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abstract
In ferruginous soils, nano- to microscale hematite ( -Fe2O3) plays a central role in redox processes
and contaminant cycling. Hematite is known to incorporate structural OH and water, and the requisite charge balance is achieved by iron vacancies. Prior researchers have suggested that the defective
hematite structures form unique phases called “protohematite” and “hydrohematite.” Infrared and
Raman spectroscopic studies have assigned a lower-symmetry space group to “hydrohematite” (R3c)
relative to that of stoichiometric hematite (R3c). However, the existence and structure of these phases
have been contentious, largely due to the lack of in situ X-ray diffraction data
200 °C in a monoclinic space group (I2/a) using time-resolved synchrotron X-ray diffraction (TRXRD) data collected during the in situ hydrothermal precipitation of akaganeite and its transformation
to stoichiometric hematite. Distinct peak splitting was observed in the “hydrohematite” diffraction
patterns, indicating a violation of the threefold rotational symmetry. A monoclinic unit cell with parameters of a = 7.3951(10), b = 5.0117(5), c = 5.4417(7) Å, = 95.666(5)
2
and Rwp relative to space group R3c. Rietveld analyses revealed that water
akaganeite and goethite. Thus, the hydrothermal transformation of akaganeite to “hydrohematite” is
promoted not by dehydration but by reconstruction of the oxygen framework.
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introduction
Hematite ( -Fe2O3) is one of the most abundant iron oxide
minerals on the Earth’s surface. It is central to terrestrial redox
processes and biogeochemical cycling, and it also is likely a
significant constituent of the martian regolith (Cornell and Schwertmann 2003; Christensen 2004; Boyd and Ellwood 2010; Potter
et al. 2011; Shanker et al. 2011). Moreover, its relative ubiquity,
low toxicity and stability over a wide variety of environments
make hematite an important industrial material, and it is used in
a range of applications such as catalysts, pigments, and semiconductors (Yanina and Rosso 2008; Liu et al. 2010; Gialanella et
al. 2011; Cheng et al. 2012). Hematite often forms through the
thermal or hydrothermal transformation of iron oxyhydroxides,
such as ferrihydrite, goethite, and akaganeite. When derived from
oxyhydroxides, hematite may retain significant concentrations of
molecular water and hydroxyl groups (OH–) within its structure
(Cornell and Schwertmann 2003). These impurities can distort
the hematite crystal structure on the nano- to microscale, thereby
changing the physical properties and chemical reactivity (Dang
et al. 1998; Jang et al. 2007; Landers and Gilkes 2007; Pailhé et
al. 2008; Chernyshova et al. 2010).

Several mineralogists of the mid-nineteenth century observed
that hematite-like minerals are capable of sequestering high
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concentrations of water. In an 1844 paper, Hermann described a
hydrous iron oxide mineral with 5.85 wt% H2O from the copper
mines near Bosgolovsk, in the Ural Mountains on the river Turga.
As this quantity of water was half that found in “stilpnosiderite”
(Fe2O3·H2O, or what today we would call goethite), Hermann argued for a new mineral species name, “turgite,” with the formula
Fe2O3·½H2O. Three years later, Breithaupt (1847) independently
proposed the name “hydrohematite” for hematite-like specimens
from Bavaria and Prussia having 5 wt% H2O. Hermann and
Breithaupt observed that this new species is identical to anhydrous hematite in its physical characteristics, particularly in
its brick-red streak, except that “turgite” and “hydrohematite”
violently decrepitate when heated. Over the next 70 yr, geologists
employed both “turgite” (or, rarely, “turite”) and “hydrohematite”
as valid mineral names to describe hydrated sesquioxides of Fe
from localities around the world (e.g., Brush and Rodman 1867;
Dana and Brush 1868; Killebrew 1879; Spencer 1919).
Posnjak and Merwin (1919) systematically investigated
hydrous Fe oxides by a combination of wet chemical analysis
and thermal dehydration, and they were the first to suggest that
turgite and hydrohematite do not represent distinct mineral endmembers. Instead, they propose that these varieties are part of
a solid solution between hematite and goethite. Following their
study, the mineralogy community questioned the legitimacy of
these terms as distinct mineral names. For example, in the seventh
edition of Dana’s System of Mineralogy, Palache et al. (1944) cite
X-ray diffraction data to support their contention that “turgite” is

