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1.76 nano meters 

Representation of a Molecule of Cholesterol
(Actual Size)

(reminder: 1 nano meter = 0.000000001 meters)



How can we “see” the invisible?
we need spies... observables that are more or less direct reporters of 

molecular structure. 



We will interpret the observables to construct a model of the molecular 
structure. 

How can we “see” the invisible?



nλ = 2dsinΘ

Observable N° 1:  
Bragg Diffraction of X-Rays



Spectroscopy Provides Eyes for Molecular and
Materials Sciences

1.76 nano meters 
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Observable N° 2:  
NMR correlation spectra

ω = -γ(1-σ)B0

Chemical shift correlations provide a unique fingerprint to discover structural formula 
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basic chemistry and 
catalysis
The first spectra from catalysts are recorded in the 
1970s, as NMR revolutionizes the way chemists 
approach multi-step synthesis. In 2006 Schrock 
wins the Nobel Prize in Chemistry for his 
development of meta-thesis, which has become 
central to basic industrial chemistry. In the same 
year he uses high-field solid-state NMR to validate 
the mechanism of olefin meta-thesis on a supported 
catalyst.
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from penicillin to taxol: 
stereochemistry in the drug 
industry
In 1959 Karplus proposes a dependence of H-H 
coupling constants on dihedral angles. Today this 
forms the basis for the determination of the 
stereochemistry of many of the therapeutic drugs 
on the market, crucial to both their safety and 
efficiency.
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High Field NMR in Condensed Matter

800 MHz, 2000

courtesy of M. Blackledge, B. Brutscher, et al., IBS-Grenoble

30 Mhz, 1948

w0 = -gB0

Felix Bloch
at Stanford

Edward Purcell
 at Harvard

The Nobel Prize in Physics 1952
"for their development of new methods for nuclear 

magnetic precision measurements and discoveries in
in connection therewith"



The NMR Hamiltonian: The Key

Hz

The spin precesses around the total magnetic field with frequencies
that depend on the local interactions and environment.

  
H =H z +HQ +H D +H cs +H J

Zeeman Interaction

(~100 MHz)

Quadrupolar Interaction

(0-100 MHz)
Dipolar Interaction

(0-20 kHz)

Chemical Shift

(0-2000 ppm)

Scalar Coupling

(0-200 Hz)

B0



The NMR Hamiltonian contains several terms, linked to atomic coordinates, 
electronic structure, or to molecular dynamics.   

As an example we remark the chemical shift, which is a modification of the 
resonance frequency with respect to the Larmor frequency, due to the shielding of 
the nucleus by the electrons. 
 

Observable N° 2:  
The chemical shift

By measuring the chemical shifts of all the spins, we could deduce the 
coordinates of the atoms, if we knew the relation between chemical shift and 
structure....  

 

ω = -γ(1-σ)B0



The NMR Hamiltonian contains several terms, linked to atomic coordinates, 
electronic structure, or to molecular dynamics.   

As another example we remark the magnitude of the dipolar interaction between two 
nuclear spins j and k is: 
 

Observable N° 3:  
The dipolar interaction between spins

If we could measure the dipolar interactions between all pairs of spins, we could 
deduce the coordinates of the atoms....  

 



The direct dipole–dipole coupling between spins is conceptually simple. Since 
each nuclear spin is magnetic, it generates a magnetic field in the surrounding 
space depending on the direction of the spin magnetic moment. A second nuclear 
spin then interacts with this magnetic field ( and vice-versa). This interaction is 
called the through-space dipole–dipole coupling, or direct dipole–dipole coupling, 
because the fields between the nuclear spins propagate through the intervening 
space, without involving the electron clouds.  

The interaction Hamiltonian is: 

where Îj and Îk are the spin angular momentum  
operators which are proportional to the magnetic  
moments (µ) of the nuclei, and where ejk is the  
unit vector parallel to the line joining the centres  
of the two nuclei.

Observable N° 2:  
Direct dipole-dipole coupling between spins



Gramicidin A
The whole system

Cornerstone NMR Experiments: NOESY
(Determining Internuclear Distances)

(more of this and related topics in RMN Structurale)
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NOESY Spectrum of Gramicidin

The intensity of the cross peaks is related 

to the inernuclear distance 

between the two nuclei that are 

correlated.

Multi-dimensional NMR: Pairwise Correlations 
 



Cornerstone NMR Experiments: NOESY
(Determining Internuclear Distances)

(more of this and related topics in RMN Structurale)

NOESY Spectrum of Lysozyme

The intensity of the cross peaks is related 

to the inernuclear distance 

between the two nuclei that are 

correlated.
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Multi-dimensional NMR: Pairwise Correlations 
measuring dipolar couplings and  

determining atomic-level 3D structure 













Magnetic Resonance Imaging (MRI)



making movies!

Magnetic Resonance Imaging (MRI)



reading your mind!

Magnetic Resonance Imaging (MRI)



Magnetic Resonance Imaging (MRI)

determining meso- and macro-scale 3D structure of  
objects that are not transparent 



Advanced NMR & Imaging

Course content: 

Methods for three-dimensional structure determination by NMR, from 
atomic-level structures to macroscopic imaging 

• Advanced fundamental principles of NMR spectroscopy 

• Illustrated by applications to chemistry, materials science and 
medicine, with examples and case studies 

• Lectures, group problem sessions, and a practical session.



Advanced NMR & Imaging

Course evaluation: 

• The problem sets will be graded by assigned groups (20%) 

• Analysis of a research article by group, after the end of the 
course (20%) 

• Written exam (60%)



We Need You!

Please, please be interactive! 

• If you don’t follow the content, speak up! (Don’t wait till after the 
lecture or until the course evaluation to say the lecture was 
rubbish.) 

• Reading your minds is difficult, especially if you don’t come to 
class. 

• Come to class, and follow the course, the problems, and the 
homework in real time. 



Centre de RMN à Très Hauts Champs à LyonLRM@EPFL

N’hesitez pas! Venez nous voir!




