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Abstract
Classical molecular dynamic simulations are performed to investigate the microscopic properties of
hexadecyltrimethylammonium (HDTMA) intercalated smectites with and without the cointercalation
of acetate groups. Three model smectites with distinct layer-charge characteristics are selected as the
frameworks and their HDTMA intercalates correspond to the representative monolayer, bilayer, and
paraffin configurations of the aliphatic chains. In the organoclays without cointercalation, all trimethylammonium headgroups of HDTMA are fixed firmly above the center of the surface six-member rings
through electrostatic attractions with surface oxygen, whereas the alkyl chains are a little more mobile.
It is found that the cointercalations can significantly increase the basal spacings of the pure HDTMA
intercalated smectites. The distributions and mobility of the HDTMA headgroups are not affected by
the acetate ions because of the overwhelming attractions coming from the clay sheets. The acetate
groups are fixed by the HDTMA headgroups through ion pairing. This simulation study provides a
molecular level basis to understand the effects of cointercalation on properties of organoclays.
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Introduction
The organoclays synthesized by intercalating alkylammonium
ions into phyllosilicates have attracted great interest among both
academic and industrial researchers (Yariv and Cross 2002;
Lagaly et al. 2006). Organoclays generally exhibit many improved material properties in comparison with the virgin clays,
e.g., organophilicity, increased strength and heat resistance, and
decreased gas permeability and flammability. These remarkable
properties have promoted various applications in petroleum
exploitation, chemical industries, and environmental engineering
(Yariv and Cross 2002; Lagaly et al. 2006).
Many experiments have been carried out to investigate the
interlayer structures of the organoclays. X-ray diffraction (XRD)
measurements indicate that the interlayer microscopic structure
is determined by both the density of the clay layer charge and
the alkyl chain length of alkylammonium ions (Weiss 1963;
Lagaly 1981; Laird et al. 1989; Laird 1994; Janek and Smrcok
1999). Several ideal structure modes of intercalated alkylammonium ions have been proposed. The alkyl chains can arrange
into integer-number layers parallel to the (001) surface in the
interlayer space, e.g., monolayers for short chains, bilayers for
longer ones, and pseudo-trilayers for long chains within highly
charged phyllosilicates. The alkyl chains can also be oblique
to the (001) surface of clays instead of being layered, which is
generally called a paraffin structure. Paraffin structure is usually formed by quaternary alkylammonium ions with long alkyl
chains (Lagaly et al. 2006). The above structures of interlayer
organic phases have also been investigated by employing Fourier
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transform infrared spectroscopy (FTIR) (Vaia et al. 1994; Osman
et al. 2000, 2002, 2004; Zhu et al. 2005) and nuclear magnetic
resonance (NMR) techniques (Wang et al. 2000; Osman et al.
2002, 2004; Zhu et al. 2005).
Recent studies have shown that some negatively charged
groups can cointercalate into phyllosilicate interlayers together
with alkylammonium ions during the synthesis process. Some
investigations demonstrate that the incorporation of excess
hexadecyltrimethylammonium (HDTMA) ions due to anion
cointercalation can obviously increase the basal spacing values
of the intercalated clays (Lee and Kim 2002; Slade and Gates
2004a, 2004b, 2007), and affect the sorption properties of the
organoclays. It is found that the cointercalations increase the
toluene sorption capacity (Jaynes and Boyd 1991; Slade and
Gates 2004b). So far, the research focusing on cointercalation
is still limited due to the restriction of experimental techniques
and thus a lot of related topics remain unclear, such as the effects
of cointercalation on interlayer properties, and the interactions
between the cointercalated anions with clay surface and alkylammoium ions. These issues are undoubtedly important for
they closely relate to the syntheses and practical applications
of organoclays.
In recent decades, molecular simulations have been widely
used to study organoclays and have proven very powerful in
complementing experiments, especially in exploring the thermodynamic and dynamic information at the atomic level. Tambach
et al. (2006) simulated the swelling behaviors of organoclays
and the conformations of intercalated alkyl chains by employing
the force field of Skipper et al. (1995) and OPLS-UA (OPLS
united-atom) (Jorgensen et al. 1984, 1986) to describe the clay
and organic ions, respectively. Heinz and his collaborators

