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1 Reliability of the MBAR Analysis of the Trajectories

from Two-Dimensional Umbrella Samplings

The reliabilities of the MBAR calculations are examined by calculating the overlap matrix

proposed by Mobley et. al.,1 which essentially measures the magnitude of the phase space

overlap. The elements of the S × S overlap matrix are defined as1,2
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The overlap was computed for each pair of neighboring windows, which should be no smaller

than 0.03 in order to ensure a reliable MBAR analysis as suggested by Klimovich et al.1

2 Reliability of wTP Calculations

It is well known that TP requires significant overlap in phase space between the sampled

(PM6 in this work) Hamiltonian and the target (B3LYP in this work) Hamiltonian.3 Be-

cause TP often suffers from numerical instability, the “reweighting entropy”4 can be used to

measure the reliability of wTP calculations.2 It is defined as
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Here,
S∑
i=1

Ni∑
l=1

δ
(
η(i,l) − η

)
represents the number of configurations falling into bin η among

the samples from all the two-dimensional biased simulations. The larger the reweighting

entropy is, the more reliable the TP calculation can be.
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Figure S1: The overlap matrix elements at the PM6/MM level for the Diels-Alder reactions
between cyclopentadiene and (a) acrylonitrile, (b) 1-4-naphthoquinone.
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Figure S2: The reweighting entropy values in reweighting from the PM6/MM Hamiltonian
to the B3LYP(-D3)/MM Hamiltonian for the Diels-Alder reactions between cyclopentadiene
and (a) acrylonitrile, (b) 1-4-naphthoquinone.
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Figure S3: The raw free energy surfaces under the B3LYP(-D3)/MM Hamiltonian for the
Diels-Alder reactions between cyclopentadiene and (a) acrylonitrile, (b) 1-4-naphthoquinone
before Gaussian Process Regression.
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