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Montmorillonite (MMT) is a subject of interest within the area of many applied sciences such as
mineralogy, environment protection, and eiectrochemistryA This material is technologically important and widely
used as electrolyte since it is known to have good ion-conducting properties. Furthermore, since MMT plays
important role in electrochemistry applications, understanding its properties is essential to predict its effects on
other elements and compounds during chemical reactions. In this study, properties of MMT from electronic
structure point of view are explored and described using first principles calculation based on the density
functional theory (DFT).

In Chapter 2 of this dissertation, a short review on the main constituent layers and the essential
features of MMT are described to provide a clear picture of constructing modified-MMT structure at a molecular
level. Naturally occurring MMT consists of layers made up of two silicate tetrahedron fused to an edged shared
with either aluminum or magnesium hydroxide octahedral layer. The layers are tightly bonded to each other and
form a stack with regular Van Der Waals gap between each layer referred to as interlayer gallery. The
isomorphic substitution within the layers is responsible for the layer to have negative charges that creates very
strong attractive forces for adsorption of either water molecules or cations on the MMT.

In Chapter 3, DFT calculation is performed to investigate the absorption of Li in dry MMT. This study
is conducted to investigate the mechanism of Li absorption and to clarify the stable position of Li whether in the
tetrahedral or in the octahedral layer energetically. It is found that Li is absorbed in the vacant octahedral layer
and transfers its electron to the adjacent atoms to compensate for the existing net charge of MMT caused by
isomorphic substitution. The OH groups located in the octahedral layer undergo reorientation perpendicular to
the MMT surface as a result of their interaction with Li. A relatively small charge transfer occurred in between
Li and H of OH and the formation of Li-H bond is observed. The charge transfer among the atoms perturbs the
apical oxygen that bridges the octahedral and tetrahedral layer which in turn affects the Si-O bond length.

In nature, the isomorphic substitution in MMT takes place not only in the octahedral layer, but also in
the silicate tetrahedral layer, or in both layers. Usually for substitution in the tetrahedral layer, one of the Si
atoms at the upper tetrahedral layer is replaced by Al atom. Note that the substitution replaces a high valent
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element with a low valent one. To extend the understanding on the microscopic structure-property relationship,
the effect of the isomorphic substitutions in the upper tetrahedral layer and the role of the Li distribution in the
dry MMT are studied with detailed explanation and are presented in the fourth chapter (chapter 4). It is found
energetically and based on the density of states analyses, the stability and the property of dry Li-MMT
respectively depend on the neutral form of Li-MMT structure; an insulator-like behavior is obtained for the
structure having neutral charge. On the other hand, an extra charge from Li which leads to an unbalanced of
Li-MMT charge contributes to metallic-like behavior in Li-MMT.

In dry Li-MMT, the bonding forces between layers of MMT are relatively strong. However, when
Li-MMT is exposed to humidity the bonding forces become weaker. This weak bonding allows water or any polar
fluids to penetrate easily between the unit cell layers. The hydrated Li-MMT thus swells and shows high ionic
conductivity. In chapter 5 of this dissertation, water adsorption on Li-MMT is studied to investigate the origin of
Li-MMT conductivity by comparing the dissociation energy of O-H of the water molecule and the barrier for
migration of Li-atom on the MMT surface. It is found that the electric charge carriers are not the conducting
protons as none of H atoms are dissociated from water molecule. Furthermore, Li can migrate easily from the
MMT surface toward the water molecule forming a weak covalent bond with the O atom of the water molecule.
This migration indicates that Li atom may become the electric charge carrier (conducting cation) on the
Hz0/Li-MMT.

After the study of the interaction of water molecule on Li-MMT, the mechanism of water adsorption on
Li-MMT is discussed in the last chapter of this dissertation (chapter 6). The mechanism of H2O adsorption in
Li-MMT is explained by considering the geometric structure, the charge transfer among the neighboring atoms,
and the density of states analysis. It is observed that H20 molecule does not penetrate the upper layer of
Li-MMT due to the dominance of Coulombic repulsion between the HzO molecule and the surface of Li-MMT.
Instead of penetrating the upper layer of MMT, the O atom, being the most electronegative of the highly polar
H20 molecule, is more attracted to the Li atom. With H2O molecule adsorbed on Li-MMT, migration of Li to the
octahedral layer of MMT is not observed, as opposed to Li migration occurrence in the dry Li-MMT previously
mentioned in the chapter 3. In addition, Li protrudes out from the MMT surface and tends to be attracted
toward H20 molecule. Moreover, the higher the concentration of H2O molecule, the stronger is the tendency of Li
to be attracted toward Hz0 molecule. In the system with a large water content ((1x1) system), charge sharing
between the protruded Li and HzO molecule is more intense as compared with the system having lower water
content ((1x2) system). Therefore, the protruded Li in the (1x1) system slightly pushes H20 molecule resulting in
a more tilted H20 molecular orientation with respect to the z axis, becoming almost parallel with y axis. The
tilted H20 molecular orientation of the (1x1) system is confirmed in the density of states analyses in which the
H20 molecular state 3al contains more of the py-orbital character. On the other hand, the H20 molecule state
3al of the (1x2) system contains more of the pzorbital due to the more upright H20 molecule orientation.
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