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Nuclear-volume isotope fractionation

Abstract – The environmental and geological chemistries of mercury, thallium, uranium, and other elements from the bottom of the periodic table make them important objects for isotopic investigation. Recently observed natural and laboratory isotopic fractionations of these elements arer not well understood, and in some cases appear to have different driving energies and chemical systematics than light-element isotopic fractionations. Here, equilibrium stable isotope fractionations of mercury, thallium, and other elements are estimated using first-principles vibrational frequency and electronic structure calculations. These calculations suggest that isotopic variation in nuclear volume is the dominant cause of equilibrium fractionation, driving 205Tl/203Tl and 202Hg/198Hg fractionations of ~2‰ at room temperature. Mass-dependent fractionations are smaller, ca. 0.5-1‰ for the same isotopes. Both types of fractionation tend to increase heavy isotope/light isotope ratios in oxidized mercury and thallium-bearing phases (Tl3+ and Hg2+) relative to reduced phases (Tl+ and Hg0). More generally, nuclear-volume isotope fractionation will concentrate larger (heavier) nuclei in species where the electron density at the nucleus is small – due to lack of s-electrons (e.g., Hg2+ -- 6s0 vs. Hg0 —6s2) or enhanced s-electron screening by extra p, d, or f electrons (e.g., Tl0 – 6s26p1 vs. Tl+ – 6s26p0).

