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ABSTRACT Semiconductor CdS fluorescent quantum dots (QDs) have been widely studied for their excellent
optical and electrical properties. There are many mature preparation methods of CdS QDs have been developed.

Among these, the ionizing radiation preparation method is generally easy to implement under normal temperature
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and pressure, it is also safe and effective, and environmentally friendly. The associated ionizing radiation preparation

methods for CdS QDs, such as y-ray radiation preparation and electron beam radiation preparation, are reviewed to

provide a reference for the preparation of other fluorescent QDs. The applications of CdS QDs in the fields of

photocatalysts, biomedicine, and solar cells, in addition to applications in the field of analysis, are reviewed. In light

of the current research status of CdS QDs, the application prospects and development directions of CdS QDs are

discussed.

KEYWORDS Semiconductor, CdS, Quantum dots, lonizing radiation preparation, Review
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CdS & 7 A @ T I-VI M kL, AN
242eV, &—MHBR Y SARTHL R A, CdS=
TR R A 2~10 nm. o T HRRR 6 27 A
MR, fERPHAE M. SRR . e, &
MG GORES . TR, BiwEEAZ

YE I ESIR B AT MM AT Y. RT A
#44 CdS %t E T A (Quantum dots, QDs), £l
FAMGL T REWIRER, VT2 B % 5 1%t 42
BRI TAEEATRIL, anAmmid B i maak
IKFGE B B L - R T LR
EEL R EARGE YA, R 1FIZE T CdS QDs I
JURh i) £ 712 S AN R R FH 45185

K1 CdS QDs Ky U2 T kAR
Table 1 Several preparation methods and applications of CdS QDS

il #0512 (N S 454k SCHR
Preparation Advantages Application field Ref.
methods
A=W ZeUt LR R AT LE VIR A AR U AR YT 4 (3]
Biogenic Affordable, efficient, environment friendly, Cell imaging, antibacterial,
method good biocompatible cancer cell therapy, etc
IS FOT Gl DR R R PO R T 3 JEHEAL , 73 HTAS I , KB BE HL B AE (4]
Solvothermal Easy to adjust the size, excellent optical properties, Photocatalysis, analysis and detection,
method high fluorescence quantum yield solar cell, etc
KA BT 8. B4 0 R PRI JSORM R IS AR R % (5]
Hydrothermal Easy operation, simple equipment, mild conditions, Cell imaging, tumor cell marker, etc
reaction low raw material price, low toxicity
Rt % AV, T ) 4% K FHAE L B A, K R 2455 [6]
Template Strong flexibility and controllable preparation Solar cells, transistors, nanomedicine, etc
method
T i JRAAR R » 1) 2 25 A fiT B0, 70 23 B B LT JGHEAL , AP BE HLIR A [7]
Sol gel method ~ Low cost, simple preparation conditions and Photocatalysis, solar cells, etc

good dispersion of the product
WABE PR R B AT T, B e A I HT RN 45 (8]
Micro-emulsion  Controllable adjustment of product size, Analysis and detection, etc
method higher yield
R P B SATIRAT AR, 15 5 2 AR JEHEAL, SO SE [9~
Ultrasonic Mild conditions, low temperature, Photocatalysis, fluorescence imaging, etc 1]
synthesis simple and easy to operate

FE RIR 25 J5 ik, WG IRGE K I R
# CdS QDs i ¥ 7%, LA R IR R H
B S o 2 T VA T L RE R A T A v . TR AT
REX 98 HLTIHRARVERELF . #RIEf . A%
S EMETGRES, RN TS &S T
MEL MKGEERE. f8. SRALY. E6i

BEAEJmai Y o s iESE (TR (EB)
oy SFERAR ) AR = IR K T %o A CdS
QDs [ —FEZJ5E, RA M FEIGTH. KHE.
PRIE 5 4T SE AL e AR CdS QDs [ HL B
R S 1) 8 1 e L L HEAT 2R3
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a5 e
S

Photo
catalyst

e

Applications of
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" <o) o ] " =

E1 CdS QDs fH3H
Fig. 1 Diverse applications of CdS QDs
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061202-5



B IRAE: AR CAS B R T i A R R AR 4 S ELT T

58 MgF, 05 2 IR R LE oK T 5
BRCR R T L 47%, FE Rl T IE R A7
e R K K BR e FL R T B IR -

24 SETAINSGU

CdS QDs K H A FEFR I C BRI, dnai (1) 5%
TR S I KRR S 3E SRR, A AR RO U
YGUIRAF R IZ R . BT RO RS AA EW
1 i R A U I =Bvivke = G0 S w7 = A e
M RIEERBE GG, EELMT NE T
S FRVEAN . BRI BRI . KR LE K
JRASI R, CdS QDs & A 9 M IRERE i SN %
ol 8 42 J 5 1 R G AR AL ) R B B, BV Zhou S B
VT T — F AU 2 ' PR G WA = S B X 7K 3R
erp Cd PG B A, Cd I In N ZnSe QDs
IR AL B - 52 451 1F] ZnSe/CdS 40K & & 14k
R, WSEHLEE OGRS IR AT B B ik
2 T 7/ e 7 O L1 1] B~ S = g e R e |
R ET AR, AHMESREET
(136 6 1 SR SR I AL T F A L

3 RESRE

HEl, B3k CdS W& T mil & ik 2 rf
1, HFXH& A HERENERE, @K
Ui, SR, fAH A i A g R Gl . %
Si1) CdS QDs il & T ZE T B RKE M TR I 1H
i 25 A FIVE 7E 1 S B Ak 2 o 256 H AT I
FORBL: (1) CdS QDs H 2558 i ] £ 1 DLy B 2 55
S R T, T R V2 2 B T A A A
fih B SGH REEAAL s (2 B AR SHIE
#%CdS QDs, HITZE|AFRMEIL, MK
HARRENTZ, (3) HE S EH &K CdS
QDs H 8 3 B T 6 A A3, o' 48 44 B i
AHLGR G S 5E, MEAEMED . i
AN DA K A BH 6 FEL Vb 25 7 THI 149 )82 F D 6 LR

P, 85 O 1) S VA TE S I R R Ao 32 B
TEZYE KA R — D4 b, @B A
Wive IR — BT BRI, R AR R RE, Al
HMNHE N Z . Rk, B e R AR A
IAWTIRN , TRZEFARAL ] 2% 9 KB4 R B AR
AW R FE, FAE A 5 2 90K R 4 H ok
R F AR A TGRS

RPN

1

10

061202-6

Reshma V G, Mohanan P V. Quantum dots: applications
and safety consequences[J]. Journal of Luminescence,
2019, 205: 287-298. DOTI: 10.1016/.jlumin.2018.09.015.
Liu J, Hu R, Liu J W, et al. Cytotoxicity assessment of
functionalized CdSe, CdTe and InP quantum dots in two
human cancer cell models[J]. Materials Science and
Engineering: C, 2015, 5§7: 222-231. DOIL: 10.1016/].
msec.2015.07.044.

Shivaji K, Mani S, Ponmurugan P, et al. Green-synthesis-
derived CdS quantum dots using tea leaf extract:
antimicrobial, bioimaging, and therapeutic applications in
lung cancer cells[J]. ACS Applied Nano Materials, 2018,
1(4): 1683-1693. DOI: 10.1021/acsanm.8b00147.

Li Y, Huang F Z, Zhang Q M, et al. Solvothermal
synthesis of nanocrystalline cadmium sulfide[J]. Journal
of Materials Science, 2000, 35(23): 5933-5937. DOI:
10.1023/A: 1026714004563.

Cao Y L, Hu P F, Jia D Z. Phase-and shape-controlled
hydrothermal

synthesis of CdS nanoparticles, and

oriented  attachment hierarchical
architectures[J]. Applied Surface Science, 2013, 265: 771-
777. DOI: 10.1016/j.apsusc.2012.11.107.

Tian Y, Li L, Hao Y T, et al. CdS@3DOM TiO,-ZrO,

composites with high efficiency photocatalytic properties

growth of its

prepared by template method combined with in situ self-

assembly technology[J]. International Journal of
Hydrogen Energy, 2019, 44(50): 27363-27378. DOI:
10.1016/j.ijhydene.2019.08.201.

Hullavarad N V, Hullavarad S S. Synthesis and
characterization of monodispersed CdS nanoparticles in
SiO, fibers method[J].
Nanostructures-Fundamentals and Applications, 2007, 5
(4): 156-163. DOTI: 10.1016/j.photonics.2007.03.001.

Choubey S K, Tiwary K P. Structural, morphological and

by Sol-gel Photonics and

optical investigation of CdS nanoparticles synthesized by
microwave assisted method[J].
Nanomaterials & Biostructures, 2016, 11(1): 33-37.

Ghows N, Entezari M H. A novel method for the

Digest Journal of

synthesis of CdS nanoparticles without surfactant[J].
Ultrasonics Sonochemistry, 2011, 18(1): 269-275. DOLI:
10.1016/j.ultsonch.2010.06.008.

LinY C, Tsai D C, Chang Z C, et al. Ultrasonic chemical
CdS-reduced oxide
nanocomposites with an light

photoactivity[J]. Applied Surface Science, 2018, 440:

synthesis of graphene

enhanced visible



WA A SR T2 % 2021,39:061202

11

12

14

15

16

17

18

19

1227-1234. DOI: 10.1016/j.apsusc.2018.01.305.

Wang C L, Zhang H, Zhang J H, et al. Application of
ultrasonic irradiation in aqueous synthesis of highly
fluorescent CdTe/CdS core-shell nanocrystals[J]. Journal
of Physical Chemistry C, 2007, 111(6): 2465-2469. DOI:
10.1021/jp066601f.

Zhao Y, Yang J Y, Li T T, et al. Controlled preparation of
a MCC-g-AM/EDA/PA loaded Fe(IIl) adsorbent by the
pre-radiation grafting method and its application for the
adsorption removal of phosphate[J]. RSC Advances,
2021, 11(11): 6173-6181. DOI: 10.1039/d0ra09389k.
LiY S, QinJ T, Bao H X, et al. Controlled tuning of
LCST based on poly (N-isopropylacrylamide)/
Hydroxypropyl cellulose temperature-sensitive hydrogel
by electron beam pre-radiation method[J]. Journal of
Polymer Research, 2017, 25(1): 1-12. DOI: 10.1007/
$10965-017-1398-x.

Song X F, Qin J T, Li T T, et al. Efficient construction
and enriched selective adsorption-photocatalytic activity
of PVA/PANI/TiO, recyclable hydrogel by electron beam
radiation[J]. Journal of Applied Polymer Science, 2020,
137(13): 48516. DOI: 10.1002/app.48516.

Liu G, Li T T, Song X F, et al. Thermally driven
characteristic and highly photocatalytic activity based on
N-isopropyl acrylamide/high-substituted hydroxypropyl
cellulose/g-C,N, hydrogel by electron beam pre-radiation
method[J]. of  Thermoplastic
Materials, 2020: 0892705720944214. DOI:
0892705720944214.

Yin Y D, Xu X L, Zhang Z C. Synthesis of cadmium

Journal Composite

10.1177/

sulfide nanoparticles in situ using vy -radiation[J].
Chemical Communications, 1998(16): 1641-1642. DOI:
10.1039/a802910e.

Mostafavi M, Liu Y P, Pernot P, ef al. Dose rate effect on
size of CdS clusters induced by irradiation[J]. Radiation
Physics 2000, 59(1): 49-59. DOI:
10.1016/S0969-806X(99)00521-6.

NiY H, Ge X W, Liu H R, et al. y-Irradiation preparation

and Chemistry,

of CdS nano-particles and their formation mechanism in
non-water system[J]. Radiation Physics and Chemistry,
2001, 61(1): 61-64. DOI: 10.1016/S0969-806X(00)
00376-5.

Ge X W, Ni Y H, Zhang Z C. A novel route to prepare
cadmium sulfide nano-rods[J].
Chemistry, 2002, 64(3): 223-227. DOI: 10.1016/S0969-
806X(01)00494-7.

Radiation Physics and

20

21

22

23

24

25

26

27

28

061202-7

Chen J, Wang X B, Zhang Z C. In situ fabrication of
mesoporous CdS nanoparticles in microemulsion by
gamma ray irradiation[J]. Materials Letters, 2008, 62(4/
5): 787-790. DOI: 10.1016/j.matlet.2007.06.061.

Liu W J, He W D, Zhang Z C, et al. Fabrication of CdS
nanorods in inverse microemulsion using HEC as a
template by a convenient y -irradiation technique[J].
Journal of Crystal Growth, 2006, 290(2): 592-596. DOI:
10.1016/j.jerysgro.2005.12.097.

BREE, pedpal, sk R B IR 3 O R TH N 3
AR AR B LRSI U], SR T T S R it 24k,
2007, 25(1): 47-50. DOI: 10.3969/j. issn. 1000-
3436.2007.01.011.

CHEN Shuang, HOU Zhengchi, ZHANG Fengying.
Cadmium sulfide formation on acrylic acid-grafted
polyethylene and the morphology affected by the grafting
[J]. Journal of Radiation Research and Radiation
Processing, 2007, 25(1): 47-50. DOI: 10.3969/j.issn.1000-
3436.2007.01.011.

Pan AL, Ma J G, Yan X Z, et al. The formation of CdS
nanocrystals in silica gels by gamma-irradiation and their
optical properties[J].
Matter, 2004, 16(18): 3229-3238. DOI: 10.1088/0953-
8984/16/18/023.

Raju S P, Hareesh K, Pai S C, et al. Preparation of

Journal of Physics: Condensed

fluorescent CdTe@CdS core@shell quantum dots using
chemical free gamma irradiation method[J]. Journal of
Luminescence, 2017, 192: 17-24. DOI: 10.1016/j.
jlumin.2017.06.019.

Zhao B, Wang Y L, Zhang H J, et al. Synthesis of CdS
nanorods in soft template under gamma-irradiation[J].
Journal of Nanoscience and Nanotechnology, 2009, 9(2):
1312-1315. DOI: 10.1166/jnn.2009.c145.

Chang S Q, Kang B, Dai Y D, ef al. A novel route to
synthesize CdS quantum dots on the surface of silk fibers
via y-radiation[J]. Materials Letters, 2008, 62(19): 3447-
3449. DOI: 10.1016/j.matlet.2008.02.074.

BRIKRE, JRBER, TRk T P, &5 . HL T R B & 0 9K R
AR T 5T (). 58 ST 7 S5 58 S T2 5, 2006, 24(3):
151-154. DOI: 10.3969/j.issn.1000-3436.2006.03.006.
CHEN Yongkang, ZHOU Ruimin, ZHANG Xueping, et
al. Size and size distribution of CdS nano-particles
synthesized by EB irradiation[J]. Journal of Radiation
Research and Radiation Processing, 2006, 24(3): 151-
154. DOI: 10.3969/].issn.1000-3436.2006.03.006.

Pattabi M, Amma B S, Manzoor K, et al. Effect of 8§ MeV



B IRAE: AR CAS B R T i A R R AR 4 S ELT T

29

30

31

32

33

34

35

36

electron irradiation on the optical properties of PVP
capped CdS nanoparticles in PVA matrix[J]. Solar Energy
Materials and Solar Cells, 2007, 91(15/16): 1403-1407.
DOI: 10.1016/j.s0lmat.2007.04.015.

R, BRI S — RO RDUR S K B K I
cds & 7 U Ji 0 ar % O & R T
CN201710093613.8.[P]. 2018-07-17.

LI Yuesheng, HAN Yan, LIU Yi, ef al. A method for in-
situ controlled radiation synthesis of water-soluble CdS
quantum dots with different emission wavelengths:
CN201710093613.8.[P]. 2018-07-17.

Yoo D S, Ha S Y, Kim I G, et al. Synthesis of CdS
nanocrystals by electron beam irradiation of a Cd*-
mercaptopropionic acid aqueous solution[J]. Nuclear
Instruments and Methods in Physics Research Section B:
Beam Interactions With Materials and Atoms, 2011, 269
(12): 1350-1354. DOI: 10.1016/j.nimb.2011.03.015.

Ha S'Y, Kim H J, Lim C. Surface passivation effect of
synthetic CdS quantum dots by using 10 MeV electron

beam irradiation of a Cd*-mercaptopropionic acid

aqueous solution[J]. Russian Journal of Physical
Chemistry B, 2015, 9(1): 141-147. DOI: 10.1134/
$1990793115010042.

Bogle K A, Dhole S D, Bhoraskar V N. Synthesis of CdS
nanoparticles by
Radiation Effects and Defects in Solids, 2004, 159(3):
157-162. DOI: 10.1080/10420150410001670260.

Bogle K A, Ghosh S, Dhole S D, et al. Co: CdS diluted

magnetic

electron irradiation technique[J].

semiconductor  nanoparticles:  radiation

synthesis, dopant-defect complex formation, and
unexpected magnetism[J]. Chemistry of Materials, 2008,
20(2): 440-446. DOI: 10.1021/cm702118w.

Zhang H J, Wan X J, Guo H J, ef al. Coating multi-walled
carbon nanotubes with CdS nanoparticles through
electron beam irradiation[J]. Journal of Nanoscience and
Nanotechnology, 2009, 9(3): 2088-2091. DOI: 10.1166/
jnn.2009.425.

van Huis M A, Figuerola A, Fang C M, et al. Chemical
transformation of Au-tipped CdS nanorods into AuS/Cd
core/shell particles by electron beam irradiation[J]. Nano
Letters, 2011, 11(11): 4555-4561. DOI: 10.1021/
nl2030823.

Dabhane H, Ghotekar S, Tambade P, ef al. A review on
Cds

Environmental

environmentally ~ benevolent  synthesis  of
nanoparticle and their applications[J].

Chemistry and Ecotoxicology, 2021, 3: 209-219. DOI:

37

38

39

40

41

42

43

44

45

061202-8

10.1016/j.enceco.2021.06.002.

Yang K H, Yang Z Z, Zhang C, et al. Recent advances in
CO,
conversion[J]. Chemical Engineering Journal, 2021, 418:
129344. DOI: 10.1016/j.cej.2021.129344.

LiY S, Qin J T, Han Y, et al. Controlled preparation and
MCC-g-

CdS-based photocatalysts  for photocatalytic

highly photocatalytic activity of portable
GMA@TiO, photocatalyst by pre-radiation grafting-
embedding  method[J].  Applied  Catalysis  B:
Environmental, 2017, 218: 101-110. DOI: 10.1016/j.
apcatb.2017.03.083.

Song X F, Wang W, Yang J Y, et al. Novel in situ
radiation construction of thioglycollic acid capped CdS
quantum dots functionalized g-C,N, nanohybrids with
superior photocatalytic activity under visible light[J].
Radiation Physics and Chemistry, 2019, 165: 108449.
DOI: 10.1016/j.radphyschem.2019.108449.

Liu X Q, Zeng G, Jiang S B. One-step synthesis of CdS-
reduced graphene oxide composites based on high-energy
radiation technique[J]. Radiation Physics and Chemistry,
2016, 119: 24-28. DOI: 10.1016/j.
radphyschem.2015.09.007.

Fu XY, Zhang Y W, Cao P F, et al. Radiation synthesis of
CdS/reduced graphene oxide nanocomposites for visible-
light-driven  photocatalytic ~degradation of organic
contaminant[J]. Radiation Physics and Chemistry, 2016,
123: 79-86. DOI: 10.1016/j.radphyschem.2016.02.016.
Tai C, Liu H R, Hu Y. Fabrication of CdS/Pt/MIL-125
with effective spatial separation for improved visible-
light catalytic H, evolution using vy -ray irradiation[J].
ACS Sustainable Chemistry & Engineering, 2020, 8(49):
18196-18205. DOI: 10.1021/acssuschemeng.0c06598.
Devarayapalli K C, Lee K, Nam N D, et al. Microwave
synthesized nano-photosensitizer of CdS QD/MoO,-OV/
g-C,N, heterojunction catalyst for hydrogen evolution
light[J].
2020, 46(18): 28467-28480. DOI: 10.1016/j. ceramint.
2020.08.004.

under full-spectrum Ceramics International,

Frasco M F, Chaniotakis N. Bioconjugated quantum dots
as fluorescent probes for bioanalytical applications[J].
Analytical and Bioanalytical Chemistry, 2010, 396(1):
229-240. DOI: 10.1007/s00216-009-3033-0.

AU | OGN KL T/ 5 G W) ke 2 o) 79 1) B e A
B A ORID]. 5T WAL R 22 BE, 2021.

LI Tingting. Radiation construction of photosensitive
matrix their

nanoparticles/polymer composites and



WA A SR T2 % 2021,39:061202

46

47

48

49

biological effects|[D]. Xianning: Hubei University of
Science and Technology, 2021.

Chang S Q, Dai Y D, Kang B, et a/. Gamma-radiation
synthesis of silk fibroin coated CdSe quantum dots and
their biocompatibility and photostability in living cells[J].
Journal of Nanoscience and Nanotechnology, 2009, 9
(10): 5693-5700. DOT: 10.1166/jnn.2009.1226.

Ganguly A, Nath S S. Mn-doped CdS quantum dots as
sensitizers in solar cells[J]. Materials Science and
Engineering: B, 2020, 255: 114532. DOI: 10.1016/j.
mseb.2020.114532.

Huang P, Xu S J, Zhang M, et al. Carbon quantum dots
improving photovoltaic performance of CdS quantum dot-
sensitized solar cells[J]. Optical Materials, 2020, 110:
110535. DOI: 10.1016/j.0ptmat.2020.110535.

Farahani F A, Poro A, Rezace M, et al. Enhancement in

power conversion efficiency of CdS quantum dot

50

51

52

061202-9

sensitized solar cells through a decrease in light reflection
[J]. Optical Materials, 2020, 108: 110248. DOI: 10.1016/j.
optmat.2020.110248.

Esteve-Turrillas F A, Abad-Fuentes A. Applications of
quantum dots as probes in immunosensing of small-sized
analytes[J]. Biosensors and Bioelectronics, 2013, 41: 12-
29. DOI: 10.1016/j.bi0s.2012.09.025.

Algar W R, Massey M, Krull U J. The application of
quantum dots, gold nanoparticles and molecular switches
to optical nucleic-acid diagnostics[J]. TrAC Trends in
Analytical 2009, 28(3): 292-306. DOI:
10.1016/j.trac.2008.11.012.

Zhou Z Q, Liao Y P, Yang J, et al. Rapid ratiometric
detection of Cd*" based on the formation of ZnSe/CdS

Chemistry,

quantum dots[J]. Spectrochimica Acta Part A: Molecular
and Biomolecular Spectroscopy, 2019, 228: 117795.

DOI: 10.1016/j.52a2.2019.117795.



