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S.1.1 Methodology

Table S.1: Values of the equilibrium length of the unit cell, aeq (Å), density, ρeq (g ·mL−3),
and molar concentration, c (M), predicted by MM simulations in the NPT ensemble with a
prescribed equilibrium temperature of 298.15 K and equilibrium pressure of 1.01325 bar.

solute aeq ρeq c [M]
none 12.3625 a0.9972
argon 12.4509 1.0105 0.8603
methanol 12.4846 1.0058 0.8534
acetonitrile 12.5278 0.9929 0.8446
trans-1,2-dichloroethene 12.5944 1.0229 0.8312
a The experimental value at these conditions is 0.9970.
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S.1.2 Predictions of MM Free Energies of Solvation

The predictions reported by Shivakumar et al.7 for the four organic solutes in the test set

are reproduced in Table S.2, together with the ∆solvG
MM values predicted by this work and

the previously reported experimental values. Shivakumar et al. found that for 239 neutral

solutes, the predictions of free energies of aqueous solvation with the best agreement with

experiment were those based on AM1 charges.

Table S.2: The free energies of aqueous solvation predicted by Shivakumar et al., the MM
method in this work, and by experiment (kJ · mol−1).

solute aGAFF/RESP aGAFF/ChelpG aGAFF/AM1 This work (MM) experiment

methanol -15.86 -15.52 -12.05 b-9.7 ± 0.2 -21.3 ± 0.2 13

acetonitrile -12.22 -12.18 -7.20 c-17.2 ± 0.2 -17.7 ± 0.1 15

trans-1,2-dichloroethene 4.14 5.82 4.10 b10.7 ± 0.2 -2.36 ± 0.0214
aTaken from ref. 7.

bParameters from GAFF/CM5 method.
cParameters from ref. 20.
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S.1.3 Predictions of Free Energies of Model Chemistry Transfer

Figure S.1: Time evolution of < dU/dλ′ > for 63 water molecules when λ′ = 0 (a) and λ′ = 1
(b).
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Figure S.2: Correlation between UQM and UMM for 63 water molecules when λ′ = 0 (a) and
λ′ = 1 (b). The coefficients of determination (R2) for the linear regressions are 0.538 (a) and
0.495 (b).
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Figure S.3: The thermodynamic integration of ∆MM→QMG(v).
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