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Table S1. Experimental pKa values and differences between experimental and
calculated values for different levels of theory using SMD solvent model and
training set 2: acetic, propanoic, and butanoic acids. HF and DFT calculations
used aug-cc-pVDZ basis functions.

pKa2

CAM

Acids (exp) G4CEP | AM1 | PM6 | HF | LSDA | PBE | B3LYP B3LYP WB97XD | M062X | B2PLYP
Acetic 4.76 0.24 -0.28 | 0.18 | -0.04 | 0.08 | 0.52 | -0.20 -0.28 0.50 0.39 -0.15
Propanoic 4.88 -0.64 | -0.52 | 0.88 | 0.23 | 0.02 | -0.36 | -0.07 -0.11 -0.45 -0.21 -0.16
Butanoic 4.82 0.40 0.80 | -1.06 | -0.19 | -0.10 | -0.17 | 0.28 0.39 -0.06 -0.18 0.30
Pentanoic 4.82 -0.19 | -0.39 | 0.25 | -0.97 | 047 | -0.50 | -0.20 -0.18 -0.53 0.00 -0.23
Hexanoic 4.85 -1.49 | 089 | 0.34 | -099 | 0.27 | -1.05| -1.25 -0.32 0.02 -0.69 -0.43
Chloroacetic 2.86 0.92 044 | -025| 167 | 252 | 2.34 1.33 1.12 2.29 2.05 1.24
Bromoacetic 2.90 0.34 -0.36 | -0.28 | 1.37 | 2.61 1.82 2.06 1.87 1.61 1.56 1.84
Trichloroacetic 0.70 1.17 3.77 | 280 | 522 | 573 | 6.14 6.32 5.81 5.81 5.69 5.95
2-Chlorobutanoic 2.83 0.91 142 | 015 | 146 | 1.84 | 1.82 2.42 1.86 1.64 1.46 244
3-Chlorobutanoic 3.98 -0.30 | 0.24 | 0.66 | 0.41 1.19 | 0.79 1.19 1.02 0.86 0.75 1.06
4-Chlorobutanoic 4.52 -0.39 | -0.12 | 095 | 043 | 0.77 | 0.93 1.24 1.42 1.22 1.71 1.01
3-Butenoic 4.35 0.06 0.50 | -0.13 | 0.70 | 1.14 | 0.82 1.15 0.11 0.77 -0.08 1.01
2-Methylpropanoic 4.84 -0.05 | 0.16 | 0.86 | -0.26 | 145 | 1.11 0.09 0.40 0.20 -0.07 0.36
2.2-Dimethylpropanoic | 5.03 -0.51 0.45 | -0.20 | -0.32 | 0.23 | 0.19 0.52 0.36 0.10 0.29 0.40
3-Methylbutanoic 4.77 -1.17 | 0.34 | 0.39 | -0.19 | 0.30 | -0.06 | 0.30 0.44 -0.78 0.17 0.18
2-Methylbutanoic 4.80 -0.74 | 0.00 | 0.15 | -0.48 | -0.06 | 0.10 0.35 0.39 -0.12 -0.05 0.38
2-Butynoic 2.62 1.30 169 | -0.14 | 1.83 | 269 | 1.86 2.84 293 2.20 242 1.94
2-Chloropropanoic 2.83 0.95 0.06 | 0.08 | 1.71 2.14 1.83 2.54 2.34 1.95 1.42 2.23
3-Bromopropanoic 4.00 1.14 -056 | 0.35 | 0.70 | 2.35 | 2.36 1.66 1.53 0.99 2.24 1.52
3-Chloropropanoic 3.98 0.17 | -0.34 | -0.37 | 1.26 | 2.31 1.50 1.77 1.74 2.28 2.26 1.68
trans-Crotonic 4.69 -0.09 | -0.50 | -0.50 | 0.25 | 0.37 | 0.32 0.67 0.82 0.11 0.46 0.85
Formic 3.75 0.76 | -221|-206 | 152 | 232 | 2.12 2.46 2.37 2.06 1.76 2.21

a. Data from references 4 and ©°.
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Table S2. Experimental pKa values and differences between experimental and
calculated values for different levels of theory using SMD solvent model and
training set 3: pentanoic, 2-chlorobutanoic, and 2-metilbutanoic acids. HF and

DFT calculations used aug-cc-pVDZ basis functions.

Acids (pe })((:; G4CEP | AM1 | PM6 | HF | LSDA | PBE | B3LYP Bc:;’:ﬁvP WB97XD | M062X | B2PLYP
Acetic 4.76 0.25 | -0.63 | 0.00 | -0.04 | -0.67 | 0.05 -1.06 -0.97 0.18 -0.08 -1.01
Propanoic 4.88 -0.63 | -0.86 | 0.70 | 0.23 | -0.73 | -0.83 -0.93 -0.80 -0.78 -0.68 -1.02
Butanoic 4.82 041 | 046 |-124 | -0.19 | -0.85]| -0.64 -0.58 -0.31 -0.39 -0.65 -0.56
Pentanoic 4.82 -0.19 | -0.74 | 0.06 | -0.97 | -0.28 | -0.97 -1.05 -0.87 -0.86 -0.47 -1.09
Hexanoic 4.85 -148 | 0.55| 0.16 | -0.99 | -0.48 | -1.52 -2.11 -1.01 -0.30 -1.15 -1.30
Chloroacetic 2.86 0.92 | 0.09 | -043 | 1.67 1.77 | 1.86 0.47 0.42 1.97 1.59 0.38
Bromoacetic 2.90 0.35 | -0.71 | -0.46 | 1.37 186 | 1.35 1.20 1.18 1.28 1.10 0.97
Trichloroacetic 0.70 118 | 343 | 262 | 522 | 4.98| 5.67 5.46 5.12 5.49 5.23 5.09
2-Chlorobutanoic 2.83 0.92 | 1.08 | -0.03 | 1.46 1.09 | 1.35 1.56 1.17 1.31 0.99 1.57
3-Chlorobutanoic 3.98 -0.29 | -0.10 | 0.48 | 0.41 0.44 | 0.32 0.33 0.32 0.53 0.28 0.19
4-Chlorobutanoic 4.52 -0.39 | -0.46 | 0.76 | 0.43 0.02 | 0.45 0.38 0.72 0.89 1.24 0.15
3-Butenoic 4.35 0.07 | 0.15|-0.32 | 0.70 0.38 | 0.35 0.30 -0.58 0.44 -0.55 0.14
2-Methylpropanoic 4.84 -0.04 | -0.19 | 0.68 | -0.26 0.70 | 0.63 -0.76 -0.29 -0.12 -0.54 -0.50
2.2-Dimethylpropanoic | 5.03 -0.50 | 0.11 | -0.38 | -0.32 | -0.52 | -0.28 -0.34 -0.33 -0.23 -0.18 -0.46
3-Methylbutanoic 4.77 -1.16 | 0.00 | 0.21 | -0.19 | -0.45| -0.53 -0.56 -0.25 -1.11 -0.30 -0.69
2-Methylbutanoic 4.80 -0.73 | -0.34 | -0.03 | -0.48 | -0.81 | -0.38 -0.51 -0.30 -0.45 -0.52 -0.48
2-Butynoic 2.62 131 | 135 |-0.32 | 1.83 194 | 1.39 1.98 2.24 1.88 1.96 1.08
2-Chloropropanoic 2.83 0.96 | -0.29 | -0.11 | 1.71 1.39 | 1.36 1.68 1.65 1.63 0.95 1.37
3-Bromopropanoic 4.00 114 | -091 | 0.17 | 0.70 160 | 1.88 0.80 0.84 0.67 1.78 0.65
3-Chloropropanoic 3.98 0.18 | -0.69 | -0.55 | 1.26 156 | 1.03 0.92 1.05 1.95 1.79 0.82
trans-Crotonic 4.69 -0.08 | -0.84 | -0.69 | 0.25 | -0.38 | -0.16 -0.18 0.13 -0.22 0.00 -0.01
Formic 3.75 0.77 | -2.55 | -2.24 | 1.51 157 | 1.64 1.60 1.68 1.74 1.30 1.35

a. Data from references %4 and 65.
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Table S3. Experimental pKa values and differences between experimental and
calculated values for HF and different DFT levels with aug-cc-pVTZ basis set,
SMD solvent model, and training set 1.

Acids ("e*)((:; HF | LSDA | PBE | B3LYP B%ﬁvp WB97XD | M062X | B2PLYP
Acetic 476 | 013 | 012]-035| -064| -0.12 088 | -079| -0.30
Propanoic 488 | -090 | -023|-124| -111| -1.39 72| 106|141
Butanoic 482|117 | -004 | -1.03| -158| -1.23 153 | -085| -0.88
Pentanoic 482|135 -009|-137| 150 -1.11 128 | 47| 111
Hexanoic 485|204 | 021|-196| -125| -1.79 138| -1.09] -1.70
Chloroacetic 2.86 | 172 | -026|-053| 208| 1.19 054 | 1.29 1.21
Bromoacetic 290 | 079 | -018 | 052| 072| 043 023 | 056 0.34
Trichloroacetic 070 | 437 | 112 | 504 | 442| 430 433 | 385 4.50
2-Chlorobutanoic | 2.83 | 1.04 | 029 | 0.84 | 1.04| 1.00 043 | 033 127
3-Chlorobutanoic | 3.98 | -009 | -013 | -012| -028| -0.25 024 | -003| -0.18
4-Chlorobutanoic | 4.52 | -0.78 | 022 | 0.04| -064| 0.09 008 | -014| -017
3-Butenoic 435|062 | -036| 019| -063| -1.12 062 | -0.63 0.12
2-Methylpropanoic | 4.84 | -0.85 | 042 |-1.06| 021| -0.81 052 | -039| -0.87
2.2-Dimethylpropanoic | 5.03 | -1.09 0.26 | -0.73 -1.04 -0.96 -0.98 -0.87 -0.91
3-Methylbutanoic | 477 | 169 | 021 |-095| -139| -0.84 079 | -029| -1.00
2-Methylbutanoic | 4.80 | -073 | 143 |-1.55| -061| -158 149 | -094| -1.28
2-Butynoic 262 | 1.79| 056 | 062| 096| 1.98 168 | 0.76 0.19
2-Chloropropanoic | 2.83 | 0.74 | -0.76 | 0.86 | 060| 0.82 091| 072 0.89
3-Bromopropanoic 4.00 | 0.77 0.58 | 1.55 0.63 0.25 1.55 0.49 0.24
3-Chloropropanoic | 3.98 | 0.03| -028 | 061| 012] 050 111] 035 0.47
trans-Crotonic 469 | 068 | 045|-053| -1.07| -042 038 -072| -037
Formic 3.75| 086| 041 115| 097 1.08 093 | 063 0.96

a. Data from references % and ©5.
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Table S4. Experimental pKa values and differences between experimental and
calculated values for HF and different DFT levels with aug-cc-pVTZ basis set,
SMD solvent model, and training set 2.

Acids ("e*)((:; HF | LSDA | PBE | B3LYP B%ﬁvp WB97XD | M062X | B2PLYP
Acetic 476 | 061 | 017 | 053] 047| 079 050 | 0.11 0.56
Propanoic 4.88 | 017 | -018|-037| 000| -048 034| -016| -0.55
Butanoic 482|044 | 001]-016| -047| -0.32 016 | 005| -0.02
Pentanoic 482 | 062 | -003|-049| -039| -0.19 010 | -027| -0.24
Hexanoic 485|130 | 026|-1.09| -015| -0.87 001| -019| -0.83
Chloroacetic 2.86 | 246 | -021| 034 | 319 211 191 219 2.08
Bromoacetic 290 | 153 | -013| 139 | 1.83| 135 160 | 146 1.21
Trichloroacetic 070 | 510 | 107 | 591 | 553 521 571| 476 5.36
2-Chlorobutanoic | 2.83 | 177 | -024 | 171 | 215| 192 181 123 2.14
3-Chlorobutanoic | 3.98 | 064 | -008 | 0.75| 083 | 066 114 | o087 0.69
4-Chlorobutanoic | 4.52 | -0.05| 027 ] 091 | 046/| 1.01 145 | 076 0.70
3-Butenoic 435| 011 | -031| 1.06| 048] -0.20 076 | 027 0.99
2-Methylpropanoic | 4.84 | -0.12| 047 |-019| 132] 0.10 0.85| 051 0.00
2.2-Dimethylpropanoic | 5.03 | -0.35 0.31 | 0.14 0.07 -0.04 0.40 0.03 -0.04
3-Methylbutanoic | 4.77 | -096 | 026 |-0.08| -028| 008 059 | 061 013
2-Methylbutanoic | 4.80 | 000 | 148 |-0.68| 050| -0.67 012 | -004| -042
2-Butynoic 262 | 253 | 051 | 150 | 207| 289 305| 167 1.05
2-Chloropropanoic | 2.83 | 147 | 071 | 173 | 1.71| 173 220 | 162 176
3-Bromopropanoic 4.00 | 1.50 0.63 | 242 1.74 1.16 2.92 1.40 1.11
3-Chloropropanoic | 3.98 | 0.76 | 023 | 148 | 123 1.41 249 | 125 133
trans-Crotonic 469 | 005| 050| 035| 004| 049 100 | 0.8 0.49
Formic 3.75| 159 | 046| 203| 208| 199 231| 153 1.82

a. Data from references % and ©5.
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Table S5. Experimental pKa values and differences between experimental and
calculated values for HF and different DFT levels with aug-cc-pVTZ basis set,
SMD solvent model, and training set 3.

Acids ("e*)((:; HF | LSDA | PBE | B3LYP B%ﬁvp WB97XD | M062X | B2PLYP
Acetic 476 | 022 | -023| 035| -028| o044 010 | -0.19 0.07
Propanoic 488 | -0.55 | -0.58 | -0.55 -0.76 -0.83 -0.94 -0.47 -1.04
Butanoic 482|083 | -039|-034| -122| -067 075| -026| -0.51
Pentanoic 482 | 100 | -044 | -067| -114| -055 050 | -058| -0.73
Hexanoic 485 | -1.60 | 014 |-127 | 090 | -1.22 060| -049| -1.32
Chloroacetic 2.86 | 207 | -061| 016| 243| 176 132 188 158
Bromoacetic 290 | 114 | 053] 121 | 1.07| 099 100] 115 0.71
Trichloroacetic 070 | 471| 147 | 573 | 477| 486 511| 445 4.87
2-Chlorobutanoic | 2.83 | 1.39 | -0.64 | 153 | 139| 156 121 092 165
3-Chlorobutanoic | 3.98 | 025 | -048 | 057 | 008 | 031 054 | 057 0.19
4-Chlorobutanoic | 4.52 | -043 | -0.13| 0.73| -029| 065 0.86 | 045 0.21
3-Butenoic 435|027 | -071| 088| -028| -0.55 0.16 | -0.04 0.50
2-Methylpropanoic | 4.84 | -0.50 | 007 | 037 | 056| -0.25 026 | 021 -0.50
2.2-Dimethylpropanoic | 5.03 | -0.74 | -0.09 | -0.04 -0.68 -0.40 -0.20 -0.28 -0.53
3-Methylbutanoic | 4.77 | -1.34 | -014 | -026 | -1.04 | -0.27 001 | 031 063
2-Methylbutanoic | 4.80 | -0.38 | 1.07 | -0.86 | -025| -1.02 071 -034| 091
2-Butynoic 262 | 214 091 | 132| 132| 254 246 | 1.36 0.56
2-Chloropropanoic | 2.83 | 1.08 | -1.11| 155| 096| 1.38 169 | 1.31 127
3-Bromopropanoic 4.00 | 1.12 022 | 224 0.98 0.81 2.33 1.09 0.61
3-Chloropropanoic | 3.98 | 037 | -0.63| 130 | 047| 1.06 189 | 094 0.84
trans-Crotonic 460 | 033| 010| 017 | -072| o0.14 040 | -0.12 0.00
Formic 375| 120 | 006 | 185| 133| 164 171 122 133

a. Data from references % and ©5.
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Table S6. Experimental pKa values and differences between experimental and
calculated values for different levels of theory using SMD solvent model, one
explicit water molecule, and training set 1. HF and DFT calculations used aug-
cc-pVDZ basis functions.

Acids (Z })((:; G4CEP | AM1 | PM6 | HF | LSDA | PBE | B3LYP ngp WB97XD | M062X | B2PLYP
Acetic 4.76 0.37 | 0.09| 062 | -082| -0.35]| -2.12 -0.18 -0.13 -1.15 -0.62 -0.33
Propanoic 4.88 0.83 | 0.90 | -0.47 | -219 | -0.41 | -1.35 -0.73 -1.58 -0.58 -0.25 -0.67
Butanoic 4.82 0.82 | 0.37 | 0.00| -1.01| -0.52 | -0.36 -1.01 -0.72 -0.81 -1.59 -0.63
Pentanoic 4.82 0.24 | -042 | 0.87 | -2.05| -0.91 | -1.85 -2.14 -1.80 -2.00 -0.51 -2.14
Hexanoic 4.85 025 | -045| 097 | -1.63 | -0.46 | -1.05 -1.27 -1.02 -1.14 -0.54 -1.34
Chloroacetic 2.86 0.35 | 0.38| 0.23 | 1.39 0.73 | 0.84 0.25 0.43 0.84 0.68 0.43
Bromoacetic 2.90 -0.70 | -0.52 | -0.92 | 0.35 0.62 | 0.73 0.17 0.28 0.24 -0.06 0.13
Trichloroacetic 0.70 061 | 325 | 199 | 4.25 151 | 214 2.69 2.20 2.77 2.84 2.67
2-Chlorobutanoic 2.83 0.21 | 0.18 | -0.92 | 0.77 0.53 | 0.04 0.45 0.80 0.03 0.08 0.93
3-Chlorobutanoic 3.98 -0.79 | -0.94 | 1.06 | 1.03 | -0.01 | 0.45 0.69 0.12 -0.30 0.07 0.42
4-Chlorobutanoic 4.52 -040 | -0.73 | 0.63 | -0.92 | -0.26 | 0.62 -0.10 -0.04 0.07 -0.79 -0.16
3-Butenoic 4.35 0.24 | -0.55 | -0.14 | -0.61 0.59 | -0.41 -0.70 -0.75 -0.63 -0.57 -1.11
2-Methylpropanoic 4.84 0.55| -095 | -023|-0.39 | -0.14 | -0.15 -0.43 -0.04 -0.11 -0.20 0.24
2.2-Dimethylpropanoic | 5.03 -0.32 | 0.01|-1.20 | -1.14 | -0.41 | -1.04 -0.66 -1.04 -0.64 -0.45 -0.64
3-Methylbutanoic 4.77 0.37 | -040 | 2.09 | 0.24 | -0.53 | -0.62 -0.80 -0.49 -0.15 -0.30 -0.47
2-Methylbutanoic 4.80 -0.70 | 046 | 0.24 | -0.75 | -0.45 | -0.20 -0.60 -0.56 -0.12 -0.32 -0.59
2-Butynoic 2.62 -1.33 | 143 | -225| 046 | -0.03 | 0.38 0.75 0.96 0.72 0.61 1.05
2-Chloropropanoic 2.83 -0.30 | 0.27 | 0.30 | 1.50 0.07 | 0.88 0.76 0.32 0.42 -0.01 0.44
3-Bromopropanoic 4.00 049 | 062 | -0.15| -0.16 | -0.61 | 1.46 1.07 1.05 0.50 0.65 0.90
3-Chloropropanoic 3.98 0.13 | -0.19 | 061 | 0.77 0.32 | 1.58 1.23 1.25 1.63 1.1 0.39
trans-Crotonic 4.69 -0.81 | -044 | 0.12 | -0.66 | -0.35 | -0.86 -0.61 -0.46 -0.83 -0.33 -0.46
Formic 3.75 -0.12 | -2.36 | -3.46 | 1.57 1.07 | 0.90 1.16 1.23 1.28 0.50 0.92

a. Data from references %4 and 65.
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Table S7. Experimental pKa values and differences between experimental and
calculated values for different levels of theory using SMD solvent model, one
explicit water molecule, and training set 2. HF and DFT calculations used aug-
cc-pVDZ basis functions.

pKa?

CAM

Acids (exp) G4CEP | AM1 | PM6 | HF | LSDA | PBE | B3LYP B3LYP WB97XD | M062X | B2PLYP
Acetic 4.76 -0.31 | -0.37 | 0.57 | 0.52 0.08 | -0.84 0.46 0.68 -0.30 0.20 0.21
Propanoic 4.88 0.16 | 0.45 | -0.52 | -0.85 0.02 | -0.08 -0.09 -0.77 0.27 0.57 -0.13
Butanoic 4.82 0.14 | -0.08 | -0.05 | 0.33 | -0.10 | 0.92 -0.37 0.09 0.04 -0.77 -0.09
Pentanoic 4.82 -043 | -0.88 | 0.83 | -0.72 | -0.48 | -0.57 -1.50 -0.99 -1.15 0.31 -1.60
Hexanoic 4.85 -042 | -091| 092 | -0.29 | -0.03 | 0.22 -0.62 -0.21 -0.29 0.28 -0.79
Chloroacetic 2.86 -0.33 | -0.07 | 0.18 | 2.73 115 | 2.1 0.89 1.24 1.69 1.50 0.97
Bromoacetic 2.90 -1.37 | -0.97 | -0.97 | 1.69 1.05 | 2.01 0.82 1.09 1.09 0.76 0.67
Trichloroacetic 0.70 -0.06 | 280 | 1.94 | 559 1.94 | 342 3.33 3.01 3.62 3.66 3.22
2-Chlorobutanoic 2.83 -0.47 | -0.27 | -0.97 | 2.10 095 | 1.32 1.10 1.61 0.87 0.90 1.47
3-Chlorobutanoic 3.98 -1.46 | -1.40 | 1.02 | 2.37 042 | 1.72 1.33 0.93 0.55 0.89 0.96
4-Chlorobutanoic 4.52 -1.08 | -1.18 | 0.58 | 0.42 0.17 | 1.90 0.54 0.77 0.92 0.02 0.39
3-Butenoic 4.35 -0.43 | -1.00 | -0.19 | 0.73 1.02 | 0.86 -0.06 0.07 0.22 0.25 -0.57
2-Methylpropanoic 4.84 -0.12 | -1.41 | -0.28 | 0.95 029 | 1.12 0.21 0.77 0.73 0.62 0.79
2.2-Dimethylpropanoic | 5.03 -0.99 | -045| -1.25 | 0.20 0.02 | 0.23 -0.02 -0.23 0.21 0.37 -0.09
3-Methylbutanoic 4.77 -0.30 | -0.85 | 2.05| 158 | -0.10 | 0.66 -0.16 0.32 0.70 0.51 0.08
2-Methylbutanoic 4.80 -1.37 | 0.01| 020 | 059 | -0.03 | 1.08 0.04 0.25 0.73 0.50 -0.05
2-Butynoic 2.62 -2.00 | 0.98 | -2.30 | 1.80 040 | 1.66 1.39 1.78 1.57 1.43 1.60
2-Chloropropanoic 2.83 -097 | -019 | 0.26 | 2.84 0.50 | 2.16 1.41 1.14 1.27 0.81 0.98
3-Bromopropanoic 4.00 -0.18 | 0.17 | -0.20 | 118 | -0.18 | 2.74 1.72 1.86 1.35 1.46 1.45
3-Chloropropanoic 3.98 -0.54 | -0.65 | 0.56 | 2.11 0.74 | 2.86 1.87 2.06 2.48 1.93 0.94
trans-Crotonic 4.69 -1.48 | -0.89 | 0.07 | 0.68 0.08 | 0.41 0.03 0.35 0.02 0.49 0.09
Formic 3.75 -0.79 | -2.82 | -3.51 | 2.91 149 | 218 1.80 2.04 2.13 1.31 1.46

a. Data from references 4 and ©°.
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Table S8. Experimental pKa values and differences between experimental and
calculated values for different levels of theory using SMD solvent model, one
explicit water molecule, and training set 3. HF and DFT calculations used aug-
cc-pVDZ basis functions.

pKa?

CAM

Acids (exp) G4CEP | AM1 | PM6 | HF | LSDA | PBE | B3LYP B3LYP WB97XD | M062X | B2PLYP
Acetic 4.76 045 | 0.01 | 055 -0.14 | -0.07 | -1.45 0.59 0.39 -0.45 -0.37 0.27
Propanoic 4.88 092 | 083 | -054|-151| -0.13 | -0.68 0.03 -1.06 0.12 0.00 -0.07
Butanoic 4.82 0.90 | 0.30 | -0.07 | -0.33 | -0.24 | 0.31 -0.25 -0.20 -0.11 -1.34 -0.03
Pentanoic 4.82 0.33 | -0.50 | 0.81|-1.37 | -0.63 | -1.18 -1.38 -1.28 -1.30 -0.26 -1.54
Hexanoic 4.85 0.33 | -0.53 | 0.90 | -0.95 | -0.18 | -0.39 -0.50 -0.50 -0.44 -0.29 -0.73
Chloroacetic 2.86 043 | 031 | 0.16 | 2.08 1.00 | 1.51 1.01 0.95 1.54 0.93 1.03
Bromoacetic 2.90 -0.61 | -0.59 | -0.99 | 1.03 0.90 | 1.40 0.94 0.80 0.94 0.19 0.73
Trichloroacetic 0.70 0.70 | 318 | 192 | 4.93 1.79 | 2.81 3.45 2,72 3.47 3.09 3.27
2-Chlorobutanoic 2.83 029 | 011 | -098 | 145 0.81 | 0.71 1.22 1.32 0.72 0.33 1.53
3-Chlorobutanoic 3.98 -0.71 | -1.01 | 1.00 | 1.71 027 | 1.11 1.45 0.64 0.40 0.32 1.02
4-Chlorobutanoic 4.52 -0.32 | -0.80 | 0.57 | -0.24 0.02 | 1.29 0.67 0.48 0.77 -0.55 0.44
3-Butenoic 4.35 0.33 | -0.62 | -0.21 | 0.07 0.87 | 0.25 0.06 -0.22 0.07 -0.32 -0.51
2-Methylpropanoic 4.84 0.64 | -1.03 | -0.30 | 0.30 0.14 | 0.51 0.33 0.48 0.59 0.05 0.85
2.2-Dimethylpropanoic | 5.03 -0.23 | -0.07 | -1.26 | -0.46 | -0.13 | -0.38 0.10 -0.52 0.06 -0.20 -0.04
3-Methylbutanoic 4.77 045 | -047 | 203 | 092 | -025| 0.05 -0.03 0.03 0.55 -0.06 0.14
2-Methylbutanoic 4.80 -0.62 | 0.39 | 0.18 | -0.07 | -0.17 | 0.47 0.16 -0.04 0.58 -0.07 0.01
2-Butynoic 2.62 -1.25 | 136 | -2.32 | 1.14 025 | 1.05 1.51 1.49 1.42 0.86 1.65
2-Chloropropanoic 2.83 -0.22 | 0.19| 024 | 2.18 0.35 | 1.55 1.53 0.85 1.12 0.24 1.04
3-Bromopropanoic 4.00 0.58 | 055 |-022| 052 | -0.33| 2.13 1.84 1.57 1.20 0.89 1.51
3-Chloropropanoic 3.98 0.22 | -0.27 | 055 | 145 0.60 | 2.25 2.00 1.77 2.33 1.36 0.99
trans-Crotonic 4.69 -0.72 | -0.51 | 0.05 | 0.02 | -0.07 | -0.19 0.16 0.06 -0.13 -0.08 0.14
Formic 3.75 -0.04 | -243 | -3.53 | 2.25 135 | 1.57 1.92 1.75 1.98 0.74 1.52

a. Data from references 4 and ©°.
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Table S9. Experimental pKa values and differences between experimental and
calculated values for HF and different DFT levels with aug-cc-pVTZ basis set,

SMD solvent model, one explicit water molecule, and training set 1.

pKa?

CAM

Acids (exp) HF | LSDA | PBE | B3LYP B3LYP WB97XD | M062X | B2PLYP
Acetic 4.76 | -0.09 | -1.07 | -0.07 -0.26 -1.23 -0.72 -0.88 -0.09
Propanoic 488 | -2.02 | -052 | -1.11 -1.60 -1.44 -0.95 -0.87 -0.44
Butanoic 482 | -099 | -0.56 | 0.07 -0.15 -0.63 -0.63 -0.87 -0.34
Pentanoic 482 | -1.96 | -0.97 | -1.91 -1.15 -1.05 -1.80 -0.87 -1.89
Hexanoic 485 | -1.98 0.19 | -1.12 -1.41 -1.19 -0.83 -0.81 -0.58
Chloroacetic 286 | 1.22 0.72 | 0.64 1.16 0.96 0.92 0.61 0.42
Bromoacetic 290 | 0.78 0.37 | -0.28 0.66 0.73 -0.20 0.62 0.21
Trichloroacetic 0.70 | 3.18 1.16 | 1.91 2.15 1.95 2.71 2.20 2.63
2-Chlorobutanoic 2.83 | -0.84 0.65 | 0.04 0.67 0.50 0.01 0.71 0.73
3-Chlorobutanoic 3.98 | 0.16 | -0.04 | 0.02 -0.44 -0.21 -0.47 0.08 -0.20
4-Chlorobutanoic 452 | 042 | -025| 045 0.59 0.57 0.13 0.94 0.18
3-Butenoic 435 | -0.54 | -0.59 | -0.42 -0.44 -0.38 -0.50 -0.29 -0.69
2-Methylpropanoic 484 | 029 | -0.25| -0.59 -0.25 -0.15 -0.03 -0.13 -0.13
2.2-Dimethylpropanoic | 5.03 | -1.07 | -0.14 | -0.52 -0.82 -0.01 -0.12 -0.76 -0.55
3-Methylbutanoic 4.77 | -0.78 | -0.18 | 0.20 -1.27 -1.08 -0.51 -0.19 -0.68
2-Methylbutanoic 480 | -045| -0.10 | -0.25 -0.02 -0.39 0.28 -1.12 -1.39
2-Butynoic 262 | 193 0.30 | 0.30 0.22 1.10 0.68 0.44 0.41
2-Chloropropanoic 283 | -0.38 | -0.12 | 0.61 0.38 -0.10 0.58 0.11 0.57
3-Bromopropanoic 4.00 | 0.98 0.73 | 1.42 0.35 0.49 -0.05 -0.07 0.98
3-Chloropropanoic 3.98 | 0.22 0.18 | 0.63 0.57 0.93 1.69 0.39 0.18
trans-Crotonic 4.69 | -0.03 | -0.40 | -0.91 0.11 -0.15 -1.15 0.29 -0.52
Formic 3.75 | 1.94 0.89 | 0.89 0.95 0.79 0.96 0.48 1.18

a. Data from references % and ©5.
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Table S10. Experimental pKa values and differences between experimental and
calculated values for HF and different DFT levels with aug-cc-pVTZ basis set,

SMD solvent model, one explicit water molecule, and training set 2.

Acids &ﬁ; HF | LSDA | PBE | B3LYP B%ﬁvp WB97XD | M062X | B2PLYP
Acetic 476 | 094 | -035| 030| o041 -0.13 0.05| -0.01 0.20
Propanoic 488 | 099 | 019|074 -093| -0.34 2018 | 000 -0.15
Butanoic 482 | 005| 016| 044 | o052 o047 014 | 001 -0.05
Pentanoic 482 | 092 | -026|-154| -048| 005 104 | 001 160
Hexanoic 485 | 095| 091|-075| -0.75| -0.09 2007 | 006 -0.29
Chloroacetic 286 | 225| 143 | 1.01| 183| 206 168 | 149 0.71
Bromoacetic 2.90 1.82 1.09 | 0.09 1.32 1.83 0.57 1.49 0.50
Trichloroacetic 070 | 422 | 188 227| 281| 305 348 | 3.08 2.92
2-Chlorobutanoic | 2.83 | 019 | 136 | 041 | 134| 1.0 078 | 158 1.02
3-Chlorobutanoic | 3.98 | 120 | 068 | 038| 023 089 0290 | 096 0.09
4-Chlorobutanoic | 452 | 145| 047 082| 126| 167 090 | 182 0.47
3-Butenoic 435 | 050 | 013]-005| o023| o072 027 | 058| -040
2-Methylpropanoic | 4.84 | 132 | 047 |-022| 041| 095 073| 075 0.16
2.2-Dimethylpropanoic | 5.03 | -0.04 0.58 | -0.15 -0.15 1.09 0.65 0.11 -0.26
3-Methylbutanoic | 477 | 026 | 054 | 057 | -0.60| 0.02 025| 068| -0.40
2-Methylbutanoic | 4.80 | 059 | 062 | 0.12| 065| 0.71 105| 025 -1.10
2-Butynoic 262 | 296| 102| 067 | 08| 220 144 | 131 0.70
2-Chloropropanoic | 2.83 | 0.66| 059 | 098 | 1.04| 1.00 134 | 099 0.85
3-Bromopropanoic 4.00 2.01 145 | 1.79 1.02 1.59 0.72 0.81 1.27
3-Chloropropanoic | 3.98 | 1.25| 0.89| 1.00| 124 | 203 245| 126 0.47
trans-Crotonic 460 | 1.00| 032]-055| o078| 095 2038| 117| -0.23
Formic 375 | 297 | 161 | 126| 162| 189 173 | 135 147

a. Data from references % and ©5.
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Table S11. Experimental pKa values and differences between experimental and
calculated values for HF and different DFT levels with aug-cc-pVTZ basis set,

SMD solvent model, one explicit water molecule, and training set 3.

pKa?

CAM

Acids (exp) HF | LSDA | PBE | B3LYP B3LYP WB97XD | M062X | B2PLYP
Acetic 476 | 099 | -093 | 0.64 -0.09 -0.92 -0.22 -0.45 0.76
Propanoic 488 | -0.94 | -0.38 | -0.40 -1.43 -1.13 -0.44 -0.44 0.41
Butanoic 482 | 0.09| -041| 0.78 0.02 -0.32 -0.12 -0.44 0.51
Pentanoic 482 | -0.88 | -0.83 | -1.20 -0.98 -0.74 -1.30 -0.44 -1.04
Hexanoic 4.85 | -0.90 0.33 | -0.41 -1.25 -0.88 -0.33 -0.38 0.27
Chloroacetic 286 | 2.30 0.86 | 1.35 1.33 1.27 1.42 1.04 1.27
Bromoacetic 2.90 1.86 0.51 | 0.43 0.82 1.04 0.30 1.04 1.06
Trichloroacetic 0.70 | 4.27 1.31 | 2.61 2.31 2.27 3.22 2.63 3.48
2-Chlorobutanoic 283 | 0.24 079 | 0.74 0.84 0.81 0.52 1.14 1.58
3-Chlorobutanoic 398 | 1.24 0.11 | 0.72 -0.27 0.10 0.03 0.51 0.65
4-Chlorobutanoic 452 | 150 | -0.10 | 1.16 0.76 0.88 0.64 1.37 1.03
3-Butenoic 435 | 055 | -044 | 0.28 -0.27 -0.07 0.00 0.14 0.16
2-Methylpropanoic 484 | 137 | -0.10 | 0.12 -0.09 0.16 0.47 0.30 0.72
2.2-Dimethylpropanoic | 5.03 | 0.01 0.01 | 0.18 -0.65 0.30 0.38 -0.34 0.30
3-Methylbutanoic 477 | 0.30 | -0.03 | 0.91 -1.10 -0.77 -0.01 0.23 0.16
2-Methylbutanoic 4.80 | 0.63 0.04 | 0.46 0.15 -0.08 0.78 -0.70 -0.54
2-Butynoic 262 | 3.01 045 | 1.01 0.38 1.41 1.18 0.87 1.26
2-Chloropropanoic 283 | 0.71 0.02 | 1.32 0.54 0.22 1.08 0.54 1.41
3-Bromopropanoic 4.00 | 2.06 0.88 | 2.13 0.52 0.80 0.46 0.36 1.83
3-Chloropropanoic 3.98 | 1.30 032 | 1.34 0.73 1.24 2.19 0.82 1.03
trans-Crotonic 469 | 1.05| -0.26 | -0.21 0.28 0.17 -0.64 0.72 0.33
Formic 3.75 | 3.02 1.03 | 1.60 1.12 1.11 1.47 0.91 2.03

a. Data from references % and ©5.
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