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Recent Progress in Photocatalysis of g-C3N,4

CHU Zeng-Yong, YUAN Bo, YAN Ting-Nan

(College of Science, National University of Defense Technology, Changsha 410073, China)

Abstract: Based on photocatalysts, solar energy can be converted into the energy that human can directly utilize, so
as to solve the problems such as the depletion of the Earth’s resources and the deterioration of living environments.
The unique structure of g-C;Ny gives it good photocatalytic performance. Its development and utilization have been a
research hotspot recently. Generally, g-C;N, can be used in the degradation of pollutions, hydrolysis to generate hy-
drogen and oxygen, organic synthesis and oxygen reduction. However, in practical, its performance is not satisfactory.
Researchers have tried many new methods to improve its photocatalysis, which include physical coupling modification,
chemical bonding modification and microstructural modification. The review summarizes its photocatalysis and im-
proving methods, briefly illustrates the catalysis mechanism, and presents detailed discussions and analysis on the ex-
isting problems as well as potential applications.
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Table 1 Improvement of photocatalytic performance of g-C3sN4 physically coupled with other materials
Photocatalytic performance photocatalytic performance
Photocatalyt Application of pure g-C5N, 1/ of modified g-C3N, ™/ Reference
(min™ or pmol-g-h™") (min™ or ymol-g-h™")
Fe,0;3/g-C3Ny Degradation of MO 0.0030 0.0163 [27]
AgX/g-C3Ny(X=Br, I) Degradation of MO 0.0006 8(1)322 i)]] [70]
ZnO/g-C3Ny Degradation of RhB 0.0078 0.0239 [28]
SmVO,/g-C3N, Degradation of RhB 0.0143 0.0338 [72]
GdVO,/g-C3N, Degradation of RhB 0.0142 0.0434 [80]
DyVO,/g-C3Ny Degradation of RhB 0.0142 0.0365 [81]
Formate anion/g-C;Ny4 Reduction of Cr(VI) 0.0010 0.0033 [37]
MoS,/g-C3Ny Hydrogen generation by hydrolysis 0.15 23.10 [41]
CdS QDs/g-C3Ny Hydrogen generation by hydrolysis 38 4494 [40]
Gr/g-C3N, Hydrogen generation by hydrolysis 147 451 [74]
P3HT/g-C5Ny Hydrogen generation by hydrolysis 1.8 555.0 [76]
TiO,/g-C3Ny Degradation of phenol 0.022 0.053 [30]
Degradation of MB 0.0054 0.0338
2-C3N,/rGO/MoS, . [82]
Reduction of Cr(VI) 0.0028 0.0157
Degradation of RhB 0.0041 0.0156
GO/g-C3N,4 . [32]
Degradation of 2,4-DCP 0.0037 0.0077

[a] min" for degradation of pollution, pmol-g'-h™" for hydrogen generation by hydrolysis; [b] degradation rate of MO by utilizing AgBr/g-CsNy; [c]

degradation rate of MO by utilizing Agl/g-C;N,4
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Fig. 3 Separation of electrons and holes of g-C;N,4 physically coupled with other materials
(a) Convection-type charge transfer®® **! (such as TiO,, CdS); (b) Advection-type charge transfer?” ™! (such as Fe;O,, graphene); (c) Z-type charge

transfer

BESEORLUBB L YY1 g-CaNy X 1T WG 1
Wi, SefEfne I B & . BREWmAL
AL T A7) — SRR (AR A, Bl g-CsNy 5
Fe;0,1°7), BipsFeOu "V & J5 HATRENE, Tl T e fi
AT R H
22 EBZMIE

255 % U PE RE S AR 4 b AU @-Cs Ny IF) HE 14
F, T PERE . HRT, 3SR T Zepplis 8385
FZ (o S, plosl pISSl | Rl HEAT 5 Ak
I G g-C3Ny ¥ AEH o i, Afbik
JEUT o B e PERERR E (E 4. % 2). S,
P. B. F Z0R 15 C. N JRFIHEATEARR, &
I I N AR5 [ H - AE 3N I 4 AN 5, 3

[35,71]

HUE TG (AR BN SE R g-CsN, FRDGfiEAL
PERE(UIR 2). RBITCHEMGIANE G FEAK B 24
AR, XL DR S E A e, A
AR T MERE I, 0 Dong PR T
C I HBART g-CaNy SR 52, KIS 44
(f) C BUR T g-CsNy Mg AN, § KT
HLF IR B Bya [, B T R, FRAIC T AT BR, Ot
AR 2] T3 .
2.3 WUMLEHIEEE

FEILA 1 g-CaN ORI R, #0075 A5
SIECEEE I IR B AR 78 0 i, 3 R 2
WA VEH T HAr4, BTLL g-C3Ny 1 Lh R i AR
WMMES R T HOGREERE. R, g-CsNy 6



- R, S g-CoNy R HEALTE BE OB FE i 789
NH e Mg o NH
YO Oy U Ej/ Ja
S i
S - CN I X CN
145 38 62 86 109
NH, ! '
S _NH, -y  NH, J S
> \ L Ja\ \_ % I L o *v" ~CN
D=~ ~~" ~OH D=/ """ NH, '
NC HO
5 5 50 2 i
NH, T
/\X | NN NN NN
|
\;/ Z N7 NCN 7N NNH, SN ONH
H,N i | ,
6 20 25 NC “ 1o
NH, .
( N HN.  _CN
X\‘/ ~CN J‘\
S oY HN CN
77 108 58

Bl 4 BIAARENFZLERAS g-CaNy 7K it il ek 2 (1 5% g )

Fig. 4 Influence of different heterocycles introduced into g-C3N, on the rate of hydrogen production

[83]

Every figure (umol/h) below heterocycles means the rate of hydrogen production and the rate of hydrogen production of unmodified g-C;N, is
18 umol/h
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Table 2 Influence of chemical binding modification on photocatalytic performance of g-CsN,
Introduced Photocatalytic performance  Photocatalytic performance
CI;;IO ol;ceent Application of unmodified g-C;N, of modified g-CsN,*/ Reference
P /(umol-h™', min™ or %) (umol-h, min™ or %)
PMDA o Hydrogen generation by hydrolysis 7.0 20.6
Hj‘l{a Oxygen generation by hydrolysis 0.8 7.7 [44]
02[ -Q; Degradation of MO 0.0050 0.0557
ABN
‘ cN 18 1471
Ej Hydrogen generation by hydrolysis [83]
127 2291
Mﬂﬂw
BA
O A 14821 253.119
'[I Hydrogen generation by hydrolysis [84]
o
T 6.5 29,41
o
B,F Oxidation of cyclohexane 1.6 5.3M [91]
F Hydrogen generation by hydrolysis 4.9 13.0 87]
Oxidation of benzene 0.0001 0.0021
201 160
S Hydrogen generation by hydrolysis Lole! 25le] [29]
B Degradation of RhB 0.055 0.199 [86]
Degradation of RhB 0.0081 0.0362
C Reduction of Cr(VI) 0.0010 0.0017 [90]
Hydrogen generation by hydrolysis 17.8 253

[a]: umol/h for hydrogen and oxygen generation by hydrolysis, min™ for degradation of pollution, % for oxidation of cyclohexane; [b]: ABN was
introduced into bulk g-C;Ny; [c]: ABN was introduced into mg-C;Ny; [d]: The catalytic system was irradiated in light of A>300 nm; [e]: The catalytic
system was irradiated in light of A>420 nm; [f]: The Conversion rate of cyclohexane
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Table 3 Influence of microstructure on the photocatalytic performance of g-C3N,
Photocatalytic performance  Photocatalytic performance
Microstructure Application of bulk g—C3N4[a] of modified g-C3N4[a]/ Reference
/(umol-h™', min™ or %) (umol-h™', min™ or %)
Porous structure Degradation of RhB 0.014 0.131 [94]
Porous structure Oxidation of toluene 2410 >99t] [47]
Porous structure  Friedel-Crafts reaction of benzene o 90! [53]
Nanosheet Degradation of RhB 0.0012 0.0163 [20]
Nanorod Hydrogen generat?on by hydrolysfs 28 84 23]
Hydrogen generation by hydrolysis 3.9 7
_ 0.0017'4 0.00254
Nanorod Degradation of MB [97]
0.0021' 0.0029'*
4 _ 31.01" 169.711
Nanosheet Hydrogen generation by hydrolysis 1071 3188 [51]
Nanosheet Hydrogen generation by hydrolysis 10.4 93.1 [39]

[a]: umol/h for hydrogen generation by hydrolysis, min™ for degradation of pollution, % for oxidation of toluene and Friedel-Crafts reaction of ben-
zene; [b]: Formaldehyde content in production; [c]: The conversion rate of benzene; [d]: The catalytic system was irradiated in light of A>420 nm; [e]:
The catalytic system was irradiated in light of A>290 nm; [f]: The catalytic system was irradiated in ultraviolet light; [g]: The catalytic system was
irradiated in visible light
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Fig. 5 Different microstructures of g-C;Ny
(a) Porous structure *; (b) Nanoparticle®; (c) Nanorod®’’; (d) Nanosheet'>"!
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