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We demonstrate the power of synchrotron X-ray total scattering and pair distribution function (PDF) analysis to resolve the first solution-state structure of a complex, dynamic, nanoscale system: a DNA-stabilised silver nanocluster (DNA-AgNC).[1] These nanoclusters exhibit tuneable photophysical properties, making them attractive for sensing, imaging, and quantum applications, yet their atomic structures remain largely unknown.[2] While a handful of DNA-AgNCs have been characterised by single-crystal X-ray diffraction, the vast majority have been inaccessible in crystalline form. Here, we isolate atomic correlations from an 18-atom Ag16Cl2 core embedded within a highly disordered DNA matrix in solution. PDF refinement reveals displacive and rotational distortions relative to the known crystalline form, alongside new insights into the conformational dynamics of the DNA scaffold.[3] We develop a new statistical ensemble refinement approach—drawing inspiration from reverse Monte Carlo methods—to quantify structural heterogeneity and assess model uniqueness. This work showcases how modern synchrotron PDF methods can resolve sub-nanometre structural differences in complex, solvated nanoclusters at low concentrations, allowing for in situ structure–function studies across soft matter, biomolecular, and cluster chemistry domains.

Figure 1. Atomistic structure of DNA2-[Ag16Cl2]8+.
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