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Fig. S1 A scheme of CO2 electrolysis cell used in this work. The cathode was a gas diffusion 

electrode (GDE).
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Fig. S2 A working electrode for the electrodeposition of Sn-Cu@Sn dendrites. To get uniform 

result over the whole area, every side of the carbon cloth was covered with epoxy adhesive. Back 

side of the electrodes were coated by PTFE to avoid contact with the plating solution.
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Fig. S3 Transient response of the current density during the electrodeposition of Sn-Cu@Sn 

dendrites. With the Sn-Cu plating solution, a constant potential of -4.0 VHg/HgO was applied for 10 

min. Temperature of the plating solution was controlled to be 25 °C using a water bath.
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Fig. S4 High resolution (HR) TEM analysis for the Sn-Cu@Sn dendrites. (a) A high angle annular 

dark field (HAADF) STEM image. (b) Corresponding EDS overlay map and individual maps for 

(c) Sn, and (d) Cu. 
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Fig. S5 A high-resolution (HR) SEM image of the Sn-Cu@Sn dendrites
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Fig. S6 XPS overall survey spectrum of the Sn-Cu@Sn dendrites.
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Fig. S7 (a) A working electrode used for the electrodeposition, in which the carbon cloth was not 

covered with epoxy adhesive completely. (b) A high-resolution HAADF-STEM image for the Sn-

Cu catalysts prepared from the working electrode shown in (a). Corresponding EDS mapping 

results; (c) overlay image, (d) Sn element distribution, and (e) Cu element distribution. (f) A SEM 

image and (g) a high-resolution SEM image for the poorly shape-controlled Sn-Cu catalysts.
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Fig. S8 SEM images of SnNP electrode in different magnifications. Commercial SnNP was 

deposited on a carbon paper (Sigracet 39 BB). Nafion ionomers bound the particles on the substrate 

surface.
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Fig. S9 SEM images of (a) a roll-pressed bare Ti diffusion layer (DL) and (b) the Ti DL with 

commercial Ir oxide nanoparticles deposited. The electrode shown in (b) was used as an anode for 

CO2RR.
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Fig. S10 Measuring double layer capacitances to estimate ECSAs (a), (b) for SnNP and (c), (d) 

for Sn-Cu@Sn dendrites. CO2-saturated 1M KHCO3, a graphite sheet counter electrode, and an 

Ag/AgCl (3M NaCl) reference electrode were used. The geometric area of the electrodes was 4 

cm2.
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Fig. S11 Specific current densities at various applied potentials. The ECSA of each electrode was 

131.8 cm2 and 90.3 cm2 for Sn-Cu@Sn dendrites and SnNP, respectively. Measurement 

conditions: 4 cm2 GDE, 1.0 M KHCO3(aq), Ir oxide nanoparticles on pressed Ti DL as anode, 

Nafion 212 membrane, 25 °C.
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Fig. S12 Selectivity ratios between formate and CO for Sn-Cu@Sn dendrites and SnNP catalysts. 

Measurement conditions: 4 cm2 GDE, 1.0 M KHCO3(aq), Ir oxide nanoparticles on pressed Ti DL 

as anode, Nafion 212 membrane, 25 °C.
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Fig. S13 Partial current densities to formate, CO, and H2 on (a) Sn-Cu@Sn dendrites and (b) SnNP 

electrodes. Measurement conditions: 4 cm2 GDE, 1.0 M KHCO3(aq), Ir oxide nanoparticles on 

pressed Ti DL as anode, Nafion 212 membrane, 25 °C.
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Table S1 Comparison of the CO2RR to formic acid performance with previously reported catalysts 

in literatures.

Catalysts
Current 
density

(mA·cm-2)

FE to formic 
acid (%)

Voltage 
(VRHE)

Electrode 
type

Electrode 
size

(cm2)
Ref.

Sn-Cu@Sn dendrites -30 84.2 -0.68 GDE 4
This 

work

Sn-Cu@Sn dendrites -100 75.4 -0.82 GDE 4
This 

work

Electrodeposited Sn with 
dense tips

-30 62.5 -0.76 GDE 4 [1]

Sn nanoparticles with Nafion -13.45 73 -1.2 GDE 7 [2]

Rolling Sn nanoparticles -22.2 78.60 -1.2 GDE 7 [3]

Sn nanoparticles with PTFE -22 86.75 -1.2 GDE 7 [4]

Sn powders with Nafion -27 70 -1.2 GDE 1 [5]

Hierarchical SnO2 
microsphere

-12.5 62 -1.3 GDE 4 [6]

Sn nanoparticles on carbon -150 70.2 -0.9 GDE 1 [7]

SnO2 nanoparticles -147 97 -0.95 GDE 0.01 [8]

Electrodeposited Sn -5 70 -1.6
(vs anode)

GDE 9 [9]

Sn particles -41.7 95 -2.1 V
(vs anode)

GDE 25 [10]

Ni doped SnS2 nanosheets -18.5 80 -0.9 Planar 0.5 [11]

Cu-SnO2 core-shell/C -10 93 -0.7 Planar 0.49 [12]

AgSn/SnOx core-shell -19 81 -0.8 Planar 0.5 [13]

Pd-B/C -8 70 -0.5 Planar 0.2 [14]

Bi-Sn bimetallic alloy -57 94 -1.14 Planar 1 [15]

Hierarchical Sn dendrites -35 71.6 -1.36 Planar 0.13 [16]

SnO2 quantum wires -16 87 -1.15 Planar 0.785 [17]

Hierarchical mesoporous 
SnO2 nanosheets

-48 88 -1.0 Planar 3 [18]

Reduced SnO2 porous 
nanowires

-8.5 80 -0.8 Planar 5 [19]

Ultra small SnO nanoparticles -30 67 -0.87 Planar 1 [20]

S doped Sn/Au needles -55 93 -0.75 Planar 1 [21]
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Fig. S14 (a), (b) SEM images and (b) XPS spectrum for the Sn-Cu@Sn dendrites after prolonged 

CO2 reduction for 120 hr. The XPS spectrum was convoluted following the same protocol 

described in the manuscript.
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Fig. S15 (a) Prolonged CO2 electrolysis with poorly shape-controlled Sn-Cu@Sn dendrites. (b) A 

SEM image of the poorly shape-controlled Sn-Cu@Sn dendrites after the 80 hr electrolysis. Cu 

nanowhiskers were observed on the surface. (c) SEM-EDS mapping result showing the distribution 

of Cu and Sn. Measurement conditions: 4 cm2 GDE, 1.0 M KHCO3(aq), Ir oxide nanoparticles on 

pressed Ti DL as anode, Nafion 212 membrane, 25 °C.
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