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AbstrAct

The first single-crystal structure refinement of Ag- and Cu-free heyrovskýite was performed in this 
study. Crystals investigated were sampled from the high-temperature fumaroles of La Fossa crater 
of Vulcano, Aeolian Islands, Italy. Electron microprobe analyses gave the average chemical formula 
(Pb5.86Cd0.03)Σ5.89Bi2.04(S8.52Se0.53Cl0.03)Σ9.08, which is very close to the ideal composition of heyrovskýite, 
Pb6Bi2S9. Lattice parameters are a = 13.7498(4), b = 31.5053(8), c = 4.1475(1) Å, V = 1796.7(1) Å3, 
space group Bbmm. The structure refinement converges to R = 4.17% for 1312 reflections with Fo 
> 4σ(Fo).

In Ag-free heyrovskýite from Vulcano, as well as in the synthetic Pb6Bi2S9, the trigonal prismatic 
coordinated position Me1, as well as the octahedrally coordinated position Me3 are occupied only 
by Pb. Me2, also octahedrally coordinated, is dominated by Pb, whereas the octahedra situated at 
the edges of the octahedral layers (Me4 and Me5) are centered around mixed (Pb,Bi) positions, with 
almost equal occupancy. The octahedrally coordinated site Me3 was found to incorporate vacancies 
(), created by the substitution 3Pb2+ → 2Bi3++, which allows for the observed deviations from the 
ideal composition, Pb6Bi2S9. Selenium is preferentially ordered at the fivefold-coordinated anionic 
sites. Taking into account vacancies, as well as Se for S substitutions the structural formula of Ag-free 
heyrovskýite from Vulcano is Pb5.82Bi2.120.06S8.70Se0.30.

Comparison with the Ag-bearing heyrovskýite structures shows that during the 2 Pb → Ag(Cu)+Bi 
substitution the increased content of Bi is incorporated preferentially in the Me5 site until 2/3 Bi 
occupancy and thereafter in the two central octahedrally coordinated sites (Me2 and Me3). Silver 
occupies exclusively marginal octahedrally coordinated Me4 site like in the other members of the 
lillianite homologous series. The observed crystal chemical characteristics of the Ag-free heyrovskýite 
are in accordance with a model suggested by Callegari and Boiocchi, which describes the monoclinic 
form, aschamalmite, as an ordered polymorph of Pb6Bi2S9, and heyrovskýite as a fully disordered 
polymorph of the same compound. Ag incorporation is expected to increase the Pb/Bi disorder and 
to stabilize the orthorhombic heyrovskýite form.
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IntroductIon

Heyrovskýite, ideally Pb6Bi2S9, was described by Klominsky 
et al. (1971) and considered by these authors as the natural Ag-
bearing analog of the synthetic Phase II of the system PbS-Bi2S3, 
which was synthesized and characterized by Otto and Strunz 
(1968). The compositional variation in Phase II is generally 
ascribed to the heterovalent substitution 3Pb2+→2Bi3++ ( 
= vacancy) that is reflected by the general structural formula 
for Phase II: Pb6–xBi2+2x/3S9 (Otto and Strunz 1968). According 
to Salanci and Moh (1969) the coefficient x ranges from 0 to 
0.166. The crystal structure of heyrovskýite was investigated by 
Takéuchi and Takagi (1974) and, subsequently, by Makovicky et 
al. (1991) on two natural Ag-bearing crystals with composition 
Pb5.4Ag0.18Bi2.42S9 and Pb3.36Ag1.32Bi3.32S9, respectively. It 
consists of alternating layers of PbS archetype, cut parallel to 
(311)PbS, which also represent the reflection and contact planes 

of a unit-cell twinning (Takéuchi 1997). On these planes, the 
Pb atoms achieve a bi-capped trigonal prismatic coordination 
PbS6+2. Heyrovskýite is considered as a member of the lillianite 
homologous series (LHS), PbN–1–2xBi2+xAgxSN+2, where N is the 
order of the homologue and indicates the number of octahedra 
running diagonally across an individual layer of the archetype, 
whereas x is the coefficient of the Ag and Bi substitution with 
maximum value xmax = (N – 2)/2 (Makovicky and Karup-Møller 
1977a, 1977b; Makovicky and Balić-Žunić 1993). The value 
of N can be determined crystallographically (Ncryst) or may be 
calculated from the chemical data (Nchem) using the formula Nchem 
= –1 + [Bij + (Pbj – 1)/2]−1, where Pbj and Bij are the Pb and Bi 
contents in the samples, normalized to the formula Ag+Bi+Pb 
= 1 (Makovicky and Karup-Møller 1977a).

In the above classification each homologue is denoted as 
N1,N2L where N1 and N2 are the value of N for two alternating 
sets of layers. Heyrovskýite is the seventh-order member 
with equal thickness of all structural slabs and is indicated as 
7,7L. The broader lillianite structural family includes also non-* E-mail: d.pinto@geomin.uniba.it
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