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Table S7: Mean Absolute Errors of the Interaction Energies (kcal/mol) for the S22 and
S66x8 Benchmark Sets from Single-Point MNDO, AM1, PM3, PM6, and OMx Calculations
at the Reference Geometries

Subset N Method
MNDO AM1 PM3 PM6 OM1 OM2 OM3

S22
Overall 22 16.74 6.78 5.90 3.35 5.09 3.07 3.58
H-bonded 7 28.16 10.74 7.42 5.03 7.82 3.63 4.20
Mixed 7 9.96 3.27 2.79 2.03 3.34 1.80 2.57
Dispersion 8 12.68 6.40 7.28 3.04 4.23 3.68 3.92

S66x8
Overall 528 9.48 3.76 3.32 1.98 2.96 1.93 2.23
Electrostatic 184 13.40 5.24 4.42 2.50 3.77 2.27 2.39
Mixed 160 6.82 2.60 2.34 1.55 2.30 1.31 1.78
Dispersion 184 7.88 3.30 3.08 1.84 2.72 2.13 2.45
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Table S8: Mean Absolute Errors in Selected Interatomic Distances (Å) and Angles (degree)
from MNDO, AM1, PM3, PM6, and OMx Optimizations for the S22 Set

Subset N Method
MNDO AM1 PM3 PM6 OM1 OM2 OM3

Selected interatomic distances
Overall 105 3.117 3.635 1.557 0.383 2.336 0.708 1.996

Selected angles
Overall 14 36.12 16.52 7.51 9.33 21.51 2.50 1.76
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2 Figures: Reference and Optimized SQC Geometries

of Selected Noncovalent Complexes

Figure S1: Reference, OM2-D3, OM2-D3T, and OM3-Dn geometries of the methane dimer
from the S22 data set (top) and geometries optimized with the OM2-D2 (bottom left) and
PM7 (bottom right) methods. Selected interatomic distances are given in Ångstrom.
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Figure S2: Reference, OM2-D2, and OM2-D3 geometries of the T-shaped benzene dimer
from the S22 data set (top left) and geometries optimized with other OMx -Dn and PM7
methods. Selected interatomic distances are given in Ångstrom.

S34



Figure S3: Reference and PM7 geometries of the indole· · · benzene dimer from the S22 data
set (left) and geometries optimized with OMx -Dn (right). Selected interatomic distances
are given in Ångstrom.
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Figure S4: Reference geometry of the T-shaped indole· · · benzene dimer from the S22 data
set (top left) and geometries optimized with PM7 (top right), OM2-Dn (bottom left), and
OM3-Dn (bottom right). Selected interatomic distances are given in Ångstrom.
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Figure S5: Reference, PM7 and OM2(-Dn) geometries of the formic acid dimer from the
S22 data set (left) and geometries optimized with the OM3(-Dn) methods (right). Selected
interatomic distances are given in Ångstrom.
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3 Additional Statistical Evaluations for RM1

The RM1 method is a reparametrization of the AM1 method. According to the following

statistical evaluations, it tends to be generally more accurate than AM1, about as accurate

as the PMx methods, and somewhat less accurate than the OMx methods.

For the CHNO benchmark set (Table S11), RM1 predicts heats of formation with a

mean absolute error (MAE) of 4.22 kcal/mol, similar to that of PM3 and about 1.1 kcal/mol

higher than those of OM2 and OM3. The MAEs of RM1 for bond lengths and angles are

similar to those of the PMx methods. For ionization potentials, RM1 performs better than

the PMx methods, but not as well as OM2 (MAE 0.36 vs. 0.26 eV). Dipole moments are

predicted best by RM1 (MAE 0.21 D vs. 0.23–0.26 D for the OMx methods). RM1 also

gives reasonable relative energies and barriers, but is in both cases less accurate than OM2

(MAEs 2.50 vs. 1.96 kcal/mol and 2.39 vs. 1.63 kcal/mol, respectively).

For the FLUOR set (Table S12), RM1 gives larger errors for the heats of formation (MAE

6.27 kcal/mol) compared with the PMx methods (MAEs 5.21–5.87 kcal/mol) and the OMx

methods (MAEs 3.70–4.92 kcal/mol). Bond lengths, bond angles, and ionization potentials

are predicted by RM1 somewhat less accurately than by the OMx methods, whereas dipole

moments are reproduced with similar accuracy (MAE 0.27 D vs. 0.25–0.31 D).
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Table S11: Mean Absolute Errors in Calculated Heats of Formation, Relative Energies and
Barriers (kcal/mol), Bond Lengths (Å), Bond Angles (degree), Ionization Potentials (eV),
and Dipole Moments (D) for the CHNO Set and Its Subsets: MNDO, AM1, RM1, PMx ,
and OMx

Subset N Method
MNDO AM1 RM1 PM3 PM6 PM7 OM1 OM2 OM3

Heats of formation
Overall 140 6.34 5.51 4.22 4.17 4.80 3.80 3.46 3.10 3.05
CH 57 5.90 4.89 4.86 3.63 4.74 3.50 2.49 1.72 1.63
CHN 32 6.24 4.65 3.89 5.02 4.30 4.11 4.27 3.92 3.80
CHO 39 4.80 5.54 3.14 3.69 4.53 3.42 3.41 4.53 4.20
CHNO 4 13.52 8.36 4.66 3.00 2.59 1.48 6.18 1.96 3.24
HNO 8 13.73 11.93 6.09 7.54 9.63 7.71 5.94 3.28 4.53

Bond lengths
Overall 242 0.014 0.017 0.013 0.011 0.012 0.011 0.012 0.016 0.019
CH 113 0.011 0.013 0.011 0.011 0.009 0.009 0.012 0.010 0.009
CHN 49 0.011 0.015 0.011 0.010 0.010 0.009 0.009 0.015 0.027
CHO 57 0.017 0.019 0.013 0.011 0.013 0.011 0.013 0.018 0.022
CHNO 5 0.015 0.017 0.010 0.016 0.011 0.010 0.013 0.018 0.033
HNO 18 0.036 0.038 0.032 0.016 0.036 0.036 0.019 0.049 0.043

Bond angles
Overall 101 2.56 1.90 2.26 2.08 2.14 2.31 1.82 2.24 1.85
CH 38 1.81 1.36 2.06 1.57 1.64 1.88 1.45 1.46 1.23
CHN 22 2.03 1.86 2.04 2.04 1.86 2.04 1.85 2.30 1.82
CHO 31 3.11 2.17 2.44 2.43 2.38 2.69 1.95 2.45 2.03
HNO 10 4.83 3.17 2.97 3.04 3.91 3.30 2.76 4.42 3.76

Ionization potentials
Overall 52 0.46 0.36 0.36 0.42 0.45 0.42 0.32 0.26 0.44
CH 22 0.38 0.27 0.24 0.34 0.31 0.37 0.24 0.24 0.37
CHN 13 0.54 0.37 0.48 0.52 0.53 0.52 0.33 0.22 0.39
CHO 14 0.57 0.45 0.42 0.51 0.48 0.41 0.41 0.34 0.61
HNO 3 0.24 0.52 0.50 0.16 0.96 0.52 0.33 0.23 0.45

Dipole moments
Overall 63 0.36 0.24 0.21 0.28 0.38 0.38 0.23 0.25 0.26
CH 20 0.30 0.16 0.12 0.16 0.24 0.24 0.08 0.11 0.10
CHN 16 0.54 0.48 0.34 0.39 0.54 0.54 0.40 0.27 0.33
CHO 19 0.22 0.10 0.19 0.25 0.39 0.33 0.23 0.31 0.26
HNO 6 0.40 0.32 0.19 0.31 0.38 0.56 0.31 0.49 0.58

Relative energies
Overall 17 9.01 5.70 2.50 4.17 2.97 1.97 5.25 1.96 2.83
CH 9 4.34 2.62 0.65 1.83 1.19 1.39 3.20 0.52 1.08
CHN 3 9.48 7.37 4.41 4.71 2.91 2.17 6.04 4.09 5.65
CHO 3 13.22 7.78 2.34 9.30 4.17 3.41 6.63 3.63 3.91

Barriers
Overall 60 3.48 2.12 2.39 3.01 2.55 2.46 2.31 1.63 1.61
CH 20 4.27 3.31 3.42 3.25 3.65 3.32 2.37 1.69 2.01
CHN 10 3.20 1.32 2.15 3.17 3.39 3.17 3.03 1.91 1.51
CHO 25 2.42 1.42 1.72 2.07 1.46 1.56 1.61 1.50 1.45
CHNO 3 7.98 3.16 2.67 7.70 2.35 2.46 5.42 1.43 0.68
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Table S12: Mean Absolute Errors in Calculated Heats of Formation (kcal/mol), Bond
Lengths (Å), Bond Angles (degree), Ionization Potentials (eV), and Dipole Moments (D)
for the FLUOR Set and Its Subsets: MNDO, AM1, RM1, PMx , and OMx

Subset N Method
MNDO AM1 RM1 PM3 PM6 PM7 OM1 OM2 OM3

Heats of formation
Overall 48 10.81 7.75 6.27 5.87 5.21 5.82 4.92 3.41 3.70
CHF 39 9.89 7.37 6.30 4.96 4.92 5.57 3.67 3.72 3.88
HNOF 9 14.79 9.42 6.12 9.81 6.48 6.90 10.32 2.08 2.93

Bond lengths
Overall 125 0.037 0.028 0.029 0.022 0.016 0.017 0.020 0.023 0.024
CHF 104 0.030 0.026 0.023 0.020 0.014 0.015 0.018 0.019 0.021
CHNOF 3 0.029 0.052 0.038 0.021 0.013 0.017 0.024 0.020 0.014
HNOF 17 0.080 0.037 0.063 0.037 0.026 0.026 0.032 0.043 0.044

Bond angles
Overall 69 3.00 3.16 2.60 2.75 2.76 2.55 1.97 2.23 1.78
CHF 56 2.59 2.93 2.43 2.69 2.64 2.45 1.88 2.06 1.61
CHNOF 3 2.89 3.76 2.21 3.41 3.76 2.61 1.30 2.44 1.75
HNOF 9 5.56 4.59 3.87 3.05 3.50 3.37 2.43 2.91 2.68

Ionization potentials
Overall 39 0.34 0.53 0.33 0.39 0.50 0.46 0.23 0.26 0.32
CHF 29 0.33 0.47 0.33 0.32 0.36 0.40 0.20 0.25 0.29
HNOF 9 0.38 0.70 0.35 0.57 1.00 0.68 0.30 0.29 0.42

Dipole moments
Overall 39 0.38 0.31 0.27 0.29 0.33 0.29 0.27 0.31 0.25
CHF 30 0.41 0.29 0.26 0.25 0.31 0.26 0.31 0.33 0.24
HNOF 8 0.29 0.44 0.32 0.47 0.42 0.41 0.15 0.26 0.29
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