Data quality and structural modelling: insights from NoMoRe and multi-laboratory benchmarking
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Structural information is fundamental for understanding and engineering functional materials, yet the reliability of crystallographic models strongly depends not only on diffraction data quality, but also on the refinement strategy applied. Recent advances in X-ray instrumentation, synchrotron sources and detectors have significantly improved the quality of experimental measurements, enabling increasingly detailed analyses of molecular and crystal structures. At the same time, the development of modern refinement methods has revealed that extracting reliable structural information requires not only better data, but also more physically meaningful structural models.

In this contribution, the relationship between experimental data quality and refinement methodology is discussed within the framework of quantum crystallography. Attention is devoted to the question of how different refinement approaches respond to data of variable quality and to what extent advanced models improve the final structural description compared to the conventional Independent Atom Model (IAM). Modern approaches such as Hirshfeld Atom Refinement (HAR) [1], the Transferable Aspherical Atom Model (TAAM) [2], and NoMoRe-based thermal motion refinement [3,4] offer a more realistic description of electron density and atomic motion but also place significantly higher demands on the experimental data.

These aspects are illustrated using a large multi-laboratory benchmark study performed on benzophenone single crystals. Diffraction datasets collected in numerous laboratories under different experimental conditions were analysed using IAM, HAR, TAAM and NoMoRe-based approaches. By comparing structural parameters, thermal motion descriptions and refinement statistics across datasets of variable quality, the study evaluates how experimental limitations propagate into the final structural model and how far advanced refinement strategies improve agreement with reference neutron diffraction data.

The presented results highlight the growing importance of systematic data-quality assessment in the era of quantum crystallography and synchrotron measurements. They also demonstrate that the future development of crystallographic refinement will rely not only on increasingly sophisticated theoretical models, but equally on understanding the limits imposed by experimental data quality.
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