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Fig. S1. The SEM and TEM images for as-prepared ZnSn(OH)s and SrSn(OH)s samples.
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Fig. S2. The selected-area electron diffraction (SAED) image of SrSn(OH)s.



Fig. S3. The optimized cell structures for ZnSn(OH)e (a) and SrSn(OH)s (b).
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Fig. S4. The UV-Vis absorption spectra for ZnSn(OH)s and SrSn(OH)s samples.



Fig. S5. Charge density difference plots of ZnSn(OH)s: (a) and (d) Pristine ZnSn(OH)s
(Sn-OH and Zn-OH sites). (b) and (e) FLPs on ZnSn(OH)s (Sn-Ovs and Zn-OH sites). (c)
and (f) Protonated FLPs on ZnSn(OH)s (Sn-H and Zn-OHj sites). Specifically, the Bader
charges of Sn-OH and Zn-OH sites were respectively +2.29 e and -0.25 e. After forming
the FLPs, the Bader charges of Sn-Oys and Zn-OH sites were respectively +2.21 e and -
0.68 e. After the protonation, the Bader charge of Sn-H and Zn-OH; sites were +2.11 e
and -0.61 e, respectively.
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Fig. S6. The XRD patterns for ZnSn(OH)s and SrSn(OH)s before and after CO; reduction

reaction.



Fig. S7. (a) and (c) TEM and HRTEM images for ZnSn(OH)s after CO; reduction reaction.

(b) and (d) TEM and HRTEM images for SrSn(OH)s after CO; reduction reaction.
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Fig. $8. The Sn 3d5/2 (a) and O 1s (b) XPS spectra for SrSn(OH)s before and after CO;
reduction reaction. Wherein, O1 represents the lattice oxygen or M-OH without

vacancies , 02 represents the surface Oys or defects with low oxygen coordination, O3

and O4 represent the surface-adsorbed -OH, H,0 or CO> molecules.*
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Fig. S9. Mott-Schottky plots of ZnSn(OH)s (a) and SrSn(OH)s (b) with different

frequencies.
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Fig. $10. The O 1s XPS spectra for ZnSn(OH)s (a) and SrSn(OH)s (b) before and after CO;
reduction reaction. Wherein, O1 represents the lattice oxygen or M-OH without
vacancies , 02 represents the surface Oys or defects with low oxygen coordination, O3

and O4 represent the surface-adsorbed -OH, H,0 or CO> molecules.*



Fig. S11. The structure of FLPs (Sn-Ovs---Zn-OH) under different vertical electrical field
with Ez =0 V/A (aand e), -0.1 V/A (b and f), -0.5 V/A (c and g) and -1 V/A (d and h).5¢
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Fig. S12. The CV curves ranged from -0.75 V to -1.78 V vs. RHE (a) and EIS spectrum

ranged from -1.38 V to -1.78 V vs. RHE (b) of SrSn(OH)s sample.
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Fig. $13. The CV curves of ZnSn(OH)s (a) and SrSn(OH)e (b) in CO; saturated 0.5 M
KHCOs electrolyte at the scan rate from 20 mV/s to 200 mV/s. (c) The linear
relationship of the current density versus different scan rates of ZnSn(OH)s and

SrSn(OH)s.
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Fig. S14. In situ Raman spectrum of ZnSn(OH)e with different potentials during the

catalytic process.

In Raman spectrum, the peak at 645 cm™ was assigned to the anti-symmetric
stretching of M-O atoms (M represents metals), which was relevant to the in-plane
vibration,” and the adjacent broad peak between 460 and 520 cm™! was attributed to
the translational vibration of hydroxyl,® confirming the presence of M-OH during
reaction, further indicating the stable existence of FLPs (Sn-Ovys---Zn-OH) during

catalytic process.



Srsn(OH),
490
NE 40 < o E .......... >
T o ° ® ® : .
< . _
N o] =2
£ 460 9——0
> 2
= 04 £
2 ] S
@ 11|
- w *
= | 4 30
(0] :
[ -
-
S .40 - € rmrnnnannt ]
&)
] | ] ] | 0
0 2 4 6 8 10

Fig. S15. Stability measurement of SrSn(OH)s by constant potential electrolysis at -1.18

V vs RHE.
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Fig. S16. Faradaic efficiencies (FE) and partial current density of formate generation

on Zn(OH); and Sn(OH)4 mixture at different applied potentials.
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Fig. S17. The schematic diagram of CO2 reduction mechanism over FLPs on surface of
ZnSn(OH)e.



Fig. $18. The final optimal active site structure for ZnSn(OH)e.



Table S1. The Faraday efficiency (FE) of CO2RR for ZnSn(OH)s under different potentials.

Potential FEn2 FEncoon FEco FEcHa

(V vs. RHE) (%) (%) (%) (%)
-0.78 4.12 74.18 19.24 1.24
-0.88 6.60 80.33 11.25 1.22
-0.98 5.80 80.63 10.13 1.68
-1.08 6.69 82.28 7.66 1.63
-1.18 9.03 82.74 5.16 1.61
-1.28 12.34 79.29 5.04 1.74
-1.38 19.91 72.32 3.56 2.02

Table S2. The Faraday efficiency (FE) of CO2RR for SrSn(OH)s for CO2RR under different
potentials.

Potential FEn2 FEHcooH FEco FEcHa

(V vs. RHE) (%) (%) (%) (%)
-0.78 11.04 57.80 26.27 1.53
-0.88 4.42 66.60 23.56 1.59
-0.98 411 74.95 16.99 1.82
-1.08 4.20 80.43 13.74 0.99
-1.18 9.94 80.69 6.63 0.89
-1.28 15.07 76.23 5.53 1.18

-1.38 32.55 57.86 5.81 1.38




Table S3. The Faraday efficiency (FE) of CO2RR for the physical mixture of Zn(OH), and

Sn(OH)4 under different potentials.

Potential FEn2 FEncooH FEco

(V vs. RHE) (%) (%) (%)
-0.78 30.42 38.82 30.02
-0.88 24.51 40.26 33.35
-0.98 21.83 51.20 24.82
-1.08 17.94 61.82 20.20
-1.18 22.44 59.56 16.35
-1.28 25.30 60.79 12.97
-1.38 28.75 60.15 10.99
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