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Molecular Dynamics Simulation on Structure of Water Molecules in
a Kaolinite-Water System
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Abstract:  Using Hendricks's model as initial structure, a molecular dynamics simulation without crystallographic
restrictions was used to investigate the kaolinite-water system with the CLAYFF force field. Results show that interlayer
water molecules have three types: type I is similar to Costanzo’s “hole water” molecule and its HH vector (a vector from
one hydrogen atom pointing to another hydrogen atom in water molecule) is parallel to the (001) plane while its Cy-axis is
slightly sloped and is nearly normal to the (001) plane; type Il is similar to “associated water” where one O—H bond
points to its neighboring layer tetrahedral oxygen and its hydrogen forms hydrogen bonds with oxygen while the other
O—H bond is approximately parallel to the (001) plane; type III water molecule approximates a vertical form where one
hydrogen forms a bond with tetrahedral oxygen and the other forms a hydrogen bond with a hydroxyl oxygen in the
opposite clay layer. The concentration curve of the hydroxyl hydrogen of kaolinite along the normal line of the (001)
plane shows that a portion of the hydroxyls change their orientation to be nearly parallel to the (001) plane. The
corresponding oxygen atoms in the hydroxyl can therefore be exposed and form a hydrogen bond with interlayer water.
Furthermore, some oxygen atoms of Type II water molecule deviate from their average position in the interlayer space
and are closer to the tetrahedral layer and this result is consistent with Costanzo’s result and may be the reason for the
weak (002) peak observed in X-ray diffraction.
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Fig.2 Curves of root mean square deviation (RMSD), total energy and temperature during simulation
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Fig.3 Oy and Hy, atomic percent concentration curves
along the normal of (001) plane

d is the distance from the basal clay sheet along the normal of (001) plane.
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Supporting information available: Atom coordinates in
initiative cell and CLAYFF force field parameters for molecular
dynamics simulation have been included. This information is
available free of charge via the internet at http://www.whxb.pku.

edu.cn.
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