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Experimental Procedures

Synthesis of CN and PABA/CN:

Synthesis of pristine CN: Typically, 5 g of melamine in a closed crucible was 

heated to 550 °C at a ramp rate of 5 °C/minute in a muffle furnace in air atmosphere. 

The system was kept at 550 °C for 4 hours. After cooling down naturally, the bulk CN 

was obtained.

Synthesis of PABA/CN: 4-aminobenzoyl groups were grafted onto CN surface by 

the thermal vapor-assisted method. Specifically, 0.05 g 4-aminobenzoic acid was 

placed at the bottom of a quartz tube, while 0.1 g pristine CN was placed in the middle 

of the tube. After closing the tube with aluminum foil, it was transferred to a tube 

furnace. Then the system was heated to 300 °C at a ramp rate of 5 °C/min in N2 

atmosphere and maintained at 300 °C for 1 hour. After cooling down, the CN modified 

with 4-aminobenzoyl groups was obtained (PABA/CN). As a control, the CN-300 

powder was obtained following the same procedures as above but without 4-

aminobenzoic acid.

Photocatalytic H2O2 production：

3 mg catalyst was dispersed in 30 mL deionized water by sonication in a quartz 

photocatalytic reactor (100 mL). Then O2 was bubbled into the system in dark 

condition for 30 minutes to achieve an adsorption-desorption equilibrium. 

Photocatalytic H2O2 production was performed under illumination of Xe lamp (CEL-

HXUV300E-T3, China Education Au-light) coupled with the 350-780 nm filter at the 

power intensity of 2-SUN. O2 was continuously bubbled into the system while the 

temperature was kept at 25 ± 0.5 °C using a water-cooling system. H2O2 productions 

at different wavelengths were performed following the same procedures but with 

specific 400, 420, 450, 475, and 500 nm filters.

The concentration of H2O2 was determined using the horseradish peroxidase/ 

3,3',5,5'-tetramethylbenzidine (HRP/TMB) colorimetric method with a UV-vis 

spectrophotometer. Typically, 0.2 mL of the reaction solution was mixed with 1 mL of 

solution which contains acetate buffer (0.1 M, pH 3.5), TMB (100 µmol/L), and HRP 



(50 µg/mL). The mixture was left in the dark for 5 minutes. Then the colorless TMB 

reacts with H2O2 in the presence of HRP to form the blue TMB-Ox product. The 

concentration of H2O2 was determined according to the UV-vis absorbance of TMB-Ox 

at 652 nm calibrated by the standard H2O2 concentration-absorbance plot.

H2O2 decomposition and formation constants test:

Due to the simultaneous formation and self-decomposition of H2O2 during the 

photocatalytic process, the H2O2 decomposition and formation constants are acquired 

following the below widely used equation1: [H2O2] = (Kf /Kd) {1- exp(-Kd t)} where 

[H2O2], Kf, and Kd represent the concentration of H2O2, formation constant and 

decomposition constant, respectively.

Electrochemical measurements:

Rotating ring-disk electrode (RRDE) measurements were conducted by a 

standard three electrodes connected to the potentiostat (CHI 760E). An Ag/AgCl 

electrode and Pt foil (1 cm × 1 cm) were used as reference electrode and counter 

electrode, respectively. To prepare the working electrode, 1 mg of catalysts and 20 µL 

Nafion were dispersed in 1.98 mL ethanol solution to form 2 mL homogeneous 

solution. Then 10 µL of the above suspension was evenly dropped onto a clean glassy 

carbon electrode, and was dried before use. The LSV curves were recorded in O2-

saturated 0.1 M phosphate buffer solution (pH = 6.9) with the scan rate of 5 mV/s at 

different rotating speeds of 400, 800, 1200 and 1600 rpm. The electron transfer 

number (n) of ORR for H2O2 production was obtained by two methods. (i) Electron 

transfer number and selectivity of H2O2 production could be obtained from the 

relation between disk current and ring current (mA). Specifically, they can be 

calculated from the below equation:

n = 4×(Id∙N)/(Id∙N+Ir)

H2O2% = 200 × Ir/(N Id+Ir)

where Id is the disk current, Ir is the ring current and N is the collection efficiency. The 

collection efficiency “N” was experimentally determined to be 0.36 by a standard 

ferricyanide system.

(ii) Electron transfer number was also obtained by the Koutecky-Levich (K-L) 



equation based on LSV curves at different rotating speeds: j-1 = jk-1 + B-1 ω-1/2, B = 

0.2nFCoDo
2/3ν-1/6. Herein, j represents current density (mA/cm2); jk is the kinetic 

current density and ω means the angular velocity (rad/s); F is Faraday constant (96485 

C/mol); the ν expresses dynamic viscosity of H2O (0.01 cm2/s); C0 is the concentration 

of O2 in water (1.1×10-3 mol/cm3) and D0 represents diffusion coefficient of O2 

(1.93×10-5 cm2/s), respectively.

The transient photocurrents, Mott-Schottky plots, electrochemical impedance 

spectra (EIS) were tested using the same three-electrode potentiostat system (CHI 

760E) but in 0.5 M Na2SO4 solution. For these tests, the working electrode was 

prepared by drop-casting the catalyst ink (5 mg catalyst in mixture of 0.98 mL ethanol 

and 20 μL Nafion) onto FTO surface. It was dried before use.

Material characterizations:

The morphologies of the materials were examined by scanning electron 

microscopy (SEM, Tescan Clara) and transmission electron microscopy (TEM, 

JEM2100). The X ray diffractometer (XRD) patterns were collected on a Bruker D8 

Advance diffractometer (Cu Kα X-ray radiation, λ = 1.54 Å) at room temperature. The 

chemical compositions of the catalyst were studied by Fourier transform infrared 

(FTIR, Nicolet 6700) and X-ray photoelectron spectroscopy (XPS, Thermo-VV Sciential) 

and 13C solid-state nuclear magnetic resonance (NMR, Bruker 400M). UV-vis diffuse 

reflectance spectra were collected on a Shimadzu UV-Vis-NIR spectrophotometer (UV-

2600i). Photoluminescence (PL) spectra were recorded using a steady-state transient 

fluorescence spectrometer (FLS980). Moreover, the electron paramagnetic resonance 

(EPR) signals were recorded on Bruker A300 spectrometer. The Brunauer-Emmett-

Teller (BET) method was used to obtain the specific surface areas of samples and pore-

size distribution. 



Figure S1. FTIR of CN and PABA/CN.

Figure S2. (a) XPS survey spectra, (b) O1s XPS spectra, and (c) Atomic ratios of CN and 

PABA/CN.

Figure S3. (a) SEM and (b) TEM image of CN.



Figure S4. (a) XRD patterns of pristine CN and PABA/CN. (b) XRD patterns of CN after 

thermal treatment at 300 ℃.

Figure S5. Mott-Schottky plots of (a) CN and (b) PABA/CN.

Figure S6. Bandgap diagram of CN and PABA/CN.



Figure S7. (a) UV-vis absorbance spectra of TMB-Ox after reaction with H2O2 of 

different concentrations and (b) corresponding linear relationship (standard plot) 

between the absorbance at 652 nm and H2O2 concentration.

Figure S8. Time-dependent UV-vis absorption spectra for H2O2 production when using 

(a) CN and (b) PABA/CN as photocatalyst.

Figure S9. FITR spectra of PABA/CN before and after cycling tests.



Figure S10. XPS spectra of PABA/CN before and after cycling tests.

Figure S11. H2O2 production by PABA/CN under illumination with different 

wavelengths.



Figure S12. The LSV curves obtained at different rotating speeds. (a) CN, (b) PABA/CN.

Figure S13. The Koutecky-Levich plots for CN and PABA/CN obtained from the LSV 

curves at different potentials.

Table S1. Representative photocatalytic H2O2 production performances for CN-based 

photocatalysts.

Photocatalysts Sacrificial Agent H2O2 (µmol g-1 h-1) Ref.

Nv-C≡N-CN Pure water 323 2

PEI/g-C3N4 Pure water 208.1 3

Co/AQ/C3N4 Pure water 124 4

g-C3N4-ND4-OM3 Pure water 146.96 5

Ag@U-g-C3N4 Pure water 70 6

CN/rGO@BPQDs Pure water 60.6 7

CN(urea) Pure water 144.4 8

Sb/PCN(10.9 wt.%) Pure water 182.4 9

GCN pure water 507.82 10



fl-CN-530 Pure water 952 11

CN/rGO@BPQDs-0.04 Pure water 60.6 12

2063.21
(Triphase system)

Cv-PCN Pure water
363.12

(Diphase system)

13

ZnPPc-NBCN 10 vol% IPA 114 14

KCl@g-C3N4 10 vol% EtOH 202 15

ACNN 10 vol% EtOH 204 16

CAN-10 10 vol% IPA 174 17

Ti3C2/g-C3N4 10 vol% IPA 131.71 18

CDs10MCN 10 vol% IPA 423.17 19

Ultra-thin g-C3N4 10 vol% EtOH 43 20

CN-MCA-U-2.5 10 vol% EtOH 377.06 21

6BP/CN 10 vol% IPA 501.4 22

BU-3 10 vol% IPA 72.3 23

C3N4-Urea 10 vol% EtOH 4900 24

P- C3N4/O- C3N4 10 vol% EtOH 179 25

6%BP/OPCN 10 vol% IPA 3463 26

DCN 10 vol% IPA 665.4 27

50PCN 10 vol% EtOH 285.3 28

CN-Ar 30 vol% MeOH 5775 29

Ni/PCN(0.52 wt.%) 10 vol% IPA 27110 30

AQ-CNx 10 vol% IPA 1821 31

Pure water 745.0
PABA/CN

5 vol% EtOH 2360
This work
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