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Report:

For this experiment we used a single compartment electrochemical, similarly to the ones commonly used by us for in situ
XAS measurements *. In particular, it features a typical three electrode setup, represented by a reference electrode
(Ag/AgCI electrode), counter electrode (Pt mesh) and working electrode (sample spray-coated on a carbon-based
electrode).
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Figure 1: Scematics of the electrochemical setup used for our measurements. It is worth noting that this picture showsthe cell in the
typical configuration used for the XAS measuremtents, while, in our case we tilted it by 165° in order to maximise the ammount of
scattered photons directed towards the detectors.

For this experiment, the sample was copper oxide-derived catalyst (Cu.O nanocubes with sizes ca. 20 nm), which we
investigated under CO2RR conditions. During the operando experiments, the CO, (20 ml/min) was flowing inside the cell
through a gas inlet connection while a periostaltic pump guaranteed the recycling of the electrolite (0.1 M solution of
KHCO:s). Finally, the applied potential was controlled by a BioLogic potentiostat.

The pink beam from four U26 undulators was monochromatized using a cryogenically cooled Si(111) monochromator
and focused to a spot size of approximately 10 um x 20 um (V x H) at the sample position using a mirror system in
Kirkpatrick—Baez geometry. The cell was placed on the beamline stage tilted by ca. 165° in order to maximize the
ammount of scattering photong arriving to a large solid angle detector composed by with 36 spherically bent Si(660)
analyzer crystals. At the same time an additional XES detector with a von Hamos geometry was located at 45° with respect
to the sample beam direction, in order to acquire the emission signal.

All measurements were collected at room temperature. The acquisition scans lasted around 6 h per sample. We collected
several XRS spectra at the oxygen K-edge by scanning the incident beam energy between 10.22—10.26 keV to create
energy losses in the vicinity of the oxygen K-edge by using the Si(660) analyzer reflection at 9.7 keV (elastic line). All



scans were checked for consistency and signals from different analyzer crystals were averaged. The mean momentum
transfer was of ca. 6.2 + 0.4 A1 while the overall energy resolution was of 1 eV as estimated from the full width at half
maximum of elastic scattering from a piece of adhesive tape. All the measured profiles have been treated by removing the
pre-edge backgoung thorugh a third oder victoreen curve. the same type of polynomial profile was used to fit the post-
edge region and estrapolating the intensity value in correpondece of the energy edge. The latter term was used to normalize
the spectra for their jump of absorption.

Concerning the XRS measurements at O K-edge, reported in this first, preliminary report, we focused, initially, on a set
of O K-edge references foundamental to extract quantitative, structural information from the spectra corresponding to the
Cu20 nanocubes under reaction conditions. In particular, we collected the O K edge XRS spectra of the CuO and Cu;O
reference materials and from the bare electrolyte (without any sample). Afterwards, we noted that a strong comtribution
to the measured O K-edge signal was stemming also from the kapton tape, that acted as X-ray window in our setup.. For
this reason, we collected then the spectrum also for the bare kapton tape and from the system composed by the kapton tape
plus the electrolyte (without sample but with the carbon paper electrode). All these references have been used to extract
quantitative structural information from the single XANES measurements involving the Cu,O nanocubes?® during reaction

condition. In particular the fraction of each reference spectrum was derived recurring to the linear combination analysis
(LCA).
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Figure 2: Set of XRS spectra at O K-edge used for the linear combination analysis

In the following some basic results are shown for the CO2RR process involving Cu,O nanocubes under a static potential:
-1.9 V vs Ag/AgCl.
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Figure 3: Set of 25 XRS spectra collected at OK-edge under static potential —1.9 V vs Ag/AgCI V for the Cu,O nanocubes during the
CO-RR . The blue arrov indicates the trend of the white line intensity of the spectra as a function of the scan number. Each spectrum

is collected approximatively each 30 minutes. Different spectra correspond to different spatial regions within our cell (1% scan
corresponds to Kapton window, the last scan - to electrolyte inside the cell).
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Figure 4: Results of linear combination analysis of XRS spectra, using as standards the O K edges of the: i) Kapton tape,
ii) CuQ, iii) Cu20, iv) Electrolyte and (v) the Electrolyte plus Kapton.

The LCA shows that all the states collected at a fixed potential of —1.9 V vs Ag/AgCl show a major contribution
represented by the spectrum of the electrolyte plus the one of the kapton spectrum.No particular differences are present
between this last profile and the one proper of the electrolyte (collected in presence of the carbon paper without any
deposited sample) or just the kapton one, although small variation in the concentration profiles is visible for the first scan
of the dataset. However, we suppose that these small changes can be attribuited to the strong noise contribution affecting
every spectrum of the dataset and the chosen references.An intriguing phenomenon is instead represented by the increase
of the CuO phase, which remains stable around the 20% while the contribution coming from the O K edge of the Cu.O
phase is almost negligible.
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