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DESCRIPTIF du PRD

Electrocatalysis scrutinized by tip-enhanced Raman spectroscopy

With the increase in complexity of materials to improve or even create new
functionalities, there is a concomitant need for powerful analytical techniques adapted
to unravel the underlying mechanisms when they operate. Ideally, they should be
implemented under in situ conditions, as close as possible to their future potential
application. This is particularly important at the nanometric scale since the material
structure evolution during operation is the key of its efficiency.

For example, in electrocatalysis, reactions are triggered by the electrode potential,
with the aim of minimizing overpotential and increase the catalyst turnover.
Nowadays, there is often a need for complementary (i.e. spectroscopic)
measurements for example to take into account spatial inhomogeneities or check the
effective presence of a reactive intermediate since electrochemistry only "sees" the
average current produced does not provide access to local heterogeneities or
temporal fluctuations.

Recently, we developed approaches derived from Tip Enhanced Raman
Spectroscopy (TERS). This technique couples STM or AFM with Raman
spectroscopy to provide a local spectroscopic signature and therefore allows
identification of chemical species at the nanometric scale. Nevertheless,
implementing TERS in electrochemical conditions is difficult because the Raman laser
should be focused onto the STM or AFM tip through the liquid layer.[1] Our
methodology is now sufficiently robust to to be applied onto systems relevant to
electrocatalysis. After a training period on electrochemical TERS, two systems of
interest. The first one will concern 2D materials such as MoS; that has been spotted
as a good catalyst for H* reduction. In a second approach an active material such as
cobalt oxide, as reference system for water splitting, will be electrodeposited.[2] In
both cases the aim will be first to register spectra at fixed positions on the electrode
but at different potentials. Next, imaging will be performed with the aim of identifying
active areas on the surface.
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Principle of electrochemical TERS and schematic of measurements that will be
performed.
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