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FexNi100-xOy Electrocatalysts for the Oxygen Evolution Reaction: Role of
Electrochemical History and As-Synthesized Properties on Atomic Structure

Abstract

FexNi100-xOy electrocatalysts have become a focus for alkaline water electrolysis and the oxidative half
reaction of oxygen evolution. Under alkaline conditions, the oxygen evolution reaction (OER) can be
promoted by non-precious metal oxide and hydroxide electrocatalysts. In particular, electrocatalyst
compositions from first row late transition metals such as iron, nickel, manganese, and cobalt have
emerged as some of the most active catalysts for the OER, and the role of iron has been identified as key
within multi-metallic compositions. In our research, we have focused specifically on the iron-nickel
bimetallic composition and have developed synthesis methods to be able to control the bimetallic
composition, surface chemistry, and three-dimensional morphology of a suite of FexNi100-xOy
nanoparticle electrocatalysts. Electrocatalytic performance testing of our suite of electrocatalysts has
revealed that several of the FexNi100-xOy nanoparticle materials result in similar OER current density
and stability. Through extensive characterization of the as-synthesized nanoparticle materials, we have
found that the surface composition of the best-performing nanoparticles ranges from 20% to 50% Fe, and
the nanoparticle materials range in the crystallinity and disorder of the bulk and surface.

With this suite of highly-active FexNi100-xOy nanoparticle electrocatalysts, we have recently been
focused on ex situ and operando x-ray absorption spectroscopy (XAS) studies to understand how the
chemistry of the iron and nickel species within these nanocatalysts changes as a result of exposure to the
electrochemical environment. During these studies, we have discovered that the electrochemical history
that the nanoparticles experience, as well as the as-synthesized properties of these nanoparticles,
influence both the operando and the end-state chemistry. In this talk, | will discuss our initial findings
around how changes in electrochemical history (e.g., dynamic or static applied potential) influence end-
state chemistry structure, including oxidation state, phase, disorder, and coordination environment.
Further, | will discuss our findings on how the as-synthesized properties may influence the operational
and end-state chemistry of these FexNi100-xOy nanoparticle electrocatalysts. Results will include both
iron and nickel K edge x-ray absorption near edge structure (XANES) and extended x-ray absorption fine
structure (EXAFS) data for both ex situ and operando experiments, as well as characterization data and
electrocatalytic performance data.
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