Modeling Equilibrium Fe Isotope Fractionation in Fe-Organic Complexes
Shawn D. Goldman
The Department of Geosciences
The Pennsylvania State University
437 Deike Building, University Park, PA 16802
United States of America
sgoldman@geosc.psu.edu 

Dr. James D. Kubicki
The Department of Geosciences and The Earth & Environmental Systems Institute
The Pennsylvania State University
United States of America

Fe Isotopes have been proposed as a useful tracer of biological and geochemical processes. Key to understanding the effects these various processes have on Fe isotopes is accurate modeling of the reactions responsible for the isotope fractionations. In this study, we used hybrid molecular orbital/density functional theory calculations to predict the equilibrium fractionation of Fe isotopes due to changes in the redox state and the bonding environment of Fe. Specifically, we predicted vibrational frequencies for iron triscatechol (Fe(cat)3), iron trisoxalate (Fe(ox)3), and hexaaquo iron (Fe(H2O)6) for complexes containing both ferrous (Fe2+) and ferric (Fe3+) iron. Using these vibrational frequencies, we then predicted fractionation factors between these six complexes.
The predicted fractionation factors resulting from changes in the redox state of Fe fell in the range 2.5-3.5‰. The fractionation factors resulting from changes in the bonding environment of Fe ranged from 0.2 to 1.4‰. These results indicate that changes in the bonding strength of Fe ligands are less important to Fe isotope fractionation processes than are changes to the redox state of Fe. The implications for use of Fe as a tracer of biological processes is clear: abiological redox changes must be ruled out in a sample before Fe isotopes are considered as a potential biomarker. Furthermore, the use of Fe isotopes to measure the redox state of the Earth’s surface environment through time is supported by this work, since changes in the redox state of Fe appear to be the more important driver of isotopic fractionations.
