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Table S1. Inductively coupled plasma mass spectrometer (ICP-MS) analysis of Au20, Pt20, and 

AuPt10. 

 

 

 

 

 

 

 

  

Sample Element Measured 
(ppm) 

Mass fraction 
(%) 

Au20 Au 1,950 - 

Pt20 Pt 16.3 - 

AuPt10 
Au 1,650 99.27 

Pt 12.2 0.73 
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Table S2. Comparison of the HER activity in acidic electrolyte of Au-Pt catalyst with low amount 

Pt-based catalysts reported in literatures. 

 

 

  

Catalyst 
η=10 

(mV) 

Tafel slope 

(mV dec-1)
Electrolyte Synthesis method Pt content 

AuPt10 

(This work) 
95 52.4 0.5 M H2SO4

Ligand exchange-assisted 

Layer-by-Layer self-

assembly 

0.73 wt% 

(1.5 μg cm-2) 

(/Au, Pt) 

AuPt 

(Ref S1) 
250 86 0.5 M H2SO4

Pulsed laser irradiation (PLI) 

& Ultrasonochemical 

process (USP) 

– 

C/Ni-AuPt-2 

(Ref S1) 
131 66 0.5 M H2SO4 Pulsed laser ablation (PLA) 

11.83 wt% 

(/Au, Pt, C, N) 

PtAuNPs/CNF 

(Ref S2) 
235 84 0.5 M H2SO4

In situ reduction & 

electrospinning procedure 

3.09 wt% 

(/Pt, Au, C) 

Au@Pt NPs/rGO 

(Ref S3) 
45 42 0.5 M H2SO4

One-pot co-reduction 

approach 

74.91 wt% 

(/Au, Pt) 

Au33Pt67 

(Ref S4) 
171 81 0.5 M H2SO4

Ultrasonication-assisted wet-

chemical fabrication 

67 wt% 

(/Au, Pt) 

AgPt-tipped  

on Au NSs 

(Ref S5) 

75 37 
N2-saturated 

0.5 M H2SO4

Seed-mediated method 5.86 μg cm-2 

Pt0.5/Fe2O3 

(Ref S6) 
221 135.8 0.5 M H2SO4 Thermally annealing process 

0.70 wt% 

(/Pt, Fe, O, C, Cl)

Pt10/Fe2O3 

(Ref S6) 
24 27.6 0.5 M H2SO4 Thermally annealing process 

26.17 wt% 

(/Pt, Fe, O, C, Cl)

Pt-MoS2 

(Ref S7) 
67.4 76.2 0.5 M H2SO4 Wet-chemical method 

3.0 wt% 

(/Pt, Mo, S) 

Pt@MoO2/MoS2 

(Ref S8) 
42 26.7 0.5 M H2SO4

Underpotential deposition 

(UPD)-replacement method 

12.45 wt% 

(/Pt, Mo, O, S) 

Pt–CoP 

(Ref S9) 
53 28.2 

Ar-saturated 

0.5 M H2SO4

Chemical vapor deposition 
1.09 wt% 

(/Pt, Co, P) 
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Table S3. Deconvolution of XPS Pt 4f peaks in TOA-PtNP, Pt20, and AuPt10. 

Sample Component Peak position (eV) Peak area (a.u.) 

TOA-PtNP 

Pt 4f7/2 
72.08 (Pt0) 3132.4 

73.08 (Pt2+) 3377.6 

Pt 4f5/2 
75.38 (Pt0) 3188.2 

76.43 (Pt2+) 1980.0 

Pt20 

Pt 4f7/2 
71.16 (Pt0) 7846.4 

72.33 (Pt2+) 24169.8 

Pt 4f5/2 
74.46 (Pt0) 5354.5 

75.61 (Pt2+) 19737.3 

AuPt10 

Pt 4f7/2 
71.25 (Pt0) 4813.5 

72.60 (Pt2+) 13828.2 

Pt 4f5/2 
74.52 (Pt0) 6945.2 

75.89 (Pt2+) 5872.5 
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Figure S1. Typical TEM size distribution showing the particle diameter for (a) Au NPs and (b) Pt 

NPs. Average diameters were obtained from fittings of log-normal distributions. 

 

 

Figure S2. FE-SEM cross-sectional images of (a) AuPt1, (b) AuPt3, (c) AuPt5, and (d) AuPt10 

samples. 
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Figure S3. UV–visible spectra of (a) Au NPs, (b) Pt NPs, and (c) DETA. TEM images of (d) Au 

NPs and (e) Pt NPs. 

 

 

Figure S4. ATR−FTIR spectra and schematic images of (DETA/AuNP/DETA/PtNP)n multilayers as 

a function of the layer number (n). 
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Figure S5. LSV polarization curves for AuPtn samples and Pt sputtered onto Ti (a) in 0.5 M H2SO4. 

(b) Overpotentials corresponding to the curves shown in (a) at 10 mA cm-1. 

 

 

Figure S6. (a and b) TEM image and (c) HR-TEM image of the AuPt3 sample. TEM and EDX 

analysis results of the AuPt3 sample: (d) Electron image and EDX mapping images of (e) Au and (f) 

Pt elements. 
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Figure S7. XRD patterns of (a) AuPt10 and (b) Pt20 samples. 

 

 

 

Figure S8. UV–visible absorbance spectra of (a) (DETA/AuNP)n and (b) (DETA/PtNP)n samples. 
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Figure S9. Electrochemical impedance spectroscopy (EIS) of AuPt10 at various overpotentials at 

frequency range from 100 kHz to 0.1 Hz in 0.5 M H2SO4. 

 

Figure S10. (a) Polarization curves of Pt sputtered onto the Ti sample and AuPtn electrodes in 1 M 

KOH. (b) Corresponding overpotentials at 10 mA cm-1. (c) Polarization curves of the Ti substrate, Pt 

sputtered on Ti, Au20, Pt20, and AuPt10 electrodes in 1 M KOH. (d) Tafel slopes corresponding to 

(c). 
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Figure S11. LSV polarization curves for AuPtn samples and Pt sputtered onto Ti (a) in 1 M KOH (b) 

Overpotentials corresponding to the curves shown in (a) at 10 mA cm-1. 

 

 

 

Figure S12. XPS spectra of (a) C 1s, (b) O 1s, and (c) Ti 2p peaks for Au20, Pt20, and AuPt10 samples. 
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Figure S13. XPS spectra of Au 4f peaks in Au20 and AuPt10 

 

 

Figure S14. Resistance (R(T)/R(2)) vs temperature (K) of AuPt10 sample. 
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Figure S15. CV curves for ECSA of the AuPt10 electrode at scan rate of 0.5 V s−1 in 0.5 M H2SO4. 

 

Figure S16. (a) LSV polarization curves of AuPt10 before, after 500 cycles and after 2000 cycles at 

scan rate of 0.5 V s−1 and (b) Chronoamperometry measurement of AuPt10 at an applied potential of 

-0.1 V vs RHE in 0.5 M H2SO4 
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Figure S17. (a-b) FE-SEM images and XPS spectra of (c-d) Pt 4f and (e) N 1s in before and after 

2000 cycles of AuPt10 at scan rate of 0.5 V s−1 in 0.5 M H2SO4. 
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Figure S18. LSV polarization curves for AuPt10 sample at different counter electrodes in (a) 0.5 M 

H2SO4, and (b) 1 M KOH; To completely eliminate any possibility of false evaluation resulting from 

Pt dissolution and re-deposition, LSV was measured in the typical 3 electrode configuration using 

AuPt10 working electrode, Ag/AgCl reference electrode and Graphite rod counter electrode. It clearly 

reveals that interference of Pt counter electrode is negligible to accurately study HER performances 

from the AuPtn electrodes. 
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