 2.03 1.45
x102 x10-26 %1027 x10% x10-2 x102 x1023 x102 x10% x10% x1025
3000 4.21 1.84 1.61 6.64 8.00 6.62 5.62 6.99 7.90 5.85 4.30
x10-26 x10-26 x10-27 x10-26 x10-26 x10-26 x10-26 x10-26 x10-26 x10-26 x10-26

aB3LYP/6-311++G(d,p);"BHandHLYP/6-311++G(d,p);*MP2/6-311++G(d,p); M 11/6-31 1++G(d,p);"MN12SX/6-311++G(d,p);M06-2X/6-311++G(d,p);
gZBMC-CCSD//M06-2X/6-311++G(d,p);"UCCSD(T)/cc-PVTZ//M06-2X/6-311++G(d,p); M05-2X/6-311++G(d,p)BMC-CCSD//M05-2X/6-311++G(d,p);
MUCCSD(T)/cc-PVTZ//M05-2X/6-311++G(d,p); experimental data
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Table S4 The rate constants at various methods in the temperature of 200-3000 K and at 1.0 Torr He. (k is in cm? molecule-'s™!)

T(K) e o ke d ke Kt e o

200 3.08x1071! 1.56x10°! 2.72x1012 | 2.97x101! 9.33x10712 1.44x1011 9.91x10-12

220 2.04x10-11 1.03x10!1 1.78x1012 | 1.95x10"! 6.05x1012 9.45x10-12 6.58x10-12

240 1.37x10!! 6.89x10-12 1.19x10"2 | 1.30x107! 4.00x10-12 6.32x10°12 4.44x10712

260 9.38x10712 4.70x10712 8.12x103 | 8.85x10" 2.70x10-12 429x10712 3.04x10712 (1.27+0.08)x10°1!
280 6.49x10-12 3.25x10712 5.59x103 | 6.10x10-12 1.84x10712 2.96x10-12 2.11x10712 (8.2+0.9)x10-12
298 4.71x10712 2.35x10°12 4.04x103 | 4.40x102 1.32x10-12 2.14x10-12 1.53x10-12 (6.0+0.9)x1012
318 3.33x10712 1.66x10-12 2.84x103 | 3.10x10-2 9.25x10-13 1.50x10-12 1.08x10-12 (5.0+0.3)x1012
333 2.58x10-12 1.28x10-12 2.19x103 | 2.39x10-12 7.12x10°13 1.16x10-12 8.33x10-13 (3.540.2)x 1012
500 1.86x1013 8.88x10-14 1.38x104 | 1.65x10°13 4.66x10714 8.07x10-14 5.41x10°14

600 2.88x10-14 1.01x10-4 1.02x105 | 2.09x10-4 4.75%10°15 1.08x10-14 4351015

800 5.33x1017 1.83x10-17 2.14x108 | 3.42x10°7 7.84x10°18 1.79%10-17 7.97x10-18

1000 | 3.46x1071° 1.49%10-19 2.27x102 | 2.43x1019 6.30x1020 1.22x10719 7.49x10°20

1200 | 7.45x102! 3.72x102! 6.79x1022 | 5.56x102! 1.56x10°2! 2.72x102! 2.06x1072!

1400 | 3.35x1022 1.86x1022 3.87x1023 | 2.61x1022 7.78x1023 1.25%102 1.10x1022

1600 | 2.47x102 1.49x1023 3.40x1024 | 1.98x1023 6.18x1024 9.35x1024 9.26x1024

1800 | 2.59x1024 1.66x102* 4.10x1025 | 2.13x1024 6.88x1025 9.94x10°23 1.08x1024

2000 | 3.55x10°% 2.40x10°25 6.28x1026 | 2.97x105 9.87x10°26 1.37x10°25 1.59%1025

2200 | 5.99x102 421x1026 1.16x1026 | 5.09x1026 1.73x10-26 2.33x1026 2.86x10726

2400 1.19x10°26 8.67x1027 2.48x1077 | 1.02x1026 3.54x1027 4.67x1027 6.01x10°7

2600 | 2.72x1027 2.04x1027 6.04x1028 | 2.36x1077 8.30x1028 1.07x1027 1.43x1027

2800 | 6.96x1028 5.35x1028 1.63x102 | 6.10x1028 2.17x1028 2.75%1028 3.81x1028

3000 1.96x 1028 1.54x1028 482x10% | 1.73x1028 6.24x102 7.77x1029 1.11x102%

aM05-2X/6-311++G(d,p);? BMC-CCSD//M05-2X/6-31 1+-+G(d,p);?°UCCSD(T)/cc-PVTZ//M05-2X/6-31 1++G(d,p);AM06-2X/6-3 1 1 ++G(d,p);

eBMC-CCSD/M06-2X/6-311++G(d,p);' UCCSD(T)/cc-PVTZ//M06-2X/6-311++G(d,p);2B3LYP/6-311++G(d,p); "experimental data
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Table S5 The rate constants at various methods in the pressures of 10->-10° Torr He and at 298 K

P(Torr) o kb ke K ke Kt e o
105 47810717 2.37x10°17 4.05x101% | 1.77x107 1.33x10°17 2.15x10°17 1.67x10°17
10 47810716 2.37x10716 4.05x1017 | 1.77x1016 1.33x10°16 2.15%10716 1.67x10716
103 4.78x10°15 2.37x10°15 4.05x1076 | 1.77x10°15 1.33x10°15 2.15%10°15 1.67x10°15
0.01 47810714 2.37x10°14 4.05x10°5 | 1.77x1014 1.33x1014 2.15x10°14 1.67x10°4
0.5 2.37x10712 1.18x10-12 2.02x103 | 8.84x1013 6.63x1013 1.07x10-12 7.94x1013 (3.0+0.9)x 1012
1 4.71x10712 2.35x10°12 4.04x1013 | 1.76x1012 1.32x10-12 2.14x10712 1.53x10-12 (6.0+0.9)x 1012
1.5 7.02x10-12 3.52x1012 6.06x103 | 2.63x1012 1.98x10-12 3.20x10-12 2.22x10712 (7.6+£1.1)x10-12
2 9.29x10-12 4.67x10712 8.07x103 | 3.50x10-12 2.64x10712 42510712 2.88x10712 (7.00+1)x10-12
2.5 1.15x10°! 5.82x10°12 1.01x1072 | 4.36x10-12 3.29x10-12 5.30x10712 3.51x1012 (8.8+0.9)x 1012
3 1.38x 101! 6.96x10-12 1.21x1012 | 5.22x1012 3.95x1012 6.35%10712 41210712 (1.14+0.9)x 101!
100 2.53x10710 1.57x10710 3.64x101 | 1.25x10°10 1.06x10-10 1.54x1010 5.99x 1011
400 5.47x10-10 3.85x10-10 1.18x1010 | 3.27x1019 2.95x1010 3.96x10°10 1.31x10-10
760 7.20x10-10 5.36x10°10 1.89x1010 | 4.75x1010 4381010 5.64x10710 1.77x10-10
1000 7.97x10-10 6.08x10-10 2.28x1010 | 5.48x1010 5.11x10-10 6.45x1010 3.83x1010
10° 1.36x10° 1.23x107 7.56%10°10 1.29%10° 1.27x10° 1.40x10° 4.82x10°10
10° 1.58x10 1.56x10 1.34x10° 1.81x107 1.82x10° 1.85%10° 5.03x1010
106 1.62x10° 1.63%10° 1.58x107 1.95%10° 1.98x10" 1.96x10° 5.06x10°10
107 1.63x10° 1.64x10° 1.62x10° 1.96x10 2.00x107 1.97x10° 5.06x10°10
108 1.63x10° 1.64x107 1.63x10° 1.97x10° 2.00x10° 1.97x10° 5.06x1010
10° 1.63x10° 1.64x107 1.63%10° 1.97x10° 2.00x10° 1.97x10° 1.77%10-10

“M05-2X/6-311++G(d,p);’BMC-CCSD//M05-2X/6-311++G(d,p);°UCCSD(T)/cc-PVTZ//M05-2X/6-311++G(d,p);IM06-2X/6-311++G(d,p);
*BMC-CCSD//M06-2X/6-311++G(d,p);' UCCSD(T)/cc-PVTZ//M06-2X/6-311++G(d,p);eB3LYP/6-31 1++G(d,p);"experimental data
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