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    Introduction
    The Sandia National Laboratories NMR Spectroscopy facility maintains both high resolution solution and solid state NMR capabilities for the measurement of chemical structure, reaction kinetics, morphologies and dynamic properties for a wide range of compounds and materials. Current efforts studies on  polymers, composites, ceramics, glasses, lignins to CWA simulants. Efforts include the development and implementation of both multi-frequency and multi-dimensional NMR experiments designed to probe specific chemical and materials science related questions.
    Structure and Dynamics in Polymers and Composites
    Understanding the local structure, morphology and dynamics in polymers and composites is crucial for the development and design of future materials tailored to address specific applications and performance designs. One of our current efforts involves the measurement of domain size and morphology in Sandia’s SDAPP (sulfonated Diels Alder Poly(Phenylene) proton exchange membranes (PEMs) and well as determining the Li coordination environment is ion-containing polyethylene polymers. We are especially focused on directly testing or providing input to computational simulations and model development for these same materials.  Recent advances in Sandia’s NMR laboratory include the development of double quantum (DQ)-filtered and 1H-19F REDOR-filtered NMR spin diffusion experiments to address nano-scale morphology and local dynamics. We have also combined NMR chemical shift analysis with DFT cluster calculations to directly measure hydrogen bond strength  in various polymer systems. 
    	Brad H. Jones, Todd M. Alam, Sangwoo Lee, Mathew C. Celina, Joshua P. Allers, Sungmin Park, Liwen Chen, Estevan J. Martinez, Jaclynn L. Unangst, ”Curing behavior, chain dynamics, and microstructure of high Tg thiol-Acrylate networks with systematically varied network heterogeneity”, Polymer, 122783, (2020), https://doi.org/10.1016/j.polymer.2020.122783.
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    NMR Diffusometry
    NMR provides the perfect tool to transport properties of solvents and abdsorbed chemicals in materials. Through the use of NMR diffusometry studies using pulse field gradient (PFG) NMR experiments it is possible to directly measure diffusion of individual specie sin complex mixtures. The laboratory has also been developing the use of high resolution magic angle spinning (HRMAS) PFG NMR to look at diffusion in heterogeneous materials. This evolving technique can find a wide applicaiton of uses in material, chemical and physical studies.
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