Optimized Ag Nanovoid Structures for Probing Electrocatalytic Carbon
Dioxide Reduction Using Operando Surface Enhanced Raman Spectroscopy
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Electrochemical reactions can be probed by surface

enhanced operando Raman Spectroscopy (SERS). - Rg;”f\,’i‘:ﬂ‘&z
Plasmonic metallic nanostructured substrates enhance  @": & Reduction Reaction
the Raman signal intensity of analyte molecules by

several orders of magnitudell,

Using that methodology, we report:
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Figure 1. a) SEM characterization of the differently templated substrates produced by Langmuir-Blodgett deposition employed for bipo-
lar electrodeposition. From left to right 200, 300 and 500 nm nanospheres. b) Surface pressure vs. surface area isotherm for the deposi-
tion of 300 nm nanospheres onto a Ag-coated Si wafer. The surface pressure is further increased after the first plateau at 25 mN m™ to
ensure a densely packed nanobeads monolayer film at the water-air interface.
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Figure 2. a) Schematic representation of a BPE setup. b) Red cross marks the position on the BE sketched in Fig. 1 a. Anodic dissolution
of Ag proved with EDX mapping of Ag and Si. c) SEM characterization of the void gradient across the BE from the cathodic pole (upper
left) towards the middle of the BE (lower right).
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Figure 3. Raman scanning across the nanostructured samples with 100 um increment using various nanosphere sizes: a) 200 nm,
b) 300 nm, c) 500 nm. The samples were incubated in 4-NTP for 3 h. d) Raman spectrum of 4-NTP at 3.5 mm distance from the
cathodic edge of the sample coated with 300 nm nanospheres. e) Change of intensity of the N-O band at 1343 cm along the
respective substrate.
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Figure 4. a) left: -V curve of the potential step experiment in 0.1 M KHCO; on circular (d = 2 cm) Ag nanovoid substrate during
Raman investigation. Each potential was held for 120 s. right: Raman spectra (counts per mW and s) recorded after 60 s during
each individual potential application.

b) left: Potential-dependent peak intensities of CO associated peaks!?3! during the electrochemical reduction of CO,. right: Stark
tuning of the CO peak during cathodic potential sweep from -1V vs. Ag/AgCl/3 M KCl until -1.1 V vs. Ag/AgCl/3 M KCI.

c) left: Peak intensities in the CH stretch regionl® at around 2800 cm. Peaks corresponding to CH formation increase sharply
beyond cathodic potentials of -0.95 V vs. Ag/AgCl/3M KCl. right: Magnification of the peaks occurring in the Raman spectra.
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