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ABSTRACT
Recent optical and differential scanning calorimetry measurements indicate phase transitions in
leonite-type compounds at low temperatures. The crystal structures of these phases, i.e., leonite,
K2Mg(SO4)2⋅4H2O, “Mn-leonite”, K2Mn(SO4)2⋅4H2O, and mereiterite, K2Fe(SO4)2⋅4H2O, have been
determined at low temperatures. The leonite structure (space group C2/m at room temperature) is
composed of sulfate tetrahedra and MeO6 octahedra which are interconnected by K cations and
hydrogen bonds of the H2O molecules. Previous structure investigations at room temperature have
shown that one of the sulfate groups is disordered. Refinements of single-crystal X-ray data at
ambient and low temperatures indicate that the dynamic disorder in leonite and “Mn-leonite” is
“frozen” in two steps and thus results in two new, ordered structures at low temperatures. In mereiterite
only one transition from the dynamically disordered to the ordered structure is observed.
The two low-temperature crystal structures of leonite have been refined to R = 0.0236 at 170 K
(space group I2/a, Z = 8, a = 11.780(2) Å, b = 9.486(2) Å, c = 19.730(4) Å, β = 95.23(3)°, V = 2195.6
Å3), and to R = 0.0230 at 100 K (space group P21/a, Z = 4, a = 11.778(1) Å, b = 9.469(1) Å, c =
9.851(2) Å, β = 95.26(1)°, V = 1094.01 Å3). The two low-temperature crystal structures of “Mnleonite” have been refined to R = 0.0272 at 185 K (space group I2/a, Z = 8, a = 12.035(2) Å, b =
9.549(2) Å, c = 19.839(4) Å, β = 94.99(3)°, V = 2271.3 Å3), and to R = 0.0237 at 110 K (space group
P21/a, Z = 4, a = 12.031(1) Å, b = 9.531(1) Å, c = 9.902(1) Å, β = 95.02(1)°, V = 1131.08 Å3). The
low-temperature crystal structure of mereiterite has been refined to R = 0.0219 at 185 K (space
group P21/a, Z = 4, a = 11.834(2) Å, b = 9.502(1) Å, c = 9.913(2) Å, β = 94.87(1)°, V = 1110.66 Å3).
The different behavior of mereiterite (i.e., stability range, sequence of transitions) in comparison to the Mg and Mn endmembers may be explained by more distorted MeO6 octahedra and by
strongly different hydrogen bond lengths around the disordered sulfate groups.

INTRODUCTION
The mineral leonite, K 2Mg(SO 4) 2·4H 2O, belongs to a
group of isotypic minerals and synthetic compounds (space
group C2/m) with the general formula A2Me(SO4)2⋅4H2O with
A = K, NH4 and Me = Mg, Mn, Fe, Co. According to Palache et
al. (1951) isostructural compounds with A = Rb, Cs, Tl, and
Me = Ni, Cu, Zn, Cd exist. Members among minerals are
leonite, K2Mg(SO4)2⋅4H2O (Jarosch 1985a) and mereiterite,
K 2Fe(SO 4) 2⋅4H 2O (Giester and Rieck 1995). In addition,
(NH4)2Mg(SO4)2⋅4H2O has been described by Chesnokov et al.
(1988) as a new mineral from burned coal dumps of the
Chelyabinsk basin (Russia), however, it was not approved by
the IMA/CNMMN. Further synthetic representatives reported
in the literature are the double sulfates of the cation pairs K-Cd
(Wyrouboff 1891), NH4-Mg, NH4-Mn, NH4-Fe and NH4-Co
(Kohler and Franke 1964) as well as the selenate of K–Mg
(Jarosch 1985b), all commonly obtained by dehydration of

Tutton’s salts. According to Palache et al. (1951), Na may be
incorporated up to one quarter on the A site in synthetic leonite,
whereas natural crystals (from the alteration zone of K-Mg salt
deposits) are almost Na free.
The leonite structure type was determined by Schneider
(1961) using synthetic “Mn-leonite” K2Mn(SO4)2⋅4H2O1 and
later refined by Srikanta et al. (1968) based on neutron singlecrystal data and by Jarosch (1985b) on single-crystal X-ray data.
Jarosch (1985a) also solved and refined the crystal structure of
leonite K2Mg(SO4)2⋅4H2O by single-crystal X-ray methods. The
crystal structure of mereiterite K2Fe(SO4)2⋅4H2O was determined by Giester and Rieck (1995) using a crystal from Hilarion
adit (Laurion mining district, Greece) by single-crystal X-ray
methods.
The leonite structure is composed of SO4 tetrahedra and
MeO6 octahedra (assembled in the form of Me[(H2O)4(SO4)2]2–
units) which are interconnected by large A cations in [9]- or
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“Mn-leonite” is not a mineral name, but is used in agreement
with previous literature, i.e., Schneider 1961.
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