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INTRODUCTION

Kaolinite group minerals include three ordered polymorphs 
stable at ambient pressure, namely kaolinite (which is the most 
common), dickite, and nacrite. These minerals occur in a wide 
range of geological environments. Kaolinite is found in soils, in 
particular lateritic soils, as well as in sedimentary rocks and hy-
drothermal deposits. Dickite is generally related to conditions of 
higher temperature and pressure and mainly occurs in hydrother-
mal or sedimentary rocks. In particular, the transformation of ka-
olinite to dickite is observed with increasing burial of sediments 
in subsiding sedimentary basins (Beaufort et al. 1998). Nacrite is 
the rarest of the polymorphs and mostly occurs in hydrothermal 
environments (e.g., Buatier et al. 1996). Kaolinite group minerals 
also include disordered varieties, depending on their conditions of 
formation. For example, the transformation from large and well 
ordered to small and disordered kaolinite crystals is generally 
observed from the bottom to the top of lateritic soils. Disorder 
is an important parameter in the investigation of kaolinite group 
minerals since it is closely related to some of the macroscopic 
properties of kaolin materials (Cases et al. 1982). 

The ordered structure of kaolinite consists of a regular stack-
ing of 1:1 layers of Al2Si2O5(OH)4 composition, each layer be-
ing horizontally translated by �a/3. In contrast, the structure of 
dickite and nacrite is described as a regular stacking of 2-layers 
units, each layer being related to neighboring layers by a glide 
plane (Bish and Johnston 1993; Blount et al. 1969). Up to now, 
disorder in kaolinite group minerals has been mainly explained 
through models based on the combination of various defects 
such as stacking faults related to layer rotation (±120°) or layer 

translation (±b/3 shift), occurrence of enantiomeric layers, or 
vacancy displacement (e.g., Giese 1988; Bookin et al. 1989; 
Plançon et al. 1989; Artioli et al. 1995). Recent calorimetric 
measurements indicate that nacrite and dickite are metastable 
phases with respect to kaolinite (De Ligny and Navrotsky 1999; 
Fialips et al. 2003). The standard Gibbs free energy of formation 
of dickite is probably roughly equal to that of nacrite and about 
16.4 kJ/mol higher than that of kaolinite. In comparison, the 
decrease of cristallinity increases the enthalpy of formation of 
kaolinite by less than 5 kJ/mol (De Ligny and Navrotsky 1999; 
Fialips et al. 2001). Consequently, the formation of disordered 
kaolinites, as well as that of dickite or nacrite, is not driven by 
thermodynamics alone but should depend on speciÞ c reaction 
paths. The stacking sequence in kaolin group minerals is thus 
potentially diagnostic of the physical-chemical conditions pre-
vailing during their crystal growth. 

Vibrational spectroscopy has been widely used to identify 
kaolinite polymorphs among mineral mixtures (e.g., Allard et 
al. 2003) and to investigate the stacking order of kaolinite group 
minerals (Brindley et al. 1986). In particular, the high frequency 
OH-stretching modes observed between 3600 and 3700 cm�1 
are particularly sensitive to the stacking sequence of 1:1 layers. 
Indeed the interlayer cohesion of kaolinite group minerals is en-
sured by hydrogen bonds involving the inner-surface OH groups 
of one layer and the O atoms of the basal siloxane bonds of the 
next layer. Changes in the stacking sequence will thus directly 
modify the vibrational properties of inner-surface OH groups. 
Interestingly, the frequencies of absorption bands observed in 
the low temperature infrared spectra of disordered kaolinites are 
very close to those observed for the well ordered polymorphs, 
suggesting the occurrence of dickite-like and nacrite-like do-
mains in disordered kaolinites (Prost et al. 1989). However, it * E-mail: balan@lmcp.jussieu.fr
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ABSTRACT

The OH-stretching modes of kaolinite group minerals, namely kaolinite, dickite, and nacrite, are 
investigated within the density functional theory framework. Good agreement between theoretical and 
experimentally derived structures is obtained. The total energy of the three polymorphs is found to be 
similar within 1 kJ/mol. After a review of existing experimental data, infrared and Raman spectra of 
the three polymorphs are computed. While interpreting the spectra, special attention is given to the 
role played by the macroscopic geometry of the system, explaining the differences experimentally 
observed between infrared and Raman spectra. In dickite and nacrite, a signiÞ cant interlayer coupling 
is observed for the modes polarized along a direction nearly parallel to c*. The assignment of OH-
stretching bands is given in a consistent way and is compared with previous suggestions.


