New experimental and modelling approaches to understand electrodeposition of
metals
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Recently our research has been focused on understanding better the link between metal
microstructure and electrochemistry. While the first part of the talk is on the electron nucleation of
particles and related metal microstructural effects, the second parts discusses the electrochemical
properties as function of the metal microstructure.

1) Metal nanocrystals are of great interest due to their unique properties that can be tuned by
adjusting their size and shape. When supported on different substrates, they find applications in
different fields, such as catalysis or sensing. Electrochemical deposition allows the growth of the
nanostructures in one step, directly on the final support. Hence, it has been proven effective to
obtain highly electroactive nanostructures with potential for fuel cell or (bio)sensing applications.
One of the key issues to benefit from the properties of supported nanostructures is to understand
their formation mechanisms to achieve a good control of their morphology. However, the early
stages of electrochemical nucleation and growth are still an active field of research and remain
unraveled. Although the classical theory predicts that nanocrystals grow irreversibly by atomic
addition until the reaction is halted, we have found proof that alternative growth mechanisms are
taking place [1]. In our work, we combine Field Emission Scanning Electron Microscopy
(FESEM), aberration-corrected Transmission Electron Microscopy (TEM), electron tomography,
in-situ Small Angle X-ray Scattering (SAXS) and electrochemical characterization to study the
early stages of metal electrodeposition onto carbon substrates from aqueous solutions and Deep
Eutectic Solvents (DESs) [2]. As evidenced from an innovative experimental approach, we have
identified some key processes that influence the early growth mechanisms and microstructure of
metals electrodeposited on carbon substrates.

2) When aiming for an increased and more sustainable use of metals a thorough knowledge of the
corrosion phenomenon as function of the local metal microstructure is of crucial importance. In this
work, we bring together the information presented in our last publications on pure Cu [3-5] to
present an overview of the different local (electrochemical) techniques that proved to be efficient to
study the relation between different microstructural variables and their different electrochemical
behavior. The Atomic force microscopy (AFM) [3], Scanning electrochemical microscopy (SECM)
[4] and Electrochemical scanning tunneling microscopy (EC-STM) [5] were used in combination
with Electron backscatter diffraction (EBSD), consequently, correlations between grain orientation
and grain boundary characteristics, on the one hand, and the electrochemical behavior on the other
hand, could be identified.
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