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            Abstract
Solid-state nuclear magnetic resonance (NMR) spectroscopy is an atomic-level method to determine the chemical structure, 3D structure and dynamics of solids and semi-solids. This Primer summarizes the basic principles of NMR spectroscopy as applied to the wide range of solid systems. The nuclear spin interactions and the effects of magnetic fields and radiofrequency pulses on nuclear spins in solid-state NMR are the same as in liquid-state NMR spectroscopy. However, because of the orientation dependence of the nuclear spin interactions in the solid state, the majority of high-resolution solid-state NMR spectra are measured under magic-angle spinning (MAS), which has profound effects on the types of radiofrequency pulse sequences required to extract structural and dynamical information. We describe the most common MAS NMR experiments and data analysis approaches for investigating biological macromolecules, organic materials and inorganic solids. Continuing development of sensitivity-enhancement NMR approaches, including 1H-detected fast MAS experiments, dynamic nuclear polarization and experiments in ultra-high magnetic fields, is described. We highlight recent applications of solid-state NMR spectroscopy to biological and materials chemistry. The Primer ends with a discussion of current limitations as well as areas of development of solid-state NMR spectroscopy and points to emerging areas of applications of this sophisticated spectroscopy.
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                    Fig. 1: Basics of solid-state NMR spectroscopy for structural analysis of biomolecules and materials.[image: ]


Fig. 2: Some common solid-state NMR pulse sequences.[image: ]


Fig. 3: Representative solid-state NMR results and experiments.[image: ]


Fig. 4: Applications of solid-state NMR spectroscopy to biological chemistry.[image: ]


Fig. 5: Applications of solid-state NMR spectroscopy to materials chemistry.[image: ]


Fig. 6: Outlook for MAS solid-state NMR spectroscopy.[image: ]
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	Ionothermal synthesis
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                  (CSAs). The orientation-dependent component of the chemical shielding interaction.

                
	Paramagnetic
	
                  Weakly attracted by an externally applied magnetic field, typically as a result of the presence of unpaired electrons.

                
	Molecular dynamics
	
                  A computer-simulation method for characterizing the dynamics of atoms and molecules, providing an overview of how they move over a period of time.

                
	Density functional theory
	
                  (DFT). A computational quantum-mechanical modelling approach used to investigate electronic structure in many-body systems.
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	Extended X-ray absorption fine structure
	
                  An X-ray absorption spectroscopy technique that is amenable for non-uniform crystalline samples.

                
	Generalized gradient approximation
	
                  A type of exchange correlation functional used in density functional theory that considers the density and the gradient of the density
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