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1 Standard Errors of the Mean (SEM) of Enthalpy
and Entropy Changes and Components

SEMs are calculated over the three simulations for the total solvation and transfer en-
thalpies and entropies (Table S1) and for the entropy components in water (Table S2)
and octanol (Table S3).

Table S1: SEM of Entropies and Enthalpies of Solution and Transfer (kcal mol™!) from
Three Repeated Simulations

Solute X AHio(lvation AH;“,(o(lvation AH>t<r(ansfer TAs;{olvation TAssolvation TA S}t{rz}nsfer

oct) wat) oct,wat) (oct) X (wat) oct,wat)
SM25 0.97 0.59 0.94 0.27 0.11 0.38
SM26 1.34 1.53 0.43 0.34 0.29 0.29
SM27 1.68 0.99 1.15 0.22 0.18 0.05
SM28 1.16 0.57 1.30 0.30 0.62 0.89
SM29 1.65 1.13 2.57 0.16 0.22 0.26
SM30 1.58 0.93 1.44 0.22 0.17 0.39
SM31 0.68 0.12 0.62 0.28 0.21 0.48
SM32 1.88 1.11 1.35 0.20 0.06 0.22
SM33 0.88 0.19 0.72 0.31 0.07 0.33
SM34 2.07 0.26 2.12 0.04 0.16 0.19
SM35 0.41 1.63 1.44 0.23 0.07 0.22
SM36 2.06 1.05 1.56 0.39 0.04 0.36
SM37 2.43 0.83 2.32 0.43 0.24 0.19
SM38 0.67 1.21 1.73 0.21 0.10 0.28
SM39 2.19 1.16 2.74 0.05 0.31 0.29
SM40 0.40 1.21 1.33 0.19 0.13 0.30
SM41 1.86 0.54 2.23 0.07 0.10 0.06
SM42 1.54 0.48 1.87 0.33 0.21 0.54
SM43 1.27 1.16 1.95 0.45 0.10 0.52
SM44 1.12 0.92 0.59 0.14 0.11 0.25
SM45 0.60 0.22 0.56 0.22 0.08 0.14

SM46 1.61 0.23 1.40 0.20 0.05 0.16




Table S2: SEM in Solute and Solvent Entropy Components for Aqueous Solutions
(J K7' mol™!) from Three Repeated Simulations.

S olute X Svib S;’(ib Sconf S;:(onf Sor

Sor
wat (wat) wat (wat) wat X (wat)

SM25 092 088 0.00 0.16 0.24 0.16
SM26  1.20 2.16 0.00 0.15 0.28 0.15
SM27 047 258 0.00 0.09 0.50 0.09
SM28 031 6.66 0.00 0.13 0.19 0.13
SM29  1.61 1.19 0.00 0.05 0.12 0.05
SM30 256 022 000 0.15 0.25 0.15
SM31 086 0.89 0.00 0.38 0.14 0.38
SM32  0.25 212 0.00 0.18 0.14 0.18
SM33 031  1.03 0.00 018 0.94 0.18
SM34 096 049 000 025 0.25 0.25
SM35 1.18 099 0.00 025 0.20 0.25
SM36 036 036  0.00 0.18 0.12 0.18
SM37 151 0.81 0.00 0.41 0.21 0.41
SM38 054 0.13 0.00 0.08 0.21 0.08
SM39 128 034 000 0.08 0.37 0.08
SM40  1.16 1.22  0.00 0.07 0.56 0.07
SM41 042 087 0.00 0.13 0.20 0.13
SM42  2.03 0.61 000 0.07 0.15 0.07
SM43  0.48 055  0.00 0.18 0.17 0.18
SM44  1.64 0.57 0.00 0.05 0.08 0.05
SM45 1.55 030 0.00 0.09 0.33 0.09
SM46  1.04 0.06 0.00 0.12 0.13 0.12




Table S3: SEM for Solute and Solvent Entropy Components for Octanol Solutions
(J K= mol™!) from Three Repeated Simulations.

Solute X Syl Syb . Seont ggnt - Sex

oct (oct) oct oct

or
SX

(oct)

SM25 129 048 081 154 034 0.22
SM26 164 168 093 1.07 0.13 0.12
SM27 221 068 091 0.72 049 0.13
SM28 284 057 1.75  0.22 0.11 0.22
SM29 0.21 118 0.32 0.87 0.18 0.05
SM30  3.64 1.01 033 282 059 0.12
SM31 042 121 218 4.08 0.76 0.18
SM32 209 392 1.14 152 0.51 0.12
SM33 222 279 196 3.01 0.64 0.09
SM34 255 095 1.78 3.06 1.09 0.12
SM35 218 045 1.09 046 098 0.22
SM36 281 0.15 090 142 046 0.27
SM37 133 088 050 3.15 033 0.02
SM38 199 204 117 156 1.07  0.15
SM39  0.09 091 1.00 1.92 047 0.25
SM40 141 083 065 0.16 0.78  0.06
SM41  0.33 057 1.8 133 0.16 0.10
SM42  0.63 0.07 1.15 1.06 0.46  0.08
SM43 422 081 0.09 0.13 0.22 0.09
SM44 194 096 1.81 0.19 048 0.25
SM45 056 041 248 0.50 0.29  0.09
SM46 144 0.16 154 043 1.10 0.03




2 Enthalpy and Entropy Changes and Components

Solvation enthalpies are calculated as AH;O(IX)MOH = Hx) — Hx where A = oct or wat

and does not include the energy of the gas-phase solute, which cancels in the difference
AR = AR — AR, Table S4 contains the corresponding values for
each solute. Enthalpies of pure liquids for the equivalent number of solvent molecules are
3519.66 kcal mol~! for octanol and -12105.28 kcal mol~! for water. Averages over three

simulations are shown.

Table S4: Solvation and Transfer Enthalpies between Water and Octanol (kcal mol™1).

Solute X HX(oct) HX(Wat) AH)S(OlVation AH}S{olVation AH}t(r(ansfer

(oct) (wat) oct,wat)

SM25 338797 —12233.32 —129.55 —127.56 —-1.99
SM26  3328.55 —12295.81 —188.97 —190.04 1.07

SM27  3439.22 —12184.73 —78.30 —78.97 0.67

SM28  3401.87 —12223.57 —115.65 —117.81 2.16

SM29  3426.55 —12197.10 —90.96 —91.34 0.37

SM30 348599 —12136.28 —31.53 —30.52 —1.01
SM31  3420.08 —12202.11 —97.44 —-96.35 —1.09
SM32  3400.58 —12224.70 —116.94 —118.93 1.99

SM33  3458.73 —12161.31 —58.79 —55.54 —3.25
SM34  3393.10 —12227.60 —124.42 —121.84 —2.58
SM35  3363.10 —12260.92  —154.42 —155.15 0.73

SM36  3427.60 —12193.82 —89.92 —88.05 —1.87
SM37  3359.08 —12263.52  —158.44 —157.76 —0.68
SM38 325790 —12362.41  —259.62 —256.65 —2.97
SM39  3320.83 —12299.70  —196.68 —193.93 —2.75
SM40  3265.71 —12357.40 —251.80 —251.63 —0.17
SM41  3299.05 —12319.94 —218.46 —214.18 —4.29
SM42 336191 —12254.01 —155.61 —148.25 —7.36
SM43  3316.34 —12303.67  —201.17 —197.91 —3.27
SM44  3308.79 —12307.95 —208.73 —202.19 —6.54
SM45  3371.04 —12245.48  —146.48 —139.72 —6.76
SM46  3309.83 —12310.55  —207.68 —204.78 —-2.90




Solvation entropies are calculated as AS;&%“O“ = Sx(a) — Sa where A = oct or wat

and does not include the entropy of the gas-phase solute, which cancels in the difference
ASQ(&O“CSE’?;M) = AS§&1(‘)’§S°“ —AS§&1VVVZ?)°H. Table ?? contains the corresponding values for each
solute. Entropies of pure liquids for a single solvent molecule are 337.14 J K~ mol~! for
octanol and 71.88 J K~ mol~! for water. These are multiplied by the number of first-shell

solvent molecules around the solute. Averages over three simulations are shown.

Table S5: Entropies of Solutions and Entropies of Transfer (J K~! mol™').

Solute X SX(Oct) SX(Wat) AS}S(O(IC‘)’SSOH AS’SOlvation AStransfer

X(wat) X (oct,wat)
SM25  6097.31 2788.66 369.21 344.28 6.78
SM26  5392.32 2334.46 338.12 321.44 —1.47
SM27  5764.68 2567.43  373.53 338.73 16.64
SM28  5729.03 2626.27  337.88 325.68 —5.95
SM29  5417.96 2563.92 363.76 335.22 10.39
SM30  6127.30 2887.35 399.20 371.08 9.97
SM31  5793.20 2674.48 402.06 373.89 10.01
SM32  5760.05 2642.98  368.91 342.39 8.36
SM33  6153.71 3043.70 425.62 383.64 3.82
SM34  6135.67 2829.38 407.58 385.00 4.42
SM35  5760.93 2652.41 369.78 351.81 —0.19
SM36  6474.87 3043.71 409.83 383.65 8.02
SM37  6144.30 2831.25 416.20 386.88 11.17
SM38  6103.11 2791.08 375.01 346.70 10.16
SM39  6816.65 3181.91 414.67 378.06 18.45
SM40  6476.47 2828.54 411.43 384.16 9.12
SM41  5356.95 2455.73 302.74 298.92 —14.33
SM42  6067.40 2840.11 339.31 323.84 —2.69
SM43  5738.79  2625.60 347.64 325.01 4.48
SM44  5351.49 2445.99 297.29 289.19 —10.06
SM45  6061.85 2836.88 333.76 320.61 —5.00
SM46  5734.23 2695.84 343.08 323.35 1.58




Tables S6 and S7 are the terms illustrated in Figs. 4 and 5 except that the solvent terms

are per molecule. Averages over three simulations are shown.

Table S6: Solute and Solvent Entropy Terms for Solute in Water (J K~ mol™!).

Solute X Syl SYP. St SgaLy S S¥iwan

SM25  62.69 330.78 0.00 36.92 7.92 20.24
SM26  62.54 310.16 0.00 2848 7.98  21.26
SM27  62.57 325.32 0.00 35.17 7.92 21.61
SM28  62.57 327.12 0.00 20.53 7.93  22.39
SM29  62.51 32734 0.00 3219 793  20.90
SM30  62.65 360.60 0.00 4041 7.84 19.06
SM31  62.55 363.10 0.00 39.02 7.87 19.16
SM32  62.66 340.94 0.00 2143 795 21.34
SM33  62.79 374.61 0.00 3547 7.89 18.59
SM34  62.69 374.67 0.00 34.67 7.88  20.46
SM35  62.54 348.14 0.00 2891 7.89 @ 21.90
SM36  62.65 381.40 0.00 36.51 7.80 19.24
SM37  62.53 385.97 0.00 32.77 7.81 20.78
SM38  62.35 356.98 0.00 21.96 7.93 @ 22.65
SM39  62.54 385.07 0.00 3258 7.85 19.23
SM40  62.47 386.36 0.00 28.09 7.89 21.75
SM41  62.67 285.01 0.00 22.68 8.16 23.20
SM42  62.81 309.60 0.00 30.42 8.00 21.77
SM43  62.37 319.22 0.00 2942 8.07 22.65
SM44  62.74 27250 0.00 23.30 8.16 @ 23.13
SM45  62.80 306.58 0.00 29.92 8.01 21.96
SM46  62.71 31043 0.00 25.77 8.08  23.49




Table S7: Solute and Solvent Entropy Terms for Solute in Octanol (J K= mol™!).

Solute X SVib S;/(igz)ct) Sconf S}c{o(nf gor

or
oct oct oct) oct SX(

SM25 27245 333.15 40.69 29.39 2276 24.45
SM26 27239 308.32 40.63 24.79 22.60 24.89
SM27 27241 333.07 40.74 32.00 22.83 23.96
SM28 27238 319.12 40.55 14.96 22.69 24.94
SM29 27235 331.74 40.54 2711 2274 2481
SM30  272.25 364.80 40.45 35.12 22.73  25.03
SM31 27254 365.97 4049 30.31 2272 24.98
SM32  272.61 342.02 40.58 1892 22.70 24.83
SM33 27291 382.29 40.53 30.18 22.81 24.99
SM34 27251 376.06 40.71 2273 22.79  24.79
SM35  272.04 353.06 40.43 20.26 22.70 24.84
SM36 27215 382.74 40.60 28.32 2277 24.51
SM37 27221 38791 40.78 23.32 22.77  25.10
SM38  272.16 359.87 40.44 18.09 22.72  24.69
SM39 27218 393.32 40.57 2256 22.80 25.28
SM40  272.23 388.92 40.50 25.64 22.67 24.69
SM41  271.93 288.34 40.65 17.13 22.66 22.83
SM42 27228 311.60 40.54 2855 22.69 23.64
SM43 27213 322.45 40.36 30.67 22.68  23.08
SM44 27250 272.60 40.49 21.00 22.64 23.44
SM45 27244 305.09 40.41 27.73 2276 23.74
SM46 27257 312.50 40.54 2492 2270 23.74

oct)




3 MD Simulation Convergence

Fig. S1 below shows plots of the energy versus time for all solutes in octanol and water
over the equilibration and 100 ns production stages (from 25000 ps to 125000 ps. Fig. S2

plots 10 values of the SEM over 10 ns bins in the production phase. Both plots show that

the energy is well converged over 100 ns.
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Energy(kcal/mol)

SM31 oct SM31 wat

3600 1 — m=-97e05 | 120007 — m=-1.0e-05
~122001
3400 00
~12400 1
3200+ . . . . . . , . .
40000 60000 80000 100000 120000 40000 60000 80000 100000 120000
SM32 oct SM32 wat
3600
—— m = -3.8e-05 —12000 - —— m = 6.8e-05
3400 —12200 A
3200 ~124001
40000 60000 80000 100000 120000 40000 60000 80000 100000 120000
SM33 oct SM33 wat
3600 4 — m =-5.9e-05 —12000 - — m =-2.4e-05
~122001
3400
~12400 1
40000 60000 80000 100000 120000 40000 60000 80000 100000 120000
SM34 oct SM34 wat
3600 _ ]
— m =-2.6e-05 12000 —— m = 8.6e-05
3400 ~122001
3200 ~124001
40000 60000 80000 100000 120000 40000 60000 80000 100000 120000
SM35 oct SM35 wat
3600 1 — m=1.8e04 — m=4.1e05
~122001
3400
~124001
3200
40000 60000 80000 100000 120000 40000 60000 80000 100000 120000
SM36 oct SM36 wat
36004 —— m = 6.1e-05 —12000 - — m =-2.1e-05
3400 —12250 4
3200 : : , : : : : : . :
40000 60000 80000 100000 120000 40000 60000 80000 100000 120000

Production Phase (ps)



Energy(kcal/mol)

SM37 oct SM37 wat

3600 1 ~12000
—— m = 1.5e-04 —— m = -6.7e-05
3200 | ~122001
22001 ~12400 1
40000 60000 80000 100000 120000 40000 60000 80000 100000 120000
SM38 oct SM38 wat
3400 —— m = 9.5e-05 —12200 - —— m = -3.2e-05
3200+ —12400 -
3000+ . . . . . —12600 - . . . . .
40000 60000 80000 100000 120000 40000 60000 80000 100000 120000
SM39 oct SM39 wat
3600 -
—— m=4.1e-05 122001 — m=-2.7e-05
3400
3200 | —12400 -
40000 60000 80000 100000 120000 40000 60000 80000 100000 120000
SM40 oct SM40 wat
3400 4 —— m = 9.8e-05 —12200 —— m = 1.9e-05
3200 ~12400 1
T T T T T _12600 L T T T T T
40000 60000 80000 100000 120000 40000 60000 80000 100000 120000
SM41 oct SM41 wat
—— m = -6.3e-05 —— m = -3.5e-06
3400 4 ~12200 A
3200 —12400 A
40000 60000 80000 100000 120000 40000 60000 80000 100000 120000
SM42 oct SM42 wat
— m=-3.6e05 | ~120007 — m=-4.3e05
34001 —122501
3200 ~12500
40000 60000 80000 100000 120000 40000 60000 80000 100000 120000

Production Phase (ps)

10



SM43 oct

—— m = 3.6e-06
3400 |
3200
40000 60000 80000 100000 120000
SM44 oct
—— m = -1.3e-05
3400 |
3200
E
3 40000 60000 80000 100000 120000
|9}
s
= SM45 oct
& 3600
2 — m =-1.0e-04
w
3400
3200
40000 60000 80000 100000 120000
SM46 oct
—— m = 5.2e-05
3400
3200
40000 60000 80000 100000 120000
Fig. S1. Energy versus time for each of the 22 compounds
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The next figures represent the standard deviation on the production phase calculated

every 10 ns for each compound molecular dynamics simulation.
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Standard Deviation (kcal/mol)
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Standard Deviation (kcal/mol)
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Fig. S2. Standard deviations of energy over 10 ns blocks for each of the 22 compounds

in octanol (left) and water (right).
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