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Table S1. Experimental lonization Potentials and Electron Affinities (kcal/mol)

System P EA System 1P EA
H 17.42 NH, 233.2

Li 124.3 14.3 CN 3137 89.0
Be 215.0 MgH 237
B 191.4 6.5 CF 209.4

C 259.7 29.1 SH 181.8 29.3
N 335.2 0, 278.9 10.8
o 3139 337 HNO 6.8
F 401.8 78.4 PH 234.1 232
BeH 15.5 FO 294.7 51.9
Na 1185 12.6 SH 238.9 53.3
Mg 176.3 PH, 226.3 29.4
Al 138.0 10.0 NaLi 116.8

S 187.9 31.9 NaF 11.9
P 241.9 17.2 LiCl 135
S 238.9 47.9 AlO 218.4 60.0
cl 299.1 83.4 Na, 112.7 9.8
CH 28.2 PO 1935 252
CH, 14.0 O, 288.9 475
NH 8.4 Al 138.3

CH, 226.0 MgCl 176.8 36.4
OH 299.1 421 S, 216.0 385
HF 369.7 cl, 265.3 55.6
AlF 224.2 Aly 44.2

2 This electron affinity isin Database/4MH but not in Database/4



Table S2. Best Estimate of Atomization Energies (kcal/mol)

S3

Molecule De Molecule De Molecule De

Ho 109.48 H3CCH3 712.80 Si2 74.97
LiH 57.95 H3COH 512.78 NaCl 97.79
BeH 49.94 H2NNH2 438.60 MgS 54.43
Lip 24.36 HOOH 268.57 MgCl 74.46
CH(%P) 84.00 F2 38.20 P2 117.09
BelLi 6.69 CH3NH; 582.56 C4Hgd 1012.37
CH2(By) 190.72 LiCl 113.90 C4Hg® 1004.13
CHx(*A) 18137 NaF 114.00 CaHe! 987.20
NH 83.67 NaOH 187.77 CyqHp 9 1001.61
BH3 281.08 MgO 59.19 CoH202N 633.35
CH3 (°A")  307.46 PC 124.63 PO> 263.29
NH> 181.90 AIO 122.31 Sz 101.67
OH 107.06 BeCl 90.20 SO» 257.86
CHg 420.11 MgF 110.86 BF3 470.04
NH3 297.90 MgOH 184.35 CH3NO> 601.27
H20 232.60 CO2 389.14 HCOOCHS3 785.26
HF 141.05 Sio 192.08 H3CCOOH 803.04
Bo 67.14 sc 171.31 H3CCOCH3  977.96
Lio 82.00 CgHg? 704.79 CaHg' 1149.01
BC 100.00 CgHaP 703.20 CsHg) 1158.61
NaH 48.77 C3Hy® 682.74 CINO 192.04
LiF 138.92 CH3CN 615.84 CH3CONH; 868.38
LiOH 211.68 H2CCO 532.32 (CHg)3C 1199.34
BeO 104.77 N2O 270.22 Clp 57.97
CN 180.58 HCP 250.50 SioHg 530.81
CCH 267.83 Nay 17.03 CHF3 457.50
MgH 30.90 AIF 161.30 NF3 204.53



BeF 137.84 NaLiO 145.00 CoHs0CH3  1095.12
BeOH 216.86 BeF2 305.22 CaH10K 1303.04
BO 193.12 Be(OH)2 464.08 C4H1l 1301.32
HCCH 405.39 CH3CO 581.58 C4H40 993.74
HCN 313.20 NO2 228.25 C4HsN 1071.57
co 259.31 PO 141.55 CsHgM 1284.28
N2 228.46 SO(3) 125.00 AlF3 426.50
AlH 70.22 HCOOH 500.98 CINO2 262.60
BF 182.10 CH3CHO 677.03 CsHsN 1237.69
HCO 278.39 CoH40 650.70 CFg 476.32
NO 155.22 C3He 853.41 PF3 363.87
H2CCH 445.79 H3CCHCH2  860.61 CeHe 1367.56
SiH2 (*A)  151.79 (CoHaNH  718.81 C4HaS 962.73
SiH2(®B;)  131.05 03 146.10 CIF3 125.33
H2CCHa 563.47 NaCN 280.00 CF3CN 639.85
H2CO 373.73 Clo 64.49 CoFg 589.36
02 119.99 C2H50 698.64 BFCly 371.21
SiH3 227.37 (CH3) 2CH  900.75 SiF4 574.35
PH2 153.20 CIF 61.36 BCl3 322.90
CH20H 409.76 CH3Cl 394.64 CHCI3 343.18
SH 86.98 CH3SH 473.84 AICI3 306.26
CoHs 603.75 HOCI 164.36 SFe 477.96
FO 53.40 H3COCH3  798.05 CClyg 312.74
H3CCH20
SiHg 322.40 H 810.36 C2Cly 466.28
PH3 242.55 C3Hs 1006.87 SiCly 384.94
H2S 182.74 NCCN 500.89
HCI 106.51 Alp 31.10
apropyne fbicyclobutane Kisobutane
b Allene 9cyclobutene In-butane
Ccyclopropene hglyoxal Mspiropentane
dtrans-butadiene icyclobutane
€2- butyne lisobutene
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Table S3. Barrier Heights (kcal/mal)

Reaction \/f:c Vri
1. Cl+Hy,—>HCI+H 8.7 5.6
2. OH+Hy,—>H+H,0 5.7 22.0
3. CH3+Hy;—>H+CHy 11.4 14.6
4. OH+CH, —» CH3+HyO 6.7 20.2
6. H+H2—)H2+H 9.6 9.6
7. OH+ NH3— H,O+ NH, 3.2 13.2
8. HCl+CH3— Cl+CHy 18 7.8
9. OH+ CyHg— HyO + CoHg 34 20.7
10. F+Hy > H+HF 18 33.2
11. OH+ CH3 > O+ CHy4 7.8 13.7
12. H+ PH3— PHy + H» 3.2 25.5
13. H+CIH - HC1+H’ 18.0 18.0
14. OH+H—>H,+0O 10.1 13.1
15. H +trans-NoHo, — Hy + NoH 5.9 41.0
16. H+ H,S— Hy + HS 3.6 17.4
17. O+HClI - OH + Cl 9.8 9.9
18. CH4+ NH — NH, + CHg 8.4 22.7
19. C2H6 +NH — NH2 + C2H5 8.0 18.4
20. C2H6 + NH2 — C2H5 + NH3 104 17.8
21. NH, + CHy— CH3+ NHj3 14.5 17.9
22. stranscis-CgHg — stranscisCsHg ~ 38.4 38.4




