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Abstract: Due to the existence of aggregation-caused quenching (ACQ) effect, the application of carbon dots
(CDs) in the solid state field is greatly limited. Herein, a new class of nitrogen/sulfur-doped CDs (G-CDs) with high
fluorescence quantum yield (PLQY) and AIE effect are obtained with an eco-friendly, low-cost one-pot solvothermal
method, and the structure and properties were analyzed and characterized. G-CDs exhibit blue emission (A =400
nm) in organic solvents while after adding water, because of AIE effect. G-CDs in the aggregated state manifested as
green emission, and the PLQY of the powder was measured to be 48. 6%. With the increase of water concentration,
the aggregation fluorescence emission of G-CDs was red-shifted, which confirmed the AIE characteristics of CDs.
Based on the unique emission fluorescence and AIE effect, G-CDs have important potential applications in informa-

tion encryption, ink printing and luminescent lighting.
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Fig.1 The preparation flow chart of CDs and the formation and characteristics of AIE



2004 K b/

¥R 44 &

B e T AT 52 30 A28 5 18 LA 3 S0
3 Z#R5i®

3.1 HAMEREEHERL

AR S B T SR A B TR B R B Ol FA
FA R 5 U0 B o5 G BUFRE , EL A ik 25 R Jre 55
PTG TR 1B RE T, 25 5 R A Ak 2 RO, A 1 8L
EAEY .. BT — BRI R
5 1 2R (0 CDs, i X5 B . 9 1) o L i A7 1 Ak 9]
B MBS , B SE, EEUTSA F1 FA 1Y & Lt
1:1o RFHERPR A8 5 1 76 [8 5 TSA (9 & 53 in
FA & 55, CDs (9 9 %58 J5 38 i, >4 i 1 3k 3]
1: 4 B 5 O 3 45 v LRy oK 2 0 52 30 o AR S5 1)
o, Y R F Ik B 1 8 I, CDs 5 B X & Bt
H7E 581 nm Ak (9 % 5 6 7 = 2 by oK €48 R B
o, AR SR BN FA & & 2 5 Lo 12 16 98 6o
FEAR . 2, I8 FA & i3 TSA & it /5, CDs
TR 2SR B . L, 2k B 1:4 28
TSA 5 FA [ A f5 A b ], 9 4R 5 il 2% 9 CDs
G s HoAir 45 4 G-CDs.

IEAh A IRIEAE G-CDs H i BB 24 2 7 A 4k
DGR EE R . KR (SA) R TSA,
HEAT T — 2 X BR S , Hovh SA BR T4 TSA R i —
OH B4t —SH Z Ah, W& k#4589 JLT- MR . 52
B 25 BN S2(b) o, 7 [A) A 52 38 251 F 45 3 Y
PR HAT WA G I CDs T . Bl D TR
1) PLYG 1S , 25 01 S2(a) fif 78 , 1€ 450 nm Ab A5 —
W R G EE W Y AL B4 B K G
K S2(e) i , M AR B A TE 58 AT T & 0 s 1 o
FIREERAE STUR BB AT CDs G R Bk A
A ST Rt FFE, HIRR LR
FE R FIAE A iR B VR T OB 4 R
FEREE N, PEAT— A IRSE 8 . FE A S50 25 AN
ARG OLT A B YA SR 2 CDs W, HL IR
FE 450 nm A AT — i (6 RO (K1 S3(a) ) . 155 A [
A CDs W E S3(c) Fin , I A& 8y AR HAE 365
nm EAMT BT L RIS R E s, FrbL,
LRAANE Ry —FIC A FR R A5 700, T LA J2
CDs J& B A AR, 76 Bk 4009 25 5 5 Ak 3 ol
HEERLEEMEM.

3.2 SN WMRILE

2, R R oy S O T R BB X G-CDs
B 35 454 AT 3 i 5 3R AE , AN &L 2 (a) BT 7 o
G-CDs KEUE R W ERTE , /3 A 34 5) , A o A

R, R AAE 1~5 nm, F ¥R 424 D=(1. 89+
0.03) nm. WCAN, @ o H8 3% 5 i 0 4 BE T 0
K F| G-CDs HA B 5 (1) 5 A% 4% 80 L &b 1 18] 15y
0.21 nm, AT LLFJE N A 5509 (100) & i, B A
FABEEH . W 2(b) 1 XRD M 45 3R 8w, G-
CDs 7E 25° B 35 9 431 55 06 5% B T A7 55 19 (002) i
T, HXE R sp® C 1R A7 55 45 48 it B, 16 BH & 1 4 T
BEAR , BN T8 TE B o T 41° &k 1 17 S 0 X iy
% 0.21 nm 1Y S A% ] BE, F— 2 UE B T G-CDs B
A A AT BRI AR S R

BE N THITENMSB AR G-CDs 1 £ 1 H
AE 1, FRATTAF A0 BT 58 T G-CDs Y A8 HL - 7 e 21 4
(FT-IR) Sk M X S 4ot F ek (XPS) o &l 2(c)
HTSA 9 FT-IR Y63 /R , 76 2 522 em™ Ab 7 7E S—
H 5 B 45 9% 3, 76 1 629 em™ ZEFE7E C=0 8 1)
4G R 3, 78 1 143 em™ 277 16 C—O 8 (1 1 45 Ik
B LA LA T 632 em™ A AFAE C—S B A i 4 R 35
FA [ FT-IR ¢ i% 8 /%, 7E 3 202 ~ 3 467 em™ AL 77
TE W g, U T N—H B 10 45 IR 30, DL R AE
1 699 em™ AL FF 7 C=0 8 /Y {1 45 I% 3h , 7E 1 394
em AN FEAE C—N 8 1 A 45 B8 sh A7 F 1 060 em™
SEFEAE C—O B 45 9= 3™, 17 G-CDs [ FT-IR
St B, T 3 410 em™ b A7 AR W g, U A
T O—H M i 45 Pk 3h ; £ 2 711, 1 612, 1 386,
1 135,757 em™ 2 YA W] 43 50 H I T S—H .C=
0/C=N.C—N.C—0 .C—S# iy Ik zh™'. k)5,
FATXF G-CDs 19 XPS 4 i & (& 2 (h) ) 47 BF 58
Al LA #) , 1F 284. 08,401. 08,532. 08, 163. 08 eV
AR T 440 R G-CDs i C N, O fl STC &
A, Hod & ST R T R A B 72, 42% .
1.65% .18.76% .7. 18% . #F— 4 , X G-CDs Y
B HE Cls N1s.Sls M O1s & s 470 L&, an A
20 Ir7n o R arPE Cls i R B AE 284. 08,284. 78,
288.38 eV AbFAE 3 M, 4 5 4L FE C—C/IC=C.
C—N/C—0/C—S F1 C=0""; )\ = 43 ¥¥ O 1s i¥% (&l
2(e)) T LA B, 7 531. 38 eV il 532.58 eV AL 77
TE WA, 43 B4 3 ¢ =0 il C—OH/ C—0—C"™;
MR A BE NIs 3% (&1 2 (6) ) & i, 7E 398. 98,
399.08,400. 48 eV 4b M 3 4>, 43 51 %k 107 T Ak
WE N LI N ORI £ 88 NP B B S2p i (& 2(g))
ZFEW  1E 163. 08 eV il 164. 28 eV Ab Y P A4~ 14 43 1]
IR F S—CHIS—H. Zf LTk, G-CDs ZH & N.S
SEOLER IR E A A LA SRR T A SR A AL



ERRE| T &, % A B EAREFER RSO ST & 5 R 2005
(a) (b) (c)
(002) . ' 1,
s A
3 ! /
D=(1.89+0.03) nm [= c—s
g (100)
= FA
g
<
g
] ] ] ] ] E
10 20 30 40 50 60 70 =
20/(°) Z
g -
(D lcis () lo1s & C—N
. C=C/C—C . G-CDs |
s s
é é C—OH/
2 =z C—0—C
S = C=0
2 2
&) C—N/C—0/C—S &) — —
=0 C=0/C=N ( :
- \ (TN B C—S
1 1 1 1 1 1 1 1 1 1 0 |H/N 1 H 1 C—N,
282 284 286 288 290 292 528 530 532 534 536 3500 3000 2500 2000 1500 1000 500
Binding energy/eV Binding energy/eV v/em™
(f) Nls (2) S2p (h)
5 | Pyridinic N 5 5
:*‘z Graphitic N g }f
= = =
] 5 3
S Pyrrolic N S 3
1 1 1 1 1 1 1 1 1 1 1 1 1
396 398 400 402 404 161 162 163 164 165 166 167 0 200 400 600 800 1000 1200

Binding energy/eV

Binding energy/eV

Binding energy/eV

F12  G-CDs A TEM G FN ST 4345 B (a) XRD JE3% () 5 (¢)TSA (FA Fl G-CDs B FT-IR Y63 ; G-CDs B & 23 FER Cls(d) |

Ols(e) \N1s(f) .S2p(g)i¥% & G-CDs Ay XPS 4% (h) .
Fig.2

(a) TEM image and size distribution map of G-CDs. (b) XRD spectrum. (¢) FT-IR spectrum of TSA, FA and G-CDs.

High-resolution C1s(d), Ols(e), N1s(f), S2p(g) spectra, and XPS full spectrum(h) of G-CDs.
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Fig.3 (a)Normalized ultraviolet visible absorption(Abs) and PL excitationx(EX) of G-CDs powder(A,, =500 nm) and emission

(EM) (A,,=360 nm) spectrum. (b)PL emission spectra at different excitation wavelengths. (¢)Fluorescence decay curve.

(d)Normalized UV visible absorption and PL excitation (EX) of G-CDs solution(A,,=400 nm) and emission (EM) (A=

360 nm) spectrum. (e)Normalized PL emission spectra( Abs). (f) Fluorescence decay curves at different excitation wave-

lengths.
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Fig.4 (a)Photos of G-CDs dissolved in different polar solvents under fluorescent lamps and 365 nm ultraviolet irradiation. (b)

PL emission spectra dissolved in different solvents under 365 nm excitation. (¢)High resolution TEM images of G-CDs ag-

gregated in water. (d) Photos of G-CDs powder dissolved in different volume ratios of aqueous solutions under fluorescent

lamps and 365 nm UV irradiation. (e) Normalized PL emission spectra of G-CDs dissolved in different volume ratios of

aqueous solutions under 365 nm UV irradiation. () UV-Vis absorption spectra of G-CDs powder dissolved in different vol-

ume ratios of aqueous solutions.
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Fig. 6 (a)Physical images of dual switch anti-counterfeiting

filter paper under 365 nm ultraviolet light (left) and

fluorescent light (right). (b) The decrypted picture

of fluorescent security printing and the physical pic-

ture under fluorescent lamp(left) and 365 nm ultravi-

olet lamp (right). (c) Physical image of flexible wa-

terproof CDs/TPU film under 365 nm ultraviolet light

irradiation. (d) Physical images of green CDs/PP

composite fibers under fluorescent light (left) and

365 nm ultraviolet light(right).
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