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Supporting information

The supporting information consists of the bootstrapped PMF profiles (Figure 1) and PMF

curve decomposition into Coulombic and Lennard-Jones contributions (Figure 2) for imida-

zole, as well as the partial charge decomposition of the N-heterocycles (Figures 3 and 4) and

fatty acid amides (Figure 5) derived from the single point DFT calculations. For further

computational details, refer to Section 2.2 of the main article.
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Bootstrapped PMF profiles for imidazole

The average PMF profiles were calculated based on a bootstrap method using 300 bootstrap

samples for each set of umbrella sampling simulations. The profiles were overlapped by

setting the zero level of each generated PMF profile at r = 2.05 nm. The PMF profiles

presented in Figures 2 and 4 of the main manuscript are based on the arithmetic average of

the bootstrapped profiles and error is estimated using standard deviation. To present the

data fluctuations range and PMF convergence, Figure 1 plots the sampled 300 bootstrapped

profiles for imidazole.

Figure 1: 300 bootstrapped PMF profiles for imidazole. PMF reaction coordinate r denotes
perpendicular distance between the montmorillonite surface topmost Si atoms and imidazole
molecule center of mass.

Imidazole PMF decomposition to Coulombic and van der

Waals non-bonded contributions

Adsorption of the examined heterocycles occurs via interaction with the montmorillonite

surface Na+ ions. It is worthwile posing the question, how the adsorption contributions
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depend on Coulombic and van der Waals contributions.

Figure 2 shows the contributions of Lennard-Jones (LJ) and Coulombic non-bonded in-

teractions to the overall PMF of imidazole. To obtain the data, additional PMF umbrella

sampling simulations for imidazole on montmorillonite with electrostatic (Coulombic) in-

teractions between the imidazole molecule and the rest of the system (triglyceride solvent

and montmorillonite surface and ions) turned off were performed. Imidazole intramolecular

electrostatic interactions and interactions between the solvent molecules, montmorillonite

atoms and Na+ ions were kept intact. The PMF was calculated according to the protocol

described in main manuscript. The electrostatic contribution to the PMF was calculated

by subtracting the simulated LJ contribution from the original PMF. Notably, a PMF in

which the electrostatic interactions between the species of interest, here imidazole, and the

rest of the system are turned off, converges significantly faster, as e.g. hydrogen bonding

interactions between the triglyceride solvent and imidazole are absent.

Figure 2: PMF profile for imidazole adsorbing onto Na-montmorillonite as the function of
distance r to the plane defined by Montmorillonite surface Si atoms. Contributions rising
from Lennard-Jones (LJ) and Coulombic interactions are plotted separately.

During umbrella sampling the imidazole molecule is confined only in the z-direction (per-

pendicular to the montmorillonite surface), which allows movement along the xy-plane on the
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montmorillonite surface. In the absence of Coulombic interactions, the adsorption geometry

changes. This shows in the small r PMF data corresponding to just the LJ contributions.

The data of Figure 2 supports the conclusion that the contribution of LJ-interactions to

adsorption is much smaller than the Coulomb interaction contributions. This means that the

overall adsorption energy can be expected to scale with molecule point charges, particularly

the adsorbing imidazole ring nitrogen. Imidazole is employed as the test case here due to its

two ring nitrogens.

Partial charges of N-heterocycles and fatty acid amides

The original Charmm GenFF charges,1 as well as Hirshfeld,2 AIM,3 Merz-Singh-Kollman

(MK),4,5 and ChelpG6 charges of the studied nitrogen compounds are presented in Figures

3, 4, and 5. The mean, median, and standard deviation of the absolute error for each charge

partition scheme compared to Charmm GenFF charges are also presented.
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Figure 3: The Charmm GenFF partial charges and the DFT calculation based Hirshfeld,
AIM, Merz-Singh-Kollman (MK), and ChelpG charges of imidazole, pyrrole, pyridine, and
purine. The charge unit is elementary charge. The average, median, and standard deviation
(SD) of absolute error in comparison to Charmm GenFF charges are also presented.
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Figure 4: The Charmm GenFF partial charges and the DFT calculation based Hirshfeld,
AIM, Merz-Singh-Kollman (MK), and ChelpG charges of indole and quinoline. The charge
unit is elementary charge. The average, median, and standard deviation (SD) of absolute
error in comparison to Charmm GenFF charges are also presented.
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Figure 5: The Charmm GenFF partial charges and the DFT calculation based Hirshfeld,
AIM, Merz-Singh-Kollman (MK), and ChelpG charges of the studied fatty acid amides. The
charge unit is elementary charge. The average, median, and standard deviation (SD) of
absolute error in comparison to Charmm GenFF charges are also presented.
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