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In solid state chemistry the successful synthesis of a new compound is in mainly the result of 
intensive explorative work varying a large number of reaction parameters in a systematic way. This 
explorative approach is not only typical in classical high temperature syntheses but also the normal 
way to prepare new compounds using the solvothermal method. Examples for this trial-and-error 
method are thiostannates showing catalytic properties, chemical sensing behavior [1, 2] or 
photoconductive properties if Cu is incorporated in the thiostannate network [3]. Taking into 
account the experimental details of the syntheses, there is no evident relation between the reaction 
parameters (educts, concentration, temperature, time, pressure, solvent, etc.) and the resulting 
products. During the last few years we studied several reactions under solvothermal conditions with 
in-situ energy dispersive X-ray diffraction (in-situ EDXRD)    [4 - 11]. In several cases crystalline 
precursors and/or intermediates could be detected prior to crystallization of the products. This 
knowledge was then used to isolate and characterize such metastable compounds which would not 
be possible without such in-situ experiments. In addition, the rigorous analysis of the results 
allowed developing some synthetic rules which are suitable for further solvothermal syntheses.  
Recently we extended the solvothermal syntheses to polyoxometallates (POMs) which are one class 
of compounds being in the focus of research due to their potential applications in several areas like 
catalysis, optical sensing, ion exchange, gas storage and separation, photochemistry or medicine 
[12 - 19]. Polyoxovanadates containing V4+ species are intensively studied as model systems to 
study a wide range of physical effects from spin dynamics [20] to quantum coherence and 
associated phenomena [21]. During the last few years we synthesized different polyoxovanadates, 
antimonato-polyoxovanadates and germanato-polyoxovanadates [22 - 25]. Like in the area of 
thiometallates the successful preparation of a new compound is the result of intensive explorative 
work and not due to a directed synthesis. To the best of our knowledge, the formation of POMs was 
never studied with in-situ EDXRD.  
In our experiments we synthesized the two new POMs [C6H15N3-H3]4Ge8V14O50 (C6H15N3 = aep/ 
aminoethylpiperazine) (I) and [C4H10N2-H2]4 · [C4H10N2-H]Ge8V14O50 · H2O (C4H10N2 = 
pip/piperazine) (II)  under solvothermal conditions, both containing Ge4+ and V4+.  With a mixture 
of 2 mmol GeO2, 3 mmol NH4VO3, 1 mmol Cu(NO3)2 · 3 H2O respectively AgNO3 and 6 mL of an 
aqueous 75% aep solution I is obtained at T = 110 - 140 °C whereas II crystallized between 150 
and 180 °C. The synthesis of I was also successful without Cu(NO3)2 · 3 H2O or AgNO3 in the 
whole temperature range, but II requires the presence of one of these compounds. We noticed that I 
and II were contaminated with elemental copper/silver when using Cu(NO3)2 · 3 H2O/AgNO3. 
Another interesting aspect of the reaction is that in compound II the aep molecule is transformed to 
pip. In-situ EDXRD measurements should shed light on several questions left open: what is the role 
of Cu(NO3)2 · 3 H2O and AgNO3 for the formation of the POMs? Is compound I transformed into 
II at elevated temperature? Is there a temperature regime where both samples coexist?  
In the last measurement period of 2008 we focussed the experiments on the formation of the 
compounds I and II. The reactions were investigated in the temperature range between 130 and 180 
°C. Surprisingly, in this temperature range only reflections of I occurred and the material 
crystallised without a crystalline precursor or intermediate. With increasing temperature, the 
reaction time until all starting materials are consumed decreases. Interestingly, the induction time t0 
increases with increasing reaction temperature. Now this unusual behaviour cannot be explained 
and further experiments are necessary to shed light on this phenomenon. It seems that at lower 
temperatures, the crystallisation mechanism is diffusion-controlled over the whole reaction. With 
increasing temperature, the kinetics change at α > 0.5 from a diffusion-controlled to a phase-
boundary-controlled mechanism. 
A possible reason that during the in-situ EDXRD experiments only I crystallised may be that the 
scattering experiments were conducted under stirring conditions whereas the ex-situ syntheses were 
performed under static conditions. In further in-situ EDXRD experiments other synthesis 
parameters should be varied like the Cu/Ag sources as well as the concentration of the starting 



materials. Furthermore, seeds of II should be added to the starting slurries to monitor the behaviour 
of II during the reaction.  
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