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Thermal expansion of römerite under low-temperature conditions
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ABSTRACT

Römerite, a triclinic hydrous sulfate in the P1̄ space group with the chemical formula
Fe2+Fe3+2 �SO4�4·14�H2O�, is of potential interest in studies of planetary environments, with
particular relevance to Mars and the icy jovian satellites. Past work has indicated the presence of
hydrous sulfates on said bodies, and the mixed-valence iron in römerite’s structure makes the mineral
a worthwhile end-member composition in thermodynamic models. Such models should be constrained
by measurements at the low temperatures relevant to the planetary environments in question. We char-
acterized single crystals of römerite with time-domain Mössbauer spectroscopy, Raman spectroscopy,
and X-ray diffraction methods. Through our X-ray diffraction experiment, we refined the unit-cell para-
meters of the crystal between 100 and 300 K. The resulting temperature-variant lattice parameters and
volumes are reported and are fit by physical and empirical models of the thermal expansion coefficient.
The physical model considered, a Debye model of thermal expansion, provides estimates of additional
thermodynamic parameters: the ratio of the bulk modulus at 0 K and 1 bar to the thermodynamic Grü-
neisen parameter (K0,0K/γth), the volume at 0 K and 1 bar (V0,0K), and the Debye temperature (θD).
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INTRODUCTION

Römerite is a mixed-valence, iron-bearing hydrous sulfate
with the nominal chemical formula Fe2+Fe3+2 �SO4�4 ·14�H2O�
(Fig. 1). Its structure is triclinic, with space group P1̄. The unit cell
of römerite contains two unique sulfate tetrahedra and two unique
octahedra, which host iron that is sixfold coordinatedwith oxygen.
The two octahedra contain ferric (Fe3�) and ferrous (Fe2�) iron,
respectively (Fanfani et al. 1970). The Fe2�-centered octahedra
are fully hydrated [i.e., Fe2�(H2O)6]. In contrast, the ferric iron
cations are bonded to only four water groups, with the remaining
two vertices of the octahedra composed of oxygen atoms bridging
to the sulfate tetrahedra.

On Earth, römerite is primarily formed through the oxidation
of sulfide deposits, but itmay have greater relevance to other plan-
etary bodies, such as Mars and the icy satellites of Jupiter, either
directly or acting as an end-member composition in broader mod-
els of hydrous sulfates (Fanfani et al. 1970; Mauro et al. 2019).

Remote spectroscopic measurements of Mars and of icy satel-
lites have been interpreted as indicating the presence of hydrous
sulfates. On Mars, visible and near-infrared spectroscopy has
identified hydrous sulfates as constituents of wide-ranging geo-
logic features, including plains, canyon troughs, and impact cra-
ters (Bishop et al. 2009; Murchie et al. 2009; Lichtenberg et al.
2010). Dalton et al. (2012) proposed that near-infrared spectra
of three bright plains with dark lineae on Europa, all observed
by the Galileo spacecraft, are best fit by compositions with signif-
icant hydrous sulfate components (9–22%). In addition, lower

albedo plains and nearby ridged plains, also observed by the
spacecraft, were modeled as having compositions with 62%
and 27% hydrated sulfate material, respectively, and römerite
could act as a valuable end-member in models of the features,
alongside purely ferrous and ferric species (Shirley et al. 2010).

BothMars and the icy satellites observe surface temperatures
far below those on Earth, ranging from 170 to 290K onMars and
40 to 120 K on Europa (Martínez et al. 2017; Ashkenazy 2019).
Thus, to characterize the interplay of römerite with either sys-
tem, one must understand its low-temperature behavior, with
the temperature-variant atomic structure of its unit cell being
a critical first-order constraint on said behavior.

Our study reports new single-crystal X-ray diffraction (XRD)
and synchrotronMössbauer spectroscopy (SMS) data, with XRD
measurements performed at low temperatures relevant to the
planetary bodies discussed above.

MODELS OF THERMAL EXPANSION

In characterizing the response of a crystal structure to varying
temperature, a meaningful thermodynamic parameter is the ther-
mal expansion coefficient:
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where α is the volumetric thermal expansion (K−1) at constant
pressure (P), V is the unit-cell volume, and T is the temperature.
A commonly used empirical fit, discussed in Fei (1995) is:

α�T� = a0 + a1T + a2T−2 (2)

where a0, a1, and a2 are empirical constants, and
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