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Scattering techniques are powerful methods for studying the structure of matter. However, to fully
resolve the microscopic structure of a sample diffraction data of single crystals or perfectly ordered
arrangements of crystals are needed. For disordered samples, such as liquids, glasses or disordered
arrangements of nanoparticles, usual approaches only focus on the radially averaged signal of the
two-dimensional scattering patterns. However, often there is a subtle variation of this azimuthal
intensity that is lost by the averaging process. Accessing this information allows it to learn more
about the underlying orientational order within the sample. Especially, local heterogeneities of the
structure can be explored. This type of information can be determined by the X-ray cross corre-
lation analysis (XCCA) technique [1, 2, 3]. Moreover, XCCA is a promising tool to overcome
the powder average present in these systems and to resolve the angular structural information of
nanoparticles.

This XCCA approach was used to investigate the local structures of thin films made out of dried
binary mixtures of nanopartilces (silica particles, nanocrystals). Therefore, nano-beam X-ray scat-
tering measurements on dried nanoparticle films were performed at beamline P10 [5] using the
GINIX (Göttingen Instrument for Nano-Imaging with X-rays) [4] setup. The so-obtained two-
dimensional scattering patterns were analyzed with the XCCA technique. Due to the nanometer
size of the X-ray beam (focus size < 400 x 400 nm2), the orientational order of the nanoparticle
films can be spatially resolved. Thus, real space maps of the electron density [6] based on the total
scattering intensity, and of the local type and degree of orientational order within the nanoparticle
films based on XCCA can be obtained. Using such spatial maps the average correlation length
within a sample can be measured [7]. By this X-ray cross correlation microscopy cross correlation
maps are obtained that allow to determine the average extent of correlated regions.

Figure 1 shows the results for a dried film made from a silica partilce dispersion containing two
particle sizes. The structure of the film is visible from the intensity map (Fig. 1a)). An increased
scattering intensity reflects a more densely packed region within the film. In figure 1b) the corre-
sponding cross correlation map for fourfold symmetry is depicted. For example, an intense region
in the cross correlation map is visible reflecting an area that is highly ordered. Comparison of both
maps allows the correlation of the local particle density with the degree of orienational order. By
this approach the morphology of colloid films can be studied in great detail. A similar experimental
approach was used to study iron oxide and gold nanocrystals. Data analysis is ongoing.



Figure 1: a) Intensity map extracted from scanning nanofocus small angle X-ray scattering performed on
a dried film of a binary colloid dispersion. b) Cross correlation map of the fourfold symmetry of the same
data.
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