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INTRODUCTION

Hydrolysis, polymerization, condensation, and recombina-
tion of mononuclear and polynuclear complexes of trivalent
metal ions give rise to an assortment of oxyhydroxide minerals
having complex morphologies, high surface areas, and high
affinities for contaminants and nutrients in subsurface envi-
ronments (Weed and Dixon 1977; Schwertmann and Cornell
1996; Waychunas 1991; Henry et al. 1992; Charlet and Manceau
1992; Eggleston and Stumm 1993; Peterson et al. 1997). Addi-
tional attention has been given to these minerals as protoypes
for the amorphous oxyhydroxide coatings which form on the
surfaces of oxide (Charlet and Manceau 1992; Eggleston and
Stumm 1993) and silicate minerals. The crystal chemistries of
the various trivalent oxyhydroxides may provide important
clues about the structures of these coatings. Fe-oxyhydroxide,
for example is known to occur commonly as goethite (α-
FeOOH, lepidocrocite, γ-FeOOH, and akaganeite β-FeOOH,
whereas Cr3+-oxyhydroxide forms grimaldiite (α-CrOOH)
(Christensen et al. 1977), which has a structure similar to

heterogenite (CoOOH) and guyanaite (β-CrOOH) (Christensen
et al. 1976), which has a structure similar to manganite (γ-
MnOOH), and has not been identified crystallographically in
any of the common iron oxide forms. The contrasting
mineralogies of Fe and Cr ions may be due to intrinsic differ-
ences in lattice energies in each of these structures, or due to
the kinetics related to differences in polymerization pathways
from reduced to oxidized in the case of Fe3+-hydroxide form-
ing through oxidation of ferrous Fe(H2O)6

2+, or oxidized to re-
duced, as in the case of guyanaite forming from HCrO4

+. It is
also possible that CrOOH in the goethite structure exists, but
has not been crystallographically identified.  Identification of
the factors controlling the structural differences in the crystal-
line solids is important in its own right, and is also a forms the
basis for developing a better understanding of structures of the
amorphous coatings.

The structural controls on the types of oxyhydroxide coat-
ings formed on surfaces are often successfully described in
terms of Pauling’s rules, with the Pauling bond order being the
primary driving force governing the extent of surface/precipi-
tate chemical reactivity (Brown et al. 1999). Although these
rules are useful and accurate for predicting the differences in
chemical behavior of, for example, metals having different
oxidation states, they do not work well for more subtle chemi-* E-mail address: kevin.rosso@pnl.gov
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ABSTRACT

Plane wave pseudopotential methods are used to investigate the structures and total energies of
AlOOH and FeOOH in the five canonical oxyhydroxide structures: diaspore (goethite), boehmite
(lepidocrocite), akaganeite, guyanaite, and grimaldiite. The local density approximation was used in
conjunction with ultrasoft pseudopotentials in full optimizations of both AlOOH and FeOOH in
each of these structures. Structures are in reasonably good agreement with experiment, with lattice
parameters and bond lengths within 3% of experimental values. Neither AlOOH nor FeOOH have
been identified in the grimaldiite or guyanaite structures, however we find that total energies for
AlOOH and FeOOH in these structures are comparable to or lower than the total energies of the
commonly observed polymorphs (with the exception of FeOOH in the grimaldiite structure, which
is anomalously high energy). Estimated zero-point energy corrections do not alter this result. For
diaspore and boehmite, we also provide calculations using the generalized gradient approximation
and norm-conserving pseudopotentials to assess the extent to which the results depend on the par-
ticular level of theory used. We find that diaspore is predicted to have a lower energy, consistent with
experimental observation, using all but one methodological combination where the generalized gra-
dient approximation is combined with ultrasoft pseudopotentials. Thus, although one may reason-
ably conclude that the differences in total energies of the various (Al,Fe)oxyhydroxide polymorphs
are small, current electronic structure methods do not appear to be fully capable of accurately re-
solving these small differences. These findings provide further confirmation that the structures of
oxyhydroxide polymorphs and surface precipitates are more likely to be a function of kinetics than
of intrinsic lattice stability.


