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Abstract: Nitrogen-doped carbon dots (N-CDs) were synthesized via solvothermal method using
tryptophan and o-phenylenediamine as precursors, absolute ethanol and water as solvents, and characterized
by FTIR, XRD, TEM, XPS and TGA. The effects of n(tryptophan) : n(o-phenylenediamine) and reaction
time on quantum yield of N-CDs were evaluated, while the optical characteristics of N-CDs were analyzed
through fluorescence spectroscopy, quantum yield test, and fluorescence lifetime assessment. The results
demonstrated that the N-CDs synthesized under the conditions of n(tryptophan) : n(o-phenylenediamine)
ratio=1.5 : 1.0 and reaction time 6 h exhibited the optimal quantum yield (13.95%). The N-CDs possessed a
spherical structure with an average diameter of (3.65+0.26) nm and a surface enriched in polar functional
groups, including amino, hydroxyl, carboxyl, and carbonyl groups. The maximum excitation and emission
wavelengths of N-CDs were 535 and 601 nm, respectively, with an absolute quantum yield of 21.39% at
535 nm. The ethanol solution of N-CDs displayed blue fluorescence under acidic conditions and a pink hue
without fluorescence under alkaline conditions, indicating pH-sensitive color and fluorescence changes.

Key words: carbon dots; nitrogen doping; tryptophan; pH-response; fluorescence; functional materials

16 A ek RS ARG T, RUBAME  STRAUSS 52 il i % 7 005 BT I 1L 22
£ (N-CDs ) CHL— B AZE FLAGADREERL, J MRS LR
AT HEHU P | PSR (MR — Bk Bk KT R, S
BB RS, EAEZ U, It kB h A L SR ) A B O R
ARG R ERRAS SRR B KR/, N-CDs 2 FI%0E . BRI

Wi BEHEE: 2024-04-11; EAHME: 2024-05-06; DOI: 10.13550/j.jxhg.20240296
{EE R . #EME (1998—), B, Hi+/E, E-mail: 6223014005@stu.jiangnan.edu.cn, BEBREA: AN (1983—), B, #¥Z, E-mail:

yinyunjie@jiangnan.edu.cn,



541

HARE, S pH AR B A A B ] A S OGS YR RE I - 805 *

Tk R o AT T PR R A e e S P, X —
AL AR S, HARERME, TR B e —
ol FH 5 5 A b B B AT 5 A B 1 SR W R
N-CDs 75+ Hh 2 1R Pk 85 | A IR AR 3 A
BT A P R v e RS 1 ol 46y T R IR 5,
2 Fn A= WAL BN F P R4S T e (A
BHJE, F£ N-CDs /s HEAT Y pH SUBEECE
JEREERY, FE pH RIS R, B R AE R A Y
RGETE Sl RS AR W O T B B R Hi,
pH AN ] =BT T N-CDs FU9OEHE R FIH ARBT,
MYIfETE N-CDs W5/, Xt N-CDs 7E2¢ 6
pH B AL 5 T AR IR A . R, W78 fF
K BA 255 R ER) N-CDs, Xf#7 R HAE pH
A SRR AR I ) O 2B OC H L

AR SCHDL LA SRR e (e 2 R O S B AR, Sl A
R PGE SR 45 B pH WKEIERY N-CDs. [ B
N-CDs /) pH W HLE], AR @& 1 RE AL I As 1Y i
i1, BlA N-CDs WHERE R ALIRUES %, AR
LI AEREE W | I R 32 W7 SRR S A8 ) S B
FHARAERL 2 LA

1 SEEES

11 KFENEE

PR (CP), kbR ( Bkt 40k 38%,
AR). oK ZEE (GR), HEZHER L2004 R
Al R, AR, JbH RIEEHE A RAF; L%
FRS R LETFK, Al

FEI Talos F200 A3 5 B ¥ W {5 ( TEM ), %
[E FEI 2\ 7] ; D2 PHASER %! X B 5H{Y( XRD ),
f#[# Bruker 2 7] ; Nicolet iS10 U {# HL 75 e 21 48
4% (FTIR ) . K-Alpha % X HHOGH FREREY
( XPS ), % [E Thermo Fisher Scientific 23 &) ; Lambda
950 AU HR-AT WA EEEE T (UV-Vis ), ZE[E Perkin
Elmer {X#5 A PR/ 73 FLS1000 KR A/t 5796 600
WAL E bRk POt #s (EPL) , #2[E Edinburgh 1%
A E TGA2 BUAE AT ( TGA ) |, Hi-l: Mettler
Toledo 2\ ),

1.2 N-CDs %l #&

B, % n(&ERR) - n(B8ZE —He)=1.5: 1.0,
#0187 g ARFE i 0.528 g (& PRI T 20 mL
Tk Z B BEE, A 1 mL #REEFR AT 4 mL £ 5
TR, HXNRAH R T A AR, Do e 2%
fit 5 B B AR M R LG s R, 76 180
°CF I 6 hy [N TERL, FFI N 48 HARR H 2 = i
Je, JHUEMBE (0.22 pm) ST PEML A, LU EBRAR
JER A R ABORL, K BT AR R B HTAS (500 Da)

FEOrBENT 3 d, DL BRI B PR 8 A A 58 4 N (Y R
W B, 450 CHR T 48 h 15 2] 2 {7 N-CDs
WA, Hobl gt BRI E 1R,

P \Cgk o b . B 8 :
vf}k, l&,‘{"'l'\180°c, 6h o ZHE |

Kl 1 N-CDs [l i Fis 2
Fig. 1 Schematic diagram of synthesis process of N-CDs

[ 2 (OB Tl 0.528 g, I n((EIR)
n(BPA —})=2.0:1.0.1.0:1.0.1.0: 1.5.1.0 : 2.0,
FEHA SZAEA GOSN T, %5 n(VETR) + n(4BA
XTI 45 1) N-CDs B 777 S 50

e n(BAMR) « n(PRME)=1.5 : 1.0, HAbL
PEARZERIEBLS , B8 it E (4, 8, 10, 12h)
X} 1 #5 1) N-CDs HEF P2 R A2
1.3 FREFHZESMHEREMK

TEM 3. ¥ N-CDs 7E /K LBy BOF 24
5 min B AR, TA/ERE 200 kV, XRD I :
ORI 10°~90°, 4% 5 (°)/min, FTIR K :
K KBr J 32, B, I BGE T 4000~500 cm™',
RN 4 em™ . UV-Vis BISOGIREMRL . HHEE K
JEHE 200~600 nmo A GHEREMLL: Wk K
535 nm. BAIGIEINL . KRS K 600 nm, T
it LA 375 nm-EPL R i & 6K Wil 600 nm 4k
B &5, KL 568~753 nm, FEOGHE TR
WH . RO e S AT 38, 158 T N-CDs L3
W, P2 TCK S BERGRE 30 4%, LA & L2 %)
WP, 535 nm AE LRI 600 nm
S TGA MK FAA M, FEfh 4~6 mg, iR
BEYE I 30~800 °C, THE# X 10 °C/min,

2 HR5HE

21 N-CDs#H|&&MHE2E
2.1.1 n(ERBR) : n(ARR=J&)*F N-CDs =T /7= %
3% 7
B 2 HAE n(zZR)
N-CDs ZFEH B 17 3%,
WE 2 A LUE L BEE n((UVETRR) © n(3BAE )
AR/, o7 38 2 LS KR BN TR n(fR
) : n(RBAR_J)=1.5: 1.0 i, &7 K
K (13.78% ). Z5HERM, AEFRIYIE SN fe b %
$£7} N-CDs & F/=% ., JRHTHEZ, £ N-CDs
fil g B rh, AR AR e mT S 5 AR 1k
SN, S EN-CDs 2B A ] 1) R RS At i

n( 2R A R il & 1



+ 806 * M 4m 4 T FINE CHEMICALS

42

PR (2R A N2 Bt T 3 2 5 AP Il ik
T N-CDs Y451, shiisgss 7 HOLEUAOEERE;
SRR IR A AT REAE B T Z M RB IR EOE I T
R g A BRIE , X L8728 AL T REXY N-CDs By 1
PR o AR — R R AR, fiE
At M A, A5 TIRRAB AR B
I3z JO) T AR A 45 A )R RE A AN S 1 U SOk
Jito n(tA2R) : n(WHK_M)=1.5 - 1.0 ATREA BT
SEBLIX LERICR 1 foe P, TE RS E R A% L A5 A
I B3 1 T 25 B

20:1.0 15:1.0 1.0:1.0 1.0:15 1.0:20
n(AEBR) : n(EBFE )

14

—_ =
SN

BFE%

S N A O
T T

K2 n(ER) : n(BHE )X N-CDs LB 17
I
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