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1. Abstract

The experiment allowed us to follow the active phase formation from small Ir and IrRu metallic
nanoparticles during the oxygen evolution reaction. We combined small angle X-ray scattering (SAXS) and
total X-ray scattering with pair distribution function analysis (PDF). With the PDF it is possible to extract
information on the atomic structure and its changes during the electrochemical protocol, while SAXS
alloys to follow the changes in size.

2. Experimental Details

In the experiment, the electrochemical set-up available at the beamline was used. The electrochemical
flow-through cell that was used in the experiments was also designed at ID31. The catalyst layers were
prepared by vacuum filtration of the catalyst particles onto a gas diffusion layer in our home lab. They
were used as working electrodes in the electrochemical cell, with a platinum counter electrode and a
Ag/AgCl reference electrode. The 0.1M HCIO4 electrolyte was flown through the cell during the
experiment. A series of potential steps were applied, gradually stepping from reducing potentials to
oxidizing potentials where significant current due to oxygen evolution was observed. The potential was
then gradually stepped back to reducing, to observe if the changes under applied potential were reversible
or not. At each potential, total scattering data and SAXS data were collected, at different depths (z-scan)
of the catalyst layer. A series of catalyst materials were tested in this way: metallic Ir and IrRu
nanoparticles that were supported on both carbon and ATO.

The background subtraction necessary to treat the scattering data was performed based on the different
scans through the cell. In that way, it was possible to subtract both the contributions from the cell and
electrolyte as well as from the carbon-based gas-diffusion layer. As the carbon changes as a function of
applied potential, background data were recorded and subtracted for each potential step.

3. Results

After careful background subtraction, it was possible to obtain PDFs from the total scattering data at an
applied potential. When the potential is stepped to oxidizing potentials, the initial Ir particles become
progressively more oxidized (see Fig.1a). This can be followed by the increasing intensity of the distances
at 1.9 and 3.5 A. The quality of the PDF obtained from the total scattering data is sufficient for fitting the
data (see Fig 1b). At a potential of 0.2 V vs RHE, the PDF can be fully described by an fcc phase. The lattice
parameter obtained from the model of the PDF data is slightly smaller than that of the Ir reference, which
indicates a lattice shrinking under potential control. When shifting to progressively more oxidizing
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Figure 1 a) Pair distribution functions (PDF) obtained from total scattering data collected during the oxidation
process of Ir nanoparticles supported on Carbon, showing the gradual oxidation of the metallic particles, which
can clearly be followed by the Ir-O and Ir-Ir distances of 1.9 A and 3.5 A respectively that appear (red bars). b) Fit
of the PDF of Ir/C at 0.2 vs RHE, which can be model with a single fcc structure confirming the metallic structure

of the initial particles.

potentials a slight shift in the Ir-Ir distances corresponding to the Ir fcc phase is found, indicating a slight
expansion/relaxation of the fcc lattice. The Ir-O distances and Ir-Ir in an oxide phase (marked with red) do
not agree with IrO; in a rutile structure but rather a cubic iridium oxide reference. Further careful in-depth
analysis of the data is necessary to fully describe the atomic structure and its changes during the applied

potential.
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Figure 2 Background subtract SAXS of Ir/C sample during
the electrochemical protocol

In the background corrected SAXS data
(Fig 2), changes in size during the
electrochemistry can be followed. It can
be seen that, depending on the applied
potential, the particles change during the
oxidation process and when they are
reduced again. Initial analysis of the SAXS
data shows that the particles seem to
shrink during oxidation, which could
indicate a breakdown of the structures
and grow again when reduced. This initial
analysis needs to be confirmed by further
modeling of the SAXS data and a
combined analysis of the sizes obtained
from the dampening of the PDF as well as
the SAXS models.



4. Conclusions and future work

The beamtime has been a success in demonstrating that it is possible to collect total scattering data during
electrochemistry, which can be analyzed if a very careful background subtraction is performed. The quality
of background data measured is of utmost importance. With this, it was possible to obtain analyzable PDF
data that show structural changes of the small nanoparticles, which do not show any diffraction as they
are too small. We are now in the process of analyzing the data and combining the PDF analysis with the
results from the small angle X-ray scattering.

As the beamtime has been a proof-of-concept for us, to obtain analyzable PDF data during an
electrochemical protocol, we expect to extend this analysis to other systems. This will allow answering
the question of how the structure of small nanoparticles changes during catalysis, and which structural
features can be obtained for samples that look X-ray amorphous in Bragg diffraction.

5. Publications resulting from the work

We expect to publish the results once the data analysis is finished



