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Abstract

The transformations of 2-line ferrihydrite to hematite (pH 10.7) or goethite (pH 13.7), and of
phosphate-doped 2-line ferrihydrite to goethite (pH 13.7), were studied at 60—137 °C using syn-
chrotron-based, in-situ energy dispersive powder diffraction (EDPD). The time-resolved data for
the growth of the diffraction peaks were fitted with a pseudo first-order kinetic model. As shown in
previous studies, the conditional rate constant of goethite formation increases with increasing pH and
is significantly lower than that for hematite crystallization. The activation energies of nucleation for
hematite (pH 10.7), pure goethite (pH 13.7), and phosphate-doped goethite (pH 13.7) are 24, 7, and
21 kJ/mol, respectively, whereas the activation energies of crystallization are 69, 39, and 26 kJ/mol.
The crystallization of phosphate-doped ferrihydrite produced large rectangular goethite crystals with
dense ferrihydrite cores on which the goethite grew epitaxially. The rate of goethite formation is greatly
reduced in the presence of phosphate due to an increase in the entropic component of the free energy
of activation. This increase in entropy arises from adsorption of phosphate on to the (210) crystal
faces, with an associated increase in relative growth rate on the (101) faces.



