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abstract
The focus of the study presented here is the illite component of the clay mineral components found
teristics of the 2M1 polytype. The template for the illite models is derived from crystallographic data,
which is used together with the general formula, K1.67(Al3.29Fe0.38Mg0.32)[(Si6.68 Al1.32)O20(OH)4] to create
different particles of illite, each containing potassium plus either ammonium (NH4+) or hydronium (H3O+)
principles using plane waves and pseudo-potentials within the formalism of density functional theory
(DFT). The resulting lattice lengths, lattice dynamics in the form of infrared frequencies, positions
of interlayer molecules and simulated X-ray powder diffraction (XRPD) patterns are analyzed with

atomistic illites, ready for use in further studies. Furthermore, the analytical data from these models
DFT, shale, ammonium ions, hydronium ions, 2M1-illite, interlayer-deficient mica

introDuction

Illite is classed as a “...dioctahedral interlayer-deficient

Investigating the atomistic structure of illite particles might
CO2
CO2
sequestered CO2
multiple length-scales, one of which is how the components
of gas shale interact with CO2 and CH4. Such interactions

consists of tetrahedral-octahedral-tetrahedral (TOT) sheets
composed of (mainly) T24+O5 and R23+O5, respectively, where T4+
is usually Si4+ and R3+ is predominantly Al3+
3+
2+/
Fe3+ and Mg2+ produce
a negatively charged TOT layer. The negative charge is then
illite, are mainly K+ (well documented), NH4+ (Lindgreen et al.
+
3O (Nieto et al. 2010). A general formula
for potassium-interlayer, 2M1 illite is K1.67(Al3.29Fe0.38Mg0.32)
[(Si6.68Al1.32)O20(OH)4] (Zöller and Brockamp 1997). The octa-

-

Illite has a total surface area of ~85 m2/g, (Macht et al. 2011)
and within gas shales, illite comprises up to 20% of the clay
minerals, which themselves constitute up to 50% of the overall

tion of surface/molecule interactions comes the creation of the
illite models themselves, and although there are in-depth DFT

rotated (Nespolo 2001). Fortunately, there is experimental data
concerning the polytypes of illite reporting that it occurs as two
main polytypes, 1M and 2M1 (Drits and Zviagina 2009). Zöller
and Brockamp (1997) suggest that these polytypes are different

(Escamilla-Roa et al. 2013; Hernández-Laguna et al. 2006), for
example, a category that includes the illite series, to date we
have not found any DFT studies specifically concerning particles created from 2M1 illite with various interlayer molecules.

as “polytypes” (of illite) in this study.
In the Barnett shale, illite is the end-product of diagenesis
(Liming et al. 2012) and forms on the transformation or “illitization” of smectites (Lausen et al. 1999; Lindgreen 1991;
Eslinger and Pevear 1988). A consideration of the formation of
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matter and clay particles (Lash and Blood 2004), at least dur-
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