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Quantitative modelling of isotope fractionation is a key-problem in geochemistry.
Equilibrium isotopic fractionation is a thermodynamic property which is determined
by the vibrations (phonons) of the system and, so far, calculations have been mainly
based on semi empirical models. In our work, we use ab-initio methods, based on
density functional theory, to determine the vibrational properties and, thus, the iso-
topic fractionation. Ab initio methods are a computational method used to solve the
equation of quantum mechanics and to predict, with precision, the properties of a large
class of real systems. Standard ab initio total-energy calculations can be used to obtain
the phonons at the center of the Brillouin zone of a crystal. More sophisticated tech-
niques, such as the density functional perturbation theory approach (DFPT, Baroni et
al. 2001) are required to obtain the complete phonon dispersion. This information is
then used to calculate the free energy of a material and hence, its thermodynamic prop-
erties. We will show that ab initio DFPT can be used to predict fractionation factors
within an accuracy of typically 5% at low temperature on several systems (Meheut
et al.). This method is particularly usefull for poorly known systems, or systems for
which fractionation factors are hardly experimentally accessible. Selected examples
of stable isotope fractionation in the system quartz, kaolinite, water will be presented.
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