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 Structural analysis by XRD still remains a considerable challenge for materials that can’t be isolated as single crystals. In NMR 

crystallography structural constraints are extracted from the modern solid-state NMR techniques, and along with DFT (density 

functional theory) calculations.[1-4]  NMR crystallography has been used to derive de novo structures and to aid the refinement of 

Xray powder diffraction data.[1-4] In this work, computational integration of advanced solid-state NMR with PXRD (powder X-ray 

diffraction) and modelling is used to understand the structure of metal coordination polymers that are produced by the etching of metal 

nanoparticles in acidic solution.[5-7] Notably, these coordination polymers have some structural disorder which gives rise to 

broadened diffraction peaks. Solid-state NMR was applied to determine the number of molecules in the asymmetric unit and give 

insight into the geometry at the metal center. Then, the PXRD pattern of the coordination polymers was partially indexed to find 

probable unit cells. The position of heavy atoms was then optimized within the unit cell using the Free Objects for Crystallography 

(FOX) software. Finally, Rietveld refinement and DFT optimization was used to obtain a final structural model. The final NMR and 

PXRD derived structure is validated by comparing the experimental and simulated PXRD pattern and NMR parameters. This protocol 

was verified on scandium acetate which has a known single crystal structure from the literature. The protocol was then successfully 

applied to microcrystalline gallium and aluminum coordination polymers. We anticipate that this methodology could be extended to 

similar kind of coordination polymers with inherent heterogeneous character.  

 

          

Figure 1. Schematic representation of the NMR crystallography approach used for finding the crystal  

structure of the coordination polymer.   

 

1. Ashbrook, S. E. & McKay, D. (2016). Chem. Commun. 52, 7186–7204.  

2. Bouchevreau, B., Martineau, C., Mellot-Draznieks, C., Tuel, A., Suchomel, M. R., Trébosc, J., Lafon, O., Amoureux, J.-P. & Taulelle, F. 

(2013). Chem. – A Eur. J. 19, 5009–5013.  

3. Thomas, B., Rombouts, J., Oostergetel, G. T., Gupta, K. B. S. S., Buda, F., Lammertsma, K., Orru, R. & de Groot, H. J. M. (2017). Chem. – 

A Eur. J. 23, 3280–3284.  

4. Xu, Y., Southern, S. A., Szell, P. M. J. & Bryce, D. L. (2016). CrystEngComm. 18, 5236–5252.  

5. Rossini, A. J., Hildebrand, M. P., Hazendonk, P. A. & Schurko, R. W. (2014). J. Phys. Chem. C. 118, 22649–22662.  

6. Chang, B., Martin, A., Thomas, B., Li, A., Dorn, R., Gong, J., Rossini, A. & Thuo, M. ACS Mater. Lett. 2, 1211–1217.  

7. Chang, B. S., Thomas, B., Chen, J., Tevis, I. D., Karanja, P., Çınar, S., Venkatesh, A., Rossini, A. J. & Thuo, M. M. (2019).  Nanoscale. 11, 

14060–14069.  

   

Keywords: PXRD; NMR; coordination polymer; NMR crystallography; self-assembly  

 


