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Critical evaluation of the revised akdalaite model for ferrihydrite

A. MAnceAu*

ISTerre-Maison des Géosciences, CNRS and Université J. Fourier, BP 53, 38041 Grenoble, France

AbstrAct

The defect-free akdalaite model (fhyd6) for six-line ferrihydrite (6Fh) derived from a pair distribu-
tion function (PDF) analysis of high-energy X-ray scattering (HEXS) data was revised (model ferrifh) 
by Michel et al (2010) using data from a sample produced by heating two-line ferrihydrite (2Fh) at 
175 °C for 8 h in the presence of citrate. We show here that the scattering pattern for this sample is 
similar if not the same as that for hydromaghemite, which in turn is a mixture of maghemite (γ-Fe2O3), 
hematite and 6Fh. As in the case of fhyd6, the PDF of ferrifh was regressed using the structure of the 
weakly hydrated phase akdalaite [Al10O14(OH)2] after substituting Fe for Al as a starting model. We 
show that the ferrifh model is implausible for the following reasons. (1) It is derived from a sample, 
ferrifh, that appears to be hydromaghemite, not pure 6Fh. (2) It has 20% tetrahedral Fe, a coordina-
tion that had been eliminated previously using XANES, Mössbauer, and EELS spectroscopies. (3) 
75% of the Fe octahedra have shared edge lengths considerably longer than the shortest unshared 
edges in violation of Pauling’s distortion rule. (4) Three tetrahedral Fe-O bonds are longer than three 
octahedral Fe-O bonds, inducing significant polyhedral distortions. And (5) the calculated composition 
[Fe10O14(OH)2⋅1.2H2O] disagrees with literature data on weight loss from dehydration for 6Fh.

We present an alternative interpretation of the histogram of Fe-Fe distances up to 3.7 Å obtained 
from the PDF of the fhyd6 ferrihydrite as a mixture of local structures of goethite/akaganeite (α/β-
FeOOH) and feroxyhite/hematite (δ-FeOOH/α-Fe2O3). Within this interpretation Fe only occupies 
octahedra that are bonded to each other by faces, edges, or double-corners. This polyhedral connectivity 
is confirmed experimentally by analysis of the EXAFS spectra of six-line ferrihydrites measured at 
room and liquid helium temperature. The Fe-Fe pairs from EXAFS data are described reasonably well 
by a mixture of approximately 70% feroxyhite (containing some nanohematite) and 30% akaganeite, 
without resorting to other phases. This set of evidence indicates that HEXS data are consistent with 
the Drits model for ferrihydrite (Drits et al. 1993a).
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IntroductIon

Ferrihydrite (Fh) is a widespread poorly crystallized hydrous 
ferric oxyhydroxide at the Earth’s surface (Jambor and Dutrizac 
1998; Cornell and Schwertmann 2003) and a likely constituent 
in extraterrestrial materials (Fortin and Langley 2005; Farrand 
et al. 2009). In the laboratory, it is formed typically by the rapid 
neutralization of a ferric nitrate solution (Flynn 1984). Fresh 
precipitates contain only two broad X-ray diffraction (XRD) 
bands if the hydrolysis is performed at room temperature and a 
maximum of six strong lines if the ferric solution is heated to 
about 80 °C (Towe and Bradley 1967). The principal difference 
between these two diffraction end-members is the size of the 
constitutive crystallites (Combes et al. 1989, 1990; Drits et al. 
1993a; Manceau and Drits 1993). Numerical simulations of ho-
mogenous precipitation with fast nucleation rates suggest that Fh 
is a mixture of nanoparticles with different metastable structures 
and can never be a single phase (Marchand and Rancourt 2009). 
The coexistence of different structures, predicted for nucleation 
in the highly supersaturated conditions at which Fh is synthe-
sized, is consistent with the structural model established by X-ray 
diffraction (Drits et al. 1993a) that describes Fh as a mixture of 
two principal components, named f- and d-phases (Fig. 1), with 

minor nanohematite (α-Fe2O3). This model is hereafter referred 
to as Drits model.

The f-phase is a defect-free double-hexagonal ABAC stacking 
of close-packed oxygen and hydroxyls (space group P31c). The 
Fe atoms are randomly distributed over octahedral sites having an 
occupancy probability of 0.5, and displaced in the direction of the 
B and C anionic planes. This displacement suggests that: (1) the 
hexagonal ABA and ACA domains have no, or few, shared faces; 
(2) the B and C planes contain mainly O atoms (occ. = 0.85); and 
(3) the A planes contain mainly hydroxyls (occ. = 1) to satisfy 
electrostatic requirements. The d-phase is defective and modeled 
by random sequences of enantiomorphous ABA and ACA layers. 
The Fe octahedra share faces within each layer and the Fe-Fe 
pairs have a high degree of local ordering in and perpendicular 
to the anionic planes similar to feroxyhite (δ-FeOOH; Drits et 
al. 1993b). Individual crystallites and their coherently diffracting 
domains have a spherical or polyhedral habit (Supplementary 
Fig. 11; Cowley et al. 2000; Pan et al. 2009).
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