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Characterizations

The crystal structure of the prepared samples was recorded by X-ray diffraction (XRD, 

Bruker D8 Advanced diffractometer, CuKα radiation) and Fourier transform infrared 

(FTIR, PerkinElmer spectrometer) spectroscopy. The chemical state and elemental 

composition were investigated by X-ray photoelectron spectroscopy (XPS, Thermo 

Scientific ESCALAB 250) and elemental analysis (VARIO EL CUBE microanalyzer). 

The morphology and microstructure were collected by JEM-2100 F transmission 

electron microscopy (TEM) and Hitachi SU 8220 scanning electron microscopy 

(SEM). The ultraviolet-visible diffuse reflectance spectra (UV-vis DRS) were 

measured using a UV-3600 plus UV-vis-NIR spectrophotometer with BaSO4 as the 

reference. Solid-state 13C and 11B nuclear magnetic resonance (NMR) was recorded by 

a JEOL 600M spectrometer. The BET specific surface area and N2 adsorption-

desorption isotherms were collected by Micromeritics TriStar II 3020. Electron 

paramagnetic resonance (EPR) singles of spin-trapped paramagnetic species with 5,5-

dimethyl-1-pyrroline N-oxide (DMPO, methanol solution) and 2,2,6,6-

tetramethylpiperidin-4-amine (TEMP, methanol solution) were performed on Bruker 

ELEXSYS E500 spectrometer. The oxygen temperature programmed desorption (O2-

TPD) was measured on a TP-5060. The photoluminescence (PL) spectra were obtained 

at room temperature by a fluorescence spectrophotometer (FLS-980). Moreover, 

electrochemical measurement was performed using a three-electrode quartz cell on a 

CHI 660 C electrochemical workstation (Shanghai Chenhua, China). 



Photoelectrochemical property

The photocurrent was measured on a CHI 660C electrochemical workstation 

(Shanghai, China) using a conventional three-electrode cell, a Pt plate and an Ag/AgCl 

electrode as counter electrode and reference electrode, respectively. Na2SO4 (0.5 

mol/L) was used as the electrolyte solution. The working electrode was prepared 

according to the following process; FTO glass substrate was cleaned by sonication 

successively with distilled water, acetone and ethanol for 60 min. Meanwhile, 0.10 g of 

ethocel (EC) was dissolved in 25 mL of ethanol by ultrasonic dispersion. Then, 5 mg 

of sample (MCN, MCN-200B, MCN-LiK and MCN-xB-LiK) was ultrasonically 

dispersed in the aforementioned ethanol of 0.5 mL with EC solution. The resulting 

dispersion was applied dropwise onto the FTO substrate. The electrodes were sealed 

with epoxy resin except for the 1 cm2 sample area used for photoexcitation experiment. 

The sample electrodes were dried in air before test. The Electrochemical impedance 

spectroscopy (EIS) was tested at a bias voltage of 0.2 V vs Ag/ AgCl with an AC voltage 

of 5 mV in the dark. The frequency range were set between 1 × 10-2 and 1 × 105 Hz. 

The photocurrent was operated using a 300 W Xe lamp (PLS-FX300HU, Beijing 

Perfectlight Technology Co. Ltd., China) equipped with a 420 nm cutoff filter.

Rotating disk electrode (RDE) measurements were also investigated by Chenhua 

CHI 760E electrochemical workstation with standard three electrodes. Similarly, the Pt 

wire and Ag/AgCl electrode were used as counter electrode and reference electrode, 

respectively. The preparation process of working electrode is as follows: 5 mg of as-

prepared catalysts were evenly dispersed into 1 mL ethanol solution containing 10 vol% 



Nafion. After that, 10 μL of above suspension was evenly dropped onto a clean glassy 

carbon electrode and used for testing after the sample drying naturally. The linear sweep 

voltammetry (LSV) was detected in 0.1 M phosphate buffer solution (pH= 7, O2-

saturated) with the scan rate of 10 mV/s. Simultaneously, the rotating speed of the 

working electrode was 400, 800, 1200, 1600 and 2000 rpm, respectively. And the 

transfer electron number (n) of O2 reduction was calculated by the slopes of Koutecky-

Levich plots with the following equation (1) and (2):

j-1=jk-1+B-1ω-1/2       (1)

B=0.2nFC0D0
2/3V-1/6   (2)

Here, j means current density (mA/cm2); jk expresses the kinetic current density; ω is 

the angular velocity (rpm); F means Faraday constant (96485 C/mol); C0 and D0 are 

bulk concentration of O2 (1.1×10-3 mol/cm3) and diffusion coefficient of O2 (1.1×10-5 

cm2/s), respectively. In addition, the v is dynamic viscosity of H2O (0.01cm2/s).



Computational details: 

All calculations were performed using the plane-wave periodic DFT method in the 

Vienne ab initio simulation package (VASP) [1, 2]. The electron energies used the 

generalized gradient approximation in the Perdew-Burke-Ernzerhof (GGA-PBE) [3]. 

The projector augmented wave (PAW) method is used to describe the electron-ion 

interaction [4]. The cutoff energy was set as 400 eV to ensure the accurate energies. 

The Gaussian electron smearing method is used by σ = 0.05 eV. The vacuum layer was 

set as 15 Å to avoid interactions with other slabs [5]. T. A 3×3×1 Monkhorst-Pack k-

point grid was used for sampling the Brillouin zone. The geometry optimization was 

done when the energy difference was lower than 10-5 eV and the convergence criterion 

on forces smaller than 0.05 eV/Å. The long-range van der Waals interactions were 

considered through the DFT‐D3 scheme.



Photocatalytic hydrogen evolution (PHE)

In a typical PHE process, 50 mg of the catalyst was dispersed in 100 mL of solution 

containing 5 mL of H2PtCl6•6H2O (3 wt% of Pt), 10 mL of TEOA and 85 mL of DI 

water in a Pyrex top-irradiation reaction vessel. The photocatalytic test was performed 

in an automatic reaction system (Labsolar-6A, Beijing Perfectlight) equipped with a 

gas chromatograph (Fuli GC9790SD). After degassing for 30 min to exclude air, the 

solution was exposed to a 300 W Xe lamp (PLS-SXE300D, λ ≥ 420 nm) to perform the 

PHE reaction.



Figure S1. X-ray photoelectron spectra of the samples MCN, MCN-LiK and MCN-200B-LiK: (a) 
survey, (b) K 2p and (c) Li 1s;



Figure S2. N2 adsorption/desorption isotherms of MCN, MCN-200B, MCN-LiK and MCN-xB-LiK.



Figure S3. SEM images of the as-prepared (a) MCN and (b) MCN-200B.



Figure S4. XRD patterns of MCN-200B-LiK after photocatalytic H2O2 evolution.



Fi

gure S5. Comparison of wavelength-dependent AQY values for photocatalytic H₂O₂ production 
with those reported for PCN systems.

[6-13], as referred to as Ref. S1-S8.



Figure S6. LSV curves of (a) MCN, (b) MCN-LiK and (c) MCN-200B-LiK measured on RDE at 
different rotating speeds; (d) Koutecky-Levich plots of MCN, MCN-LiK and MCN-200B-LiK.



Table S1. Summary of photocatalytic H₂O₂ production rates and their corresponding test conditions 
for previously reported PCN-based materials under visible light irradiation.

Catalysts Catalyst/ 
solution

Sacrificial agent Light 
source

H2O2 yield
(µM·L-1·h-1) 

·103

Ref.

MCN-200B-LiK 50mg/50ml 10% isopropanol λ ≥ 420 nm 2.42 This
work

CN-B-NV 30mg/30ml 3% isopropanol λ ≥ 420 nm 0.18 [14]

Leaf-vein-like 
CN

50mg/100ml 10% isopropanol λ ≥ 420 nm 0.28
[6]

CN-NaSCN0.5
100mg/100
ml

10% ethanol 320nm< λ <
780 nm

0.11
[15]

O−CNC4
50mg/50ml 10% isopropanol AM 1.5G 2.0

[16]

KOH doped g- 
C3N4

25mg/50ml 10% isopropanol / 0.02
[17]

KTTCN 30mg/30ml 0.5% isopropanol λ ≥ 420 nm 1.20
[18]

P-doped g-C3N4
10mg/15ml / 420nm< λ <

700 nm
0.19

[19]

(K, P, O) doped 
g-C3N4

20mg/40ml 10% ethanol λ ≥ 420 nm 0.25
[20]

KPCN-x 50mg/100ml 10% isopropanol 320nm< λ <
780 nm

0.28
[21]

Nv-CN-CN 20 mg/20 ml 10% isopropanol λ ≥ 420 nm 3.10
[13]

NaB-CN 100 mg/100 
ml

1% ethanol λ > 400 nm 0.66
[22]
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