Title: High-field DNP enhanced NMR spectroscopy of catalytic surfaces
The present project aims at developing new NMR approaches for the atomic-scale description of active sites
in highly sensitive heterogeneous catalysts.
Context and state-of-the-art: The atomic-scale characterization of active sites is a crucial step in
heterogeneous catalysis to establish structure-activity relationships and in turn promote a rational design of
improved systems. Such characterization is however often challenging for heterogeneous metallic catalysts
where the low content of surface sites together with their intrinsic sensitivity, complexity and heterogeneous
nature usually prevent in-depth structural analysis. High-resolution solid-state NMR under magic angle
spinning (MAS) is, in principle, a method of choice to investigate, with atomic-resolution, surface structures
in complex materials as it directly probes the local environment and connectivity of atoms. However, solidstate NMR experiments on catalytic surfaces have been for a long time restricted to one-dimensional
measurements or were simply infeasible due to the intrinsically poor sensitivity of this spectroscopy. Highfield dynamic nuclear polarization (DNP) has recently emerged as a powerful approach to boost the sensitivity
of solid-state NMR of surfaces (1). In a DNP NMR experiment, the large spin polarization of unpaired
electrons (usually introduced as exogenous dinitroxide biradicals) is transferred to the NMR-active nuclei of
interest, yielding impressing improvements in the NMR sensitivity (in theory ∼ 660 for protons). Despite
successful developments, the application of DNP NMR for the characterization of reactive surfaces and notably
of active sites in supported organometallic catalysts remains extremely challenging, if not impossible. Indeed,
the presence of these highly reactive sites leads to the degradation/reduction of the exogenous free radical (the
source of electron polarization), and/or to a modification of the properties of the material.
Thesis’ objectives: Recent studies by members of the consortium
and others have demonstrated that the interaction of the polarizing
agents with reactive surface sites limits the applicability of DNP
NMR in heterogeneous catalysis. Therefore, a real breakthrough
in this area will only be achieved by designing reliable formulation
strategies that will prevent such interactions. The first objective
of the PhD thesis will be to probe the DNP properties of silica
nanostructured materials containing wall-embedded biradicals of
new generation as efficient polarizing matrices. The DNP
performance of these new polarizing matrices will be investigated
at different MAS rates, sample temperatures and magnetic fields.
This approach will be ultimately benchmarked on highly
Figure: Silica nanostructurated materials
supported heteropolymetallic complexes that are incompatible
containing wall-embedded biradicals and wellwith current DNP formulations (2). The second objective of the defined organometallic catalysts at the surface
project will be the implementation of innovative DNP enhanced of the pores
solid-state NMR methodologies to elucidate the molecular
structure of the active sites. In particular, DNP enhanced proton multiple-quantum experiments of high orders,
of notoriously extremely low sensitivity, will be implemented to “count” the number of hydrides attached to
the metal centers. This spectroscopy will allow one to decode the complexity of the catalytic sites.
Contacts: Dr A. Lesage (anne.lesage@ens-lyon.fr), Dr D. Gajan (david.gajan@ens-lyon.fr)
The project will be carried out in an international environment, at the High-Field NMR Center in Lyon using
state of the art NMR equipment, in collaboration with a leading group in surface chemistry at the Catalyse,
Polymérisation, Procédés et Matériaux (C2PM) Laboratory. If you are interested, come and visit us!
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