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INTRODUCTION

Most arsenic sulÞ des 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: (1) As4S3 molecule 
(molecular symmetry C3v), present in both low-temperature (T 
<~70 °C) and high-temperature (T >~70 °C) forms of dimor-
phite (WhitÞ eld 1973a, 1970); (2) As4S4 molecule (molecular 
symmetry D2d), present in the structure of realgar (Mullen and 
Nowacki 1972) and in the high-temperature (T > 256 °C) poly-
morph β-As4S4 (Porter and Sheldrick 1972); (3) As4S4 molecule 
(molecular symmetry C2v), found in pararealgar (Bonazzi et al. 
1995) and in the As4S4(II) compound synthesized by Kutoglu 
(1976); (4) As4S5 (molecular symmetry C2v) molecule found in 
uzonite (WhitÞ eld 1973b; Bindi et al. 2003) and wakabayashi-
lite, [(As,Sb)6S9][As4S5] (Bonazzi et al. 2005). The structure of 
alacranite, As8S9, contains both As4S4 (realgar type) and As4S5 
molecular groups (Bonazzi et al. 2003b).

It has been long known that exposure of realgar to light 
induces its alteration at the surface into friable, yellow Þ lms 
consisting of pararealgar (Roberts et al. 1980). Moreover, it was 
also shown that light alters both realgar and the high-temperature 
polymorph (β-As4S4) into pararealgar through an intermediate 
product Þ rst described by Douglass et al. (1992) as χ-phase. 
The process starting from realgar is discontinuous and it can be 
monitored on altered single crystals only during the Þ rst steps 
of alteration (Bonazzi et al. 1996; Muniz-Miranda et al.1996; 
Kyono et al. 2005). In contrast, the light-induced conversion 

of the β-phase to the χ-phase and eventually to pararealgar is a 
continuous process that can be monitored step by step following 
the powder diffraction pattern as well as the Raman spectrum 
(Bonazzi et al. 1996; Muniz-Miranda et al. 1996).

Recently, Bonazzi et al. (2006) carried out structure reÞ ne-
ments of crystals belonging to the β-As4S4�As8S9 series at 
selected steps of the light-induced transformation 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 the variation of the 
As/S ratio in the structure according to the reaction 5As4S4 + 
3O2 → 4As4S5 + 2As2O3. Indeed, the formation of arsenolite in 
the light-induced process of alteration of realgar to pararealgar 
has been reported (Ballirano and Maras 2002). According to the 
model elaborated by Kyono et al. (2005) to explain the realgar 
→ pararealgar conversion, the sulfur released in the arsenolite 
formation and incorporated to produce As4S5 molecules could 
be then released by breaking an equivalent As-S-As linkage to 
form the As4S4 molecules of pararealgar. The process could cy-
clically continue by re-attachment of the free S to another As4S4 

(realgar-type) until a complete conversion to pararealgar. In the 
case of the β-As4S4�As8S9 sulÞ des, however, a complete conver-
sion to pararealgar was observed only for pure β-As4S4, whereas 
non-stoichiometric As8S9�x crystals exhibited a more complex 
behavior. In particular, two crystals having the original chemi-
cal formula As8S8.26 (ALA16) and As8S8.42 (ALA15) were found 
to consist of a mixture of alacranite and pararealgar, whereas 
the alteration product deriving from a more sulfur-rich crystal 
(ALA2: As8S8.70) remained unknown (Bonazzi et al. 2006). The 
ALA2 crystal, left in sunlight at room temperature for several 
months, was re-examined by single-crystal X-ray diffraction. * E-mail: lbindi@geo.uniÞ .it  
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ABSTRACT

The crystal structure of a new light-induced alteration product obtained from a natural non-stoi-
chiometric arsenic sulÞ de (original chemical formula As4S4.35) was solved in the space group Pccn, 
and reÞ ned to a Þ nal R index of 9.89%. Unit-cell parameters are: a = 19.352(7), b = 10.166(3), c = 
8.697(4) Å, V = 1711(1) Å3; Z = 8. The structural reÞ nement results yielded a chemical formula close 
to As4S5. The structure consists of discrete, covalently bonded As4S5 molecules, which are held together 
by van der Waals forces. The molecular packing is similar to that of the original crystal, which, in turn, 
is the same as to that of β-As4S4. The phase originated from a continuous, room-temperature, light-
induced alteration process that does not require a complete rearrangement of the molecular packing 
and therefore does not imply the loss of coherency between crystalline domains. 
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