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Electrochemical dealloying as a post-treatment can greatly improve the catalytic activity of nanoparticles.
To date, selecting suitable conditions to reach desired porosity, composition and catalytic activity is based
on trial-and-error-attempts, due to insufficient understanding of the electrochemically induced
morphological and compositional changes of the nanoparticles. These changes are elucidated here by
combining electrochemistry with identical location electron microscopy analyses and linking them to the
electrocatalytic properties of the obtained nanocatalysts. Using AgAu alloy nanoparticles and the
hydrogen evolution reaction as a model system, the influence of cyclic voltammetry parameters on the
catalytic activity upon electrochemical dealloying is investigated. Increasing the number of cycles initially
results in a decreased Ag content and a sharp improvement in activity. Additional dealloying increases
the nanoparticle porosity, while marginally altering their composition, due to surface motion of atoms.
Since this is accompanied by particle aggregation, a decrease in catalytic activity results upon extensive

Received 11th May 2020 . . - . . ; : ;
Accepted 18th August 2020 cycling. This transition between porosity formation and particle aggregation marks the optimum for

nanocatalyst post-production. The gained insights may aid speeding up the development of new
DOk 10:1039/d0ta04880a materials by electrochemical dealloying as an easy-to-control post-processing route to tune the

rsc.li/materials-a properties of existing nanoparticles, instead of having to alter usually delicate synthesis routes as a whole.
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Introduction

The partial dissolution of an element, in most cases a metal, out
of a composite or alloy has usually been considered undesir-
able, for instance in the context of corrosion. This view has
changed in the early 2000s when researchers started to
purposely remove Ag from AgAu bulk alloys to create nano-
porous gold (NPG) and studied the associated evolution of
nanoporosity." NPG and therefore the precursor alloys, mostly
AgAu, have been investigated for use as a catalyst, for instance
in alcohol coupling®® and oxidation.* Methanol oxidation in
fuel-cell applications® and proton reduction for hydrogen
production® are the most prominent examples for this. Pro-
gressing this approach from bulk alloys to nanoparticles has the
potential to further increase the specific activity through both
improved mass transport and decreased material amounts,
consequently reducing the cost of these catalysts. Thus, we
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present here a systematic in-depth study into the behavior of
AgAu nanoparticles to elucidate this potential and identify
underlying material property-activity relations.

The intentional selective dissolution of components from an
alloy is called dealloying and has been deployed for various bi-
and multi-metallic systems.”** The general mechanistic
understanding of the evolution of porosity and the morpho-
logical changes during dealloying are comparably well under-
stood for bulk systems and micrometer scale thin films. There is
a well-established model for the evolution of pores™ and the
control over ligament sizes and their coarsening has been
widely researched.®® Following the discovery that dealloyed
CuPt nanoparticles showed excellent catalytic properties
towards the oxygen reduction reaction (ORR),"” dealloying of
nanoparticles has attracted more interest in the last decade.
Since then, chemical and electrochemical dealloying of nano-
particles has been done for a variety of different alloys and for
different catalytic reactions.'® For some reactions like the
hydrogen evolution reaction (HER)*® and ORR* a structure-
performance relationship could even be established for deal-
loyed materials. Simulations have shown that in order to get
percolation dealloying, which is needed to produce porosity, the
alloy should at least contain 60 at% of the less noble metal.>
Experimentally it was found that for AgAu about 55 at% Ag is
required in the alloy, which is in good agreement with the
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