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Structural water in ferrihydrite and constraints this provides on possible structure models
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aBstract

The dry thermal transformation of 2-line ferrihydrite to hematite was investigated using combina-
tions of thermogravimetric (TG) and differential scanning calorimetric (DSC) analysis, along with 
in situ DSC and pair distribution function (PDF) analysis of X-ray total scattering data and in situ 
temperature controlled infrared (IR) spectroscopy. TG data show a 25.6 ± 0.1% weight loss below 
300 °C, ascribed to the removal of surface water since PDF analysis shows no change in the structure 
of ferrihydrite up to this temperature. The transformation to hematite occurs at around 415 ± 1 °C 
(peak temperature) at a heating rate of 10 °C/min, with no obvious weight change during or after the 
transformation. In situ PDF analysis indicates that the ferrihydrite bulk structure remained intact up 
to the direct transition to crystalline hematite, with no intermediate phases, crystalline or amorphous, 
formed. In situ IR data shows the extent of absorption attributable to OH stretching in ferrihydrite 
at 215 °C dropped to 10% of its room-temperature value. These results suggest ferrihydrite contains 
very little structural OH: the molar ratio of OH/Fe is 0.18 ± 0.01. A recently proposed akdalaite-like 
ferrihydrite model has an OH/Fe equal to 0.2, consistent with this result. The 3-phase model proposed 
by Drits et al. (1993) has an average formula close to FeOOH, with an OH/Fe equal to 1.0, far more 
than suggested by our experiments. Based on the constraints set by the estimated water content and the 
PDF signatures, we examined possible anion packing types and local structural motifs in ferrihydrite, 
and demonstrate that ABAC is the only feasible packing type and that a peak at 3.44(2) Å in PDF 
provides indirect evidence for the presence of tetrahedral Fe.
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introDuction

Ferrihydrite is a widely occurring nanocrystalline iron oxyhy-
droxide mineral, also referred as “colloidal ferric oxide,” “ferric 
hydroxide,” and “hydrous ferric oxide” in the literature. Found 
in weathered rocks and sediments, ferrihydrite plays a crucial 
role in iron cycling on Earth and controls the iron concentration 
in aquatic systems: it forms as the immediate precipitate by 
fast polymerization and nucleation of hydrolyzed ferric ions as 
pH increases (Schwertmann et al. 1999). Ferrihydrite is often a 
precursor to more crystalline iron oxides and oxyhydroxides such 
as hematite (α-Fe2O3) and goethite (α-FeOOH) (Schwertmann 
et al. 1999). Due to a large surface area and strong affinity for a 
wide range of metal ions, ferrihydrite functions as a sorbent of 
toxic contaminants such as Pb, Cd, and As (Jambor and Dutrizac 
1998; Harrington et al. 2010). In industry, ferrihydrite is used in 
catalysis and metallurgical processing (Jambor and Dutrizac 1998). 
Ferrihydrite is also believed to form the core of ferritin, a biologi-
cal iron storage protein (Harrison et al. 1967), although positive 
structural characterization of the ferritin core is lacking.

Despite its importance to industry and environment remedia-
tion, the structure of ferrihydrite has been an issue of debate for 
a long time. Several chemical formulas for ferrihydrite have 
been reported, including widely cited ones such as 5Fe2O3·9H2O 
(Schwertmann and Cornell 1991) and Fe5HO8·4H2O (Towe and 
Bradley 1967). Due to its nanocrystallinity, a clear structure 
determination from the broad Bragg reflections in the X-ray 
diffraction (XRD) pattern has proved difficult and controversial. 
Ferrihydrite is conventionally named as “2-line” or “6-line” 
based on the number of characteristic broad Bragg peaks in 
the XRD pattern. The XRD peak positions are reproduced by a 
hexagonal unit cell (a = 5.08 Å, c = 9.4 Å) with closest packing 
of anions (Towe and Bradley 1967). In other proposed cells, 2.96 
and 5.95 Å are used for the length of a (Harrison et al. 1967; 
Eggleton and Fitzpatrick 1988; Michel et al. 2007a), but they are 
inherently related by a sub- or super-lattice relationship (Drits 
et al. 1993). Drits et al. (1993) evaluated previous models based 
on the similarity of the simulated and experiment XRD patterns 
and extended X-ray absorption fine structure (EXAFS) data 
(Manceau and Drits 1993), proposing a three-component model 
containing a defect-free ferrihydrite, a defective ferrihydrite and 
an ultradispersed hematite phase. These authors suggested the * E-mail: john.parise@stonybrook.edu


