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Kinetic control is an upcoming method for producing a wide variety of desired functional structures [1, 2]. Thermodynamic assembly 

allows the reaction system to achieve equilibrium, thus forming thermodynamically stable compounds, whereas kinetic assembly traps 

metastable states via fast crystallization at low temperatures and at high concentrations. However, rapid crystallization causes 

difficulties with ab initio structure determination by X-ray diffraction, since the main products are crystalline powders rather than 

single crystals [1, 3]. 

We found that in the row of rare-earth cyamelurates three structural types exist. Room temperature synthesis (22 – 25 °C) leads to the 

formation of compounds [M(H2O)7C6N7O3] (M = Y, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er), which we consider as a result of kinetic 

control. Synthesis with heating up to 100 °C yields thermodynamically more stable [M(H2O)4C6N7O3]n·nH2O (M = Y, Ho, Er, Tm, 

Yb, Lu) and [M(H2O)5C6N7O3]n (M = Pr, Nd). Structures of erbium cyamelurates (Fig. 1) and neodymium cyamelurate were solved 

using data of the powder XRD. 

 

Figure 1. Reaction pathway in formation of kinetic and thermodynamic product and structures of erbium cyamelurate, obtained at 

room temperature (left) and at 100 °C (right). Hydrogens are not shown. 

 

Thermodynamic products have denser structures compared to kinetic products. In synthesized at increased temperature erbium and 

neodymium cyamelurates polymeric chains exist due to the fact that the cyamelurate anion acts as a bridging ligand (Fig.1, right). 

Kinetically trapped erbium cyamelurate, in contrast, consists of individual complex molecules [Er(H2O)7C6N7O3] (Fig.1, left). 

Probably, steric difficulties caused a decrease in the coordination number of erbium from 9 to 8 in the thermodynamic product. The 

coordination number of neodymium remains equal to 9 in both types of compounds. 

The statement that the most stable product also can form the fastest, indicating that the kinetic and the thermodynamic product is one 

and the same [4], is confirmed by synthesized at elevated temperatures Sm, Eu, Gd, Tb, Dy cyamelurates with a similar structure as in 

the case of products obtained at room temperature. 
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