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INTRODUCTION

Many studies have addressed crystal structures, phase tran-
sitions, and stability Þ elds of the As4S4 polymorphs: realgar 
(α-As4S4) (Ito et al. 1952; Penʼkov and SaÞ n 1972; Forneris 
1969; Mullen and Nowacki 1972; Bues et al. 1983; Bryndzia and 
Kleppa 1988), pararealgar (Roberts et al. 1980; Douglass et al. 
1992; Bonazzi et al. 1995), χ phase (Douglass et al. 1992; Bon-
azzi et al. 1996), and the high-temperature phase (β-As4S4) (Clark 
1970; Street and Munir 1970; Porter and Sheldrick 1972; Roland 
1972; Yu and Zoltai 1972; Burns and Percival 2001; Bonazzi et al. 
2003). The exposure of realgar to light engenders alteration to fri-
able yellow-orange thin Þ lms or micro-nodules on the surface and 
Þ ssures at some critical thickness, causing degradation (Roberts 
et al. 1980; Douglass et al. 1992). The yellow-orange products 
covering the realgar consist of pararealgar, which transforms with 
light at wavelengths between about 500 and 670 nm (Douglass et 
al. 1992). Such alteration always proceeds from realgar via χ phase 
to pararealgar. Douglass et al. (1992) proposed that light breaks 
As-As bonds, which are weaker than As-S bonds. Thereby, the 
covalently bonded cage molecules form a new crystal structure in 

which free As is intercalated. Bonazzi et al. (1996) showed that for-
mation of the χ phase is preceded by a strong anisotropic increase 
of the unit-cell volume of realgar: a and c sinβ increase linearly 
with increasing exposure times, whereas b remains substantially 
unchanged. The authors documented that the unit-cell volume is 
between 798�800 Å3 before light treatment; it reaches up to 810 
Å3 after 300 min of exposure. Subsequently, Bonazzi et al. (1996) 
concluded that the χ phase can be considered as an expanded, less-
ordered β phase. Bindi et al. (2003) studied the crystal structure of 
uzonite (As4S5) and the variability if its unit-cell parameters with 
light exposure. Results obtained in that study indicate that the As4S5 
molecules remain unchanged, in contrast to the As4S4 molecules. 
Non-stoichiometric As8S9�x crystals, which consists of a disordered 
mixture of As4S4 and As4S5 molecules, also point toward a light-in-
duced increase of the unit-cell volume (Bonazzi et al. 2003). They 
reported that the increase in unit-cell volume may be caused by 
increasing of sulfur in the structure because the unit-cell volume 
of arsenic sulÞ des (see Bonazzi et al. 2003, their Fig. 4) increases 
linearly with an increase in the percentage of As4S5 molecules. Very 
recently Ballirano and Maras (2004) reported an increase in the 
unit-cell volume of realgar caused by the partial replacement of 
As4S4 cages by As4S5 cages. Bonazzi et al. (2003) suggested that 
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ABSTRACT

Light-induced degradation in realgar (arsenic sulÞ de) has been studied by means of four-circle 
single-crystal X-ray diffraction and X-ray photoelectron spectroscopy. Because of the alteration of 
realgar exposed to light, the a lattice parameter and c sinβ value increase linearly from 9.327 to 9.385 
Å and from 6.320 to 6.364 Å, respectively. In contrast, the b lattice parameter remains substantially 
constant. Anisotropic variations of the lattice parameters engender a continuous increase of the unit-cell 
volume from 799.5 to 810.4 Å3. Nevertheless, no correlation exists between the continuous increase of 
the unit-cell volume and the bond distance variations in As4S4 molecules because the As4S4 molecule in 
the unit cell expands very little during light exposure. The most pronounced change was in the distance 
between centroids in As4S4 cages. The spread of As4S4 intermolecular distances increases continuously 
from 5.642 to 5.665 Å, which directly affects the unit-cell volume expansion of realgar. In addition, 
the O1s peak increases rapidly after light exposure. The result substantiates the following reaction 
proposed by Bindi et al. (2003): 5As4S4 + 3O2 → 4As4S5 + 2As2O3. That is, realgar is transformed 
into pararealgar if oxygen exists and produces the As4S5 molecule. The additional S atom contributes 
to anisotropic expansion for the a and c axes because the direction of the additional S atom points 
toward [41�4] in the unit cell. Furthermore, an S atom in the As4S5 molecule is released from one of 
the equivalent As-S-As linkages in As4S5 which becomes the As4S4 molecular of pararealgar. After 
the As4S5 molecule is divided into an S atom (radical) and the As4S4 (pararealgar type) molecule, the 
free S atom is re-attached to another As4S4 (realgar type) molecule, and reproduces an As4S5 molecule. 
The reproduced As4S5 molecule is again divided into an S atom (radical) and an As4S4 (pararealgar 
type) molecule. This cycle whereby realgar is indirectly transformed into pararealgar via the As4S5 
molecule is promoted by light and repeated during light exposure. 


