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Table S5: Free Energy Barriers (in kcal/mol) for CH3Cl + CI' — CI" + CH3Cl (Sn2),
Menshutkin Reaction (MEN) Calculated Indirectly from PM3*-M

reaction B3LYP? B3LYPP MO06-2XP wBI7TX-DP wBITX-VP Exp.
Sn2 21.840.3 22.940.3 26.8 4 0.3 27.540.3 27.940.3 26.5
MEN 15.74+0.3 18.54+0.5 21.6 £0.4 21.3+0.5 22.4+0.4 > 23

2 Basis set: 6-31G*; P Basis set: def2-TZVPPD.
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Figure S1: Direct and indirect FE profiles (without Gaussian Process Regression) for identity
SN2 reaction estimated by using (a) the standard PM3 parameters and the standard QM-MM
electrostatics, (b) the recalibrated PM3 parameters and the standard QM-MM electrostatics, (c) the
standard PM3 parameters and the modified QM-MM electrostatics, and (d) the recalibrated PM3
parameters and the modified QM-MM electrostatics. This figure is the same as Fig. 2 in the main
text.
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Figure S2: Reweighting entropies and numbers of effective samples for weighted TP for identity Sn2
reaction calculated from (a) the standard PM3 parameters and the standard QM-MM electrostatics,
(b) the recalibrated PM3 parameters and the standard QM-MM electrostatics, (c¢) the standard PM3
parameters and the modified QM-MM electrostatics, and (d) the recalibrated PM3 parameters and
the modified QM-MM electrostatics. For each bin, the number of effective samples excludes those
frames contributing to the last 0.05 kcal/mol of free energy correction of that bin.
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Figure S3: Direct and indirect FE profiles (without Gaussian Process Regression) for Menshutkin
reaction estimated by using (a) the standard PM3 parameters and the standard QM-MM electrostatics,
(b) the recalibrated PM3 parameters and the standard QM-MM electrostatics, (c¢) the standard PM3
parameters and the modified QM-MM electrostatics, and (d) the recalibrated PM3 parameters and
the modified QM-MM electrostatics.
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Figure S4: Reweighting entropies and numbers of effective samples for weighted TP for Menshutkin
reaction calculated from (a) the standard PM3 parameters and the standard QM-MM electrostatics,
(b) the recalibrated PM3 parameters and the standard QM-MM electrostatics, (c) the standard PM3
parameters and the modified QM-MM electrostatics, and (d) the recalibrated PM3 parameters and
the modified QM-MM electrostatics. For each bin, the number of effective samples excludes those
frames contributing to the last 0.05 kcal/mol of free energy correction of that bin.
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Figure S5: Direct and indirect FE profiles (without Gaussian Process Regression) for glycine
intramolecular proton transfer reaction estimated by using (a) the standard PM3 parameters and the
standard QM-MM electrostatics, (b) the recalibrated PM3 parameters and the standard QM-MM
electrostatics, (c) the standard PM3 parameters and the modified QM-MM electrostatics, and (d)
the recalibrated PM3 parameters and the modified QM-MM electrostatics.
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Figure S6: Reweighting entropies and numbers of effective samples for weighted TP for glycine
intramolecular proton transfer reaction calculated from (a) the standard PM3 parameters and the
standard QM-MM electrostatics, (b) the recalibrated PM3 parameters and the standard QM-MM
electrostatics, (c) the standard PM3 parameters and the modified QM-MM electrostatics, and (d)
the recalibrated PM3 parameters and the modified QM-MM electrostatics. For each bin, the number
of effective samples excludes those frames contributing to the last 0.05 kcal/mol of free energy
correction of that bin.
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Figure S7: Direct and indirect FE profiles (without Gaussian Process Regression) for chorismate
mutase reaction estimated by using (a) the standard PM3 parameters and the standard QM-MM
electrostatics, (b) the recalibrated PM3 parameters and the standard QM-MM electrostatics, (c) the
standard PM3 parameters and the modified QM-MM electrostatics, and (d) the recalibrated PM3
parameters and the modified QM-MM electrostatics. This figure is the same as Fig. 6 in the main
text.
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Figure S8: Reweighting entropies and numbers of effective samples for weighted TP for chorismate
mutase reaction calculated from (a) the standard PM3 parameters and the standard QM-MM
electrostatics, (b) the recalibrated PM3 parameters and the standard QM-MM electrostatics, (c) the
standard PM3 parameters and the modified QM-MM electrostatics, and (d) the recalibrated PM3
parameters and the modified QM-MM electrostatics. For each bin, the number of effective samples
excludes those frames contributing to the last 0.05 kcal /mol of free energy correction of that bin.
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Figure S9: Wu and Kofke bias metrics (II) for identity Sy2 reaction estimated by using (a) the
standard PM3 parameters and the standard QM-MM electrostatics, (b) the recalibrated PM3
parameters and the standard QM-MM electrostatics, (c) the standard PM3 parameters and the
modified QM-MM electrostatics, and (d) the recalibrated PM3 parameters and the modified QM-MM
electrostatics.
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Figure S10: Wu and Kofke bias metrics (IT) for Menshutkin reaction estimated by using (a) the
standard PM3 parameters and the standard QM-MM electrostatics, (b) the recalibrated PM3
parameters and the standard QM-MM electrostatics, (c¢) the standard PM3 parameters and the
modified QM-MM electrostatics, and (d) the recalibrated PM3 parameters and the modified QM-MM
electrostatics.
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Figure S11: Wu and Kofke bias metrics (II) for glycine intramolecular proton transfer reaction
estimated by using (a) the standard PM3 parameters and the standard QM-MM electrostatics, (b)
the recalibrated PM3 parameters and the standard QM-MM electrostatics, (¢) the standard PM3
parameters and the modified QM-MM electrostatics, and (d) the recalibrated PM3 parameters and
the modified QM-MM electrostatics.
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Figure S12: Wu and Kofke bias metrics (IT) for chorismate mutase reaction estimated by using
(a) the standard PM3 parameters and the standard QM-MM electrostatics, (b) the recalibrated
PMS3 parameters and the standard QM-MM electrostatics, (c¢) the standard PM3 parameters and
the modified QM-MM electrostatics, and (d) the recalibrated PM3 parameters and the modified
QM-MM electrostatics.
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