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Table S1. Molecules used for the calculation and corresponding data used for the construction of models.
	#
	name
	exp.
pKaa,b
	AM1#
	PM6#
	HF#
	B3LYP#
	NCOO
	NNH4+

	1
	acetic acid
	4.76
	469.59
	516.63
	747.25
	694.90
	1
	0

	2
	bromoacetic acid
	2.90
	489.78
	561.53
	809.56
	762.46
	1
	0

	3
	chloroacetic acid
	2.82
	490.76
	549.61
	809.39
	758.47
	1
	0

	4
	dichloroacetic acid
	1.26
	520.96
	572.79
	849.02
	793.82
	1
	0

	5
	trichloroacetic acid
	0.63
	535.09
	593.56
	844.83
	817.89
	1
	0

	6
	trifluoroacetic acid
	0.23
	560.77
	606.87
	856.92
	784.53
	1
	0

	7
	acrylic acid
	4.25
	463.98
	512.46
	763.24
	718.57
	1
	0

	8
	formic acid
	3.55
	531.28
	563.00
	813.47
	761.63
	1
	0

	9
	mercaptoacetic acid
	3.67
	490.82
	549.17
	791.21
	753.04
	1
	0

	10
	propanoic acid
	4.87
	465.72
	515.48
	752.27
	707.13
	1
	0

	11
	α-chloropropionic acid
	2.88
	492.88
	541.20
	805.17
	753.89
	1
	0

	12
	3-chloropropionic acid
	4.00
	485.58
	538.23
	798.04
	738.33
	1
	0

	13
	methacrylic acid
	4.66
	466.61
	512.60
	762.86
	695.17
	1
	0

	14
	butanoic acid
	4.82
	462.47
	506.05
	754.87
	707.15
	1
	0

	15
	vinylacetic acid
	4.34
	471.01
	521.65
	762.01
	714.26
	1
	0

	16
	(Z)-2-butenoic acid
	4.70
	451.66
	499.41
	747.41
	690.52
	1
	0

	17
	isobutyric acid
	4.86
	463.79
	503.89
	759.29
	709.27
	1
	0

	18
	pentanoic acid
	4.86
	465.18
	509.05
	761.80
	701.53
	1
	0

	19
	isovaleric acid
	4.78
	464.37
	506.53
	764.34
	712.60
	1
	0

	20
	pivalic acid
	5.05
	460.98
	498.63
	750.76
	685.95
	1
	0

	21
	cyanoacetic acid
	2.45
	505.71
	570.85
	835.64
	779.93
	1
	0

	22
	2-bromobutanoic acid
	2.55
	488.54
	534.80
	801.43
	749.54
	1
	0

	23
	glycolic acid
	3.83
	496.85
	549.35
	813.73
	763.39
	1
	0

	24
	lactic acid
	3.86
	495.07
	530.89
	813.69
	762.60
	1
	0

	25
	oxalic acid
	3.68
	552.48
	611.83
	848.95
	821.61
	2
	0

	26
	malonic acid
	1.27
	503.97
	561.81
	795.36
	735.35
	2
	0

	27
	succinic acid
	2.83
	519.28
	581.06
	838.14
	792.27
	2
	0

	28
	maleic acid
	4.20
	493.90
	548.03
	796.11
	737.64
	2
	0

	29
	glutaric acid
	1.94
	472.50
	524.50
	762.86
	710.82
	2
	0

	30
	2-hydroxybutanoic acid
	4.35
	482.34
	519.70
	806.85
	759.85
	1
	0

	31
	2-chlorobutanoic acid
	2.84
	490.63
	539.02
	801.13
	751.75
	1
	0

	32
	3-chlorobutanoic acid
	4.06
	489.23
	541.29
	798.6
	744.89
	1
	0

	33
	4-chlorobutanoic acid
	4.52
	479.16
	527.25
	778.32
	719.26
	1
	0

	34
	nitroacetic acid
	1.68
	550.46
	586.61
	859.25
	799.18
	1
	0

	35
	difluoroacetic acid
	1.24
	526.27
	574.14
	841.25
	782.54
	1
	0

	36
	2-bromopropanoic acid
	2.97
	488.30
	534.43
	802.58
	749.94
	1
	0

	37
	3-bromopropanoic acid
	3.99
	487.23
	539.67
	782.66
	749.62
	1
	0

	38
	4-bromobutanoic acid
	4.58
	478.76
	/
	772.91
	726.91
	1
	0

	39
	fluoroacetic acid
	2.59
	501.89
	547.7
	806.99
	753.92
	1
	0

	40
	aniline
	4.58
	1018.3
	978.82
	1251.16
	1223.32
	0
	3

	41
	m-aminoaniline
	4.88
	1000.68
	956.04
	1235.40
	1197.01
	0
	3

	42
	m-bromoaniline
	3.51
	1030.45
	/
	1275.36
	1233.80
	0
	3

	43
	m-chloroaniline
	3.34
	1028.97
	990.27
	1267.07
	1240.03
	0
	3

	44
	m-cyanoaniline
	2.76
	1043.44
	1004.3
	1293.71
	1264.77
	0
	3

	45
	m-fluoroaniline
	3.59
	1034.23
	995.78
	1266.46
	1229.87
	0
	3

	46
	m-hydroxyaniline
	4.17
	1024.93
	980.25
	1252.12
	1216.59
	0
	3

	47
	m-methoxyaniline
	4.20
	1018.30
	970.19
	1242.95
	1212.61
	0
	3

	48
	m-methylaniline
	4.69
	1011.94
	972.16
	1243.99
	1207.78
	0
	3

	49
	m-nitroaniline
	2.50
	1061.77
	1012.9
	1299.34
	1260.38
	0
	3

	50
	p-aminoaniline
	6.08
	980.38
	936.07
	1218.41
	1182.65
	0
	3

	51
	p-bromoaniline
	3.91
	1029.41
	987.87
	1266.29
	1233.05
	0
	3

	52
	p-chloroaniline
	3.98
	1026.57
	986.35
	1267.14
	1233.97
	0
	3

	53
	p-cyanoaniline
	1.74
	1040.74
	1004.9
	1293.78
	1260.59
	0
	3

	54
	p-fluoroaniline
	4.65
	1029.86
	990.88
	1266.75
	1235.36
	0
	3

	55
	p-hydroxyaniline
	5.50
	1014.30
	971.19
	1235.59
	1209.49
	0
	3

	56
	p-methoxyaniline
	5.29
	1000.62
	953.84
	1239.08
	1205.08
	0
	3

	57
	p-methylaniline
	5.12
	1010.5
	964.40
	1240.00
	1209.56
	0
	3

	58
	p-nitroaniline
	1.02
	1064.72
	1021.3
	1302.35
	1268.42
	0
	3

	59
	benzoic acid
	4.19
	468.63
	513.96
	742.17
	720.30
	1
	0

	60
	m-bromobenzoic acid
	3.81
	478.35
	/
	788.33
	737.73
	1
	0

	61
	m-chlorobenzoic acid
	3.83
	476.32
	532.48
	770.89
	735.78
	1
	0

	62
	m-cyanobenzoic acid
	3.60
	488.86
	549.23
	812.42
	754.81
	1
	0

	63
	m-fluorobenzoic acid
	3.87
	479.89
	537.95
	783.02
	715.60
	1
	0

	64
	m-hydroxybenzoic acid
	4.08
	484.47
	541.97
	768.50
	718.85
	1
	0

	65
	m-methoxybenzoic acid
	4.09
	467.02
	520.86
	766.38
	707.29
	1
	0

	66
	m-nitrobenzoicacid
	3.49
	507.91
	559.27
	805.68
	754.56
	1
	0

	67
	m-toluic acid
	4.27
	461.96
	506.73
	762.34
	694.93
	1
	0

	68
	p-bromobenzoic acid
	3.97
	484.99
	/
	771.93
	728.34
	1
	0

	69
	p-chlorobenzoic acid
	3.98
	481.13
	529.33
	764.51
	727.04
	1
	0

	70
	p-cyanobenzoic acid
	3.55
	495.24
	552.27
	819.68
	736.94
	1
	0

	71
	p-fluorobenzoic acid
	4.14
	481.47
	528.41
	777.78
	710.90
	1
	0

	72
	p- hydroxybenzoic acid
	3.57
	506.95
	569.02
	772.21
	733.38
	1
	0

	73
	p-methoxybenzoic acid
	3.47
	463.70
	492.41
	739.69
	682.52
	1
	0

	74
	p-nitrobenzoic acid
	3.43
	507.28
	557.64
	816.42
	757.6
	1
	0

	75
	p-toluic acid
	4.37
	465.31
	504.78
	747.92
	688.82
	1
	0

	76
	p-nitrophenol
	7.15
	540.18
	602.86
	803.87
	766.83
	0
	0

	77
	p-cyanophenol
	7.97
	498.81
	574.1
	798.22
	753.92
	0
	0

	78
	m-nitrophenol
	8.36
	523.41
	576.16
	795.22
	743.21
	0
	0

	79
	m-cyanophenol
	8.61
	496.01
	562.1
	776.27
	750.14
	0
	0

	80
	m-bromophenol
	9.03
	482.80
	/
	749.73
	727.01
	0
	0

	81
	m-chlorophenol
	9.12
	479.74
	546.54
	763.36
	723.46
	0
	0

	82
	m-fluorophenol
	9.29
	485.61
	546.93
	752.67
	712.12
	0
	0

	83
	resorcinol
	9.32
	476.80
	538.70
	732.90
	699.68
	0
	0

	84
	p-bromophenol
	9.37
	489.09
	/
	756.51
	711.95
	0
	0

	85
	p-chlorophenol
	9.41
	483.46
	540.78
	756.61
	710.34
	0
	0

	86
	m-hydroxyanisole
	9.65
	466.85
	522.59
	716.31
	689.65
	0
	0

	87
	m-aminophenol
	9.82
	453.29
	509.85
	725.99
	676.46
	0
	0

	88
	hydroquinone
	9.85
	465.47
	519.90
	726.57
	687.23
	0
	0

	89
	p-fluorophenol
	9.89
	483.80
	533.29
	744.23
	706.22
	0
	0

	90
	phenol
	9.99
	456.99
	520.51
	730.27
	694.65
	0
	0

	91
	m-cresol
	10.09
	457.22
	513.57
	726.23
	682.51
	0
	0

	92
	p-hydroxyanisole
	10.21
	449.88
	513.13
	720.43
	681.62
	0
	0

	93
	p-aminophenol
	10.30
	449.52
	501.24
	707.35
	661.43
	0
	0

	94
	p-cresol
	10.26
	459.60
	508.53
	720.54
	676.17
	0
	0


a  lit.: A. Albert, E. P. Serjeant: Ionization constants of acids and bases, Methuen, London, United Kingdom, 1962, b lit.: D. D. Perrin, (Ed.): Dissociation constants of organic bases in aqueous solution, Butterworths, London, United Kingdom, 1965. # Maximum in MEP projected onto the isoelectric density surface (0.02), in kcal/mol; calculated with the designated calculation method.

Table S2. Experimental and calculated values of pKa for models using MEP results from different calculation methods
	#
	name
	exp.
pKaa,b
	pred.
pKa (AM1)
	pred.
pKa (HF)
	pred.
pKa (B3LYP)

	1
	acetic acid*
	4.76
	4.48
	5.22
	5.12

	2
	bromoacetic acid‡
	2.90
	3.59
	2.98
	2.84

	3
	chloroacetic acid*
	2.82
	3.54
	2.99
	2.98

	4
	dichloroacetic acid‡
	1.26
	2.23
	1.56
	1.79

	5
	trichloroacetic acid*
	0.63
	1.61
	1.71
	0.97

	6
	trifluoroacetic acid‡
	0.23
	0.49
	1.28
	2.10

	7
	acrylic acid‡
	4.25
	4.72
	4.64
	4.32

	8
	formic acid*
	3.55
	1.78
	2.84
	2.87

	9
	mercaptoacetic acid‡
	3.67
	3.55
	3.64
	3.16

	10
	propanoic acid*
	4.87
	4.65
	5.04
	4.71

	11
	α-chloropropionic acid*
	2.88
	3.46
	3.14
	3.13

	12
	3-chloropropionic acid‡
	4.00
	3.78
	3.39
	3.66

	13
	methacrylic acid*
	4.66
	4.61
	4.66
	5.11

	14
	butanoic acid‡
	4.82
	4.79
	4.94
	4.71

	15
	vinylacetic acid*
	4.34
	4.41
	4.69
	4.47

	16
	(Z)-2-butenoic acid‡
	4.70
	5.26
	5.21
	5.27

	17
	isobutyric acid*
	4.86
	4.73
	4.78
	4.63

	18
	pentanoic acid‡
	4.86
	4.67
	4.69
	4.90

	19
	isovaleric acid*
	4.78
	4.70
	4.60
	4.52

	20
	pivalic acid*
	5.05
	4.85
	5.09
	5.42

	21
	cyanoacetic acid‡
	2.45
	2.90
	2.04
	2.25

	22
	2-bromobutanoic acid*
	2.55
	3.65
	3.27
	3.28

	23
	glycolic acid*
	3.83
	3.28
	2.83
	2.81

	24
	lactic acid‡
	3.86
	3.36
	2.83
	2.84

	30
	2-hydroxybutanoic acid*
	4.35
	3.92
	3.08
	2.93

	31
	2-chlorobutanoic acid*
	2.84
	3.56
	3.28
	3.20

	32
	3-chlorobutanoic acid*
	4.06
	3.62
	3.37
	3.43

	33
	4-chlorobutanoic acid*
	4.52
	4.06
	4.10
	4.30

	34
	nitroacetic acid*
	1.68
	0.94
	1.20
	1.60

	35
	difluoroacetic acid*
	1.24
	2.00
	1.84
	2.17

	36
	2-bromopropanoic acid*
	2.97
	3.66
	3.23
	3.26

	37
	3-bromopropanoic acid*
	3.99
	3.70
	3.95
	3.27

	38
	4-bromobutanoic acid*
	4.58
	4.07
	4.30
	4.04

	39
	fluoroacetic acid‡
	2.59
	3.06
	3.07
	3.13

	40
	aniline*
	4.58
	4.16
	4.24
	4.02

	41
	m-aminoaniline*
	4.88
	4.93
	4.80
	4.91

	42
	m-bromoaniline*
	3.51
	3.63
	3.37
	3.67

	43
	m-chloroaniline*
	3.34
	3.69
	3.66
	3.46

	44
	m-cyanoaniline*
	2.76
	3.06
	2.71
	2.62

	45
	m-fluoroaniline*
	3.59
	3.46
	3.69
	3.80

	46
	m-hydroxyaniline*
	4.17
	3.87
	4.20
	4.25

	47
	m-methoxyaniline*
	4.20
	4.16
	4.53
	4.38

	48
	m-methylaniline*
	4.69
	4.44
	4.49
	4.54

	49
	m-nitroaniline*
	2.50
	2.26
	2.51
	2.77

	50
	p-aminoaniline*
	6.08
	5.82
	5.41
	5.39

	51
	p-bromoaniline‡
	3.91
	3.67
	3.69
	3.69

	52
	p-chloroaniline*
	3.98
	3.80
	3.66
	3.66

	53
	p-cyanoaniline*
	1.74
	3.18
	2.70
	2.76

	54
	p-fluoroaniline‡
	4.65
	3.65
	3.68
	3.61

	55
	p-hydroxyaniline*
	5.50
	4.33
	4.79
	4.48

	56
	p-methoxyaniline*
	5.29
	4.93
	4.67
	4.63

	57
	p-methylaniline‡
	5.12
	4.50
	4.64
	4.48

	58
	p-nitroaniline*
	1.02
	2.13
	2.40
	2.50

	59
	benzoic acid‡
	4.19
	4.52
	5.40
	4.26

	60
	m-bromobenzoic acid*
	3.81
	4.09
	3.74
	3.68

	61
	m-chlorobenzoic acid*
	3.83
	4.18
	4.37
	3.74

	62
	m-cyanobenzoic acid*
	3.60
	3.63
	2.88
	3.10

	63
	m-fluorobenzoic acid*
	3.87
	4.03
	3.93
	4.42

	64
	m-hydroxybenzoic acid*
	4.08
	3.82
	4.45
	4.31

	65
	m-methoxybenzoic acid‡
	4.09
	4.59
	4.53
	4.70

	67
	m-toluic acid*
	4.27
	4.81
	4.68
	5.12

	68
	p-bromobenzoic acid*
	3.97
	3.80
	4.33
	3.99

	69
	p-chlorobenzoic acid*
	3.98
	3.97
	4.60
	4.04

	70
	p-cyanobenzoic acid*
	3.55
	3.35
	2.62
	3.70

	71
	p-fluorobenzoic acid*
	4.14
	3.96
	4.12
	4.58

	72
	p- hydroxybenzoic acid‡
	3.57
	2.84
	4.32
	3.82

	73
	p-methoxybenzoic acid‡
	3.47
	4.73
	5.49
	5.54

	75
	p-toluic acid‡
	4.37
	4.66
	5.19
	5.32

	76
	p-nitrophenol*
	7.15
	6.55
	7.19
	7.34

	77
	p-cyanophenol‡
	7.97
	8.36
	7.39
	7.77

	78
	m-nitrophenol‡
	8.36
	7.28
	7.50
	8.13

	79
	m-cyanophenol*
	8.61
	8.48
	8.18
	7.90

	80
	m-bromophenol*
	9.03
	9.06
	9.13
	8.68

	81
	m-chlorophenol*
	9.12
	9.19
	8.65
	8.80

	82
	m-fluorophenol*
	9.29
	8.93
	9.03
	9.18

	83
	resorcinol*
	9.32
	9.32
	9.74
	9.60

	84
	p-bromophenol‡
	9.37
	8.78
	8.89
	9.19

	85
	p-chlorophenol‡
	9.41
	9.03
	8.89
	9.24

	86
	m-hydroxyanisole*
	9.65
	9.76
	10.33
	9.94

	87
	m-aminophenol*
	9.82
	10.35
	9.99
	10.38

	88
	hydroquinone*
	9.85
	9.82
	9.97
	10.02

	89
	p-fluorophenol‡
	9.89
	9.01
	9.33
	9.38

	90
	phenol*
	9.99
	10.19
	9.83
	9.77

	91
	m-cresol*
	10.09
	10.18
	9.98
	10.18

	92
	p-hydroxyanisole*
	10.21
	10.50
	10.19
	10.21

	93
	p-aminophenol‡
	10.30
	10.51
	10.66
	10.89

	94
	p-cresol*
	10.26
	10.07
	10.18
	10.39


a  lit.: A. Albert, E. P. Serjeant: Ionization constants of acids and bases, Methuen, London, United Kingdom, 1962, b lit.: D. D. Perrin, (Ed.): Dissociation constants of organic bases in aqueous solution, Butterworths, London, United Kingdom, 1965. * training set, ‡ testing set
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Table S3. Coefficients of the model for pKa prediction with Vmax(HF6) and its statistical parameters.
	model
	coefficient
	standard deviation
	
	set of 
compounds
	validation
parameter

	N0
	36.1
	± 1.8
	
	
	

	Vmax(HF6)
	– 0.0359
	± 0.0025
	
	training                          
	R2  =  0.96

	NCOO
	4.01
	± 0.21
	
	testing                          
	Q2 =  0.92

	NNH4+
	4.37
	± 0.43
	
	
	




Table S4. Coefficients of the model for pKa prediction with Vmax(B3LYP) and its statistical parameters.
	model
	coefficient
	standard deviation
	
	set of 
compounds
	validation
parameter

	N0
	33.2
	± 1.7
	
	
	

	Vmax(B3LYP)
	– 0.0337
	± 0.0024
	
	training                          
	R2  =  0.96

	NCOO
	– 4.64
	± 0.19
	
	testing                          
	Q2 =  0.92

	NNH4+
	4.02
	± 0.42
	
	
	




