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Fig. S1. Morphology and size of PtBi,, 0.88 at% Pb-PtBi,, 1.19 at% Ni-PtBi,, and 1.04 at% Pd-
PtBi, crystals grown using the self flux method.
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Fig. S2. SEM images of PtBi,. EDX spectra of the Pt, Bi elements, and the quantification. Elemental
analysis showing the distribution of Bi and Pt elements.
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Fig. S3. SEM images of 0.65 at% Ni-PtBi,. EDX spectra of the Pt, Bi elements, and the
quantification.EDX spectra of the Ni, Bi elements and the quantification. Elemental analysis
showing the distribution of Bi, Pt, and Ni elements.
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Fig. S4. SEM images of 1.04 at% Ni-PtBi,. EDX spectra of the Pt, Bi elements, and the

quantification. EDX spectra of the Ni, Bi elements and the quantification. Elemental analysis
showing the distribution of Bi, Pt, and Ni elements.
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Fig. S5. SEM images of 1.19 at% Ni-PtBi,. EDX spectra of the Pt, Bi elements, and the
quantification.EDX spectra of the Ni, Bi elements and the quantification. Elemental analysis
showing the distribution of Bi, Pt, and Ni elements.
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Fig. S6. SEM images of 3.62 at% Ni-PtBi,. EDX spectra of the Pt, Bi elements, and the
quantification.EDX spectra of the Ni, Bi elements and the quantification. Elemental analysis
showing the distribution of Bi, Pt, and Ni elements.



Table S1: EDS test atomic ratios and calculated Ni atom occupancies for Ni doped crystals.

Calculated Atomic Ratio EDS Test Atomic Ratio EDS Test Atomic Ratio
Label
Ni : ( Ni+Pt+Bi) Pt: Bi Ni: Bi
0.65 at% Ni-PtBi, 0.0065 33.01:66.99 0.97:99.03
1.04 at% Ni-PtBi, 0.0104 32.33:67.67 1.53:98.47
1.19 at% Ni-PtBi, 0.0119 32.46 : 67.54 1.75:98.25
3.62 at% Ni-PtBi, 0.0362 31.24: 68.76 5.18:94.82
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Fig. S7. SEM images of 0.89 at% Pd-PtBi,. EDX spectra of the Pt, Bi elements, and the

quantification.EDX spectra of the Pd, Bi elements, and the quantification. Elemental analysis
showing the distribution of Bi, Pt, and Pd elements.
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Fig. S8. SEM images of 1.01 at% Pd-PtBi,. EDX spectra of the Pt, Bi elements, and the
quantification.EDX spectra of the Pd, Bi elements, and the quantification. Elemental analysis
showing the distribution of Bi, Pt, and Pd elements.
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Fig. S9. SEM images of 1.04 at% Pd-PtBi,. EDX spectra of the Pt, Bi elements, and the
quantification. EDX spectra of the Pd, Bi elements, and the quantification. Elemental analysis
showing the distribution of Bi, Pt, and Pd elements.
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Fig. S10. SEM images of 1.18 at% Pd-PtBi,. EDX spectra of the Pt, Bi elements, and the
quantification.EDX spectra of the Pd, Bi elements, and the quantification. Elemental analysis

showing the distribution of Bi, Pt, and Pd elements.



Table S2: EDS test atomic ratios and calculated Pd atom occupancies for Pd doped crystals.

Calculated Atomic Ratio EDS Test Atomic Ratio EDS Test Atomic Ratio
Label
Pd : ( Pd+Pt+Bi) Pt: Bi Pd: Bi
0.89 at% Pd-PtBi, 0.0089 33.24:66.76 1.32:98.68
1.01 at% Pd-PtBi, 0.0101 33.20: 66.80 1.50 : 98.50
1.04 at% Pd-PtBi, 0.0104 32.28:67.72 1.53:98.47
1.18 at% Pd-PtBi, 0.0118 32.53:67.47 1.74 : 98.26
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Fig. S11. The calibration curves of (a) Pt, (b) Bi, and (c) Pb elements with ICP-MS.

Table S3: The concentrations of Pt , Pb and Bi elements with ICP-MS.

Label 195Pt (KED) [ppb] | 208Pb (KED) [ppb] | 209Bi (KED) [ppb]
0.28 at% Pb-PtBi, 73.332 0.759 190.104
0.65 at% Pb-PtBi, 49.099 1.289 146.197
0.88 at% Pb-PtBi, 59.016 1.662 164.164
1.43 at% Pb-PtBi, 71.378 3.783 186.079

The ICP-MS results provided weight ratios of the elements, which we then converted
to atomic proportions of the doped Pb elements in the crystals.
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Fig. S12. XRD spectra of Pb PtBi, with different Pb doping concentrations.



‘ l \ 3.62 at% Ni-PtBi,

Intensity (a.u.)

e (003) (004D 065 att% Ni-PiBi,
(002>
(005)
g w
0 20 3 4 5 6 70 80
Degree

Fig. S13. XRD spectra of Ni-PtBi, with different Ni doping concentrations.
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Fig. S14. XRD spectra of Pd-PtBi, with different Pd doping concentrations.
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Fig. S15. XPS scanning (a) Bi 4f, (b) Pt 4f, (c) Pb 4f core levels were used to measure Pb-PtBi, with

different Pb doping concentrations.
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Fig. S16. XPS scanning (a) Bi 4f, (b) Pt 4f, and (c) Ni 2p core levels were used to measure Ni-PtBi,
with different Ni doping concentrations.
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Fig. S17. XPS scanning (a) Bi 4f, (b) Pt 4f, and (c) Pd 3d core levels were used to measure Pd-PtBi,
with different Pd doping concentrations.
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Fig. S18. Shows the cyclic voltammetry curves of samples in 0.5 M H,SO, at different scan rates

(20-100 mV/s) (a) PY/C, (b) PtBis, (c)0.88 at% Pb-PtBi, (d) 1.19 at% Ni-PtBi,, (e)1.04 at%
Pd-PtBi, .
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Fig. S19. (a) Linear sweep voltammetry (LSV) polarization curve. (b) Tafel slope. (c) The curve of

current density with scanning rate. (d) Nyquist plot obtained from electrochemical impedance

spectroscopy (EIS) measurement (illustration: simulated electrochemical equivalent circuit (EEC)

of Nyquist plot).
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Fig. S20. Shows the cyclic voltammetry curves of samples in 0.5 M H,SO, at different scan rates
(20-100 mV/s): (a) 0.28 at% Pb-PtBi,, (b) 0.65 at% Pb-PtBi,, (c) 1.43 at% Pb-PtBi,.
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Fig. S21. (a) Linear sweep voltammetry (LSV) polarization curve. (b) Tafel slope. (c) The curve of

current density with scanning rate. (d) Nyquist plot obtained from electrochemical impedance

spectroscopy (EIS) measurement (illustration: simulated electrochemical equivalent circuit (EEC)

of Nyquist plot).
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Fig. S22. Shows the cyclic voltammetry curves of samples in 0.5 M H,SO, at different scan rates
(20-100 mV/s): (a) 0.65 at% Ni-PtBi,, (b) 1.04 at% Ni-PtBi,, (c) 3.62 at% Ni-PtBi,.
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Fig. S23. (a) Linear sweep voltammetry (LSV) polarization curve. (b) Tafel slope. (c) The curve of

current density with scanning rate. (d) Nyquist plot obtained from electrochemical impedance

spectroscopy (EIS) measurement (illustration: simulated electrochemical equivalent circuit (EEC)

of Nyquist plot).
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Fig. S24. Shows the cyclic voltammetry curves of samples in 0.5 M H,SO, at different scan rates
(20-100 mV/s): (a) 0.89 at% Pd-PtBi,, (b) 1.01 at% Pd-PtBi,, (c) 1.18 at% Pd-PtBi,.
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Table S4. Calculated d band center(eV)

surface d band center(eV)
Pt -2.66
PBi, -3.01
Ni-PtBi2 -3.04
Pb—PtBi2 -2.90

Pd—PtBi2 -3.06




Table S5. The HER performance compared with other topological materials electrocatalysts in

0.5 M H,SO,.
Electrocatalyst Overpotential Overpotential Tafel Stability  poference
(10 mVecm?) (100 mVecm2) slope Time/CV
(mVedec!)  cycles
Pt/C 38 107 60.8 12h This work
PtBi, 40 96 53.6 240h This work
0.88 at% Pb-PtBi, 39 87 44.7 240h This work
1.19 at% Ni-PtBi, 37 83 44.1 240h This work
1.04 at% Pd-PtBi, 33 80 43.8 240h This work
Pt/C 23 ~155 35 24h 1
PtTe, 109 ~260 140 24h 1
P-PtTe, 57 ~240 88 24h 1
A/C-P-PtTe, 28 ~148 37 24h 1
Ru;Sn; 28 - 22 50h 2
1T'-MoS,/CeO,/rGO 140 - 43 10000cycles 3
1T-D/2H WS, 170 - 40 10000cycles 4
MoS,/Bi,Tes/STO 248 - 58 20h 3
MoS,/Bi,Tes/NF 160 - 66 20h >
1T'-WTe, nanoribbon 430 - 57 20h 6
Defective WTe, 251 - 94 26h 7

nanosheet




Table S6. The HER performance compared with other Pt-based electrocatalysts in 0.5 M H,SO,.

Overpotential

Overpotential

Tafel

Stability

Electrocatalyst Reference
(10 mVecm?2) (100 mVecm2) slope Time/CV
(mVedec!)  cycles

Pt/C 38 107 60.8 12h This work

PtBi, 40 96 53.6 240h This work

0.88 at% Pb-PtBi, 39 87 44.7 240h This work

1.19 at% Ni-PtBi, 37 83 44.1 240h This work

1.04 at% Pd-PtBi, 33 80 43.8 240h This work
Pt/GNs 25 ~48 33 1000cycles 8
Pt-CNTs 41 ~210 48 500s K
Ptso-PG 44 134 63 6h 10
Pt/f-MWCNTs 43 ~90 30 10h 1
Pt-Au-Si nanowires 50 ~150 24 10h 12
Pty 04/Ni-DA 19 - 34 6000cycles 13
Pt@TiO, 39 - 42 120h 14
Pt/def-WO;@CFC 42 - 73 70000s 15
Pt/GC 56 - 30 3h 16
Pt@PCM 105 - 65.3 5h 17
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