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Figure S 1 Custom-made apparatus to measure surface electrical resistance of the catalyst layer
of the gas-diffusion electrodes. The weight block is to ensure the same pressure applied to the
catalyst layers. The copper tapes are used to conduct electricity and are connected with the
potentiostat for linear scanning voltammetry analysis. One working electrode and sensor probe
of the potentiostat are connected with one tape, and counter & reference electrode probe of the
potentiostat are connected to the other tape. This configuration minimizes the resistance
contributed from the cable between the connection point and potentiostat. The copper tapes are
adhered to the weight block with fixed dimensions for each measurement. The electrode was
cut to the same size for the measurement. This measurement assumes that the carbon substrate
and the copper tape are significantly more conductive than the SnOx-based catalyst layer, so
that the resistance is mainly contributed by the catalyst layer.

Cc
2
C
=
o
&)
Cu
(@]
Sn Cu
(I) é 1I0 ‘IIS 2|0
Energy (keV)

Figure S 2 EDS spectrum of the SnOx ns.
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Figure S 3 XPS general survey of the SnOx np and SnOx ns at the catalyst layer of the GDEs
before and after CO, electrochemical reduction treatment at 150 mA cm2.
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Figure S 4 (A) A comparison of the linear scanning voltammetry results and (B) apparent
surface conductivities of Sn metal foil, and SnOx ns and SnOx np after electrochemical

treatment at 150 mA cm™.
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Figure S 5 Potential measured versus Ag|AgCl (3M NaCl) for varied current density over (A)
SnOx np and (B) SnOx ns.
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Figure S 6 Specific electrochemically-active surface area of the SnOx np and SnOx ns
catalyst layer before and after CO, electrochemical reduction.
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Figure S 7 (A) The capacitive current vs. scan rate and (B) charging current as a function of
the potentials over SnOx np-based GDE of a geometric area of 1.8 cm?. (C) The capacitive
current vs. scan rate and (D) charging current as a function of the potentials over SnOx np-
based GDE of a geometric area of 1.76 cm? after being treated at 150 mA cm for 60 min in
a flow cell. The experiment is conducted in 0.5 M KHCOj in an H-cell. The treated
electrodes were cut into a small size to fit the H-cell setup.
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Figure S 8 The capacitive current vs. scan rate and charging current as a function of the

potentials over SnOx ns-based GDE of a geometric area of 1.8 cm? before and after CO,
electrochemical test in a flow cell. The experiment is conducted in 0.5 M KHCOj; in an H-cell.
The treated electrodes were cut into a small size to fit the H-cell setup.



Table S1 Comparison of CO,R catalytic performance of GDEs with SnOx np and SnOx ns as
catalyst with other tin oxide-derived catalysts reported recently on GDEs.

. Potential, : . B
Catalyst L"ad"‘%’ Electrolyte V vs FE (HOCOO ) (HCO(L)’ Reference
mg cm RHE %o mA cm
SnOx np 0.5 0.5 M KHCO;, -0.99 81 81 This work
SnOx ns 0.5 0.5 M KHCO; -1.03 77 116 This work
nanorod@2D
SnO nanosheet 1 IM KOH -0.8 87 383 Ref. (1)
SnO 0.5M Nast4
nano ar:icles 0.35 +0.5M -0.93 70 385 Ref. (2)
P N32CO3
SnO; 5 nm 1.5 1 M KHCO;4 -0.95 64 117 Ref. (3)
0.45 M KHCO;, a
SnO, 10-15 nm 0.75 4 0.5 MKCI -1.5 70 105 Ref. (4)
SnO, <100 nm 0.75 0.4 M K,SO,4 NA 90 450 Ref. (5)

a denotes that the potential reported is not referenced to RHE.
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