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Figure S 1: O 1s spectra of the silver foil during exposure to 0.2 mbar H,+CO, at 250°C, measured together with the carbon
signals shown in Fig. 1a of the main manuscript. No increase in the O 1s signal can be detected over the course of 90 min of

exposure. Measured at a photon energy of 684 eV.



S1: Carbon Coverage calculation

Ag 3d spectra were acquired at 520 eV at a pass energy of 50 eV (approx. 150 eV kinetic
photoelectron energy E,,), C 1s spectra were acquired at 437 eV at equal pass energy of 50 eV
(approx. 150 eV Ey;,).

The spectra were fitted using a Doniach-Sunjic approach with a convoluted Gaussian+Lorentzian
curve.?

The total cross section for measurements with linearly polarized light and 90° between beam and
analyzer was calculated using the following formula:

g
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Here, %t denotes the total photoionization cross-section, 0 is the cross-section for unpolarized light

and B is the asymmetry parameter. Values were extracted from a publication by Yeh and Lindau? and

vV

are summarized in table S1. As molar volumes * M the respective metallic molar volumes were used,

for the carbon species the Vi of graphite was used. The inelastic mean free path of electrons with
150 eV kinetic energy was extracted from Tanuma et al.3

Table S 1: Values used to calculate the C-thickness on the Ag film.

B o g, Yu,i (cm3 mol-1) 4 (150eV)
C1s 437 2 0.38 0.09 5.82 5.2
Ag 3d 520 0.51 3.28 0.394 10.28 5.02
Cu2p 1086 1.14 0.774 0.132 7.09 5.6

The geometry of the growing metal-carbon system was assumed to be layered, as sketched in Fig. S2c.
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Figure S 2 Sketches of different simplified composite materials. The carbon impurity is assumed to deposit on the Ag metal in
a layered way, as shown in c). Adapted from reference “.

This leads to the following relation between the XPS signal intensity as a function of the thickness of
the top material i:
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i = top layer, k = bulk
| = Intensity of the PE signal

Vi,i = Molar Volume

%t= Photoemission total cross-section

N

3
2 at PSI ISS beamline: 1; = A, * cos (a =30°) = A, *—)
i = Angle-corrected IMFP of material | ( 2

d = thickness of top material i

Ihv,i = Beam intensity (current measured at a photodiode)

Comment: The energy-dependent analyzer transmission function i and Ty can pe disregarded, as the
kinetic energy of the photoelectrons is set to be equal, thus the transmission function of the
analyzer is also equal

The equation is converted to isolate the thickness d on one side:
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The result is the value of d in A, as the used IMFP is in A. As an approximation, the layer of carbon

species is assumed to be graphene (as also IMFP from graphite used), thus by dividing d by
3.35 A/ML the thickness in ML is obtained.
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Figure S 3: Initial carbon deposition rate before the saturation effect sets in. The deposition rate shows a maximum at
200 °C and decreases with further increasing temperature, before dropping to 0 between 300 and 350°C.
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Figure S 4: Reference measurements with gases besides the reaction mixture on the silver foil.

Temporal evolution of the C 1s signal in N,, CO, and in the reaction mixture (H, + CO;) at 250 °C (total pressure always

0.2 mbar). The exposure to pure CO, and N, (with an impurity of CO,, as can be seen in Fig. S5) indicates significantly slower
carbon accumulation.
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Figure S 5: Representative C 1s spectra of the reference measurements in H,(+CO;), CO, and N, (+CO;) on silver at 250 °C
(total pressure always 0.2 mbar). Spectra show the C 1s accumulation after approx. 30 min. The top spectrum shows a
comparison to the C 1s spectrum obtained from exposure to reaction conditions (after approx. 30 min).



Table S 2: Measurement conditions for STM images shown in this work.

Figure Bias Tunneling | Scan Image Internal Reference
voltage Current Speed Size
mV pA nm/s nm
Main Text
Fig. 2a) -100 -800 200 30 VT231205_A1_0055
Fig. 2b) -1000 -30 120 30 VT231205_A2_0026
Fig. 3a) 1800 10 20 20 VT231127_A2_0033
Fig. 3b) 1500 10 150 15 VT231211 A1 0095
Supporting Information

Fig. S6a | -110 -1000 50 20 VT231205_A1_0064
Fig. S6b -110 -1000 50 20 VT231205_A1 0063
Fig. S7a -100 -800 200 50 VT231205_A1_0059
Fig. S7b | -110 -1000 50 50 VT231205_A1_0068
Fig.S8a | -500 -500 50 80 VT231205_A2_0107
Fig. S8b | -1000 -30 120 40 VT231205_A2_0023
Fig. S8 | -500 -500 50 20 VT231205_A2_0109
Fig. S11a | -100 -800 50 20 VT231127_A2_0075
Fig. S11b | 1800 7 40 10 VT231127_A2_ 0045
Fig. S11c | -800 -20 50 50 VT231127_A2_ 0079
Fig. S12a | 1500 10 150 15 VT231211 A1l 0095
Fig. S12b | 1500 10 50 10 VT231211_A1_0064
Fig. S13a | 1000 150 150 15 VT231211_A1 0111
Fig. S13b | 1000 150 150 8 VT231211_A1 0114
Fig. S14a | 1500 10 50 10 VT231211_A1_0065
Fig. S14b | 1500 10 150 10 VT231211_A1_0069
Fig. S14c | 1500 300 150 20 VT231211_A1_0076
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Figure S 6: High fluctuations of Ag steps in the clean state. STM images of the clean Ag film heated to 375°C.
a) Same area over the course of several images obtained with approx. 7 min delay.

b) Comparison of the forward and backward scan on the same area.
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Figure S 7: Further images of the clean silver surface treated at high-temperature conditions. Line scans are shown below
each respective image.
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Figure S 8: Further images of the contaminated silver surface treated at 200°C in 1 mbar H,+CO,. Line scans are shown
below each respective image.
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Figure S 9: H,-TPR traces of several masses recorded by MS. No signal can be resolved for any mass
except m=15 a.m.u., indicating methane, and masses related to water traces (m=16, 17, 18). Further
mass fragments of methane, m=14, 13 and 12 a.m.u. have a signal intensity of <20% with respect to
the signal of m=15.5 Those signals cannot be resolved.

a) All spectra in one single logarithmic plot.

b Spectra plotted individuallz on a logarithmic scale.

c) The signals of water, m=16, 17 and 18 a.m.u. are normalized by the fragmentation probability in
an MS-spectrum of water (electron ionization, NIST-Standard reference database).” Signal m=16
(red) shows a higher normalized signal compared to the other mass fragments in water, reassuring
the signal superposition of water and methane for mass 16.



AFM Statistics

The topographic image in Fig. S10a has been acquired in Tapping Mode in air using a Bioscope
Catalyst AFM from Bruker. The particle size (height) distribution has been determined using custom
Matlab routines.
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Figure S 10: AFM measurements on zinc oxide nanoparticles deposited on a silicon wafer for statistical analysis.
a) Atomic force microscopy (AFM) image of the sample.
b) Statistical analysis of the cluster size detected in a). The size analysis leads to a mean particle size of 5.4+2.6 nm.
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Figure S 11: Further images of the clean Ag+ZnO surface treated at high-temperature conditions.
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Figure S 12: Further images of the contaminated Ag+ZnO surface treated at 200°C in 1 mbar H,+CO,. Line scans are shown
below each respective image. a) shows the complete image shown in the main manuscript.
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Figure S 13: Further images of the contaminated Ag+ZnO surface treated at 200°C in 1 mbar H,+CO,. Line scans are shown

below each respective image. b) shows a magnified region of a).
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Figure S 14: Further images of the contaminated Ag+ZnO surface treated at 200°C in 1 mbar H,+CO,. Line scans are shown
below each respective image. b) shows a magnified region of a).



LEED analysis

Figure S 15: Low Energy Electron Diffraction (LEED) image of the 200 nm Ag/5 nm Cr film on Mica substrate, sputtered by
high-energy Ar-ions and annealed in vacuum to 450 °C for several cycles. Electron energy: 132 eV.



XPS Silver signal
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Figure S 16: Ag 3d signal of all samples used for energy calibration and contaminant quantification.

a) Normalized and superimposed spectra of all pure Ag films in clean and contaminated state at 200°C, 250°C, 300°C,
350°C. All Spectra measured at 520 eV.

b) Spectra of Ag 3d for the Ag/ZnO material measured at 520 eV (blue) and 684 eV (black) photon energy. The dotted
spectrum shows a reference of pure silver. Partial charging was observed in several cases for the Ag/Zn0O high surface area
material.



XRD
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Figure S 17: XRD spectra of the Ag/ZnO material and reference spectra obtained for Ag and ZnO. This material is also used
and thoroughly described elsewhere.®
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Figure S 18: Nitrogen adsorption relation of the synthesized Ag/ZnO material.
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Figure S 19: XPS survey spectrum of the silver powder used for H,-TPR after heating to 400°C in vacuum, measured at a
photon energy of 1000 eV. The C 1s signal cannot be detected in the survey spectrum, while the O 1s signal is present.
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