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Abstract
White light emitting diodes (WLEDs) have the advantages of high energy efficiency, long working
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life and low power consumption, and have been widely studied by scholars for many years. Cur-
rently, most commercial WLEDs are constructed using traditional rare-earth-based phosphors.
Carbon quantum dots (CDs), an attractive class of nanomaterials with biocompatibility, good wa-
ter solubility, eco-friendliness, low toxicity, and photostability, have recently been widely devel-
oped for bio- and opto-electronic applications. The electronic structure and optical conversion ef-
ficiency of carbon dots can be controlled and tuned in a wide spectral range, so the application of
CDs in WLEDs is receiving extensive attention. We summarize the recent progress of carbon
quantum dots in constructing WLEDs.
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1. 5|15

REZHE (LED) SHE4AT HAHEL, LED MTHATHE. Ak, mPIHER, AEHESBEMR .
HH R % F /2 B0 LED (WLED), B A JTMIA. SGilnl i, HLFMmERe s, HroEARE
HRRT AT E AT T F 557 o FR WLED 3§ i LA R EE SR & 7 S E RO, 7R A
AAERERSE 1], N T fRPoX s @, i+ JUFEE, RN AABIE SRS TGk

AR, BT RU(CDSWEA— M B 4 OERIE UM R, DA RA AR R etERE . REFH
AN eRe R R IEE 1, AN RSN, TR NRE T ARG 9KE
S gk, OKPHBER M. A6 TR, Jefiib. e R A AR ST 2] TR E T A A A T i
B JEESREER, HMMSAREES]. BRE T Rmsls a8 B MR E R R . | RNy
R I TR KRR A S NI 43 85 B BT 105 B AL 22 e . K%, AL AR M SRl . |
G118 G5 ot 1 I s o <l = I T N R R EEE 5/ N K STV oY 3 N N S R 7 ) P )N & A D R S X
B K BEGE HEESE[2]. 5 RAARE RS G R LA AR G 2 Sk QDs AHEL,
K5y CDs HA K R SR (04 56 i RAE>80 490K), XM THBRKHET - Brs, s
FEAY BRI BRI ), X #73 CDs A WLED FI& &M EH4]. 74, CDs HT RIS FE fE
[#(-OH. —COOH. —NH,%%), @it —RFIftk#4bH, CDs #il5 5HNMIEN D T4 51K, N
TSI HOG 22 B (3 — 5 o AL Ak . 3£ T CDs B9 LED A MFEA. SR bR BUR O
RU[5]o PSRN LIMRZS 5 il i ¥ CDs YIAR B E O IR i i SR A B 6 RO v BTfi =4 s 1E
HEUR R, CDs 1EN—ANEMEZ, BN B ATE N P2 A R, — BB, X
A FEEEUR L LED BERE MR L.

AL ARG S T I E Rk T A WLED 17772, % MBSO BT I A B - 1R e TAE 4
P2, 55— 2R R F 4Rk & 1 AR 8 WILED FRIAH G TAE , 58 = 2@ ik 7 a5 HA b R 2 & 4 8 WLED
IR TAE, FIHVEGIN X2 T AR,

2. 4hiFk= 3 WLED
WLED T H& BT G e =R T A 845 B T NS s R 8Tt e,
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ATHISR. ORXUERKE T A 5 BT A S B EUR T B, B ERIE R R
k=T S G S A WLED.

Chen [6]55 LA & FRRRIAL K — RN EORE, 8IS Gkl T 40, SRR 5 0% CDs, &84 )5
fil#% 7 BA CIE (4 FR(0.32, 0.34) ) WLED. Li [7]5 DA T ERANSE . B, 2K — FEE B, KAV
FIRGERIh# % T 26K CDs, 2 JGiRAHI# T WLED. Chen [8]%:4i 451t N-Z Bkt & i i —2
PRE U™ CDs, BTl 4% ) CDs K42 it Fl A 3~5 nm, {EWGHIEA T, CDs k& 2 i e, i@
I R B CDs 5t GaN % LED (S S &, TR T —Fii e WLED &5 /7%, Yang [9]55: A
FERE IR MBI, B IR A e 45 24 R0 R, NGN- R R J OV 71, R 4% T e R R S KA 714 nm
1) CDs. ¥ /=3 mih 22.64%. fil#% 1 CDs fEASAFE P AN, FEOLRFER, mTUIEARINI
MR BT BLT B A T 45 WLED. Han [101%6 DL 1,4-2K — R RE N E R, RAEFIFGESI% T
ZLtaBRE TN, PSS OBE T SRS, EHASH LHl% T WLED. Chen [11]% L) 2,7- ¥ FEZE Mk
P, NON-ZHEE R B A B0, AR T 5ERUE R G B354 CDs, SrEbe BB i 5 B4 H15 0%
FI4 LED. Davi [12]5548 I PHEIE S, 02K — S B IR WA R iAo, B K kG T BHA T
(C-DsCl). &% tf(C-pPDDS) FIZL f4,(C-pPD) =t R G it i, FFHil £ 7 WLED. Li [13]%F F 482K — i
A= R ) 2 B e AE R - 7K 220 JZ 10 /NI 25 1F 1, A5 31 T 1 68 R0 A 1R I 5 = B R R ik 2t
Lei [14]55 LAARIR R AR T IR A JERE, RS [RIVE I 1 #GE i & 7 2 6986 CDs. Bk UL, Xt

T O R AT R T IR A AE P B R B s X T AR Rk R, AR AR AR &R
VEMRAE N N-— 13 S b R s 6 T 20l s AR RBOK — AR N R BRI A 7K - BRIR P & A o

Liu [15]%5 58 o i 71302 IR BRI AR 2K — e 3145 1 2 (k0 CDs. &% R-CDs Jit FIVE IR IR ,

Y-CDs fit ¥ 78 LI, B-CDs B AN Bt fK . Lyu [16]5F 01 #IRE) s g8 T2, Bba. sageml
IR A RS B SR T . AT R A SR SRR e, 2%, AR AR R R &, K
POkl TIE. Sh. B . B, Meng [17155K % 2K — S RIN K — 2 R AE KR, AL =
f) NaOH, J7E 120°C 1 /M. 140°C 1.5 /NFAN 160°C R AN/ A A FE 2 /N LAy IS B2, 30

WSRO E TR E R E K, RAGEEEH% 70 WLED. Song 4 [18]i8 i /K #432: i)
#ZEPO0 CD. AT AT R AR = AE R ZUHE T DU R LR & BIA RS AI(K . ZEEF1 DMF)
SR JE K KR B2 R IRV TR 23 AIAE 160°C/180°C ik 6 /INEF/10 /N, 45 2] CDs ¥, JF 175 (1% LED.
Su ZF[19] i A A [|] BE /K LU R0 2K % 5 ZnCl, #8 Z 8 1 200°C [l B2 R & RS ES RT ) Zn 45 2% CDs.
T RS K %S ZnCl, B LB (1:0. 1:0.1. 1:0.5), A LLE AN H A EHr) Zn 4% CDs. Wang %5
(20038 3 — 25 flipt 12 DA TR 28 = By RO R 2 it 38 Ik 71 S S LU AG RO ki T 2R 1) % 1¥) CDs 1) fs KR 3
WAIZHT I 445 nm FEF 3] 643 nm, HEEFE G, 40, O, BEMD ORI CDs, 5L
DT PLARKE A CDs. BRI AT HIE KA AR, TFAEFAHATIMIB AT Zhu %
[21 ]38 55 22 bR By AL RIPE T4, Jl I ZRENSF BV IR B D ) £ 7 G % CDs, 3 Hil
T AR A B AR 2L A R A HE CDs MR it . 58015, 4%, 5. 40 CDs. Jin Z[22]F & T —Fhék
KL, A L-BE R (A T ¥ €8 CDs). 20K (1 T-4¢ 4 CDs)Fl L-Bg & FR/41 2K — iR A (116
Z1t4 CDs)K3K13 WLED (1) =Mkt Zite . Dang 55 [23] 15 Jofs AR SR SR WL g 1 b il £ CDs,

WP R E SR TR BRSO GRS, 2 E IR, K Ok CDs & TR
N 3.3%HE— 4 B 28.3%, FFAE FHIX LRk sUVE Nt AR D b 25 T ED RO A . Li 55 [24]
i 1,5- & B ZEAE AR, =SB E NS, @R RN AR . LEEFK I ),
CDs 172 % 5k 34%. Ding %5[25]7F KCI AL, SRAITCIEFNEINRAL R — %, R8T — &7
HA 442~621 nm 5O R AT B2 R N 23%~56%. 77 FRAE 34%~72% LA ) CDs. Dong Z5[26]4 4
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A SRIEIEE NaBH, B )5, Hil 4 B GRk s . Feng S5 [27 138 ik ] 5 1) — 25 7K A b B 287 B A i I A
PEG200 fE A HEALF il # 44  WLED [RIRR R T 5o Liu 5 [28 K746 B AR Jov 8 B 71 43 ) PR A4 B R 2 T
WER, BHCTOEBUROGER T30 22.5% ) 540 GRS IS BMER, T RESmEERA A8t
SR WLED B A RIFRISI A EME. & 12 IR TARR S, B TAMITRIBRIE . & R07%. B,
B R0 18 7512 L R kg idt WLED i FH 20 B

Table 1. Carbon source, preparation, color, separation method and hardener for WLEDs entirely based on CDs
# 1 R ETHREFANBALLZRERANRE. $I&HEZE. BE. s8EEMELT

Rl HAth BT Bt B TITE Wan-ienl SCHR
BWE TR, A8 W% - IR WEaRa FJEHT HE M G [6]
S S,
T :?Eé@[;‘ R K O KT FEmlE (7]
N- Z 5 2 bt =R - =W Ay oyl - HE M G [8]
é =
Frm, TR, T w0 HE e : [o]
WS
1,4-2K — 7 5L AN TR FANE:N ¥ JZHT o [10]
2,7- A2 DMF pagalfad JiceAn BT - [11]
FHEEG, W2 A 5 iy )
SR R 7K FH [ 3an PVP [12]
AR R = () " i — ,

S iz TR Eata HENT PVA [13]
B2, RAER BRI, K WHaka BT - [14]
tobias 2, 4RZE % R, KR WAL KOH i - [15]

FAb A S K 7K # PRy AN EH [16]
X”‘:%gg”m‘:a L K T : LR [17]

R, IR KE, R BRI SO, B o [18]

X 4 fix S TEFIFA WHer PVP [19]

EIE =W, RE - e (R gt AN - ik [20]
—B NBa DB WA WA REH AW 2L

L-BX &R, APl peasilpal AN HEMr PVA [22]
T i i L% fiichzel SR} - TR [23]
1,5- & ks =E AR B SREN ZEr e [24]

AR KCI pRcol [k g Al Kk PVA [25]

HA A B NaBH, W5 SR ENT HE MG [26]

T2 HE PEG200 TK A A BT M e [27]

N RIS - ) ]
FrEeig 4 KH-791 A H [28]

DOI: 10.12677/ms.2022.125052 503 PR R


https://doi.org/10.12677/ms.2022.125052

ML 45

ARG SR WLED OIS 7 fssh, (H2 T H AR 1 R T R RO A 20
77 RAK), — M K LED $a & 17 R K AL S AR Horh —Fh B LRt 17 AR AL 5
DUSIIA 2 5 B AROERCR o AHRANVE BT FH (K8 T T03R 1 LED J5RR AR 1 AR T A H AR -

3. R EHMESEAHE WLED

— LB N LA R R R T AR Atk T ), AT LS H AN TEHLECA ML RNR A SR &
WLED; HiT CDs KIHAF{E& M ERERI(-OH. —COOH. —NH, %), CDs #fI5 5H WAL T 4551
SRRRETT, AT SEI H S R A — D BRI AL . R T A SiO,. &R A LHESE(MOF). &
MUEREM B &, Befg B3EFFK CDs B n-n AR M PR S BRI E I 5 R B KAEH, E— 04t K&
B .

He S5[29] AT AL T AT BR AT IRAA, K — 0 K BGEHI & L0021 250 CDs 5 N 4x 7 e
AR LU A il i WLED . Chen S5 [30] LA 2K — [l il , 88 Ik 1 7)1 4 B0 hi s JEi B PVA
fiE, i SRS S, RIS K TR EIBE A, Zheng S [31] LA B TER J kiR, @it
T B K PSR T — BRI B SR DOGHR s A R B TE 220 £ [CE F X SE M Vs AT /K FA kb 2
Hil 2% T KR F =% 2.46%[) CDs. 53 #MIATTLAE R A1 2 G B IR A &R, TEM R PF T3R8 T &
%% CDs (N-CDs), HE T /=% &A% CDs [1Hifis. CDs Al N-CDs 53R I H A 57 7K I 1 A1 R 47 1) #4
FaEtE, ERIMETRHEAION, (HEH NI R & TR . 8/ CDsEt & &+ B N-CDs
PERT IR IS DR ROE A R B AR A Y. Li SF[32]R G T —Fhfai 45 5 TR5 5 070,
R LATE LA A FH R IR AR N TR D& YCBUR IR i Z G ABAT TR CDs 1R Bt 448 5 CDs Te
BT AIRSA, A UV-LED & K AR N 6k A % LED. Cheng %5[33]38 i i H 40 2 vl 4% 1
A SRR A R e S ALK (BNNS) 4L gk 454 . 7EB NS BNNS J&, E&MEH
PR D EBFL. C-dots/BNNS b7 Yok R LR AR 6 24 4 B . Deodanes %5 [341H A S22
T VAU S B R R i B R VR S04 A8 AE CDs QDs VA4S SR EE M g 2 4h, #14¢ T A6 R LED.
Fang SF[35HIVENR - BERE, i BREHE T AU HA S WTE RN 2 = LA B 2 HOC B,
il 4 7 HAT B s AR MR AU B LED . Gao Z5[36 KR IHME 1 T N-(B-2 Ik £ 3k)-p-Z I N FE ik
FAASEE L (AEAPMS) I s 177 % RIS ToREII PO CHUKAM RN R R 6K CsPho g1Mng 16Cls 1)
FRERE 9K KA S5 &, LA WLED, il i) WLED 78 HL 8 in AR 39 T4 R v 5 Tl e I Y R 4
gt E. Han S&[37118 R L)@ W% (PEl). BERR AN L RE/E IR AL, &R &A F% PEI ML
SET CDs. PEI AL 2440 58 SRR FEB 1L B non AHEAE R, UM 7 REL R AR, FFER
BEFEOT KR ME G, £ ROCHIHEBAVMESRMES S G, AR WLED.
He Z5[38]LATRMELLABRIR Y JERL, 4 1 — P A BOLIR S(CDs)/KIEH, 54 CDs 5 Al-MOFs I
Zn-MOFs & & 4% % CDs@AI-MOFs #1 CDs@Zn-MOFs & &1k, P4kl LL— & LL i AB JIRIBS G
5t LED & 4448 T i B )t LED. Huang 25 [391K5 i 0 s S RN 4% £ 0 565 B A 5 40 6 A i £
Ag-In-Zn-S (AIZS) KK THILE &, M 7 —Fh b i) e B e 2 WLED 284, Li 25 [40] 402K — iz fin
L-BuR MR & T itk 7, ZJ55 Zn0 &1 A8 A, Hil#& M WLED HIBk :/Zn0 &1 mE &%
Jekr. Liang SE[ALPHE Bk s AE N RAHBUAZ IR T, eI R E R, AR E DR R b B S
WARLr oy B, T A0 T S ER Bk sl (R I ARAR S Fe - - P FREEAH BL/EAT . Lin 45[42]% CDs 4543
AIS@SiIO, QDs i, A M T HA FYEREH Ag-In-S/ZnS@SiO,-Carbon & 1 55 (AIS-CDs) 4Kk 2 &4 K1,
FRINFEAR T A& 580735 5 RS CDs RN, TERL T Fe e i 240 B 6 R0 A FH B E T KR A4k
Liu Z£[43]K N-CDs 11 ZnO QDs #H HIZEHE I ik-ZnO &2 ¥ &1 155 (CZA-QDCs), 7k 7 N-CDs R4
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P FVERBSL, IR T WLED FImi s tiliadt. Lu [44SR 6N FH B
(RhB)r FH BN 2L ZIF-8 h, M KEICHE GMEL . B ER H (460 nm) LED & Lik7E
CDs@ZIF-8@RhB@ZIF-8 4K A 44kE, AT LA BRI 52 1) F1 R

Sun Z:[45]144 15 CDs. 4if4 PDs. Z.£4 PDs Fl PVP (3, k=% HeEERA, Hl& 7 Atk
LED. Sun ZE[46] K W €k Bk o5 5 S (RN 21 €0 R S i AL ) (ZCIS) % /52 & T A (QD)MI &5 4, LASIZER
HA 93 (1 T 4820 WLED . Wang %4745 555 Zr(iv)-MOF £ &, B 7ERI A UV-LED & A B3t
il CDs/Zr-MOF 9Kk E &M R T = B B2 WLED. Wang %[48]—4uik, Wik ik ST
Zr(iv)-MOF B4, #1417 AR AT i 1 1% LED. Zhang 25 [49])38 it 44 15 (/43 (0 R G N 35 2855 SN —
AAREGORER PRSI R R TEM LR AR R . 8Kl /4 1 CDs@SiO, 4L 5 CDsTe@CaCO; A
RS NUV S IS E, il T HAA RIFMEREM A LED. Zhang [S50125 15 3 (8 & Y6k i 5 44K
TORLRA A J5, Y T 9 e am P, {3 (1 €8 LED J7 [l 3 243 35 . Chen S5 [S113 I /K #92: MATIE R FI APTES
A BUERE B BRAL I EE (27 CDs, 2 Ji5 5 HH (3-Fi 4k 7 ) = H AU B A b2 (MPTMS) e /) & 5% CDss NC 3%
KR, AT RN R RS A A ) S AL EESE CDs/CDs NC =464

Table 2. Carbon source, dopant, preparation, CDs color, separation method and hardener used in the construction of WLEDs
by doping CDs with other components

z2 HREFLREFHMEMMBEBXLZXAZREMANKIE. 537, SI&5E Rt 285 EMERHT
/U 5% SR CDs it BTk vl SCHiR
. 2+
R, BT St A#e ma BN G [29]
T CeYALD, WA A E‘fﬂf [30]
W, LR i (G ¥3 el - PVA [31]
[EhHi CDsTe HE T W - fek [32]
-5, A RALN K TR ) - - [33]
R, =K CDs IKH g - [34]
- s " —IRPR =
MR, JRE Eu(tta);(bpyO.) T H A [35]
iR, AEAPMS CsPbXs FEELH™ 4 SR R - PMMA  [36]
P/ NTHEL
FI S 2030 i ik JE A HLHESE TR faRe) FEHT AB i [37]
‘ Zn-MOFs #I , N
hPELL, B AL-MOFs gl #HT AB Ji [38]
s Ag-In-Zn-S (AIZS) &, Wte, % y
¥k AEAPMS PO T KA ¢ &N [39]
SRR, L-PriRImpg ANEET A T AR e - AB [40]
. 2+
Frem, RE BaCl BAVES e B [41]
IFHENHE =LA
R, L% HESE(APTES), KA Wt - PMMA [42]
Ag-In-S/ZnS QDs
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Continued

R, L% APTWS, ZnO IKH W - PMMA [43]
FRIR, JRE&R %+ B, ZIF-8 (¢) W A I [44]
MR, i g-PDs, R-PDs, PVP 7K # W T i [45]

3-(2-F Ik LFEAF)HHE] = SR EANEN
H A B RE(AEATMS),  F7 ZCIS/ZnSe/ZnS figt W PLiE PMMA [46]

B QDs

R, PRER, EK AEATMS, Zr-MOF (b3 e - RERCELR [47]
FrigRg, AEPTES Zr0, K Eé@ ® Dl R g [48]
WS, 7l R CDsTii@(:))éacm 7J<#;ﬁ Tl H’i@@ S @*ﬁb [ TR [49]
Fri5 1% AEAPMS Au K EA A - - [50]
“%ﬁﬁif%@ﬁﬁﬁ MPTMS B e i i MR [51]

e 2 Pk, B kO s DLk S M B, BT, MOF APRHERUA R & i
WLED, XFERYUF A2 AR ARG 2, A B 77 R B, RENS M) WLED AOGRR L
Hio HATER HATAAEZ RO, OB A HUE SiO MOF sREAT4liAL A, {5 B /775 (1 [ AR AR 2
LR T RO R EK, T8 WLED BARMEAR, FrelS Rt R E f7 A2 i 7%, &
R P LERRE T T A

4. BY4E

Hill, CDs fEJtH T 229U N TR AR KR A RIS J1. B 7 AN CDs fE B TERE . MK
U (RIS A, E 5 16 O B P b AL 22 E 1) CDs 384 7 EfRATRE. i CDs
i g, M HAT CDs SR SR Z MO RE, I eS80t LED H M CDs 1E
Ok CHAEN R — MERTRITT M. EIRATESS T Bl BAHSC AR, B 7ESRIF M 2l pi sl i Ak
GBI ER E WLED fE 5%, B2, R SRR 0T & A R AOURHE CDs 1223 LU A
FIEL B HKIRTE CDs KIGHERERIIT RN 1A — € 3 B

E&WmE

B E R AR RS I H #EES . 21405069; 10T “X4IC T TR XLYC2007140; K224
BTl (EtdifE s FroRm s e &N ALY , 20201016094; L5248 HAA R =& 4,
201602339; 1L TA 2 FRNTE NA L FFTHR], 1LIQ2015068 Xif A 3 # ) 3 ¥
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