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Colloidal crystals using crystalline nanoparticles (NCs) as building blocks offer the opportunity for designing
artificial solids with tailored properties [1] used e.g. for nanoelectrodes [2]. The assembly of colloidal crystals is not
only influenced the by the NC-size, but also by the shape of the individual NC. One reason for the deviation of the
spherical shape is the crystallographic facet formation on the NC surface, in order to minimze the total free surface
energy. The recently achieved control of the syntheses process [1, 3] of these NCs results in size distributions below
5%. This allows the use of SAXS methods to retrieve the mean shape of a large ensemble of inorganic NCs.
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Fig. 1: (a) Time resolved in situ SAXS patterns of the formation of self-assembled colloidal crystallization of Bi-NCs

shown in the inset. (b) SAXS pattern (red spheres) compared to the calculated fit (black line) for the faceted shape

using a dummy atom model of arround 1 nm shown in the upper inset. (both measurements were performed at the
Austro-SAXS beamline at ELETTRA.)

We studied by in-situ SAXS/WAXS the template free self-assembled colloidal crystallization by diffusion of a non-
solvent into the colloidal dispersion [3]. The SAXS patterns of the NC ensembles were recorded below the NC-
solvent/non-solvent interface at the SAXS beamline at ELETTRA. Hence, we can follow the crystallization process in
short time steps as a function of the non-solvent concentration.

Furthermore, we revealed that the 22 nm Bi NCs are nearly monodisperse, but deviate significantly form a
spherical shape. A good correspondence between SAXS data and fit was found for an elliptical shape with two main
axes of 18 nm and 22 nm (see Fig.1), which could not be detected with previous TEM studies. A nearly perfect fit
was achieved by using the ATSAS software package developed originally for the shape retrieval of monodisperse
protein structures [4]. The obtained mean shape clearly reveals the facetted NC surface (see Fig. 1). Further
investigations show a correlation between crystal size and aspect ratio of the main axes. It can be shown, that the
NC approaches spherical shape with decreasing radius. We are currently testing the application of this method for
experimental laboratory setups. In the future we will affirm the reliability for more complex shapes, e.g. core-shell
structures, and applying small but finite size distributions. We cross-check the results using an alternative new
software package (2D-GIFT) [5].
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