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Unlike natural clay minerals, organically modified montmorillonite possesses a very high sorption capacity
for anions, which favors its use for waste storage and sewage purposes. Understanding of this anion
sorption requires a detailed knowledge about the underlying structure, which is only partially accessible
with currently applied experimental methods. To get more structural information, Na-montmorillonite
modified with tretaphenylphosphonium (TPP+, (C6H5)4P

+) chloride or benzethonium (BE+, C27H42O2N
+)

chloride was simulated using the Metropolis Monte Carlo method as extended by the configurational-bias
procedure for flexible organic molecules (Vlugt et al., 1998).

The simulated interlayer content of TPP+ varied between 8% and 100% of CEC (cation exchange capacity).
Two different initial arrangements of TPP+ were considered, taking into account experimentally derived
suggestions (Meier et al., 2001): 1) “monofacial” arrangement with three of the phenyl groups of all TPP+

aligned to the same basal surface, and 2) “bifacial” arrangement with an equivalent distribution of phenyl
groups between the two opposite basal surfaces of the montmorillonite. Pressure, temperature and number
of particles were kept constant whereas the layer spacing was allowed to vary during the simulations. The
OPLS-AA force field (Jorgensen et al., 1996) was used for calculation of the intermolecular and
intramolecular interactions and Ewald summation was used to calculate the electrostatic interactions.

Figure 1: Simulated and experimental (Dultz and Schampera, 2009) layer spacings of TPP+-modified
montmorillonite as a function of interlayer content of TPP+ (% CEC).
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The layer spacings (Figure 1), determined for the first arrangement, are between 17.4 Å for the lowest and
19 Å for the highest TPP+ contents and show a very good agreement with experimental values. For this
arrangement, a segregation of organic (TPP+) and inorganic (Na+, Cl- and H2O) phases is observed. On the
contrary, the simulated layer spacings for the second arrangement agree with the experimental data only
for lower contents of TPP+ (Figure 1). For higher contents of TPP+, the experimental values are
overestimated by 2-3 Å. Therefore, it can be concluded that the first arrangement is physically correct.

In a second series of simulations, TPP+ ions up to content of 266% CEC were considered in aqueous
solution at the external surface of montmorillonite. Experimental studies of organically modified
montmorillonite have shown an increase of the surface charge up to positive values for TPP+ contents
higher than 100 % of CEC (Dultz and Schampera, 2009), which suggests a possible aggregation of TPP+

at the mineral surface. In addition, a decrease of the contact angle has been observed with increased TPP+

content (Dultz and Schampera, 2009). For unmodified Na-montmorillonite a contact angle of 50° has been
measured, whereas for the modified clay with a TPP+ content of 100 % CEC a contact angle of 10° has
been observed, which suggests a hydrophobic surface.

Simulations revealed an adsorption of positively charged ions on the surface of montmorillonite in excess
of its negative layer charge. This excess is due to the inner-sphere adsorption of 0.125 Na+/Auc above the
tetrahedral Al substitution and the inner-sphere adsorption of 0.25 TPP+/Auc above octahedral substitutions
at distances of 1.6 and 5 Å from the surface, respectively. Additionally, 0.25 TPP+/Auc are adsorbed as
outer-sphere complexes at a distance of 8 Å. Thus, the total positive ion coverage on TPP+-modified
montmorillonite corresponds to 133% of its CEC, which explains the experimental observation of the
positively charged surface of TPP+-modified bentonite (Dultz and Schampera, 2009). The Cl- ions are
distributed in a diffuse layer at distance from 10 Å to 25 Å from the surface. Differently than for the
simulations of the interlayer space there are no significant differences between the “monofacial” and the
“bifacial” arrangement.

In addition, the interlayer of BE+-modified montmorillonite was simulated to determine largely unknown
alignment and conformations of BE+ ions, which lead to the experimentally observed layer spacing of 27 Å
(Dultz and Schampera, 2009).
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