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Figure S1 (a) XRD pattern and (b) TEM mapping of HCS. (c) O 1s XPS spectrum of 

HCS. 
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Figure S2 (a) Cyclic voltammogram (CV) and (b) partially magnified area of for 

electrodissolution access to HCS-Pt.  
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Figure S3 CV measurements for double-layer capacitance (Cdl) of HCS-Pt during 

electrochemical dissolution process varied by different cycles: (a) initial, (b) 200th, (c) 

400th, (d) 600th, (e) 800th, (f) 1000th and (g) 1200th. 
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Figure S4 (a) TEM image of HCS-CR and related (b) HER polarization curves. 
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Figure S5 EDX spectrum of HCS-Pt. 
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Figure S6 SEM and TEM images of (a, b) HCS-O, (c, d) HCS-N and (e, f) HCS-O-N, 

respectively. 
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Figure S7 TEM mapping of (a) HCS-O, (b) HCS-N and (c) HCS-O-N. 
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Figure S8 XPS spectra of as-prepared HCS, HCS-O, HCS-N and HCS-O-N: (a) C 1s, 

(b) N 1s and (c) O 1s. 

 

 

 

 

 

 

 

 

 

 



S-10 

 

Table S1 Elemental composition (atomic %) of different carbon substrate obtained 

from XPS data. 

Samples  C  N   O  N/O 

HCS 85.57  8.75  5.68  1.53  

HCS-O 72.99  6.58  20.43  0.32  

HCS-N 83.13  11.05  5.82  1.88  

HCS-O-N 85.66  4.44  9.90  0.44  
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Figure S9 (a) IR and (b) Raman spectra of as-prepared carbon substrates. 
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Figure S10 HER activities of (a) HCS-O-Pt, (b) HCS-N-Pt and (c) HCS-O-N-Pt 

through electrochemical dissolution synthesis. 
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Figure S11 EDX spectra of (a) HCS-O-Pt, (b) HCS-N-Pt and (c) HCS-O-N-Pt. 
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Figure S12 Pt particle size distribution histograms for as-prepared (a) HCS-Pt, (b) 

HCS-O-Pt, (c) HCS-N-Pt and (d) HCS-O-N-Pt. 
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Figure S13 TEM images of (a) HCS-N-Pt, (b) HCS-O and (c) HCS-O-N-Pt. 
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Table S2 Pt contents on various carbon substrates by ICP-OES. 

Samples Pt (μg cm-2) 

HCS-Pt 1.0  

HCS-O-Pt 6.2  

HCS-N-Pt 1.7  

HCS-O-N-Pt 2.3  
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Figure S14 CV measurements for Cdl of (a) HCS-O-Pt, (b) HCS-N-Pt and (c) 

HCS-O-N-Pt. (d) Determined Cdl of the above catalysts. 
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Table S3 Calculated Cdl and ECSA values of catalysts. 

Sample 

Cdl, Cs, ECSA,    

cm2 

GSA,     

cm2 

RF    

mF mF cm-2 

HCS-Pt 0.33 0.035 9.43  0.1256 75.07  

HCS-O-Pt 1.09 0.035 31.14  0.1256 247.95  

HCS-N-Pt 0.42 0.035 12.00  0.1256 95.54  

HCS-O-N-Pt 0.91 0.035 26.00  0.1256 207.01  
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Calculation of turnover frequency (TOF)  

The absolute components of voltammetric charges (cathodic and anodic) can be 

obtained from the CV curves from -0.2 V to 0.6 V (vs RHE) in pH=7 phosphate 

buffer solution (PBS) as shown in Figure S14. The value of TOF can be determined 

by the following equations: 1-3 

 n = Q/2F                              (1) 

 TOF = I/2Fn                             (2) 

n: the number of active sites (mol). 

Q: the number of voltammetric charges (C); 

F: Faraday constant (96500 C mol-1). 

I: current (A) in the linear sweep measurement; 

The factor of 1/2 in the eq (4) represents that two electrons are needed to form 

one hydrogen molecule from two protons. 
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Figure S15 CVs of as-prepared samples in pH=7 phosphate buffer solution at a scan 

rate of 50 mV s-1. 
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Figure S16 Comparison of HER activities among HCS-Pt, HCS-O-Pt, HCS-N-Pt and 

HCS-O-N-Pt: (a) LSV curves normalized by ECSA and (b) TOF and (c) mass activity 

based on Pt loading in Table S2. 
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Table S4 Comparison of HER activities for Pt-based electrocatalysts in recent work. 

Sample Electrolyte 

Overpotential 

η at 10 mA 

cm-2     

(mV) 

Overpotential 

η at 100 mA 

cm-2     

(mV) 

Current 

density j           

(mA cm-2) 

Overpotential 

η at j               

(mV) 

Tafel 

slope 

(mV 

dec-1) 

Ref. 

Pt doped 

MoS2 
0.5 M H2SO4 150 - - - 96 4

 

Pt@NHPCP 
0.1 M 

HClO4 
57 - - - 27 5

 

Pt/MoS2 0.1 M H2SO4 86 - 91.5 300 52 6
 

CTNC-700pt 0.5 M H2SO4 - - - - 28 7
 

A-CN(PDAP)* 0.5 M H2SO4 - - 60 50 - 8
 

Pt/amino-rGO 0.5 M H2SO4 - - 35.5 90 26 9
 

400-SWNT/Pt 0.5 M H2SO4 27 130 180 210 38 10
 

GO/DenPtNPs 0.5 M H2SO4 - - 0.4 50 58 11
 

Pt/MoS2/CC 0.5 M H2SO4 18 - - - 49 12
 

Pt@Pd 

NFs/rGO 
0.5 M H2SO4 56 - - - 39 13

 

polyTT-Pt 0.5 M H2SO4 67 - - - 37 14
 

Pt200-VGNS

As/CC 
0.5 M H2SO4 60 - - - 28.5 15

 

Pt/CFC 0.5 M H2SO4 4.5 34.5 170 43.5 - 16 

HCS-N-Pt 0.5 M H2SO4 14.4 40 342 100 22 
This 

work 

* without iR correction 
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Figure S17 XPS spectra of HCS-O2: (a) C 1s, (b) N 1s and (c) O 1s. (d) TEM image 

of HCS-O2. 
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Table S5 Elemental contents of HCS-O2 by XPS. 

Sample  C (atomic %)  N (atomic %)  O (atomic %)  N/O 

HCS-O2 66.98  7.09  25.92  0.27  
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Figure S18 (a) TEM and (b) TEM mapping of HCS-O2-Pt. 
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Figure S19 LSV curves of HCS-O2-Pt compared with HCS-O-Pt. 
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Figure S20 (a) 1H NMR spectra of 0.5 M H2SO4 and deionized water. HER activities 

of HCS-N-Pt and Pt/C in (b) alkaline (1.0 M KOH) and (c) 0.2 M phosphate 

buffer solution (PBS). 
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Figure S21 Heterogeneous electron transfer (HET) rate by CV (scan rate of 100 mV 

s-1) in the electrolyte containing K3[Fe(CN)6] (5 mM) and KCl (0.1 M). 
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Figure S22 XPS spectra of HCS-N with nitriding time of 6 h: (a) C 1s, (b) N 1s and 

(c) O 1s. 
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Figure S23 XPS spectra of HCS-N with nitriding time of 24 h: (a) C 1s, (b) N 1s and 

(c) O 1s. 
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Table S6 Elemental composition of carbon substrates varied by different nitriding 

time obtained from XPS data. 

Nitriding time  C (atomic %)  N (atomic %)  O (atomic %)  N/O 

 6 h 86.08  8.26  5.65  1.47 

12 h 83.13  11.05  5.82  1.88 

24 h 88.49 6.59 4.92 1.33 
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Table S7 ICP-OES data of Pt content on HCS-N varied by nitriding time. 

Nidriding time Pt (μg cm-2) 

 6 h 0.8  

12 h 1.7  

24 h 0.2  
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Figure S24 HER activity of HCS-N-Pt with substrate under different nidriding time 

(6 h, 12 h and 24 h) in 0.5 M H2SO4. 
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Table S8 ICP-OES data of Pt content on HCS-N by different deposition cycles. 

Number of cycles Pt (μg cm-2) 

800 cycles 0.12  

1200 cycles 1.70  

1400 cycles 1.83  
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Figure S25 (a) LSV curves of HCS-N-Pt for 800, 1200 and 1400 cycles. (b) CV 

measurements for Cdl of HCS-N-Pt deposited for 1400 cycles. (c) Determined Cdl of 

HCS-N-Pt deposited for 1200 and 1400 cycles. 
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Figure S26 TEM mapping and EDX spectra of HCS-N-Pt after (a, c) i-t of 12 h and 

(b, d) CV for 5000 cycles. 
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