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Figure S1. Characterization of SnS2 electrodes: (a) the XPS and (b) Raman spectra of SnS2 on CP.
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Figure S2. The high-resolution XPS spectra of (a) C 1s and (b) F 1s for SnS2+PVDF 50.
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Figure S3. High-resolution N 1s XPS spectra of SnS2+PVP.
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Figure S4. Schematic of the flow cell
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Figure S5. The result of electrocatalytic CO2RR liquid products in HPLC
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Figure S6. The LSV curves of SnS2+PVP, SnS2 and SnS2+PVDF 50 electrodes in CO2 and Ar-

saturated 1.0 M KOH.
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Figure S7. Formic acid standard curve obtained from HPLC.
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Figure S8. ECO2RR performance comparison of (a) the formate FE, (b) the H2 FE and (c) the 

formate production rate in 1 M KOH.



ba

−1.4 −1.2 −1.0 −0.8 −0.6 −0.4 −0.2 0.0
−400
−350
−300
−250
−200
−150
−100

−50
0

C
ur

re
nt

 d
en

sit
y 

(m
A

 c
m

-2
)

Potential (V vs. RHE)

 SnS2

 SnS2+PVDF 30
 SnS2+PVDF 40
 SnS2+PVDF 50
 SnS2+PVDF 60
 SnS2+PVDF 70

0 20 40 60 80

60

65

70

75

80

85

FE
fo

rm
at

e 
(%

)

Mass ratio of PVDF (%)

 -1.2 V
 -1.3 V
 -1.4 V

Figure S9. Evaluation of the Effect of different PVDF ratios on CO2RR Performance: (a) the LSV 

curves under CO2 and (b) FE for ECO2RR at different potentials on SnS2+PVDF electrodes with 

different mass ratios of PVDF in the catalyst layer.

To evaluate the influence of SnS2’s ratio on ECO2RR, the mass of PVDF is varied and the correlated 

LSV and FE are evaluated (Figure S9). The activity and selectivity have a rise-then-fall trend with 

the increase of PVDF mass, reaching a maximum in SnS2+PVDF 50.
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Figure S10. The variation of SPCE values under different flow rates: The SPCE of SnS2+PVDF 50 

electrode under different CO2 flow rates (5 sccm and 15 sccm) in 1 M KOH.

The SPCE of SnS2+PVDF 50 electrode under different CO2 flow rates (5 sccm and 15 sccm) is 

compared. The SPCE value follows an increasing trend from 15 sccm to 5 sccm.
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Figure S11. The LSV curves of SnS2+PVP, SnS2 and SnS2+PVDF 50 electrodes in CO2 and Ar-

saturated 0.5 M KHCO3.
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Figure S12. ECO2RR performance comparison of (a) the formate FE, (b) the H2 FE, (c) the formate 

production rate, and (d) the SPCE of SnS2+PVDF 50, SnS2 and SnS2+PVP in 0.5 M KHCO3.
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Figure S13. The LSV curves of SnS2+PVP, SnS2 and SnS2+PVDF 50 electrodes in CO2 and Ar-

saturated 0.05 M H2SO4+0.5 M K2SO4.
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Figur

e S14. ECO2RR performance comparison of (a) the HCOOH FE, (b) the H2 FE, (c) the HCOOH 

production rate of SnS2+PVP, SnS2 and SnS2+PVDF 50 electrodes and SnS2+PVP in 0.05 M 

H2SO4+0.5 M K2SO4.
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Figure S15. The comparison of HCOOH FE in pH universal electrolytes.1-16
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Figure S16. CV curves at different scan rates of 20 ~ 100 mV s–1 for (a) SnS2+PVDF 50, (b) SnS2, 

and (c) SnS2+PVP.
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Figure S17. The change of structure and performance during CO2RR: (a) The XRD patterns of the 

evolution process from SnS2 to Sn/SnS2 with different electroreduction treatment periods; (b) the 

formate FE of the SnS2+PVDF 50 during the evolution process.



Figure S18. In-situ ATR-SEIRAS spectra recorded of SnS2 in a range of different wavelength 

segments (a) 4000-3000 cm–1 and 2000-1200 cm–1; (b) 2200-2400 cm–1.
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Figure S19. (a) δO-H intensity and (b) CO2 intensity at different applied potentials from in-situ ATR-

SEIRAS spectra.

Through comparison of δO-H intensity and CO2 intensity at different applied potentials In ATR-

SEIRAS spectra, it is clearly shown that the SnS2+PVDF 50 electrode has a lower intensity of δO-H 

and a higher intensity of CO2. This effectively demonstrates that PVDF creates a hydrophobic 

microenvironment.
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Table S1. Comparisons of CO2RR-to-formate SPCE of some advanced catalysts.

pH Materials Electrolytes SPCEmax Ref

2 BiS-1
0.05 M H2SO4+0.5 

M K2SO4

65.4% 16

1.2 Bi-MOF-TS

0.1 M 

K2SO4 + 0.02 M 

H2SO4

62% 17

14
Nafion/PTFE/S

nO2 TPB
1 M KOH 29.3% 18

14 BiOON-PTFE 1 M KOH 38% 19

14
Bi2O3 

nanoparticles
1 M KOH 7.2% 5

Bi 

nanoparticles
solid electrolyte 29.1% 20

14
Sn3O4 

nanosheets
1 M KOH 32.4% 21

14
InP quantum 

dots
3 M KOH 13% 22

1.44 SnS2+PVDF 50
0.05 M H2SO4 + 0.5 

M K2SO4

72.77% This work



Table S2. Comparisons of CO2RR-to-formate performances of Sn-based catalysts in acidic 

electrolyte.

pH Materials Electrolytes
Potentials

(V vs. RHE）
FEHCOOH       

(%) Ref.

1 Cu6Sn5
3M KCl, 0.05 M 

H2SO4,
−4 91% 7

3.4 SnO 0.5 M K2SO4 88.4 23

1.67 NU-1000-Sn 0.005 M H2SO4 
and 3 M KCl −1.8 95 24

3.77 SP SnO/SnO2 
NP 0.5 M K2SO4 ~100 23

1.5 SnO2/C
0.1 M H2SO4

 0.4 M K2SO4
–1.4 88 25

3 Sn(S)-H 0.5 M K2SO4, 
H2SO4

–1.5 92.15 26

3 Sn-SAC 0.5 M K2SO4, 
H2SO4

90.8 11

1 SnBi 0.05 M H2SO4, 3 
M KCl –1.5 95 27

1.44 SnS2+PVDF 
50

0.05 M H2SO4 + 
0.1 M K2SO4

–1.9 93 This 
work



Table S3. Comparisons of CO2RR-to-formate performances of Sn-based catalysts in neutral and 

alkaline electrolytes.

Materials Electrolytes
Potentials

(V vs. RHE）
FEHCOOH       

(%) Ref.

SnOx/Sn 0.1 M KHCO3 –1.05 70 12

SnS2-derived 
Sn/rGO 0.5 M KHCO3 –1.05 85 13

Ni doped SnS2 0.1 M KHCO3 –0.9 93 28

np-Sn/SnO2 0.5 M KHCO3 –1.1 80 14

SrSnO3 NWs NaHCO3 –1.3 80 15

Sn-Bi/SnO2 1 M KOH –0.62 95 29

Cu-SnO2 1 M KOH –0.9 90 30

CeOx-Sn 1 M KOH –1.07 95 31

Zn/SnO2 1 M KOH –0.9 93.2 32

SnS2+PVDF 
50 0.5 M KHCO3 –1.2 86 This work

SnS2+PVDF 
50 1 M KOH –0.8 98 This work



Table S4. Comparisons of CO2RR-to-formate performances of SnS2-based catalysts.

Materials Electrolytes
Potentials

(V vs. RHE）
FEHCOOH       

(%) Ref.

1T/1H-SnS2 0.1 M KHCO3 –1.31 63.4 33

SnS2-derived 
Sn/rGO 0.5 M KHCO3 –1.05 85 13

Ni doped SnS2 0.1 M KHCO3 –0.9 93 28

S-CuSn 0.5 M KHCO3 –2.22 96.4 34

Cu1/SnS2 2 M KOH –1 90.9 35

Sn(S)-H 0.5 M K2SO4, 
H2SO4

–1.5 92.2 26

E-SnS2 1 M KOH –0.84 90 36

SnS2-xOx/CC 0.5 M KHCO3 –0.9 83.5 16

In-O-ultrathin-
SnS2

0.5 M KHCO3 –1.2 88.6 37

SnS2+PVDF 
50 0.5 M KHCO3 –1.2 86 This work

SnS2+PVDF 
50 1 M KOH –0.8 98 This work

SnS2+PVDF 
50

0.05 M H2SO4+0.1 
M K2SO4

–1.5 93 This work
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