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Grazing incidence X-ray diffraction (GIXD) is widely used for the structural characterisation of thin films, particularly for analysing the phase composition and the orientation distribution of crystallites [1]. While qualitative evaluation tools are well established [2], a widely applicable and systematic procedure for extracting quantitative information has not yet been developed. 
As a first step towards such a methodology, we present an approach that enables accurate quantitative analysis through the evaluation of radial line profiles extracted from GIXD measurements. To ensure the reliability of the extracted intensities, correction factors were derived for state-of-the-art GIXD setups accounting for the polarisation of the incident beam, solid angle variations, absorption effects, the transmission coefficient, and the Lorentz correction. The corrections were validated by measuring GIXD patterns of model systems, including powders and uniplanar thin films as well as single crystals. Integrated intensities were extracted and compared with calculated structure factors of the corresponding compounds, confirming the accuracy of the derived correction factors [3].
Building on this foundation, quantitative analysis of measured GIXD data was performed for a variety of samples. An algorithm was developed to compute radial line profiles based on known crystal structures. By fitting the calculated line profiles to the experimental data extracted from GIXD measurements, precise quantitative information on orientation distribution and phase composition was obtained, along with additional parameters such as mosaicity and total crystal volume. The method was demonstrated on several thin film systems, including ZIF-8 thin films [4] comprising both unoriented and preferentially oriented crystallites as shown in Fig. 1, anthraquinone thin films exhibiting three distinct preferential orientations, and binaphthalene thin films composed of two coexisting phases with differing orientation distributions. 
Overall, this work provides a systematic and broadly applicable framework for extracting quantitative information from GIXD data [5]. Moreover, the derived intensity correction factors offer significant potential for improving crystal structure solutions from thin films.
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Figure 1. (a) Measured GIXD pattern of a ZIF-8 thin film and (b) extracted radial line profile from the data within the solid white lines. The data was fitted assuming a thin film consisting of unoriented (blue) and preferentially oriented crystallites (red).
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