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            Abstract
Advances in materials science and molecular biology followed rapidly from the ability to characterize atomic structure using single crystals1,2,3,4. Structure determination is more difficult if single crystals are not available5. Many complex inorganic materials that are of interest in nanotechnology have no periodic long-range order and so their structures cannot be solved using crystallographic methods6. Here we demonstrate that ab initio structure solution of these nanostructured materials is feasible using diffraction data in combination with distance geometry methods. Precise, sub-ångström resolution distance data are experimentally available from the atomic pair distribution function (PDF)6,7. Current PDF analysis consists of structure refinement from reasonable initial structure guesses6,7 and it is not clear, a priori, that sufficient information exists in the PDF to obtain a unique structural solution. Here we present and validate two algorithms for structure reconstruction from precise unassigned interatomic distances for a range of clusters. We then apply the algorithms to find a unique, ab initio, structural solution for C60 from PDF data alone. This opens the door to sub-ångström resolution structure solution of nanomaterials, even when crystallographic methods fail.
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                    Figure 1: 
                        Reconstruction of an LJ-88 cluster from unlabelled distances using the Liga algorithm.
                      


Figure 2: 
                        Structure solution of fullerene from neutron PDF data.
                      


Figure 3: 
                          Illustration of the Liga algorithm for an octahedron.
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        Editorial Summary
A game of two halves
It is crucial to know how atoms are arranged within materials in order to understand their behaviour. For crystalline materials with regular repeat structural units, X-ray crystallography can provide this information. Many nanoscale materials contain no regular repeats, so new ways of determining their atomic structure are needed. A group from Michigan State University has developed a technique in which nanomaterial structure may be solved from a list of the precise distances between atoms in the cluster, acquired from X-ray or neutron diffraction data. These data contain no orientational or three-body information, yet can be used to obtain three-dimensional structures, using appropriate algorithms. Two approaches show promise: a ‘genetic’ algorithm, taking a lead from mating crossovers, and the new ‘Liga’ algorithm, inspired by the promotion and relegation of teams in soccer leagues.
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