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abstract

The focus of the study presented here is the illite component of the clay mineral components found 
ZLWKLQ�JDV�VKDOH��VSHFL¿FDOO\�WKH�FUHDWLRQ�RI�UREXVW��DWRPLVWLF�PRGHOV�RI�LOOLWH�SDUWLFOHV�EHDULQJ�FKDUDF-
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+) 
LRQV��RU�ZDWHU�PROHFXOHV�LQ�WZR�GLIIHUHQW�SURSRUWLRQV��7KHVH�DWRPLVWLF�PRGHOV�DUH�RSWLPL]HG�IURP�¿UVW�
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 
UHIHUHQFH�WR�WKH�DYDLODEOH�H[SHULPHQWDO�GDWD��:H�FRQFOXGH�WKDW�DOO�IRXU�LOOLWH�PRGHOV�GLVSOD\�SURSHUWLHV�
WKDW�IDOO�ZLWKLQ�WKH�UDQJH�RI�DYDLODEOH�H[SHULPHQWDO�GDWD��DQG�WKDW�WKHUHIRUH�WKHVH�DUH�VWDWH�RI�WKH�DUW�
atomistic illites, ready for use in further studies. Furthermore, the analytical data from these models 
ZLOO�HQDEOH�WKH�FKDUDFWHUL]DWLRQ�RI�SK\VLFDO�VDPSOHV�RI�LOOLWH�ZLWK�YDU\LQJ�LQWHUOD\HU�FRQVWLWXHQWV�

.H\ZRUGV��DFT, shale, ammonium ions, hydronium ions, 2M1-illite, interlayer-deficient mica

introDuction

Investigating the atomistic structure of illite particles might 
DSSHDU�WR�EH�IDU�UHPRYHG�IURP�HQHUJ\�SURGXFWLRQ�DQG�ORQJ�WHUP�
CO2� VWRUDJH��EXW� HVVHQWLDOO\�� LW� LV�PXFK�FORVHU� WR�ERWK� WKHVH�
LVVXHV�WKDQ�LV�LPPHGLDWHO\�DSSDUHQW��7KH�IHDVLELOLW\�RI�XVLQJ�
CO2�IRU�HQKDQFHG�PHWKDQH�UHFRYHU\�IURP�JDV�VKDOH�EHGV��DQG�
WKHQ�XVLQJ�WKHVH�H[KDXVWHG�VKDOH�EHGV�DV�ORQJ�WHUP�VWRUDJH�IRU�
sequestered CO2��:LOFR[��������GHSHQGV�RQ�PDQ\�IDFWRUV�DW�
multiple length-scales, one of which is how the components 
of gas shale interact with CO2 and CH4. Such interactions 
FRXOG�EH�FKHPLFDO�LQ�QDWXUH��KHQFH�WKHLU�LQYHVWLJDWLRQ�UHTXLUHV�
UREXVW��DWRPLVWLF�PRGHOV�WKDW�ZRXOG�DOORZ�IRU�WKH�QDWXUH�RI�WKH�
LQWHUDFWLRQV� WR�EH� LGHQWLILHG��7KH�DWRPLVWLF� VWUXFWXUH�RI� FOD\�
PLQHUDOV�GHWHUPLQHV�WKH�VXUIDFHV�H[SHULHQFHG�E\�FRQWDFW�PRO-
HFXOHV��ZKLFK�LQ�WXUQ�JRYHUQV�WKH�LQWHUDFWLRQV�EHWZHHQ�WKHP��
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 
VKDOH�FRQWHQWV��ĝURGRĔ��������DQG�KHQFH�WKHRUHWLFDOO\�WKHUH�LV�
HQRUPRXV�SRWHQWLDO�IRU�LQWHUDFWLRQV�EHWZHHQ�WKH�FOD\�PLQHUDO�
VXUIDFHV�DQG�WKHLU�HQYLURQPHQWV��+RZHYHU��EHIRUH�WKH�LQYHVWLJD-
tion of surface/molecule interactions comes the creation of the 
illite models themselves, and although there are in-depth DFT 
VWXGLHV�RI�WKH�FDWLRQ�GLVWULEXWLRQ�LQ�GLRFWDKHGUDO�SK\OORVLOLFDWHV�
(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 par-
ticles created from 2M1 illite with various interlayer molecules.

Illite is classed as a “...dioctahedral interlayer-deficient 
PLFD«´��)OHHW�������FKDUDFWHUL]HG�E\�QRQ�VZHOOLQJ�EHKDYLRU�
DQG� DQ� LQWHUOD\HU� GRPLQDWHG� E\� SRWDVVLXP� LRQV�� (DFK� OD\HU�
consists of tetrahedral-octahedral-tetrahedral (TOT) sheets 
composed of (mainly) T2

4+O5 and R2
3+O5, respectively, where T4+ 

is usually Si4+ and R3+ is predominantly Al3+��6XEVWLWXWLRQV�RI�WKH�
7�FDWLRQV�E\�$O3+�DQG�2�FDWLRQV�E\�)H2+/Fe3+ and Mg2+ produce 
a negatively charged TOT layer. The negative charge is then 
EDODQFHG�E\�SRVLWLYH�LQWHUOD\HU�FDWLRQV��ZKLFK��LQ�WKH�FDVH�RI�
illite, are mainly K+ (well documented), NH4

+ (Lindgreen et al. 
����D������E���DQG�+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-
KHGUDO�OD\HU�FDWLRQV�ILOO�WZR�RI�WKUHH�SRVVLEOH�RFWDKHGUDO�VLWHV��
KHQFH�WKH�GHVFULSWLRQ�³GLRFWDKHGUDO�´�:LWKLQ�WKH�PLFD�JURXS�RI�
PLQHUDOV��WKHUH�DUH�VL[�SRO\W\SHV�IRUPHG�E\�WKH�YDULRXV�VWDFN-
LQJ�SRVVLELOLWLHV�RI�WKH�727�OD\HUV�ZLWK�HDFK�RWKHU��WKDW�LV��WKH�
727�VKHHWV�DUH�DOO�WUDQVODWHG�RU�URWDWHG�WR�WKH�VDPH�GHJUHH��EXW�
UHODWLYH�WR�DQRWKHU�727�OD\HU�FRXOG�EH�YDULRXVO\�WUDQVODWHG�RU�
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 
PLQHUDOV�ZLWK�GLIIHUHQW�FRPSRVLWLRQV�EXW�ZH�ZLOO�UHIHU�WR�WKHP�
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 “il-
litization” of smectites (Lausen et al. 1999; Lindgreen 1991; 
Eslinger and Pevear 1988). A consideration of the formation of 
VKDOH�UHYHDOV�WKH�H[LVWHQFH�RI�FORVH�FRQWDFWV�EHWZHHQ�RUJDQLF�
matter and clay particles (Lash and Blood 2004), at least dur-
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