Architecture of Metallic Nanoparticles by a Galvanic Redox Reaction

The quest for nanoscale architecture has demanded newer synthetic strategies for generating and manipulating
nanoscopic metal crystals. This article reports the feasibility of a galvanic redox reaction as a novel synthesis strategy
to architect metallic nanocrystals (NCs) with well-defined structures. Herein, we demonstrate galvanic redox reaction
strategy to generate Fe;,PtRu, ternary metal NCs from FePt NCs and monometallic Pd NCs from Ag NCs. However,
this methodology can easily be extended to generate other kinds of metallic NCs in solution. The unique application
of X-ray absorption spectroscopy (XAS) in confirming the chemical transformation and getting structural insights
during the architecture of metal NCs has also been demonstrated. Our method has opened a new route to easily and
rapidly prepare a solid-solution type of metal NCs for potential catalytic applications.

01C Extended X-ray Absorption Fine Structure
SP12B2 Protein X-ray Crystallography
17C Extended X-ray Absorption Fine Structure

e

to conventional sequential reduction strategies,
galvanic redox process has several advantages for the fabrication of
core-shell type nanocrystals (NCs): (1) no additional reducing agent is
needed and (2) spontaneous shell layer deposition occurs on top of
the core particle surface. It suggests that the galvanic redox reaction
of nanocrystals would be a quite useful method for the preparation
of other new types of nanostructures. In case of Ag-Pd nanoparticles,
the studies on Ag nanocrystals in the presence of Pd?* ions in AOT
reverse micelles have shown that the replacement reaction resulted
in Pd NCs with a significant structure transformation. The driving
force of this specific reaction of the nanocrystals was attributed to
the differences of the reduction potentials between Ag and Pd.

The PtRu nanocrystals have been the subject of intense investi-
gations because of their unique catalytic properties for fuel cell appli-
cations. The change in atomic distribution of PtRu NCs has great
influence on their electrocatalytic activity. It is of great importance to
generate a new type of metal NCs with improved catalytic perfor-
mance to replace expensive Pt and Ru metals and to increase their
atomic distribution for the commercial purpose. In this report, we
selected FePt nanocrystals (NCs) and the Ru®* ions as reactants to
produce ternary metal NCs of Fe;,PtRu, using a galvanic redox reac-
tion in a solution (Figure 1). The XAS results suggested that iron
atoms of FePt lattices were oxidized to be Fe?* and Fe®" ions and
were replaced by Ru atoms obtained from the reduction of Ru®* ions
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