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Thiometallates containing transition metal complexes may be viewed as organic-inorganic hybrid 
materials and exhibit promising properties like tuneable optical band-gaps [1], photoconductivity 
[2] and interesting magnetic properties [3]. For example a change of the band gap between 2 and 3 
eV can be observed for the four isostructural thioantimonates [TM(tren)Sb4S7] (TM = Co, Fe, Zn 
and Mn; tren = tris(2-aminoethyl)amine) [4].Several application may be envisaged for materials 
with such features [5]. The processes leading to the nucleation and crystallization of thiometallates 
are very complicated and still not good understood, even though several thiometallates have been 
synthesized and efforts are under way to shed light onto mechanisms of product formation [6, 7, 8, 
9]. In-situ EDXRD (energy dispersive X-ray diffraction) studies are a very powerful method to 
monitor the processes occurring during the crystallization of solid materials. 

The in-situ EDXRD investigations were conducted with Zn (0.3 mmol), Sb (0.6 mmol) and 
S (1.3 mmol) in an aqueous solution of 20 and 50 % tren. The influence of product formation was 
examined at temperatures between 140 and 180 °C. All experiments were performed at beamline 
F3/HASYLAB/DESY in Hamburg. More details about the setup of the experimental station F3 can 
be found in references [10] and [11]. 

The induction time t0 and the half-life time t0.5 decrease with increasing temperature. An interesting 
behaviour could be observed for the crystal growth of [Zn(tren)Sb4S7] with 50 % tren (see Fig. 1). 
At the beginning of the reaction, both reflections (002) and (012) show a similar growth behaviour. 
After about 60 min. the crystal growth velocity of the (012) reflection increases significantly. Due 
to this observation it can be assumed that the crystals are growing faster along the (012) face. 
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Figure 1: Extent of reaction α vs. time for the (002) and (012) reflections at 160 °C. 

Plotting the extent of reaction α vs. time as a Sharp-Hancock plot, different regions can be 
distinguished (Fig. 2). The Avrami exponents derived from the slopes of the curves indicate that for 
α < 0.4 diffusion is dominating followed by nucleation model A2 and at α > 0.8 diffusion seems to be 
most important. 
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Figure 2: Comparison of the experimental data with different crystallization models and Sharp-Hancock-

Plot for the measurement of the crystal growth of [Zn(tren)Sb4S7] at 160 °C. 

The present results are another example highlighting the complexity of the solvothermal syntheses 
of thiometallates. Crystals start to grow in different direction with different velocities when the 
amine concentration is changed. One explanation may be that the amine molecules are interacting 
with the different lattice planes in different way thus poison a specific plane.  
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