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Figure S1: XPS spectra for a freshly prepared PbS sample. (A) Survey scan of all regions; (B) Pb 4f
region; (C) O 1s region; (D) S 2p region; (E) C 1s region.
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Figure S2: Representative chronoamperograms of PbS sample (blue trace) and PbO (red trace) being
reduced to SD-Pb and OD-Pb, respectively, at -0.89 V vs. RHE in 0.1 M KHCO; without CO..
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Figure S3: Comparison of (A) Faradaic efficiency for the production of formate and (B) ECSA-
normalized current density of formate on SD-Pb electrodes when the same electrolyte was used for both
pre-reduction and electrolysis (blue) and when fresh electrolyte solution was used for the electrolysis

(purple).
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Figure S4: XPS spectra for a SD-Pb sample after pre-reduction. (A) Survey scan of all regions; (B) Pb 4f
region; (C) O 1s region; (D) S 2p region (inset shows S 2s region); (E) C 1s region (Peaks at 291.8 eV
and 294.7 eV due to residual K* adsorbed to the surface during pre-reduction); (F) Pt 4f region.
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Polished Pb® |  0.054+0.003 | 1.00+0.06
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Figure S5: Surface roughness determination for electrodes of interest using double layer capacitance. (A)
SD-Pb, OD-Pb, and polished Pb’; (B) electrodeposited Pb foam, DC-PbS, and CR-PbS. The plots are of
representative capacitive current density vs scan rate data for each electrode in 0.1 M KHCO; at -0.89 V
vs. RHE. The table reports capacitance values and roughness factors for each material. Each material is
normalized to the capacitance of polished Pb°.

S3



_[n RO

= = = 2

< PEAR i < < =

2 2

B g

= =

= posd| T
1 1 1 1 1 L 1 I 1 L 1 I 1 n 1 1 1 I
800 600 400 20 0 152 148 144 140 136 132

Binding Energy (eV) Binding Energy (eV)

o AN

= i = 22

< - < SRS

s 27 2 ~

z z

L 23

g 5

540 536 532 528 292 288 284 280

Binding Energy (eV) Binding Energy (eV)

Figure S6: XPS spectra for a polished Pb sample. (A) Survey scan of all regions; (B) Pb 4f region; (C) O
Is region; (D) C 1s region.
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Figure S7: XPS spectra for an OD-Pb sample after pre-reduction. (A) Survey scan of all regions; (B) Pb

4f region; (C) O 1s region; (D) C 1s region (Peaks at 293.0 eV and 295.7 eV due to residual K" adsorbed
to the surface during pre-reduction).
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Figure S8: XPS spectra for a CR-PbS sample (after reduction in FeCl; bath). (A) Survey scan of all
regions; (B) Pb 4f region; (C) O 1s region; (D) S 2p region. The small features observable are due to the
overlapping Pb 5s region. The inset shows S 2s region to confirm the lack of sulfur signal. (E) C 1s
region; (F) Fe 2p region; (G) Cl 2p region.
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Figure S9: XPS spectra for Pb foam electrodeposited at -0.2 A for 150 s. (A) Survey scan of all regions;
(B) Pb 4f region; (C) O 1s region; (D) Cls region.
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Figure S10: Image of Pb foam (A) freshly prepared, (B) after SEM analysis, and (C) after XPS analysis.
(D) XPS of Cu 2p region of Pb foam sample. The large Cu signal in the XPS is likely related to the
visibly exposed Cu caused by the ultrahigh vacuum of the XPS chamber, as is evident in image C. (E)
EDX analysis of freshly prepared Pb foam sample. Cu was found to be present at <0.3 atom%. (F) EDX
analysis of Pb foam that has been removed from the copper substrate. No signal due to the presence of Cu
is observed. Based on the EDX results in conjunction with the lack of higher order CO,RR products, we
conclude that Cu is not present in the Pb foam or contributing to the electrochemistry.
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Figure S11: Additional SEM images of PbS precursor (A-C) before pre-reduction at various
magnifications; (D-F) SD-Pb (after pre-reduction) at various magnifications.
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Figure S12: Additional SEM images of (A-C) PbO precursor (before pre-reduction) at various
magnifications; (D-E) OD-Pb (after pre-reduction) at various magnifications.

Figure S13: Additional SEM images of (A-B) polished Pb substrate at various magnifications; (C-D)
polished Pb substrate after pre-reduction at various magnifications.
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Figure S14: Additional SEM images of (A-C) CR-PbS cathode (after chemical reduction) at various
magnifications.

Figure S15: Additional SEM images of (A-C) DC-PbS on a graphite substrate (before pre-reduction) at
various magnifications; (D-F) after pre-reduction at various magnifications.
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Figure S16: Additional SEM images of Pb foam electrodeposited at -0.2 A for 150 seconds onto a Cu
substrate. (A-D) before pre-reduction at various magnifications; (E-H) after pre-reduction at various
magnifications.
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The current density and Faradaic efficiency data for the SD-Pb, OD-Pb, and Pb cathodes presented in
Figure 3 are listed in Tables S1-S3. Total FE values at low overpotential tend to be < 100% due to low

current densities causing product detection to occur at the extreme of the calibration curves.

Table S1: Table of currents and Faradaic efficiencies for SD-Pb electrodes (roughness factor 17 = 2).

ECSA-

Potential Total Geometric normalized Faradaic Efficiency Faradaic Faradaic
(V vs. Current Density Total Current for Formate (%) Efficiency Efficiency
RHE) (mA/cm?) Density for CO (%) | for H; (%)

(mA/cm?)

-0.83 -0.63 £0.05 -0.037 £0.005 54+ 14 0.25+0.02 19+ 18
-0.88 -1.3+03 -0.07 £0.02 37+4 04+0.2 64+ 15
-0.93 2.5+04 -0.15+£0.03 55+ 1 0.5+0.1 54+6
-0.98 -4.0+0.6 -0.23 +£0.04 60+ 4 04+0.2 43+ 10
-1.03 -83+0.2 -0.49 £ 0.06 86+ 6 0.15+0.08 13+£2
-1.08 -13+£2 -0.8+0.1 88 +4 0.17 £ 0.05 12+7
-1.13 -10+£2 -0.6 £0.1 89+ 6 0.08 £0.01 8+ 4

-1.18 -14+£3 -0.8+0.2 76+ 11 0.06 £ 0.02 21 +12

Table S2: Table of currents and Faradaic efficiencies for OD-Pb electrodes (roughness factor 8 + 1).

. Total Geometric ECSA-normalized Faradaic Faradaic Farqdalc
Potential . . . Efficiency
(V vs. RHE) Current Density Toj[al Current Efficiency for Efficiency for H,
(mA/cm?) Density (mA/cm?) Formate (%) for CO (%) (%)
-0.83 -0.35+0.09 -0.04 +£0.01 27+ 13 0.36 £ 0.09 9+9
-0.88 -0.5+03 -0.07 £0.05 46 + 6 0.5+0.2 29+ 29
-0.93 -1.0+0.3 -0.13+£0.04 55+ 15 09+0.7 22+ 15
-0.98 -1.5+0.1 -0.18 £0.03 72+9 0.5+0.3 17+8
-1.03 2.1+£02 -0.26 £ 0.04 53+11 1+1 38+ 17
-1.08 -3.1+0.2 -0.39+0.06 64+5 0.7+0.3 37+12
-1.13 -5.24+0.7 -0.7+£0.1 76+ 6 03+0.2 16+5
-1.18 -11.8+0.4 -1.5+0.2 66+9 0.06 + 0.06 24 + 8
Table S3: Table of currents and Faradaic efficiencies for Pb electrodes (roughness factor 1.0 & 0.06).
Potential Total Geomet'ric ECSA-normalized Fa.radaic Fa'radaic Fara'daic
(V vs. RHE) Current Density Tof[al Current Efficiency for Efficiency for | Efficiency
(mA/cm?) Density (mA/cm?) Formate (%) CO (%) for H, (%)
-0.83 -0.10 £0.05 -0.10+£0.05 N.D. N.D. N.D.
-0.88 -0.26 +£0.02 -0.26 £ 0.02 N.D. N.D. N.D.
-0.93 -0.37+0.08 -0.37 £0.08 18+5 0.30+0.2 38+ 26
-0.98 -0.76 £0.08 -0.76 £ 0.08 16 +2 0.3+0.3 61+17
-1.03 -09+0.1 -0.9+0.1 329+0.2 02+0.2 59+ 15
-1.08 -1.33+£0.09 -1.33+£0.09 20+ 1 1+1 58+7
-1.13 -2.5+0.1 -2.5+0.1 41 £4 0.5+0.2 33+ 12
-1.18 -43+0.8 -43+0.8 64 + 14 0.3+0.2 29+ 14
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Sample Error Calculation for ECSA-normalized Partial Current Density:

Reported errors are calculated using the standard propagation of error equation:

o= [ (2 + 2

where & denotes the standard deviation for a measurement (i.e. 8X represents the standard deviations for

measurement X). For example, the errors on the reported roughness factor of SD-Pb includes the errors

from the capacitance measurement for SD-Pb, but also from the samples to which it is normalized:

CSD—Pb_ 09 mF _
Cpp 0.054 mF

6Csp 6C 0.1 0.003
SRFgp _pp= |RFsp_py| ( 5 Pb)z +( Pb)2= 17\/(-)2 + (—)2= 2
Cop - pb Chp 0.9)  \0.054

S3)

RFgp_py=
(Eqn. S2)

(Eqn.

where RF is the roughness factor and C is the double layer capacitance.

Errors for ECSA-normalized partial current densities were calculated using the cumulative errors from the
deviations in the measured total geometric current densities, Faradaic efficiencies, and roughness factors.
For example, from Table S2 we have that at -1.03 V vs. RHE, SD-Pb has a geometric total current density
of -8.3 £ 0.2 mA, a Faradaic efficiency of 86 = 6, and a roughness factor of 17 + 2. Thus, the error

calculation is:

. jgeom *FE -8.3%0.86
Jint = = =-0.42
RF 17 (Eqn. S4)

8j SFE SRF 0.2 0.06 2
i . geom)o 2 2 . 2 . ) 5

J geom (Eqn. S5)
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Table S4: Selective catalysts for the reduction of CO, to HCOO- (N.R.: data was not reported).

Applied .
Electrode Electrolyte Potential Total Jge«;m FE(l)iCOO- FECO Reference
(Vvs. RHE) | (mA/em?) (%) (%)
SD-Pb 0.1 M KHCO; -1.08 -13 88 0.17 This work
Pb 0.1 M KHCO;4 -1.08 -1.33 29 1 This work
OD-Pb 0.1 M KHCO; -1.08 -3.1 64 0.7 This work
Pb 0.1 M K,CO;4 -1.1 -0.5 40 N.R. 1
Pb 0.5 M NaOH -0.95 -2.5 70 N.R. 2
OD-Pb 0.5 M KHCO; -1.0 -4 100 N.R. 3
Sn/SnOy 0.5 M KHCO;4 -0.7 N.R. 60 40 4
Sn Porous 1 o 1 \ kHCO; -1.0 -6 80 10 5
Nanowires
Sn GDE 0.1 M KHCO; -0.6 -3 64 N.R. 6
SnO, NP 0.1 M
on C black NaHCO; -1.08 -5.8 85 N.R. 7
SnS,-derived
Sn/rGO 0.5 M KHCO3 -1.05 -13.9 85 5 8
Anodized In 0.5 M K,SO, -1.03 N.R. 80 N.R.
In/C GDE 0.1 M K,S0, -1.2 N.R. 35 N.R. 10
S-Doped OD-Cu | 0.1 M KHCO;4 -0.8 -14.5 74 0 11
Pd NP 0.5 M KHCO; -0.2 -22 97 N.R. 12
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