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Polyoxovanadates (POVs) exhibit promising properties and potential applications are envisaged in 
areas from medicine to catalysis [1]. Especially POVs modified by heteroatoms are attractive 
because the heteroatoms (e.g. As, Sb or Ge) expand the cluster shell and alter the charge density and 
the coordination ability of the cluster surface. 

Recently we investigated the crystallization of Sb modified POV with composition 
[V14Sb8(C6H15N3)4O42(H2O)]·4H2O (C6H15N3=1-(2-aminoethyl)piperazine) (I) [2] at beamline 
F3/HASYLAB/DESY in Hamburg. In further experiments we observed that under stirring 
conditions a change of the amine concentration leads to formation of further POVs with 
compositions {C6H15N3} 4[V16Sb4O42]·2H2O (II) [3] and 
(C6H17N3)2[V15Sb6(C6H15N3)2O42(H2O)]·2.5H2O (III) [1]. In I and II the 1-(2-
aminoethyl)piperazine molecules are linked via Sb-N bonds to the [V15Sb6O42] cluster shell and the 
structure of III presents discrete [V16Sb4O42] moieties with isolated amine molecules (Fig. 1). 

 

Fig. 1: Main structural motifs in compounds I (left), II (middle) and III (right). 

For the synthesis of II 0.34 mmol Sb2O3 and 0.85 mmol NH4VO3 were dispersed in 2 mL of a 76 % 
aqueous solution of 1-(2-aminoethyl)piperazine and heated to 160 °C in an autoclave with a glass-
liner as reaction vessel. The increase of the concentrations of amine to 82.5 % led to formation of 
compound III. Note that I is formed at 75 % amine concentration. To monitor the influence of the 
temperature on the formation of III, experiments were done between 150 and 180 °C. 

All experiments were performed at F3/HASYLAB/DESY/Hamburg. For the evaluation of the data 
the program “calf3” was used, which was developed by A. Rothkirch (HASYLAB, DESY). The 
kinetic analysis was performed using Sharp-Hancock plots and established kinetic models [4].  

Kinetic data obtained by the evaluation of the reactions of the formation of III at different 
temperatures show that the reaction at 150 °C is a first order reaction, while reactions at 160 and 
170 °C are mainly nucleation controlled and at 180 °C phase-boundary control is dominating. Fig. 2 
shows the data of the formation of III at 160 °C matching well with a nucleation model A2. 
Comparison of the reaction mechanisms of the formation of all three compounds at 160 °C 
indicates that for I diffusion control is important, while kinetics for II and III suggest phase 
boundary control.  



  

Figure 2: Comparison of the experimental data with different solid state crystallization models of 
compound III (left) and Sharp-Hancock-Plot for the data of III obtained at 160 °C. The Avrami 

exponent is obtained from the slope (right).  

The results of the in-situ EDXRD experiments demonstrate the sensitivity of reaction parameters of 
the solvothermal approach onto product formation. Compound I with the highest Sb content 
crystallizes at the lowest amine concentration, and III containing the lowest number of Sb atoms 
occurs at the highest amine concentration [5].  
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