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Ultra-fast MAS & high field :
High-resolution ’Li NMR of LiVPO,F, a promising cathode material

Paramagnetic materials = unpaired electrons = broad lines and short relaxation times !
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High-resolution ’Li NMR : Defect or impurities ?
2D HOMCOR to the rescue
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DFT computations of ’Li NMR
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Atomic-scale structure aluminum oxide layers : 2’Al high-field NMR

Alumina layers obtained by atomic layer deposition (ALD) of trimethylaluminum onto
partially dehydroxylated silica as heterogeous catalyst
27Al very-high field NMR
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Atomic-scale structure aluminum oxide layers : ?’Al high-field NMR

P. Florian

Probing the SiO, / Al,O, interface
235i/27Al correlations (2’Al {2°Si} D-HMQC)
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Al oxide layer : ~ 80% Al sites are close to —OH groups
Terminal [“/AI(OH) aluminols signals at the surface of am-Al,O; (not in sub-layer) M. Kaushik et al., Chem. Mater 33, 3335, 2021.



Ultra-fast MAS and beyong :
Increasing spectral resolution and coherence lifetimes
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Increasing sensitivity — High field DNP NMR

Weakness of NMR is low sensitity

Boltzman - weak population difference between nuclear spin states at room temperature
— e polarization is much larger : ye/y'H ~ 660

-> polarization transfer from unpaired electrons to nuclei
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Surface Enhanced NMR Spectroscopy by Dynamic Nuclear Polarization

Anna L 1 Moreno Lalli,* Devid Gaﬁan.‘ Marc A. Ceporini,* Varonika Vitzthum,® Pascal Midvila 5
Johan Alauzun" Arthur Rowssey,* Chloé Thisuleux * Ahmad Mehdi" Geoffrey Bodenhausen,
Christophe Copéret* and Lyndon Emsley™!
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Increasing sensitivity — High field DNP NMR

DNP at moderate field (9.4 T)

Signal enhancement up to x100 - x250
Allow experiments that cannot be done without DNP !
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Current challenge : Very high-field DNP (18.8 - 28.2 T) ...... at room temperature

* New radicals, paramagnetic ions, solvent for impregnation
* New microwave sources (pulsed)



Increasing sensitivity : MAS cryo-probe

Bruker 2019 innovation

* Cooling the probe coil and preamplifier ~20K (He gas)
* Reducing thermal noise of electronic circuits

Increases the sensitivity up to x4
x16 reduction of data collection time
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Perspectives in Magnetic Resonance Imaging of materials

* A widespread tool for medical imaging of soft tissues

susceptibility-weighted image
of the brain
tiny venules in the cortex

70T

J L P. Balchandani and T.P. Naidich,
— Res. 0.2x0.2x1.5 mm Ultra-High-Field MR Neuroimaging, 2015

* Intrinsic difficulties in rigid solids
Broad lines and usually short transverse relaxation times
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Magic Angle Spinning Magnetic Resonance Imaging

'H 3D spin echo MAS imaging with rotating gradients (synchronized with sample spinning)
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Electrochemical in situ NMR spectroscopy and imaging

E. Salager
In-situ/operando & paramagnetic materials : Non-spinning conditions
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For spectroscopy
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Electrochemical in situ NMR spectroscopy and imaging

Specific methodology for paramagnetic materials FoIIpwmg lithiation front
during charge and discharge

Image-Selected In vivo Spectroscopy
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LTO le te
Tit+ = Ti3+ ' :

lithiation

delithiation

Electrochemical in situ NMR spectroscopy and imaging

Diagnostic for thick electrodes

Charge Discharge
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