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Theoretical modeling of pK,’s of thiol compounds in aqueous solution
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Table S1 58 pK,’s of thiols by 10 DFT methods with PCM-Bondi model in thermodynamic cycle 2.

KMLY
Entry thiols Exp.  MO5S M05-2X  MO06  M06-2X MO6-HF MO6-L B3P86 BMK WB97XD
1 HOOCOS—H 590 556 412 458 426 590 501 586 410 737 4.29
2 HOOCHQCOS—H 6.60 624 558 605 477 660 58 569 563 825 5.10
3 NC@—S—H 490 576 5.8 590 509 490 526 515 469 722 4.67
4 H3COCOS—H 517 635 493 629 504 517 564 530 453 798 4.78
5 HOH2c©—s—H 640 778 707 755 681 640 682  7.09 626  9.26 6.36
6 (HOHZCHZC)ZNQ—S—H 701 9.02 748 885 879 700  7.80  9.03 728 1098  7.96
7 HO@—S—H 690 795 759 822 783 690 687 812 673 1046  7.94
8 OZNO—S—H 461 476 239 435 632 461 540 471 449 591 3.15
9 @S—H 6.55 786 6.5 674 609 655 631 752 749  9.96 6.79
S—H
10 570 1522 7.4 752 737 570 461 774 7.02 695 6.63
OH
11 CF3CH,S—H 731 965 974 966 972 730 843 941 907 1152 883
HOOCH,CHN IoCIZCHCH S—H
2 - 297
12 Crccrorgony, 560 701 479 672 4I8 B 770 57T 704 673 5.71
(0] COOH
13 CH,OHCH,S—H 960 1216 1150 1175 1163  9.60 1068 1173 1149 1387  11.09
14 HOOC-S—H 320 152 001 113 005 320 490 107 148 240 1.05
R F
15 FQSH 268 178 282 228 220 268 330 036 101 327 1.38
F F
11
16 HaCOG—CH,S—H 791 1486 1166 1047 1218  7.86  9.86 1395 13.57 1445  10.64
ol
17 HOOC—-GHCH,S—H 830 1252 1293 1120 1287 830 1004 1122 1047 1279  12.49
ol
11
18 HOG—-CH,S—H 10.50 1004 873 1014 755 1050 1312 1078 10.14 1524 1470
19 CH3CH,S—H 10.61 1222 1135 1207 1202 10.61 1032 1100 1094 1359 1127
CHs
|
20 H, G- CHE—H 1086 13.00 1211 1278 1269 1086 1141 1250 1193 1479 1235
GHs
21 HyC—CS—H 1130 1287 1242 1236 1264 1131 1232 1316 1647 1591  12.68
CHs
1l
22 CHabNHCH,CH,S—H 992 1227 1204 1313 1193 992 1170 1527 1498 17.89  13.96
o
1]
23 CHabS—H 362 409 359 263 428 362 510 159 226 654 3.09
24 @Cst—H 943 1109 1050 1110 1116 943 1158 1054 1136 1278  11.06
25 CH3CH,CH,CH,S—H 10.88 1392 1285  13.19 1265  10.88 1225 1265 1260 1378 1323
S—H
26 689 546 477 562 696 689 668 450 372 934 6.08
OCHs
27 H3co©—s—H 678 854 837 812 796 678 804 782 696  9.34 7.24

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

PCM-Bondi SMDSSAS
Entry thiols Exp. MO6-L MO6-L MO06-2X
Cycle 1 Cyclel Cycle2 Cyclel Cycle2

1 HOOCOS—H 5.90 9.6 7.9 10.0 5.1 3.5
2 HOOCHzCOS—H 6.60 11.7 9.1 11.9 6.4 4.7
3 NCOS—H 4.90 93 7.1 9.9 5.1 3.5

4 H;COC 5.17 9.4 8.7 9.7 5.1 4.2

e
5 HOHzCOS—H 6.40 11.7 10.6 11.2 6.1 8.0
6 (HOHZCHzc)ZNQ—S—H 7.01 9.4 12.0 14.9 7.0 5.5

7 HOOS—H 6.90 55 9.7 12.3 7.1 7.8
8 OZNOS—H 4.61 7.8 6.4 8.2 3.9 33
9 @S—H 6.55 5.6 8.9 12.2 6.7 4.8
S—H
10 5.70 11.0 8.8 11.6 6.9 6.9
OH
11 CF3CH,S—H 731 12.7 10.6 12.7 7.9 6.7
1]
HOOCH,CHN—CCHCH,S—H
12 RHCCH,CH.CHH, 8.60 12.3 12.8 12.8 9.2 11.2
(@] COOH
13 CH,OHCH,S—H 9.60 5.8 12.1 152 10.6 8.1
14 HOOC—S—H 3.20 6.1 4.4 59 25 0.6
R F
15 F{}SH 2.68 6.7 4.8 83 2.0 03
F F
I
16 HiCOC—CH,S—H 7.91 59 11.3 13.6 8.1 7.8
NH2
17 HOOC—GHCH,S—H 8.30 6.2 11.9 14.2 10.2 7.6
18 Q 10.50 13.2 10.1 14 9 6.0
HOG-CH,S—H 5 . . 5 5 .
19 CH3CH,S—H 10.61 14.0 13.1 15.4 11.1 103
20 GHa 10.86 8.8 14.4 16.0 115 10.4
HsC—CHS—H : . ' . : :
GHs
21 HyC—CS—H 11.30 9.9 13.4 16.5 10.9 10.4
CHj
Q
2 CHAGNHCH,CH,S—H 9.92 14.6 15.2 14.4 10.8 95
Q
23 CHybs—H 3.62 8.9 6.7 8.7 32 3.4
24 @CHZS—H 9.43 15.1 14.4 14.7 9.2 9.6
25 CH3CH,CH,CH,S—H 10.88 16.0 13.2 153 11.4 9.6
S—H
26 Q 6.89 12.2 10.8 12.1 6.9 6.3
OCH,

27 H3COOS—H 6.78 12.2 9.8 12.2 7.7 6.6
28 H3COS—H 6.82 10.9 9.4 12.3 6.8 6.9
e

29 7.00 12.0 9.8 11.9 7.0 8.0
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Table S3 The pK,’s and molecular Vs i, (kcal/mol) of fuloromethyl and fuloroethyl thiol.

R Entry thiols pK. Vs min (kcal/mol)

fluoromethyl 1 HS-CH,F 8.8 -31.50
2 HS-CHF, 3.1 -23.57

3 HS-CF; -0.8 -12.65

fluoroethyl 4 HS-CH,CH,F  10.9 -40.19
5 HS-CHF-CHj; 8.9 -33.20

6 HS-CH,CHF, 9.9 -34.41

7 HS-CHF-CH,F 6.6 -27.48

8 HS-CF,-CH; 4.8 -21.72

9 HS-CH,CF; 7.6 -21.85

10 HS-CF,-CH,F 1.3 -20.69

11 HS-CHFCF; 3.7 -22.20

12 HS-CF,-CHF, 0.3 -17.03

13 HS-CF,CF; -1.1 -10.60




