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Introduction

The enhanced electric properties of functional electric materials are believed to be direct consequence of their structure. We employed solid-state nuclear magnetic resonance
(NMR) in order to better understand these structure-property relationships at a local scale. This technique is a sensitive probe for the local structure because of the very short
ranged interactions between nuclei and their close atomic environment.

The chemical shift, one of these interactions, is directly connected to the electronic environment of the nucleus and renders the NMR resonance frequency a fingerprint for the
chemical surroundings around the probed nuclei. This feature was employed for lithium speciation in lithium-battery materials. The sensitivity of solid-state NMR to the local
structure is further aided by the quadrupolar interaction. It relies on an electrostatic interaction between the nuclear quadrupolar moment and the electric field gradient (EFG) on
the nuclear site. Since the EFG is a structural parameter directly connected to the local atomic environment, this technique is capable of detecting minor distortions from the ideal
structure, which are responsible for local electric polarization in the investigated perovskite-based functional electric ceramics.

>>Na NMR spectra of lead-free piezoelectric ceramics of composition (100-x)Bi; ,Na, ,TiO5-xBaTiO; with a barium content of 0<x<15 measured at 14 T under 10 kHz MAS.
’Li and 13C of graphite intercalation compounds and other graphite-based anode materials were measured at 11 T under MAS, in addition do #°Si spectra for ceramic anode
materials. Finally, a cathode material, LiCO,, was also investigated by means of "Li NMR.
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parameter that might be related to local electric polarizations,
correlated to the unusual relaxor-to-ferroelectric cross-over observed for
these compositions.

The quadrupolar interaction also provided insight into the local
symmetry around “3Na nuclei. It revealed the coexistence of cubic and
non-cubic phases in relaxor compositions of BNT-xBT and afforded the
first direct evidence of a non-polar matrix in relaxor ferroelectrics.

Solid state NMR also revealed microscopic details of lithium
storage in the electrode materials. 7Li and 3C results of charged
graphite showed the various stages of lithium intercalation, while 2°Si
results of anode ceramic materials indicated lithium is possibly located
near Q, silicon. 7Li spectra also suggested a reversible collapse of the
structure of LiCO, cathode materials during the charge-discharge
process.
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