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ABSTRACT

Grechishchevite, Hg3S2(Br,Cl,I)2, is the only known mercury sulfohalide whose anionic part involves three halogens Cl, Br,
and I, in addition to sulfur. The crystal structure of the mineral was not solved. The structure of a synthetic polymorph of
Hg2+

3S2Br1.0Cl0.5I0.5, Z = 8, orthorhombic, a 13.249(3), b 13.259(3), c 8.710(2) Å, V 1530.1(5) Å3, space group Pbnm, has been
solved by direct methods, and refined to an R of 0.0363 based on 1438 unique reflections (Rint = 0.049) measured with MoK�
radiation on a CAD–4 automated diffractometer. The structure contains four independent mercury atoms; each Hg2+ ion is
covalently bonded to two sulfur atoms at a diatance of 2.358(4)–2.459(4) Å; the angles S(2)–Hg(2)–S(1) and S(1)’–Hg(4)–S(2)
are equal to 172.81(15)° and 172.90(15)°, respectively. It should be noted that the angles S(2)’–Hg(1)–S(2) [141.8(2)°] and
S(1)’–Hg(3)–S(1) [140.9(2)°] greatly deviate from linearity. Each S2– ion is covalently bonded to three mercury atoms at a
distance 2.358(4)–2.459(4) Å; the Hg–S–Hg angle ranges from 95.95(14) to 104.91(17)°. These units form the structural motif of
the eight-member [Hg4S4] rings, which are combined into infinite crankshaft-type bands running along [001]. The halogen atoms
are located inside and between the crankshaft-type bands, with the Hg–Cl, Hg–Br and Hg–I distances equal to 2.768(6)–2.804(6),
3.040(2)–3.078(2) and 3.259(1)–3.304(1) Å, respectively. Taking into account the halogen atoms, the Hg(1)–Hg(4) atoms have
a distorted octahedral coordination. We describe the crystal-chemical peculiarities of the mercury chalcogenide halides, Hg3X2Hal2
(X = S, Se, Te; Hal = F, Cl, Br, I).

Keywords: mercury minerals, mercury sulfohalide, polymorph of Hg2+
3S2Br1.0Cl0.5I0.5, X-ray data, crystal structure, polymor-

phism.

SOMMAIRE

La structure de grechishchevite, Hg3S2(Br,Cl,I)2, le seul sulfohalogénure de mercure connu dont la partie anionique implique
les trois halogènes Cl, Br, et I en plus du soufre, demeure méconnue. Ici, nous décrivons la structure d’un polymorphe synthétique
de Hg2+

3S2Br1.0Cl0.5I0.5, Z = 8, de symétrie orthorhombique, a 13.249(3), b 13.259(3), c 8.710(2) Å, V 1530.1(5) Å3, groupe
spatial Pbnm, résolue par méthodes directes et affinée jusqu’à un résidu R de 0.0363 en utilisant 1438 réflexions uniques (Rint =
0.049) mesurées avec rayonnement MoK� et un diffractomètre automatisé CAD–4. La structure contient quatre atomes
indépendants de mercure; chaque ion Hg2+ forme des liaisons covalentes avec deux atomes de soufre à une distance variant de
2.358(4) à 2.459(4) Å; les angles S(2)–Hg(2)–S(1) et S(1)’–Hg(4)–S(2) sont 172.81(15)° et 172.90(15)°, respectivement. Il est à
noter que les angles S(2)’–Hg(1)–S(2) [141.8(2)°] et S(1)’–Hg(3)–S(1) [140.9(2)°] dévient largement de la linéarité. Chaque ion
S2– est en liaison covalente avec trois atomes de mercure à une distance variant de 2.358(4) à 2.459(4) Å; l’angle Hg–S–Hg varie
de 95.95(14) à 104.91(17)°. Ces unités forment le motif structural des anneaux [Hg4S4] à huit membres, qui sont agencés en
rubans infinies en vilebroquin le long de [001]. Les atomes de halogènes sont situés soit à l’intérieur, soit à l’extérieur, de ces
rubans, les distances Hg–Cl, Hg–Br et Hg–I étant égales à 2.768(6)–2.804(6), 3.040(2)–3.078(2) et 3.259(1)–3.304(1) Å,
respectivement. Compte tenu des atomes de halogènes, les atomes Hg(1)–Hg(4) font preuve d’une coordinence octaédrique
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Orange prismatic crystals measuring 0.01 � 0.02 �
0.05 mm were obtained, and found to be suitable for a
study of the crystal structure.

The unit-cell parameters were refined and a three-
dimensional set of intensities was obtained for a single
crystal by a standard procedure (an Enraf Nonius CAD–
4 automated diffractometer, graphite monochromator,
MoK� radiation, �/2� scan with a variable rate). All
measured intensities were corrected for Lorentz and
polarization effects. Absorption corrections were ap-
plied using X-RED program package (X-RED 1998)
according to the real shape of the crystal. The possibil-
ity of tetragonal symmetry was checked. We found that
this symmetry is retained for the Hg and S atoms, but
not for the halogen atoms. Our analysis of the intensity
data show that an orthorhombic symmetry is more likely
than a tetragonal one (Rint for orthorhombic symmetry
equals to 4.90, whereas Rint for tetragonal symmetry, it
is about 15%).

The structure was solved by direct methods using
SIR97 (Altomare et al. 1999) and refined anisotropically
by the full-matrix least-squares technique using the
SHELX97 package of programs (Sheldrick 1998). Se-
lected experimental data are given in Table 1, final co-
ordinates and thermal parameters of the atoms in Table
2, and selected bond-lengths and angles in Table 3. A
table of structure factors is available from the Deposi-
tory of Unpublished Data, CISTI, National Research
Council, Ottawa, Ontario K1A 0S2, Canada.

A comparison of theoretical X-ray powder-diffrac-
tion pattern of the compound prepared and studied by
us and the XRD pattern of natural grechishchevite
(Vasil’ev et al. 1989) shows good agreement and allows
the compound to be considered as a polymorph of
Hg3S2(Br1.0Cl0.5I0.5)�2.

difforme. Nous décrivons les particularités cristallochimiques des chalcogénures à halogènes de mercure, Hg3X2Hal2 (X = S, Se,
Te; Hal = F, Cl, Br, I).

(Traduit par la Rédaction)

Mots-clés: minéraux de mercure, sulfohalogénure de mercure, polymorphe de Hg2+
3S2Br1.0Cl0.5I0.5, données de diffraction X,

structure cristalline, polymorphisme.

INTRODUCTION

Grechishchevite, Hg3S2(Br,Cl,I)2, was first de-
scribed by Vasil’ev et al. (1989) as a rare supergene
mercury sulfohalide mineral. It was discovered in cin-
nabar-bearing ores of the Arzak deposit and the Kadyrel
occurrence, unique localities of secondary minerals of
mercury in the Tuva region of Russia. The supergene
mineral occurs in thin cracks and small cavities in grains
of cinnabar and metacinnabar: 1) in silicified breccias
of rhyolite–dacite porphyry and other rocks of a tuf-
faceous facies (Arzak), and 2) in calcite veins cross-
cutting medium- and coarse-grained feldspathic arenites
(Kadyrel). At the both localities, grechishchevite is
closely associated with corderoite, bromian corderoite,
lavrentievite, and arzakite. There are other secondary
mercury-bearing minerals in the ores at these localities:
calomel, bromian calomel, kuzminite, eglestonite,
bromian eglestonite, kadyrelite, poyarkovite, terlin-
guaite, montroydite, native mercury, kuznetsovite, and
schuetteite.

Optical, electron-microprobe and powder-diffraction
studies were carried out on a typical specimen and its
artificial analogue by Vasil’ev et al. (1989), but the
structure of the mineral was not solved. A tetragonal
cell of the synthetic single crystal with a 13.225(5), c
8.685(5) Å, space group P4̄2m, P4̄m2 or P4mm, P4/�,
a composition close to Hg3S2(Br1.0Cl0.5I0.5)�2, and a
measured density equal to7.16 g/cm3 close to a Dcalc of
7.23 g/cm3, were established (Vasil’ev et al. 1989).

The present paper is a part of the general study of
the crystal chemistry of sulfohalide mercury minerals.
We report new information on the crystal structure of a
synthetic polymorph of Hg3S2(Br1.0Cl0.5I0.5)�2; prelimi-
nary details were reported by Borisov et al. (1999).

EXPERIMENTAL

As specimens of natural grechishchevite suitable for
X-ray structure analysis have not yet found, repeated
experiments were performed to synthesize a compound
with a ratio of components that fits the composition of
the grechishchevite. As starting materials, we used the
artificial red mercury sulfide, HgS, and the mercury
halides, HgCl2, HgBr2, and HgI2, prepared previously
and mixed in a stoichiometric ratio. The synthesis was
carried out by growing the compound from a gaseous
phase in equilibrium with a molten mixture of the above
components in evacuated quartz ampoules at 225°C.
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DESCRIPTION OF THE STRUCTURE

The structure of the synthetic phase Hg3S2(Br1.0Cl0.5
I0.5)�2 involves four crystallographically independent
Hg2+ cations. Each Hg2+ ion is covalently bonded to two
sulfur atoms at 2.358(4)–2.459(4) Å distances; the
angles S(2)–Hg(2)–S(1) and S(1)’–Hg(4)–S(2) are equal
to 172.81(15)% and 172.90(15)°, respectively. It should
be noted that the S(2)’–Hg(1)–S(2) [141.8(2)°] and
S(1)’–Hg(3)–S(1) [140.9(2)°] angles greatly deviate
from the linearity that is typical of Hg2+ compounds
(Aurivillius 1965). Each S2– ion is covalently bonded to
three mercury atoms at distances in the range 2.358(4)–
2.459(4) Å, and the Hg–S–Hg angle ranges from
95.95(14) to 104.91(17)°. As a result, in the structure,
there are linear covalently bonded S–Hg–S’ groups and
SHg3 “umbrellas” similar to those in the structure of
certain mercury chalcogenide halides of composition
Hg3X2Hal2 (X = S, Se, Te; Hal = Cl, Br, I). These units

form the structural motif of the eight-member [Hg4S4]
rings with the Hg–S–Hg angle of 95.95(14)–104.91
(17)°. The rings are combined into infinite crankshaft-
type bands running along [001] (Fig. 1). The halogen
atoms are located inside and between the crankshaft-
type bands, with the Hg–Cl, Hg–Br and Hg–I distances
equal to 2.768(6)–2.804(6), 3.040(2)–3.078 and
3.259(1)–3.304(1) Å, respectively (Fig. 2). Taking into
account the halogen atoms, the Hg(1)–Hg(4) atoms have
a distorted octahedral coordination (Fig. 3).

RELATED SPECIES

The structure of natural and synthetic mercury chal-
cogenide halides is of interest because of the formation
of numerous polymorphs as well as the presence of iso-
morphic substitutions in the anion (halogen) sublattice.

Natural sulfohalides of mercury with the formula
Hg3S2Hal2 (Hal = Cl, Br, I) are few. Those are the min-
erals such as corderoite, �-Hg3S2Cl2 (Foord et al. 1974),
lavrentievite, Hg3S2(Cl,Br)2, arzakite, Hg3S2(Br, Cl)2
(Vasil’ev et al. 1984), radtkeite, Hg3S2ClI (McCormack
et al. 1991), and the recently discovered kenhsuite, �-
Hg3S2Cl2 (McCormack & Dickson 1998). All have a
variable composition depending on the proportion and
nature of the halogens in the crystal structure.
Grechishchevite, Hg3S2(Br, Cl, I)2, is the only known
mercury sulfohalide whose anionic part involves all
three halogens Cl, Br, and I, in addition to sulfur.

In the late 1960s and 1970s, ternary chalcogen –
halogen – mercury systems were the subjects of exten-
sive investigations. Puff & Küster (1962a, b) and Puff
et al. (1966, 1968) synthesized and characterized the
cubic mercury chalcogenide halides Hg3X2Hal2 (X = S,
Se, Te; Hal = F, Cl, Br, I), studied polymorphism typi-
cal of these compounds, and solved the crystal struc-
tures of �-Hg3S2Cl2, Hg3Se2Cl2, Hg3Te2Cl2, Hg3Te2Br2,
Hg3S2F2, and Hg3Se2F2, which are isostructural with
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FIG. 1. The crankshaft-type [Hg3S2]2+
� band in the structure of Hg3S2Br1.0Cl0.5I0.5.

FIG. 2. The structure of Hg3S2Br1.0Cl0.5I0.5 projected onto (001).
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cubic corderoite, �-Hg3S2Cl2. The structure of the latter
was determined and refined by Aurivillius (1967) and
Frueh & Gray (1968). The structure of a metastable
orthorhombic phase, �-Hg3S2Cl2 was determined by
Ďurovič (1968). Later, a systematic study of pseudo-
binary and pseudoternary systems of mercury chalco-
genides and halides was carried out. The crystal
structures of �-Hg3S2Br2 (Voroshilov et al. 1996a), �-
Hg3S2Cl2 (Voroshilov et al. 1996b), �-Hg3S2Br2
(Voroshilov et al. 1996a), and Hg3Se2Br2 (Voroshilov
et al. 1995) were determined. The structure of synthetic
Hg3Te2I2 (Lyakhovitskaya et al. 1989) was solved. The
compounds Hg3S2I2 and Hg3Se2I2 were synthesized and
structurally studied by Beck & Hedderich (2000). In an
attempt to prepare synthetic analogues of lavrentievite
and arzakite, we have obtained two phases with a mixed
halogen composition: 1) Hg3S2Cl1.5Br0.5, isotypic with
cubic �-Hg3S2Br2, and 2) monoclinic Hg3S2Cl1.5Br0.5
(Borisov et al. 1999).

DISCUSSION

As shown by Borisov et al. (2001), all structural
varieties of minerals and synthetic compounds can be
represented on the basis of the pseudocubic elementary
lattice of the Hal atoms. The covalently bonded X and
Hg atoms are located in the lattice voids to form the so-
called Hg–X radicals. The crystallographic data of
Hg3X2Hal2 (X = S, Se, Te; Hal = Cl, Br, I) compounds
and types of Hg–X radicals are given in Table 4. The
radical has a closed form, the X8Hg12 cube (Fig. 4a) in
the structures of cubic �-Hg3S2Br2 (Voroshilov et al.
1996a), monoclinic �-Hg3S2Cl2 (Voroshilov et al.
1996b), and the cubic compound Hg3S2Cl1.5Br0.5 stud-
ied by us (Borisov et al. 1999).

A ribbon form of the radical, revealed as a crank-
shaft-type band of the square X4Hg4 rings [the + + – –
type by analogy with the classification of Aurivillius
(1965)] was established in the structures of Hg3S2I2 and

FIG. 3. The environments of the Hg2+ cations.
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Hg3Se2I2 (Beck & Hedderich 2000). In the structure of
the synthetic phase Hg3S2(Br1.0Cl0.5I0.5)�2, there are the
similar crankshaft-type bands, but they are packed dif-
ferently. In Hg3S2I2, the bands are translationally
equivalent (Fig. 4b), whereas in Hg3S2(Br1.0Cl0.5I0.5)�2,
they are connected via the 21 axis (Fig. 4c). Note that
the radical revealed as the band of the square X4Hg4
rings of the other form [the + – + – type, by analogy
with the classification of Aurivillius (1965)] was found

in the crystal structure of mercury chromate sulfide, the
mineral edoylerite (Fig. 4d) (Burns 1999).

A layered form of the Hg–X radical, present as a
corrugated [X4Hg6]�� layer, occurs in the structures of
�-Hg3S2Cl2 (Ďurovič 1968), �-Hg3S2Br2 (Voroshilov et
al. 1996a), Hg3Se2Br2 (Voroshilov et al. 1995), possi-
bly in the mineral kenhsuite (McCormack & Dickson
1998), and the synthetic monoclinic Hg3S2Cl1.5Br0.5
(Borisov et al. 1999) (Fig. 4e). In the layer, five-sixths
of the Hg–S bonds form the closed [Hg4S4] rings of two
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orientations, and one-sixth combines the rings via the
Hg–S–Hg bridges to form the layer.

A framework form of the mercury–sulfur radical is
observed in corderoite (Aurivillius 1967, Frueh & Gray
1968). It is classed among the cubic structures, with the
non-intersecting axes of threefold symmetry. In the
three-dimensional complex construction [X2Hg3]��, the
sulfur–mercury bonds are distributed in such a way that
no closed rings form in the structure (Fig. 4f).

A crystal-chemical analysis of the Hg3Te2I2 struc-
ture (Lyakhovitskaya et al. 1989) showed the presence
of a rather complicated three-dimensional framework of
Hg–Te bonds (Fig. 4g). The fundamental difference
between the Hg3Te2I2 structure and the others is that its
eight-member [Te4Hg4] rings have no shared “edges”
with the neighboring rings, as in the band and layered
radicals. Four Te–Hg–Te bonds bridge the ring to four
other rings on different levels.

CONCLUSIONS

There are four halogen positions in the structure of
synthetic Hg2+

3S2Br1.0Cl0.5I0.5. Two of them are occu-

pied by Br, whereas two others are occupied by Cl and
I. Thus, the halogen ions are perfectly ordered in the
structure. However, experiments show that in synthetic
compounds and most likely in minerals as well, the Cl :
Br : I proportions may change, with statistical occupan-
cies of halogen positions. It is apparent, that this does
not change the integrity of the structure and unit-cell
parameters in an essential way. The crystal-chemical
role of these ions is to compensate the positive charge
of relatively rigid Hg–S units.

As for structural peculiarities of the mercury chalco-
genide halides, we can suppose that a large number of
polymorphic variations results from the large variety of
arrangements of the Hg–X radical forming the firmly
bonded part of the structure. The structures of the
Hg3X2Hal2 are built of “cubic” module units (Borisov
et al. 2001), with Hal atoms lying at the vertices, X at-
oms lying at the center, and Hg atoms centering three
faces converging at a common vertex (Fig. 5). The cu-
bic module has bonds issuing from the three faces and
extending to the centers of the neighboring modules; the
neighbors may have a common face in four possible
orientations, differing in 90% rotation around the X–

FIG. 5. The pseudocubic block module of the halogen sublattice of idealized form (Borisov
et al. 2001).
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Hg–X’ bond. Further assemblage by this algorithm
yields various corrugated ribbon, layered, and three-di-
mensional motifs.
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