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Statement of Current Research Interests1
My research interests are developed at the Center for Very High Field NMR in Lyon, and are 
centered around the development of  solid-state NMR spectroscopy, and its application to unsolved 
structural challenges in chemistry. The following is not an exhaustive summary, but rather a 
discussion of some of our most recent results, which we plan to continue to develop in the future.

The development of  experimental 
techniques concerns new  methods to 
characterize complex molecules or 
materials in the solid-state, in terms of 
their formula, their three-dimensional 
structure, their dynamics or their reactivity. 

Some recent examples involve the 
development of  experimental methods 
which allow  spectral characterization of 
solids at natural isotopic abundance, in 
a manner similar to liquid-state NMR, by 
methods such as spectral editing (P46, P65) or HMQC and HSQC type correlation spectra (P48, 
P61, P63, P107), which were previously unavailable for solids. We then went on to show  how 
scalar couplings could be used to probe weak bonding interactions in solids. We provided the 
first ever direct detection of an H-bond in the solid-state (P75), as well as the first experimental 
demonstration that agostic bonds are present in surface complexes (P77). Continuing work in this 
area involves, for example: the quantification of H-bonding strengths (and scalar couplings in 
general) in solids (P79, P95, P115, P123, P137); the characterization of scalar couplings to 
measure the degree of conjugation in retinal derivatives in the membrane protein rhodopsin 
(P112); or the detection and measurement of long-range scalar couplings to provide structural 
information on torsion angles.

Other experimental developments concern for 
example the improvement of resolution and 
sensitivity of NMR. In this context we have 
notably developed new  techniques allowing the 
obtention of high-resolution 1H spectra in 
solids (P56, P66, P67, P85, P98, P99, P138). 
Again, this is something which was previously 
unavailable. This opens up the clear perspective 
of developing methods for three-dimensional 
structure determination of organic materials 
or inorganic complexes at natural isotopic 
abundance without the need for monocrystals, 
thereby providing an alternative to diffraction 
methods, and set t ing the f ie ld for the 
development of  NMR Crystallography (P105, 
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1 note that the numbers in parenthesis refer to the publication list that can be found on http://perso.ens-
lyon.fr/lyndon.emsley. More information is also available at www.crmn-lyon.fr
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P116, 129). Further developments to refine structures in this area 
include the use of advanced periodic DFT calculations (P111, P117, 
125)

Also, our group has shown that high-
resolution NMR spectra can be 
obtained from disordered solids 
(P84, P102, P115). Again, one of the 
areas where experimental methods 
are lacking for detailed structural 
studies. This work was highlighted by 
Chemical and Engineering News in 
their “year in review” of major 
advances in chemistry for 2003. 

Potential areas of application which we are already developing 
being the study of  disordered biomaterials, or disordered 
inorganic framework silicates (P115, P123, P137). 

We are also active in the area of applying advanced solid-state NMR techniques to complex 
molecular or materials problems. In the following I will cite two of  the most active and promising 
areas. 

First, we have a long standing interest in probing the structural features of solid biomaterials. 

Our more recent work in this area, which we have been developing over the past five years, 
concerns the structural  characterization of proteins. We have made great progress in this area 
very recently (P89, P90, P96, P106, P108, P112, P120, P121, P123, P124, P127, P139, P140) 
and were among the very first groups to use micro-crystalline preparations for solid-state NMR: 

this is an extremely dynamic area  for the 
future, with the perspective of  complete 
structural and dynamic characterization of 
biologically relevant proteins. So far our 
w o r k h a s c o n c e n t r a t e d o n t h e 
cha rac te r i sa t i on o f  water -pro te in 
interactions , and methods for the 
characterization protein dynamics in the 
solid state. In very recent landmark work, 
we have shown that paramagnetic metallo-
enzymes proteins can also be studied by 
solid-state NMR of microcrystalline samples 
(P124).

Our older work concerns the characterization cellulosic materials (P37, P53, P54, P76, P102, 
P115). These are extraordinarily complex, disordered materials. In a notable contribution (P53, 
P76) we were able to characterize the change in local molecular dynamics upon hydration of cell 
wall material, and subsequently to localize the water molecules inside the cellulose microfibrils. 
This study allowed us to discount one the most commonly used existing structural models. 
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The other area of application I highlight here has been a body of work concerned with the 
characterization of inorganic complexes in the solid state. 

One subject concerns the study of paramagnetism in 
different systems, such as 4Fe-4S (P62), high spin Fe(II) 
(P119), or Lanthanide containing complexes (P131). For 
example, by developing new  NMR approaches we were able 
to provide a detailed characterization of a high spin Fe(II) 
catalyst  (P119). Future work in this area focuses, for 
example, developing NMR methods specifically aimed at 
paramagnetic solids (P119, P126, P131)), and on studying 
paramagetism in more difficult, catalytically relevant, 
systems (P119), lanthanide complexes relevant to the 
activity of MRI contrast agents, as well as studying 
paramagnetic centers in proteins (P124, P131). 

Another subject concerns the chemical and structural 
characterizat ion of  catalyt ical ly act ive surface 
organometallic complexes. We have shown how  it is 
possible to use sophisticated multi-dimensional NMR 
techniques to fully characterize catalytic species on 
silica surfaces, and subsequently to obtain structural 
parameters related to their reactivity (P68, P71, P77, P80, 
P91, P97, P104, P110, P119, P125, P130, P134, P136, 
P141). In particular, in collaboration with Jean-Marie 
Basset and his group in Lyon, we have recently shown 
how  a single tungsten atom on a silica surface can 
activate molecular nitrogen (P130), or how  we can 
determine the reaction intermediates in alkene 
metathesis (P141). Once again, these are systems where 
other methods of  characterization, especially diffraction 
methods, are seriously compromised, and structural 
characterization of these systems is extremely rare in the 
literature. This lack of  characterization is one of the 
primary reasons why heterogeneous catalysis is still at a 
relatively primitive stage of development when compared 
to its homogeneous counterpart. The potential impact of 
NMR in this area of chemistry is huge. 

Finally I should mention that very recently we have started to develop NMR methods aimed at 
solving biomedical problems by providing an analytical method to determine the metabolic 
changes associated with either disease on the one hand, or genetic variations on the other. Our 
first published work in this area introduced the idea of “Whole Organism NMR,” where we used 
Magic Angle Spinning NMR to obtain high-resolution NMR spectra from populations of the animal 
model organism C. elegans (P133). We showed that this approach could be used to identify and 



understand the metabolic consequences of  genetic modifications. Future work will concentrate on 
understanding genetic modifications related to disease and disease treatment through Whole 
Organism NMR.

Coworkers Around the World
In addition to industrial partners such as Bruker and the pharmaceutical industry, our work involves 
several collaborations at various moments with internationally renowned academic groups all over 
the world. For example, recent collaborators that have led to publications have included :

J.-M. Basset, C. Copéret (CPE-Lyon), B.F. Chmelka (UCSB), I. Bertini (Florence), M. Blackledge 
(Grenoble), A. Böckmann (IBCP Lyon), S.P. Brown (Warwick), M. Goldman (Paris), P.J. Grandinetti 
(Ohio-State) R.K. Harris (Durham, UK), M.H. Levitt (Southampton), D. Massiot (Orleans), E. 
Oldfield (Urbana), C.J. Pickard (St. Andrews), A. Pines (Berkeley), R.R. Schrock (MIT)….

Teaching Interests
Most of my teaching interests have developed over the last nearly 15 years that I have spent at the 
Ecole Normale Supérieure de Lyon. The ENS-Lyon is one of France’s foremost elite “Grands 
Ecoles,” which form the spearhead of the french undergraduate university system. During that time 
I have taught both in the undergraduate program, as well as in the “Aggregation de Sciences 
Physiques (option Chimie).” I have taught courses dealing with general structural chemistry, as well 
as undergraduate courses in NMR spectroscopy. 

Since 2006 I have been Director of the Chemistry Department, with a particular responsibility for 
new  strategies for teaching, and for hiring new  faculty. Under my direction, we have significantly 
increased student numbers in our chemistry program, and have opened a new  “International 
Masters Program in Advanced Chemistry.” We have revised our curriculum to give the 
undergraduate Chemistry program a much more practical and project oriented approach, with an 
emphasis on learning techniques in a research driven manner.
 
I am interested in teaching in most areas of  chemistry (or physics), but would currently be 
particularly interested in teaching general first year chemistry, or general physical chemistry, or 
more specialized courses in spectroscopy, quantum mechanics, structural chemistry, and of course 
NMR spectroscopy.
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