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INTRODUCTION

Akaganéite is the naturally occurring form of b-FeOOH and
has been recognized as a significant Fe-oxide component in
soils and geothermal brine deposits (Holm et al. 1983) and as a
corrosion product of some steels and iron meteorites (Buchwald
and Clarke 1989). Both natural and synthetic akaganéite typi-
cally occurs as fine-grained masses, and no crystals have been
found that are suitable for single-crystal diffraction studies. Post
and Buchwald (1991) performed a Rietveld refinement using
powder X-ray diffraction data from akaganéite [Fe3

7
+
.6Ni2

0
+
.4O6.35

(OH)9.65Cl1.25·nH2O] from the Campo del Cielo meteorite. They
confirmed the hollandite-type structure, in which double chains
of edge-linked Fe3+-(O, OH) octahedra share corners to form a
framework containing large tunnels with square cross sections
that measure two octahedra per side (Fig. 1). The Cl atoms
reside in the tunnels, and the negative charges introduced by
the Cl atoms are offset by substitution of higher-valence cat-
ions into the octahedral sites, or by additional H atoms. Post
and Buchwald (1991) also showed that the structure has mono-
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ABSTRACT

Rietveld refinements using neutron powder diffraction data were used to locate H atom positions
and obtain a more precise crystal structure refinement for akaganéite [Fe3

7
+
.6Ni2

0
+
.4O6.35

(OH)9.65Cl1.25·nH2O]. Difference Fourier maps clearly showed H atoms positions near those O atoms
at the midpoints of the tunnel edges. The O-H vectors point toward the Cl sites at the center of the
tunnel, and weak hydrogen bonds likely form between the framework O atoms and Cl. The Cl posi-
tion is near the center of a prism defined by the eight hydroxyl H atoms. The Cl atoms fill ~2/3 of the
tunnel sites, suggesting an ordering scheme in a given tunnel with every third tunnel site vacant.
Such an arrangement allows the Cl anions to increase their separation distance along a tunnel by
displacing away from one another toward their respective adjacent vacancies. The Fe-O octahedra in
akaganéite are distorted with Fe-(O, OH) distances ranging from 1.94 to 2.13 Å and show three
longer and three shorter Fe-O distances; as expected the longer distances are associated with the
OH– anions.

Temperature-resolved synchrotron X-ray powder diffraction data and Rietveld refinements were
used to investigate changes in the akaganéite structure and its transformation into hematite as it was
heated from 26 to 800 ∞C. Rietveld refinements revealed surprising consistency in all unit-cell pa-
rameters between room temperature and ~225 ∞C, resulting in nearly zero thermal expansion of the
akaganéite structure over a 200 ∞C interval. Above ~225 ∞C, the unit-cell volume gradually de-
creased, primarily in response to decreases in c and b, and an increase in the b angle. The a parameter
remained nearly constant until ~225 ∞C and increased thereafter. Akaganéite started to transform to
hematite in the temperature range 290 to 310 ∞C with no evidence for maghemite as an intermediate
phase.

clinic symmetry (I2/m), not tetragonal as was previously as-
sumed (Keller 1970). The akaganéite structure is unusual among
known hollandite-type phases in that the framework cations
(Fe3+) are predominantly trivalent rather than quadravalent, and
the tunnels contain anions (Cl–) rather than cations.

Because of limitations imposed by the use of powder X-ray
diffraction data, Post and Buchwald (1991) were not able to
locate H atom positions in the akaganéite structure; also, some
of the Fe-(O,OH) distances were anomalously long compared
with those in similar iron hydroxide phases. Consequently, in
an attempt to locate H atom positions and obtain a more pre-
cise crystal structure refinement, we undertook a neutron pow-
der diffraction study of akaganéite. In addition to its advantage
for use in locating H atoms, the neutron data offered improved
precision for light element positions, such as for O atoms. Our
study challenged two of the general tenets of powder neutron
diffraction experiments: (1) that large amounts of sample (on
the order of grams) are required, and (2) that usable data can-
not be collected from H-rich samples because of the high inco-
herent scattering contribution to the background by H atoms.
The neutron data for this study were collected from an ~100




