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Table S1 58 pKa’s of thiols by 10 DFT methods with PCM-Bondi model in thermodynamic cycle 2.

Entry thiols Exp. M05 M05-2X M06 M06-2X M06-HF M06-L B3P86 BMK
KMLY

P
WB97XD

1 HOOC S H 5.90 5.56 4.12 4.58 4.26 5.90 5.01 5.86 4.10 7.37 4.29

2 HOOCH2C S H 6.60 6.24 5.58 6.05 4.77 6.60 5.83 5.69 5.63 8.25 5.10

3 NC S H 4.90 5.76 5.18 5.90 5.09 4.90 5.26 5.15 4.69 7.22 4.67

4 H3COC S H 5.17 6.35 4.93 6.29 5.04 5.17 5.64 5.30 4.53 7.98 4.78

5 HOH2C S H 6.40 7.78 7.07 7.55 6.81 6.40 6.82 7.09 6.26 9.26 6.36

6 (HOH2CH2C)2N S H 7.01 9.02 7.48 8.85 8.79 7.00 7.80 9.03 7.28 10.98 7.96

7 HO S H 6.90 7.95 7.59 8.22 7.83 6.90 6.87 8.12 6.73 10.46 7.94

8 O2N S H 4.61 4.76 2.39 4.35 6.32 4.61 5.40 4.71 4.49 5.91 3.15

9 S H 6.55 7.86 6.55 6.74 6.09 6.55 6.31 7.52 7.49 9.96 6.79

10
S

OH

H
5.70 15.22 7.14 7.52 7.37 5.70 4.61 7.74 7.02 6.95 6.63

11 CF3CH2S H 7.31 9.65 9.74 9.66 9.72 7.30 8.43 9.41 9.07 11.52 8.83

12 CCHCH2SHOOCH2CHN
O

NHCCH2CH2CHNH2
COOHO

H 8.60 7.01 4.79 6.72 4.18 8.60 7.70 5.77 7.04 6.73 5.71

13 CH2OHCH2S H 9.60 12.16 11.50 11.75 11.63 9.60 10.68 11.73 11.49 13.87 11.09

14 SHOOC H 3.20 1.52 0.01 1.13 0.05 3.20 4.90 1.07 1.48 2.40 1.05

15 S

F

FF

F

F

H 2.68 1.78 2.82 2.28 2.20 2.68 3.30 0.36 1.01 3.27 1.38

16 CH2SH3COC
O

H 7.91 14.86 11.66 10.47 12.18 7.86 9.86 13.95 13.57 14.45 10.64

17 CHCH2SHOOC
NH2

H 8.30 12.52 12.93 11.20 12.87 8.30 10.04 11.22 10.47 12.79 12.49

18 CH2SHOC
O

H 10.50 10.04 8.73 10.14 7.55 10.50 13.12 10.78 10.14 15.24 14.70

19 CH3CH2S H 10.61 12.22 11.35 12.07 12.02 10.61 10.32 11.00 10.94 13.59 11.27

20 CHSH3C
CH3

H 10.86 13.00 12.11 12.78 12.69 10.86 11.41 12.50 11.93 14.79 12.35

21 CSH3C
CH3

CH3
H 11.30 12.87 12.42 12.36 12.64 11.31 12.32 13.16 16.47 15.91 12.68

22 CH3CNHCH2CH2S
O

H 9.92 12.27 12.04 13.13 11.93 9.92 11.70 15.27 14.98 17.89 13.96

23 CH3CS
O

H 3.62 4.09 3.59 2.63 4.28 3.62 5.10 1.59 2.26 6.54 3.09

24 CH2S H 9.43 11.09 10.50 11.10 11.16 9.43 11.58 10.54 11.36 12.78 11.06

25 CH3CH2CH2CH2S H 10.88 13.92 12.85 13.19 12.65 10.88 12.25 12.65 12.60 13.78 13.23

26
S

OCH3

H
6.89 5.46 4.77 5.62 6.96 6.89 6.68 4.50 3.72 9.34 6.08

27 SH3CO H 6.78 8.54 8.37 8.12 7.96 6.78 8.04 7.82 6.96 9.34 7.24
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28 SH3C H 6.82 7.82 7.57 6.62 7.63 6.82 7.37 8.02 7.19 10.48 6.75

29
S

CH3

H
7.00 8.73 7.82 8.06 8.60 7.00 7.68 7.66 7.16 10.09 8.05

30
S

H3C

H
6.60 8.28 7.73 7.40 5.91 6.60 7.79 7.15 6.83 10.15 6.97

31 SBr H 6.02 7.06 5.79 6.35 6.20 6.02 6.22 6.48 6.19 8.26 6.07

32
S

Cl

H
5.78 5.49 6.38 6.47 5.71 5.78 6.17 6.68 5.24 8.78 6.13

33
S

Cl

H
5.68 8.70 5.96 5.09 8.16 5.24 5.76 9.38 7.58 8.83 5.33

34 CH3S H 10.33 14.49 11.92 12.16 12.03 10.30 11.17 11.96 11.89 13.81 11.80
35 CH3CH2CH2S H 10.70 12.40 12.47 12.46 12.62 10.70 11.78 11.85 12.29 14.33 12.17

36
S

O2N

H
5.24 8.70 5.96 5.09 8.16 6.85 5.76 9.38 7.58 8.83 5.33

37 HN

HN
S

O

O H 5.30 5.67 4.61 4.09 3.66 5.30 6.40 0.33 1.48 4.76 3.65

38 Cl S H 6.14 7.58 7.09 6.66 5.86 6.14 5.81 6.60 5.36 8.97 6.63

39
CS
CH3

H2C H
7.86 8.36 7.75 7.92 8.28 7.86 6.79 8.38 7.43 12.04 7.93

40 H3CH2COCCH2S
O

H 7.95 10.63 8.75 6.71 5.14 7.95 8.80 7.52 7.65 9.31 10.21

41 HSCHCH2S
CH2OH

H 8.62 11.75 9.16 13.65 11.50 8.62 7.20 13.81 10.16 12.97 11.09

42 OCH2CH2SH3CH2C H 9.38 9.50 9.46 10.08 10.00 9.38 8.62 9.42 8.78 11.70 9.55

43 CH2CHCH2S
OH

HO H 9.51 6.73 2.11 6.09 7.45 9.51 8.30 6.27 5.79 8.76 5.87

44 CSHOH2C
CH3

CH3
H 9.85 11.47 11.58 10.98 11.29 9.85 10.55 11.62 11.72 13.92 10.98

45 CHCH2SH2C H 9.96 10.22 11.30 11.65 11.61 9.96 11.90 8.84 10.95 11.60 11.68

46 HSC(CH3)CH2S
OH

H 9.04 3.92 3.87 2.70 3.60 9.04 8.68 3.44 1.67 6.01 0.68

47 CHCH2SH3COCHN
COOHO

H 8.55 9.47 10.40 10.20 9.52 8.55 9.28 9.37 8.98 12.11 9.52

48 CH2CH2SH2N H 10.53 10.82 10.63 12.00 10.45 10.53 10.53 10.63 10.84 13.01 10.55

49 HSCHCH2S H
CH2OH 10.57 7.35 7.67 7.94 6.97 10.57 9.20 8.91 6.88 10.46 7.59

50 H3CH2C CS
CH3

CH3
H 11.22 13.10 12.58 13.65 12.40 11.22 12.33 13.17 13.70 15.95 12.23

51 HS (CH2)2S H 9.05 10.93 11.15 9.62 9.45 9.05 8.41 10.34 9.52 16.12 11.07

52
N

CH2S H 8.82 9.78 9.91 10.33 9.35 8.82 10.07 9.82 10.32 11.91 9.68

53 S H 10.69 12.48 12.80 12.66 12.49 10.69 11.74 12.24 11.58 14.49 11.95

54
S

H3CO

H
6.39 6.60 6.47 8.21 8.82 6.39 6.09 6.84 6.77 9.31 7.12

55 HO (CH2)4S H 10.19 12.54 12.35 12.15 12.09 10.19 11.69 11.91 12.28 14.07 12.75

56 H3COCCH2CH2S
O

H 9.33 9.52 9.92 8.73 9.32 9.33 8.12 8.94 9.31 11.26 9.70

57 HS (CH2)4S H 9.88 13.02 12.15 11.68 12.02 9.88 11.57 10.33 11.24 13.90 10.94

58 HSH2CH2CHNCNHCH2CH2S H
O

9.26 11.35 13.21 12.59 9.99 9.26 8.90 13.19 11.94 13.67 11.99



Table S2 58 pKa’s of thiols by M06-L and M06-2X methods with PCM-Bondi and SMDsSAS models in thermodynamic cycles 1 and 2.
PCM-Bondi SMDsSAS

M06-L M06-L M06-2XEntry thiols Exp.

Cycle 1 Cycle 1 Cycle 2 Cycle 1 Cycle 2

1 HOOC S H 5.90 9.6 7.9 10.0 5.1 3.5

2 HOOCH2C S H 6.60 11.7 9.1 11.9 6.4 4.7

3 NC S H 4.90 9.3 7.1 9.9 5.1 3.5

4 H3COC S H 5.17 9.4 8.7 9.7 5.1 4.2

5 HOH2C S H 6.40 11.7 10.6 11.2 6.1 8.0

6 (HOH2CH2C)2N S H 7.01 9.4 12.0 14.9 7.0 5.5

7 HO S H 6.90 5.5 9.7 12.3 7.1 7.8

8 O2N S H 4.61 7.8 6.4 8.2 3.9 3.3

9 S H 6.55 5.6 8.9 12.2 6.7 4.8

10
S

OH

H
5.70 11.0 8.8 11.6 6.9 6.9

11 CF3CH2S H 7.31 12.7 10.6 12.7 7.9 6.7

12 CCHCH2SHOOCH2CHN
O

NHCCH2CH2CHNH2
COOHO

H 8.60 12.3 12.8 12.8 9.2 11.2

13 CH2OHCH2S H 9.60 5.8 12.1 15.2 10.6 8.1

14 SHOOC H 3.20 6.1 4.4 5.9 2.5 0.6

15 S

F

FF

F

F

H 2.68 6.7 4.8 8.3 2.0 -0.3

16 CH2SH3COC
O

H 7.91 5.9 11.3 13.6 8.1 7.8

17 CHCH2SHOOC
NH2

H 8.30 6.2 11.9 14.2 10.2 7.6

18 CH2SHOC
O

H 10.50 13.2 10.1 14.5 9.5 6.0

19 CH3CH2S H 10.61 14.0 13.1 15.4 11.1 10.3

20 CHSH3C
CH3

H 10.86 8.8 14.4 16.0 11.5 10.4

21 CSH3C
CH3

CH3
H 11.30 9.9 13.4 16.5 10.9 10.4

22 CH3CNHCH2CH2S
O

H 9.92 14.6 15.2 14.4 10.8 9.5

23 CH3CS
O

H 3.62 8.9 6.7 8.7 3.2 3.4

24 CH2S H 9.43 15.1 14.4 14.7 9.2 9.6

25 CH3CH2CH2CH2S H 10.88 16.0 13.2 15.3 11.4 9.6

26
S

OCH3

H
6.89 12.2 10.8 12.1 6.9 6.3

27 SH3CO H 6.78 12.2 9.8 12.2 7.7 6.6

28 SH3C H 6.82 10.9 9.4 12.3 6.8 6.9

29
S

CH3

H
7.00 12.0 9.8 11.9 7.0 8.0



30
S

H3C

H
6.60 11.7 9.3 11.9 6.6 5.2

31 SBr H 6.02 11.2 7.6 11.1 6.2 4.1

32
S

Cl

H
5.78 5.0 8.0 10.6 5.8 5.2

33
S

Cl

H
5.68 10.2 7.9 10.2 5.5 4.3

34 CH3S H 10.33 6.2 12.9 15.9 11.3 10.7
35 CH3CH2CH2S H 10.70 6.1 13.4 16.1 11.4 10.3

36
S

O2N

H
5.24 6.1 7.7 10.2 6.60 3.7

37 HN

HN
S

O

O H 5.30 10.4 9.8 10.3 5.4 4.5

38 Cl S H 6.14 5.2 8.8 11.2 7.6 4.4

39
CS
CH3

H2C H
7.86 12.3 9.4 12.6 7.6 5.7

40 H3CH2COCCH2S
O

H 7.95 6.0 12.0 13.5 8.4 7.3

41 HSCHCH2S
CH2OH

H 8.62 5.8 10.4 13.8 10.2 9.0

42 OCH2CH2SH3CH2C H 9.38 6.2 13.0 15.1 9.5 7.7

43 CH2CHCH2S
OH

HO H 9.51 12.5 12.5 14.7 10.4 9.0

44 CSHOH2C
CH3

CH3
H 9.85 5.3 12.5 15.1 10.3 8.9

45 CHCH2SH2C H 9.96 14.7 12.0 14.4 9.8 8.7

46 HSC(CH3)CH2S
OH

H 9.04 5.3 11.5 13.9 9.7 7.6

47 CHCH2SH3COCHN
COOHO

H 8.55 5.7 9.5 13.8 8.9 8.4

48 CH2CH2SH2N H 10.53 15.2 12.8 14.8 10.1 8.5

49 HSCHCH2S H
CH2OH 10.57 14.3 12.0 13.4 9.1 7.7

50 H3CH2C CS
CH3

CH3
H 11.22 8.7 13.8 15.8 12.0 10.7

51 HS (CH2)2S H 9.05 14.2 12.3 14.5 9.2 8.9

52
N

CH2S H 8.82 5.4 10.8 14.0 9.3 6.8

53 S H 10.69 6.0 13.4 15.9 12.7 10.0

54
S

H3CO

H
6.39 5.1 8.3 11.5 6.6 5.9

55 HO (CH2)4S H 10.19 6.6 12.2 15.5 10.7 9.8

56 H3COCCH2CH2S
O

H 9.33 6.4 11.6 14.7 10.8 8.5

57 HS (CH2)4S H 9.88 5.6 13.5 15.1 10.3 8.4

58 HSH2CH2CHNCNHCH2CH2S H
O

9.26 6.5 13.1 13.6 8.9 9.3



Table S3 The pKa’s and molecular VS,min (kcal/mol) of fuloromethyl and fuloroethyl thiol.

R Entry thiols pKa VS,min (kcal/mol)

fluoromethyl 1 HS-CH2F 8.8 -31.50

2 HS-CHF2 3.1 -23.57

3 HS-CF3 -0.8 -12.65

fluoroethyl 4 HS-CH2CH2F 10.9 -40.19

5 HS-CHF-CH3 8.9 -33.20

6 HS-CH2CHF2 9.9 -34.41

7 HS-CHF-CH2F 6.6 -27.48

8 HS-CF2-CH3 4.8 -21.72

9 HS-CH2CF3 7.6 -21.85

10 HS-CF2-CH2F 1.3 -20.69

11 HS-CHFCF3 3.7 -22.20

12 HS-CF2-CHF2 0.3 -17.03

13 HS-CF2CF3 -1.1 -10.60


