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The experiment CH-6248 was performed at beamline LISA BM-08 from June 14" to 20 2022. The main goal
of the experiment was to study the structure and the stability of metal-based catalysts, like Fe-based macrocycle
molecules and CoFe based thin films deposited on WO3/BiVO4 photoanodes. We performed also operando
measurements with a custom 3D-printed PEC cell, which allows X-ray fluorescence detection under bias and
light stimulation.

Concerning Fe-based macrocycle molecules, we measured Fe K-edge XAFS of the sample before and after the
electrochemical process, to check the structural changes around the Fe atom. We measured spectra of samples
deposited on carbon paper after 15 minutes of working time in an electrochemical cell and we compared it to
the fresh sample. The results for the [Fe(L3)]% catalyst are reported in Figure 1. It is apparent that the spectra
are quite similar, suggesting that the macrocycle does not undergo major structural changes during the
electrochemical process.
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Figure 1: a) normalized Fe K-edge EXAFS of fresh and used sample; b) experimental Fourier transforms of k-
weighted EXAFS.
Regarding operando measurements on CoFe catalyst thin film deposited on WO3/BiVO4 photoanodes, we
developed an experimental setup to be fully integrated with the LISA beamline. The scheme is reported in Figure
2. This setup allows to control several experimental conditions for operando XAFS directly from the control
room of the beamline. Thanks to the potentiostat we control the PEC cell, i.e. the voltage applied to photoanodes,



but also the illumination of the sample provided by a white LED source and the flux of the electrolyte in the cell
for enhancing mass transport and removing gaseous product from the electrode’s surface.

EXPERIMENTAL HUTCH

CONTROL ROOM
POTENTIOSTAT

g E st

PERISTALTIC PUMP

[ELECTROLYTE

Counter and reference
slectrodes

o I

D X-RAY DETECTOR
X-BAY
[ ] |
LED DRIVER
WHITE LED
HEAT SINK

3D PRINTED PEC
FLOW CELL

~

a

He ATMOSPHERE

IN

—
COOLING FAN

Figure 2: Experimetal setup integrated with LISA Bemline used for operando XAFS.

The 3D printed cell was designed to minimize the thickness of the electrolyte in front of the sample in order to
reduce the attenuation of the X ray signal. Figure 3 shows that the presence of the electrolyte reduces only by
20-30% the fluorescence signal, resulting in a S/N ratio which is still accettable for measuring spectra in
fluorescence mode.
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Figure 3: Signal attenuation due to the electrolyte in front of the sample

In order to test the feasibility of operando XAFS with our setup, we mesured the Co K-edge spectra of a CoFe-
oxide catalyst deposited on a WO3/BiVO4 photoanode. The spectra were measured in Open Ciruit Potential
condition and during a chronoamperometry (both with light on and off) for 30 minutes each. The spectra
measured with the light on show a decrease in the white line upon illumination.. A detailed data analysis is in

progress.
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Figure 4: Operando XAFS spectra recorded at Co-K edge of CoFe-oxide catalyst on WO3/BiVO4 photoanodes with light
on and off.



