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Figure S1. XRD patterns of (a) Pt-SA/Ti3C2Tx and (b) Pt-NP/Ti3C2Tx. It can be found that 

no reflection peaks exist for Pt-related crystal in the Pt-SA/Ti3C2Tx sample. From the XRD 

pattern of Pt-NP/Ti3C2Tx, the two identified diffraction peaks marked with "#" were observed 

in the enlarged view, which can be assigned to metallic Pt phase (JCPDS NO. 87-0644). This 

suggests that the successful preparation of the metallic Pt in the Ti3C2Tx.
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Figure S2. TEM characterization of the pristine Ti3C2Tx sample: (a-d) TEM images; (e-

h) STEM image and the corresponding EDS element mapping.
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Figure S3. TEM characterization of the as-prepared Pt-NP/Ti3C2Tx sample: (a, b) STEM 

images; (c, d) TEM images; (e-i) STEM image and the corresponding EDS element 

mapping.
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Figure S4. Deconvoluted Pt 4f spectra of Pt-NP/Ti3C2Tx. The binding energies at 71.3 and 

74.7 eV for Pt 4f are assigned to the Pt 4f7/2 and Pt 4f5/2, indicating that the chemical state the 

element Pt is Pt0, which agrees with the XRD results of Pt-NP/Ti3C2Tx.
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Figure S5. Additional atomic-resolution HAADF-STEM images of Pt-SA/Ti3C2Tx. These 

images were taken from randomly selected regions of the sample.
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Figure S6. (a-e) STEM image and the corresponding EDS element mapping of the as-

prepared Pt-SA/Ti3C2Tx sample.
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Figure S7. AFM characterization of the as-prepared Pt-SA/Ti3C2Tx sample: (a, b) The 

low-magnification AFM images; (c, d) High-magnification AFM image and the 

corresponding height profiles. It can be found from the AFM images that a large number of 

ultra-thin nanosheets have been successfully prepared. The thickness of these nanosheets is 

measured to be within a narrow range of 2.1 ± 0.2 nm.
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Figure S8. Nitrogen adsorption/desorption isotherms and corresponding pore size 

distribution of as-synthesized (a, b) Pt-SA/Ti3C2Tx and (c, d) Ti3C2Tx. The pore structure 

and surface properties of the as-prepared samples were characterized by N2 

adsorption/desorption measurements. The as-synthesized Pt-SA/Ti3C2Tx and Ti3C2Tx 

nanosheets possess a surface area of 420.9 m2 g−1 and 392.23 m2 g−1, respectively. Moreover, 

the Pt-SA/Ti3C2Tx sample shows a prominent pore size distribution at 4.7 nm. The Ti3C2Tx 

sample also shows comparable prominent pore size distribution around 5.6 nm.
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Figure S9. Synchrotron radiation XANES measurements: (a) XANES curves of Pt-

SA/Ti3C2Tx at L3-edge; (b) The detail view of the main edges.
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Figure S10. Deconvoluted Pt 4f spectra of Pt-SA/Ti3C2Tx. The valence states of isolated Pt 

atoms in Pt-SA/Ti3C2Tx was investigated by XPS. As shown, the high-resolution core-level 

spectra of Pt 4f in Pt-SA/Ti3C2Tx display 4f7/2 and 4f5/2 doublets due to the spin-orbital splitting. 

This indicates that the chemical state the element Pt is Pt2+.
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Figure S11. DOS of Pt-NPs and Pt-SA/Ti3C2Tx.
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Figure S12. CH3OH quantification via gas chromatography method: (a) The gas 

chromatograph signal of different concentrations of chromatographic grade CH3OH in 

0.5 M Na2SO4 aqueous solution, and (b) the corresponding calibration curve for the 

concentration of CH3OH.



14

Figure S13. The polarization curves for Pt-NP/Ti3C2Tx and Pt-SA/Ti3C2Tx in 0.1 M of 

Na2SO4 aqueous solution fed with CH2O gas.
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Figure S14. The electrocatalytic CH2O hydrogenation performance of commercial Pt/C: 

(a) Polarization curves in 0.1 M of Na2SO4 fed with CH2O or Ar gas. (b) FEs and yield 

rates of CH3OH at various applied potentials. As shown in Figure S14a, the linear sweep 

voltammetry (LSV) curve of commercial Pt/C in 0.1 M HCl solution fed with Ar display a large 

current density. In detail, at -1.0 V versus the reversible hydrogen electrode (vs RHE), the 

current density was -45.0 mA cm-2. When fed with gaseous CH2O, this value just increased to 

-48.5 mA cm-2. This result demonstrated that the large the current density of Pt/C in 0.1 M HCl 

solution mainly due to hydrogen evolution reaction rather than CH2O hydrogenation reaction. 

Moreover, the maximum value of the Faradaic efficiency and yield rate of CH3OH were 6.8% 

and 8.7 mg h-1 mgcat.
-1, respectively, which were significantly lower than that of Pt-SA/Ti3C2Tx.
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Figure S15. The FE and the corresponding yield rate of CH3OH over the Pt-NP/Ti3C2Tx 

catalyst.
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Figure S16. Nyquist plots of the as-prepared catalysts.
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Figure S17. Cyclic voltammetry curves of (a) Ti3C2Tx, (b) Pt-NP/Ti3C2Tx, and (c) Pt-

SA/Ti3C2Tx, in the non-Faradaic capacitance current range at scan rates of 5, 10, 15, 20, 

and 25 mV s–1.
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Figure S18. Atomic-resolution HAADF-STEM images of Pt-SA/Ti3C2Tx after the 

consecutive recycling and potentiostat electrolysis tests at –0.8 V vs. RHE. These images 

were taken from randomly selected regions of the sample.
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Figure S19. The electrochemical reaction steps for CH2O conversion into CH3OH. As 

shown, the electrochemical reaction steps for CH2O conversion into CH3OH were given. First, 

gaseous CH2O is adsorbed on the catalyst surface by van der Waals forces or hydrogen bonding. 

Then, *OCH2 converts into *OCH3 species by interacting with a proton (H+) and an electron 

(e) derived from electrolyte. Subsequently, the *OCH3 converts into *OHCH3 species by 

interacting with another proton (H+) and electron (e). Finally, the *OHCH3 species is desorbed 

from the surface of catalysts to form liquid CH3OH. Note that the protons come from the water 

molecule in electrolyte solutions, which also is the hydrogen sources to form a CH3OH.
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Table S1. Selectivity, stability and productivity results of CH3OH electrosynthesis in this work and previously reported studies.

Electrocatalyst Electrolyte Potential
Selectivity 

FECH3OH (%)
Productivity

Stability 

(h)
Ref.

Pt-SA/Ti3C2Tx 0.5 M Na2SO4 -0.8 V vs. RHE 95.8 30700 μg h−1 mgcat.
−1 33 This work

BP 0.1 M KHCO3 –0.5 V vs. RHE 92 127.5 μg h−1 mgcat.
−1 18 S1

CuSAs/TCNFs 0.1 M KHCO3 –0.9 V vs. RHE 44 68.4 μmol m−2 s−1 50 S2

HKUST-1 and CAU-17 0.5 M KHCO3 – 8.6 29.7 μmol m−2 s−1 5 S3

Cu2O/ZnO-based 

electrodes
0.5 M KHCO3 –1.3 V vs. Ag/AgCl 17.7 3.17×10−5 mol m−2 s−1 1.5 S4

FeS2/NiS 0.5 M KHCO3 –0.6 V vs. RHE 64 – 4 S5

Pd/SnO2 0.1 M KHCO3 –0.24 V vs. RHE 54.8 ± 2 – 5 S6

RuO2/TiO2/Pt
0.5 M 

NaHCO3
–0.15 V vs. RHE 60.5 – – S7

Oxide-derived Cu/C 0.1 M KHCO3 –0.3 V vs. RHE 43.2 12.4 mg h–1 L–1 – S8
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Electrodeposited thin 

Cu film
0.5 M KHCO3 –0.4 V vs. RHE 38 43 μmol h–1 cm–2 – S9

Cu2O/MWCNTs
0.5 M 

NaHCO3
–1.1 V vs. SCE 38 – 0.33 S10

RuO2/TiO2 0.05 M H2SO4 –0.58 V vs. RHE 24 – – S11

RuOx/Cu 0.5 M KHCO3 –0.8 V vs. SCE 41.3 – 8 S12

Mo foil on Cu wire 0.2 M Na2SO4 –0.3 V vs. RHE 84 – 9 S13

PO-5 nm Co/SL-NG
0.1 M 

NaHCO3
–0.90 V vs. RHE 71.4 1.1 mmol h–1 L–1 10 S14

Co(CO3)0.5(OH)·0.11H2

O
NaHCO3 –0.98 V vs. RHE 97.0 145 mmol h–1 g–1 10 S15

Cu/Ni
0.05 M 

KHCO3
–0.9 V vs. RHE 7 – – S16

Cu-Au alloy 0.5 M KHCO3 –1.1 V vs. SCE 15.9 – – S17

Cu88Sn6Pb6
1.5 M HCl + 

0.17 M BaCl3
–0.65 V vs. Ag/AgCl 36.3 – – S8

Cu1.8Se 0.1 M KHCO3 –1.1 V vs. RHE 24 – 25 S19
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Cu2O/CNT 0.1 M Na2SO4 0.49 V vs. RHE 9 – 4.2 S20

PD-Zn/Ag 0.1 M KHCO3 –1.38 V vs. RHE 10.5 13.3 μmol h–1 cm–2 8 S21

BDD films 1 M NH3 –1.3 V vs. Ag/AgCl 24.3 0.25 mg L–1 30 S22

BND 0.1 M KHCO3 –1.0 V vs. RHE <20 – 3 S23

[PYD]@Pd 0.5 M KCl –0.6 V vs. SCE 35 – 14 S24

[PYD]@Cu-Pt 0.5 M KCl –0.6 V vs. SCE 37 – – S25

[PYD]@Cu-Pd 0.5 M KCl –0.04 V vs. RHE 26 – 14 S26

a According to different units, the yield rate of CH3OH over Pt-SA/Ti3C2Tx can be also expressed as 15400 μg h–1 cm–2, 1335.14 μmol m–2 s–1, 19.2 

mmol h–1 L–1, 958.2 mmol h–1 gcat.
–1 or 614 mg h–1 L–1.

All of "–" mean that no values were reported for the corresponding parameters in the corresponding references.
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