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Figure S1. SEM images of (a) MCN-B, (b) MCN, (c) M3U1, (d) M1U1, (e) M1U2, (f) M1U3, 

(g) M1U4 and (h) 10KMCN. 
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Figure S2. SEM images of (a) 1KCN, (b) 5KCN, (c) 10KCN, (d) 15KCN, (e) 20KCN, (f) 

40KCN, (g) 100KCN and (h) 200KCN. 
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Figure S3. AFM images of (a) MCN-B, (b) MCN, (c) 10KMCN, (d) M1U3 and (e)10KCN. 
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Figure S4. The HRTEM image of 10KCN. 

 
 

  

 

 

 

Figure S5. BJH pore size distribution of MCN-B, MCN, M1U3, M1U4, 10KCN and 10KMCN. 
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Table S1. Surface areas and pore parameters of MCN-B, MCN,10KMCN, M1U3, M1U4 

and10KCN. 

Sample Surface area 

(m2 g-1) 

Pore volume 

(cm3 g-1) 

Average pore 

diameter (nm) 

MCN-B 6.104 0.0429 3.805 

MCN 26.565 0.1206 3.778 

10KMCN 28.727 0.1439 3.782 

M1U3 123.84 0.8837 3.853 

M1U4 180.457 1.104 17.346 

10KCN 199.394 1.306 12.276 

 

 

 

Figure S6. XRD patterns of (a) MCN-B, MCN, MxUy (x:y=3:1, 1:1, 1:2, 1:3, 1:4) and (b) 

mKCN (m=1, 5, 10, 20, 40, 100 and 200) . 
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Figure S7. FTIR spectra of (a) MCN-B, MCN, MxUy, (b) MCN-B, 1KMCN, 5KMCN, 

10KMCN, 15KMCN, 20KMCN, 100KMCN, (c) M1U3, 1KCN, 5KCN, 10KCN, 15KCN, 

20KCN, 40KCN.  
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Table S2. The areas of 13C MAS NMR spectra peaks centered at two binding energies from 

MCN-B, MCN, M1U3, 10KCN and 200KCN, and the peak intensity ratios of C3N to C2N-NHx 

for the five samples. 

Sample C2N-NHx C3N C3N / C2N-NHx 
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MCN-B 42879.13 12534.52 0.29 

MCN 42879.27 12534.68 0.29 

M1U3 46060.3 12774.76 0.28 

10KCN 24189.71 5449.93 0.23 

200KCN 23142.79 3202.122 0.14 

 

 

 

Table S3. N/C atomic ratios of MCN-B, MCN, M1U3, 10KCN and 200KCN measured by an 

organic elemental analyzer (OEA) and XPS. 

Samples N/C (OEA) N/C (XPS) 

MCN-B 1.522 1.511 

MCN 1.524 1.507 

M1U3 1.522 1.495 

10KCN 1.489 1.407 

200KCN 1.452 1.292 

 

 

 

 

Table S4.The binding energies of the three components of C1s XPS spectrum for MCN-B, 

MCN, 10KMCN-B, 10KMCN, M1U3, M1U3-B, 10KCN-B, 10KCN and 200KCN, 

respectively, and the surface C-NHX/CC1s ( the total peak area of C1s) atom ratios of the 

samples determined from quantitative analyses.  

Sample C-C C-NHX N=C-N C-NHX/CC1s 
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MCN-B 284.8 286.3 288.3 0.033 

MCN 284.8 286.3 288.3 0.037 

10KMCN-B 284.8 286.3 288.3 0.043 

10KMCN 284.8 286.3 288.2 0.045 

M1U3-B 284.8 286.2 288.2 0.036 

M1U3 284.7 286.2 288.2 0.035 

10KCN-B 284.7 286.3 288.2 0.044 

10KCN 284.8 286.3 288.2 0.048 

200KCN 284.8 286.3 288.2 0.116 

 

Table S5. The binding energies of the three components of N1s XPS spectra for MCN-B, 

MCN, 10KMCN-B, 10KMCN, M1U3, M1U3-B, 10KCN-B, 10KCN and 200KCN, 

respectively, and the atom contents of the three nitrogen species determined from the ratios of 

peak areas. 

Sample N2c NC3 NHX N2c/NN1s N3c/NN1s NHX/NN1s 

MCN-B 398.7 400.2 401.2 0.744 0.188 0.068 

MCN 398.7 400.2 401.2 0.741 0.188 0.071 

10KMCN-B 398.7 399.8 401.2 0.630 0.300 0.069 

10KMCN 398.6 399.7 401.2 0.629 0.301 0.053 

M1U3-B 398.7 400.2 401.2 0.747 0.199 0.055 

M1U3 398.6 400.1 401.2 0.743 0.206 0.050 

10KCN-B 398.6 399.7 401.2 0.611 0.344 0.045 

10KCN 398.7 399.5 401.2 0.587 0.363 0.050 

200KCN 398.5 399.3 401.1 0.548 0.387 0.065 

Figure S8. High-resolution XPS spectra of (a) C1s and (b) N1s in MCN-B, MCN,10KMCN-

B, 10KMCN, M1U3-B, M1U3, 10KCN-B and 10KCN.  
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Figure S9. (a, b, c) UV-vis diffuse reflectance spectra and (d, e, f) plots of (αhν)1/2 versus Eg 

(eV) for MCN-B, MCN, MxUy (x:y=3:1, 1:1, 1:2, 1:3, 1:4) , mKCN (m=1, 5, 10, 20, 40, 100 

and 200) and mKMCN (m=10, 20, 40, 100 and 200), respectively.  
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Figure S10. (a) VB-XPS spectra and (b) band structures of MCN-B, MCN, 10KMCN, M1U3, 

10KCN and 200KCN. 
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Figure S11. Structure models (a, d), calculated band structures (b, e) and corresponding DOS 

(c, f) of g-C3N4 with cyano group and N vacancy, respectively. 
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Figure S12. Photoluminescence spectra of MCN-B, MCN, MxUy (x:y=3:1, 1:1, 1:2, 1:3, 1:4) 

(a) and mKCN (m=1, 5, 10, 15, 20, 40, 100 and 200) (b), respectively. 
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Figure S13. Time-resolved fluorescence spectra for MCN-B, MCN, M1U3, M1U4, 10KCN, 

10KMCN and 200KCN. 
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Table S6. The photoluminescence decay time (τ) and their relative amplitude (Ai) in MCN-B, 

MCN, M1U3, M1U4, 10KCN, 10KMCN and 200KCN, which are derived from the time-

resolved PL spectra in Figure S11 by bi-exponential decays. 
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Sample i Ai (%) τi (ns) τave (ns) 

MCN-B 
1 51.763 2.27 

9.657 
2 48.237 11.256 

MCN 
1 51.583 2.408 

10.425 
2 48.417 12.122 

M1U3 
1 44.405 2.331 

12.440 
2 55.595 13.804 

M1U4 
1 51.455 1.95 

10.059 
2 48.545 11.515 

10KMCN 
1 53.76 1.859 

8.956 
2 46.24 10.427 

10KCN 
1 56.805 1.3 

7.690 
2 43.195 8.915 

200KCN 
1 69.598 0.456 

3.191 
2 30.402 3.919 

 

The average lifetime was calculated following the equation: τave =∑Ai τi2/∑Ai τi 

 

 

 

 

 

 

 

Figure S14. Electrochemical impedance spectra in 0.1 mol L−1 Na2SO4 solution of MCN-B, 

MCN, M1U3, 10KCN and10KMCN under visible-light illumination (λ > 420 nm). 
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Figure S15. H2 evolution curves of MCN-B, MCN, M1U3, 10KCN and 10KMCN under (a) 

solar light and (b) visible light irradiation (λ>420 nm), respectively. 
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Figure S16. Photocatalytic activity of samples. (a) Photocatalytic H2 evolution rates and (b) 

H2 evolution curves of MCN-B, MCN, and MxUy (x:y=3:1, 1:1, 1:2, 1:3, 1:4) under visible-
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light irradiation (λ > 420 nm). (c) Photocatalytic H2 evolution rates and (d) H2 evolution 

curves of mKCN (m=1, 5, 10, 15, 20, 40, 100 and 200) under visible-light irradiation (λ > 420 

nm). 
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Figure S17. Typical GC chromatogram of H2 for the photocatalytic H2 evolution 

measurements (a) without TEOA, (b) without Pt and (c) with TEOA and Pt, respectively. (d) 
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Photocatalytic H2 evolution curves of 10KCN and 10KCN without TEOA or Pt under visible-

light irradiation (λ > 420 nm). 
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Table S7. Photocatalytic activity of the 10KCN compared with the previous reported g-C3N4. 

(N-A and - means not applicable and unascertained, respectively.) 

Catalysts reaction conditions 

H2 evolution 

rate (µmol/h-

1g-1) 

The promotion of 

photocatalytic 

activity (times) 

AQY 

(at 

420/500nm) 

Ref. 

d-CNS 
20mg catalyst, 3wt% Pt, 300W 

Xe, λ>420nm, 10℃,10% TEOA 
3809.6 14.5 1.75/0.67 [1] 

g-C3N4-

M1U2 

50mg catalyst, 3wt% Pt, 300W 

Xe,λ>400nm,room temperature, 

20% TEOA 

3100 3.7 28/N-A [2] 

PCN-S 

50mg catalyst, 3wt% Pt, 300W 

Xe, λ>400nm, ambient 

temperature, 20% TEOA 

1596 14.7 3.56/0.38 [3] 

CNPS-NH2 

30mg catalyst, 3wt% Pt, 300W 

Xe, λ>420nm, ambient 

temperature, 3% TEOA 

3761 6.45 -/N-A [4] 

CNK-OH 

50mg catalyst, 2wt% Pt, 300W 

Xe, λ>420nm, ambient 

temperature, 10% TEOA and 0.2 

mol K2HPO4 

1370 8.5 46/N-A [5] 

CCNNSs 

50mg catalyst, 3wt% Pt, 300W 

Xe, λ>420nm, room temperature, 

10% MeOH 

1060 66.2 8.57/N-A [6] 

COC30 
50mg catalyst, 3wt% Pt, 300W 

Xe, λ>420nm, 10% TEOA 
1340 4.65 8.43/0.37 [7] 

CN-10 
50mg catalyst, 3wt% Pt, 300W 

Xe, λ>400nm, 25% lactic acid 
459 5.2 2.2/N-A [8] 

P-TCN 
100mg catalyst, 1wt% Pt, 300W 

Xe, λ>420nm, 15℃, 10% TEOA 
670 7 5.68/ N-A [9] 

p-CN2 
50mg catalyst, 3wt% Pt, 300W 

Xe, λ>420nm, 20% TEOA 
395.96 6 0.79/0.05 [10] 

g-C3N4 

nanotubes 

10mg catalyst, 3wt% Pt, 300W 

Xe, λ>400nm, 10% TEOA 
11850 12.8 6.8/- [11]  
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P-DCN 
10mg catalyst, 3wt% Pt, 300W 

Xe, λ>420nm, 15℃, 10% TEOA 
2092 26 1.46/- [12]  

Few-

layered g-

C3N4 

10mg catalyst, 3wt% Pt, 300W 

Xe, λ>420nm, 5℃, 10% TEOA 
1391 2.6 6.6/- [13]  

10KCN 
50mg catalyst, 3wt% Pt, 500W 

Xe, λ>420nm, 5℃, 20% TEOA 
1557.7 48.51 11.2/0.85 

This 

work 

 

Figure S18. TEM micrograph of 10KCN before (a) and after (b) loading with 3wt % Pt. (c) 

High resolution TEM micrograph of Pt/10KCN. (d) High Angle annular dark field image-

scanning TEM (HAADF-STEM) micrograph of Pt/10KCN and the corresponding EDS 

elemental mapping images of C, N, and Pt elements. (e) TEM micrograph of 10KCN after 

photocatalytic reaction. 
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Figure S19. Characterizations of 10KCN before and after photocatalytic reaction. (a) XRD 

patterns and (b) FTIR spectra of 10KCN.  
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Figure S20. (a) LC/MS chromatographic profiles of the peak fraction in the aqueous solution 

of the reactant (triethanolamine (TEOA) was used as the sacrificial reagent), and the inset is 

the enlarged image of the sample with the mass range in 100~110 (105.1 and 150.1 mass can 

match well with DEOA and TEOA, respectively); (b) HPLC results of DEOA at intervals 

from the aqueous solution of the reactant.  
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