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ABSTRACT
Comparison of experimental single-crystal electron diffraction patterns of synthetic two-line
ferrihydrite (2LFh) with simulated single-crystal electron-diffraction patterns indicates that a synthetic 2LFh sample contains highly disordered material and nanocrystals with structures based on
hexagonal (ABAB) and cubic (ABC) stacking of close-packed layers of O2– and OH– ions. An apparently continuous variation in ordering exists between the highly disordered material and each of the
crystalline structures, suggesting that both nanocrystalline structures represent local extremes of
three-dimensional ordering. Experimental diffraction patterns were obtained using electron
nanodiffraction, a technique in which the finely focused beam from a field-emission gun in an electron microscope can be used to produce diffraction patterns from areas <1 nm across. Nanodiffraction
patterns from the highly disordered material have diffuse streaks rather than distinct reflections, and
are consistent with a two-dimensional structure that consists of close-packed anionic layers with
essentially complete stacking disorder and nearly random distribution of Fe atoms. The structure
with cubic stacking is similar to maghemite and has ~25% of the Fe in tetrahedral sites. The structure with hexagonal stacking consists of double chains of face-sharing Fe octahedra; each octahedron shares one face, two edges, and three corners with adjacent octahedra. Previous results from
transmission electron microscopy, powder X-ray and electron diffraction, and synchrotron-based
techniques reflect the overall high degree of structural disorder rather than the characteristics of the
maghemite-like and double-chain structures.

INTRODUCTION
Ferrihydrite, which is also known as “amorphous ferric
oxide” and “hydrous ferric oxide,” is a poorly crystalline Fe
oxide that forms in low-temperature surface environments such
as water wells, lake-bottom sediments, and hot- and cold-spring
deposits (Cornell and Schwertmann 1996). Ferrihydrite is an
important soil mineral and may be a necessary precursor in the
formation of soil hematite (Schwertmann and Taylor 1989). It
is also important in environmental geology because of its common occurrence in mine waste and acid mine drainage and its
well-documented ability to adsorb or coprecipitate with organic
compounds and ions of many elements (Jambor and Dutrizac
1998; Cornell and Schwertmann 1996).
Powder X-ray diffraction (XRD) patterns of ferrihydrite
show from two to six broad peaks corresponding to d-spacings
between ~0.15 and 0.26 nm. It is customary to designate
ferrihydrite samples by the number of these peaks: thus, twoline ferrihydrite (2LFh) has peaks at ~0.15 and 0.25–0.26 nm,
and six-line ferrihydrite (6LFh) has peaks at ~0.15 (double),
0.17, 0.20, 0.22, and 0.25 nm (Janney et al. 2000). Samples
with intermediate numbers of peaks also occur (Schwertmann
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et al. 1999; Carlson and Schwertmann 1981); however, only
6LFh has XRD patterns that meet the strict definition of
“ferrihydrite” (Fleischer et al. 1975). Relationships between
6LFh and forms with fewer peaks remain poorly understood.
Several candidate models exist for 6LFh. One model considers 6LFh to have a hematite-like structure based on hexagonally close-packed oxygen atoms with pairs of face-sharing Fe
octahedra, periodic stacking faults, and molecular water (Towe
and Bradley 1967). A second model for 6LFh regards it as having a structure based on double hexagonal packing (ABAC) of
oxygen layers. Fe occupancy is also layered: pairs of layers in
which Fe is octahedrally coordinated alternate with pairs in
which its coordination is predominantly tetrahedral. The total
fraction of tetrahedrally coordinated Fe is 36% (Eggleton and
Fitzpatrick 1988). In a third model, 6LFh is believed to be a
mixture of three components: “defect-free” ferrihydrite with
ABACA stacking of anionic layers and random occupancy of
50% of the octahedral sites by Fe, “defective” ferrihydrite consisting of a random organization of fragments with ABA and
ACA stacking and a high degree of cation ordering, and hematite (Drits et al. 1993b). It has also been suggested that the structure of 6LFh is similar to a model proposed for the core of the
iron-storage protein ferritin, in which there is 67% tetrahedral
Fe (Harrison et al. 1967; Towe and Bradley 1967). The models
of Harrison et al. (1967) and Eggleton and Fitzpatrick (1988)
conflict with data from synchrotron X-ray absorption near-edge
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