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Report:

Abstract : The complex architecture of biominerals arises from their interactions with macromolecules [1].
Yet, little is known about the role of these macromolecules in directing precipitation and recrystallization.
Here, by using coherent X-ray diffraction imaging (CXDI) [2], we investigate the self-transformation of
biomimetic CaCO3 microparticles formed in a matrix of polystyrene sulphonate (PSS) and reveal in details
how a solid sphere can evolve into a hollow sphere. This work helps to understand the role of
macromolecules in the precipitation and recrystallization of calcium carbonate but also to clarify the
formation of core/shell and hollow structures by a self-transformation. Because such morphologies are
encountered in many systems, the observed mechanism of formation may be relevant to other chemical
systems such as ZnS [3], C0304, TiO> [4] and CagH2(PO4)6.5H20 [5].

Sample Preparation: The samples are prepared by quickly mixing an aqueous solution containing calcium
ions and PSS (polystyrene sulfonate) with an aqueous solution containing Na2COz. The solution is stirred
during 1 min and then put at 70°C for different reaction times (from 30 min to 3 days). Then the suspension is
filtered and dried at 60°C. The powders are then put on the SisN4 membranes.

Methods: The measurements were performed at the ID10 beamline of the European Synchrotron Radiation
Facility (ESRF, Grenoble, France) with a monochromatic x-ray beam of energy 7 keV.

Results: We analyzed 10 samples having different reaction times (from 30min to 3 days). The main results
are summarized in Fig. 1. In A, B and C are shown the SEM images, the CXDI results and the TEM images,
respectively.



Figure 1 : Microspheres of CaCOs obained after different reaction times. (A) SEM images, (B) CXDI images with 3D
views (upper part) and tomography slices (bottom) and (C) TEM images. Scale bar = 500nm

The good agreement between SEM and CXDI 3D views obtained on the same particles validate the CXDI
reconstructions. We observed 2 important points from the 3D views. First, the crystals of vaterite grow on the
surface of the microspheres. This may be due to the Ostwald ripening process for which small particles
shrink, while larger particles grow. Secondly, we observed that the diameter of the microspheres decreases

with time. This evolution is confirmed by SAXS done on ID02 (Fig.2).
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Figure 2 : (a) SAXS curves (I*q?) obtained on ID02. In these experiments, the powders were put in glass capillaries.
From the oscillations, we can extract the average diameters of the particles as shown in (b).



Conclusion: CXDI is particularly relevant to study such particles and to understand the growth mechanisms
of vaterite. We highlight that the hollow particles result from a core-shell intermediate. In addition, the shell
of the hollow and of the core-shell structures is interesting. The shell is made of 2 parts : a smooth inner part
which acts as a template for the outward growth of vaterite crystals. This information is important not only in
materials engineering but also to understand the growth of biogenic CaCOs for which the presence of

soluble/insoluble membranes/templates is a key step in the design of the complex morphology.
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