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aBstRact
This paper reviews experimental nuclear magnetic resonance
(NMR) and computational molecular dynamics (MD) investigations
of the structural and dynamical behavior of cations, anions, H2O, and
CO2 on the surfaces and in the interlayer galleries of layer-structure
minerals and their composites with polymers and natural organic
matter (NOM). The interaction among mineral surfaces, chargebalancing cations or anions, H2O, CO2, and NOM are dominated
by Coulombic, H-bond, and van der Waals interactions leading to
statically and dynamically disordered systems and molecular-scale
processes with characteristic room-temperature frequencies varying from at least as small as 102 to
>1012 Hz. NMR spectroscopy provides local structural information about such systems through the
chemical shift and quadrupolar interactions and dynamical information at frequencies from the subkilohertz to gigahertz ranges through the T1 and T2 relaxation rates and line shape analysis. It is often
and computational molecular modeling is often effective in providing a much more detailed picture in
this regard. The examples discussed here illustrate these capabilities of combining experimental NMR
and computational modeling in mineralogically and geochemically important systems, including clay
minerals and layered double hydroxides.
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intRoduction
Layer-structure phases such as clays and layered double hydroxides (LDHs) are important natural minerals and industrial
materials with high surface areas and often large ion exchange
capacities (Brindley and Brown 1980; Bailey 1988). The interaction of aqueous fluids with these phases is important in many
geochemical and industrial situations and can occur both on
external surfaces and within the two-dimensional, nanometerscale confined spaces of the interlayer galleries (e.g., Sposito
1984; Skipper et al. 2006). Investigating the structures of the
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interlayers and near-surface regions of these phases is very challenging, because the individual (alumino)silicate layers of clays
and the hydroxide layers of LDHs often show significant stacking disorder and because the interlayers and near-surface fluid
environments are typically dynamically and statically disordered
(Brindley and Brown 1980; Newman et al. 1998; Marcelin et al.
1989; Kirkpatrick et al. 2005b; Marry et al. 2008, 2011; Morrow
et al. 2013; Ngouana and Kalinichev 2014). Similarly, organic
compounds and condensed organic matter are equally important
in low-temperature geological environments (e.g., Sposito 1984;
Stevenson 1994; Tipping 2002; Wershaw 2004; Leenheer 2009).
Most naturally occurring organic matter (NOM), such as the humic substances in soils and natural waters, is highly disordered,
and its interactions with mineral surfaces (often clays), water,
dissolved species, and CO2 and other fluids is equally difficult
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