Supporting Information for:

Development and Assessment of a New Hybrid Density Functional
Model for Thermochemical Kinetics

Yan Zhao, Benjamin J. Lynch, and Donald G. Truhlar
To be published in J. Phys. Chem. A

This supporting information was prepared on Jan. 18, 2004 and consists of a total of 8
pages.

Contents: page
Barrier Heights and Energies of Reaction (kcal/mol) for Kinetics9 database 2
Geometric Parameters of the Saddle Points (BB1K and B97-2) 3
Geometric Parameters of the Saddle Points (BB95 and B1B95) 4
42 Barrier Heights from best estimate, BB1K/DIDZ and BB1K/MG3S 5
42 Barrier Heights calculated by BB95 and B1B95 6

Experimental Data for G45/04 database 7



Table S1. Barrier Heights and Energies of Reaction (kcal/mol) for the Kinetics9 database?

Best Estimates BB1K/DIDZ MPWI1K/DIDZ
Reaction \a Vr# AE Vi Vr# AE V¢ Vr# AE
OH + CH4 — CH; + H,O 6.7 19.6 -12.9 7.1 15.7 -8.6 7.6 16.6 9.0
H+OH — O +H, 10.7 13.1 2.4 7.7 13.1 -5.5 8.1 12.5 -4.4
H+H,S — H, + HS 35 17.3 -13.7 3.0 17.7 -14.7 2.3 17.1 -14.8

aThese barrier heights and energies of reaction are calculated from the geometries consistently optimized by the sepecified method.



Table S2. Geometric Parameters of the Saddle Points (BB1K and B97-2)

Reaction BB1K/DIDZ BB1K/MG3S B97-2/DIDZ B97-2/MG3S

A+BC—>AB+C R Rc Rigm 0asc R'ap R'scR%um 0asc RPas RBc R¥aum®aBc R R7cR7am 67 anc

H+HClI—-H,+Cl 1.076 1.384 2459 180 1.030 1.399 2.429 180 1.201 1.352 2.553 180 1.155 1.358 2.514 180
H+H, - H,+H 0.928 0.928 1.856 180 0.927 0.927 1.853 180 0.930 0.930 1.859 180 0.928 0.928 1.857 180

H+CIH'— HCl+H' 1.480 1.480 2961 180 1.472 1.472 2944 180 1.483 1.483 2.966 180 1.474 1.474 2.948 180

H+HO — H, +O 0.930 1.164 2.095 180 0.914 1.178 2.091 180 0.986 1.125 2.110 180 0.945 1.151 2.096 180

F+H, - HF +H 1.559 0.766 2.325 120 1.554 0.769 2.322 120 - - - - - - - -




Table S3. Geometric Parameters of the Saddle Points (BB95 and B1B95)

Reaction

BB95/DIDZ

BB95/MG3S

B1B95/DIDZ B1B95/MG38S

A+BC—>AB+C Rixp

R;ﬁBC 1{;&sum

0"asc R7aB

Rc R%um 0" ac Ria

R'sc Ram®aBc R R7cR7aum 67 anc

H+HCl—-H,+Cl 1.344

H+ CIH'— HCl1 + H" 1.504

H+HO—>H,+O  0.938

F+H,—HF+H -

1.345 2.689

0.939 1.878

1.504 3.008

1.190 2.129

180

180

180

180

1.287

0.937

1.495

0.885

1.346 2.632 180 1.134

0.937 1.873 180 0.931

1.495 2.991 180 1.488

1.252 2.138 180 0.932

1.372 2.507 180 1.084 1.383 2.467 180

0.931 1.861 180 0.930 0.930 1.859 180

1.488 2.975 180 1.479 1.479 2.958 180

1.173 2.105 180 0.912 1.189 2.1001 180




Table S4. 42 Barrier Heights from Best Estimate, BB1K/DIDZ// QCISD/MG3 and BB1K/MG3S// QCISD/MG3 for the BH42/03
Database

Reaction best estimate BB1K/DIDZ BB1K/MG3S

A+BC—>AB+C V¢ \Ysa \ \Ysa \ Vr#
1.H+HCl - H, +Cl 5.7 8.7 2.8 7.3 4.4 5.6
2.0H+H, - H+H,0 5.1 21.2 5.4 18.6 4.8 19.5
3.CH3+H, - H+ CHy 12.1 15.3 9.8 14.4 9.9 14.7
4. OH + CH4 — CH3 + H,O 6.7 19.6 7.2 15.8 6.8 16.8
5.H+H, > H,+H 9.6 9.6 8.5 8.5 8.6 8.6
6. OH + NH3 — H,O + NH, 3.2 12.7 4.1 11.3 4.4 12.6
7. HCl+ CH; — Cl+ CHy 1.7 7.9 -0.9 8.2 0.4 6.5
8. OH + C,Hg —H,0 + C,H5 34 19.9 43 17.3 4.0 18.5
9.F+H, > HF+H 1.8 334 -0.1 27.3 -0.2 29.1
10. O + CH4 —OH + CHj; 13.7 8.1 14.6 4.6 14.3 5.8
11. H+ PH3— PH,; + Hy 3.1 23.2 2.1 23.8 2.7 23.1
12.H+ CIH" — HCI + H’ 18.0 18.0 18.9 18.9 18.2 18.2
13.H+HO — H, +O 10.7 13.1 7.6 13.1 8.7 12.3
14. H + trans-N,H,— H, + NoH 5.9 40.9 1.6 39.9 1.7 40.2
15.H+H,S — H, + HS 3.5 17.3 2.9 17.6 3.6 15.9
16. 0 + HCl - OH + Cl 9.8 10.4 9.1 10.0 7.7 10.1
17.NH, + CH3— CH4 + NH 8.0 22.4 6.1 22.9 7.2 22.4
18. NH, + C,H5 — C,Hg + NH 7.5 18.3 7.9 20.2 9.1 19.8
19. C,Hg + NHy — NH3 + C,H; 10.4 17.4 11.4 17.2 11.7 17.9
20. NH, + CH4 — CHj3 + NHj 14.5 17.8 13.9 15.3 14.2 15.9
21. s-trans cis-CsHg — s-trans cis-CsHg 384 384 39.6 39.6 39.8 39.8




Table S5. 42 Barrier Heights Calculated by BB95and B1B95 (QCISD/MG3 geometries) for the BH42/03 Database

Reaction BB95/DIDZ BB95/MG3S B1B95/DIDZ B1B95/MG3S
A+BC—AB+C V¢ Vr# V¢ Vr# \/a Vr# \/a Vr#
1.H+HCl - H, +Cl -1.3 1.2 0.4 -1.4 1.5 5.8 32 4.1
2.0H+H, —» H+H,0 -3.9 12.2 -4.5 13.6 2.6 16.7 2.0 17.9
3.CH3; +H, > H+ CHy 5.7 9.8 5.8 10.3 8.6 13.0 8.6 13.3
4. OH + CH4 — CH;3 + H,O -3.9 8.1 -4.1 9.5 3.8 13.5 3.5 14.7
5$H+H, - H,+H 5.1 5.1 5.4 5.4 7.4 7.4 7.6 7.6
6. OH + NH3 — H,0 + NH, -11.2 -1.4 -10.5 0.4 -0.7 7.4 -0.2 8.9
7.HCl+ CH3 — Cl + CHy -6.0 0.6 -4.6 -1.8 2.4 6.2 -1.1 4.6
8. OH + C,Hg —H,0 + C,H;4 -7.5 10.0 -7.6 11.6 0.8 15.2 0.5 16.5
9.F+H, - HF+H -12.1 21.7 -12.1 24.0 -3.5 26.0 -3.5 28.0
10. O + CH4 —OH + CHj 23 2.1 22 -0.6 10.8 2.6 10.6 3.9
11. H+PH3;— PH, + H, -1.6 21.1 -0.8 20.5 1.1 23.1 1.7 224
12.H+ CIH' - HCl + H' 12.2 12.2 12.3 12.3 16.8 16.8 16.3 16.3
13.H+HO — H, +0O 1.8 2.1 3.3 1.5 5.9 9.7 7.1 9.0
14. H + trans-N,H,— H, + NoH -5.3 35.0 -4.9 353 -0.4 38.5 -0.2 38.8
15.H+H,S — H, + HS -1.1 13.6 -0.1 12.1 1.7 16.4 2.5 14.8
16. 0+ HCl — OH + Cl -10.6 -8.3 -9.4 -9.4 4.6 5.1 5.1 4.1
17. NH, + CH3— CH4 + NH -0.5 13.9 0.9 13.7 4.1 20.1 5.3 19.7
18. NH, + C,H5 — C,Hg + NH 2.0 10.8 3.6 10.7 6.1 17.4 7.5 17.0
19. CoHg + NH, — NH3 + CyH; 2.7 10.5 3.2 11.5 8.7 15.2 9.1 16.0
20. NH, + CH4 — CHj3 + NHj3 5.7 7.9 6.1 8.8 11.4 13.0 11.7 13.8
21. s-trans cis-CsHg — s-trans cis-CsHg ~ 32.3 323 32.6 32.6 37.1 37.1 37.3 37.3




Table S6. Experimental Data for G45/04 database

Molecules | Geometirc Parameter | Experimental Data
H2 Ry.g 0.741
CH4 Ren 1.094
N3 RN.H 1.012
OuNH 106.67
00 Ro.g 0.956
Oqon 105.2
HF Ry 0.917
Cco Rc.o 1.128
N2 RnN 1.098
F2 Rp.p 1.412
COD Rc.c 1.203
Ry 1.063
HCN Rc.g 1.064
ReN 1.156
Ren 1.111
HCO Rc.o 1.205
OHcH 116.1
Oco 121.9
CO2 Rcoo 1.162
N20 RNN 1.128
Rnoo 1.184
SiH4 Rgipg 1.480
SiO Rsio 1.510
S Rgpg 1.328
OnsH 92.2
S2 Rg_g 1.889
Ry 1.105
Ren 1.056
C3H4 Re.c 1.459
Rc.c 1.206
OHCH 110.2
Oxcc 108.73
C2H202 Re.c 1.526
Rcoo 1.212
Rc.g 1.132
Occo 121.2




Orcc 112.2

Rcc 1.555

CAHS Rcen 1.093
Rcy 1.091

OtcH 106.4

OH Ro.g 0.970
SH Rg.y 1.341
CH3 Rcen 1.079
OucH 120.0




