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The structure of schwertmannite, a nanocrystalline iron oxyhydroxysulfate
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AbstrACt

Schwertmannite is a poorly crystalline mineral that forms ochre rusts and precipitates in acid 
mine environments. Despite its ubiquity and its role as scavenger of important contaminants such as 
arsenic or selenium, its structure has not been yet determined. Here, a structure for schwertmannite 
is presented based on pair distribution function (PDF) data, X-ray diffraction (XRD) analyses, and 
density functional theory (DFT) calculations. We propose a structure formed by a deformed frame 
of iron octahedra similar to that of akaganeite. Simulations of X-ray diffraction patterns unveil the 
presence of long-range order associated with the position of the sulfate molecules, providing a use-
ful way to discern two types of sulfate complexes in the structure. The simulations suggest that two 
sulfate molecules per unit cell are present in the structure forming one outer sphere and one inner 
sphere complex inside the channels formed by iron octahedra. Knowledge of the positions of the 
sulfates in the structure will help to better understand exchange processes with oxyanions of trace 
contaminants, such as arsenate, chromate, or selenate, that strongly influence their biogeochemical 
cycling in mining ecosystems. 
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introduCtion

Schwertmannite is a poorly crystalline ferric oxyhydroxy-
sulfate that forms ochreous coatings on sulfide-bearing rocks 
and soils. It also precipitates in streams and lakes receiving 
acid-mine drainage where the weathering of iron sulfide min-
erals produces SO4 and Fe2+ acid solutions. When exposed to 
the atmosphere, bacterially mediated oxidation of Fe2+ occurs 
and large quantities of nanoparticulate Fe3+ phases may form. 
Moreover, schwertmannite is a key solid in removing acidity in 
treatment systems where Fe2+ is rapidly oxidized by addition of 
alkalinity to acid mine drainage (Gagliano et al. 2004; Rotting 
et al. 2008). Further, in anoxic environments such as acid lakes, 
flooded soils, and wetlands, schwertmannite particles can serve 
as electron acceptor for Fe3+-reducing bacteria, releasing the 
Fe2+ necessary for sulfate reduction and neoformation of iron 
sulfides (Burton et al. 2007). Schwertmannite forms aggregates 
of nanoparticles of typical hedgehog morphology.

Due to its high specific surface and positive charge in acid 
waters, schwertmannite efficiently removes oxyanions such as 
AsO4

3–, SeO4
2–, and CrO4

2– from water (Carlson et al. 2002; Re-
genspurg and Peiffer 2005; Waychunas et al. 1995). However, 
despite its ubiquity and its important geochemical role, schw-
ertmannite was only recently recognized as a mineral (Bigham 

et al. 1994). Reasons for this late recognition include its poor 
crystallinity, its frequent association with more crystalline phases 
such as goethite and jarosite, and its metastable structure, which 
transforms into goethite and jarosite within months (Acero et al. 
2006; Bigham et al. 1996).

The chemical composition of schwertmannite is also the 
object of controversy. Bigham et al. (1994) first proposed the 
chemical formula as Fe8O8(OH)8–x(SO4)x, with x varying from 
1 to 1.75. Yu et al. (1999) later estimated x to vary from 1.74 to 
1.86. Uncertainty on the range of x values may be caused by the 
different location of the sulfate groups in the structure. The first 
approach to solve the structure of a “poorly crystalline sulfate 
oxyhydroxide” was reported by Bigham et al. (1990), who syn-
thesized akaganeite-like materials with different concentrations 
of sulfate, that reproduced the 8-diffraction lines characteristic of 
schwertmannite, suggesting similarities between the octahedral 
framework of schwertmannite and akaganeite. Although some 
authors have proposed a ferrihydrite-like structure (Loan et al. 
2004), there is more general agreement in the literature about 
this idea of the schwertmannite structure being akin to that of 
akaganeite, with a channel-like framework of FeO6 octahedra 
(Barham 1997; Bigham et al. 1990; Waychunas et al. 2001, 
1995). However, no clear experimental evidence on the structure 
or the positions of the sulfates has been reported yet. Recent 
publications by Figueiredo and da Silva (2007) and Majzlan and 
Myneni (2005) have suggested that pre-edge features in the X-ray * E-mail: AFernandez-Martinez@lbl.gov


