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Local electronic properties of a remarkable ionic conductor

The two-dimensional oxide Rb2Ti2O5 has demonstrated remarkable properties, with the association of a colossal
low-frequency dielectric constant ( 10≃ 9) and an exceptional electric polarization (0.1 C/cm2). These effects are
linked to the very large ionic conductivity of the material (whereas its electronic conductivity is negligible) and
to  the  accumulation  of  charges  at  its  boundaries  [1].  While  this  material  is  promising  for  energy  (super-
capacitors) and charge (memory) storage, the microscopic description and mechanisms are not well understood,
especially the transport properties of the diffusing ionic species (activation, temperature dependence...) and the
spatial variations of the electronic properties.

In the context of a broad study of Rb2Ti2O5 (LPEM Paris: B. Leridon, S. Holé ; ICCMO Orsay : D. Bérardan, N.
Dragoe), we have started investigations using Nuclear Magnetic Resonance (NMR), an excellent probe of the
spin and charge properties at the atomic scale [2]. Through nuclear relaxation measurements, NMR is sensitive
to the fluctuations of the electric field gradient induced by the ionic diffusion. In a nonmagnetic insulator prone
to  ionic  diffusion,  most  of  the  nuclear  relaxation  should  be  of  electric  quadrupolar  origin,  as  opposed  to
fluctuations of the hyperfine magnetic field. However, we observe electric and magnetic contributions which
are quantitatively similar as well as correlated with one another.  This implies that the diffusing species be
magnetic or that it alters the magnetism of the nearby titanium/oxygen layers. Recent evidence of the diffusing
species being OH- appears to rule out the first possibility.

The Ph.D. will focus on studying the physics of ionic diffusion, such as the above phenomenon, as well as the
spatial variation (macro-scale) of the local electronic properties (nano-scale) following electrical polarization of
the sample. Beyond Rb2Ti2O5, related compounds will be investigated so as to refine the understanding of the
microscopic mechanisms at play and to help develop an optimization strategy with an eye towards applications.

The student will get the opportunity to learn NMR (i.e., radio-frequency pulse spectroscopy) in both very low
(cryogenic) and very high temperature conditions. He/she will benefit from integration in a team with diverse
competencies  and  with  very  good  mastery  of  the  sample  synthesis.  He/she  is  expected  to  show a  strong
motivation to perform experiments in solid state physics, and to be open to collaboration and interaction with
other scientists.
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