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abstract

The light-induced alteration of realgar and E-As4S4 is a well-known phenomenon but still displays 
interesting aspects not completely explained. In the transformation from realgar to pararealgar the mol-
ecule As4S4�XQGHUJRHV�D�VWUXFWXUDO�PRGL¿FDWLRQ��DQG�HYHU�VLQFH�WKH�LQLWLDO�VWXGLHV�WZR�LPSRUWDQW�LVVXHV�
KDYH�EHHQ�KLJKOLJKWHG��WKH�LQÀXHQFH�RI�WKH�R[\JHQ�DQG�WKH�UHYHUVLELOLW\�RI�WKH�SURFHVV��7KH�SUHYLRXV�
study on the reversibility of the altered E-As4S4 points out that this polymorph exhibits a dual behavior. 
When the light-induced alteration occurs with the presence of the air, pararealgar and arsenolite, along 
with amorphous material, are the products, while if the air is not present E-As4S4 turns completely 
LQWR�SDUDUHDOJDU��0RUHRYHU��ZKHQ�DQQHDOLQJ�WKH�DOWHUHG�PDWHULDO�LQ�WKH�UHDOJDU�VWDELOLW\�¿HOGV������qC), 
LQ�WKH�¿UVW�FDVH�SDUDUHDOJDU�DQG�DPRUSKRXV�PDWHULDO�WXUQ�LQWR�VWRLFKLRPHWULF�DODFUDQLWH��ZKLOH�LQ�WKH�
second case the alteration is completely reversible. Similarly, the present study focuses the attention 
on the question if realgar, when altered by means of the light and when annealed, might behave as 
E-As4S4 does. These results display that the phenomenon is more complex. The alteration of realgar 
with the presence of the air yields pararealgar along with arsenolite, a small quantity of uzonite and 
DPRUSKRXV�PDWHULDO��DQG�ZKHQ�WKH�DLU�LV�QRW�SUHVHQW�SDUDUHDOJDU�LV�WKH�RQO\�SURGXFW��,Q�WKH�¿UVW�FDVH��
when annealing the products of alteration at 220 qC, alacranite, E-As4S4, realgar, and little amorphous 
PDWHULDO�RFFXU�DORQJ�ZLWK�DUVHQROLWH��,Q�WKH�VHFRQG�FDVH�DW�¿UVW�E-As4S4 crystallizes, then it turns into 
realgar, but this process yields orpiment and amorphous material as it moves forward, showing that 
from the products of alteration of realgar it is not possible to obtain the starting material. Examination 
of the stoichiometry of the products let to infer that the amorphous material occurring in the two cases 
has very different content of arsenic and sulfur.
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introduction

The main problem related to the conservation of the mineral 
realgar is the alteration induced by light that causes opacity, a 
change from the red color to yellow, and brittleness of the surface 
layers. Realgar is not only a mineral with a beautiful red color and 
interesting properties of light interaction, it has been employed 
for many centuries as pigment in manuscripts, paintings, and 
VWXFFRHV�LQ�WKH�DQFLHQW�ZRUOG�DQG�WKH�5HQDLVVDQFH��&RUEHLO�DQG�
Helwig 1995; Trentelman et al. 1996; Clark and Gibbs 1997, 
1998; Burgio et al. 2003, 2006). From a different point of view, 
future promising employments of realgar may arise from the 
applications in the field of opto-electronic or from the treatment 
of various forms of cancer yet investigated in vitro and in vivo 
�/X�HW�DO��������=KDR�HW�DO��������/LX�HW�DO���������0RUH�WKDQ�
���\HDUV�DJR�5REHUWV�HW�DO���������LGHQWLILHG�SDUDUHDOJDU��D�QHZ�
polymorph of As4S4, from two locations in British Columbia, 
and pointed out that this mineral was the alteration product 
of realgar. The pararealgar structure was solved by Bonazzi 
HW�DO����������DIWHU�'RXJODVV�HW�DO���������VWXGLHG�LQ�GHWDLO�WKH�
phenomenon of light-induced alteration of realgar. Before those 
studies it was accepted as true that realgar altered to orpiment 
�$V2S3��DQG�DUVHQROLWH��$V2O3). Actually the former is related to 
realgar by paragenetic association and the latter is the product 

of light-induced alteration, whenever oxygen is present, along 
with pararealgar. Realgar, D-As4S4��P21/n), and the polymorph 
of high temperature, E-As4S4��C2/c), display a different packing 
of the As4S4�FDJH�OLNH�PROHFXOH��r-type) where each As atom is 
covalently bonded to two S and one As atoms, and each S atom 
LV�ERQGHG�WR� WZR�$V�DWRPV��,WR�HW�DO��������6WUHHW�DQG�0XQLU�
������0XOOHQ�DQG�1RZDFNL��������3DUDUHDOJDU��P21/c) and the 
As4S4�,,���P21/n���D�V\QWKHWLFDOO\�REWDLQHG�SKDVH��.XWRJOX��������
are made by a different As4S4�PROHFXOH��p-type) with one As atom 
covalently bonded to one S and two As atoms, two As atoms 
bonded to one As and two S atoms, and one As atom bonded 
to three S atoms. Each S atom is bonded to two As atoms. The 
polymorph E-As4S4��3RUWHU�DQG�6KHOGULFN�������LV�VWDEOH�RYHU�
252 q&� �5RODQG������� DQG�GXUDEOH� DW� URRP� WHPSHUDWXUH�� EXW�
undergoes the same phenomenon of alteration when exposed to 
WKH�OLJKW��'RXJODVV�HW�DO���������DQG�%RQD]]L�HW�DO���������SRLQWHG�
out that the action of visible light causes an anisotropic expansion 
of the unit cell of both D-As4S4 and E-As4S4 yielding a metastable 
product named F-phase, which is the precursor of pararealgar. 
Even though not always reported as the product of alteration of 
UHDOJDU��DUVHQROLWH�RFFXUV�VWDUWLQJ�IURP�ERWK�UHDOJDU��%DOOLUDQR�
and Maras 2006) and from E-As4S4��=RSSL�DQG�3UDWHVL��������DQG�
the formation of this oxide is the result of the breaking of As-As 
and As-S bonds with the presence of oxygen. This phenomenon 
has been studied, from the structural point of view, for the As4S4 
SRO\PRUSKV��0XQL]�0LUDQGD�HW�DO��������%RQD]]L�HW�DO��������
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