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Published papers 
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Figure 1. (a+c) HR-PXRD patterns of CaCO3, and (b+d) zoom-in on calcite (104) reflection, grown in the presence of 

(a+b) sodium citrate using a hydrothermal route, and (c+d) citric acid using the vapor diffusion method. 

 



 

Figure 1 presents the HR-PXRD results of CaCO3 grown in the presence of one metabolite – citrate, using two 
different routes – hydrothermal (HT) and vapour diffusion (VD). When grown using the HT route, the metabolite 
is added to the carbonate solution, hence, we used its alkaline form, namely sodium citrate (NaCit). In this case, 
the formation of CaCO3 is fast, and the resulting phase is pure calcite (Figure 1a). when taking a closer look at 
the most intense calcite reflection (104), a slight shift is observed when NaCit is added. This may be an indication 
of lattice expansion as a result of citrate incorporation. On the other hand, when grown using the VD route, the 
metabolite is added to the calcium solution. When adding NaCit, the solution becomes opaque after a few 
seconds, due to the formation of insoluble calcium citrate (CaCit). Hence, in this case, we used citric acid (HCit), 
which inhibits the formation of CaCit. However, due to the slow pH increase of the solution (ammonia 
diffusion), CaCit still forms (Figure 1c), and completely eliminates the formation of CaCO3 (Figure 1d). 
 
 

 
Figure 2. (a+c) HR-PXRD patterns of CaCO3, and (b+d) zoom-in on calcite (104) reflection, grown in the presence of 

sodium lactate using (a+b) a hydrothermal route, and (c+d) the vapor diffusion method. 

 
 
Figure 2 presents the HR-PXRD results of CaCO3 grown in the presence of another metabolite – lactate. In this 
case, calcium lactate does not precipitate, so we could use the alkaline form (sodium lactate, NaLac) in both 
synthetic routes. In all of the samples the dominant CaCO3 polymorph is calcite, with small amounts of aragonite 
or vaterite impurities in some of the cases (labelled with dots in Figure 2a,c). However, zooming in on the (104) 
reflection does not indicate any significant incorporation (Figure 2b,d).  
 
Future work 
1. Analysing all the data and understanding which metabolite can be incorporated into the calcitic structure. 
2. Performing analytical metabolites detection on the relevant sample, to correlate between the concentration 

of metabolite in each sample and the lattice distortion it induces. 
3. Trying to understand the incorporation mechanism of the metabolites into calcite. 
 


