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Effect of Layer Charge Density on the Exfoliation of Montmorillonite to Prepare
Two-Dimensional Nanosheets
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Abstract: Two typical montmorillonite samples, with layer charge densities of 0.342 and 0.439, measured by using alkylammonium
method, were selected in this study. The effects of layer charge density on the two-dimensional (2D) exfoliation of montmorillonite
and the surface electrical properties of the nanosheets after exfoliation were studied. The mechanisms of the exfoliation and hydration
swelling ability of montmorillonite were explained using molecular dynamics simulation. It was found that montmorillonite with
relatively low layer charge density exhibited stronger hydration and swelling ability and thus was easier to be exfoliated into 2D
nanosheets. The exfoliated 2D nanosheets from the montmorillonite with higher layer charge density had larger electronegativity per
unit area. The lower layer charge density of montmorillonite, the weaker adsorption of water molecules on the surface of
montmorillonite crystal layer, the stronger interlayer cation hydration and greater hydration swelling ability, could be used to explain
the fact that the montmorillonite with low layer charge density was more easily exfoliated into 2D nanosheets.
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Table 2 Spatial coordinates of atoms in montmorillonite

unit cell

Atom X y z

Al 0.000 3.020 18.500
Si 0.472 1.510 15.580
(0} 0.122 0.000 15.040
(0} —0.686 2.615 15.240
(0} 0.772 1.510 17.200
O(OH) 0.808 4.530 17.250
H(OH) —0.103 4.530 16.812
M* 0.000 4.530 12.250
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