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AbStrAct

In an effort to shed light on the intricate structure of ferrihydrite, its pair distribution function (PDF) 
derived from high-energy X-ray scattering (HEXS) data was refined with the single-phase akdalaite 
model, possessing 20% of the Fe atoms in tetrahedral coordination, and a modified akdalaite model in 
which Fe has only octahedral coordination. The second model is analogous to the predominant f-phase 
(ABAC stacking sequence) of classical multi-phase ferrihydrite. The contribution from the disordered 
d-phase component (randomly stacked ABA and ACA double-layer fragments) of the classical model 
was recovered in the modified akdalaite description by increasing the atomic motion of the ABAC 
motif above the double-layer distance 4.2 Å to simulate aperiodic stacking faults. Results show that 
the original and modified akdalaite representations provide near-identical fits to the ferrihydrite PDF. 
In the original single-phase and periodic model, the plurality of the Fe-O and Fe-Fe distances resulting 
from phase mixtures and defects are reconciled artificially by taking a large unit cell with three inde-
pendent Fe sites, two Fe coordinations, and under-constrained atomic positions. Correlation matrices 
reveal that many fitted parameters are linearly correlated, thus explaining the crystallographic and 
chemical inconsistencies of the as-refined akdalaite model which have been identified in the literature. 
Structurally more constrained, the modified akdalaite model does not suffer from bias and provides 
a more robust description of the PDF data. However, because structural defects and inhomogeneities 
are not physically present but introduced artificially in PDF modeling, the crystallographic description 
of ferrihydrite by real-space modeling of HEXS data has an idealized character. To facilitate further 
understanding of the ferrihydrite structure, the PDF data are provided as supplementary material1 for 
interlaboratory testing, and as a resource as more sophisticated tools may be brought to bear on this 
complex problem.

Keywords: Structure, ferrihydrite, pair distribution function, PDF, HEXS

introduction

Ferrihydrite (Fh), of average composition FeOOH·0.2–0.4H2O 
(Rancourt and Meunier 2008; Hiemstra and Van Riemsdijk 
2009), is the most common iron oxyhydroxide in soils, oxidized 
sediments and mine wastes, the main iron-rich core of the ferritin 
protein present in all kingdoms of life, and a likely constituent 
in extraterrestrial materials (Cowley et al. 2000; Fortin and 
Langley 2005; Farrand et al. 2009; Theil et al. 2013). It is also 
a key reactive nanoparticle that regulates nutrient availability, 
the mobility of metal(loid)s contaminants such as arsenic, and 
an efficient catalyst of the degradation of organic polluants and 
H2O2 decomposition (Jambor and Dutrizac 1998; Cornell and 
Schwertmann 2003; Ma et al. 2012). Although ferrihydrite is 
critical to numerous geochemical and biological processes, and 
a material of choice in technological and industrial applications, 
its atomic structure has remained a point of speculation. Five 
structural models have been proposed over the years (Harrison 
et al. 1967; Towe and Bradley 1967; Eggleton and Fitzpatrick 
1988; Drits et al. 1993; Michel et al. 2007); the first three have 
been invalidated (Drits et al. 1993), and the two most recent only 
partly accepted, because neither of them satisfactorily describe 
all X-ray, electron and neutron diffraction, and spectroscopic 
data. The two competing structural descriptions are expressed 

as the “Drits model,” which is multi-phase, and the “Michel 
model,” which is single-phase and isostructural to akdalaite 
[VIAl8

IVAl2O14(OH)2; Fig. 1] (Drits et al. 1993; Michel et al. 2007).
The Drits multi-phasic model was derived from powder 

X-ray diffraction data. It is composed dominantly of the 
“f-phase” (FeO0.85OH) mixed with lesser amounts of the “d-
phase” (FeOOH) and nanocrystalline hematite (a-Fe2O3). The 
f-phase consists of oxygen and hydroxyl sheets stacked in an 
ABAC packing sequence along the c direction, and Fe atoms 
which occupy at random 50% of the octahedral sites in each 
anionic layer (Fig. 1a). The d-phase is a disordered feroxyhite 
(d-FeOOH) and consists of ABA and ACA double-layer frag-
ments randomly stacked. The three components of the Drits 
model have been observed using high-resolution transmission 
electron microscopy (HRTEM), including single-crystal elec-
tron nanodiffraction (Cowley et al. 2000; Janney et al. 2000, 
2001). The feroxyhite-type local structure of the d-phase was 
described in terms of a “double chain structure” by Janney et 
al. (2000), but in reality this structural component is the same 
as the d-phase (Manceau 2009). The alternative akdalaite model 
for ferrihydrite was derived from the pair distribution function 
(PDF) analysis of high-energy X-ray and neutron scattering data 
(Michel et al. 2007). It has the same ABAC stacking sequence 
as the f-phase, but differs from it by 20% Fe occupancy of the 
tetrahedral sites, 80% Fe occupancy of the octahedral sites, and 
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