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INTRODUCTION

The structural arrangement and dynamical behavior of H2O
molecules, ions, and other molecular species in the confined
spaces of nano-scale pores and mineral interlayers are key to
understanding transport and reactivity in many geochemical,
technological, and biological systems. In recent years there have
been significant experimental and computational efforts to un-
derstand the structure and dynamics of aqueous species in het-
erogeneous systems (e.g., Nandi et al. 2000; Dore 2000),
including clays and other layered minerals (Kagunya 1996;
Kagunya et al. 1997; Smirnov and Bougeard 1999; Greathouse
et al. 2000; Swenson et al. 2000). Most of these experimental
and computational studies focused on the effects of confine-
ment on the structure and dynamics of H2O molecules relative
to the properties of bulk liquid water. Here we present a com-
bined experimental far-infrared spectroscopic (FIR) and com-
putational molecular modeling study of the Cl–-containing
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ABSTRACT

Comparison of the observed far-infrared (FIR) spectrum of Cl–-containing hydrotalcite,
[Mg3Al(OH)8]Cl·3H2O, to a power spectrum calculated using molecular dynamics (MD) computer
simulation, provides a greatly increased understanding of the structure and vibrational dynamics in
the interlayers of layered double hydroxides. Good agreement between the observed FIR band posi-
tions and the simulated power spectrum illustrates the capability of this combination of experimental
and computational techniques to effectively probe the structure and dynamics of water in nano-pores
and other confined spaces. The simulation model assumes an ordered Mg3Al arrangement in the
octahedral sheet and no constraints on the movement of any atoms or on the geometry and symmetry
of the simulation supercell. Calculated anisotropic components of the individual atomic power spec-
tra in combination with computed animations of the vibrational modes from normal mode analysis
allow for reliable interpretations of the observed spectral bands. For the vibrations related to octahe-
dral cation motions, bands near 145, 180, and 250 cm–1 are due dominantly to Mg vibration in the c
direction (perpendicular to the hydroxide layers), Al vibration in the c direction, and Mg and Al
vibrations in the a-b plane (parallel to the hydroxide layers), respectively. The low frequency vibra-
tional motions of the interlayer are controlled by a network of hydrogen bonds formed between
interlayer water molecules, Cl– ions, and the OH groups of the main hydroxide layers. The bands
near 40–70 cm–1 are related to the translational motions of interlayer Cl– and H2O in the a-b plane,
and the bands near 120 cm–1 and 210 cm–1 are largely due to translational motions of the interlayer
species in the c direction. The three librational modes of interlayer water molecules near 390, 450,
and 540 cm–1 correspond to twisting, rocking, and wagging hindered rotations, respectively. The
spectral components of the interlayer Cl– motions are remarkably similar to those of bulk aqueous
chloride solutions, reflecting the structural and dynamic similarity of the nearest-neighbor Cl– envi-
ronments in the interlayer and in solution.

layered double hydroxide (LDH) compound hydrotalcite,
[Mg3Al(OH)8]Cl·3H2O. These results complement the results
of our previous NMR and molecular dynamics (MD) model-
ing studies of LDH phases (Kirkpatrick et al. 1999; Hou et al.
2000, 2002; Kalinichev et al. 2000; Hou and Kirkpatrick 2000,
2002; Wang et al. 2001; Kalinichev and Kirkpatrick 2002),
demonstrate the capabilities of this combined approach to
greatly improve our understanding and interpretation of the
relatively low frequency vibrational dynamics of ions and wa-
ter molecules in confined fluids, and provide significant new
insights into the structure and dynamics of LDH phases.

LDHs are unusual among oxide and hydroxide materials in
having large permanent positive layer charges and, conse-
quently, large anion exchange capacities. Interest in these
phases, which are also known as hydrotalcite-like compounds
(HTs), mixed-metal layered hydroxides (MMLHs), and anionic
clays, has increased rapidly in recent years. This interest is due
to their role in a wide range of natural and hazardous waste
environments, in Portland cements, their use as catalysts, cata-
lyst supports, carriers for drugs, electrode modifiers, and in


