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INTRODUCTION

Ferrihydrite is a nanocrystalline ferric oxide that commonly
forms in near-surface environments such as lakes, hot and cold
springs, water wells, soils, and mine drainage. It has a large
surface area (several hundred square meters per gram) and well-
documented ability to adsorb or coprecipitate with many toxic
ions. Other names for ferrihydrite include “hydrous ferric ox-
ide,” “amorphous ferric hydroxide,” “colloidal ferric hydrox-
ide,” and “Fe(OH)3” (Jambor and Dutrizac 1998; Cornell and
Schwertmann 1996).

Powder X-ray diffraction (XRD) patterns of ferrihydrite
have peaks at ~0.15, 0.17, 0.20, 0.22–0.23, and ~0.25 nm
(Fleischer et al. 1975). In practice, however, the term
“ferrihydrite” is commonly applied to naturally occurring
nanocrystalline ferric oxides whose XRD patterns show only
some of these peaks. Individual ferrihydrite samples are com-
monly designated by the number of XRD peaks that correspond
to d-spacings between ~0.15 and 0.25 nm. Samples whose XRD
patterns match the strict definition are commonly called six-
line ferrihydrite (6LFh); the sixth peak is found by counting
both parts of a doublet at ~0.15 nm as separate peaks.
Ferrihydrite samples that have only two broad peaks with d-
spacings of ~0.15 and 0.25–0.26 nm are known as two-line
ferrihydrite (2LFh). Relationships among ferrihydrite samples
with different numbers of peaks are poorly understood; how-
ever, it has been suggested that the principal difference between
2LFh and 6LFh is the size of the coherently diffracting do-

mains (Drits et al. 1993a).
Typical 6LFh crystallites are <6 nm across (Janney et al.

2000a; Eggleton and Fitzpatrick 1988; Childs et al. 1986); thus,
there are no published single-crystal structure determinations.
However, several models in which the 6LFh structure has been
determined from measurements of bulk samples have been pro-
posed. Towe and Bradley (1967) suggested a hematite-like
structure with Fe in pairs of face-sharing octahedral sites, peri-
odic stacking faults, and molecular water. Eggleton and
Fitzpatrick (1988) suggested a structure based on double hex-
agonal packing (ABAC) of oxygen layers with 36% tetrahe-
drally coordinated Fe. Drits et al. (1993a) proposed that 6LFh
is a mixture of three components: “defect-free” ferrihydrite with
double-hexagonal stacking of anionic layers and disordered Fe
occupancies in distorted octahedral sites, “defective”
ferrihydrite in which ABA and ACA stacking occur in a ran-
dom order and Fe occupancies are ordered, and “ultradispersed”
hematite. The structure of the cores of the mammalian iron-
storage molecule, ferritin, is similar to that of 6LFh (Chasteen
and Harrison 1999; Towe and Bradley 1967; Harrison et al.
1967; Cowley et al. 2000). Thus, the ferritin model of Harrison
et al. (1967), which has double-hexagonal packing of oxygen
layers and 67% tetrahedrally coordinated Fe, has also been
considered a possible structure for 6LFh (Drits et al. 1993a).

None of these models is consistent with all of the data from
synthetic 6LFh. The models of Harrison et al. (1967) and
Eggleton and Fitzpatrick (1988) are inconsistent with data from
X-ray absorption near-edge spectroscopy (XANES), which in-
dicates that there is no detectable tetrahedrally coordinated Fe
in 6LFh (Manceau et al. 1990; Manceau and Drits 1993). Simu-
lated XRD patterns from the models of Towe and Bradley
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ABSTRACT

Single-crystal electron diffraction patterns of nanocrystals in two samples of synthetic six-line
ferrihydrite (6LFh) were obtained using electron nanodiffraction to produce diffraction patterns from
areas between ~0.7 and 5 nm across. One of the samples was synthesized at 75 °C by a conventional
method; the other was synthesized by a recently developed room-temperature technique. Structures
of individual nanocrystals were investigated by comparing experimental and simulated electron-
diffraction patterns. The most common structure in each sample is based on double-hexagonal (ABAC)
stacking of close-packed oxygen layers, and is similar to the “defect-free ferrihydrite” structure
proposed by Drits and co-workers. Nanocrystals with maghemite- or magnetite-like structures and
structures similar to those in two-line ferrihydrite (2LFh) occur less commonly in both samples. The
sample synthesized at room temperature has a small amount of hematite, which was not found in
nanodiffraction patterns from the 75 °C sample. The most common structure in 6LFh is distinct from
those previously determined by nanodiffraction of 2LFh, indicating that 6LFh is not simply a more
crystalline form of 2LFh.


