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Abstract; The aggregation of carbon quantum dots leads to serious fluorescence quenching, which
greatly reduces the luminescence efficiency and hinders the application of carbon quantum dots as
luminescent materials in display and lighting devices. The host-guest doping scheme can effectively
solve the above problems, but the water-soluble carbon quantum dots can not match the organic host
materials. In view of this, in this paper, the oil solubility of the carbon quantum dots was guaran-
teed by grafting the aromatic functional groups with liophilic properties on the surface of the carbon
quantum dots, so that the carbon quantum dots had certain carrier transport performance. The yellow
oil-soluble carbon quantum dots with a light peak of 533 nm and a fluorescence quantum yield of
43% were prepared by this scheme. The carbon quantum dots were dispersed into polymethyl meth-
acrylate(PMMA ) and coated on the surface of UV light emitting diode (365 nm) lamp beads. The
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photoluminescent devices were prepared with a bright yellow light (560 nm) and a maximum lumi-

nance of 23 000 ¢d/m*. Furthermore , the carbon quantum dots were doped into polyethylene carbaz-

ole(PVK) as the luminescent layer to fabricate host-guest doped electroluminescent devices. The

emission peak of the devices is 552 nm, and the maximum luminance of the devices reaches 35.07

cd/m’.

The above studies indicate that the synthesis of oil-soluble carbon quantum dot luminescent

materials and doping them into the parent material as the luminescent layer can effectively suppress

the fluorescence quenching induced by carbon quantum dot aggregation, which is of great signifi-

cance for the development of high-performance carbon quantum dot based luminescent devices.

Key words: carbon quantum dots; light-emitting diode; triphenyl methyl; host and guest doped luminescent

layer; brightness
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WA, AR RE 4 CODs 5 24 3] B 2, 4 Jik i mg
( Polyvinylcarbazole , PVK) il & i H IR B AE Sk &
JEIE BT Ak BR M (0.30,0.33) B FDE R 5,
PR R KA IR E] 2 050 ed/m’, R CQDs HL
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Fig. 1 Schematic diagram of the synthesis of oil-soluble
CQDs modified by triphenylmethyl
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Pt , 18 1o 375 8 B 2 48UB% ( Transmission electron
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W 3 (b) s, A L 28 46 21 51l 3%
( Fourier-transform infrared spectroscopy, FTIR) |-
B & A PR A B IR F 5 Amino-CQDs 1 Trityl-
CQDs fb2AZE M AN TR, 7E Trityl-CQDs FYZLAME
G T LUR B R A A ¢ =C fhgiiRshs R

2 Amino-CQDs(a) Fl Trityl-CQDs(b) i) TEM &4
Fig.2 TEM images of Amino-CQDs(a)and Trityl-CQDs(b)
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Fig.3 Raman(a) and infrared(b) spectra of Amino-CQDs and Trityl-CQDs
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photoelectron spectroscopy , XPS) Xf BiFh CQDs
R ITR AN E R AT 1 20, &l 4
fF7R . Amino-CQDs [ XPS 5t iif 471 4 [l i
Bl 3 BRI, 735l 284 eV (Cls) (399
eV(Nl1s) 1532 eV (Ols) , 1fi Trityl-CQDs A
e E T L2 Cls A1 01s BN
1%, BB Amino-CQDs EEA C N0 —=F
JCHEALAL, T Trityl-CQDs Hi i N JC JiFAH
XFH BN X AT LU A T C TR By KT
Ao PiFh CQDs B TTR JE 1 AHXT A 19 1
AXFHLANER 1 B,
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4 Amino-CQDs Fl Trityl-CQDs 9 XPS FEi494# & Cls((a) .(d)) Nl1s((c) .(e)) HEisrHE Bk
Fig.4 XPS broad-spectrum scans of Amino-CQDs and Trityl-CQDs and high-resolution scans of Cls((a), (d)) and Nls

((e), (e))
%1 Amino-CQDs # Trityl-CQDs KJ & jt & & F x4
Lt 5
Tab. 1 Relative atom proportion of Amino-CQDs and Trityl-
CQDs for each element %
Amino-CQDs Trityl-CQDs
C 72.07 86.71
H 6.13 7.14
N 21.51 0.58
0 0.29 5.57

WK 4(b) F 4 (d) fir, Cls B 5015 K
P 3 MES I, T 284.0,284.8,285.9
eV, % c—C/C =C.C—N f1 ¢—0, 5
Amino-CQDs X} H | Trityl-CQDs ) C—C/C =C &

RGN, X5 FTIR A% R —3%, vl &
e OB R, #E Amino-CQDs R &L 5 AT
B UIE

T UE B R PEAS B Y Trityl-CQDs A B 41
M, FRAT5 B X R CQDs 7 A [R B 4 375 771
TR AR B EAT TR L, ik 2 FoR, 23R
BB —#F , Amino-CQDs ZKIE AR, 76 L1 |
DMF . DMSO S5 M 1) oA R GF s e e, (B
IR R AR AR AR M B A PV A7) Th AR
MEE R, PSS 1) Trityl-CQDs & B HS AR 4 1)
FRIMPE  FE R R A8 T GEOR SR IR M B AR
A ML s AR S, ELAT 5 PVK DUME R
A T HOR SR AP SR IR M s R
PEA BT
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£K2 ZEEBELZMHT,Amino-CQDs F1 Trityl-CQDs 7R~ [&
BB P HARRE
Tab.2  Solubility of Amino-CQDs and Trityl-CQDs in differ-

ent organic solvents at room temperature

mg - mL™'
Amino-CQDs Trityl-CQDs
Ll 15.2 14.9
iy 14.5 14.7
T 3.4 13.8
LIS 1.9 11.6
EES 1.3 12.5

3.2 mEFRHYEMER
TE_ LRGSR AL Y LAY 1 ATk — 2 22
T PIFR CQDs BB X BLEle PR S PP CQDs

()28 Ah-FT UL W YO 3% (UV-Vis) (5 (a) Al
5(d)) MFIEERE (PL) (KI5(b)F15(e) ) o FFH
CQDs [ A3 5302 T 429 nm H1 423 nm, K5
23528 526 nm I 533 nm, Fe A8 4 W53 5 N
380 nm 1420 nm, FILLE ), MUHERETE B CQDs
IR GBI AR, 3 I ST R R T e AR
HEWE CQDs BB AR, X—245ethn]
MBS E] 433861 ( Time-resolved PL spectra, TRPL)
AAMARE] INE S () TS (F) BifR , SR AR R —
i BRI A CQDs 48 B4 $i0e Y s ek, 5l
TS BN 5.55,4. 82 ns, PAHE BRI R 2
B, CQDs T = B Foe HI A AR 5R 9 BRAE
WA, AT AR POC RS, A, Pifh CQDs
P4 I AT 0 i B 06 22 ) A 658 /0N 1) B 28, i B 7 o
CQDs HBJAFAERS 43 FH WU, 31Xt A7 R T i 809
Y SEEE,

5 103
(a) Amino-CQDs (b) Amino-CQDs 34(18 (c) ] :
—420 4 .
. ——400 3 .
z e —| R
= < —360 3
= = —320 =102
= z —300f £ 73 -
2 L 2 i-
= =] = T A,
= - ~10'y ¢ e, .
N ;L ) = . et R _ e
e & 10“"'Aminn-CQDs PR — e ——
T T T N T
300 400 500 600 400 450 500 550 600 650 700 50 100
A/nm A/nm t/ns
(d) |Trit 1-CQDs (e) . —a460]  (f) 10A§
yl-LQLs >) | Trityl-CQDs 440 El
= 5 5 10 -
E : =
: 3 =
& z z
7 3 Z 1w
S = = ]
< - - 10'4
T T T = - 100-
300 400 500 600 400 450 500 550 600 650 700 0 100
A/nm A/nm t/ns

K5  Amino-CQDs Il Trityl-CQDs B UV-Vis( (a) .(d)) .PL((b) .(e) ) TRPL Y% ((¢) .(f) ),
Fig.5 UV-Vis((a), (d)), PL((b), (e)) and TRPL((c¢), (f)) spectra of Amino-CQDs and Trityl-CQDs.

HE—25 X W R CQDs 19 RE K- iE 4T T 3=
fiE, WK 6 Fros 383 % 5 At i 7 RE 1 (Ultra-
violet photoelectron spectroscopy , UPS) i ¥] £k i1
HAF H, Amino-CQDs F Trityl-CQDs 4 E_,, F1
E, .05 H16.98,3. 74 eV } 16.58,2. 38
eV, 54 6(b) R 6(d) bk, B
B — AW R R PR T ) b R 4 (E

X g 79 R 493,59 nm 1 460. 63 nm, K 2
X E,,, =1240/ ,, HHAFHFR CODs 947 R
3N 2.51,2.69 eV, FIH Eyno =hv — (E 5 -
E,.) A% Amino-CQDs F Trityl-CQDs Y E, oy !
E\ o BER M50 7.96,5.45 eV 2. 7.0,4.31 eV,
XAFATZ G I R BB GEF BT St 14K
IS
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(a) Amino-CQDs (b) Amino-CQDs
5 =]

5 =
= s
5 =]
E 2z
Eounoi=16.98 eV = Aeage =493.59 nm
) E,.=3.74 eV
T T T T T T I T T T
18 16 14 12 10 8 6 4 2 300 400 500 600
Binding energy/eV AMnm
(c) Trity|-CQDs (d) Trity|-CQDs
5 g
z k|
z &
> =3
= 2
= =
E,..i=16.58 eV
Eoya=2.38 eV edge=460.63 nm
T T T T T T T T T
18 16 14 12 10 8 6 4 2 300 400 500 600

Binding energy/eV

M nm

Kl 6  Amino-CQDs I Trityl-CQDs A UPS( (a) .(b)) .UV-Vis Y3 ( (¢) .(d)),
Fig.6 UPS((a), (b)) and UV-Vis((c), (d)) spectra of Amino-CQDs and Trityl-CQDs

3.3 BREFREXEENFZEHPHNEA

T b 8 e (SR & S B R e
RN AR N BB e kb A )
KRR H7 ., FRATTR AT PMMA A Ry s,
A EE S 10 mg/mL B Amino-CQDs B T
Il Trityl-CQDs S H e 5 PMMA Y2511 A,

(a) (b)
—~
. q
8 £
j .
2} ~
I g
£
g
=
—

300 400 500 600 700 800

A/nm

(e) —34Y (d)

—38V
—a2V, -
3 Trityl-CQDs E
< .
E
= 5
£
E
=
—

T T T T T
300 400 500 600 700 800

AMnm

W T G 8 T S I 43 0 2 YR T LED AT BRI
T, R AR IR ER ROGIR)Z R iR
RICRIZITERIBFO T 4840 LED S5 R b, X H &
HerEREIEATHTE .

M7 o] LUE H R P RR CQDs il 4 19Ol
&6 LED 7£ 365 nm %840 LED & R IWIE T

4x10°

F3x 103

F2x 103

F1x10°

Current density/(mA + ecm™)

Amino-CQDs

25 30 35 40 45
VIV

4x10°
F3x10°

_ L2x10}

PRI | L1 x 10°

Current density/ (mA + cm™)

- Trityl-CQDs
0 T 1 T T 0
2.5 3.0 35 4.0 4.5

ViV

7 Amino-CQDs Al Tritly-CQDs 9 LED Y63 ( (a) \(c) ) FHL A - -5 BERFAE I R (J-V-L 11 2%) (b) ((d))
Fig.7 LED spectra((a), (c¢)) and current density-voltage-brightness characteristic curves ( J-V-L curve) ((b), (d)) for

Amino-CQDs and Tritly-CQDs
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Fig.8 Device structure(a) , energy level diagram(b), EL spectra(c) and J-V-L curve(d) of device A.
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