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Abstract: Important theoretical treatments on equilibrium or kinetic stable isotope fractionation calculation have
been reviewed. First, for equilibrium isotope effects, the so-called core theory of equilibrium isotope
fractionation-the Bigeleisen-Mayer equation (or the Urey model) has been introduced and also its higher-order
corrections. Then, the path-integral molecular dynamics and path-integral Monte Carlo methods have been
introduced with emphasis on their treatments of anharmonic corrections of isotope fractionation. Furthermore,
the pressure effect of isotope fractionation has been introduced in details. In the last, the nuclear volume
effect, which is one of the most important parts of future heavy metal isotope investigations, has been
reviewed. For kinetic isotope effects (KIE). several important theoretical methods on KIE calculation have
been reviewed. First, the theoretical models of isotope fractionation under temperature gradient have been
introduced in detail. Then, from the introduction of transition-state theory, the KIE associated with uni-
direction chemical reactions is introduced, including magnetic isotope effect and strange KIE results caused by
nuclear volume effects. There are several theoretical models on kinetic isotope effects during mineral
precipitation. The surface kinetic model of DePaolo (2011) is introduced in detail. Besides, the KIEs from
adsorption and co-precipitation processes have been also introduced. Finally, the KIEs from diffusion
processes, such as in vaporization process, in solids and in silicate melts, have been introduced, with the
emphasis on the importance of diffusional isotope {ractionation in solids.

Key words: equilibrium isotope fractionation; kinetic isotope effect; Bigeleisen-Mayer equation; Urey model;
higher-order corrections; nuclear volume effect; pressure effect; magnetic isotope effect; surface kinetic mod-

el; adsorption and co-precipitation processes; vaporization process; diffusional isotope effect
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