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Direct prediction of isotopic properties
from molecular dynamics trajectories:
Application to sulfur radical species
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Sulfur isotope fractionations have been used for tracing
various geological processes since 1960°s. In hydrothermal
fluids, aside from the major chemical forms of sulfur that are
known to be sulfate and sulfide, “new” species, such as S, and
S, radical ions, have been discovered [1], with potentially
significant consequences on the formation of ore deposits.
However, the isotopic properties of these radical species are
poorly known [2, 3]. In complement to experimental studies,
atomistic modeling now offers quantitative tools for investigating
isotope fractionation, even though the accurate prediction of such
isotopic properties is yet challenging for fluids due to their
dynamical and anharmonic behavior. In the present work, we
employ first-principles molecular dynamics (MD) to model the
four key sulfur-bearing species (S,”, S;”, SO,”, H,S) in
hydrothermal conditions. Equilibrium isotope fractionation is
calculated directly from the MD trajectories by using the atomic
kinetic energy. Results are compared with the more traditional
method based on the sampling of several snapshots along the
MD trajectories and also with the available experimental isotope
fractionations. This work provides the isotopic signatures of the
sulfur radical species and allows their comparison with those of
the traditional sulfate and sulfide.
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