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The coordination chemistry of magnesium is well known as it is one of the most abundant elements in both inanimate and 
animate nature. It is one of the most important biogenic elements and a component of many rock-forming minerals. 
Magnesium favours octahedral coordination both in solutions and crystalline compounds. With the discovery of perchlorates 
ClO4

– on Mars by NASA Phoenix Lander the interest in studying the physicochemical characteristics of MgClO4 • nH2O 
increased. Hydrates containing 6, 4, and 2 water molecules are currently known, with the latter two formed by dehydrating 
MgClO4 • 6H2O at 384 and 423 K, respectively [1,2]. Our previous research has shown that urea displaces water from the 
coordination sphere of magnesium in various magnesium salts. Depending on the physicochemical conditions, compounds 
with varying amounts of water and urea in the crystal structure are obtained [3,4]. In this research, we present results of the 
investigation of phases in the MgClO4 – Urea – H2O system for the first time. At room temperature, MgClO4 • 6Urea is 
obtained, exhibiting a monoclinic crystal structure in which the magnesium atom is octahedrally coordinated by six urea 
molecules, forming the complex [Mg • 6Urea]2+ cation, which is connected to the ClO4

1- anion through hydrogen bonds. After 
twelve months, the monoclinic structure undergoes a phase transformation, resulting in the formation of three symmetry-
independent magnesium octahedra, whose arrangement leads to the development of a crystal structure with orthorhombic 
symmetry. The symmetry-non-equivalent structural units that make up the two polymorph modifications are shown in Figure 
1. The density of the new (orthorhombic) structure is lower than that of the monoclinic one – 1.704 and 1.715 g/cm³, 
respectively – indicating a gradual and very slow decomposition of the structure. Interestingly, tribochemical activation of 
both systems, MgClO4 • 6H2O:6Urea and MgClO4:6Urea, crystallizes the monoclinic polymorphic modification of MgClO4 
• 6Urea. 

 

 

 

 

 

 

 
 

 

 

Figure 1. Symmetry non-equivalent structural units for MgClO4 • 6Urea polymorphs. 
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