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Abstract: Nitrogen-doped carbon quantum dots (N-CQDs) were synthesized by a one-step hydrothermal method
using Hailaer brown coal pyrolytic extract and nitric acid as carbon, nitrogen sources. The fluorescent probe based
on N-CQDs was developed for the recognition of Cr( VI ). The morphology, structure, composition and optical proper-
ties of N-CQDs were characterized by TEM, FT-IR, Raman, XPS analysis, fluorescence spectra, and UV-Vis ab-
sorption spectra, respectively. The results show that the N-CQDs exhibits a good dispersion with the particle size of
about 2. 01 nm in water. Lots of nitrogen- and oxygen-containing groups of hydroxyl, epoxy, carboxyl and nitro
groups were found on the surface. The as-prepared N-CQDs emits yellow-green photoluminescence under 340 nm UV
light with an absolute quantum yield of 1.26%. The fluorescence spectra show that the maximum excitation wave-
length of N-CQDs is 340 nm and the maximum emission wavelength is 556 nm. The fluorescence emission is non-ex-
citation dependent (280-440 nm). In addition, N-CQDs exhibit excellent optical properties in the pH range between
4 and 11 as well as at a low concentration of NaCl and KCl. The quenching effect of various anions on their fluores-
cence intensity was analyzed. The linear relationship between Cr( VI ) and N-CQDs (Fy/F) fluorescence quenching
was found at range of 0-200 pmol/L with the detection limit of 0. 56 wmol/L., and the detection results are consistent

with the ICP-OES method.

Key words: carbon quantum dots; Cr( VI); ion detection

Yoim B : 2023-10-18; 11T B : 2023-10-24
E2WA: BHKARFRE S (22208138)
Supported by National Natural Science Foundation of China(22208138)



2266 K b/

¥R 44 &

13l

BRI TR PN R Z &R TR
— FE [ AR A DL (DA (VD) B2 R
SEAFTE o B (I FE R B AR, B8 R A 140 FLAg
RFDhEE, BARERERKREAFTHEZEITE, Cr
(VD) B A 5 20 0% 3500 v soms M | A A s it B
AAER RS, WL, BB KT Ce( V) # HE 5 7
ST E X A BRI AR B eH . HAl
EF & H LRI Cr( VI 95 35, 1 I
PTG A R T R SRR R ook
PR S A B TR A RS BB 0 R AL B R
BRI T B AT & S i SCBR N o AL Z R Bk
It RSO B AR I AR PR e Ry PR A A
ARG AR G B AR A5 B L T Ak 2R A R
ARt

it & F A& (Carbon quantum dots, CQDs) J&
2004 4F Xu ZECFE 43 85 F1 4l Ak B0 RE B 44 0K 45 B R
PR T BRI B0k, HoR AR/ F 10 nm, A 68K
JetERE . 2006 4F |, Sun " i F AL AR T
ELAG 18 580 9¢ 36 K SRR 9 AN K JBURE , O 44 Sk ik
. S5 A VSR N SRR T A
L, Bk it s AN B A LTS S A RO
PERE 5 g4 ok T R i HLE A sUB O 2R R e
PERUK M LR 02 e M RAREE M L R AP A
YA 2R AR BT N O AR SO
B i B R A B A R A AR
G

TECHREN BN N S —Fh A A0 HREE 2 % 1
TR yE A AL R A R RN B R N R
b 38 3 Ak N s )RR B A L T — FRFE 365
nm K IMGER T K S5 A BB Ak
B 7 5 (N,P-CDs) , ¥ N,P-CDs W /| T4 )@ & 7
R v, & B0 P HLA RAF Rk R R B
40.995 wmol/L. Li ZE*V LAl B4R A ik U, LA i
SR N BB A A BUK Mk i T 25 (ACDs) JF
A F CeCVD) B3R, & R R 34 nmol/L, 1 J7 1
O B T FH 4 el S B KRR of Ce (VD) 8 1 46 0
Fang™'45 DL 2R I WE W oy TR}, il 4 10 & S 4 6,758
6 B % 40 K R (G-CNPs) , G-CNPs Xf Cr( VI) A
BB 1) 2 5 0 P B i 15 B 7, K PR Ok 0. 58
pmol/L(S/N=3) ., CHEN"DL#7 4% Fl 1,6- — 4 5t
O e A 1T B4R, SR K B il 5 1 0 B L 48 2 i

e

HF AN, S/C-dots) , % N, S/C-dots X} Cr( VI) F 3]
Hh R 1 2 M ORI L AG R BR T 0. 86 umol/
L. gt + 2k B St a LN+ 28
JEURHEN A5 T ARk, LAY L 20 A5 K BT R A T
P T AR R R ORI 90 AR Sy SRR L A%
Wi s A 2 RS o Lin 5L 0, %8 164
TR AR B R AR 20 2. 8 nm H B B &K
PR G 27 PF BB 1Y ik 5 1 A3 (CQDs) , 3% CQDs X
Fe™ HAT iR R 805 A6 PP KRR L 1E 10~150
pmol/L 38 Bl N, Bk B 7 i 19 2¢O 0k B 5 Fe™ Uk JiE
HARFLMECER KN 0.26 pmol/L, #&
M R S A rh & A R & Jm e 1, X e %
/D 2 5 W il 15 57RO Ty o T
28 0 PAZE R A3 25 U h Na Mg AL 3 3
A BT Ji 5 [ AT 80% , 13 B JC R Be .Sr.Ba . Cd.V
SRS 999%™, M T, AR SCRLTE R R
JH P f# A B %) (Hailaer brown coal pyrolytic ex-
tract, CPE) 2y Bk I ] 48 i 1 7 50, I 0 HAE Sl 52
SR, ATt R B U/ JEOREH R 1Y 8 R T T
P K B o 7 ] S B A R S

2.1 BEBETFANERFE

DA 7 7R 46 O B fige 25 B Ay e DR (SR FH 48 9
Tl B i 400 “C#R il A< U Sr R R I S B AR
Yy, 3 1248 AR A R T R 0 BT ), HNOS
ARl — 2P KR A A A S i it T A
W ALY 78 43 WF B 3 200 H 5, FRICL. 0 g 28 45 26
B in A #1050 mL A B2 ¥ W (5 mol/L) H , 5 iR 8
75 20 min s #8755 RR G U A% E) 100 mL 2R DY 9R
S W B v S 0L 48 N B B R A T SR T R
A, LLS C/min THELZE 180 CHHIR 7 h; 4R 5 BUH
FAR B 22 22 3, i D A5 B0 B B A Wi ik, JF 1L 0. 1
mol/L () NaOH ¥ W0 2 pH 4 75 Bifl J5 45 75 300 lie %%
(VR EE 50 °C, 25 0.1 MPa) F A E 40 mL £ 4 .
W5 I 2% J ¥ W 25 0 (10 000 r/min) 20 min PR 25
KAORL RN PR, SR 5 B H (MW:1 000 u)72 h, 1]
] 4 6~8 h 4t — KK 5 3% BT 45 o5 IR B DT 48 N
O 2 25 8 100 mL, B 75 51 9% 8 (0 15 5 A B 2+

&1 CPEMITTESN

Tab. 1 Ultimate analysis of CPE

i 44 Cl% H/% N/% S/% 0/%

CPE 84.18 4.53 1.57 0.41 9.31
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Fig.1  Flowchart synthesis and application of N-CQDs
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Fig.2 TEM, HRTEM images(a) and particle size distribution(h) of N-CQDs.
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Fig.5

(a)UV-Vis, fluorescence excitation, and emission spectra of the N-CQDs. (b) Fluorescence spectra with different excita-

tion wavelengths. (¢) Fluorescence spectra(A.=340 nm) at different concentrations. (d) Influence of pH on the fluores-

cence intensity(Ao=340 nm). Insets in (a) are the photographs taken under daylight(left) and 340 nm UV light(right).
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Fig.6 (a)Fluorescence intensity of different concentrations of NaCl and KCI solution of N-CQDS. (b) Fluorescence intensity of

N-CQDs for different time.
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Fig.7 (a)Relative fluorescence intensity of N-CQDs in the presence of different anions (100 pwmol/L). (b)Relative fluorescence
intensity of N-CQDs for Cr( VI) coexisting with 100 wmol/L of other anions.
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Tab.2 Comparison of different methods for Cr( VI) detection

B ri e A WA WA nm 5K /nm R UE FL/ (umol - L) A 1 BR/(pmol - L) 275 3k

CDs 350 434 2~40 0.25 [1]
ACDs 350 430 0.5~100 0.034 [24]
N, S/C-dots 350 443 1~80 0. 86 [26]
CG-CDs 340 420 5~200 4.16 [36]
2~100 0. 068
N,S-CDs 378 468 [47]
100~330 0.21
N-CQDs 340 566 0~200 0.56 EN
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} [~ ¥=1.0048+0.0028x .
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R°=0.998 4 {1.4
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Fig.8 (a)Fluorescence emission spectra of N-CQDs solution at different concentrations of Cr( VI) by 340 nm excitation wave-
length. (b) Relationship between Fy/F and the concentration of Cr( VI ), insets show a linear relationship within the range

of 0-200 pmol/L.
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Fig.9 Fluorescence decay curves of N-CQDs before and af-

ter mixed with Cr( V)
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