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Table S1. Information on the 19 training dimers.

dimers ref name in original reference  geometry reference energy
optimization level level
U--U (BP) 1 uracil---uracil (BP) MP2/cc-pVTZ-CP CCSD(T)/CBS
Wwater---water 1  water--water MP2/cc-pVTZ-CP CCSD(T)/CBS
MeOH:--MeNH, 1 MeOH--MeNH, MP2/cc-pVTZ-CP CCSD(T)/CBS
MeNH,:--MeOH 1 MeNH,;-MeOH MP2/cc-pVTZ-CP CCSD(T)/CBS
MeNH,:--MeNH, 1 MeNH,-MeNH, MP2/cc-pVTZ-CP CCSD(T)/CBS
water---pyridine 1  water-pyridine MP2/cc-pVTZ-CP CCSD(T)/CBS
AcOH--AcOH 1 AcOH--AcOH MP2/cc-pVTZ-CP CCSD(T)/CBS
AcNH,-AcNH, 1 AcNHy-AcNH, MP2/cc-pVTZ-CP CCSD(T)/CBS
PHE PHE st 1 benzene'-benzene (n-1) MP2/cc-pVTZ-CP CCSD(T)/CBS
PHE pyridine st 1  benzene--pyridine (1-1) MP2/cc-pVTZ-CP CCSD(T)/CBS
U U st 1 uracil--uracil (n-7) MP2/cc-pVTZ-CP CCSD(T)/CBS
PHEPHETS 1 benzene -benzene (TS) MP2/cc-pVTZ-CP CCSD(T)/CBS
PHE pyridine TS 1 benzene -pyridine (TS) MP2/cc-pVTZ-CP CCSD(T)/CBS
pyridine pyridine TS 1  pyridine--pyridine (TS) MP2/cc-pVTZ-CP CCSD(T)/CBS
PHE"--water (OH-*'1r) 1  benzene'--water (OH--) MP2/cc-pVTZ-CP CCSD(T)/CBS
PHE:-MeNH, (NH-wt) 1 benzene:--MeNH, (NH-wt) MP2/cc-pVTZ-CP CCSD(T)/CBS
U---ethyne 1 uracil--ethyne MP2/cc-pVTZ-CP CCSD(T)/CBS
pyridine--ethene 1 pyridine --ethene MP2/cc-pVTZ-CP CCSD(T)/CBS
neopentane---pentane 1 neopentane--pentane MP2/cc-pVTZ-CP CCSD(T)/CBS

Reference

1. Rezag, J.; Riley, K. E.; Hobza, P. S66: A Well-Balanced Database of Benchmark Interaction Energies Relevant to Biomolecular
Structures. J. Chem. Theory Comput. 2011, 7, 2427-2438.
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Table S2. Parameters used in this work.

parameters for bond dipole moments xo (Debye)

to (C=0)
to (C-0)
to (N-H)

o (C—H)

to (O—H)

sp? nitrogen

sp® nitrogen

carbon in aromatic, peptide and alkane
a-carbon in peptide

carbon in ethyne and ethene

oxygen in water and alcohol

oxygen in carboxylic acid

parameters for lone pair dipole moments w, (Debye)

#o (N-Ip)

sp? nitrogen with a lone pair in a 5-membered ring of adenine
sp? nitrogen with a lone pair in a 5-membered ring of histidine and guanine

sp? nitrogen with a lone pair in a 6-membered ring of adenine, guanine and pyridine

sp? nitrogen with a lone pair in a 6-membered ring of cytosine

parameters for van der Waals interactions

carbon

nitrogen

oxygen

hydrogen

sp carbon in ethyne

sp? carbon in ethene

sp? carbon in benzene, pyridine

sp? carbon in histidine

sp? carbon in a 5-membered ring of indole including that at a junction of two rings
sp? carbon in a 6-membered ring of indole except that at a junction of two rings
sp? carbon at a junction of two 6-membered rings

sp? carbon at a junction of three 6-membered rings

sp? carbon in carbonyl group

C4, C5 and C8 of adenine and guanine

sp? carbon in a base except that at the junction of two rings and in a carbonyl group
sp® carbon

sp® carbon in cyclohexane

sp? nitrogen with a lone pair

sp? nitrogen with no lone pair

sp? nitrogen

sp? oxygen in carboxylic acid

sp? oxygen in carbonyl group

sp® oxygen in water

sp® oxygen in alcohol

sp® oxygen in carboxylic acid

H in water

H attached to an oxygen in alcohol

H attached to an oxygen in carboxylic acid

H attached to a nitrogen in a base, histidine, indole

H attached to sp? nitrogen in amide

H attached to sp® nitrogen

H attached to guanine N1

H in alkane

R* (A)
1.8080°
1.8580°
1.9080¢
1.9080°
1.9080¢
1.9080°
1.9080°
1.9080°
1.8080°
1.7080°
1.9080°
1.9080¢
1.9080¢
1.8740°
1.8240°
1.7740°
1.5612°
1.6612¢
1.7210°
1.6500°
1.6737°
0.6500"
0.5800°
0.4000°
0.5650"
0.6000*
1.0000°
0.4500"
1.4370°

value
2.65%
0.70°
1.31°
1.51°
0.30°
0.70°
0.70°
1.51°
1.71°
value
1.43°
1.80°
1.30°
1.95°
& (kcal/mol)
0.2060"
0.1200°
0.0860"
0.1260"
0.0860"
0.1260"
0.1260°
0.1060°
0.1660"
0.0860"
0.1660"
0.1094°
0.0860"
0.1800"
0.1700°
0.1700°
0.2100°
0.2100°
0.1804"
0.1700°
0.2104°
0.0157"
0.0157°
0.0157"
0.0157"
0.0157¢
0.0157"
0.0157"
0.0157"
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N*H
N*H
N*H
N-H--
O_H
O_H
O-H-
O_H
C-H-
C_H
O_H
N_H
N_H
C-H-~
C-H-

H in cyclohexane
H attached to an a-carbon in peptide

H attached to an aliphatic carbon except for a carbon in alkane and an a-carbon in

peptide

H attached to an aromatic carbon with an electronegative neighbor
H attached to an aromatic carbon with no electronegative neighbor

H attached to a carbon in a 5-membered ring of indole
H attached to a carbon in a 6-membered ring of indole
parameters for the orbital overlap term”

O(sp’) (HB)
O(sp’) (HB)
N(sp?) (HB)

N(sp°) (HB)

O(sp°) (HB)
O(sp°) (HB)

N(sp®) (HB)

N(sp?) (HB)

.0 (HB)

N (HB)

C (X-H-n)
N (X-H-m)
C (X-H-n)

N (X-H-7)
C (X-H-m)

Dm
4.60
0.47
1.95
1.55
3.27
1.47
0.55
3.15
0.65
1.05
0.19
1.52
0.31
0.75
0.13

Om
0.093
0.008
0.085

0.03
0.008
0.01
0.01
0.008
0.005
0.01
0.006
0.11
0.13
0.09
0.15

Pm
0.06

0.05
0.02
0.01
0.01
0.13
0.02
0.05
0.04
0.005
0.04
0.011
0.031
0.061
0.026

1.3000°
1.0000°
1.1000°

1.1000°
1.3000°
1.1000°
1.4590°
Om
0.171
0.35
0.16
0.25
0.15
0.30
0.16
0.30
0.14
0.07
0.20
0.21
0.23
0.14
0.14

0.0157°
0.0157¢
0.0157°

0.0157°
0.0250°
0.0150°
0.0150"

1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.5
1.0
1.5
1.0

®Taken from the ref 1.
Determined in this work.
“Taken from the ref 2.
“Taken from the ref 3.

References
1. Dean, J. A. Properties of Atoms, Padicals, and Bonds. Lange's Handbook of Chemistry, fifteenth edition; McGraw-Hill, Inc.: New
York, 1999; 4.53.
2. Hao, J. -J.; Wang, C. -S. Rapid Evaluation of the Interaction Energies for Carbohydrate-Containing Hydrogen-Bonded Complexes

via the Polarizable Dipole-Dipole Interaction Model Combined with NBO or AM1 Charge. RSC Adv. 2015, 5, 6452-6461.

3. Wang, J.; Cieplak, P.; Kollman, P. A. How Well Does a Restrained Electrostatic Potential (RESP) Model Perform in Calculating

Conformational Energies of Organic and Biological Molecules? J. Comput. Chem. 2000, 21, 1049-1074.

S4



Table S3. Information on the 35 small hydrogen-bonded testing dimers.

dimers ref name in original references geometry reference energy
optimization level level

1 U-U(Cyp) 1 Uracil dimer (Cy,) MP2/cc-pVTZ-CP CCSD(T)/CBS

2 U-Upl 2 U-Upl MP2/cc-pVTZ CCSD(T)/CBS

3 U-UCalcuttapl 2 U-U Calcutta pl MP2/cc-pVTZ CCSD(T)/CBS

4 A-Alpl 2 A-Alpl MP2/cc-pVTZ MP2/CBS

5 A-A2pl 2 A-A2pl MP2/cc-pVTZ MP2/CBS

6 A-A3pl 2 A-A3pl MP2/cc-pVTZ MP2/CBS

7 G-Gpl 2 G-Gpl MP2/cc-pVTZ MP2/CBS

8 A-Cpl 2 A-Cpl MP2/cc-pVTZ MP2/CBS

9 A-TWC 3 A-TWC MP2/TZVPP CCSD(T)/CBS

10 A-TWC(Cy) 1 Adenine thymine WC (C;) MP2/cc-pVTZ-CP CCSD(T)/CBS

11 mA-mTH 3 mA-mTH MP2/TZVPP CCSD(T)/CBS

12 G-Al 2 G-Al MP2/cc-pVTZ MP2/CBS

13 G-Alpl 2 G-Alpl MP2/cc-pVTZ MP2/CBS

14 G+-A2 2 G-A2 MP2/cc-pVTZ MP2/CBS

15 G+-A2pl 2 G-A2pl MP2/cc-pVTZ MP2/CBS

16 G+A3 2 G-A3 MP2/cc-pVTZ MP2/CBS

17 G+-A4 2 G-A4 MP2/cc-pVTZ MP2/CBS

18 G+CWC 3 G-CWC MP2/TZVPP CCSD(T)/CBS

19 mG-mCWC 3 mG-mCWC MP2/TZVPP CCSD(T)/CBS

20 G-U wobble 2 G+Uwobble MP2/cc-pVTZ CCSD(T)/CBS

21 water--MeOH 4 water--MeOH MP2/cc-pVTZ-CP CCSD(T)/CBS

22 water--MeNH, 4 water--MeNH, MP2/cc-pVTZ-CP CCSD(T)/CBS

23 water---peptide 4 water:-peptide MP2/cc-pVTZ-CP CCSD(T)/CBS

24 MeOH--MeOH 4 MeOH-+MeOH MP2/cc-pVTZ-CP CCSD(T)/CBS

25 MeOH:--peptide 4 MeOH: -peptide MP2/cc-pVTZ-CP CCSD(T)/CBS

26 MeOH:---water 4  MeOH:-water MP2/cc-pVTZ-CP CCSD(T)/CBS

27 MeNH;,--peptide 4  MeNH,-peptide MP2/cc-pVTZ-CP CCSD(T)/CBS

28 MeNH,--water 4 MeNH,--water MP2/cc-pVTZ-CP CCSD(T)/CBS

29 peptide"MeOH 4  peptide--MeOH MP2/cc-pVTZ-CP CCSD(T)/CBS

30 peptide"MeNH, 4 peptide--MeNH, MP2/cc-pVTZ-CP CCSD(T)/CBS

31 peptide--peptide 4  peptide---peptide MP2/cc-pVTZ-CP CCSD(T)/CBS

32 peptide---water 4 peptide:--water MP2/cc-pVTZ-CP CCSD(T)/CBS

33 MeOH:--pyridine 4 MeOH:--pyridine MP2/cc-pVTZ-CP CCSD(T)/CBS

34 AcOH-U 4 AcOH:--uracil MP2/cc-pVTZ-CP CCSD(T)/CBS

35 AcNH,--U 4 AcNH,--uracil MP2/cc-pVTZ-CP CCSD(T)/CBS

References

1. Jure¢ka, P.; Sponer, J.; Cerny, J.; Hobza, P. Benchmark Database of Accurate (MP2 and CCSD(T) Complete Basis Set Limit)
Interaction Energies of Small Model Complexes, DNA Base Pairs, and Amino Acid Pairs. Phys. Chem. Chem. Phys. 2006, 8,
1985-1993.
2. Sponer, I.; Jure¢ka, P.; Hobza, P. Accurate Interaction Energies of Hydrogen-Bonded Nucleic Acid Base Pairs. J. Am. Chem. Soc.
2004, 126, 10142-10151.
3. Jurecka, P.; Hobza, P. True Stabilization Energies for the Optimal Planar Hydrogen-Bonded and Stacked Structures of
Guanine---Cytosine, Adenine---Thymine, and Their 9- and 1-Methyl Derivatives: Complete Basis Set Calculations at the MP2 and
CCSD(T) Levels and Comparison with Experiment. J. Am. Chem. Soc. 2003, 125, 15608-15613.
4. Rezag, J.; Riley, K. E.; Hobza, P. S66: A Well-Balanced Database of Benchmark Interaction Energies Relevant to Biomolecular
Structures. J. Chem. Theory Comput. 2011, 7, 2427-2438.
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Table S4. Information on the 27 small stacked testing dimers.

dimers ref name in original references geometry reference energy
optimization level  level
36 AAst 1 AAst MP2/6-31G*(0.25) CCSD(T)/CBS
37 GGst 1 GGst MP2/6-31G*(0.25) CCSD(T)/CBS
38 CCst 1 CCst MP2/6-31G*(0.25) CCSD(T)/CBS
39 ACst 1 ACst MP2/6-31G*(0.25) CCSD(T)/CBS
40 AUst 1 AUst MP2/6-31G*(0.25) CCSD(T)/CBS
41 GAst 1 GAst MP2/6-31G*(0.25) CCSD(T)/CBS
42 GCst 1 GCst MP2/6-31G*(0.25) CCSD(T)/CBS
43 GUst 1 GuUst MP2/6-31G*(0.25) CCSD(T)/CBS
44 CUst 1 CuUst MP2/6-31G*(0.25) CCSD(T)/CBS
45 U PHE st 2  benzene---uracil (n-m) MP2/cc-pVTZ-CP  CCSD(T)/CBS
46 T PHE st 3 T PHE stacked MP2/6-31G*(0.25) CCSD(T)/CBS
47 APHE st 3 APHE stacked MP2/6-31G*(0.25) CCSD(T)/CBS
48 G PHE st 3 G PHE stacked MP2/6-31G*(0.25) CCSD(T)/CBS
49 CPHE st 3 C PHE stacked MP2/6-31G*(0.25) CCSD(T)/CBS
50 TRPPHE st 1 Indole -benzene MP2/cc-pVTZ-CP  CCSD(T)/CBS
51 pyridine--pyridinest 2  pyridine--pyridine (7-) MP2/cc-pVTZ-CP  CCSD(T)/CBS
52 U pyridine st 2  pyridine--uracil (n-m) MP2/cc-pVTZ-CP  CCSD(T)/CBS
53 UHISst 3 U HIS stacked MP2/6-31G*(0.25) CCSD(T)/CBS
54 THIS st 3 T HIS stacked MP2/6-31G*(0.25) CCSD(T)/CBS
55 AMHIS st 3  AHIS stacked MP2/6-31G*(0.25) CCSD(T)/CBS
56 G HISst 3 G HIS stacked MP2/6-31G*(0.25) CCSD(T)/CBS
57 CHISst 3 CHIS stacked MP2/6-31G*(0.25) CCSD(T)/CBS
58 UTRPst 3 U TRP stacked MP2/6-31G*(0.25) CCSD(T)/CBS
59 TTRPst 3 T TRP stacked MP2/6-31G*(0.25) CCSD(T)/CBS
60 ATRPst 3 ATRP stacked MP2/6-31G*(0.25) CCSD(T)/CBS
61 G TRPst 3 G TRP stacked MP2/6-31G*(0.25) CCSD(T)/CBS
62 CTRPst 3 C TRP stacked MP2/6-31G*(0.25) CCSD(T)/CBS
References

1. Juregka, P.; Sponer, J.; Cerny, J.; Hobza, P. Benchmark Database of Accurate (MP2 and CCSD(T) Complete Basis Set Limit)
Interaction Energies of Small Model Complexes, DNA Base Pairs, and Amino Acid Pairs. Phys. Chem. Chem. Phys. 2006, 8,
1985-1993.
2. Rezag, J.; Riley, K. E.; Hobza, P. S66: A Well-Balanced Database of Benchmark Interaction Energies Relevant to Biomolecular
Structures. J. Chem. Theory Comput. 2011, 7, 2427-2438.
3. Rutledge, L. R.; Durst, H. F.; Wetmore, S.D. Evidence for Stabilization of DNA/RNA-Protein Complexes Arising from
Nucleobase-Amino Acid Stacking and T-Shaped Interactions. J. Chem. Theory Comput. 2009, 5, 1400-1410.
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Table S5. Information on the 32 small T-shaped testing dimers.

dimers ref name in original references geometry reference energy
optimization level  level
63 benzene dimer (C,y) 1  Benzene dimer (Cyy) MP2/cc-pVTZ-CP  CCSD(T)/CBS
64 U PHE edge 2 UPHE edge MP2/6-31G*(0.25) CCSD(T)/CBS
65 U PHE face 2 UPHE face 1 MP2/6-31G*(0.25) CCSD(T)/CBS
66 T PHE edge 2 TPHE edge MP2/6-31G*(0.25) CCSD(T)/CBS
67 T PHE face 2 TPHEfacel MP2/6-31G*(0.25) CCSD(T)/CBS
68 APHE edge 2 APHE edge MP2/6-31G*(0.25) CCSD(T)/CBS
69 APHE face 2 APHE face 4 MP2/6-31G*(0.25) CCSD(T)/CBS
70 G PHE edge 2 G PHE edge MP2/6-31G*(0.25) CCSD(T)/CBS
71 G PHE face 2 GPHE face 5 MP2/6-31G*(0.25) CCSD(T)/CBS
72 CPHE edge 2 CPHEedge MP2/6-31G*(0.25) CCSD(T)/CBS
73 CPHE face 2 CPHEfacel MP2/6-31G*(0.25) CCSD(T)/CBS
74 TRPPHETS 1 Indole benzene T-shaped (C;) MP2/cc-pVTZ-CP CCSD(T)/CBS
75 U HIS edge 2 U HIS edge MP2/6-31G*(0.25) CCSD(T)/CBS
76 U HIS face 2 UHISfacel MP2/6-31G*(0.25) CCSD(T)/CBS
77 T HIS edge 2 THIS edge MP2/6-31G*(0.25) CCSD(T)/CBS
78 T HIS face 2 THISfacel MP2/6-31G*(0.25) CCSD(T)/CBS
79 AHIS edge 2 AHISedge MP2/6-31G*(0.25) CCSD(T)/CBS
80 AHIS face 2 AHIS face 4 MP2/6-31G*(0.25) CCSD(T)/CBS
81 G HIS edge 2 G HISedge MP2/6-31G*(0.25) CCSD(T)/CBS
82 G HIS face 2 GHISface5 MP2/6-31G*(0.25) CCSD(T)/CBS
83 CHIS edge 2 CHISedge MP2/6-31G*(0.25) CCSD(T)/CBS
84 C HIS face 2 CHiSfacel MP2/6-31G*(0.25) CCSD(T)/CBS
85 U TRP edge 2 UTRPedge MP2/6-31G*(0.25) CCSD(T)/CBS
86 U TRP face 2 UTRPfaceF MP2/6-31G*(0.25) CCSD(T)/CBS
87 T TRPedge 2 TTRPedge MP2/6-31G*(0.25) CCSD(T)/CBS
88 T TRP face 2 TTRPface F MP2/6-31G*(0.25) CCSD(T)/CBS
89 ATRPedge 2 ATRPedge MP2/6-31G*(0.25) CCSD(T)/CBS
90 ATRP face 2 ATRPface4 MP2/6-31G*(0.25) CCSD(T)/CBS
91 G TRPedge 2 G TRPedge MP2/6-31G*(0.25) CCSD(T)/CBS
92 G TRP face 2 GTRPfaceE MP2/6-31G*(0.25) CCSD(T)/CBS
93 CTRPedge 2 CTRPedge MP2/6-31G*(0.25) CCSD(T)/CBS
94 C TRP face 2 CTRPface4 MP2/6-31G*(0.25) CCSD(T)/CBS
References

1. Jurecka, P.; Sponer, J.; Cerny, J.; Hobza, P. Benchmark Database of Accurate (MP2 and CCSD(T) Complete Basis Set Limit)
Interaction Energies of Small Model Complexes, DNA Base Pairs, and Amino Acid Pairs. Phys. Chem. Chem. Phys. 2006, 8,
1985-1993.
2. Rutledge, L. R.; Durst, H. F.; Wetmore, S.D. Evidence for Stabilization of DNA/RNA-Protein Complexes Arising from
Nucleobase-Amino Acid Stacking and T-Shaped Interactions. J. Chem. Theory Comput. 2009, 5, 1400-1410.
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Table S6. Information on the 30 small X—H---x and other testing dimers.

dimers ref name in original references  geometry reference energy
optimization level  level
95 ethyne---ethyne (CH: 'n) 1 ethyne--ethyne (TS) MP2/cc-pVTZ-CP  CCSD(T)/CBS
96 PHE--ethyne (CH--n) 1 Dbenzene--ethyne (CH: 1) MP2/cc-pVTZ-CP  CCSD(T)/CBS
97 PHE--AcOH (OH-x) 1 Dbenzene--AcOH (OH: n) MP2/cc-pVTZ-CP  CCSD(T)/CBS
98 PHE--AcNH; (NH'-x) 1 Dbenzene-AcNH, (NH--t)  MP2/cc-pVTZ-CP CCSD(T)/CBS
99 PHE--MeOH (OH-x) 1 benzene--MeOH (OH-n) MP2/cc-pVTZ-CP  CCSD(T)/CBS
100 PHE---peptide (NH--7) 1 benzenepeptide (NH--w)  MP2/cc-pVTZ-CP  CCSD(T)/CBS
101 ethyne--AcOH (OH- 1) 1 ethyne-AcOH (OH-'m) MP2/cc-pVTZ-CP  CCSD(T)/CBS
102 PHE--AcOH 1 DbenzeneAcOH MP2/cc-pVTZ-CP  CCSD(T)/CBS
103 MeNH;-pyridine 1 MeNH,-pyridine MP2/cc-pVTZ-CP  CCSD(T)/CBS
104 peptide---ethene 1  peptide-ethene MP2/cc-pVTZ-CP  CCSD(T)/CBS
105 PHE---cyclopentane 1 benzene'cyclopentane MP2/cc-pVTZ-CP  CCSD(T)/CBS
106 PHE--neopentane 1 benzene'-'neopentane MP2/cc-pVTZ-CP  CCSD(T)/CBS
107 U--pentane 1  uracil---pentane MP2/cc-pVTZ-CP  CCSD(T)/CBS
108 U---cyclopentane 1 uracil---cyclopentane MP2/cc-pVTZ-CP  CCSD(T)/CBS
109 U--neopentane 1  uracil--'neopentane MP2/cc-pVTZ-CP  CCSD(T)/CBS
110 PHE---ethene 1 Dbenzene ethene MP2/cc-pVTZ-CP  CCSD(T)/CBS
111 U--ethene 1 uracil---ethene MP2/cc-pVTZ-CP  CCSD(T)/CBS
112 neopentane---neopentane 1 neopentane---neopentane MP2/cc-pVTZ-CP  CCSD(T)/CBS
113 cyclopentane---neopentane 1 cyclopentane-neopentane ~ MP2/cc-pVTZ-CP  CCSD(T)/CBS
114 cyclopentane---cyclopentane 1 cyclopentane---cyclopentane MP2/cc-pVTZ-CP  CCSD(T)/CBS
115 pentane---pentane 1 pentane‘--pentane MP2/cc-pVTZ-CP  CCSD(T)/CBS
116 peptide---pentane 1 peptide--pentane MP2/cc-pVTZ-CP  CCSD(T)/CBS
117 pentane--AcOH 1 pentane--AcOH MP2/cc-pVTZ-CP  CCSD(T)/CBS
118 pentane-*AcNH, 1 pentane:-AcNH, MP2/cc-pVTZ-CP  CCSD(T)/CBS
119 ethene--pentane 1 ethene'-pentane MP2/cc-pVTZ-CP  CCSD(T)/CBS
120 ethyne---pentane 1  ethyne--pentane MP2/cc-pVTZ-CP  CCSD(T)/CBS
121 pyrene--methane 2  Pyrene-Methane (3a) MP2/6-31G*(0.25) CCSD(T)/CBS
122 pyridine---pyridine 1  pyridine--pyridine (CH--*N) MP2/cc-pVTZ-CP  CCSD(T)/CBS
123 ethyne---water 1  ethyne--water (CH--O) MP2/cc-pVTZ-CP  CCSD(T)/CBS
124 pyridine---ethyne 1  pyridine --ethyne MP2/cc-pVTZ-CP  CCSD(T)/CBS
References
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Table S7. Equilibrium hydrogen bond distances (A) of the 35 small hydrogen-bonded testing dimers.?

dimers type Riet R R—Ret

1 U-U(Cy) N-H--O,N-H--O 1.77,177 1.76,1.76 -0.01,-0.01

2 U-Upl N-H--O,N-H--O 181,181 1.86,1.86 0.05,0.05

3 U--UCalcuttapl N-H-O 1.85 1.85 0.00

4 A-Alpl N-H-N,N-H-N 1.92,1.92 194,194 0.02,0.02

5 A-~A2pl N-H-N,N-H-N 194,195 195,196 0.01,0.01

6 A-A3pl N-H-N,N-H--N 198,199 198,199 0.00,0.00

7 G-Gpl N-H--N,N-H--O 1.85,2.17 1.76,2.08 -0.09,-0.09

8 A-Cpl N-H--N,N-H--N 1.89,1.90 1.89,1.90 0.00,0.00

9 A-TWC N-H--N, N-H--O 1.82,1.93 1.84,195 0.02,0.02

10 A-~TWC(Cy) N-H-N,N-H--O 1.82,1.93 1.84,195 0.02,0.02

11 mA-mTH N-H-N,N-H--O 1.75,1.93 1.82,2.00 0.07,0.07

12 G-Al N-H--O,N-H--N 1.81,1.83 1.84,1.86 0.03,0.03

13 G-Alpl N-H--O,N-H--N 1.77,1.94 179,196 0.02,0.02

14 G-A2 N-H--N,N-H--N 1.96,2.01 1.95,2.00 -0.01,-0.01

15 G-A2pl N-H-N,N-H-N 1.93,2.01 1.94,2.02 0.01,0.01

16 G-A3 N-H-N,N-H--O 1.82,1.85 1.84,187 0.02,0.02

17 G-A4 N-H--N, N-H--N 1.92,1.95 1.96,1.99 0.04,0.04

18 G-CWC N-H--O,N-H--N, 1.76,1.91, 1.75,1.90, -0.01,-0.01,
N-H:--O 1.92 191 -0.01

19 mG-mC WC N-H--O,N-H--N, 1.73,1.87, 1.75,1.89, 0.02,0.02,
N-H:--O 1.88 1.90 0.02

20 G-U wobble N-H--O,N-H--O 1.74,1.75 1.83,1.84 0.09,0.09

21 water---MeOH O-H---O 1.96 1.96 0.00

22 water---MeNH, O-H-N 2.01 1.99 -0.02

23 water---peptide O-H--O 1.90 1.94 0.04

24 MeOH--MeOH O-H--O 1.94 1.86 -0.08

25 MeOH:-peptide O-H--O 1.88 1.90 0.02

26 MeOH:---water O-H--O 1.99 1.89 -0.10

27 MeNH,--peptide N-H--O 2.24 2.24 0.00

28 MeNH,--water  O-H-N 1.98 2.04 0.06

29 peptide--MeOH N-H--O 2.01 191 -0.10

30 peptide"MeNH, N-H:-N 2.07 1.99 -0.08

31 peptide--peptide N-H--O 1.97 1.89 -0.08

32 peptide---water N-H--O 2.08 2.08 0.00

33 MeOH:-pyridine O-H-N 1.95 1.85 -0.10

34 AcOH-U O-H-+-O,N-H--O 1.70,1.77 172,179 0.02,0.02

35 AcNH,--U N-H--O,N-H--O 173,188 1.74,1.89 0.01,0.01

RMSD 0.04

MAD 0.10

MRD 1.68%

®R.s are the benchmark equilibrium intermolecular distances taken from references. R are the equilibrium intermolecular

distances produced by our model.



Table S8. Equilibrium intermolecular distances (A) of the 27 small stacked testing dimers.?

dimers Ret R R-Rper
36 AAst 3.65 361 -0.04
37 GGst 3.40 337 -0.03
38 CCst 353 363 0.10
39 ACst 351 354 0.03
40 AUst 3.33 336 0.03
41 GAst 355 351 -0.04
42 GCst 357 359 0.02
43 GUst 339 341 0.02
44 CUst 349 353 0.04
45 U PHE st 351 358 0.07
46 T PHE st 3.57 348 -0.09
47 APHE st 340 341 0.01
48 G PHE st 349 344 -0.05
49 CPHE st 3.67 359 -0.08
50 TRP PHE st 350 364 014
51 pyridine--pyridinest 3.50 3.61 0.11
52 U pyridine st 3.52 3.67 0.15
53 UHISst 3.63 356 -0.07
54 THISst 352 345 -0.07
55 AHIS st 342 346  0.04
56 G HISst 351 341 -0.10
57 CHISst 3.87 369 -0.18
58 UTRP st 343 341 -0.02
59 TTRPst 3.34 344 0.10
60 ATRPst 3.67 355 -0.08
61 GTRPst 350 348 -0.02
62 CTRPst 3.47 349  0.02
RMSD 0.08
MAD 0.18
MRD 1.87%

®R.et are the benchmark equilibrium intermolecular distances taken from references. R are the equilibrium intermolecular

distances produced by our model.
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Table S9. Equilibrium intermolecular distances (A) of the 32 small T-shaped testing dimers.?

dimers Ret R R-Ryg
63 benzene dimer (Cpy) 243 255 0.12
64 U PHE edge 3.33 331 -0.02
65 U PHE face 236 2.16 -0.20
66 T PHE edge 2.78 2.78 0.00
67 T PHE face 241 227 -0.14
68 APHE edge 2.78 2.82 0.04
69 APHE face 220 212 -0.08
70 G PHE edge 283 273 -0.10
71 G PHE face 230 210 -0.20
72 CPHE edge 2.78 2.82 0.04
73 C PHE face 235 217 -0.18
74 TRPPHETS 223 215 -0.08
75 U HIS edge 336 3.32 -0.04
76 U HIS face 255 2.59 0.04
77 T HIS edge 3.36 3.34 -0.02
78 T HIS face 240 242 0.02
79 AHIS edge 275 275 0.00
80 AMHIS face 2.54 2.58 0.04
81 G HISedge 269 267 -0.02
82 G HIS face 255 257 0.02
83 CHIS edge 265 257 -0.08
84 C HIS face 235 231 -0.04
85 U TRP edge 269 251 -0.18
86 U TRP face 251 241 -0.10
87 T TRPedge 256 246 -0.10
88 T TRP face 251 239 -0.12
89 ATRPedge 261 261 0.00
90 ATRP face 224 214 -0.10
91 G TRPedge 267 265 -0.02
92 G TRP face 261 243 -0.18
93 C TRPedge 294 292 -0.02
94 C TRP face 243 227 -0.16
RMSD 0.10
MAD 0.20
MRD 3.14%

R are the benchmark equilibrium intermolecular distances taken from references. R are the equilibrium intermolecular

distances produced by our model.
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Table S10. Equilibrium intermolecular distances (A) of the 30 small X—H-+-z and other testing dimers.?

dimers Riet R R—Rs
95  ethyne---ethyne (CH-m) 272 256 -0.16
96 PHE--ethyne (CH- ) 243 237 -0.06
97 PHE--AcOH (OH-n) 3.87 3.83 -0.04
98 PHE--AcNH, (NH'-w) 298 286 -0.12
99 PHE--MeOH (OHn) 240 244  0.04
100 PHE--peptide (NH-1r) 237 231 -0.06
101 ethyne*AcOH (OH-x) 234 216 -0.18
102 PHE--AcOH 3.48 3.44 -0.04
103 MeNH,--pyridine 236 246 0.10
104 peptide---ethene 3.73 359 -0.14
105 PHE--cyclopentane 3.94 400 0.06
106 PHE---neopentane 2.66 2.66 0.00
107 U---pentane 3.60 3.67 0.07
108 U---cyclopentane 389 394 0.05
109 U--neopentane 449 448 -0.01
110 PHE--ethene 3.43 3.48 0.05
111 U--ethene 3.35 333 -0.02
112 neopentane:--neopentane 530 512 -0.18
113 cyclopentane--neopentane  4.66 4.65 -0.01
114 cyclopentane--cyclopentane 4.24 4.27  0.03
115 pentane---pentane 3.85 3.86 0.01
116 peptide---pentane 3.75 3.75 0.00
117 pentane---AcOH 3.77 3.69 -0.08
118 pentane---AcNH, 3.75 373 -0.02
119 ethene---pentane 3.82 364 -0.18
120 ethyne---pentane 3.64 358 -0.06
121 pyrene--methane 347 344 -0.03
122 pyridine---pyridine 248 254  0.06
123 ethyne---water 2.23 237 0.14
124 pyridine---ethyne 225 239 014
RMSD 0.09
MAD 0.18
MRD 2.36%

R are the benchmark equilibrium intermolecular distances taken from references. R are the equilibrium intermolecular

distances produced by our model.
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Table S11. Interaction energies (kcal/mol) of the 35 small hydrogen-bonded testing dimers.?

our model M06-2X M06-2X-D3 AMBER99 AMOEBA
without CP with CP without CP with CP

dimers IEet  1E  IE-IE« IE  IE-IE. IE TE—IE.q IE  IE-IE. IE  IE-IE. IE  IE-IE IE  IE-IE.
1 U-U(Cy) -20.65 -20.94  -0.29 -20.25  0.40 -19.23 142 -20.64  0.01 -19.62  1.03 -16.43  4.22 -17.99 2.66
2 U-Upl -13.70 -13.71  -0.01 -13.44  0.26 -12.47 123 -13.83  -0.13 -12.86  0.84 -11.42  2.28 -12.53 1.17
3 U-UCCalcuttapl -10.30 -10.01  0.29 -10.08  0.22 -9.27 1.03 -10.43  -0.13 -9.62 0.68 -7.39 2.91 -9.76  0.54
4 A-Alpl -1450 -1573  -1.23 -13.77  0.73 -12.65  1.85 -1423  0.27 -13.11 1.39 -9.80 4.70 -14.08 0.42
5 A-A2pl -13.70 -14.96  -1.26 -12.80  0.90 -11.65  2.05 -13.31  0.39 -12.16 154 -7.79 5.91 -13.48 0.22
6 A-A3pl -12.20 -12.66  -0.46 -11.19 1.01 -10.05 215 -11.74  0.46 -10.61 159 -5.54 6.66 -11.99 0.21
7 G-Gpl -21.30 -22.04 -0.74 -21.22  0.08 -20.10  1.20 -21.76  -0.46 -20.65 0.65 -20.46  0.84 -21.38 -0.08
8 A-Cpl -17.60 -19.25 -1.65 -17.03 057 -15.87  1.73 -1750  0.10 -16.34  1.26 -11.18  6.42 -16.56 1.04
9 A-TWC -16.86 -17.70 -0.84 -16.07  0.79 -1496  1.90 -16.58  0.28 -15.47  1.39 -13.09  3.77 -16.52 0.34
10 A-TWC(Cy) -16.37 -17.70  -1.33 -16.07  0.30 -1496 141 -16.57  -0.20 -15.47  0.90 -13.09 3.28 -16.52 -0.15
11 mA-mTH -18.16 -16.89  1.27 -17.40  0.76 -16.07  2.09 -18.02 0.14 -16.69 147 -7.00 11.16 -17.21 0.95
12 G-Al -19.40 -19.08 0.32 -19.05  0.35 -17.90  1.50 -19.61  -0.21 -18.46  0.94 -14.34  5.06 -18.85 0.55
13 G-Alpl -18.90 -18.73  0.17 -1856  0.34 -17.26  1.64 -19.10  -0.20 -17.81  1.09 -13.70  5.20 -18.16 0.74
14 G-A2 -14.40 -16.08 -1.68 -1257  1.83 -11.66  2.74 -13.16 1.24 -1225 215 -5.33 9.07 -12.90 1.50
15 G-A2pl -12.80 -13.74  -0.94 -11.91  0.89 -10.75  2.05 -12.48  0.32 -11.32 148 -4.05 8.75 -12.32  0.48
16 G+A3 -18.80 -17.94  0.86 -18.15  0.65 -17.01 179 -18.76  0.04 -1761 1.19 -11.58  7.22 -19.31 -0.51
17 G-A4 -1350 -1536 -1.86 -12.69  0.81 -11.73 177 -13.22  0.28 -1226 1.24 -7.12 6.38 -12.21  1.29
18 G-CWC -32.06 -30.02 2.04 -30.74  1.32 -29.41  2.65 -31.30 0.76 -29.96 210 -23.86  8.20 -27.97 4.09
19 mG-mCWC -31.59 -30.26 1.33 -30.95  0.64 -29.53  2.06 -31.57  0.02 -30.15 144 -20.39 11.20 -27.74 3.85
20 G--U wobble -19.10 -18.34 0.76 -18.65  0.45 -17.54 156 -19.13  -0.03 -18.02 1.08 -13.22  5.88 -18.92 0.18
21 water-MeOH -5,59  -4.73 0.86 -5.87 -0.28 -5.54 0.05 -5.93 -0.34 -5.59 0.00 -5.19 0.40 -5.82  -0.23
22 water---MeNH, -6.91 -7.06 -0.15 -7.27 -0.36 -6.83 0.08 -7.34 -0.43 -6.90 0.01 - - -8.63 -1.72
23 water:-peptide -8.10 -8.48  -0.38 -8.78 -0.68 -8.25 -0.15 -8.89 -0.79 -8.35 -0.25 -7.42 0.68 -7.36  0.74
24 MeOH-~MeOH  -576 -5.62 0.14 -5.82 -0.06 -5.47 0.29 -5.94 -0.18 -5.59 0.17 -6.06 -0.30 -5.86 -0.10
25 MeOH:-peptide  -8.23 -9.17 -0.94 -8.60 -0.37 -8.11 0.12 -8.81 -0.58 -8.32 -0.09 -9.32 -1.09 -7.80 0.43
26 MeOH:--water -5.01 -5.81 -0.80 -5.13 -0.12 -4.91 0.10 -5.20 -0.19 -4.98 0.03 -7.34 -2.33 -5.19 -0.18
27 MeNH,-peptide -5.42 -5.42 0.00 -6.15 -0.73 -5.46 -0.04 -6.44 -1.02 -5.75 -0.33 - - -4.77 0.65
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28 MeNH,--water
29 peptide:-"-MeOH
30 peptide:-"MeNH,
31 peptide:--peptide
32 peptide---water
33  MeOH:-pyridine
34 AcOH--U

35 AcCNH;-U
RMSD

MAD

MRD

-1.27
-6.19
-7.45
-8.63
-5.12
-7.41
-19.49
-19.19

-6.62
-6.28
-7.83
-8.17
-5.71
-8.59
-18.67
-19.24

0.65
-0.09
-0.38
0.46
-0.59
-1.18
0.82
-0.05
0.94
2.04

6.23%

-7.91
-6.57
-8.05
-9.16
-5.37
-7.29
-19.78
-19.35

-0.64
-0.38
-0.60
-0.53
-0.25
0.12
-0.29
-0.16
0.65
1.83

4.55%

-7.35
-5.89
-7.14
-8.30
-4.90
-6.83
-18.95
-18.45

-0.08
0.30
0.31
0.33
0.22
0.58
0.54
0.74
1.41
2.74

7.45%

-1.97
-6.82
-8.34
-9.58
-5.52
-7.50
-20.05
-19.64

-0.70
-0.63
-0.89
-0.95
-0.40
-0.09
-0.56
-0.45
0.50
1.24

4.20%

-7.41
-6.15
-7.42
-8.72
-5.05
-7.04
-19.21
-18.75

-0.14
0.04
0.03
-0.09
0.07
0.37
0.28
0.44
1.02
2.15

5.17%

-4.91 1.28
-6.58 2.05
-4.88 0.24
-30.64 -11.15
-21.92 -2.73
5.78
11.20
30.11%

-7.66
-5.13
-6.86
-1.74
-4.42
-1.25

-16.53
-17.85

-0.39
1.06
0.59
0.89
0.70
0.16
2.96
1.34

1.37
4.09
7.02%

%IE,f are the benchmark interaction energies taken from references, IE are the interaction energies produced by different methods, the DFT calculations employed aug-cc-pVDZ

basis set.
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Table S12. Decomposed interaction energies (kcal/mol) of the 35 small hyerogen-bonded testing dimers
calculated at the geometries optimized with our model.

dimers IE Ees Ewo  Eww  Eon

1 U-U(Cyp) -20.94 -9.87 -2.82 -0.10 -8.15
2 U-Upl -13.71  -746 -1.68 -1.16 -3.41
3 U-UCalcuttapl -10.01 -5.04 -1.25 -155 -2.17
4 A-Alpl -15.73 -993 -2.00 051 -432
5 A+-A2pl -1496 -9.79 -1.85 047 -3.79
6 A-A3pl -12.66 -9.02 -1.60 047 -251
7 G-Gpl -22.04 -17.27 -353 133 -257
8 A-Cpl -19.25 -1291 -299 130 -4.65
9 A-TWC -17.70 -11.74 -2.01 -0.15 -3.80
10 A-~TWC(Cy) -17.70 -11.74 -2.01 -0.15 -3.80
11 mA-mTH -16.89 -12.79 -2.04 032 -2.38
12 G-Al -19.08 -12.37 -2.30 -0.34 -4.07
13 G-Alpl -18.73 -10.26 -2.16 -0.75 -5.56
14 G-A2 -16.08 -9.18 -1.67 -0.14 -5.09
15 G-A2pl -13.74 -836 -152 0.06 -3.93
16 G-A3 -17.94 -1257 -2.26 0.18 -3.28
17 G-A4 -15.36 -891 -1.67 -0.14 -4.65
18 G-CWC -30.02 -18.35 -4.46 044 -7.65
19 mG-mC WC -30.26 -18.43 -450 0.35 -7.67
20 G--U wobble -1834 -831 -258 -1.36 -6.09
21 water--MeOH 473 -295 -031 -0.06 -141
22 water--MeNH, -7.06 -359 -053 0.26 -3.20
23 water---peptide -848 -436 -0.72 -0.11 -3.30
24 MeOH--MeOH  -5.62 -3.44 -045 -0.26 -1.47
25 MeOH:--peptide -9.17 -422 -0.84 -0.87 -3.26
26 MeOH--water 581 -412 -054 033 -147
27 MeNH;,--peptide -542 -227 -057 -146 -1.11
28 MeNH,--water -6.62 -3.01 -051 0.05 -3.15
29 peptide--MeOH  -6.28 -4.01 -0.60 -0.79 -0.88
30 peptide-MeNH, -7.83 -434 -0.81 -0.83 -1.85
31 peptide--peptide -8.17 -5.01 -1.08 -1.43 -0.64
32 peptide---water 571 -422 -058 -0.01 -0.90
33 MeOH-pyridine -859 -812 -1.14 124 -0.57
34 AcOHU -18.67 -10.03 -1.71 -0.13 -6.80
35 AcNHy-U -19.24 -10.23 -2.68 0.06 -6.39
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Table S13. Interaction energies (kcal/mol) of the 27 small stacked testing dimers.?

our model MO06-2X M06-2X-D3 AMBER99 AMOEBA
without CP with CP without CP with CP
dimers |Eet  IE  IE-IEg IE  TE—IE. IE  IE-IE. IE  IE-IE. IE  TE—IEq IE  IE-IE. IE  IE-IE.
36 AAst -858 -924  -0.66 -8.69 -0.11 -7.46 1.12 -9.58 -1.00 -8.35 0.23 -6.77 1.81 -9.18 -0.60
37 GGst -12.67 -12.72  -0.05 -12.76  -0.09 -11.36 1.31 -13.81  -1.14 -1241  0.26 -12.86  -0.19 -12.38  0.29
38 CCst -10.02 -9.87 0.15 -10.58  -0.56 -9.36 0.66 -11.30  -1.28 -10.07  -0.05 -3.22 6.80 -10.66 -0.64
39 ACst -10.22  -9.79 0.43 -10.79  -0.57 -9.52 0.70 -11.57  -1.35 -10.30  -0.08 -7.71 2.51 -11.39 117
40 AUst -9.79 -10.05 -0.26 -10.54  -0.75 -9.21 0.58 -11.29  -1.50 -9.96 -0.17 -10.80 -1.01 -9.69 0.10
41 GAst -11.38 -10.60 0.78 -11.77  -0.39 -10.40  0.98 -12.72 -1.34 -11.35  0.03 -13.54  -2.16 -12.13  -0.75
42 GCst -10.60 -10.73  -0.13 -11.10  -0.50 -9.81 0.79 -11.95  -1.35 -10.66  -0.06 -3.41 7.19 -9.96 0.64
43 GUst -12.09 -11.67 0.42 -12.60 -0.51 -11.27  0.82 -13.42  -1.33 -12.09  0.00 -14.21  -2.12 -11.34  0.75
44 CUst -10.42 -9.80 0.62 -11.17  -0.75 -9.98 0.44 -11.84  -1.42 -10.66 -0.24 -10.94  -0.52 -9.44 0.98
45 U PHE st -5.71 581 -0.10 -7.06 -1.35 -5.82 -0.11 -7.63 -1.92 -6.39 -0.68 -5.93 -0.22 -5.62 0.09
46 TPHE st -5.85  -6.06 -0.21 -6.71 -0.86 -5.42 0.43 -7.45 -1.60 -6.17 -0.32 -7.11 -1.26 -5.86 -0.01
47 APHE st -5.57  -6.07 -0.50 -6.41 -0.84 -5.06 0.51 -7.12 -1.55 -5.77 -0.20 -5.81 -0.24 -5.16 0.41
48 G PHE st -6.04 -6.76 -0.72 -6.77 -0.73 -5.41 0.63 -7.53 -1.49 -6.17 -0.13 -6.17 -0.13 -5.73 0.31
49 CPHEst -4.92 515 -0.23 -5.58 -0.66 -4.53 0.39 -6.24 -1.32 -5.19 -0.27 -6.01 -1.09 -5.07 -0.15
50 TRPPHE st -5.22 -4.48 0.74 -6.27 -1.05 -4.79 0.43 -6.95 -1.73 -5.47 -0.25 -2.92 2.30 -4.30 0.92
51 pyridine--pyridinest -3.90 -3.46 0.44 -4.90 -1.00 -3.88 0.02 -5.39 -1.49 -4.36 -0.46 - - -4.24 -0.34
52 U pyridine st -6.82  -5.89 0.93 -8.03 -1.21 -6.88 -0.06 -8.56 -1.74 -7.40 -0.58 - - -6.34 0.48
53 UHISst -6.95  -7.27 -0.32 -7.39 -0.44 -6.56 0.39 -7.86 -0.91 -7.02 -0.07 -9.23 -2.28 -6.71 0.24
54 THISst -6.47  -6.12 0.35 -7.09 -0.62 -6.09 0.38 -7.68 -1.21 -6.68 -0.21 -6.91 -0.44 -7.18 -0.71
55 AMHISst -7.12 677 0.35 -7.71 -0.59 -6.66 0.46 -8.23 -1.11 -7.18 -0.06 -9.84 -2.72 -7.96 -0.84
56 G HISst -781 -852 -0.71 -8.31 -0.50 -7.34 0.47 -8.89 -1.08 -7.92 -0.11 -8.90 -1.09 -7.98 -0.17
57 CHISst -7.05 -7.11 -0.06 -7.35 -0.30 -6.58 0.47 -7.85 -0.80 -7.08 -0.03 -8.05 -1.00 -7.30 -0.25
58 UTRPst -8.79  -8.98 -0.19 -9.61 -0.82 -8.22 0.57 -1040 -1.61 -9.01 -0.22 -9.30 -0.51 -8.64 0.15
59 TTRPst -9.20 -9.67 -0.47 -10.78  -1.58 -8.95 0.25 -11.70  -2.50 -9.87 -0.67 -9.59 -0.39 -8.56 0.64
60 ATRP st -7.31  -8.45 -1.14 -7.51 -0.20 -6.13 1.18 -8.47 -1.16 -7.08 0.23 -3.33 3.98 -7.68 -0.37
61 GTRPst -10.30 -10.21  0.09 -11.29  -0.99 -9.69 0.61 -12.27  -1.97 -10.68 -0.38 -6.53 3.77 -9.26 1.04
62 CTRPst -8.46  -8.31 0.15 -9.39 -0.93 -7.99 0.47 -10.23  -1.77 -8.83 -0.37 -6.80 1.66 -7.94 0.52
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RMSD 0.50 0.78 0.64 1.48 0.30 2.64 0.59
MAD 1.14 1.58 131 2.50 0.68 7.19 1.17
MRD 5.72% 9.91% 6.80% 19.34% 3.43% 22.38% 6.26%

®IE,s are the benchmark interaction energies taken from references, IE are the interaction energies produced by different methods, the DFT calculations employed aug-cc-pVDZ
basis set.
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Table S14. Decomposed interaction energies (kcal/mol) of the 27 small stacked testing dimers calculated at the
geometries optimized with our model.

dimers IE Ees Epol Evaw Eorb
36 AAst -9.24 038 -0.02 -884 0.00
37 GGst -12.72 -198 -0.16 -10.58 0.00
38 CCst -9.87 -163 -0.21 -8.03 0.00
39 ACst -9.79 -112 -0.10 -857 0.00
40 AUst -10.05 -1.00 -0.07 -8.97 0.00
41 GAst -10.60 -0.82 -0.09 -9.69 0.00
42 GCst -10.73 -181 -0.16 -8.76 0.00
43 GUst -11.67 -1.60 -0.11 -9.96 0.00
44 CUst -9.80 -1.15 -0.11 -853 0.00
45 U PHE st -5.81 -0.72 -0.09 -500 0.00
46 T PHE st -6.06 -0.42 -0.07 -545 -0.12
47 APHE st -6.07 -0.20 -0.02 -585 0.00
48 G PHE st -6.76 -0.59 -0.08 -6.09 0.00
49 CPHEst -5.15 -0.20 0.00 -495 0.00
50 TRP PHE st -448 042 -0.03 -488 0.00
51 pyridine---pyridinest -3.46 -0.08 -0.02 -3.36 0.00
52 U pyridine st -5.89 -0.86 -0.08 -495 0.00
53 UHISst -7.27 -158 -057 -512 0.00
54 THIS st -6.12 -0.70 0.00 -534 -0.08
55 AHIS st -6.77 -0.82 -0.39 -555 0.00
56 G HISst -852 -160 -0.89 -6.03 0.00
57 CHISst -7.11 -158 -0.82 -4.70 0.00
58 U TRP st -898 -150 -0.18 -7.29 0.00
59 T TRPst -9.67 -128 -0.16 -8.10 -0.13
60 ATRPst -845 -049 -0.03 -794 0.00
61 GTRPst -10.21 -149 -0.15 -858 0.00
62 CTRPst -831 -096 -0.14 -7.21 0.00
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Table S15. Interaction energies (kcal/mol) of the 32 small T-shaped testing dimers.?

our model MO06-2X M06-2X-D3 AMBER99 AMOEBA
without CP with CP without CP with CP
dimers IEet IE  IE-IEq I[E  TE—IEq IE TE—IEq IE  IE-IE. I[E  TE—IEq IE  IE—IE IE  IE-TE.
63 benzene dimer (C,y) -2.74 -263  0.11 -3.29 -0.55 -2.35  0.39 -3.74 -1.00 -2.80 -0.06 -2.02 0.72 -1.67  1.07
64 U PHE edge -2.80 -2.38 042 -2.64  0.16 -1.97  0.83 -3.12 -0.32 -2.44  0.36 -2.50 0.30 -2.26  0.54
65 U PHE face -6.59 -7.02 -0.43 -7.14  -0.55 -6.17  0.42 -7.62 -1.03 -6.65 -0.06 -9.72 -3.13 -5.25  1.34
66 T PHE edge -2.94 -287 0.07 -3.03 -0.09 -2.17  0.77 -3.61 -0.67 -2.74  0.20 -2.06 0.88 -266  0.28
67 T PHE face -5.30 -6.27 -0.97 -6.27  -0.97 -5.28  0.02 -6.79 -1.49 -5.80 -0.50 -8.82 -3.52 -6.30 -1.00
68 APHE edge -3.63 -3.29 0.34 -3.66 -0.03 -2.81  0.82 -4.25 -0.62 -3.40  0.23 -2.98 0.65 -280 0.83
69 APHE face -6.31 -6.31  0.00 -6.80 -0.49 -5.69  0.62 -7.34 -1.03 -6.23  0.08 -11.91  -5.60 -6.46  -0.15
70 G PHE edge -3.82 -3.60 0.22 -3.68 0.14 -2.88 094 -4.29 -0.47 -3.49 033 -3.36 0.46 -3.08 0.74
71 G PHE face -5.81 -6.42 -0.61 -6.11  -0.30 -5.11  0.70 -6.70 -0.89 571  0.10 -9.79 -3.98 -6.20 -0.39
72 CPHE edge -3.34 -298 0.36 -3.29  0.05 -256  0.78 -3.80 -0.46 -3.07  0.27 -2.60 0.74 -295 0.39
73 C PHE face -6.07 -7.05 -0.98 -6.56  -0.49 -5,57  0.50 -7.05 -0.98 -6.06  0.01 -12.04  -5.97 -7.12 -1.05
74 TRPPHETS -5.73 -6.14 -041 -6.30  -0.57 -5.06  0.67 -6.86 -1.13 -5.63  0.10 -6.93 -1.20 401 172
75 U HIS edge -545 572 -0.27 -540  0.05 -4.85  0.60 -5.82 -0.37 -5.27  0.18 -7.00  -1.55 -492 053
76 U HIS face -8.82 -8.06 0.76 -9.01 -0.19 -8.33 049 -9.38 -0.56 -8.70 0.12 -11.06  -2.24 -7.12 170
77 T HIS edge -5,57 -5.93 -0.36 -5.51  0.06 -4.87  0.70 -6.01 -0.44 -5.37  0.20 -7.66 -2.09 -5.17 040
78 T HIS face -8.17 -8.67 -0.50 -8.76  -0.59 -8.00 0.17 -9.15 -0.98 -839 -0.22 -10.69  -2.52 -8.79 -0.62
79 AHIS edge -5.35 -5.16  0.19 546  -0.11 -4.75  0.60 -5.98 -0.63 -5.27  0.08 -3.13 2.22 -4.88  0.47
80 AMHIS face -7.96 -7.22 0.74 -7.81  0.15 -7.12 0.84 -8.24 -0.28 -7.56 040 -11.60 -3.64 -8.89  -0.93
81 G HISedge -6.50 -6.81 -0.31 -6.59  -0.09 -5.89 061 -7.14 -0.64 -6.44  0.06 -4.04 2.46 -5.50  1.00
82 G HIS face -6.38 -7.08 -0.70 -6.16  0.22 -5.46  0.92 -6.65 -0.27 -595 043 -8.88 -2.50 -7.28  -0.90
83 CHISedge -6.57 -6.37  0.20 -6.58  -0.01 -6.03  0.54 -7.01 -0.44 -6.47  0.10 -3.18 3.39 -6.07  0.50
84 CHIS face -8.62 -9.98 -1.36 -9.09 -0.47 -8.34  0.28 -9.46 -0.84 -8.72 -0.10 -12.24 -3.62 -9.19 -0.57
85 UTRPedge -459 -482 -0.23 -4.34 025 -3.55  1.04 -4.97 -0.38 417 042 -3.92 0.67 -4.07  0.52
86 U TRP face -9.01 -8.85 0.16 -9.64 -0.63 -851  0.50 -10.29  -1.28 -9.16 -0.15 -4.38 4.63 -6.74  2.27
87 T TRPedge -5.28 -559 -0.31 -5.09 0.19 411 117 -5.85 -0.57 -4.87 041 -3.84 1.44 -5.36  -0.08
88 T TRP face -9.05 -9.27 -0.22 -9.61 -0.56 -840  0.65 -10.38  -1.33 -9.17 -0.12 -4.86 4.19 -8.62 043
89 ATRP edge -5.47 -462 0.85 -5.03 0.44 -4.01 146 -5.81 -0.34 -479  0.68 -2.63 2.84 -453  0.94
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90 ATRP face -8.31 -8.01 0.30 -8.29  0.02 -7.19 1.12 -9.01 -0.70 -7.91 040 -9.18 -0.87 -852 -0.21

91 G TRPedge -6.90 -6.57 0.33 -6.48  0.42 -5.50 140 -71.29 -0.39 -6.32  0.58 -4.59 231 -6.13  0.77
92 G TRPface -71.74 -748  0.26 -8.08 -0.34 -7.12 0.62 -8.72 -0.98 -7.76  -0.02 -7.10 0.64 -8.01  -0.27
93 CTRPedge -6.88 -5.81  1.07 -6.55  0.33 -5.76 112 -7.19 -0.31 -6.40  0.48 -2.99 3.89 -6.45 043
94 C TRP face -8.10 -6.96 1.14 -8.69  -0.59 -7.80  0.30 -9.36 -1.26 -847  -0.37 -5.96 2.14 -6.62  1.48
RMSD 0.58 0.39 0.78 0.80 0.30 2.84 0.91
MAD 1.36 0.97 1.46 1.49 0.68 5.97 2.27
MRD 7.86% 5.35% 13.23% 12.65% 4.54% 38.01% 13.34%

®IE,s are the benchmark interaction energies taken from references, IE are the interaction energies produced by different methods, the DFT calculations employed aug-cc-pVDZ
basis set.
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Table S16. Decomposed interaction energies (kcal/mol) of the 32 small T-shaped testing dimers calculated at
the geometries optimized with our model.

dimers IE Ees Ewo  Eww  Eow
63 benzene dimer (C,y) -2.63 -0.14 -0.05 -1.72 -0.73
64 U PHE edge -2.38 -0.10 0.00 -2.28 0.00
65 U PHE face -7.02 -1.75 -043 -291 -192
66 T PHE edge -2.87 0.00 -0.05 -2.68 -0.14
67 T PHE face -6.27 -1.40 -0.29 -2.95 -1.63
68 APHE edge -3.29 0.09 000 -2.83 -0.56
69 APHE face -6.31 -153 -0.32 -251 -1.95
70 G PHE edge -3.60 -0.05 -0.05 -297 -0.54
71 G PHE face -6.42 -152 -0.28 -2.62 -1.99
72 CPHE edge -2.98 -0.03 -0.07 -2.63 -0.26
73 C PHE face -7.05 -1.74 -0.42 -3.00 -1.89
74 TRPPHETS -6.14 -1.27 -0.23 -2.72 -1.92
75 U HIS edge -5.72 -219 -0.36 -3.17 0.00
76 U HIS face -8.06 -1.26 -0.15 -2.97 -3.69
77 T HIS edge -593 -2.28 -0.38 -3.26 0.00
78 T HIS face -8.67 -1.14 -0.18 -3.13 -4.22
79 AHIS edge -5.16 0.37 -0.03 -3.65 -1.85
80 AHIS face -7.22 -0.91 -0.09 -250 -3.72
81 G HIS edge -6.81 0.03 -0.04 -3.66 -3.13
82 G HIS face -7.08 -0.58 -0.07 -2.68 -3.74
83 CHIS edge -6.37 -1.46 -0.18 -3.24 -1.50
84 C HIS face -9.98 -1.67 -0.27 -3.11 -4.93
85 U TRP edge -4.82 -1.22 -0.18 -2.89 -0.53
86 U TRP face -8.85 -1.87 -0.31 -3.91 -2.77
87 T TRPedge -559 -1.14 -0.18 -3.42 -0.86
88 T TRP face -9.27 -1.88 -0.31 -420 -2.88
89 ATRPedge -462 025 -0.01 -3.02 -1.84
90 ATRP face -8.01 -2.12 -0.28 -3.55 -2.06
91 G TRPedge -6.57 -0.12 -0.04 -3.68 -2.74
92 G TRP face -7.48 -1.49 -0.22 -345 -2.32
93 C TRPedge -5.81 -1.19 -0.18 -2.82 -1.62
94 CTRP face -6.96 -1.09 -0.23 -4.11 -1.52
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Table S17. Interaction energies (kcal/mol) of the 30 small X—H---r and other testing dimers.?

our model MO06-2X M06-2X-D3 AMBER99 AMOEBA
without CP with CP without CP with CP

dimers |Eet IE  TE-IEg IE  TE—IEq IE  TE-TE. IE  TE—IEq IE  TE-IE. IE  TE—IEq IE  IE-IE.
95  ethyne'--ethyne (CH:m) -1.52 -149  0.03 -1.66 -0.14 -1.33  0.19 -1.71  -0.19 -1.38  0.14 - - - -
96  PHE--ethyne (CH'-n) -2.87 -329 -042 -3.54  -0.67 -2.77  0.10 -3.70 -0.83 -293  -0.06 - - - -
97  PHE‘-AcOH (OH'-'m) -4.71 -517 -0.46 -5.35 -0.64 -4.64  0.07 -5.66 -0.95 -495 -0.24 -4.44  0.27 -345  1.26
98  PHE:-AcNH, (NH"'x) -4.36 -4.27  0.09 -489 -0.53 -4.28  0.08 -5.20 -0.84 -459  -0.23 -4.80 -0.44 -447  -0.11
99  PHE:+MeOH (OH-) -419 -417  0.02 -498 -0.79 -4.28  -0.09 -5.24  -1.05 -454  -0.35 -5.67 -1.48 -3.28 0.91
100 PHE--peptide (NH-'7) -5.28 -5.83 -0.55 -6.42 -1.14 -5.25  0.03 -6.94 -1.66 -5.76  -0.48 -5.12  0.16 -457 071
101 ethyne-*AcOH (OH-x) -4.87 -511 -0.24 -542  -0.55 -5.07 -0.20 -551 -0.64 -5.16 -0.29 - - - -
102 PHE--AcOH -3.80 -3.99 -0.19 -482  -1.02 -3.90 -0.10 521 -141 -4.29  -0.49 -219 161 -3.34  0.46
103 MeNH,-pyridine -3.97 -3.99 -0.02 -455  -0.58 -3.91  0.06 -482 -0.85 419 -0.22 - - -2.87 110
104 peptide---ethene -3.00 -341 -041 -3.55 -0.55 -2.95  0.05 -3.81 -0.81 -3.21  -0.21 - - -263  0.37
105 PHE-cyclopentane -3.58 -3.62 -0.04 -4.65 -1.07 -3.50  0.08 -5.26  -1.68 -411  -0.53 - - -3.18 040
106 PHE--neopentane -290 -3.12 -0.22 -3.58 -0.68 -253  0.37 422 -1.32 -3.18 -0.28 - - -2.77 013
107 U--pentane -485 -496 -0.11 -6.16  -1.31 -4.79  0.06 -6.92  -2.07 -556 -0.71 - - -4.23  0.62
108 U--cyclopentane -4.14 -489 -0.75 -499 -0.85 -3.79  0.35 -5.67 -1.53 -4.47  -0.33 - - -3.61 053
109 U--neopentane -3.71 -396 -0.25 -451  -0.80 -3.42  0.29 -5.20 -1.49 -411  -0.40 - - -3.47  0.24
110 PHE---ethene -143 -1.22 021 -2.18 -0.75 -1.68  -0.25 -247  -1.04 -1.97  -054 - - -1.20  0.23
111  U--ethene -3.38 -3.16  0.22 -4.24  -0.86 -3.57 -0.19 -453 -1.15 -3.86  -0.48 - - -3.01 0.37
112 neopentane:--neopentane -1.78 -213 -0.35 -2.18  -0.40 -1.05  0.73 -2.82  -1.04 -1.70  0.08 - - -206 -0.28
113 cyclopentane---neopentane  -2.40 -2.58 -0.18 -3.12 -0.72 -1.89 051 -3.78  -1.38 -255 -0.15 - - -258 -0.18
114 cyclopentane---cyclopentane -3.00 -2.98  0.02 -3.53 -0.53 -241  0.59 417 -1.17 -3.06 -0.06 - - -2.82  0.18
115 pentane--pentane -3.78 -3.70  0.08 -5.30 -1.52 -3.68  0.10 -6.11  -2.33 -4.48  -0.70 - - -3.62 0.16
116 peptide---pentane -4.26 -4.22  0.04 -5.86  -1.60 -4.34  -0.08 -6.52  -2.26 -5.00 -0.74 - - -3.61  0.65
117 pentane--AcOH -291 -3.30 -0.39 -3.82 -0.91 -2.77 014 -430 -1.39 -3.25 -0.34 - - -2.82  0.09
118 pentane--AcNH, -3.53 -351 0.02 -450 -0.97 -3.47  0.06 -5.02  -1.49 -3.99 -0.46 - - -3.30 0.23
119 ethene'--pentane -2.01 -1.84 0.17 -2.66  -0.65 -1.98  0.03 -2.98 -0.97 -231  -0.30 - - -1.57 044
120 ethyne--pentane -1.75 -1.96 -0.21 -230 -0.55 -1.86  -0.11 -253 -0.78 209 -0.34 - - - -
121 pyrene---methane -250 -2.47  0.03 -3.63 -1.13 -2.69  -0.19 -4.09 -1.59 -3.16 -0.66 - - -2.33  0.17
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122  pyridine---pyridine -415 -441 -0.26 -4.22  -0.07 -3.46 0.69 -453 -0.38 -3.77 0.38 - - -2.95 1.20

123 ethyne---water -285 -271 0.14 -3.25 -0.40 -2.718  0.07 -3.28 -0.43 -2.82  0.03 - - - -
124  pyridine---ethyne -3.99 -353 046 -4.29  -0.30 -3.57 042 -442  -0.43 -3.70  0.29 - - - -
RMSD 0.28 0.83 0.29 1.28 0.40 1.01 0.57
MAD 0.75 1.60 0.73 2.33 0.74 1.61 1.26
MRD 6.99% 23.63% 7.52% 36.87% 11.06% 19.31% 12.80%

®IE,s are the benchmark interaction energies taken from references, IE are the interaction energies produced by different methods, the DFT calculations employed aug-cc-pVDZ
basis set.
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Table S18. Decomposed interaction energies (kcal/mol) of the 30 small X-H--z and other dimers testing
dimers calculated at the geometries optimized with our model.

dimers IE Ees Epo  Eww  Eon

95 ethyne'-ethyne (CH:-'m) -149 -0.33 -0.02 -0.62 -0.52
96 PHE--ethyne (CH-x) -3.29 -048 -0.07 -139 -1.35
97 PHE--AcOH (OH-x) -5.17 -157 -0.24 -223 -1.13
98 PHE--AcNH, (NH'-1) -4.27 -1.26 -0.38 -1.72 -0.92
99 PHE--MeOH (OHx) -4.17 -1.02 -0.12 -1.94 -1.10
100 PHE--peptide (NH--1) -5.83 -1.32 -0.18 -2.85 -1.48
101 ethyne-AcOH (OH-x) -5.11 -231 -0.34 -0.99 -147
102 PHE--AcOH -3.99 -051 -0.11 -2.66 -0.71
103 MeNHy--pyridine -3.99 -0.39 -0.05 -152 -2.02
104 peptide---ethene -341 -0.69 -0.28 -1.66 -0.78
105 PHE--cyclopentane -3.62 0.08 -0.05 -3.11 -0.54
106 PHE--neopentane -3.12 0.00 -0.05 -2.52 -0.56
107 U--pentane -496 -0.28 -0.11 -4.48 -0.09
108 U:---cyclopentane -4.89 -0.22 -0.06 -4.13 -0.48
109 U--neopentane -3.96 -0.08 -0.03 -3.73 -0.12
110 PHE--ethene -1.22 046 -0.01 -1.67 0.00
111 U--ethene -3.16 -0.66 -0.04 -2.46 0.00
112 neopentane---neopentane -2.13 -0.01 0.00 -2.12 0.00
113 cyclopentane---neopentane  -2.58 -0.01 -0.01 -2.56 0.00
114 cyclopentane---cyclopentane -2.98 0.04 0.00 -3.02 0.00
115 pentane---pentane -3.70 0.03 -0.01 -3.72 0.00
116 peptide--pentane -422 -0.08 -0.30 -3.68 -0.16
117 pentane--AcOH -3.30 -0.17 -0.08 -2.88 -0.17
118 pentane--AcNH,; -3.51 -0.10 -0.35 -296 -0.11
119 ethene --pentane -1.84 -0.05 -0.02 -1.77 0.00
120 ethyne--pentane -1.96 0.04 -0.01 -157 -042
121 pyrene--methane -247 0.00 -0.02 -241 -0.04
122 pyridine---pyridine -441 -127 -043 -096 -1.76
123 ethyne---water -2.71 -1.09 -0.20 -0.15 -1.28
124 pyridine---ethyne -3.53 -166 -0.32 -0.36 -1.19
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Table S19. Interaction energies (kcal/mol) of the S66 data set obtained at the different theoretical levels.?

dimers (hame in ref 1) CCsSD(T)/CBS our AM1 PM3 PM6 PM6 PM7 OM1 OM2 OM2 OoM3 OM3
model DH2 DH+ D3H+ D3H4 D2 D3 D2 D3

water--water -4.92 -5.16 29 -26 -391 -489 -647 -669 -48 -49 -28 40 -43 -43 -42 -46 47
water---MeOH -5.59 -4.73 21 -25 424 682 -695 -725 -548 50 -20 -39 45 45 37 -44 -45
water--MeNH, -6.91 -7.06 -04 -22 405 -629 -712 -690 -753 68 -23 -44 50 51 52 59 -60
water---peptide -8.10 -8.48 -28 -45 -628 -802 -912 88 -78 -76 -36 -62 -71 -71 58 -69 -70
MeOH-MeOH -5.76 -5.62 -16 -24 -349 627 -648 671 -631 -46 -19 -33 41 -41 -31 -40 41
MeOH:--MeNH, -7.55 -8.16 00 -24 309 572 -664 642 -705 -60 -23 -38 -48 -49 -46 59 -6.1
MeOH:-peptide -8.23 -9.17 -18 -40 -492 69 -793 -772 -817 68 -29 50 62 -62 -46 -60 -6.2
MeOH:--water -5.01 -5.81 24 25 -319 427 -591 -608 -568 -43 -26 -34 -38 -38 -35 -40 41
MeNH, --MeOH -3.06 -2.88 -18 00 -229 -399 515 -489 405 -46 -12 -14 -23 -24 -12 -22 -24
MeNH,:--MeNH, -4.16 -3.88 00 08 -184 -330 -427 -408 -458 -54 -08 -15 -27 -27 -12 -27 -2.8
MeNH,--peptide -5.42 -5.42 -19 07 -38 -535 -565 -654 -6.07 -62 -18 -28 -44 -46 -22 -42 -44
MeNH,---water -7.27 -6.62 -01 -20 -386 -599 -655 -663 -742 -65 -18 -43 51 51 50 -59 -6.0
peptide---MeOH -6.19 -6.28 -26 -10 423 639 -603 -633 -645 -65 -25 -39 50 52 -34 -48 50
peptide---MeNH, -7.45 -7.83 -1.3 -16 -418 688 -751 -751 -749 94 -29 41 55 58 -42 59 -62
peptide---peptide -8.63 -8.17 -31 -28 591 -843 931 939 874 95 35 H3 -70 -73 45 65 -69
peptide---water -5.12 -5.71 -33 -14 -38 -482 -536 -559 -546 61 -31 -38 -43 -45 37 -44 -46
uracil---uracil (BP) -17.18 -16.99 -39 -83 -11.34 -1889 -17.39 -17.36 -1642 -161 -81 -13.8 -154 -157 -12.7 -145 -151
water---pyridine -6.86 -6.77 0.7 -18 -313 453 -639 -617 -69 -61 -19 37 -44 -45 45 53 55
MeOH:-pyridine -7.41 -8.59 11 -18 -218 -388 -588 557 -627 55 -19 32 41 -43 41 52 55
AcOH--AcOH -19.09 -19.42 09 -105 -11.10 -19.29 -1796 -17.41 -18.46 -188 -6.3 -138 -151 -151 -119 -134 -138
AcNH;:--AcNH, -16.26 -16.61 -59 -84 -1238 -16.09 -1785 -1789 -16.94 -16.7 -7.7 -129 -143 -144 -11.8 -13.4 -13.8
AcOH:-uracil -19.49 -18.67 -24 -108 -12.03 -19.99 -18.29 -18.11 -1841 -182 -87 ~-154 -168 -17.0 -13.8 -155 -16.0
AcNH,--uracil -19.19 -19.24 -6.3 -10.3 -14.05 -1948 -1983 -19.73 -1894 -189 -10.1 -16.1 -176 -17.8 -149 -16.7 -17.1
benzene---benzene (n-1) -2.82 -3.03 26 1.7 004 -347 -347 -238 -293 -44 07 12 -12 -21 10 -19 -29
pyridine:--pyridine (n-m) -3.90 -3.46 24 20 -103 -462 -462 -362 -410 53 -02 -02 -28 -36 -02 -33 -42
uracil--uracil (n-7) -9.83 -9.93 02 63 -437 -938 -93 -89 915 -85 -27 -44 -88 -94 -39 -93 -102
benzene---pyridine (n-1) -3.44 -3.33 25 18 -056 412 412 -309 -359 49 01 05 -20 -29 03 -27 -36
benzene--uracil (n-1) -5.71 -5.81 39 35 -163 -599 599 506 -544 55 05 -11 -46 54 -09 52 -61
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pyridine---uracil (m-)
benzene--ethene
uracil---ethene
uracil---ethyne
pyridine---ethene
pentane---pentane
neopentane---pentane
neopentane---neopentane
cyclopentane--‘neopentane
cyclopentane---cyclopentane
benzene:--cyclopentane
benzene--neopentane
uracil---pentane
uracil---cyclopentane
uracil---neopentane
ethene---pentane
ethyne---pentane
peptide---pentane
benzene--benzene (TS)
pyridine---pyridine (TS)
benzene--pyridine (TS)
benzene:--ethyne (CH--7)
ethyne---ethyne (TS)
benzene:--AcOH (OH---7)
benzene:--AcNH, (NH:--7r)
benzene--water (OH:--1)
benzene:--MeOH (OH:-1)
benzene--MeNH, (NH--n)
benzene--peptide (NH:--7)
pyridine---pyridine (CH--N)

-6.82
-1.43
-3.38
-3.74
-1.87
-3.78
-2.61
-1.78
-2.40
-3.00
-3.58
-2.90
-4.85
-4.14
-3.71
-2.01
-1.75
-4.26
-2.88
-3.54
-3.33
-2.87
-1.52
-4.71
-4.36
-3.28
-4.19
-3.23
-5.28
-4.15

-5.89
-1.22
-3.16
-3.48
-1.85
-3.70
-2.63
-2.13
-2.58
-2.98
-3.62
-3.12
-4.96
-4.89
-3.96
-1.84
-1.96
-4.22
-2.73
-3.52
-3.48
-3.29
-1.49
-5.17
-4.27
-3.30
-4.17
-3.41
-5.83
-4.41

2.4
1.6
1.6
1.2
1.6
-0.3
-0.7
-0.7
-0.7
-0.5
1.2
0.6
1.5
1.5
1.2
-0.1
0.7
0.4
0.6
0.8
0.3
-0.1
-0.4
-0.4
-1.2
-0.7
0.0
0.2
-0.1
-0.1

3.2
1.0
1.7
1.3
1.2
-3.4
-3.0
-2.6
-2.9
-3.0
-0.5
-0.7
2.1
1.6
1.5
-1.7
-0.3
-0.3
-0.4
0.7
-0.6
-0.8
-0.9
-1.4
-0.9
-15
-1.1
-0.4
-1.0
0.0

-3.25
0.12
-1.04
-1.08
-0.24
-0.64
-0.69
-0.55
-0.69
-0.39
-0.54
-0.71
-1.79
-1.24
-1.05
-0.46
-0.29
-1.26
-0.81
-1.23
-1.16
-1.01
-0.46
-2.57
-2.38
-2.31
-1.91
-1.42
-2.28
-2.51

-7.51
-1.88
-3.24
-2.89
-2.21
-3.06
-2.48
-1.99
-2.37
-2.33
-3.02
-2.71
-4.96
-4.09
-3.41
-1.73
-1.48
-3.66
-2.66
-3.01
-3.01
-2.01
-0.79
-4.10
-3.75
-3.23
-3.46
-3.14
-4.72
-3.44

-7.51
-1.88
-3.24
-2.89
-2.21
-3.06
-2.48
-1.99
-2.37
-2.33
-3.02
-2.71
-4.96
-4.09
-3.41
-1.73
-1.48
-3.66
-2.66
-3.01
-3.01
-2.01
-0.79
-4.10
-3.75
-3.23
-3.46
-3.14
-4.72
-3.44

-6.66
-1.31
-2.95
-2.73
-1.75
-3.90
-3.03
-2.24
-2.85
-2.86
-3.22
-2.91
-5.45
-4.40
-3.71
-2.19
-1.58
-4.46
-2.74
-3.23
-3.13
-2.32
-0.95
-4.30
-3.99
-3.45
-3.67
-3.23
-4.81
-3.80

-7.02
-1.63
-3.09
-2.73
-2.03
-3.18
-2.36
-1.87
-2.29
-2.08
-3.37
-3.11
-5.52
-4.49
-3.79
-1.78
-1.78
-4.00
-2.59
-2.93
-2.92
-1.92
-0.81
-4.18
-3.89
-3.33
-3.64
-3.23
-4.82
-3.22

-6.9
2.1
-2.7
-2.3
-2.3
-4.1
-3.5
-2.8
-3.3
-3.4
-4.2
-3.9
5.1
-4.5
-3.6
-2.1
-1.7
-3.8
-3.2
-3.3
-3.5
-2.1
-0.8
-3.9
-3.7
-2.8
-3.3
-3.6
5.4
-3.6

-1.8
0.4
-0.2
-1.0
0.1
1.4
0.9
0.5
0.9
1.3
0.8
0.5
0.7
0.8
0.6
0.6
0.3
1.0
0.4
0.1
0.2
-0.1
-0.3
-0.6
-1.2
-0.8
-0.3
0.0
-0.4
-1.1

-2.4
1.0
-0.9
-1.7
0.5
-0.2
-0.4
-0.5
-0.6
-0.4
0.3
-0.1
-0.6
-0.3
-0.4
-0.2
0.1
-0.4
-0.6
-1.2
-1.0
-1.8
-1.2
-2.7
-3.0
2.4
-1.8
-0.8
-1.9
-2.6

5.9
-0.4
-2.8
-3.3
-1.0
-35
2.7
2.1
2.7
-3.0
-2.3
2.1
4.2
-3.4
-2.9
-1.9
1.1
-35
2.3
-2.9
-2.8
-3.0
-1.6
4.4
45
-35
-3.6
-2.6
4.4
-3.7

-6.6
-0.9
-3.2
-3.7
-1.4
-4.0
-3.2
-2.6
-3.2
-3.3
-3.0
-2.8
-4.8
-3.9
-3.5
-2.2
-1.5
-3.9
-2.8
-3.3
-3.3
-3.1
-1.7
-4.6
-4.7
-3.6
-3.8
-2.9
-4.8
-3.9

-2.2
0.8
-0.7
-1.5
0.3
11
0.5
0.1
0.3
0.7
0.8
0.3
0.0
0.2
0.0
0.5
0.3
0.6
0.0
-0.5
-0.3
-0.8
-0.7
-1.6
2.1
-1.7
-1.1
-0.3
-0.9
-1.8

-6.4
-0.9
-3.0
-3.5
-1.4
-3.1
-2.4
-1.9
-2.4
-2.6
-2.5
-2.2
-4.6
-3.8
-3.2
-1.6
-1.2
-3.4
-2.1
-2.7
-2.5
-2.3
-1.2
-3.7
-3.9
-3.1
-3.3
-2.5
-4.0
-3.2

-7.3
-1.5
-3.5
-4.0
-2.0
-3.5
-2.7
-2.3
-2.7
-2.8
-3.1
-2.8
5.1
-4.3
-3.7
-1.9
-1.6
-3.8
-2.6
-3.2
-3.0
-2.5
-1.3
-4.0
-4.3
-3.3
-3.6
-2.9
-4.5
-3.4
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ethyne---water (CH---O) -2.85
ethyne--*AcOH (OH-x) -4.87
pentane---AcOH -2.91
pentane---AcNH, -3.53
benzene-*AcOH -3.80
peptide---ethene -3.00
pyridine---ethyne -3.99
MeNH,:-pyridine -3.97

-2.71
-5.11
-3.30
-3.51
-3.99
-3.41
-3.53
-3.99

-1.8
-1.4
0.2
0.1
1.3
0.1
0.4
1.0

-0.6
-1.8
-0.3
-0.3
0.7
0.3
-0.5
1.9

-1.76
-1.83
-1.32
-1.54
-1.60
-1.26
-1.25
-1.28

-1.94
-2.40
-3.14
-3.54
-3.72
-2.53
-1.75
-2.85

-1.94
-2.40
-3.14
-3.54
-3.72
-2.53
-1.75
-2.97

-2.12
-2.85
-3.60
-4.06
-3.79
-2.89
-1.90
-3.12

-1.98
-2.50
-3.42
-3.78
-3.71
-2.72
-1.87
-4.47

-1.5
-2.3
-2.8
-3.5
-3.4
-2.4
-1.8
-4.3

-1.8
-1.4
0.3
0.4
-0.2
-0.1
-1.7
-0.2

-3.1
-4.0
-0.6
-0.8
-15
-1.2
-3.4
-1.0

-3.4
-5.0
-2.8
-3.2
-3.6
-2.7
-3.9
-2.6

-3.4
-5.0
-3.2
-3.6
-4.0
-2.9
4.1
-2.9

-2.7
-2.9
0.0
-0.1
-0.7
-0.7
-2.9
-0.6

-3.1
-4.0
-2.8
-3.2
-3.3
-2.5
-3.6
-2.7

-3.2
-4.2
-3.2
-3.5
-3.8
-2.8
-3.9
-3.0

®The benchmark CCSD(T)/CBS interaction energies are taken from ref 1. The AM1, PM3, PM7, OM1, OM2,
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Table S20. Information on the 14 large noncovalent complexes.

134
135
136
137

tetradecahydroanthracene dimer
octadecahydrotetracene dimer
[4]-ladderane dimer (Cs)
[5]-ladderane dimer (C;)

tetradecahydroanthracene dimer
octadecahydrotetracene dimer
[4]-ladderane parallel-displaced dimer (C)
[5]-ladderane parallel-displaced dimer (C;)

B97-D/TZV(2d,2p)
B97-D/TZV(2d,2p)
MP2/aug-cc-pVDZ
MP2/aug-cc-pVDZ

B2PLYP-D/QZV3P(1/2CP)
B2PLYP-D/QZV3P(1/2CP)
CCSD(T)/CBS
CCSD(T)/CBS

dimers ref name in original references geometry optimization level reference energy level
125 antiparallel Gly pentapeptide dimer 1  antiparallel Gly pentapeptide dimer MP2/6-31G(d) MP2/aug-cc-pVTZ-CP
126 parallel Gly pentapeptide dimer 1 parallel Gly pentapeptide dimer MP2/6-31G(d) MP2/aug-cc-pVTZ-CP
127 parallel Ala tripeptide dimer 1 parallel Ala tripeptide dimer MP2/6-31G(d) MP2/aug-cc-pVTZ-CP
128 anthracene dimer st 2  anthracene dimer (n-x stacked) B97-D/TZV(2d,2p) B2PLYP-D/QZV3P(1/2CP)
129 tetracene dimer st 2 tetracene dimer (n-m stacked) B97-D/TZV(2d,2p) B2PLYP-D/QZV3P(1/2CP)
130 coronene dimer st 3 coronene dimer QCISD(T)/aug-cc-pvVDZ" QCISD(T)/CBS
131 adenine---circumcoronene st 3 circumcoronene---adenine TPSS-D/ITZVP QCISD(T)/CBS
132 anthracene dimer TS 2 anthracene dimer (T-shaped) B97-D/TZV(2d,2p) B2PLYP-D/QZV3P(1/2CP)
133 tetracene dimer TS 2 tetracene dimer (T-shaped) B97-D/TZV(2d,2p) B2PLYP-D/QZV3P(1/2CP)
2
2
4
4
3

138

octadecane dimer

octadecane dimer

TPSS-D/TZVP

QCISD(T)/CBS

References
1. Li, S. -S.; Huang, C. -Y.; Hao, J. -J.; Wang, C. -S. A Polarizable Dipole-Dipole Interaction Model for Evaluation of the Interaction Energies for N-H---O=C and C-H---O=C Hydrogen-Bonded
Complexes. J. Comput. Chem. 2014, 35, 415-426.
2. Grimme, S. Do Special Noncovalent n-n Stacking Interactions Really Exist? Angew. Chem., Int. Ed. 2008, 47, 3430-3434.
3. Sedlak, R.; Janowski, T.; Pitonak, M.; Reza¢, J.; Pulay, P.; Hobza, P. Accuracy of Quantum Chemical Methods for Large Noncovalent Complexes. J. Chem. Theory Comput. 2013, 9, 3364-3374.
4. Wagner, J. P.; Schreiner, P. R. Nature Utilizes Unusual High London Dispersion Interactions for Compact Membranes Composed of Molecular Ladders. J. Chem. Theory Comput. 2014, 10,
1353-1358.

S28



Table S21. Decomposed interaction energies (kcal/mol) of the 8 small and 14 large noncovalent complexes calculated at the reference geometries.

our model AMBER99 AMOEBA
with AMBER99’s vdw values with the vdw values of Table S2

dimers  |E IE IE—IE =S Epol Evaw = IE IE—IE ¢ Ees Evaw IE IE—IE e [ = Evaw IE IE—IE ¢ Ees Epol Evaw
9 -16.86 -17.79  -0.93 -1214 -219 034 -3.80 -13.09 3.77 -13.49  0.40 -13.15 3.71 -13.49  0.34 -16.52 0.34 -12.63 -7.57  3.68
23 -8.10 -8.37 -0.27 -477 -08 050 -3.25 -7.42 0.68 -8.11  0.69 -7.61 0.49 -8.11 050 -7.36 0.74 -8.32  -203 299
43 -12.09 -11.66  0.43 -161 -0.12 -9.93 0.00 -1421  -2.12 -7.00 -7.21 -16.93  -4.84 -7.00 -9.93 -11.34 0.75 -5.05 -0.11 -6.18
58 -8.79  -8.96 -0.17 -148 -0.12 -731 0.00 -9.30 -0.51 -3.30 -6.00 -1061  -1.82 -3.30  -7.31 -8.64 0.15 -6.03 -0.38 -2.23
75 -545  -551 -0.06 -2.13  -0.34 -3.04 0.00 -7.00 -1.55 -4.74  -2.26 -7.78 -2.33 474 -3.04 -4.92 0.53 -231  -093 -1.68
76 -8.82  -8.05 0.77 -125 -0.16 -296 -3.68 -11.06  -2.24 -855 -251 -11.51  -2.69 -8.55  -2.96 -7.12 1.70 -545 -1.11  -0.56
99 -419 417 0.02 -1.06 -0.13 -188 -1.10 -5.67 -1.48 -3.80 -1.87 -5.68 -1.49 -3.80 -1.88 -3.28 0.91 -1.75 -0.48  -1.05
100 -5.28 -5.79 -0.51 -1.25  -017 -290 -1.47 -5.12 0.16 -216  -2.97 -5.06 0.22 -216 -2.90 -4.57 0.71 -192 -051 -214
125 -33.69 -32.31 1.38 -1993 -3.84 -807 -047 -36.08 -239  -2951 -6.57 -3758 -389 -2951 -8.07 -36.10 -2.41  -24.01 -13.64 155
126 -27.18  -27.12 0.06 -1751 -3.02 -6.59 0.00 -25.34 1.84 -23.7  -163 -30.29 -3.11 -23.70  -6.59 -26.42 0.76 -16.77 -855  -1.10
127 -2454 -24.50 0.04 -14.43 -3.28 -566 -1.13 -22.92 1.62 -19.49 -3.44 -25.15 -0.61 -19.49  -5.66 -21.17 3.37 -1452  -9.27 2.62
128 -11.46 -10.76  0.70 054 -0.04 -11.26 0.00 -7.62 3.84 234 -9.96 -8.92 2.54 234 -11.26 -9.20 2.26 204 -053 -10.71
129 -16.33  -14.83 1.50 0.70 -0.05 -1548 0.00 -10.57 5.76 287 -13.44 -12.61 3.72 287 -15.48 -12.43 3.90 2.69 -0.75  -14.37
130 -2436 -2447 -011 0.87 -0.08 -25.26 0.00 -17.96 6.40 358 -21.54 -21.68 2.68 358 -25.26 -19.00 5.36 340 -059 -2181
131 -18.19 -19.59 -1.40 -0.26 -0.01 -19.28 -0.04 -13.97 4.22 271 -16.68 -16.57 1.62 271  -19.28 -15.48 2.71 0.45 -0.92 -15.01
132 -8.25 -8.60 -0.35 -041 -013 -597 -2.09 -6.37 1.88 -2.38  -3.99 -8.35 -0.1 -2.38  -5.97 -4.99 3.26 -1.04 -052 -342
133 -11.12 -11.76 -0.64 -055 -0.17 -824 -2.80 -8.09 3.03 -265 544 -10.89 0.23 -265 -8.24 -6.64 4.48 -1.36  -069  -4.59
134 -8.88  -9.07 -0.19 -0.03 -0.03 -9.01 0.00 - - - - - - - - -7.59 1.29 -0.13 -020 -7.27
135 -11.83 -12.19 -0.36 -0.05 -0.03 -12.11 0.00 - - - - - - - - -10.18 1.65 -0.05 -025 -9.88
136 -5.5 -5.37 0.13 -0.13 -0.05 -519 0.00 - - - - - - - - - - - - -
137 -6.6 -6.79 -0.19 -0.16 -0.07 -6.56 0.00 - - - - - - - - - - - - -
138 -11.06 -12.60 -1.54 0.14 0.00 -12.74 0.00 - - - - - - - - -11.54 -0.48 1.14 0.09 -12.76
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Table S22. Computational times (Intel Core i7-3770K 3.50 GHz, 4 cores, 32 GB memory).?

CPU Time [second]

complex number of atoms our model  MO06-2X  MO06-2X-D3 AMBER99 AMOEBA
without CP with CP
99  PHE:-+MeOH (OH-) 18 0.65 437 1,025 0.21 0.23
45 UPHE st 24 0.68 1,796 4,427 0.20 0.24
91 G TRPedge 32 0.78 6,450 13,966 0.21 0.24
128 anthracene dimer st 48 0.92 23,610 60,926 0.22 0.26
126 parallel Gly pentapeptide dimer 80 1.05 38,839 99,325 0.20 0.23
138 octadecane dimer 112 2.55 100,231 370,322 0.21 0.24

®Aug-cc-pVDZ basis set was employed for these DFT calculations.
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Figure S1. Potential energy curves for 19 training dimers.
CCSD(T)/CBS potential energy curves shown in this figure are taken from ref 1.
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Hydrogen-bonded dimers (35)

1 U---U(Cy) 2 U---Upl 3 U---U Calcutta pl 4 A---Alpl

5 A---A2pl 6 A---A3pl 7 G---Gpl 8 A---Cpl
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13 G--Alpl 14 G--A2 15 G--A2pl

18 G---CWC 19 mG---mC WC

e \

23 water---peptide 24 MeOH---MeOH

o

25 MeOH:--peptide 26 MecOH:--water 27 MeNH,:--peptide 28 MeNH, - - water
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Figure S2. Structures of the 35 small hydrogen-bonded testing dimers.
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Stacked dimers (27)
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Figure S3. Structures of the 27 small stacked testing dimers.
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T-shaped dimers (32)

63 benzene dimer (Cs,y)
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77 T HIS edge
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'
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&
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Figure S4. Structures of the 32 small T-shaped testing dimers.
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X—H:--m and other dimers (30)

— o == e

95 ethyne:--ethyne (CH---mt) 96 PHE-:--ethyne (CH---7) 97 PHE:---AcOH (OH:-- 1) 98 PHE---AcNH, (NH---1)

- AL

99 PHE--MeOH (OH:---wr) 100 PHE---peptide (NH:- 1) 101 ethyne---AcOH (OH---m) 102 PHE---AcOH

LBV R A A

103 MeNH,:--pyridine 104 peptide---ethene 105 PHE--- cyclopentane 106 PHE:--neopentane

N

107 U---pentane 108 U---cyclopentane 109 U---neopentane 110 PHE---ethene

111 U---ethene 112 neopentane---neopentane 113 cyclopentane---neopentane 114 cyclopentane:--cyclopentane

115 pentane---pentane 116 peptide---pentane 117 pentane---AcOH 118 pentane---AcNH,
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119 ethene---pentane 120 ethyne---pentane 121 pyrene---methane 122 pyridine---pyridine

123 ethyne---water 124 pyridine---ethyne
Figure S5. Structures of the 30 small X—H:--x and other testing dimers.
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Figure S6. Comparison of the potential energy curves for 51 testing dimers, of which CCSD(T)/CBS level
results are currently available from literatures 1 and 2.
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Dipole-Dipole Interactions

Electrostatic interaction term (Ee): As described in our previous papers,” The electrostatic interaction
Ees is estimated by summing up all the permanent bond dipole—dipole interaction between the two molecules (I
and J). When calculating the electrostatic interaction energies for noncovalent complexes, we employed the

following equation

EeS:ZI: ”li;;’ (2cos@cosd +sin@sin ' cos¢)
iel Ty
jed

where 14 and |4 are the permanent bond dipole moments, r, 6, 6, and { are the structural parameters determining
the relative orientation of the two dipoles.

Polarization contribution term (Epo): The polarized bond dipole—dipole interaction E is estimated by
all the interaction between permanent bond dipole and induced bond dipole moments or between two induced
bond dipole moments. The following equation was employed for calculating the polarization contributions

101 + 1614 + S0,
- a0y i o)

iel r|J
jed

SN 2c0s0cosd’ +sinsinG'cos ()

where J4 and o4 are the induced bond dipole moment.
It is worth to be mentioned; we take all the permanent bond dipoles and induced bond dipoles (no matter if

they are directly or indirectly interacted) into account when evaluating these interactions.
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Parametrization for the Eqr, term
Firstly, Reqm, Which denotes the equilibrium intermolecular distance, is determined by using the following
energy function: Eest+EvawtEpol. Then, pm and gm, which denote the maximum and minimum overlap integral, is
initialized according to the corresponding theoretical results. Lastly, Dm, pm, Om, a@m and ay are determined by
matching the QM [CCSD(T)/CBS level of theory] interaction energies curves through the iteration method.
After these parameters were preliminarily determined, another macro iteration which re-examined and

re-optimized all the parameters involved in eqgs 1-6 was performed.
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