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Fig. S1 SEM images of (a) Pt3Ni/MXene-500, (b) Pt3Ni/MXene-900, (c) 

Pt3Co/MXene-500, (d) Pt3Co/MXene-900.

Fig. S2 TEM images of Pt3Ni/MXene-700.



Fig. S3 Particle size distribution of Pt3Ni/MXene-700 and Pt3Co/MXene-700 catalyst.

Fig. S4 The zeta potentials of MXene and Pt3Co/MXene-700.

Fig. S5 XRD patterns of MAX and MXene.



Fig. S6 XRD patterns of (a) Pt3Ni/MXene-300 and (b) Pt3Co/MXene-300.

Fig. S7 (a) XRD patterns of Pt3Ni/MXene-500, 700, 900 catalysts; (b) XRD patterns of 

Pt3Co/MXene-500, 700, 900 catalysts.



Fig. S8 XPS survey spectra of Pt3Co/MXene-700 catalyst.

Fig. S9 (a) XPS survey spectra of Pt3Ni/MXene-700. High-resolution XPS spectra of 

(b) Ti 2p, (c) Ni 2p and (d) Pt 4f of Pt3Ni/MXene-700 catalyst.



Fig. S10 The ORR performance of MXene, MXene-700, Pt3M/MXene-300 (M = Co, 

Ni) in (a) 0.1 M HClO4 and (b) 0.1 M KOH.

Fig. S11 The HER performance of MXene, MXene-700, Pt3M/MXene-300 (M = Co, 

Ni) in (a) 0.1 M HClO4 and (b) 0.1 M KOH. 



Fig. S12 CV curves in (a) 0.1 M HClO4 and (b) 0.1 M KOH of Pt3Co/MXene catalysts; 

CV curves in (c) 0.1 M HClO4 and (d) 0.1 M KOH of Pt3Ni/MXene catalysts.



Fig. S13 (a, b) HER performance of Pt3Co/MXene-500, 700, 900 catalysts in 0.1 M 

HClO4 and 0.1 M KOH, (c, d) HER performance of Pt3Ni/MXene-500, 700, 900 

catalysts in 0.1 M HClO4 and 0.1 M KOH.

Fig. S14 Nyquist plots of Pt3M/MXene-500, 700, 900 (M = Co, Ni) in 0.1 M HClO4.



Fig. S15 Chronopotentiometric curve of Pt3Co/MXene-700 measured at 10 mA cm-2 in 

0.1 M KOH.

Fig. S16 Chronopotentiometric curve of Pt3Ni/MXene-700 measured at 10 mA cm-2 in 

0.1 M HClO4 and KOH.



Fig. S17 Nyquist plots of Pt3Co/MXene-700 before and after stability testing in 0.1 M 

HClO4 and 0.1 M KOH.



Table S1. The degree of Pt shrinkage in Pt alloys of Pt3Co/MXene-700 and 

Pt3Ni/MXene-700 catalysts.

Catalysts a=b=c Degree of lattice contraction

Pt 3.92 \

Pt3Co/MXene-700 3.878 10.71%

Pt3Ni/MXene-700 3.911 2.3%



Table S2. Comparison of the ORR performance of recent reported catalysts in 0.1 M 

HClO4 (H) and 0.1 M KOH (OH) solution. 

Catalysts E1/2 (H)

(vs. RHE)

Tafel 

slope 

E1/2 (OH) 

(vs. RHE)

Tafel 

slope 

Ref.

Pt3Co/MXene-700 0.897 V 88.77 0.901 V 69.89 This work

Pt3Ni/MXene-700 0.889 V 104.22 0.897 V 91 This work

Pt/MXene 0.892 V 95.82 \ \ 1

Fe-N-C@MXene 0.777 V 78 0.887 V 88 2

TiCN-BCN-Co \ \ 0.81 V 90.8 3

NiCo-LDH/Ti3C2 \ \ 0.66 V 90 4

MnCo2O4/ 

NGQD/MXene

\ \ 0.876 V 63 5

Fe/Co-

CNT@MXene

\ \ 0.85 V 76 6

PtNi/NC \ \ 0.82 V 80.5 7

Co/Co3O4@C 0.823 V 85.8 0.672 V 100.4 8

PtSA-PtCo NCs/N-

CNT-900

0.89 V \ 0.86 V 74 9

Pt4Co@NC-900 0.88 V 68 \ \ 10

PtCoNG-3500-

600/900

0.86 V \ \ \ 11

PtCu HNF 0.87 V 78.8 \ \ 12

Co/CeO2 \ \ 0.75 V 80 13



Table S3. Comparison of the HER performance of recent reported catalysts in 0.1 M 

HClO4 (H) and 0.1 M KOH (OH) solution.

Catalysts Overpotential 

(η10, H) 

Tafel 

slope

Overpotential 

(η10, OH)  

Tafel 

slope

Ref.

Pt3Co/MXene-700 1.2 27.11 82.5 76.01 This 

work

Pt3Ni/MXene-700 4.6 36.78 88.3 76.12 This 

work

Pt/Ti3C2Tx-550 32.7 32.3 \ \ 14

IrCo0.14 16 28.8 \ \ 15

IrCo0.65 17 35.3 \ \ 16

Pd/OMC 167 68 \ \ 17

Pt@PDG4 \ \ 55 79.2 18

MoS2-CoNi(OH)2 \ \ 178 60.9 19

Co/NGC-3 \ \ 293 130 20

CMCO NWs 140 39 \ \ 21

NiS2/PtNi NWs 15 20 \ \ 22

Pd/OMC 167 62 \ \ 23
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