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The NMR instrument!



The NMR instrument!



The magnetic field!



Nobel Prize in Chemistry - NMR 

Richard R. Ernst 1991
"for his contributions to the 
development of the methodology 
of high resolution nuclear 
magnetic resonance (NMR) 
spectroscopy".

• Kurt Wüthrich 2002

• "for his development of nuclear 
magnetic resonance spectroscopy 
for determining the three-
dimensional structure of biological 
macromolecules in solution"

spectroscopy".



Why NMR is so important?

• Solving structures of compounds like synthetics, impurities, natural 
products

• Identifying metabolites (NMR metabolomics, sTOCSY) 

• Stereochemistry determination

• Follow reaction progress (hydrolysis, product formation, substrate 
consumption)

• Kinetics (dissociation constant, K of complexes, on-off rates in receptor • Kinetics (dissociation constant, Kd of complexes, on-off rates in receptor 
ligand)

• Biomolecular nmr (protein, nucleic acids and carbohydrates)

• Molecular interactions (ligand binding sites, ligand binding poses, 
conformational changes upon interaction)

• Atomic distribution, quantities, bonds between atoms and elements

• Solid-state vs Liquid-state

• Imaging (MRI) for medicine diagnostic



Pros! 

• Nondestructive analytical method.

• Multiple applications: structure elucidation, 
dynamics in solution, conformation, molecular 
complexes, reaction and somewhat function.  complexes, reaction and somewhat function.  



Cons!

• NMR is one of the least sensitive analytical 
methods.

• Time-consuming.
• Sometimes the amount of information is big.  

Can be demanding on interpretation skills.Can be demanding on interpretation skills.
• Relatively expensive compared with other 

analytical methods (use of deuterated 
solvents, NMR cooling gases, sample tubes).

• As with other methods, NMR has “blind spots” 
and, depending on the goal, cannot serve as 
the only analytical technique.



NMR as compared to other 
spectroscopic methods
Modern techniques for structure determination of organic 

compounds include:

• Mass spectrometry
• MW and chemical formula of the compounds

• Structural information (fragmentation patterns)

• Infrared spectroscopy• Infrared spectroscopy
• Presence or absence of functional groups in compounds

• Ultraviolet-Visible spectroscopy
• Absorption and reflectance in electron energy is directly 

related to atomic/molecular composition of compounds  

• Nuclear magnetic resonance spectroscopy
• Atomic (1H, 13C, 15N, 19F) framework of the compounds

• Stereochemical view (conformation via NOE)

• Dynamics and intermolecular interactions



Characteristics of Important 
Spectroscopic Methods



Structure elucidation (1D spectra)



Structure elucidation (2D spectra)



Molecular dynamics (spin-relaxation)



Molecular dynamics (spin-relaxation)



3D Structure (J-coupling, NOE, RDC)



Intermolecular complexes

CCL5 dimer-chondroitin 
sulfate hexasaccharide 

TSG-6 dimer-chondroitin LAR monomer-heparin 
sulfate hexasaccharide 

TSG-6 dimer-chondroitin 
sulfate hexasaccharide 

LAR monomer-heparin 
pentasaccharide 
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Intermolecular complexes

Chemical shift perturbation of fondaparinux on 15N-labeled hBD6 


