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Figure S1. (a) XPS spectra of S 2p for the as-prepared Au NDs, Au NDs with KOH treatment (pristine 

Au NDs) and O-Pt on Au NDs. (b) CV results for pristine Au NDs and O-Pt on Au NDs in 0.5 M H2SO4 

at a scan rate of 10 mV s−1. 

Figure S1a shows representative X-ray photoelectron spectroscopy (XPS) measurements 

regarding the spectral region of the S 2p level for the Au NDs at three different level that is, as-prepared 

Au NDs, pristine Au NDs, O-Pt on Au NDs. The results indicate that the peaks at lower binding energy 

(161.96 eV and 163.44 eV) and higher binding energy (168.48 eV) relate to the cysteine compound and 

sulphate compound present on the surface of as-prepared Au NDs, respectively. Simultaneously for the 

Au NDs with KOH treatment, those two peaks (161.96 eV & 163.44 eV) intensity become low and no 

sulphate compound was found. After Pt atom deposition, no signal of cysteine residue was found in 

O-Pt on Au NDs. According to the XPS analysis, the contamination on the surface of Au NDs can be 

efficiently removed. Figure S1b. shows CV studies to understand the electrochemical behavior of 

pristine Au NDs and O-Pt on Au NDs. All the measurements were performed in the potential window 

of -0.15 to 0.2 V (vs RHE) at sweep rate of 10 mV s-1 in the electrolyte of 0.5 M H2SO4. The results 

show that after Pt atom deposition, clear Pt-H desorption peak was found in the positive potential range 



but no obvious reduction peak of Pt oxide was found. These results will correlate with only small 

amount Pt atom deposited on the surface of Au NDs with clean high index facets.

Figure S2.  (a & d) SEM image of O-Pt on Ag NDs and O-Pt on Cu NDs respectively. (b & e) HER 

polarization curves of Ag wire, as prepared Ag NDs, O-Pt on Ag NDs and, Cu foil, as prepared Cu 

NDs, O-Pt on Cu NDs at a scan rate of 5 mV s-1 in 0.5 M H2SO4 solution respectively. (c & f) are the 

Tafel plots for Ag wire, as prepared Ag NDs, O-Pt on Ag NDs and, Cu foil, as prepared Cu NDs, O-Pt 

on Cu NDs respectively.



 

Figure S3. Raman spectra of Cu NDs and Ag NDs with exposure in air

Figure S3 shows Raman spectra of Cu NDs and Ag NDs with exposure in air. The results indicate that 

surface oxidation peak of Cu-O and Ag-O for Cu NDs and Ag NDs respectively. So, the less HER 

activity of Cu NDs and Ag NDs in comparison with O-Pt on Au NDs as showed in Figure S2 features 

the unstable surface structure on Cu and Ag, resulting in outcomes in less HER activity.



Figure S4. long term i-t curve of (a) Pt atoms deposited on Ag NDs and (b) Cu NDs with constant 

potential -0.35 V and -0.43 V (vs. RHE, without IR compensation) in 0.5 M H2SO4 solution, 

respectively.



Figure S5. UV-Vis absorption spectra of Au NDs and O-Pt on Au NDs.



Figure S6. Tafel plots for O-Pt on Au NDs before and after light illumination in 0.5 M H2SO4



 

Figure S7. The XRD spectra of pristine Au NDs and O-Pt on Au NDs.

Figure S7 shows the XRD spectra of pristine Au NDs and O-Pt on Au NDs. All the peaks can be indexed 

to the Au (111), (200), (220), (311), crystal face without any additional peak observed. Therefore, it is 

difficult to distinguish the crystal phase of Pt and Au in O-Pt on Au NDs, because Pt is too few to be 

detected by XRD measurement.



 

Figure S8. XPS spectra of O-Pt on Au NDs after HER stability test.

Figure S8. Shows the XPS spectra of O-Pt on Au NDs after HER stability test. Here, we found that Pt 

and Au signal of the catalysts after HER stability still can be observed. It indicated that our catalysts 

exhibited a good stability on HER for a long time. 



Figure S9. Chronopotentiometry (CP) plot of the catalysts with applying a constant current of 20 

mA/cm2 for 10 hours.



Table S1. Pt loading amount on Au NDs analyzed by ICPMS

Catalysts Pt loading amount (% versus Au)

F-Pt on Au NDs 0.061%

O-Pt on Au NDs 0.19%

E-Pt on Au NDs 0.51%



Table S2. Comparative table for the presence of Pt content with TOF values @ certain 

overpotential modified with different materials on different substrate.

Sample Substrate Pt content Overpotential
mV

TOF value
H2 s-1

Reference

O-Pt on Au NDs Carbon fiber 
paper (CFP)

5.5 % (on surface)
0.19 wt%

50 40.1 Present 
work

PtW NPs RDE 16 wt% - - 1

Pt1/OLC Pt mesh 0.27 wt% 100 40.78 2

Ni-MOF @Pt Glassy 
carbon (GC)

0.04 (mg/cm2) - - 3

Pt GT-1 GC  0.5 wt% 18 7.22 4

Pt/GNs GC 14.7 wt% -30 0.854 5

A-Ni@ DG GC - 100 5.7 6

Pt GDY2 Ti foil 4.6 (µg/cm2) - - 7

Pt2 Pd/N-
graphene

GC 0.118 (mg/cm2) - - 8

Pt NPs/2D Ni 
(OH)2

GC 0.001 (mg/cm2) - - 9

Pt/vertical 
graphene
Nanosheet 

arrays

Carbon cloth 
(CC)

0.042 (mg/cm2) - - 10

Pt NC/N- 
graphene

GC 5.0 wt% 24 2.05 11

Ru/C3N4/C GC - 100 4.2 12

ALD50Pt/NGNs GC 2.1 wt% - - 13

PtPs@MoS2@gr
aphene

Nickel 
woven 
fabrics 
(NiWF)

5.38 wt% - - 14



Pt 
nanocuboids/rG

O

GC 0.078 (mg/cm2) - - 15

Pt NWs/SL-Ni 
(OH)2

GC 0.04 (mg/cm2) - - 16



Table S3. Comparative table for the HER performance of the recently reported catalyst.

sample Loading 

amount

Current density 

mA cm-2

Overpotential 

(η) mV

Reference

O-Pt on Au NDs 3.8 µg Pt cm-2 10 ~18 Present work

PtW NPs 20.3 µg Pt cm-2 10 19.4 1

Pt1/OLC 510 µg cm-2 10 38 2

Ni-MOF @Pt 0.2 mg cm-2 10 43 3

Pt GT-1 0.28 mg cm-2 10 18 4

Pt/GNs 0.099 mg cm-2 10 -25 5

Pt GDY2 - 10 A/mg 67.1 7

Pt2 Pd/N-graphene 0.159 mg cm-2 10 58 8

Pt NPs/2D Ni (OH)2 0.011 mg cm-2 5 123 9

Pt/vertical graphene

Nanosheet arrays

- 10 60 10

Pt NC/N- graphene 0.113 mg cm-2 10 24 11

ALD50Pt/NGNs 0.076 mg cm-2 16 50 13

PtPs@MoS2@graphene - 10 56 14

Pt nanocuboids/rGO 0.170 mg cm-2 10 ~75 15

Pt NWs/SL-Ni (OH)2 0.016 mg cm-2 4 86 16

AuPtNDs 6 µg cm-2 10 50 17
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