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Incorporation of molybdate anion into β-FeOOH
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Abstract

An analog of β-FeOOH (akaganéite) containing structurally incorporated molybdate has been 
synthesized and the conditions for its formation have been studied in the presence of chloride, sulfate, 
and nitrate anions. The incorporation of molybdate into the β-FeOOH structure has been shown to 
greatly increase the stability of this phase with respect to its transformation to hematite at elevated 
temperature. Molybdate incorporation also has been shown to change the particle morphology, with 
increasing amounts of molybdate causing the rod-shaped nanoparticles to become progressively 
shorter until spherical nanocrystals are observed. The combined observations of increased stability, 
morphology changes, and measured levels of incorporated molybdenum suggest that although inclu-
sion of molybdate anions into the β-FeOOH tunnel sites is possible, it is unlikely to be the only mode 
of molybdate incorporation. 
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Introduction

The iron oxyhydroxide β-FeOOH occurs in nature as the 
mineral akaganéite. It has been long recognized as an iron 
oxide component of acid soils (MacKay 1962) and geothermal 
brines (Holm et al. 1983), and also has been identified as a cor-
rosion product on iron meteorites (Buchwald and Clarke 1989). 
The presence of chloride ions was previously considered to be 
essential for formation of the β-FeOOH phase, and synthetic 
β-FeOOH is typically prepared by hydrolysis of acidic Fe3+ 
chloride solutions at elevated temperatures (Cornell and Schw-
ertmann 2003). 

Crystallographic studies of β-FeOOH have shown that it is 
isostructural with hollandite (Post and Buchwald 1991; Post et 
al. 2003). A key feature of its structure is that it contains double 
chains of edge-sharing octahedra that are linked by corners to 
form a framework with large tunnels having a cross section 
of about 0.5 nm2. Chloride ions typically occupy sites within 
these tunnels, although the tunnels are not fully occupied, and 
the extent of incorporation of Cl– appears to be related to the 
concentration of the starting FeCl3 solution from which the 
β-FeOOH is produced. The average occupancy for a range of 
β-FeOOH samples reported from both natural and synthetic 
sources is about 1.23 chloride ions per unit cell (Cornell and 
Schwertmann 2003), which corresponds to an average occupancy 
of 2/3 of the tunnel sites.

It has been shown that hydroxide, fluoride, and bromide ions 
can be exchanged with chloride in β-FeOOH (Cai et al. 2001), but 
the larger iodide and perchlorate ions cannot be accommodated 
in the tunnel sites (Paterson and Rahman 1984). It has been pro-
posed that other anions may be incorporated into the β-FeOOH 

structure, provided that the oxyhdroxide phase is formed in the 
presence of a sufficient concentration of the anion. An example 
is the iron oxyhydroxide known as schwertmannite, which forms 
as a hydrolysis product from Fe3+ sulfate solutions (Bigham et 
al. 1994). The structure of schwertmannite remains the subject 
of some debate (Loan et al. 2004), but it has been suggested 
that schwertmannite is structurally similar to β-FeOOH, and 
that sulfate anions in the tunnels share oxygen atoms with FeO6 
octahedra of the tunnel wall, thereby causing some distortion 
of the structure (Bigham et al. 1994, 1996). There is also an ex-
ample in the literature of a naturally occurring β-FeOOH mineral 
containing tungstate (Walenta 1982), and a report describing a 
poorly crystalline phase containing nitrate anion (Schwertmann 
et al. 1996). The formation of a molybdate analog of β-FeOOH, 
in which the molybdate anion appears to occupy the tunnel sites 
within the β-FeOOH lattice also has been reported previously in 
the literature (Linehan et al. 1997; Richmond et al. 2004). This 
phase will form readily in the absence of chloride ion and is 
considerably more stable than the chloride-containing form of 
β-FeOOH with regard to its transformation to hematite. 

In this study, we seek to investigate the relative abilities of 
different anions to act as templates in the formation the β-FeOOH 
structure and, in particular, to more clearly define the conditions 
under which the molybdate-β-FeOOH phase will form. This 
phase appears to be considerably more stable than the chloride 
or sulfate forms of β-FeOOH and its increased stability, coupled 
with its high surface area, make it an interesting material for 
potential catalytic applications (Matson et al. 1994). 

Experimental methods

Effect of molybdate on kinetics of β-FeOOH formation
A series of condensed ferrihydrite suspensions was prepared to study the effects 

of molybdate anion on the rate of transformation of the ferrihydrite. A set of control * E-mail: w.richmond@curtin.edu.au


