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Cartesian coordinates (A) for AE6 database

S-2

These structures are from "The Effectiveness of Diffuse Basis Functions for Calculating Relative
Energies by Density Functional Theory," B. J. Lynch, Y. Zhao, and D. G. Truhlar, Journal of

Physical Chemistry A 107, 1384-1388 (2003).
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Cartesian coordinates (A) for structures of protonated Schiff bases

These structures are optimized in the present work.
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1.131809
-1.282237
-1.104270
-0.676100
0.365558
0.152273
1.628295
0.764042
0.791892
-1.713104
-0.137877
-1.148948
0.510690
-0.895672
-0.574051
0.385352
-0.157881
1.435670
2.464256
2.072806
2.326003

S-10
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Details of the calculations on which Table 3 is based

BO denotes Born-Oppenheimer energy without spin-orbit coupling.
1 E;, = 1 hartree = 627.5095 kcal/mol

1. AE6 database

E(BO) E(spin-orbit) E(BO)+E(spin-orbit)
Ey kcal/mol kcal/mol
M06-2X
SiH4 -291.8556012 0.00 -183142.162
SiO -364.7155865 0.00 -228862.495
Ss -796.3612514 0.00 -499724.251
CsHy -116.6380982 0.00 -73191.515
C,H,0, -227.8108396 0.00 -142953.466
C4Hg -157.1771300 0.00 -98630.142
H -0.4981341 0.00 -312.584
C -37.8407451 -0.09 -23745.517
O -75.0618945 -0.23 -47102.282
S -398.0975649 -0.56 -249810.56
Si -289.3506556 -0.430 -181570.702
MO08-HX
SiH4 -291.8696042 0.00 -183150.949
Si0 -364.7013911 0.00 -228853.588
So -796.3571549 0.00 -499721.681
CsHy -116.6628351 0.00 -73207.037
C,H,0, -227.8119000 0.00 -142954.131
C4Hg -157.2245502 0.00 -98659.899
H -0.5018647 0.00 -314.925
C -37.8448910 -0.09 -23748.119
O -75.0552786 -0.23 -47098.130
S -398.0936236 -0.56 -249808.091
Si -289.350047 -0.43 -181570.333
CAM-B3LYP
SiH4 -291.8932564 0.00 -183165.791
Si0 -364.7482972 0.00 -228883.022
Sy -796.4184826 0.00 -499760.164
CsHy -116.6237968 0.00 -73182.540
CH,0, -227.8145110 0.00 -142955.770
C4Hg -157.1632526 0.00 -98621.434
H -0.4988128 0.00 -313.010
C -37.8349933 -0.09 -23741.908
O -75.0679572 -0.23 -47106.086
S -398.1294913 -0.56 -249830.598
Si -289.3793922 -0.430 -181588.748
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SE is signed error.

UE is unsigned error (absolute error).

M denotes mean

S-12

PB denotes “per bond”. To put the results of the AE6 database on a per bond basis, we
divide the mean error per molecule by the average number of bonds in a molecule, which is 4.83.

kcal/mol SiH4 SiO Sz C3H4 CszOz C4H3
Experiment 322.404 192.084 101.674 704.79b 633.350 1149.010
M06-2X 321.112 189.498 103.123 704.628 | 632.700 1147.403
SE -1.288 -2.582 1.453 -0.162 -0.650 -1.607
UE 1.288 2.5818 1.453 0.162 0.650 1.607
MSEPB -0.167
MUEPB 0.267
MO08-HX 320917 185.124 105.499 702.982 631.784 1148.025
SE -1.483 -6.956 3.829 -1.808 -1.566 -0.985
UE 1.483 6.9561 3.829 1.808 1.566 0.985
MSEPB -0.310
MUEPB 0.574
CAM-B3LYP | 325.005 188.188 98.968 704.778 | 633.762 1149.725
SE 2.605 -3.892 -2.702 -0.012 0.412 0.715
UE 2.605 3.892 2.702 0.012 0.412 0.715
MSEPB -0.10
MUEPB 0.357

afrom the tabulation in "Optimized Parameters for Scaling Correlation Energy," P. L. Fast, J. Corchado,

M. L. Sanchez, and D. G. Truhlar, Journal of Physical Chemistry A 103, 3139-3143 (1999).

bfrom the tabulation in "Small Representative Benchmarks for Thermochemical Calculations," B. J.
Lynch and D. G. Truhlar, Journal of Physical Chemistry A 107, 8996-8999 (2003); erratum: 108, 1460

(2003).
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2. ABDE4 database
Unit: :
AL C2H6 C2H6O C4H10 C4H1()O CH3 CH3O i-Pr
MO06-2X | -79.8340046 | -155.0062433 | -158.4154472 | -233.6257087 | -39.8231203 | -115.0372714 | -118.4424147
MO8-HX | -79.8017933 | -155.0289020 | -158.4715129 | -233.6724047 | -39.8395373 | -115.0457509 | -118.4822882
CAM-
B3LYP -79.8016994 | -155.0093313 | -158.4066137 | -233.6209615 | -39.8262034 | -115.0465436 | -118.4399270
Experiment? | Calculated SE UE
kcal/mol kcal/mol kcal/mol kcal/mol
H;C-CHj
M06-2X 97.39 97.220 -0.170 0.170
MO08-HX 97.39 97.611 0.221 0.221
CAM-B3LYP 97.39 93.683 -3.707 3.707
H;C-CH(CH;),
M06-2X 95.00 93.930 -1.070 1.070
MO08-HX 95.00 94.071 -0.929 0.929
CAM-B3LYP 95.00 88.155 -6.845 6.845
H;CO-CH3;
M06-2X 89.79 90.119 0.329 0.329
MO08-HX 89.79 91.523 1.733 1.733
CAM-B3LYP 89.79 85.708 -4.08 4.082
H;CO-CH(CHs),
M06-2X 91.51 90.591 -0.919 0.919
MO08-HX 91.51 91.631 0.121 0.121
CAM-B3LYP 91.51 84.394 -7.116 7.116
MSE MUE
M06-2X 0.286 0.751
MO08-HX -0.457 0.622
CAM-B3LYP -5.438 5.438

afrom the tabulation in "A New Local Density Functional for Main Group Thermochemistry, Transition

Metal Bonding, Thermochemical Kinetics, and Noncovalent Interactions," Y. Zhao and D. G. Truhlar,
Journal of Chemical Physics 125, 194101/1-18 (2006).
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Details of the calculations on which Table 4 is based
CpC denotes counterpoise correction
1. With CpC (units: kcal/mol)
MO06-2X/ Best Signed | Unsigned
def2-TZVP estimate cale. error error
HB7A Hydrogen bonded
(NH3)2 (Can) -3.17 -3.49 -0.32 0.32
(H20), (Cy) -5.02 -5.40 -0.38 0.38
Formic acid dimer -18.80 | -18.77 0.03 0.03
formamide dimer -16.12 | -15.51 0.61 0.61
uracil dimer -20.69 | -19.29 1.40 1.40
2-pyridoxine-2-amino-pyridine | -17.00 | -15.44 1.56 1.56
adenine thymine (WC) -16.74 | -14.88 1.86 1.86
DSA Dispersion-dominated
(CHa), -0.53 -0.41 0.12 0.12
(CoHa), -1.50 -1.38 0.12 0.12
benzene-CH4 -1.45 -1.30 0.15 0.15
benzene dimer (stacked) -2.62 -2.28 0.34 0.34
pyrazine dimer -4.20 -3.76 0.44 0.44
indole-benzene (stacked) -4.59 -4.14 0.45 0.45
uracil dimer (C;) -9.74 -9.52 0.22 0.22
adenine-thymine (stacked) -11.66 | -11.82 -0.16 0.16
M7A Mixed
Ethylene—acetylene -1.51 -1.31 0.19 0.19
benzene-water -3.29 -3.55 -0.26 0.26
benzene-NHj3 -2.32 -2.29 0.03 0.03
benzene-HCN -4.55 -4.80 -0.25 0.25
benzene dimer (T-shaped) -2.71 -2.16 0.55 0.55
indole-benzene (T-shaped) -5.62 -4.84 0.78 0.78
phenol dimer -7.09 -6.48 0.61 0.61
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MO8-HX/ Best 1 Signed | Unsigned
def2-TZVP estimate caic. error error
HB7A Hydrogen bonded
(NH3), (Can) -3.17 -3.70 -0.53 0.53
(H20), (Cy) -5.02 -5.49 -0.47 0.47
Formic acid dimer -18.80 | -18.27 0.53 0.53
formamide dimer -16.12 -15.68 0.44 0.44
uracil dimer -20.69 | -19.52 1.17 1.17
2-pyridoxine-2-amino-pyridine | -17.00 | -15.59 1.41 1.41
adenine thymine (WC) -16.74 -15.03 1.71 1.71
DSA Dispersion-dominated
(CHa), -0.53 -0.15 0.38 0.38
(C,H4), -1.50 -1.44 0.06 0.06
benzene-CHy -1.45 -1.46 -0.01 0.01
benzene dimer (stacked) -2.62 -2.01 0.61 0.61
pyrazine dimer -4.20 -3.35 0.85 0.85
indole-benzene (stacked) -4.59 -3.82 0.77 0.77
uracil dimer (C,) -9.74 -8.68 1.06 1.06
adenine-thymine (stacked) -11.66 -11.10 0.56 0.56
M7A Mixed
Ethylene—acetylene -1.51 -1.46 0.05 0.05
benzene-water -3.29 -3.49 -0.20 0.20
benzene-NHj; -2.32 -2.35 -0.03 0.03
benzene-HCN -4.55 -5.04 -0.49 0.49
benzene dimer (T-shaped) -2.71 -2.06 0.65 0.65
indole-benzene (T-shaped) -5.62 -4.77 0.85 0.85
phenol dimer -7.09 -6.33 0.76 0.76
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CAM-B3LYP/ Best cale Signed | Unsigned
def2-TZVP estimate ] error error
HB7A Hydrogen bonded
(NH3), (Can) -3.17 -3.10 0.07 0.07
(H,0), (Cy) -5.02 -5.60 -0.58 0.58
Formic acid dimer -18.80 -19.12 -0.32 0.32
formamide dimer -16.12 -15.43 0.69 0.69
uracil dimer -20.69 -19.41 1.28 1.28
2-pyridoxine-2-amino-pyridine | -17.00 -15.12 1.88 1.88
adenine thymine (WC) -16.74 | -14.33 2.41 2.41
DSA Dispersion-dominated
(CHa), -0.53 0.06 0.59 0.59
(C,H4), -1.50 -0.21 1.29 1.29
benzene-CHy -1.45 0.06 1.51 1.51
benzene dimer (stacked) -2.62 2.31 4.93 4.93
pyrazine dimer -4.20 0.87 5.07 5.07
indole-benzene (stacked) -4.59 2.66 7.25 7.25
uracil dimer (C,) -9.74 -3.41 6.33 6.33
adenine-thymine (stacked) -11.66 -2.07 9.59 9.59
M7A Mixed
Ethylene—acetylene -1.51 -0.98 0.53 0.53
benzene-water -3.29 -2.10 1.19 1.19
benzene-NH; -2.32 -0.89 1.43 1.43
benzene-HCN -4.55 -3.06 1.49 1.49
benzene dimer (T-shaped) -2.71 -0.02 2.69 2.69
indole-benzene (T-shaped) -5.62 -1.95 3.67 3.67
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Details of the calculations on which Table 4 is based (continued)
2. Without CpC (units: kcal/mol)
Mo06-2X/ Best 1 Signed | Unsigned
def2-TZVP estimate | <4 error error
HB7A Hydrogen bonded
(NH3), (Can) -3.17 -3.79 -0.62 0.62
(H20), (Cy) -5.02 -5.90 -0.88 0.88
Formic acid dimer -18.80 | -19.30 -0.50 0.50
formamide dimer -16.12 | -15.98 0.14 0.14
uracil dimer -20.69 | -19.66 1.03 1.03
2-pyridoxine-2-amino-pyridine | -17.00 | -15.92 1.08 1.08
adenine thymine (WC) -16.74 | -15.34 1.40 1.40
DSA Dispersion-dominated
(CHa)2 -0.53 -0.45 0.08 0.08
(CoHa), -1.50 -1.44 0.06 0.06
benzene-CHy4 -1.45 -1.37 0.08 0.08
benzene dimer (stacked) -2.62 -2.55 0.07 0.07
pyrazine dimer -4.20 -4.03 0.17 0.17
indole-benzene (stacked) -4.59 -4.59 0.00 0.00
uracil dimer (C,) -9.74 -10.15 -0.41 0.41
adenine-thymine (stacked) -11.66 | -12.64 -0.98 0.98
M7A Mixed
Ethylene—acetylene -1.51 -1.40 0.11 0.11
benzene-water -3.29 -4.19 -0.90 0.90
benzene-NH; -2.32 -2.59 -0.27 0.27
benzene-HCN -4.55 -4.90 -0.35 0.35
benzene dimer (T-shaped) -2.71 -2.31 0.40 0.40
indole-benzene (T-shaped) -5.62 -5.19 0.43 0.43
phenol dimer -7.09 -7.03 0.06 0.06
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MO8-HX/ Best cale Signed | Unsigned
def2-TZVP estimate ) error error
HB7A Hydrogen bonded
(NH3), (Can) -3.17 -4.06 -0.89 0.89
(H,0), (Cy) -5.02 -6.09 -1.07 1.07
Formic acid dimer -18.80 | -18.97 -0.17 0.17
formamide dimer -16.12 | -16.32 -0.20 0.20
uracil dimer -20.69 | -20.09 0.60 0.60
2-pyridoxine-2-amino-pyridine | -17.00 | -16.28 0.72 0.72
adenine thymine (WC) -16.74 | -15.72 1.02 1.02
DSA Dispersion-dominated
(CHa), -0.53 -0.18 0.35 0.35
(C,Ha), -1.50 -1.56 -0.06 0.06
benzene-CHy -1.45 -1.54 -0.09 0.09
benzene dimer (stacked) -2.62 -2.40 0.22 0.22
pyrazine dimer -4.20 -3.72 0.48 0.48
indole-benzene (stacked) -4.59 -4.46 0.13 0.13
uracil dimer (C,) -9.74 -9.55 0.19 0.19
adenine-thymine (stacked) -11.66 | -12.18 | -0.52 0.52
M7A Mixed
Ethylene—acetylene -1.51 -1.60 -0.09 0.09
benzene-water -3.29 -4.24 -0.95 0.95
benzene-NH; -2.32 -2.73 -0.41 0.41
benzene-HCN -4.55 -5.18 -0.63 0.63
benzene dimer (T-shaped) -2.71 -2.31 0.40 0.40
indole-benzene (T-shaped) -5.62 -5.27 0.35 0.35
phenol dimer -7.09 -7.02 0.07 0.07
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CAM-B3LYP/ Best cale Signed | Unsigned
def2-TZVP estimate ) error error
HB7A Hydrogen bonded
(NH3), (Can) -3.17 -3.50 -0.33 0.33
(H,0), (Cy) -5.02 -6.22 -1.20 1.20
Formic acid dimer -18.80 -19.83 -1.03 1.03
formamide dimer -16.12 -16.07 0.05 0.05
uracil dimer -20.69 -19.89 0.80 0.80
2-pyridoxine-2-amino-
pyridine -17.00 -15.73 1.27 1.27
adenine thymine (WC) -16.74 -14.92 1.82 1.82
DSA Dispersion-dominated
(CHa), -0.53 0.01 0.54 0.54
(CoHy), -1.50 -0.29 1.21 1.21
benzene-CHy -1.45 -0.03 1.42 1.42
benzene dimer (stacked) -2.62 1.97 4.59 4.59
pyrazine dimer -4.20 0.54 4.74 4.74
indole-benzene (stacked) -4.59 2.11 6.70 6.70
uracil dimer (C,) -9.74 -4.14 5.60 5.60
adenine-thymine (stacked) -11.66 -3.01 8.65 8.65
M7A Mixed
Ethylene—acetylene -1.51 -1.09 0.42 0.42
benzene-water -3.29 -2.94 0.35 0.35
benzene-NHj3 -2.32 -1.27 1.05 1.05
benzene-HCN -4.55 -3.19 1.36 1.36
benzene dimer (T-shaped) -2.71 -0.23 2.48 2.48
indole-benzene (T-shaped) -5.62 -2.40 3.22 3.22

phenol dimer
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Details of the calculations on which Table 4 is based (continued)

3. Mean signed errors and mean unsigned errors (kcal/mol) in noncovalent interaction
database (S22A) with def2-TZVP basis set

Method HB7A D8A Mixed7A S22A
MSE MUE MSE MUE MSE MUE MSE MUE

Not Counterpoise Corrected

M06-2X 024 081 -0.12 0.23 -0.08 0.36 0.01 0.46
MO08-HX 0.00 067 009 0.25 -0.18  0.42 -0.03 0.44
CAM-B3LYP 020 093 418 4.18 1.54 1.54 2.07 2.30

Counterpoise Corrected

M06-2X 0.68 088 021 0.25 0.24 0.38 0.37 0.49
MO08-HX 0.61 090 054 0.54 0.23 043 0.46 0.62
CAM-B3LYP 0.78 1.03 457 457 1.94 194 2.52 2.61
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Details of the calculations on which Table 5 is based

MO06-2X/MG3S

]]352? Calc. | SE UE

Heavy atom transfer
H-+N,O — OH:- + N, forward 17.13 17.60 0.47 0.47
reverse 82.47 82.26 -0.21 0.21
H- + CIH — HCl + H: forward 18.00 18.55 0.55 0.55
reverse 18.00 18.55 0.55 0.55
CH; + FCI — CH5F +Cl forward 6.75 4.71 -2.04 2.04
reverse 60.00 60.55 0.55 0.55

Sn2

Cl----CH;3Cl — CICH3---Cl- forward 13.41 13.54 0.13 0.13
reverse 13.41 13.54 0.13 0.13
F--CH;Cl1 — FCHj3---Cl- forward 3.44 3.24 -0.20 0.20
reverse 29.42 33.54 4.12 4.12
OH- + CH3F — HOCH; + F- forward -2.44 -2.87 -0.43 043

reverse 17.66 17.53 -0.13 0.13
Unimolecular and association

reactions
H- + N, — HNy forward 14.36 14.11 -0.25 0.25
reverse 10.61 11.34 0.73 0.73
H- + C,H4 — CH;CHy: forward 1.72 2.94 1.22 1.22
reverse 41.75 43.65 1.90 1.90
HCN — HNC forward  48.07 46.17 -1.90 1.90

reverse 32.82 33.34 0.52 0.52
Hydrogen atom transfer reactions

OH + CH4 — CH; + H,O forward 6.70 5.63 -1.07 1.07
reverse 19.60 17.48 -2.12 2.12

H+OH—->O+H, forward 10.70 9.80 -0.90 0.90
reverse 13.10 12.02 -1.08 1.08

H+ H,S — H, + HS forward 3.60 443 0.83 0.83

reverse 17.30 18.71 1.41 1.41
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MO08-HX/MG3S

BSU | Cale | SE | UE

Heavy atom transfer
H-+ N, O — OH- + N, forward 17.13 17.88 0.75 0.75
reverse  82.47 82.53 0.06 0.06
H:- + CIH — HCl + H: forward  18.00 19.39 1.39 1.39
reverse 18.00 19.39 1.39 1.39
CH; + FCI — CH3F +Cl forward  6.75 5.54 -1.21 1.21
reverse  60.00 58.02 -1.98 1.98

SN2

Cl----CH;Cl — CICHj3--Cl- forward 13.41 15.24 1.83 1.83
reverse  13.41 15.24 1.83 1.83
F---:CH;Cl — FCHj;:--Cl- forward 3.44 4.55 1.11 1.11
reverse  29.42 30.37 0.95 0.95
OH- + CH5F — HOCHj; + F- forward -2.44 -4.33 -1.89 1.89

reverse 17.66 18.27 0.61 0.61
Unimolecular and association

reactions
H- + N, —» HNy- forward 14.36 14.03 -0.33 0.33
reverse 10.61 11.80 1.19 1.19
H-+ C2H4 — CH3CH2 forward 1.72 2.25 0.53 0.53
reverse  41.75 44.07 2.32 2.32
HCN — HNC forward  48.07 46.70  -1.37 1.37

reverse  32.82 34.85 2.03 2.03
Hydrogen atom transfer reactions

OH + CH4 — CH; + H,O forward  6.70 6.41 -0.29 0.29
reverse  19.60 19.17 -0.43 0.43

H+OH—->O+H, forward 10.70 10.00 -0.70 0.70
reverse  13.10 11.37 -1.73 1.73

H+ H,S — H, + HS forward 3.60 4.15 0.55 0.55

reverse 17.30 16.96 -0.34 0.34
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CAM-B3lYP/MG3S

]1332? Calc. SE UE

Heavy atom transfer
H-+N,O —- OH: + N, forward 17.13 13.19 -3.94 3.94
reverse  82.47 77.23 -5.24 5.24
H- + CIH — HCl + H: forward  18.00 15.05 -2.95 2.95
reverse 18.00 15.05 -2.95 2.95
CH; + FCl — CH5F +Cl1 forward  6.75 2.63 -4.12 4.12
reverse  60.00 57.96 -2.04 2.04

Sn2

Cl----CH3Cl — CICHj5--Cl- forward 13.41 12.57 -0.84 0.84
reverse 13.41 12.57 -0.84 0.84
F----CH;Cl — FCHj3---Cl- forward  3.44 2.04 -1.40 1.40
reverse  29.42 29.27 -0.15 0.15
OH- + CH5F — HOCH; + F- forward -2.44 -4.43 -1.99 1.99

reverse 17.66 16.74 -0.92 0.92
Unimolecular and association

reactions
H- + N, - HNy forward 14.36 9.25 -5.11 5.11
reverse 10.61 11.95 1.34 1.34
H- + C;Hy — CH;CH,- forward 1.72 0.28 -1.44 1.44
reverse  41.75 43.56 1.81 1.81
HCN — HNC forward 48.07 47.39 -0.68 0.68

reverse  32.82 34.27 1.45 1.45
Hydrogen atom transfer reactions

OH + CH4 — CH3 + H,O forward  6.70 3.53 -3.17 3.17
reverse 19.60 15.26 -4.34 4.34

H+OH — O+ H, forward  10.70 5.79 -4.91 491
reverse 13.10 6.85 -6.25 6.25

H+ H,S — H, + HS forward  3.60 0.73 -2.87 2.87

reverse 17.30 16.46 -0.84 0.84
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Mean signed errors and mean unsigned errors (kcal/mol) in barrier heights of DBH24/08
database as calculated with the MG3S basis set

Method¢ HATBH6 NSBH6 UABHG6 HTBH6  DBH24/08
MSE MUE MSE MUE MSE MUE MSE MUE MUE

MO06-2X -0.02 0.73 060 086 037 1.09 -049 1.24 0.98
MO08-HX 0.07 1.13 074 137 073 130 -049 0.67 1.12
CAM-B3LYP -354 354 -1.02 1.02 -044 197 -3.73 3.73 2.57




