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Abstract: Quantum dots have attracted much attention in recent years because of their excellent photoelectric
properties. However, the large-scale application of quantum dots has yet to be developed due to its processing
technology and stability. The emergence of quantum dot-polymer nanocomposites effectively makes up for this
problem. It is an effective method to solve the current application problems of quantum dots by disperses quantum
dots into organic polymers to form nanocomposites and integrates the respective advantages of quantum dots and
polymers. It has significant development potential. The main preparation technology of quantum dots was

introduced, on this basis, the preparation methods of QD-polymer composites and their applications in lasers, light
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emitting diodes, photodetectors, QD-TVs and other optoelectronic devices were summarized, and finally its

application in the field of optoelectronic device was prospected.

Key words: quantum dots; polymers;

devices
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Tab.1 Common quantum dot materials
Materials Wavelength/nm Size/nm Peak/nm Photoluminescence quantum yield Ref.
Cds / 35 505 50% [18]
CsPbl, / 11-16 673-692 100% [19]
7S, 240-360 3 379-454 53.3% [20]
MA;Bi,Br, 254 3.05 360-540 12% [21]
MA;BI,Cly 254 2-4 360 15% [21]
CoTe, 300-400 3.1 400-448 62.6% [13]
Sb,Te; 300-600 2.3 400-450 / [2]
ReS, 320-440 2.7 420-490 75.6% [22]
N-Ti;C, 360 34 447 18.7% [23]
ZnSeTe 422-500 5.3 460 75% [24]
CdTe 480 2.3-2.7 / 80% [25]
CsPbBry 480 10 / 93% [26]
WO;-WS, 600 0.8-2.1 630 11.6% [27]
CdSe 600-650 4 / 97% [28]
PbS 785 6-10 700-1 600 26% [29]
Si 825 4 / 90% [30]
PbTe 870 5-16 700-1 000 42% [31]
InP/ZnS 1200 2.1-4.1 480-590 68% [5]
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Fig.1 Preparation methods of quantum dots: (a) Molecular beam epitaxy; (b) Electrochemical method!'?; (c) Magnetron sputtering®

vapor deposition®”; (¢) Hot injection method™; (f) Liquid phase ultrasonic method!"?!
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Tab.2 Commonly used quantum dot-polymer nanocomposites

Quantum dot  Photoluminescence

Materials Preparation method ~ Wavelength/nm Size/nm Peak/nm content/wi% quantum yield Ref.
CdTe/PMMA Thermal evaporation / 2.21-3.42 538-584 6.1 13.5% [40]
Si/PMMA Doctor blading / 100 750 0-3.3 35% [41]
PbSe/PVA Solution casting 200-800 2.1 1110 5 / [42]
SnO,/ In-situ chemical
PCz(Polycarbazole) polymerization 320-530 15-20 410-422 3-20 / [43]
N-
CQD/MIPs(Molecularly Sol-gel 330 3.2-4.9 431 / / [44]
Imprinted Polymer)
MAPbBr;/PMMA In-situ polymerization 350 4 543 / 88% [45]
GQD/PVA Solution casting 350-650 500 / 10 / [46]
CdSe/PS Colloidal synthesis 360-370 400-500 510-570 / / [47]
CDs/b-PEI(Branched o o vdrothermal 365 30-50 508-528 / 90.49% 48]
Polyethylenimine)
CdTe/WPU(Waterborne . . o
Polyurethane) Casting and Evaporating 373 2.5-4.1 528-665 0.3 18% [49]
TiO,/Acrylate UV polymerization 393 150 530 0.1 / [50]
InP@GaP/ZnS/PDMS  SAM Encapsulating 400-700 / 527 10 / [51]
PbSe/PDTPBT(Poly(2,6
-(N-(1-
octylnonyl)dithieno[3,2- .
b:20,30-d]pyrrole)-alt- Ligand exchange 400-900 150 700-800 0.9 / [52]
4,7-(2,1,3-
benzothiadiazole)))
Sb,S;/PMMA One-pot synthesis 450 / 645 9 20% [35]
CsPbBr,/PS In-situ photoactivated 45, ¢5 / 530 02 44% [39]
polymerization
MAPbBr; /PDMS Template 488 5.6-9.8 528 30 10% [53]
ZnS/MQ(5-(2-
methacryloylethyloxyme In-situ polymerization 495 3 500 / 40% [54]
thyl)- 8-quinolinol)
WS,/PVA Liquid phase exfoliation 532 60-120 617 / / [55]
C/PS Solvatothermal 800 12-35 410-580 0.4 22% [56]
CeF,/PS Solution casting 975 27-57 1530 10 / [571

2.1 REERKERFE (PMMA)
P IR B IS (Poly(methyl methacrylate),

PMMA), — Fl #8838 KL, AN T K, B R & &
92%, 4 H, T HEL 45 25 1 e B4, B A Ak 2F e v
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Fig.2 Schematic diagram of composite preparation methods: (a) Microemulsion method; (b) In-situ polymerization method; (c) Sol-gel method;

(d) Blending method
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Fig.3 Device development process based on quantum dot-polymer nanocomposites
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CA-150° CA-150° |
1
a :
- ; : 1
0 5 10 15 20 25 30

Time/days  _ _ _ »

4 (a) FETWERITENHOAR NI CQDs ML #9525 (b) QD-WLED Z5#47R B EIM; (¢) ZnO KOt A SR PFES 7R IR EE (d) il G
LED & i H A B FOLIA TR B LG () QD/PTPA-b-CAA il # ) QLED #4517 3 E™; (f) CPB@SHFW & & #1478 AL A 1
FHi s LED®; (g) CsPbBrs-P QDs 54 fLIRH M (MPMs) 7E SiO, £ T il % i A% AL fosk il 4 19 11D LED S5#4141, 48 1412 LED 7E
10 mA 414 19 IR 29 (h) QD/PTPA-b-CAA il % 1) QLED 1R & & 41 2 g iy 45 # & ™Y, (i) B 7E/K P iy CPB@SHFW & & B K H

PLQY B [HI YA b (P AT RHE K st 31 )

Fig.4 (a) Schematic of fabricating CQDs microlaser based on the inkjet printing technique®; (b) QD-WLED structure diagram®; (c¢) ZnO light-

emitting diode device structure diagram'®; (d) Device structure with a combined backlight unit using a blue LED chip™®”}; (e) Structure diagram of

QLED device prepared by QD/ PTPA-B-CAA"; (f) CPB@SHFW composites structural diagram, upper right illustration is LED"%;

(g) Structure diagram of white LED prepared by hybrid microspheres of CsPbBr;-P QDs and mesoporous polystyrene (MPMs) coated with SiO,,

the inset is a digital photo of the device taken at 10 mA™"; (h) Energy band structure diagram of QLED hybrid emitting layer prepared by QD/

PTPA-B-CAA™!; (i) Variation of PLQY of CPB@SHFW composite powder with time in water (illustration: material soaked in water for

31 days)™!
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RN A RLBAT W SO TR] R o 3 AR AR 2O
Mz T R R R AR OGRS R
RPN, SRR RO AR A LE, BT RUR O TR
% (Quantum Dots Light Emintting Diodes, QLED) %5 14
Al B IS DIARAR, A an i, J H AR B i £
TEEFE o KOG A T h S 2 R OGR4,
R AW A MR AR RO )Z B EE AR,
AVTH sk . T U HA PR SR L A
JCB I, WO IR R IS RE 8 7 AR R R Y 9 (5
(>100%NTSC 1931). {H&E & i B AR+ 18] 19 A0 B.1E
H T 38 W 4 & 4= Forster(fi 3 47 ) 3t Ik 68 = #4 7%
(FRET), FEOCBEUROCLL, JEME & OLH 21k,
Chen 2 A\ $ 7 — o 5 468 A9 52 45 WA ) 2 07 72 A
TH BRAR SRR RO, 5 5 R AR 2188, O Tk
il B S IR T A @ T R RO TR, AR
[ 4(b) BT 7R o Acharya &5 AP 3 I — Fofr /2 1 44 JIg XoF
ZnO QDs #EATEH Il % T QLED, % QLED Hy g
W) T BRI, E B A B ) 00 3 0 1 B 2 2 i 4R
Th, AATTAs 3 R BRI B9 5 22 S B FR A “IE AL . B
Hh, G5 RA R % E A QLED X =R # A 5 KT
12% R AR 1R, JF HAE S22 2550 JE 4 i fiff
FIF7 i1 3K 470 h, A 3 T 2 40 1 I 45 8 2 O 1
PEEE R ) A i, HCAE R 2 AN 1&] 4(c) Fi7R o Li 4%
NPT 3 3ok A5 i 4% 1Y) Cs4PbBrg/ CsPbBr & ki &
B FEHE T PMMA WO T BUZ A7, BE R ikt
B CsPbBry &A= S84k, CREME AR5 2 0% 1Y RS e
FOKARENE . BZE SR THOLHR BR 485,
A3 R 2% 038 131% NTSC Fil 98% Rec.2020,
P AR A 2 B R T, A B A5 A 4(d) Brs .
Kwak 25 A\ #4145 T CdSe@ZnS QD/PTPA-b-CAA(Poly
(p-methyltriphenylamine-b-cysteamine acrylamide) 2% 4k,
W, S5 R N E 4e) Bz, IF iz H4F T QLED,
HAR A R SR BIRE 25 AN 1Al 4(h) P, sl i EUR
JEM#3% QLED MAMETRCRART 1.5%. Xuan 55 A
1 CsPbBry QDs fi% A i B /K £ FL A HL 5 45 Wy HE 28
(Super-hydrophobic porous organic polymer frameworks,
SHFW) IWJE W25 B kL, HLEE M anIEl 4(F) FR, 558
A WA AR T T CsPoBrs QDs (954 5 1, 1A 4(i) BF

71N : CsPbBry QDs BV 1< i ] 5 960 7 7K -t RE PR F7 45
F PO TR MR E SR R E 6
QLED f & 680 2 50 /W, {538 & 127% NTSC.
Yang 55 A6t CsPbBrs QDs itk A LR K C M ik
(mesoporous polystyrene microspheres, MPMs) H 3f- F
Si0, 78 5 7 i3k 2 MK i CsPbBr; QDs/MPMs@SiO,
AR, PO 1 R Ik 84%, TEK iR I
30 KJF 9G5RE N WA TE Y 48%, FIZ AR %
(1) LED Yl a3 w3k 81 Im/W, RVl 4 B[] T4 tho i
DRFE RAFROBRAEYE, 18] 4(g) % LED R /R B
4.3 FRIERNIR

G PRI 5 2 — iR 2 S ARG O L AR
Beels S5 o A5 5 L HL AR R, R EAR 1K e
PEMEG R &5 4 T BRI . DIE 7 ROGH
PRI & R ], A RS & OLBCROLRE R 12
SE RS AEREE, HRAS AL GE Y~ S A1 R SR 5 3
B AR AR ' R PRI 58 X A ] D' 33 DX Al Py i) S A4 T
LAKE FE I TR R A TR, a5 AT ISt i
i AR R SCIRIN . RRAR B L HL B e G I A BT
MU e | BUEAR S i R 71 e DAE IS < A I AN S R B
Bl 28555 Z B LA G RN 8% ol T 27
SWr, AW E . BIfAE . K 5(a)~5(d) 2 JLAHT B4l
KOG LRI 25 1 S B 45 F 18] . Chen 25 NP9 ST
CdTe/P3 HT(poly(3-hexylthiophene)) # Ji& 2% , I fm A
PMDTC (N-phenyl-N'-methyldithiocarbamate) LA #4 i
CdTe 94 K KL 5 Y 7 e B2, RIAE 72 v 2 v 3k 30%
(300 mg/ml) i G ARIE W H CdTe 9K B A
RIS o SR HTZ W RGER R ) 1 Fr) 400 25 2454 2
K 5(e) B, AR g 75/ T =5 V B R 3145
T GOR R G YRR D RS O I A, -V il
L NIE 5(h) Frzs o Guo 2% AP i K 55 %) P3 HT,
PVK (polyvinylcarbazole) 55 ZnO 44 Kk T & &, il &
H — T EAT g ) 107 ) 55 I L P 8, S AR 2 A
R AR R EL 3 50 A0 P 500 5G) Frm . Wei 58 AP R
AW P3 HT X CdTe £+ s EA T HEME AL AT
PETIE HL R A5 1) i [0 TS, 25 SR 38 - (P3 HT):CdTe
QDs 't HL 7% 0 45 B 2K 2 (455 725 484 4, L W) SO Ff i) 5
T, ARSI AR - AT WL R P A SR, LA
PHESF N 5(g) Frm
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P S JEHLERTIZR: (2) AwCNDs/n-Si 2850 HL 4 75 1125 05 (b) N-GQDs M L #T 25 J5HE 1 s (o) MR Si-QD/A7 B0 /Si e L H T 250
(d) Si NWs F£31/CuO 5 R H G AR (e) PMDTC BLIRRI#RAH245F9°Y; () ZnO/P3 HT:PVK SGHUIR IR 4544 /R K, BCP 2 b+
SRR YE AR (g) CdTe 1 P3 HT SR ZEEEH ™, (h) #EFEC IS T Y9 J-v 2. eI m i AT W05 50 780 416 Al G 3 s
() BT E-REVE AR T2 7O 177 2 0% 3 25 R HAT L FAie AR S

Fig.5 Photoelectric detector: (a) Device of Au/CNDg/n-Si ultraviolet photoelectric detector™; (b) N-GQDs photodetector schematic diagram®®;

(c) Typical Si-QD/Graphene /Si photodetector®; (d) Si NWs array /CuO heterostructure photodetector®’; (e) Device structure of the PMDTC

ligand®*; (f) Schematic diagram of ZnO/P3 HT:PVK photodetector structure, the BCP layer is a composite layer of Quantum dots and polymer';

(g) CdTe and P3 HT photodetector structure®); (h) J-V curve of the device under light irradiation. Higher photocurrent density was observed

under reverse bias™; (i) Description of 1 the generation, 2 splitting, 3 hole transport, and electron capture processes of electron-hole pairs in

quantum dot polymer composites!*”’

44 EFRBY

B AATTR 7S B 1 6% 1 S PR SR AN
Wide T, IR R B I E PR RS R
AL, TREIL S R BRI kS . BT AR L
A (QLED) H B A G55 | 52 B . Ak, ML
15\ REFE LLARAF UL, JT 4k B 2 A Hh ey o L L dk
ANEREY FE . BT AT AR R AR A T
SO B R O B R R RN B A =R, H
T AU — il 5 S F PMMA R RS W4
B, 2 e BHL B 2 rh i) O 2 B, T RO TR B %

fil, K Y JEC At 4 A 288 AR O R, R R T
T REATO R BIIG, DA S BRI v ok SR
BIE . 2015 4F, =Bl T A T8 1 AU A
{1y CdSe & ¥ sl HL ALY, S48 & Cd M RHAA B E, H
Hom ROCRBORHARMER A . B Rl UL, JF R S 8
R 0 OO R SO R AR R HE R . 2020 4F,
— & Eunjoo Jang A1 A™ B DA il Hh —Fp 2 77 %
100% (4 JCH8 W ZnTeSe / ZnSe / ZnS 1 #i, L T
W {4 QLED 4 A 1Y 28 B, #% 1 19 4h i 7 880w ik
20.2%, 5 8 2, O 88 900 cd/m?, A E 5| 4Lk
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