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Research progress in fabrication and application
of S—scheme heterojunction photocatalysts
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Abstract: In recent years, researchers have proposed a new S—scheme heterojunction photocatalyst, which has
distinct advantages in the effective separation of photogenerated electron—hole pairs, recombination of useless
electrons and holes, high separation efficiency of charge carriers, and retention of strong oxidation reduction
active sites. In this paper, the reaction mechanism and preparation method of S -scheme heterojunction
photocatalyst and the research progress of its application in water decomposition to produce hydrogen, CO,
reduction, and the degradation and sterilization of pollutants have been summarized. Finally, prospects and
challenges for the development of S—scheme photocatalytic systems are presented.
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Fig. 1 Heterojunction mechanism diagram
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Table 1 Construction method of S—scheme heterojunction
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Fig. 2 Mechanism diagram of photocatalytic

hydrogen production and oxygen production of

S—-scheme heterojunction
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Table 2 Hydrogen production over S—scheme heterojunction photocatalysts

AL NI WRS eI 2% Bl A5l e AL i 27 30k
2D/2D WOy/g-C3N,y [ ERER RS 300 W i T (A>420 nm) Pt H, 982 wmol/(h-g) [85]
S-PCN/WO,., RIERES A 300 W AT (A>420 nm) I H, 786 pwmol/(h-g) [84]
S—PCN/N-MoS, R IR 300 W )T g H, 658.5 pwmol/(h-g) [86]
2—C;3Ny/Bi,MoOs e ik 11 A 7 300 W 4] (A>420 nm) Pt H, 5.63 pmol/(h-g) [87]
NiTiO4/CoeSs—QDs SR AR 5W LED 47 (A>400 nm) J H, 21.24 pmol/(h-g) [88]
TiO./CdS L Y 22 1 350 W i T (A>420 nm) Jc H, 2 320 pmol/(h-g) [89]
Ni,P-SnNb,0¢/CdS-D TRV 79 1 300 W i k] (A>420 nm) Ni,P H, 11 992 pmol/(h-g) [90]
g-C;Ny/g-CsN, 1o R AB T Af LG (A>420 nm) Pt H,29.9 pmol/(h-g) [91]
ZnIn,S/TiO, T K B 300 W ] (A>420 nm) ¥ H, 8 774 pmol/(h-g) [92]
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Table 3 Photocatalytic CO, reduction products and corresponding potential
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W) R B HL 3 (bl S, pH=T)
Cco CO,+2H*+2e—CO+H,0 -0.53
HCHO COx+4H"+4e—HCHO+H,0 -0.48
CH;0H CCO+6H"+6e—CH;0H+H,0 -0.38
C,H, 2C0O+12H*+12e—C,H+4H,0 -0.34
C,Hg 2CO+14H'+12e —C,He+4H,0 -0.27
CH, CO+8H"+8e—CH,+2H, -0.24

K 4(b) M g-C3N/CdSe-DETA St 1k 71 if Jit
CO, W HLEEP ) 76 0] WG B, CdSe-DETA 1)
CB it TR TN EBIGNAET, HiEE5
g-CN, 9 VB |, 5 VB 28 /i & thoh,g-CsN,
VB H L gt — PO B3 CB, XA I Ha o

BT AR E, FIL, B2 T RELE ¢~CN,
1) CB v SR IE R 2130, 5 CO, FIH0 SN, ALt
CO, MR JF A e BPERY CO B, 1M Hg-CsN, 1Y CB
HL L CdSe-DETA HLA B 63X nf LS 70 FH g-CsN,
HCB 1R IE L 528 CO, 0] CO B84 .



%13 4% % 58

SR E SR R R 4 SRR AL R 64 B & Fa 5 B BT R R

73

KR IE J 5 il £ ¢—CsNW/Bi/BiVO, JGA# AL
B CO, HLEPILIE 4(c), FOLRST A 34 n I
FER AT A, 43 S @—CaNy 99K - BiVO, A& If 2%
M0 4 JE Bi oK BUREL , T 3R 10 4 B T R SR R BN
4B Bi 9K ORI G 8 T T WM RE T . 7E o-
C;N/BiVO, A THIE N, R 455 N
BiVO, i) CB [ g-C;N, 9 VB ¥ % . ok fEX A=
JC S-M G i 4 —g-CNyBi/BiVO, A R, K EH 4R
Bi QK IBORL )G AR W 3 2 56 £ 3 BiVO, 19 CB I,
SRIG T g-CsN, 19 VB B#6 8 M f2 a3F T 5 1t H o
R e RSN ,g—CN, (19 CB R 75 0, 45
L0, B P B £ -0, f1-OH B RIVEH T
WA A, MRS T, - O, 1 7= A 40 4
% W% P B 19 LBREUR S BERRIR, 16 ¢-CiN,
) CB A i FREA 20A Ji CO, A H0, 774 CO |
CH,.CH;OH I H,,

CO2

OP < CO. CHs

CB

CB
VB ‘
0> H* H* H* }

HO
(a) S-S5 B 454 5% CO, HLAL

WE4(d) il s CdS/TiO, if J5E CO, HLEE0 ) 24
TiO, Al CdS Z5& 0, BN Ef 2353 6 — 7 &,
TiO, MY RE A ¥ & 2l F o F AL ) a5 il
CdS Wfigty gk o TH I AR 1) L2, B
I, 75 CdS Z ] TiO, ¥ £ B i — > N CdS 2] TiO,
M E Y, TEOCR IRES TR, CdS A TiO, 19 VB |
PHEFH %R CB B, [FE, T IEF 5 &0
R 13, TiO, b AR B T AR B CdS 1
VB b JF 5 a0 G . fEX A B i R e )R
55 09 TiO, I/ CB E B F M AL fE 1555 1
CdS Hy VB a8 X Bl il #E 45, R IL , Ak S
NOKE & A AE TiO, 19 VB L, i R R 8 & A
CdS /) CB b, #1150 2P e B WL AS (U 2F T
LT 0 o B i L 4E R TR AR 0 AL R RE
XK T T CAS/TiO, Yt fk 71 = 5 KA ik CO, if i
SN 1 5 R BR Bl 7

( €O,CH,

e
rrrrrrrrr

€O, H,0
=== E® (CONCO) = -0.52

"7 E® (COyYCHY = -024

(b) g-C;NJ/CdSe-DETA i J5L CO, HLHE

wooow H3 LR
Se8ey. , SIeV. » Wi R .
P
E—— +E' E N—=. A o]
1 4§ : o el - —£
K it . £ E-f--4--1-E
" T+
|+ \
E, i \—E\ A N
oo
cds -| cas cds
E, £ E T i
TiO, TiO, TiO,
-CN /BV/
H,0/OH R g
* J2% fi A J2 i A s e

(¢) g-CNJ/Bi/BiVO, it i CO, LI

(d) CdS/TiO, it J5t CO, AL HR

4 S-BRRLE CO,ER
Fig. 4 CO,reduction by S—-Scheme heterojunction

K4 BETHT COy it J5 ) — 2L R S-S5 Jit
JEAEALT AR 4 TR, R 2 S—2 S G i A5
B CO, I SEHEALZEAT 4 300 W ARAT (A =420 nm),
WY — Mk CO 5 CHy, 32 H AR AR 7R) A8 3% T 1
JR AN CO, M A L R Bl 1, A (] ) A A 50
F AN AESE F A7 — € 1022 5% (e IR IR CO, I, H:
b S A — 2

43 SRR

— MR, AR R X e 1 S AR
TH A -0y - OHHI HYAE A AL RE J1 58 A 3% PR it
5 S-S A5 e AL, o T A G AR 30 1 22 1]
M FFTES S WA BOLE 808 718 25 [ L gy
BRI, Al B AT B0 Y UL E B RE ) M 1
HLTAT 0 B 20O



74 Heekkitsyh Tk 2022 4 10 A
4 ATFCO,EFEMS-BIRREXMELF
Table 4 Reduction of CO, over S—scheme heterojunction photocatalysts
i A SR WiRS G A A 2% 1 bR e S % 30k
ZnMn,0,/Zn0O T L ij 22 1 FB b vk 300 W 4T CO 3.2 pmol/(g-h) [97]
g—C;N,/CdSe-DETA Bl I K Bk 300 W i AT (A=420 nm) CO 25.87 pmol/(g-h) [94]
g—C;N,/Bi/BiVO, JEAS A R ] W% (A=420 nm) CO 1.25 pmol/(g-h) [95]
o €O 4.39 pmol/(g-h)
Ti0,/C3N4/TiCy JE A R K 300 W AT (A=420 nm) [98]
CH, 1.20 pmol/(g-h)
g—CsNy/Bi,0,,CL JE iz 2B K 300 W AT (A=420 nm) CH, 24.4 pmol/(g-h) [99]
CdS/TiO, KA B 350 W il 4T CH, 27.85 pmol/(g-h) [96]
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Fig. 5 Charge separation and transfer diagram of
g—C;N/AgBr/BPNs!""
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Table 5 Degradation of pollutants over S—scheme heterojunction photocatalysts
HEALF] eIV S Je Al 2% 1F T5 Yl 25 Al 27 3Lk
BiOCl/CuBi,0, Pk 300 W i kT MUY R % £ 90% s NO [t 40% [101]
S-PCN/WO,7 WRZE LT AL 300 W {ilkT (420 nm<A<780 nm)  PUIRE XA 80%; & I+ B [ 100% [84]
. . e DUFR R B M 99.2% ;X 11 B [ fif
BiOB/BiOAc,_Br, T vE 500 W i T (A>420 nm) [102]
99.4%
g-CsN/AgBr/BPNs EAVIRTRES 300 W kT LR B i 98% [100]
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