American Mineralogist, Volume 91, pages 1323–1330, 2006

Light-induced changes in molecular arsenic sulÞdes: State of the art and new evidence by
single-crystal X-ray diffraction
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ABSTRACT
Light-induced structural changes in single crystals belonging to the β-As4S4-As8S9 series and in a
crystal of synthetic β-As4S3 were monitored step by step by determining the unit-cell dimensions. A
marked increase of unit-cell volume as a function of exposure time was observed for all the crystals
belonging to the β-As4S4-As8S9 series except for stoichiometric alacranite (As8S9). No signiÞcant change
upon long exposures to light was observed for the synthetic β-As4S3 crystal. Crystal structure reÞnements were carried out for crystals with different composition at selected steps of the light-induced
process. The structural results clearly showed that the percentage of the As4S5 molecule in the structure
increases when a crystal is exposed to light. Therefore, the increment of the unit-cell volume induced
by light exposure appears to be related to a random replacement of As4S5 for As4S4 in the structure
according to the reaction 5As4S4 + 3O2 → 4As4S5 + 2As2O3. The results obtained in the present study
combined with a critical review of data previously published indicate that the As4S4 molecule is able
to incorporate sulfur to convert to As4S5 upon exposure to light, whereas either As4S3 or As4S5 molecules do not go undergo any modiÞcation. It appears that the extent of sulfur incorporation is strictly
controlled by the type of molecular packing as well as by the kind of molecule.
A Þnal, complete conversion to pararealgar was observed only for pure β-As4S4, whereas nonstoichiometric As8S9-x crystals initially containing variable amounts of β-As4S4 microdomains convert
only partially to pararealgar upon light exposure.
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INTRODUCTION
Most of the arsenic sulÞdes have a crystal structure consisting
of a packing of cage-like, covalently bonded As4Sn (n = 3, 4, and
5) molecules held together by van der Waals forces. Four types of
As4Sn molecular units are known. Both the α-dimorphite (T < ~70
°C) (WhitÞeld 1973a) and β-dimorphite (T > ~70 °C) (WhitÞeld
1970) structures are based on the same As4S3 molecule. Realgar
(Mullen and Nowacki 1972) and the high-temperature polymorph
β-As4S4 (Porter and Sheldrick 1972) consist of a packing of the
same As4S4 molecule, which, however, is different from the As4S4
molecule found in pararealgar (Bonazzi et al. 1995) and in the
synthetic As4S4(II) synthesized by Kutoglu (1976). The structure
of uzonite is based on a packing of As4S5 molecules (WhitÞeld
1973b; Bindi et al. 2003) whereas the structure of alacranite
(Bonazzi et al. 2003a), As8S9, consists of an ordered packing of
As4S4 and As4S5, with a molecular arrangement closely resembling that found in the β-As4S4. The coexistence of both As4S4
and As4S5 molecules was also found in the non-stoichiometric
sulÞde minerals from Kateřina mine (Bonazzi et al. 2003b),
which have chemical compositions ranging continuously from
As8S8 to As8S9. Finally, cage-like As4S5 molecular units were also
found in the structure of wakabayashilite, [(As,Sb)6S9][As4S5]
(Bonazzi et al. 2005). It is noteworthy that the As4S6 cage-like
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molecule has never been found in arsenic sulÞdes: orpiment,
which has atomic ratio As:S = 4:6, exhibits a layered structural
arrangement (Mullen and Nowacki 1972).
It has been long known that exposure of realgar to light
induces its alteration at the surface into friable, yellow Þlms
consisting of pararealgar (Roberts et al. 1980). Whenever the
rate of the process is lowered, by using opportune Þlters (550 nm
long-wavelength pass Þlter), light alters both realgar and β-phase
up to pararealgar through an intermediate product called χ-phase
(Douglass et al. 1992; Bonazzi et al. 1996; Muniz-Miranda et
al. 1996). The initial steps of the light-induced process occur
with a strong increase of the unit-cell volume in both realgar
and β-As4S4 (Bonazzi et al. 1996). However, the process starting
from realgar is discontinuous and it can be monitored on altered
single crystals only during the Þrst steps of alteration (Bonazzi et
al. 1996). On the contrary, the process leading to the formation
of the χ-phase from the β-phase can be monitored step by step
following the powder diffraction pattern as well as the Raman
spectrum, which change continuously until they approach eventually those of the χ-phase. Thus, the χ-phase was considered as an
expanded, less-ordered β-phase (Bonazzi et al. 1996), probably
characterized by a lower molecular symmetry (Muniz-Miranda
et al. 1996). Because the β-phase structure transforms gradually
into that of the χ-phase, it appeared sensible to us to investigate
the light-induced structural changes starting from β-phase rather
than from realgar single-crystals. Thus, the intensity data were
collected for a synthetic β-As4S4 crystal (unpublished data) at
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