
American Mineralogist, Volume 94, pages 1392–1404, 2009

0003-004X/09/0010–1392$05.00/DOI: 10.2138/am.2009.3198	     1392 

Effect of lattice topology on the adsorption of benzyl alcohol on kaolinite surfaces: 
Quantum chemical calculations of geometry optimization, binding energy, and NMR 

chemical shielding

Bum Han Lee and Sung Keun Lee* 

Laboratory of Physics and Chemistry of Earth Materials, School of Earth and Environmental Sciences, Seoul National University,  
Seoul 151-742, Korea

Abstract

We investigate the effect of the lattice topology (ideal hexagonal rings vs. ditrigonal rings) and 
cluster size of model clusters (three-ring vs. seven-ring clusters) on the nature of benzyl alcohol 
adsorption on kaolinite surfaces using quantum chemical calculations with an emphasis on the equi-
librium configuration, binding energy, and NMR chemical shielding tensors. The optimized structure 
of benzyl alcohol adsorbed on the tetrahedral layer of kaolinite varies according to the type and size 
of model cluster. While the calculated binding energy varies with the level of theory and the basis 
sets used for the calculations, the binding energies between benzyl alcohol and seven-ring clusters are 
smaller than those between benzyl alcohol and three-ring clusters partly due to the edge hydrogen for 
the latter. The results also indicate a stronger binding energy between benzyl alcohol and octahedral 
surfaces than between benzyl alcohol and tetrahedral layers. Although the calculated binding ener-
gies for seven-member rings with varying lattice topologies are rather similar, the detailed optimized 
structures are distinct, demonstrating the effect of lattice topology on the nature of adsorption. The 
optimized structures and binding energies indicate that an intermediate degree of hydrogen bonding 
is dominant for the three-member silicate rings and that the interaction between the benzene ring and 
basal O atoms in the seven-member rings is characterized by a weak hydrogen bond and dispersion 
force. The calculated 17O isotropic chemical shieldings of some basal O atoms decrease up to ~4–5 
ppm after the adsorption (with an estimated uncertainty of ~2 ppm). Since the high-resolution 17O 
3QMAS NMR spectroscopy of layer silicates yielded a resolution of 1–2 ppm for the basal oxygen 
sites in the layer silicates in previous work, the NMR technique may be useful in exploring the nature 
of adsorption between organic molecules and silicate surfaces, whereas further computational studies 
on the effect of the basis sets, the surface coverage, and the types of diverse organic molecules with 
larger model clusters for surfaces remain to be explored.
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Introduction

Interactions between layer silicates and organic molecules 
play an important role in pollutant migration, bioavailability, and 
biodegradation in soils (Brown et al. 1999; Knezovich et al. 1987; 
Kowalska et al. 1994). Knowledge of their interactions can give 
improved insights into their applications as catalysts and nano-
composites and into enhanced oil recovery (Ogawa and Kuroda 
1995; Pinnavaia and Beall 2000; Tunney and Detellier 1996). 
An understanding of the process of benzyl alcohol adsorption on 
kaolinite surfaces can offer better insights into the adsorption of 
a benzene ring with alcohol functionality on mineral surfaces and 
account for the wettability of reservoir rocks (Anderson 1986; 
Madsen et al. 1996). Despite the importance and implications of 
this process, little is known about the detailed equilibrium con-
figuration and binding energy for the adsorption of benzyl alcohol 
on kaolinite surfaces, which are essential to understand the nature 
of the interactions. The objective of this study is to investigate the 

nature of the interactions between kaolinite and benzyl alcohol 
theoretically using quantum chemical calculations.

Kaolinite is one of the dioctahedral 1:1 layer silicates. The 
nature of organic molecule adsorption on kaolinite has been 
studied using diverse experimental techniques, such as batch 
adsorption isotherm experiments (e.g., Førland 2001; Førland 
et al. 1995; Lee and Kim 2002; Li and Gupta 1994), X-ray 
absorption spectroscopy (e.g., Bantignies et al. 1998; Brown 
et al. 1988; Kelleher and O’Dwyer 2002; Olejnik et al. 1970), 
nuclear magnetic resonance (e.g., Feng et al. 2005; Jurkiewicz 
and Maciel 1995; Murray et al. 2005; Seger and Maciel 2006; Tao 
and Maciel 1998; Wang and Xing 2005; Xie and Hayashi 1999), 
and infrared and Raman spectroscopy (e.g., Johansson et al. 
1999; Kubicki et al. 1999; Thomas and Kelley 2008; Yariv 1996; 
Yariv and Lapides 2000). Molecular dynamics (MD) simulation 
has also been useful in revealing the nature of the interactions 
between kaolinite and organic molecules (e.g., Murgich et al. 
1998; Teppen et al. 1998; Tunega et al. 2002a, 2004; van Duin 
and Larter 2001). Although these experimental and theoretical 
studies have provided insights into the nature of adsorption, the * E-mail: sungklee@snu.ac.kr


