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Figure S1. Representative SEM images of (A,B) Ti3AlC2 powders and (C,D) Ti3C2Tx 

nanosheets, respectively, revealing the 2D lamellar structure of Ti3C2Tx nanosheets.
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Figure S2. Typical TEM images of Ti3C2Tx nanosheets show their ultrathin and 

transparent nature.

Figure S3. (A) Representative AFM image of the Ti3C2Tx nanosheets. (B) The 

thickness analysis along the white lines discloses that the uniform thickness of the 

Ti3C2Tx nanosheets is about 3.5 nm.
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Figure S4. The XRD patterns of Ti3AlC2 powders and Ti3C2Tx nanosheets, indicating 

the successful exfoliation of bulk Ti3AlC2 into Ti3C2Tx nanosheets. 

Figure S5. The synthetic process for the 3D Pt/RGO-Ti3C2Tx hydrogels. It includes: 

(1) mixture GO and Ti3C2Tx suspension via an ultrasonic treatment; (2) formation of 

3D Pt/RGO-Ti3C2Tx hydrogel through a solvothermal reaction. 
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Figure S6. The digital photographs of the 3D Pt/RGO-Ti3C2Tx hydrogels with 

varying RGO/Ti3C2Tx ratios. It is found that a high Ti3C2Tx content (>90 wt.%) will 

hinder the connection between GO nanosheets, thus making it difficult to obtain the 

3D porous architectures. 

Figure S7. FE-SEM images of the 3D Pt/RGO-Ti3C2Tx architecture at different 

magnifications. (A, B) Low-magnification FE-SEM images indicate that the material 

has numerous well-defined macropores. (C, D) High-magnification FE-SEM images 
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focused on Ti3C2Tx and graphene regions, respectively, showing a uniform 

distribution of Pt NPs on both Ti3C2Tx and graphene surfaces.

Figure S8. FE-SEM images and Pt particle size distribution of (A, B) Pt/Ti3C2Tx, (C, 

D) Pt/RGO, (E, F) Pt/CNT, and (G, H) Pt/C, respectively, revealing that Pt NPs are 

easy to form aggregates in these samples, as pointed out by the circles. 
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Figure S9. (A) TEM image of the Pt/RGO-Ti3C2Tx architecture and the 

corresponding elemental mapping images of (B) C, (C) O, (D) Ti, and (E) Pt 

elements, demonstrating that the 2D Ti3C2Tx nanosheets are confined into the 3D 

graphene networks. 

Figure S10. TG and DSC curves of (A) Ti3C2Tx and (B) Pt/(RGO)3-(Ti3C2Tx)7 from 

room temperature to 1000 ℃ in argon atmosphere.
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Figure S11. EDX spectrum of the 3D Pt/RGO-Ti3C2Tx architecture confirms the 

co-existence of C, O, Ti and Pt components in the material. Since the sample was held 

on a Cu grid, Cu peaks were also detected. 

Figure S12. Pt 4f spectra of Pt/RGO-Ti3C2Tx and Pt/RGO samples, showing that the 

binding energies for both metallic Pt and Pt2+ peaks of Pt/RGO-Ti3C2Tx are shifted 

negatively compared with those of Pt/RGO.
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Figure S13. Linear sweep voltammetrys of (A) the Pt/RGO-Ti3C2Tx architectures 

with varying RGO/Ti3C2Tx ratios, and (B) Pt/(RGO)3-(Ti3C2Tx)7, Pt/RGO, 

Pt/Ti3C2Tx, Pt/CNT and Pt/C in 0.5 M H2SO4 solution at 50 mV s-1, showing that the 

methanol oxidation reaction is much easier to take place on the Pt/(RGO)3-(Ti3C2Tx)7 

electrode.

 

Figure S14. ECSA-normalized CV curves of (A) the Pt/RGO-Ti3C2Tx architectures 
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with varying RGO/Ti3C2Tx ratios, and (B) Pt/(RGO)3-(Ti3C2Tx)7, Pt/RGO, 

Pt/Ti3C2Tx, Pt/CNT and Pt/C. (C) Specific activities for different catalysts, confirming 

that the Pt/RGO-Ti3C2Tx electrodes have much higher specific activities in 

comparison with the reference electrodes.

Figure S15. CO stripping voltammograms for Pt/(RGO)3-(Ti3C2Tx)7, Pt/Ti3C2Tx, 

Pt/CNT, Pt/RGO, and Pt/C catalysts tested in 0.5 M H2SO4 solution at a scan rate of 

50 mV s−1, suggesting that Pt/(RGO)3-(Ti3C2Tx)7 has the best anti-poisoning ability.
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Figure S16. The stability behaviors of different catalysts toward methanol oxidation. 

(A) Cycling stability of Pt/(RGO)3-(Ti3C2Tx)7, Pt/RGO, Pt/Ti3C2Tx, Pt/CNT and Pt/C. 

1000 consecutive cycle scans of methanol oxidation in 0.5 M H2SO4 and 0.5 M 

methanol obtained from (B) Pt/(RGO)3-(Ti3C2Tx)7, (C) Pt/RGO, (D) Pt/Ti3C2Tx, (E) 

Pt/CNT and (F) Pt/C catalysts, revealing the best cycling stability of 

Pt/(RGO)3-(Ti3C2Tx)7.
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Figure S17. AC impedance spectrum of the Pt/RGO-Ti3C2Tx electrode and the 

corresponding fitting curve, proving a good match between the testing and fitting 

results. The inset is the equivalent circuit: Rs and Rct represent the resistances for 

electrolyte and catalyst, respectively, Qdl is a constant phase element, W represents 

semiinfinite diffusion at the inte rface between electrolyte and electrode, Rf and Cf are 

the resistance and capacitance for the Nafion-carbon film, respectively.

Figure S18. (A) The relaxed atomic structures for Pt4, Pt10, Pt20, and bulk Pt. (B) The 

HOMO-LUMO gap for different Pt clusters and (C) the band structure of bulk Pt, 

demonstrating that the energy gaps of Pt nanoclusters increase with decreasing the 

particle size. 
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Figure S19. The relaxed atomic structures for the adsorption of CO on (A) 

Pt/graphene and (B) Pt/Ti3C2Tx, further confirming the stronger antipoisoning ability 

for Pt loaded on Ti3C2Tx support. 
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Table S1. Compiled study comparing CV results for different catalysts.

Electrode ECSA
(m2 g-1)

Mass activity
(mA mg-1)

Specific activity
(mA cm-2)

Pt/(RGO)9-(Ti3C
2Tx)1

37.6 403.6 1.1

Pt/(RGO)7-(Ti3C
2Tx)3

44.6 620.5 1.4

Pt/(RGO)5-(Ti3C
2Tx)5

51.9 870.5 1.7

Pt/(RGO)3-(Ti3C
2Tx)7

90.1 1102.0 1.2

Pt/(RGO)1-(Ti3C
2Tx)9

72.5 929.5 1.3

Pt/Ti3C2Tx 32.0 158.4 0.5

Pt/RGO 35.4 305.6 0.9

Pt/CNT 27.5 155.1 0.6

Pt/C 24.6 110.8 0.5

Table S2. Comparison of methanol oxidation behavior on the Pt/(RGO)3-(Ti3C2Tx)7 

composite and various Pt-based electrocatalysts. 

Catalyst ECSA
(m2 g-1)

Mass activity
(mA mg-1)

Scan rate
( mV s-1) Electrolyte Reference

Pt/(RGO)3-
(Ti3C2Tx)7

90.1 1102.0 50 0.5 M H2SO4+
0.5 M CH3OH

This 
work

Pt/mesoporous 
carbon N.A. ~450 20 0.5 M H2SO4 +

1 M CH3OH S1

Pt/macroporous 
carbon N.A. 81.6 50 0.5 M H2SO4 +

0.5 M CH3OH S2

Pt/N-doped 
porous carbon 24.6 343.0 50 0.5 M H2SO4 +

1 M CH3OH S3

Pt/imidazolium-
salt ionic 
liquid/CNT

67.6 `410.0 50 0.5 M H2SO4 +
0.5 M CH3OH S4

Pt/[BMIM]BF4/
CNT N.A 155.0 50 0.5 M H2SO4 + 

1 M CH3OH S5

Pt/3D MoS2-G 62.3 ~91.8 10 1 M H2SO4 +
2 M CH3OH S6
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Pt/3D C3N4-G 69.0 612.8 20 1 M H2SO4 +
2 M CH3OH S7

Pt/N-doped G N.A. ~400.0 200 0.5 M H2SO4 
+1 MCH3OH S8

Pt/N-doped G  
nanoribbon 64.6 ~390.0 20 1 M H2SO4 +

2 M CH3OH S9

PtPd 
dendrites/G 81.6 647.2 50 0.5 M H2SO4 +

1 M CH3OH S10

PtPd dendrites N.A. 490.0 50 0.5 M H2SO4 +
1 M CH3OH S11

AuPtCu 
nanowires N.A. ~500.0 50 0.1 M HClO4 +

1 M CH3OH S12

FePtPd 
nanowires N.A. 488.7 50 0.1 M HClO4 +

0.2 M CH3OH S13

Table S3. The charge-transfer resistance (Rct) of different catalysts.

Rct
Electrode

Value (ohm)            Error (%)
Pt/(RGO)3-(Ti3C2Tx)
7

8.7 2.4

Pt/Ti3C2Tx 25.1 10.2

Pt/CNT    17.3 4.7

Pt/C    1268.0 1.9
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