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Table S1. Compound label, total number of atoms (Nj,,;), total number of heavy atoms (N, heavy)s number of TIP3P waters (Nyyzers), box

length and free energy offset for each compound investigated. This offset has to be subtracted (added) to the respective AAMM—5QM
(AASQM—MM) Jisted in Tables S3-S11 below.

Compound | Niot/Npeaoy | Nwaters | Box length [A] | Offset[kcal/mol]
1-t1 15/7 560 25.588 11000
1-t2 15/7 561 25.802 11000
2-t1 18/11 559 25.630 14000
2-t2 18/11 559 25.576 14000
3-t1 18/11 559 25.595 14000
3-t2 18/11 559 25.596 14000
4-t1 12/7 561 25.589 10000
4-t2 12/7 561 25.573 10000
5-t1 18/11 560 25.622 14000
5-t2 18/11 559 25.582 14000
6-t1 11/7 560 25.562 10000
6-t2 11/7 561 25.557 10000
7-t1 20/10 560 25.612 14000
7-t2 20/10 560 25.581 14000
8-t1 11/7 562 25.559 10000
8-t2 11/7 561 25.556 10000
Ala 22/10 561 25.601 16000
Ser 23/11 561 25.622 18000
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Overview of detailed results tables:

Tables S2-511 summarize all raw data used to generate the tables and figures shown in the main manuscript. In this
study, the free energy differences AAMM<SQM ghtained by CRO (Crook’s equation)[1] with switching lengths of 5 ps
were considered as the reference results and are referred to as CROg,s. The deviations 6AA from CROg,f for each of the
methods studied (cf. Eq. 13 of the main manuscript) are listed in Table S2. Figures 4 and 5 of the main manuscript are
based on the values in Table S2. Table S2 also provides the standard error, obtained by Gaussian error propagation of the
individual results.

Tables S3-56, S8 and S10 contain the detailed results obtained with Jarzynski’s equation (JAR)[2] in the forward
(MM—SQM/MM) and backward (SQM/MM—MM) direction, as well as the corresponding CRO result using the same
switching length as for the JAR calculations. In addition to various convergence criteria, see below, we also report the
difference between the JAR(fw) and the CRO result with this switching length (rightmost column in Tables S3 - 56, S8 and
510). Since in Table 54 we report results obtained with 2 ps switching length, the difference JAR(fw) — CRO reported
there is slightly different from the corresponding JAA entry in Table S2 (leftmost column). By contrast, JAR(fw) — CRO
in Table S5, Ngyiter, = 5000 fs, is identical to the corresponding JAA entry in Table S2. Tables S6, S8 and S10 summarize
JAR and CRO results for the three sets of simulations using an intermediate MM state with modified partial charges. To
obtain the full free energy difference AAMM<SQM 3 correction step, the free energy difference between the force field
description of the solute and the description with modified charges, needs to be computed; these results are summarized
in Tables 57, 59 and 511. The overall deviation AA of this two-step process from CROg, are also reported in the three
right-most columns in Table S2.

Convergence criteria reported in Tables 53-56, S8 and S10:

In line with earlier work,[3] we computed several convergence criteria for each free energy difference AAMM—SQM,

As described in the main manuscript, raw data for each AA was generated using eight independent series of calculations.
We consider each set of raw data as a block and calculated AA; for each of these blocks. Thus, we can compute a
“hysteresis” Hyst(eresis) = AA —1/8 Z?:l AA;; cf. Ref. 4. Further, we report the one-sided I1 values for the forward and
backward free energy differences.[5] I1 values > 0.5 indicate that the W distribution is based on sufficient and unbiased
sampling. We report two variants for I1, one evaluated with the initial guess for AA calculated by CRO (Ilcrp),the other
by JAR (ITjR)-

Additional convergence criteria reported in Tables 57, S9 and S11:

In the present work three intermediate MM states were used, which differed from the force field description by the
partial charges used for the solute. To complete the thermodynamic cycle, one has to compute the respective free energy
difference between the force field (MM) state and the Mulliken charge intermediate state (MULL). Here, this correction
AAMMEMULL yag calculated by (two-sided) free energy perturbation, i.e., Bennett’s acceptance ratio method (BAR, cf.
Sect. Hybrid charge intermediates of the main manuscript). The standard deviation A A was estimated by block averaging.
In addition, we report the error for closing the cycle shown in Fig. 1b of the main manuscript, i.e., the deviation from

ideality,
Y AAMMHMULL + AAMULL—>SQM . AAMMHSQM _ 0[

using the 5 ps CRO results as the reference value. This cycle closure is labelled as BAR+JAR(fw)-CROg, in the tables.
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Figure S1. JAA calculated as the difference between one-sided method JAR(fw) and two-sided method CROg,f for switching
forward(MM* — SQM) from standard MM charges (MM), Hybrid charge intermediate based on MM gas phase simulation
(MULL(gas)), Hybrid charge intermediate based on MM explicit solvent simulation (MULL(solv)) and Hybrid charge interme-
diate based on SQM /MM explicit solvent simulation (MULL(solv*)) including standard error.
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Figure S2. 6AA calculated as the difference between one-sided method JAR(fw) and two-sided method CROg,f for switching
forward(MM* — SQM) from standard MM charges (MM), Hybrid charge intermediate based on MM gas phase simulation
(MULL(gas)), Hybrid charge intermediate based on MM explicit solvent simulation (MULL(solv)) and Hybrid charge interme-
diate based on SQM /MM explicit solvent simulation (MULL(solv*)).
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Figure S3. JAA calculated as the difference between one-sided method JAR(fw) and two-sided method CRORg,f for switching
forward( MM* — SQM) from standard MM charges (MM), Hybrid charge intermediate based on MM gas phase simulation
(MULL(gas)), Hybrid charge intermediate based on MM explicit solvent simulation (MULL(solv)) and Hybrid charge interme-
diate based on SQM/MM explicit solvent simulation (MULL(solv*)) including standard error.
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Figure S4. Root Mean square deviation of partial charge for all compounds; the MAD is plotted as well.
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Figure S5. Differential dipole moment for all compounds, including MAD.
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Figure S6. Angle between dipole moments for all compounds to SQM dipole moment, including MAD.



S7 of S18

MM

Mull(gas) Mull(solv)
H2:0.016 H6:0.004 H2:—0.017 HE:—0.042 H2:0.004 H6:—0.010
H3:0.017 C5:—0.029 €9:0.100 H7:0.016 H3:—0.013 C5:—0.021 C9:—0.033 L H3:0.005 C5—0.018 C9:—0.003 H7:-0.006
C6:—0.032 C4:—Q.069 N—0.113 C6:—0.018 N, €40.008 N:—0.056 C6:=0.032 C4:—~0.008 N:—0.050
C7:-0.069 C3:—0.156. C1—=0.372  ¢7.0.022 €3:0.001 C1:-0.039 C7--0.024 C3—0.007 C1:=0.012
0:0.522 ‘ 00.352 00257
H4:0.021 C8—0.003 [C20-080 H4=0.010 C8—0.008 |C%70.027 H4:0.005 C8:-0.034 JG2:0.059
a H1:0.053 e o o0s. 1=0.010 L0 00s H1:0.003
Ap=5.91 D Ap=5.84 D Ap=3.78 D
6, =18.3° ©4g=9.-5° 6, =10.0
Figure S7. Differential dipole moments and atomic charges for 3-t2 including angle to SQM.
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Figure S8. Differential dipole moments and atomic charges for 4-t2 including angle to SQM.
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Figure S9. Differential dipole moments and atomic charges for 5-t2 including angle to SQM.
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Figure S10. Differential dipole moments and atomic charges for 6-t2 including angle to SQM.
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Figure S11. Differential dipole moments and atomic charges for 8-t2 including angle to SQM.
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Figure S12. Relaxation of TIP3P Water for 4-t2 when switching from MM and MULL(solv) to SQM.
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Figure S13. Relaxation of TIP3P Water for 6-t2 when switching from MM and MULL(solv) to SQM.
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Figure S14. Relaxation of TIP3P Water for 8-t2 when switching from MM and MULL(solv) to SQM.
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Table S13. Resulting parameters from mono-exponential fitting of the relaxation process for a set of compounds; Al represents the
initial value, T is the resulting time constant of the fit, AUy is the difference in energy to the baseline (=0 kcal /mol) after 2000 fs of
relaxation time.

MM MULL(solv)
Compound | Al [kcal/mol] | T [fs~1] | Alggo [kcal/mol] | AUy [keal/mol] | T [fs~1] | Albggo [keal/mol]
4-t2 8.2 996 1.1 3.5 1052 0.5
5-t2 10.6 1075 1.7 4.2 908 0.5
6-t2 19.6 744 1.3 6.3 933 0.7
8-t2 43 1022 0.6 2.1 814 0.2
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