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BE  BEOCRINIK E (g-CDs) KIFR 5 RIVIGIR N (PAAS) A, Hil4 T HA MYt E TR (g-CDs@
PAAS) B AL PAAS HEAT K ERILILATTEA IRIBKYE, 685 ¢-CDs RE R MREL | B R AL
A= VR, i o-CDs 72 A AR P A B 0 HCIRES , AAEIR T o-CDs 7EREIA T R RE 51 & 158
HPRR AR, X FP A T EARERI 5, HE& SR P AR C R, ¢-CDs T30 & "1k 30% 1) & GE &R RHY
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FARBUNER A HET, #H WLED 38 %t #6 InGaN Wt i S @R 41 . Ble iz i
RICHRHE WLED (B Z4 R ES /7, e T WLED Ak br, ik, W AR 8% R OLROR G Rg 4E
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PSR SCAGROEIRANK 15 (g-CDs) KA AR PAAS S JFURE, 38 2 TR A AU K b 25 15 5 T
SOLIRAIK S S RNIRTRENIZ G A KL (g-CDs@ PAAS) .

1 SRIGERSY

1.1 RKFIENSE

PRE (ZEE 99%) , i e AL RHEA FRA T 5 AR (L1 99% ) . BRI TR B A 2K (o &t
IR 25%) , LIERTRL T AR AR R A IR A R BRI (BT 3 98% ) , dbat B AE M ER A
BT B (ERE 2 T8 1000) , FIEFEMA YR A TR A 7.

F-7000 #4866 REH, AAS H 24 E]; UV-3010 PC BV GG, HASS HEA 5 FLS920 Bk
1, B T ERANER A A 5 H-800 AU 73 HEi5 S il 7 WM (HRTEM ) , H A H 32 /A w5 JSM-6700F #4
ik SRR ES (SEM) , B ASH FhkR 234t D5005 B X SFEe i A, PETTFo EABRA A Inca
X-Max# X GHEERETEAN , P43 YRR AR C2+20B B alEs, Je RS ( 1) HIRAF; CEL-M350
RURLT (DIRZ N 1.6 W/em®) , bt P& B A RAF]; FD-1A-50 B THAHL, JLat i e iR
SEEGANAFAT PR F.
1.2 R

ZIECHR 50 7 vE, SR 145 ¢-CDs. 7E 20 mL EB /KA 3 g KM M 6 ¢ JRE, i
PRI TC OB A R AT 650 W S K HRomn A 5 min, 7 h0#Aad A& IR AV k4
TG {6375 B VAR 120 M A8 R (RS, 35 i 78 D TR A e [ A 5 0 TR 0 1) [ A E BT Vs i e R ok
L 8000 r/min [FFEH L 2 K, BRHK S min, BRIZVINE, PEER L2, BB 72 h DL BRER
TR RV R TR AR 2 5 B0 5 S IRCE TR R T, E/0NT 20 Pa B EZS 554 N R T-Ab 3
10 h, 735 ¢-CDs ¥ K.

A 2R AN Scheme 1 FT7R.

ZMSCHR[51] Ik, R0 26l % b-CDs.
¥ 20 mL 20K 5 3 g IFBERIE S, P25 IR ¢
TR, KRB IR IAE 650 W RSB b p i 5 i
min, TEMPGERE S, AR T OB ET AR iR, &
Je A5 BINRAR CEERRIR AR, K [ 1A F B s A 2 B
Tk, LA 8000 r/min (5L B L 2 WK, BEK S
min, BREKRBORIDIIEIORE 12T, 1000 53 E PAAS
TAAPBHTEIEHT 48 h 22 B A S I8 14 20K Ay ' L &t
BER ; XPBHTIE RO TR % TR, /T
20 Pa I ELZS 45 F ¥ TAL#E 10 h, 5 %] b-CDs

¥ 45 mg g-CDs MR T 90 mL LK, #54R3) 5 min, {ff g-CDs 7%, SRJ5H ¢-CDs
IKEBEINEER 3 ¢ PAAS IOREARH, HEFE 10 min, f ¢-CDs 5 PAAS IRA39%5), 7Ehitlidfih, PAAS
AWK RERK , RIEE K, o-CDs il ZAEVE S5 A 5 PAAS £1H L, PAAS H F @M ARZHi AN
W BT RS IRE ST 80 CHOMLA T4 10 h, BRI HET ) 133 ¢-CDs@ PAAS & & 41K
T AS ¢-CDs 5 PAAS HIFCRELL, TT LA AN o-CDs T3 2 G AR e BRI ik, % —
FEEI) b-CDs IWAETEL B TKH )G, 5 PAAS I—E Wl iR A, BT 135 b-CDs@ PAAS B &
R}

¥ g-CDs@ PAAS B A MBS AR BRI TR L 22 STR A, Fo/rfitdl, Bt bh B T 22 JLAs o LUK
T 10 Pa W2 FMA0 R, BREFEM TP ISR, BEHIR GRS B AR FIER R F T 80 <C
AR PR 1 b BRSNS S B ] A5 2[R IR 0 (A AH A4 L

KRB RIRTH InGaN W6 A il 4 WLED, HTAEHIE N 3.0 V, &G K A 440 nm.

Mixing

Drving

Scheme 1 Schematics of g-CDs@ PAAS composites
preparation for WLED
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g-CDs@ PAASE ST EHS AR IRHE IR — 2 LR A, BT B2 U DMK T 10 Pa 1Y B 28 45/ ab B
PrEZRER, BIRA YR E] InGaN #5605, BB 47 09 WLED F 80 C [Efk 1 h, 3 E|LI
g-CDs@ PAASE A MRE B (6 55 45 2 (1) WLED. 3l i 875 ¢-CDs@ PAAS & & M RL5 2 S R 1) LB
AT D] £ AN [R] 8 AL bR AR ) WLED.

2 #R 51T

2.1 g-CDs /KiZRAIR AR

DIFFEBE R AR 25 JORE, SR TV % o-CDs' ™. TE M0 B AE I T R 19 R bR 253 2o I /K 46
B, B g-CDs. HHIE ST ARG E) AT UL, o-CDs K WRAEZ G T IR B (5, R A
W CI B IR, 5 ¢-CDs KA L Sh-0] WSOV 6, RN, T 405 nm 4b ; 76585 ME RS
T, ¢-CDs ZKIEW & B ISe st otk SN F 532 nm 4b.
2.2 g-CDs@PAAS E5MEIHE R SR RRA

b ¢-CDs FRETFFIIEIK, R PAAS fE N BT S o-CDs HHTHE A, T PAAS H &
KAEFRILIET , 1T g-CDs R HARIE | HILMEAILF I, i o-CDs B85 PAAS = AEZUEER, JEiMT
k¥ g-CDs TEE B MR B - HORES , B P K (WL Scheme 1). 4 g-CDs /KIF K5 PAAS KK
BB LA 301, 621, 30 TR1 60 : 18, o] LAl 4 AR [R] g-CDs figk i 1) ¢-CDs@ PAAS & & 41K}
(B S2, WA HHER) . XU Tz 1 g-CDs@ PAAS 5 A A RHE 2240 B8 SR #B ELA A1 [H] Y
SO, YLIIARIRIEL LA SR T 6138 o-CDs A9 CHME, RIGXEE o-CDs@ PAAS B A HKHEA H TF
MIZEATH. A2 ¢-CDs I gk IIKH , ZAMBHERZE LED N R RS 78 74000 it &
M, 1Y o-CDs BTkt miit, Z A B g-CDs Z RIS fAFE/NER A REE , M A MR
RIHERT, BILFRATERE ¢-CDs /KIFWS PAAS ByRK G bRy 30 1BFA BN E AL, 17520
SCERRFSY. I 1(A) 7n i g-CDs KA S PAAS By RS B . ¢-CDs /KI5 PAAS #eiiit tb 30 1R
Ha, IRAEWKIZAK RN BT 1(B) ], F ¢-CDs FEIRA TR 2] PAAS BRI, M2
i KA FES , 153) g-CDs 712k H 30% 1 g-CDs@ PAAS BESHE K 1(C) . LEEEHRECET,

o

5

(

Sunlight UV light

&

-

7 AR

=~

(©) Sunlight ' UV light

Fig.1 Optical images for illustrating the preparation process of g-CDs@ PAAS composites
(A) Images of PAAS powders (left) and g-CDs aqueous solution ( right) under sunlight; (B) after mixing the PAAS powders and g-CDs
aqueous solution, the images of the mixtures under sunlight(left) and UV light(right) ; (C) after removing the solvent, the images of the

g-CDs@ PAAS composites under sunlight(C) and UV light(D).
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I

HAMECRE AR ; 1ELINEIBE T, o-CDs@ PAAS B &M B L #0456 B 1(D) ). ML
T, 2l PAAS 7E MG IR T A WA BI04 (I 83, WA SCZHFF ) , %W ¢-CDs@ PAAS &
BB RS A A T ¢-CDs, [FIRULEH] o-CDs 45 PAAS Fifi, JFATBMBOIRE, el T
g-CDs YEIZ K6, BAN, g-CDs BA G R ARBITE, g-CDs@ PAAS W B G R AR BiME. 18] S4( L
ARSCHHE R ) 13 ¢-CDs@ PAAS 7E R 3EE TIPS EIR R, il s8R OB, &4 MR8
Pl . FE5AMNER BT, EAMEIR SO, TERIE T, S& s, fFrehm
TR, SR F2(A) N g-CDs@ PAAS & AFHRH IR SRS Foe e & 5. nTLAE Y, e-
CDs@ PAAS fYIZICIEN: T 405 nm 4L, [INF7E 405 nm SR T, & AT & S A F 530 nm
AL 2(A)FI(B) ], P S o-CDs 7K TR A WS G 137 R ' 2 Bt W e (6 W 45 (1 ST, DLAR SC 30 HF
SE)), UEW PAAS 5 g-CDs JE R T & & 41K

(A) a

PL intensity/a.u.

Excitation wavelength/nm

300
300 400 500 600 700 450 500 550

600 650

Anm Emission wavelength/nm

Fig.2 Diffuse reflection absorption(a) and PL emission(b) spectra(A) and
excitation-emission maps(B) of g-CDs@PAAS composites

g-CDs@ PAAS &AM B 52% 2O TRHCR, M T g-CDs AKER M ZE THCR (14%) , X
FEIEAN PAAS P ERILIEN Y g-CDs SRMARIE | AL 2 G LI A1 = A SRR, il g-CDs RES
TEZ G MR 4ERs B BORE, AR ik T
g-CDsTE[EI ST R AL M 51 & B9 K R, Jf
H PAAS X ¢-CDs R #4717 A & klifk, Wb T
g-CDsER G B v AR S et ) skt m] LA
PO TFfm M2 th A Bk — L EIIE. WA 3 fik 1 0]
LIF ), g-CDs@ PAAS 55647 i (11.06 ns) [L 10’ , _
g-CDs/KHFL(6. 48 ns) HOLAF AT, YL ¢-CDs 0 50 |(m ‘ Ia'.n 200
TR G PR PR RE R 4G LA P i/, BRI 1R Time/ns
flﬁ%ﬁfﬁ%, P& T U R TROR. Ak , XAE A Fig.3 Luminescence lifetime decay curves of g-CDs
FEAHJERT g-CDs, b-CDs T L5 PAAS # solution(a ), g-CDs @ PAAS composites (b)
TR A M SS(WARSCERHFE) AT 0L, 4% B[R] R and IRF(c)
(O % iR, b-CDs 5 PAAS & M—E I LLBRR G5, HHHHE, RIn7533)] b-CDs@ PAAS. 1E55MGH)
HEAR, el LA I WS 0. BRI M i & 07 i HAT Tz i A

Table 1 Comparison of the PL lifetime of g-CDs solution and g-CDs@PAAS composites

10

PL intensity/a.u.

Sample T,/ns A(%) T,/ns A, (%) T e/ NS X2
g-CDs solution 5.03 74.8 10.81 25.2 6.48 1.2
g-CDs@ PAAS 3.98 15.3 12.34 84.7 11.06 1.3

2.3 g-CDs@PAAS EGMEIHIFERE SR

E 4(A) 45 ¢-CDs@ PAAS () HRTEM & F-. W LIE Y, ¢-CDs ¥5) 53 HUE PAAS b, A kAR
£, H g-CDs A B A9 FHRZERE , A T4 °0 0. 24 0. 21 nm, 43 5% 7 A7 88 454 T i) (110) 1
(100) FhHTA S . K 4(B) 45 H g-CDS@ PAAS 1Y SEM R H-. A] LIFE it g-CDs@ PAAS N kIR 454, & 4



No.12 E2FARE . AR EQ@ BRI LM B & B LK =4 F P8 2R 2431

(C) 451 ¢-CDs@ PAAS [ EDS JGE T, iTLIES], E4MEH C, N, O FINa JLEAM; C M0 It
ZHKH T g-CDs Fl PAAS, N JTE K H T g-CDs, Na TTE K H T PAAS. 1 T g-CDs A E AEH Na ot
£, PAAS ABWAEH NICE, LA N JTCEM Na JCE BRI AEAESE—L 32 0] g-CDs Fll PAAS &
HAEL B 4(D) R g-CDs@ PAAS [ XRD 3% K], T PAAS R LERIMREY, Wminl LA SIE S
B ¢-CDs BIRTSTIE. DL EZ5 R, o-CDs Ml PAAS BESE G IE I ¢-CDs@ PAAS & & 41K}

e — |

(] (D)
0
Na
N\
- 1 L 1
0 0.5 1.0 1.5 2.0 20 30 40 50 60
ElkeV 26/(°)

Fig.4 HRTEM image(A), SEM image(B), EDS pattern(C) and XRD pattern(D) of
g-CDs@PAAS composites

2.4 g-CDs@PAAS EAMHIMBEEN

BT PAAS [RY, g-CDs@ PAAS EAMEHURILI RAF MR EME.  5(A) 4 il g-CDs@ PAAS 11
JehasE MRS R, TEE IR, HISRAMT GRAT, 15 W, 2K 450 nm BYRLRGEIEE R, TR
BN 1.6 W/em® JWEDDOLIR, KR IO TR (POLR) SHlE R S FRMER . 7TIL, B2
RN PR AR S AMDCRELE IR T, FEIAHRARF DL, 61T 5 min, RTHZOER B2 00m B2
8T 20%; 20 min J& , ZOLHREFFRE] 50% LT HZELEIR 60 min J& , PG5 AR R FOR Y 20%.
HRC, TR R, g-CDs@ PAAS FZOLR B IR LR R, Zo0d BAMDLEZ ST 60 min )5,
HA R LT IR ARAE , BB ¢-CDs@ PAAS & & M BHEAT R 6RasE v,

(A) (B)
o LOF - L L0
g 08 3 08F
= 06 T 06
3 3
= 04t S o4 b
[ o
= a =]
g 02} E 02}
z z
0Ly | i I | 1 | 0 [ | | ! | 1 | |
0 10 20 30 40 50 60 0 10 20 30 40 350 60 70
Time/min Time/min

Fig.5 Evaluation of the photostability( A) , the thermal stability(B) , resistance to
chloroform( C) and UV light(D) of g-CDs@ PAAS composites
a. Fluorescent dye; b. g-CDs@ PAAS.
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P LED 76 TAEHE T AIREEL R 85 €1, S THiiAE ¢-CDs@ PAAS 7E LED H i FH I A7, il
KT g-CDs@ PAAS B EZOEHFE 110 C 414 T 126 BE BRI ] i A8 4. i 181 5 (B) T I, FE 4
70 min J57, g-CDs@ PAAS Z & MRG58 B LT B A 284k, R ¢-CDs@ PAAS & &M R AT R 47
MR EYE. AL, ¢-CDs@ PAAS &G A BHEA LI 7 B il ARRE A AR, 152 G MR & AE A 5

FIrh#E 24 h, R)EWEHAR S L IER. BB 5(C) F(D) AT I, g-CDs@ PAAS &M EABET A
15, FELRIMDEIRET , B AMEHEED P IRAR AT LU A &, OOt FRCE AR, Ikl i, ¢-CDs
@ PAAS BAMBHEA RIFMA VBT E M, X0 E GBS LED BREp0R0 HR L T AR

B 6(A) 7R R g-CDs@ PAAS 5 PRSI 22 b il 4 H AR R BR A (A A AL L. 78 58 1B IR
HF, AR S E B[ 6(B) ], HANIES o-CDs@ PAAS 15204 BR ST T (1% & S ik — 5[ &
6(C)ME 2(A) ], KA GBI EICIE TR 252 B B 28 60 RS2 M. R AR SO 28 H ) g-CDs @
PAAS KA MREAT DIE Ry B0 4 J2 R T 31 WLED Ho.

(A)

Sunlight

400 500 600 700 800
Alnm

Fig.6 Images(A, B) and PL emission spectrum(C) of luminescent bulk materials

composed of g-CDs@PAAS composites and epoxy-silicone resin
2.5 ET g-CDs@PAAS £ &##H WLED
P HBEDEE A AR EPR A InGaN LS H, KAHIKA 450 nm (& 86, WA HHEE). #
g-CDs@ PAASE SRS AR NEZ IR — @ R B IR G )5, PR 5], s BER 2R S AR Y

380 480 580 680 T80
Afnm

380 480 580 680 T80
Afnm

CCT: 5589 K |
Color coordinate: (0.3870.37)

(D) 0.8
0.6
380 480 580 680 780 04
Alnm
0.2
0 .
CCT: 3675 K _ 0 02 04 06 08

Color coordinate: { 3 x

Fig.7 Images(A—C) and CIE chromaticity diagram(D) of working WLEDs with
different CIE coordinates and color temperatures
m(g-CDs@ PAAS) : m(epoxy-sclicone) : (A) 1:5; (B) 2:5; (C) 3:5. Insets in (A—C) are the corresponding optical images
and emission spectra. (D) m(g-CDs@ PAAS) : m( epoxy-silicone) ; a. 1:5; b. 2:5; ¢. 3:5.
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A, SRR A MR B R B 1Y InGaN S A I, T80 C ML 1 h, EIAI443] WLED. fil& 7
(A) ~(C)AIIL, @875 g-CDs@ PAAS KA MRS 3 4A R IR Y B i th, ] DA A8 A (] €0 AR A A €6
HAY WLED. X FER Y o-CDs #5240 AT IR IO 5 5 [ S 2Ot g A #r d & (18 S1)
JILAHT InGaN its i & H 9 B Y AE TR B (56 5 2 5 15 B 10 2 & TR B OB RR 10 5 n] LA e R W)
Wit B, RIAE Ao b K i R i 1 R S S S A PRI . B4 D g-CDs@ PAAS 6
MR LBl %, HER R S I &, W 2T RS K. X — B4 IR 7 Jdi 18] WLED f9 & 5 i th a]
IS SIENIE. & SRR el ey, ZSHELL M A W, WLED i @R L. & 7(B) N ¢-CDs@
PAAS 5 ER AR B o 20 SAF 4R WLED, Hi@ AR 4 (0. 33,0.37), A} 5589 K. g-CDs@
PAAS S5¥ARAEA TR Lo 1: 58, 15364 FR R (0. 26,0.28) , il 13057 K A% 1 WLED[ & 7
(A)]. g-CDs@ PAAS SEREM AR AT EL R 32 SR, 1538 @ AAR A (0.41,0.43) , AN 3675 K (IBE
H LED[ K 7(C) ].

3 & it

Wt g-CDs Fi FRIL . BRIEMEILEILH 5 PAAS R FLEL A Z Bl i S8 EAEH, #l& T
g-CDs@ PAASE & &6 BL. Hil s ik iy i, BT FERCIR 3%, #EMisCal ¢-CDs 752 &4 8k i = 1
W (30%). [FIRF PAAS FE AL, (175 g-CDs 7 g-CDs@ PAAS H 5 M HIDIRZS , B T ¢-CDs
HREEE SOOI R, ZA MR DL FRCR AT LA B 52%. BLak, Aol &t B 2 A 4Rk
HA R tt Sl mEiiteett. LT LIS, M85 & H 1 ¢-CDs@ PAAS B 54k
A LUFAE WLED H Bl (402 | il id % g-CDs@ PAAS SEPEMPRIAY R L, 7] LIS 2R [H] @ AR bR
AT WLED. XA PR A B 2Rl DA R i 40 oK S B9 7 0], R R DGt 9 K a5 iy it — 2 1
FHESE [ A LA

FHAZ B http ./ /www.cjeu.jlu.edu.cn/CN/10.7503/ ¢jcu20190481.
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Synthesis of Highly Luminescent Carbon Dots @ Polyacrylate
Sodium Composites with High Loading Fraction and

Their Application in Light-Emitting Diodes’

WU Zijie"”, LI Xin"*, LI Zhiwei'*, LI Di', ZHAI Yuechen'?,
ZHOU Ding'*, QU Songnan’
(1. State Key Laboratory of Luminescence and Applications, Changchun Institute of Optics ,
Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. Institute of Applied Physics and Materials Engineering , University of Macau, Macau 999078, China)

Abstract Luminescent materials have wide application prospects in many fields, and hence they have drawn
increasing attention. In this work, carbon dots ( g-CDs) and polyacrylate sodium ( PAAS) were used as raw
materials. By combining g-CDs aqueous solution with PAAS, a luminescent composites ( g-CDs@ PAAS) was
obtained. Because the PAAS has a large number of carboxyl group and strong water imbibition thereof, while
there are lots of carboxyl, hydroxyl and amino groups on g-CDs surface, leading to the combination of PAAS
with g-CDs through hydrogen bonding interaction. In the as-prepared composites, g-CDs maintain
monodisperse, which effectively overcomes the aggregation-induced solid-state luminescence quenching of
g-CDs. This synthetic method is simple to operate and has no loss of raw materials during the preparation. The
loading g-CDs fraction in g-CDs @ PAAS is up to 30%, and its photoluminescence quantum yields could
achieve 52%. In addition, the g-CDs@ PAAS composites have good thermal stability, photostability, and
organic solvent resistance. These advantages ensure that g-CDs@ PAAS composites can be used as the color
conversion layer in the manufacturing of white light-emitting diode.

Keywords Carbon dot; Polyacrylate sodium; Luminescent composite; Light-emitting diode
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