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Force Field Energy Expression and Parameters

The CVFF-INTERFACE force field* was developed based on the CVFF force filed® with
the parameters developed for silicates, aluminates, metals, oxides, sulfates, and apatite to
enable the simulations of inorganic-organic interfaces. The force field includes the potential
energy terms and the corresponding parameters describing all atoms in the kaolinite
framework. The OPLS-AA was used to define the urea model. Both force field employ the
same harmonic energy expressions including quadratic bond stretching potential, quadratic
angle bending potential, trigonometric torsion potential, Coulombic potentianl, and 12-6
Lennard-Jones potential with geometric combination rule. The energy (E) is the sum of

contributions from each component as follows:
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where the first three terms represent the bond stretching, angle bending, and dihedral

torsional terms which describe the intramolecular interactions of kaolinite and urea, and the
last two terms are the Lennard-Jones potential (12-6 potential) and Coulombic potential
energy terms which describe the intermolecular interactions between kaolinite surface and
urea.

The force field parameters for kaolinite particles were taken from the
CVFF-INTERFACE force field by Heinz et al.® The parameters o of van der Waals energy
was adjusted due to the moderate difference in the type of 12-6 Lennard-Jones potential used
in the LAMMPS package compared with that in the ref.® Here, we only gave the nonbonded
Lennard-Jones parameters and atomic charges for kaolinite in Table S1. Please see the other
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parameters of bond stretching and angle bending in ref.® The force field parameters for urea

particles were directly taken from OPLS-AA force field* except that the parameters for

dihedral torsional terms were adopted from the work of Smith et al.> These force field

parameters were summarized in Table S2.

Table S1 Lennard-Jones parameters and atomic charges for kaolinite

Nonbond Charge (e) o(A) & (kcal/mol)
Sisurface +1.1 3.5636 0.05
Aloctanedral +1.45 3.7418 0.05
Osurface —-0.55 3.1182 0.025
Ogpical —0.758 3.1182 0.025
Ohnydroxyl —-0.683 3.1182 0.025
Hinner hydroxyl +0.2 0.9667 0.15
Hinner surface hydroxyl +0.2 0.9667 0.15
Table S2 Force field parameters for urea
Nonbond Charge (e) o(A) & (kcal/mol)
C +0.142 3.75 0.105
o] -0.39 2.96 0.21
N —0.542 3.25 0.17
H +0.333 0 0
Bond ro (A) K, [keal/(mol-A?)]
Cc-0O 1.229 570
C-N 1.335 490
N-H 1.01 434
Angle & (degrees) K [keal/(mol-rad?)]
O-C-N 122.9 80
N-C-N 114.2 70
C-N-H 119.8 35
H-N-H 120 35
Torsional dihedral d K, (kcal/mol)
O-C-N1-H1 -1 41.8
O-C-N2-H2 -1 41.8
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Figure S1. Initial configuration of the (a) TOT , (b) TO, and (c)T O models. The ball color scheme for

kaolinite layer is O, red; H, white; Si, orange; and Al, purple; for urea layer it is C, gray; N, blue; O, red;
and H, white.
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Figure S2. Basal spacing of kaolinite—urea intercalates with various urea contents calculated with MD
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