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Figure S1. (a) Synthesis scheme of tin sulfide chalcogel SnSx. The photographs of (b)
tin sulfide chalcogel SnSx and (c¢) SnSx powders obtained after freeze-drying.
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Figure S2. The EDS spectra of the SnSx powders.

Figure S3. EDS elemental mapping of the SnSy powders.
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Figure S4. XPS survey spectra of the SnSx powders.
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Figure S5. Cyclic voltammograms obtained at two different potential regions of (a)0.16
V~—1.54 V vs. RHE and (b) 0.76 V~—1.54 V vs. RHE at a scan rate of 50 mV/s in CO»
saturated 0.5 M KHCOj aqueous solution; The optical photographs of (¢) SnSx/CC, (d)
SnS0.09/CC and (e) SnSo.55/CC.
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Figure S6. XPS survey spectra of (a) SnS,/CC, (b) SnSo.0o/CC and (c) SnSy.55/CC.

Table S1. The elemental content analysis of the XPS of SnSx/CC, SnSp0/CC and

SnSo.55/CC.
Atom % SnSX/CC SnS 0 09/CC SnS 0,55/CC
C 68.74 40.95 36.76
O 28.03 47.21 58.52
F 2.23 8.94 4.22
S 0.42 0.22 0.12
Sn 0.3 2.51 0.22
Sn/S 1/1.4 1/0.09 1/0.55

: 300nm,
P

Figure S7. SEM images of (a, b) SnSx/CC, (c, d) SnSo.09/CC and (e, f) SnSo.55/CC.
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Figure S8. EDS elemental mapping of (a) SnSx/CC, (b) SnSp.09/CC and (c) SnSo.55/CC.
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Figure S9. The EDS spectra of (a) SnSx/CC, (b) SnSo.09/CC and (c¢) SnSp.55/CC.

Table S2. The elemental content analysis of the EDS of SnSx/CC, SnSp0/CC and
SnSo.s55/CC.
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Atom % SnS /CC SnS  /CC SnS _/CC
C 82.23 84.13 91.50
) 7.83 10.25 4.86
F 6.66 2.08 2.80
Na 0.87 -- --
S 1.43 0.27 0.22
Sn 0.85 3.00 0.47
Pt 0.14 0.27 0.16
Sn/S 1/1.68 1/0.09 1/0.47

Figure S10. Photograph of the H-cell containing 180 mL of 0.5 M KHCO3 with two
compartments separated by the Nafion 117 membrane.
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Figure S11. Potential-dependent FEs of CO, H; and formate over the (a) SnS¢.0o/CC
and (b) SnS.55/CC.
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Figure S12. Potential-dependent FEs of (a) CO, (b) H> and (c) formate over the
SnSo09/CC and SnSy 55/CC.
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Figure S13. Partial current densities over the (a) SnSo.09/CC and (b) SnSo.55/CC.
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Figure S14. Partial current densities of (a) H2 (Ju:) and (b) CO (Jco) over the SnSg.09/CC
and SnSy ss5/CC.

Potential (V vs. RHE)
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Figure S15. Stability tests of (a) SnSo.00/CC and (b) SnSoss/CC at —1.1 V vs
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Figure S16. The optical photographs of (a) SnS¢.09/CC and (b) SnS¢55/CC after a 12-h
stability test. SEM images of (c) SnSo.0o/CC and (d) SnSo.55/CC after a 12-h stability
test. () XRD patterns, (f) Sn 3d XPS spectra and (g) S 2p XPS spectra of SnS¢.0o/CC

and SnSos5/CC after a

a

o

N

12-h stability test.
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Figure S17. SEM images of (a, b) SnSo.00/CC and (c, d) SnSo55/CC after a 12-h stability

test.
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Figure S18. EDS elemental mapping of (a) SnSo. og/CC and (b) SnSo. 55/CC after a 12-h
stability test.
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Figure S19. The EDS spectra of (a) SnSe.00/CC and (b) SnSos5/CC after al2-h stability
test.

Table S3. The elemental content analysis of the EDS of SnSy/CC, SnSp0/CC and
SnS.55/CC after a 12-h stability test.

Atom % SnS,_/CC SnS, _/CC
C 71.07 76.20
0 15.52 13.77
F 7.29 7.24
S 0.30 0.18
Sn 5.42 2.28
Pt 0.40 0.33
Sn/S 1/0.05 1/0.08
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Figure S20. XPS survey spectra of (a) SnSp0e/CC and (b) SnSoss/CC after a 12-h
stability test.

Table S4. The elemental content analysis of the XPS of SnSy/CC, SnSo0e/CC and
SnSos5/CC after a 12-h stability test.

Atom % Sn, ,/CC SnS, . /CC

C 30.73 37.7

O 45.94 43.23

F 17.42 14.59

S 0.10 0.16

Sn 5.92 4.31

Sn/S 1/0.02 1/0.04
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Figure S21. CV curves of the (a) SnS¢.09/CC and (b) SnSo 55/CC with various scan rates.

Table S5 Comparisons of recently reported tin sulfide electrocatalysts for CO2RR to
formate.
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Reaction Potential 3 )
Catalysts temperature | Electrolyte | (Vvs. | FE(HCOO") HEOO | Reference
°C) RHE) (mA/cm?)
05M .
SnSess/CC 60 KHCOs -1.1V 93.1% 28.4 This work
05M _
SnSe.0s/CC 60 KHCOs -1.1V 86.8% 22.1 This work
0.5 M 1
SnS2/rGO 180 NaHCOs -0.76 V 84.5% 11.8 1
. 0.1M 2]
5%Ni-SnS2 190 KHCO3 -0.9V 80.0% 15.7 2
0.5M Gl
SnS2.x0Ox/CC 300 KHCO3 09V 83.2% 20.1 3
] 0.1M B . 24.4 4]
H-SnS2 160 KHCOs 0.9V 87.0% (-1.0V) 4
] 0.5 M ~ 0 233 5]
Ag-SnS2 210 KHCO3 0.9V 65.5 % -1.0V) 5
SnS/Aminated-C 500 |<()H5C'\(g3 -0.9V 92.6 % 41.1 6l6l
SnS NSs 500 l<(J|;|5CI\C/I)3 -1.1V 82.1% 18.9 707
SnS/Sn-NSC 800 KHCOs 0.7V 91.0% 5.3 8
In-O-ultrathin- 0.5M _ 9]
NS, 200 KHCO3 1.2V 88.6% 22.7 9
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Figure S22. The Cdl-normalized current densities over the SnSg.09/CC and SnSqss/CC.
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