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Solid-state NMR considers as an essential tool for analysis and 
characterization of material. Multiple studies appear characterizing 
silicates, boron-oxide materials, porous organic polymers, surface 
organometallic catalysts and microporous metal-organic frameworks 
(MOFs) including our contributions focused on paramagnetic MOFs.1 
This task is especially relevant when diffraction methods fail due to 
the absence of long-range periodical arrangement and in 
characterization of defects which appear to be of high importance for 
advanced material functionality.2 Apart from that, solid-state NMR 
also finds important application for small organic molecules where 
solid-pharmaceutical formulation can be studied directly including de-
novo polymorphs characterization.3  
 
For material samples, where surface functionalities are of the main interest, the signal of the bulk must 
be separated from the signal of atoms localized on the material surface.  
 
In the porous material, the need for separation of the signals located in the pores is particularly 
emphasised, because catalytic activity and exceptional adsorption selectivity are associated with pore 
structure and defects. Several approaches were reported, including dynamic nuclear polarisation 
selective isotope labelling, comparison of the NMR shift between the experiment and the theoretical 
model and NMR-active molecular probes.  
 
Similar problem of functional group resolution is often addressed in the NMR of biomolecules, where 
tremendous success was achieved by the application of paramagnetic probe molecules,4 which either 
modify relaxation and linewidth of target groups or, more favourably, change their NMR shift. The 
question that comes is how to efficiently introduce paramagnetic centre in the vicinity of material surface.  
The target structures, especially in zeolitic and organo-porous materials, typically feature polar and 
Lewis-base character. Therefore, they are well suited for interaction with a coordination-unsaturated 
metal centre introduced by material impregnation. Currently quite overlooked family of lanthanide-based 
NMR shifting agents were intentionally designed for coordination to polar groups5 and are, therefore, 
perfectly suited for material surface tracking. Various ligand structures with different bulkiness are 
available, complexing lanthanide atoms inducing various strengths and signs of paramagnetic-induced 
shift.  
 
We therefore propose to utilise paramagnetic shifting agents for characterisation of functional 
surface in materials. 
 
This project includes systematic testing of paramagnetic-impregnation technique on series materials 
as well as development and implementation of solid-state NMR pulse sequences tailored for analysis 
of paramagnetic materials6 as well.  
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