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1 Supplementary Figure 1: Solvation free energy of caffeine
with salt and the Setschenow Coefficient. (OPLS)
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Figure S1: Solvation free energy, ∆Gsol, of caffeine as a function of salt concentration using the
OPLS force field (top) A. sodium salts, B. potassium salts, and C. caesium salts with the colour
differentiating the corresponding anion as donated by the legend. Setschenow coefficient, ks, and
the contributions from the solvent species (cf. Eq. 6) namely anions, cations, and water (bottom)
for D. sodium salt solutions, E. potassium salt solutions, and F. caesium salt solutions. The
anion, cation, and water contributions in D-F correspond to the first, second, and third terms of
Eq. 6. The self-energy correction was found not to vary with increasing salt concentration. The
error bars shown report the 95% confidence interval with the errors for the Setschenow coefficients
being determined by non-parametric bootstrapping (B. Efron, Biometrika, 1981,68, 589–599 using
105 iterations and assuming the individual solvent contributions to vary linearly.
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2 Supplementary Figure 2: Radial distribution functions
between the ketone groups of caffeine and cations. (OPLS)

2 3 4 5 6 7 8 9
Distance, rCaff Cation [Å]

0.0

0.5

1.0

1.5

2.0

2.5

3.0

Ra
di

al
 d

ist
rib

ut
io

n
fu

nc
tio

n,
 g

(r)

Na
K
Cs
Water

2 3 4 5 6 7 8 9
Distance, rCaff Cation [Å]

0.0

0.5

1.0

1.5

2.0

2.5

3.0
Na
K
Cs
Water

2 3 4 5 6 7 8 9
Distance, rCaff Sodium [Å]

0.0

0.5

1.0

1.5

2.0

2.5

3.0

Ra
di

al
 d

ist
rib

ut
io

n
fu

nc
tio

n,
 g

(r)

F
Cl
I
Water

2 3 4 5 6 7 8 9
Distance, rCaff Sodium [Å]

0.0

0.5

1.0

1.5

2.0

2.5

3.0
F
Cl
I
Water

Figure S2: Radial distribution functions (RDF) at 1 M salt of the marked oxygens of the two
ketone groups of caffeine (left and right plot) with the cation for chloride salts (top) and with
sodium over varied anions (bottom). The distribution of water oxygen, i.e., ketone hydration, is
shown for the reference. The OPLS force field was used here.
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3 Supplementary Figure 3: Species decomposition of solva-
tion free energy of caffeine.
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Figure S3: Solvation free energy, ∆Gsol of caffeine and the contributions exerted by the individual
solvent species. The error bars shown report the 95% confidence interval averaging over the 25
individual simulations (each of 50 ns length). The concentrations written on the right are approxi-
mate, and their precise values appear in the abscissa of Fig. 2A-C. The addition of the individual
solvent species contributions is different from the total by the self energy ∆Gself . See the discussion
concerning Eq. 5.
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4 Supplementary Figure 4: Species decomposition of solva-
tion free energy of caffeine. (OPLS)
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Figure S4: Solvation free energy, ∆Gsol of caffeine and the contributions exerted by the individual
solvent species using the OPLS force field. The error bars shown report the 95% confidence interval
averaging over the 25 individual simulations (each of 50 ns length). The concentrations written
on the right are approximate, and their precise values appear in the abscissa of Fig. S1A-C. The
addition of the individual solvent species contributions is different from the total by the self energy
∆Gself . See the discussion concerning Eq. 5.
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5 Supplementary Figure 5: Correlation between the Setschenow
coefficient and the partial contributions from the solute-
solvent interactions and the associated solvent reorgani-
sations. (OPLS)
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Figure S5: Correlation plot of the (total) Setschenow coefficient against the partial contributions
from the solute-solvent interactions and the associated solvent reorganisations. The linear corre-
lation statistics; R2: 0.475, two-sided p-value: 0.0401.
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6 Supplementary Figure 6: Species decomposition of the
solute-solvent interactions and the associated solvent re-
organisations.
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Figure S6: Species decomposition of the solute-solvent interactions and the associated solvent
reorganisations for A sodium salts, B potassium salts, and C caesium salts. The error bars
shown report the 95% confidence interval determined by non-parametric bootstrapping (B. Efron,
Biometrika, 1981,68, 589–599) using N = 105 iterations and assuming the individual solvent
contributions to vary linearly.

7 Supplementary Figure 7: Species decomposition of the
solute-solvent interactions and the associated solvent re-
organisations. (OPLS)
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Figure S7: Species decomposition of the solute-solvent interactions and the associated solvent
reorganisations for A sodium salts, B potassium salts, and C caesium salts. The error bars
shown report the 95% confidence interval determined by non-parametric bootstrapping (B. Efron,
Biometrika, 1981,68, 589–599) using N = 105 iterations and assuming the individual solvent
contributions to vary linearly. The OPLS force field was used here.
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8 Supplementary Figure 8: Correlation between the Setschenow
coefficient and the derivative of the averaged solute-solvent
interaction energy with respect to the salt concentration.
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Figure S8: Correlation plot between the Setschenow coefficient and the derivative of the averaged
solute-solvent interaction energy with respect to the salt concentration. The value on the y-axis
is the total value in Figure 5. The linear correlation statistics; R2: 0.834, two-sided p-value:
5.85 × 10−4.
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9 Supplementary Figure 9: Correlation between the Setschenow
coefficient and the derivative of the averaged solute-solvent
interaction energy with respect to the salt concentration.
(OPLS)
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Figure S9: Correlation plot between the Setschenow coefficient and the derivative of the averaged
solute-solvent interaction energy with respect to the salt concentration. The value on the y-axis
is the total value in Figure S10. The linear correlation statistics; R2: 0.579, two-sided p-value:
0.0172. The OPLS force field was used here.
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10 Supplementary Figure 10: Species decomposition of the
solute-solvent interaction energy with resepct to salt con-
centration. (OPLS)
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Figure S10: Derivative of the averaged solute-solvent interaction energy with respect to the salt
concentration and the decomposed contributions originating from the solvent species namely an-
ions, cations, and water for A. sodium salt solutions, B. potassium salt solutions, and C. caesium
salt solutions. β is equal to the inverse of RT . The OPLS force field was used here.
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11 Supplementary Figure 11: Radial distribution functions
between the methyl groups of caffeine and anions.

Figure S11: Radial distribution functions at 1 M of the three methyl groups of caffeine (columns)
with the anions of sodium salts (top) namely F– , Cl– , and I– and with I– in NaI, KI, and CsI salts
(bottom). The distribution of water oxygen, i.e., methyl hydration, is shown for the reference.
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12 Supplementary Figure 12: Radial distribution functions
between the methyl groups of caffeine and anions. (OPLS)
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Figure S12: Radial distribution functions at 1 M salt using the OPLS force field of the three
methyl groups of caffeine (columns) with the anions of sodium salts (top) namely F– , Cl– , and
I– and with I– in NaI, KI, and CsI salts (bottom). The distribution of water oxygen, i.e., methyl
hydration, is shown for the reference. The OPLS force field was used here.
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13 Supplementary Figure 13: Correlation between the Setschenow
coefficient and the excluded-volume component. (OPLS)
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Figure S13: Linear correlation between the total Setschenow coefficient and the excluded-volume
contribution to the Setschenow coefficient obtained from integration over the high-energy region of
the energy coordinate. The linear correlation statistics; R2: 0.869, two-sided p-value: 2.52× 10−4.
The OPLS force field was used here.
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14 Supplementary Figure 14: Species decomposition of the
excluded-volume component. (OPLS)
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Figure S14: Species decomposition of the excluded-volume component into the contributions from
anion, cation, and water for A. sodium salt solutions, B. potassium salt solutions, and C. caesium
salt solutions. Error bars report the standard error determined by non-parametric bootstrapping(B.
Efron, Biometrika, 1981,68, 589–599 using 105 iterations and assuming that the individual solvent
contributions vary linearly. The OPLS force field was used here.
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15 Supplementary Figure 15: Correlation between the excluded-
volume contribution from the anion or cation and the
ionic radius.
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Figure S15: Excluded-volume contribution to the Setschenow coefficient as a function of the particle
diameter σ from the Lennard-Jones potential. The error bars (standard deviation) are smaller than
the symbol size. The linear correlation statistics; R2: 0.988, two-sided p-value: 5.09 × 10−5.
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16 Supplementary Figure 16: Correlation between the excluded-
volume contribution from the anion or cation and the
ionic radius. (OPLS)
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Figure S16: Excluded-volume contribution to the Setschenow coefficient as a function of the particle
diameter σ from the Lennard-Jones potential obtained using the OPLS force field. The error bars
(standard deviation) are smaller than the symbol size. The linear correlation statistics; R2: 0.546,
two-sided p-value: 0.09322, indicating the correlation for linear correlation is insignificant for the
OPLS force field. See the discussion concerning a better correlation variable in section 3.4 in the
main text.
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17 Supplementary Figure 17: Correlation between the deriva-
tive of the water molarity with respect to the salt con-
centration and the water contribution to the excluded-
volume component in the Setschenow coefficient.
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Figure S17: Correlation between the derivative of the water molarity with respect to the salt
concentration and the water contribution to the excluded-volume component in the Setschenow
coefficient. The data were fitted to a linear equation with the following linear statistics - R2: 0.987,
p-value: 7.66 × 10−08.
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18 Supplementary Figure 18: Correlation between the deriva-
tive of the water molarity with respect to the salt con-
centration and the water contribution to the excluded-
volume component in the Setschenow coefficient. (OPLS)
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Figure S18: Correlation between the derivative of the water molarity with respect to the salt
concentration and the water contribution to the excluded-volume component in the Setschenow
coefficient. The data were fitted to a linear equation with the following linear statistics - R2: 0.997
p-value: 3.894 × 10−10. The OPLS force field was used here.
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