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Abstract: Semiconductor quantum dots ( QDs) have attracted much attention in the design and
mechanism of photocatalysts due to their precise size control, unique photoelectric properties and
abundant surface active sites. Unlike traditional semiconductor QDs that are mainly used as light ab-
sorption units, the emerging carbon dots show excellent application potential in different aspects of
photocatalysis, such as enhancing light absorption, promoting charge separation, and increasing sur-
face reaction sites. However, the small size of QDs photocatalysts also leads to serious charge recom-
bination, easy agglomeration and poor stability, which severely limits their photocatalytic perform-
ance. One of the main pathways to solve these problems is to load zero dimensional(0D) QDs on ul-
tra-thin two-dimensional (2D) nanosheets to form 0D/2D nanocomposites, which can make the QDs
better dispersed and more stable. The accelerated charge transfer promoted by 2D nanosheets can in-
hibit the recombination of photogenerated charges carriers, which can subsequently improve the ac-

tivity and stability of QDs-based photocatalysts. In this review, the construction and application of
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semiconductor QDs and carbon dots based 0D/2D heterojunction photocatalysts are systematically in-

troduced, with special attention to the discussion of the mechanism and challenges of different types

of 0D/2D heterojunction photocatalysts. Finally, future development is analyzed and prospected for

the 0D/2D heterojunction photocatalysts.
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Fig. 1  Photocatalytic H, evolution process of photocatalysts
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(a) Changes of absorption spectra of MB aqueous solution for various times in the presence of the photocatalysts. (b)

Comparison of photocatalytic activity of photocatalysts for the degradation of MB aqueous solution under visible-light irra-

diation. (c¢)Proposed photocatalytic mechanism for photocatalytic degradation and disinfection of ternary CdSe QDs/gra-

phene/TiO, composites under visible-light irradiation
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0D/2D NI AU Bzt XA B T EATEr WG T
HLAT A 5 0 B e R RES RNV T IR T Y B b
AE'™ . Yang 2@ it 7E g-CoN, 40K H B R
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g-CsN, 0D/2D 44K 5 G kL, DAk 4 43 25
LR G, g-CN, DK 78 5 1 2 L far e A A
FriidE e T, fa i, 4 ¢-CN, Mtk
H 10% I 525 W e KA A #4343 0. 35 mmol -
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EIXF 7 WS R 4Y | Zhang 4515 3 1o 5 p I o6
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g ' hT RAE TR 3.5 5, R T B
PRI OWE R, FEC RS E T ZAIS/ a-Fe, O,

Potential (V) vs. NHE

C,N,

$,0.- Zn-AglInsSs QDs

6 Zn-AgingS,/g-CiN, 4K 5 A4kt L e 4k i F
SRR

Fig. 6 Schematic illustration of the charge separation and

delocalization for photocatalysis over the Zn-Agln,Sg/

g-C;N, nanocomposites:w
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E7 ZAIS =T a-Fe,0, YK F I ZAIS/a-Fe,0,-3% B A YA B ) DMPO- « 0°~ (a) MIFE/KE T #) DMPO- -
OH(b) (9 F1 HEH 3K ESR Y63 () ZAIS/a-Fe, 0,-3% Yo HEAL il A 7 UL Hw 2 %
Fig.7 DMPO spin-trapping ESR spectra of ZAIS QDs, o-Fe, 0, nanosheets and ZAIS/a-Fe,0,-3% in methanol for DMPO- -

0°” (a) and in aqueous for DMPO- - OH(b) with and without visible light illumination. ( ¢)Schematic diagram of Z-

scheme mechanism in ZAIS/a-Fe,0,-3% for photocatalytic hydrogen production
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ISR, Qin ZEFOILE Ti,C, 9K A AT b 07
AR BAANFE GG 0D AglnS, T 5, %
KEA BHBEEMD 0D/2D E 4B LKL Z
RIS 2, T A LAINGE Ti, C, SR F R,
AT DL 2 ST AglnS, TS5 A
WiTE T Ti,C, NG, (115 52 A Y HE 450 ~ 800
nm 3 PR BT v ) DI S B DT 4 im0
TN,
3.5 BEEOD2D BRE

B SR T HA R ST DB G R,
PIR I o A R 2= RO AR R
2AVERE, AL AT s BRI, A4
(1) #%E2E SO RPOETE M | RAFrbiae
PE AT EECR S ERE SRS () T2
PRI RIAN G RO i i B & iR T B RE
IR RS FL -/ 25 HLT-RE T 5 (3) AR,
AR R WIS AU

200 - .
8  (a)CDs Ay L #5#e PL VR ; (b) AT WOEF TiO,/CDs ffiEfbpLEE "

Fig.8 (a)Upconverted PL properties of CDs. (h)Possible catalytic mechanism for TiO,/CDs under visible light
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Si0, JE A HL T/ 28 7O 0 L R s O S )
B B B AR/ AR ] (0,7 OH ) [T, P2 AR T 4R
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[Fi), i et 6 3 e i AR 22 v 7 4 25 RN N 2 1
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FH B 3 0D/2D St Ak aT LAy A 38 i mg ik
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RIPUZE R FRAT 500 T AR A4
3.5.1 ¥Rk A
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FLRENS 4 A 21 7] WG 35 F R ¢ =C M
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A AE n-m * BREE 2 WOOG 3 P Y A i
PEARIE Bk o575 AR 2 AR (A0 TiO, ) 45 A
T FE AR AR, 5 01 T DX 3 A 5 X A i 5]
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RO R, B 8 (a) R THRIEK (500 ~
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A <400 nm
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AT B S PEST

TE—SE5C 5 8 E T Bk s TE A5 AP 2D
Ak R R E I AL UURL T SRR A
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Yo TS, Dong 4511 VT4 R Ay ik o5t IS
IRAA SR HFEIIIE R A K T Fe,0,/WO0,/CDs —JT
YUK A MR, EH-TT WISOGIE R, Fe, 0,/
WO,/CDs & £ # B} W Wi 06 5% B 55 T Fe, 0,/
WO, BRIZA, Fe,0,/W0,/CDs 7E 448X B A
B2 W e 0 VA R T S P Y mem T BREE L 5
Fe,0,/ WO, AL, B 5 1Y HL R A N T 90. 21%
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Fig. 9 (a)PL spectra of the CNQDs at different excitation wavelengths. (b) Upconversion PL spectra of the CNQDs. (¢ ) Photo-

catalytic H, production mechanism over CNQDs/SNO nanocomposite under visible light irradiation®
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Fig. 10 (a)Photocatalysis process for hydrogen production'?’. (b) Separation of H, and O, molecules by a g-C,N, layer

('¢) Mechanism of hydrogen production with CDs-decorated TiO,/g-C, N, nano-heterojunctions
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Fig. 11 (a) Possible positions of CDs and Pt NPs deposited on the surface of ZIS MS. (b)Mechanism of photocatalytic H, pro-

duction from water splitting on the obtained Pt/C-ZIS photocatalyst under visible-light irradiation from water using trieth-
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Fig. 12 (a) Typical time course of H, and O, production from water under visible light irradiation. (b) Wavelength-dependent

QE(red dots) of water splitting by CDots-C;N,. (¢) QE for different concentrations of CDots (g p./ €y ) N a fixed
mass of composite catalyst. (d)QE for different catalyst loads with a constant CDots concentration of 4.8 x 10 7 (gepu

&eaty ) 10 150 mL ultrapure water! "7,
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Fig. 13 Possible photocatalytic water splitting mechanism of
Z-scheme BiVO,/CDs/CdS photocatalyst''"”’
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