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H,PO, Protonation-modified g-C,N, and
Its Photocatalytic H,O, Production Properties

ZHENG Na, NIE Lijun, GAO Yuhang, XUE Kunkun, HAN Xiaobei,
MA Yueyu, REN Lirong, SU Wangchao, SHI Jianhui®
(College of Environmental Science and Engineering , Taiyuan University of Technology , Taiyuan 030024, China)

Abstract In this study, bulk graphite phase carbon nitride g-C,;N,(BCN) was prepared by using melamine as the
precursor, BCN was hydrothermally treated with different concentrations of H,PO,, to prepare protonated modified
g-C,N,(PBCN,), and then PBCN, was purified by DMSO solvent to obtain the corresponding PBCN -D sample. The
structural morphology of the sample was characterized by X-ray diffraction (XRD) , Fourier transform infrared
spectroscopy (FTIR) , transmission electron microscope (TEM) , and X-ray photoelectron spectroscopy (XPS). The
results prove that PBCN -D not only retains the original structure of g-C;N,, but also has a thin layer structure, larger
surface area and more amino defects, and these properties enhance its photocatalytic activity. The analysis of
transient photocurrent (TPC) , electrochemical impedance (EIS) , photoluminescence spectrum (PL) and UV-visible
diffuse reflection spectrum (UV-Vis DRS) show that the electron-hole recombination of PBCN -D is significantly
reduced. It is worth noting that BCN forms poorly photoresponsive melem molecules during the protonation process.

After purification with DMSO solvent, the photoelectrochemical properties of PBCN -D are further improved. In the
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experiment of photocatalytic production of H,0,, PBCN,-D shows the best photocatalytic activity, with a H,0, yield
of 0.502 mmol/L after 5 h of light irradiation, which is 7.17 times than that of the initial BCN.

Keywords Protonated g-C,N,; Melem; Visible light; Photocatalytic production of hydrogen peroxide
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Fig. 1 XRD patterns of BCN, PBCN,(x=1, 5, 10, 15)(A) and BCN, PBCN,, and PBCN,-D(B)
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Fig.2 FTIR spectra of BCN, PBCN,(x=1, 5, 10, 15)(A) and BCN and PBCN_-D(x=1, 5, 10, 15)(B)
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Fig.3 C,(A), N,(B) and survey(C) XPS spectra of BCN, PBCN,, and PBCN,,-D
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Fig. 4 TEM images of BCN(A), PBCN,,(B) and PBCN,,-D(C)
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Fig. 5 N, adsorption-desorption curves(A) and pore size distributions(B) of the BCN, PBCN,, and PBCN,-D
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Fig. 6 Transient photocurrent curves(A) and electrochemical impedance spectra(B) of BCN, PBCN_
and PBCN,-D(x=1, 5, 10, 15)
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Fig. 8 H,O, performances of BCN, PBCN, (x=1, 5, 10, 15)(A) and BCN and PBCN_-D(x=1, 5, 10, 15)(B)
in visible light
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Table 1 Comparison for H,0, production with other photocatalysts

Photocatalyst Condition Solvent system H,0, production/(pmol+h™+g™")  Ref.
PBCN,-D 300 W xenon lamp, A>420 nm, air Ethanol/HZO( 1:4, volume ratio) 1008 This work
SPCN 300 W white-light light, A>420 nm, air Isopropanol/H,0(1:9, volume ratio) 323.6 [47]
g-C;N,/In,S; 300 W xenon lamp, A>420 nm, air Water 92 [48]
KDCN-0.2 300 W xenon lamp, A>420 nm, air Isopropanol/H,0(1:9, volume ratio) 278.9 [49]
NB-400 300 W xenon lamp, A>420 nm, air Isopropanol/H,0(1:9, volume ratio) 455 [50]
NDCN 300 W xenon lamp, A >420 nm, O, Isopropanol/HZO( 1:9, volume ratio) 476 [51]
SCN5 300 W xenon lamp, A>420 nm, air Isopropanol/HZO( 1:10, volume ratio) 703.4 [52]
CNK,, 300 W xenon lamp, A >420 nm, O, Melhanol/HZO( 1:19, volume ratio) 1010 [53]
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Fig. 9 UV-Vis diffuse reflectance spectra(UV-Vis DRS) of BCN, PBCN, and PBCN,-D(A), Tauc band
gap maps of PBCN_(B) and PBCN_-D(C)
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Fig. 11 Mott-Schottky curves of BCN(A), PBCN,,(B) and PBCN,,-D(C)
C: interfacial capacitance.
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AN 12 s . Fig. 12 Band structure diagram of BCN and PBCN,-D

2.5 SEERFH,0,HIE

B 13 (A) 25 1 T PBCN,o-D (19 5 0 3 PR B4l K S5 56 1 45 3 . BRI R (0. 2 mmol/L) | 5 P B
(IPA, 0.5 mmol/L) | fi§EZH (AgNO,, 0.5 mmol/L) FIH R #7 (0. 5 mmol/L) 43751l 4% FH R A 4568 4 H Hh 3
('0;) . BILAMILCON) , T (e)MZ I (ht). ZEH R R, 245 PR A R B W 8 0 2 12 g A 2 op
B, HL0, A R B TLT- A A8 Ak, 2B OH A2 A 5 HLO, 1 FEZLE IR . 78 AgNOAAAE T, H,0,11
WeRE SUR NI, RUDEAR T RAEMH0,MEES5E . MINABURIMERE, H,0, 145 5t p B & 5
il AT A —E R HL0,, X B SEIER 0524 i 1,0, i B b fa) b . ok, 051 A H,0, 4 it 7
oA [ R L EPR AR, 3 AR AR A R A& 13 (B) o, TERRWE ST, SOVAKR R AW
LR EPR A5 . AEBIUBH G B 10 min )5, H3EE T BH B 1 DMPO-"0, F#AEIE, H3R 70,2 H,0, i
AR B R R TRIAC . R AR SE IS AT EPR 45 58 AT LATER , HL0, i A2 BUBR AR 2% S i P A0 L -
i (e7+0,—'0,~H,0,) , [RIWAFFE— 2D P HL S #4% (2e7+0,—H,0,).

FETFLL ST, B 144281 T PBCN,-D Y6t fb ™ H,0, AT REAYALEE . 24 A>420 nm (G IRES & & 4
TN, Bk 2 GO AR AE 25 X0 4 8, Bl SCA B B BRI B 3, 28 R ARl

Chem. J. Chinese Universities, 2025, 46(4), 20240485 20240485(8/11)



Jd B3 s Ky %R
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

0.6-(A) B) ——Light on

& ——Dark
0.502 0.500
05 o

0.4

03 0.258
02}

0.1F

Concentration of H,O»/(mmol-L")

1
c d e 275416 277008 278600 280192 281784

Magnetic field/(A-m™")
Fig. 13 Effect of capture agent on H,0O, performance of PBCN,,-D in visible light(A) and EPR
spectra of DMPO-'0; on PBCN,,-D photocatalysts under visible light(B)
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Fig. 14 Mechanism diagram of photocatalytic H,O, production under visible light of PBCN,-D
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