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Figure 1 (Color online) Schematic diagram of the preparation of Eu-CDs ratiometric fluorescence probe and TC sensing.
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R AR BN, BRI, X e (] f 4T S MR 50 L i i
7EEu-CDsIFTIRYG i H kA= 1 B B 1284k, B8 2k Bk
RIS, X E B 5CDsIX Bk [ R AL T RLALVE A,
B Eu’ "5 33 2 5 P15 3o L 7 1 FH 5 4% B CDs 12224,
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Figure 2 (Color online) Characterization of Eu-CDs. (a) TEM image of Eu-CDs; (b) HRTEM image of Eu-CDs; (¢) SAED image of Eu-CDs;
(d) size distribution histogram of Eu-CDs; (e) FTIR spectra of Eu-CDs and CDs; (f) XRD pattern of Eu-CDs.
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Figure 3 (Color online) XPS spectra of the Eu-CDs. (a) XPS survey spectrum of Eu-CDs; the corresponding high-resolution spectra of (b) C 1s,

(c) N 1s, (d) O 1s, (e) S 2p, and (f) Eu 3d.
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Figure 4 (Color online) Optimization of experimental conditions for detecting TC. (a) Concentration of Eu-CDs; (b) pH; (c) reaction time;

(d) temperature.
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Table 1 Comparison of methods for the detection of TCs residues

Linear range Detection limit Reaction time

Materials

(uM) (nM) (min)

Zn-CDs"” 0.1~50 61.1 1
CDs@paper-Eu[zg] 0.1~100 30 12
CDs-Eu’" P 1~100 31 10
Ui0-66-NH,/Eu” ™ 0.5~200 200 5
Eu-CDs"”’ 0.1~80 57 5
EwUi0-67b-3"" 0~10 80 4
This work 0.5~30 39.8 6

FE R (Met). 752 R (Thr). B (Trp). 4H& %R
(Val). #ZEHE(Mal). #%HE(Gle). HERE(Suc). K\
Ca”". Na'. SO,”. CI'%. wnElebfz, BUETFHRK
JE R TCIKFE 12017, Eu-CDs )94 60 &7 A P85 3%
Ak, X4 BRI, Eu-CDsH] 788 24 fFE i35 5
SEELTCARIN. BeAh, FATEPEAL T Eu-CDsTETCHE A
AR M. tnE6cHR, Eu-CDsTEpH 8.0 H £F
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OB BB, KU Bu-CDs 4 5 e K i fE 5 TC
XFEu-CDsHIIFER 2%, S5IL [, 7EEu-CDs-TC = M AA
A, 1389 nmAb W2 E—ANH IR i (] 7b), i e
Eu-L-CDs 5TCZ [IJE AL T B L2288, dasbdEml, B
TIFEAL, SRICHERIE T eI L PETAH G FR S8 K it
2. ONEE B, 3t— P T I TCHI JS Eu-
CDsH P 754, WIETcHiR, Eu-CDsFIEu-CDs
+TCHE450 nmAk 1% 675 1 73 ) 94.40M14.34 ns, H
WNTFaFEAMRAFAAE, X st Bk — R P Eu-CDs
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Figure 5 (Color online) Ratiometric fluorescence detection of TC by using Eu-CDs. (a) Fluorescence spectra of Eu-CDs with different
concentrations of TC; (b) the linear relationship between Ig,,/1;5, and the TC concentration; (¢) CIE 1931 chromaticity; (d) photographs of Eu-CDs
solutions with various TC concentrations under 365 nm ultraviolet (UV) light.
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Eu’ 5e e a7l R T A — e B IR, R
3T T AR ESTHE. W 7efR, TCHIHRIREUK
BESS)M=ZES(THOMEEE 25 ~N26753F
20428 cm™'. TCHIS, AT, 2 a1 RE L 2% 76325 cm™
(>5000 cm™"), HR#EReinhoudtZ N, S FIT, 2 A7
A R &) gt #2 TCT, SEC 1R S
REZl (Do) [ I BE 2R 75493178 em™ (b T-HAk 1 e fE
B2 221X []2500~4000 cm ™). H4EDexterUfb ML, M
TCHIT, FIEu’" (Do) fE & T LU SREY () &
G DL R gE SRR, TCE I IFERIPET R LA 2
WK Eu-CDsRIE (5, RN 8T ARG 138 Eu 1)
LB ROG(ETH. R, IR I H S TCH EL 2258
M 1.

3.6 BRI

TE N BT B TR I J7 92 B T SRR A 4
T, SR T FL AT AT R HERA M. e &5 R AR FTR, i
RN B [ETUACR 43 5310 SN 98.65%~105.8%F1103.8%
~109.4%, FIXHFRAER 22 (RSD) 73 5 A1.7%~4.1% K1
3.9%~4.6%, FIHEu-CDsH] LIE N L R0 R4 H T
SEBRRE S T TC RN,

FTHEE T I TCHE K

ONSEPUR TCH T L PR S A 45 A, FRATTEA
B HIARA Ak, @it 113 Eu-CDs, 4 i —Fie] ]
FTCH & BAT I AR R BT, HAG I RS n K 8a s
SRR IS (AR AE B T HEPES 20 (pH 8.0), il
TCH Y BOF# M, B 5K 71 3 Eu-CDs IR ZE R %
T, B R TE365 nm 5K AMT UL A IR, 45 Ran &
8bfTR, BEETCHRETE, MRS 2RI
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Figure 6 (Color online) Selectivity and stability studies. (a) Selectivity study; (b) anti-interference study; (c) stability study. The concentration of TC
was 10 pM, and that of interferents was 200 uM.
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Table 2 Recovery of TC in actual samples by ratiometric fluorescence method

Sample Spiked (uM) Found (uM) Recovery (%) RSD (%, n=3)
0 ND / /
5 5.29 105.8 3.4
Honey
10 10.17 101.7 1.7
20 19.73 98.65 4.1
0 ND / /
5 5.34 106.8 4.6
Milk
10 10.38 103.8 44
20 21.87 109.4 39

R g R 2 BEobi, BATRAERETFILAIEIRA DRGSR, fHRN0.45 uM. RS R,
J32 Fl(Color Grab) 7> HTHRGBEUE, JFE AT ATHEABOEE A AT B & K Bt 32 4t 1% B %,
HAER/B) STCIKE L AR &R, anfE8cfir, R/BE  WASKIITCHE & W I & 22 s34t 7 —#
BETCIR B IN T IZ M K, JEEL.0~20 MBI 2 AT IIBRITE.
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Figure 7 (Color online) Study of TC sensing mechanism. (a) Overlap spectra of TC absorption spectrum, Eu-CDs excitation spectrum, and emission
spectrum; (b) absorption spectra of TC, Eu-CDs, and Eu-CDs+TC; fluorescence lifetimes of Eu-CDs at 450 nm (c) and 622 nm (d) before and after the
addition of TC; (e) mechanism diagram of TC enhanced Eu’" emission; (f) schematic diagram of TC detection.
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Figure 8 (Color online) Semi-quantitative detection of TC based on cotton swab. (a) Schematic diagram of TC detection by using cotton swab; (b)
photo of cotton swabs dipped in different concentrations of TC under 365 nm ultraviolet light; (c) fitting curve between the TC concentrations and R/B
values.
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Eu-doped carbon dots-based ratiometric fluorescence probe for
portable and real-time detection of tetracycline

Xinyu Liu, Jing Luo, Xuemei Wang, Minhui Xiao, Zhongwei Jiang*, Yi Wang*

Engineering Research Center for Biotechnology of Active Substances (Ministry of Education), Chongqing Key Laboratory of Green Catalysis
Materials and Technology, College of Chemistry and Materials Science, Chongqing Normal University, Chongqing 401331, China
*Corresponding authors (email: zwjiang@cgnu.edu.cn; ywang@cqnu.edu.cn)

Abstract: The persistent residues of tetracycline (TC) in animal-derived foods pose a significant threat to human health.
Therefore, establishing a simple, rapid, and sensitive method for TC detection is of significant implications for food
quality assessment. In this work, a Eu-doped carbon dot (Eu-CDs) fluorescent probe was successfully synthesized via a
thermal melting method using citric acid, cysteine, and Eu(NO;);-5H,0 as precursors. Based on its unique fluorescence
properties, the fluorescence probe achieved highly sensitive, selective, and rapid detection of TC, with a detection range
of 0.5-30 uM and a detection limit of 39.8 nM. It was successfully applied to determine TC content in honey and milk.
Additionally, this study developed a test swab for portable and naked-eye recognizable detection of TC. The as-
developed Eu-CDs fluorescence probe and the portable fluorescent sensing swab not only save testing time and costs but
also provide a forward-looking approach for the rapid and sensitive on-site detection of antibiotic residues.

Keywords: carbon dots, tetracyclines, ratiometric fluorescence, visual detection, portable swab

doi: 10.1360/SSC-2026-0008

1489


https://doi.org/10.1360/SSC-2026-0008

	基于 Eu掺杂碳点的比率荧光探针便携实时检测�四环素
	引言�  引言�
	实验部分� 验部分�
	试剂与仪器� 试剂与仪器�
	热熔法制备  热熔法制备Eu-CDs�
	比率荧光检测 比率荧光检测TC�
	实际样品中  实际样品中TC的检测�

	结果与讨论� 与讨论�
	的表征� � Eu-CDs的表征�
	检测条件的优化� 条件的优化�
	比率荧光检测 比率荧光检测TC�
	选择性与稳定性研究� 稳定性研究�
	传感机制研究� 感机制研究�
	实际样品检测� 际样品检测�
	基于棉签拭子的 于棉签拭子的TC传感�

	结论�  结论�


