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Abstract

This study systematically investigates the luminescent properties of the rare-earth complex HzL-ZnTb
solution and its fluorescence sensing performance toward oxytetracycline hydrochloride (OTC-HCI).
Experiments demonstrate that H:L-ZnTb exhibits characteristic Tb3+ emission peaks upon 355 nm
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excitation in DMSO solution, thus revealing excellent rare-earth luminescence characteristics and
good phase purity. Further sensing experiments reveal that H:L-ZnTb exhibits specific responses to
multiple antibiotics, with only OTC-HCI significantly quenching its fluorescence. Titration results in-
dicate a limit of detection (LOD) of 14.63 nM for OTC-HCl. Mechanistic studies indicate that the signif-
icant overlap between OTC-HCI's UV absorption and H:L-ZnTb excitation spectrum induces an inner
filter effect (IFE), leading to fluorescence quenching. As one of the most promising chemical sensors,
HzL-ZnTb can be effectively applied to the detection of OTC-HCI.
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1. 51§

VU FERPIAE R (TCs), WIEPIIAR(TC). HIR L5 R (OTC-HCI). &% %= (CTC) L HATEY, &—K
HAT PR RS EEREAFENIAER, [T NHT AR E A a7, En]
DAAE N3G T7 750 B B AR e 3k B s AR K [0 B A Tl 0 400 1 2 1 5 oA BEL L35 JER B ) A KA
BB, A PQRH M R A 3 A 22 IR B PE B 5 B R B8R . L OTC-HCI fl, FRE. (4
FEM LL LA TR ST A B POl b ) 2 . SR810, OTC-HCI fEAR AR A e 4, K2 LA BE PR
AZEEHEE, RMAERSE 2R, Wik, ETERYHS . SHBOL R AR 157K BB AN A i
SR TR R KR R R BAR[2). I BRI OTC-HCI il i Wt N AR, mIReS| R Tt
At IRURRL. R B S R I, R IE AT RS SR 2, R SR A
W7 ORI, XA TP RS E 3], ST HOR KA S E RN St NS R T T
AR, PURRZR B RI5 R OO BRI PR B 1) R, R 5 5 [ A 5 24 e BV 3L ) (FDA) 3 0l
SE, U YRR R I i KPR B ARSI 225 nM Al 676 nM. X — kg ARAERE— R, ET REL. HE
fif s BV R DN 5 LB J7 v T4 Yl 0. X VU BA R 2RB02E 25 B8 1A A8 e D 4% bl A ) 1 AR B A=
BHEE AR 22 4 [4].

FEGE U BA 22 28 B0 AR 2 ARG D 7 1 A0 468 1 S8 AH €6 0 (HPL.C) MR €3 — RS A (LC-MS) BN
FUK(CE). Hfb2ik. AN RE L DL A BRI S e MR BRI 52 (ELISAY) [5]-[7155 . X 8875y B B i) R S
FUEREE, (R EE S WA ST AT EBE, RS M, I PR T L AE S bR
MR RN o TSR, R ITER M RS . RUFIEREE . B EF . ma B PO AE T R A 5
RBASZ RN 12 Kk . T IObAE NS B DURR A I 7724 22 UK dRiE, Blin&E 7 si(QDs) 4 TENE R &
YI(MIPS). &JBakKi% K 4R AMIHELE(MOFs) [8]-[101%%. b, BRE T AKRIEF S . H4& FH AR
MG IERe, ) V2 AT OTC-HCI Ao SR, Ak &1 mESRC R T AN AR R R, W S s AR
R B 2 A RO K2 IR, FI & RS A ESEIuER, R RIS YA s it XU .
BRltG, JFR—FhfaiE . BR H ik B o A I 7732, %F OTC-HCI bR e & I I B A 5 25 X

& )8 A HIHELL(MOFS) K FL 45 M T e RN S IR R AL 22 1 B, 75 5% oA AT A2 3 )72 SR [11]
S48 MOFs MiLL, 4 248 A HIHEZE(LnMOFs) B A s 177 % . KTt . K&dr R sisk
RETEMB R, HAOCEZEMB T “ RGP, WENRARIRER SRR R RS T,
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BE R SRR . R 2 LGS AR R RO 2A S, LnMOFs AT N T& RS T 7. B
WUINGS T B TS B AL S SR, JRILH POE . R BORUE BRI L4 [12] [13].

22 EFTR, HoL-ZnTb e BT 5 A 1 R e R Ve AN AT AOAR SIS, N A DORIRE R Th e Rl f o
FHRAL T 0 B FET I, AR RS T HoL-ZnTh #£ DMSO A i 1%+ OTC-HCI e B R 5] 5 R
BRI RE, I —DERIS T R R, i A 2R IR AF DG ATt ) 182 FH H Ao 1) JE %

2. KW
2.1 EWH*E

(1) DUKBIRFEE. 3-Z 5 RN RN ERG e T4 N-(3-S W 2 )-2- FR B R ik e, A v ) b5
BRI A R ARG A 5 SRS A B Hole 2-F8RE-N-(3-((2-F2 -5~ B 7 W 8 ) 2 ) 05 2 Ao

(2) #rH 0.05 mmol HoL A E] 50 ml felfih, InAN—E &I OISR FRE, B NIaam,
A 15 pL [ = L& LRI R 74, #idE 0.5 h J5, FREX 0.0149 g (0.05 mmol)i Zn(NOs)2 N F] |
I, SRS SR OTIE, BiHE 2 h JEHEEFREL 0.0227 g (0.05 mmol)[#) Th(NOs)s-6H20 HIA
BRI, KRB 2 he W EUEEDTIE, ISR T —F R SRS HoL-ZnTh.,

2.2. X5 FRAE

i ] Hitachi F-7000 %% Y615 Cary RANEAN - AT W - IELLAMr HEE TS5 Hol-ZnTh %% 14
BEFIAE SO BEFEAT IR, 8 AR oK X BFZR AT (Rigaku D/Max 2200 PC)5 HoL-ZnTh 34T R AL
2.3. BHAERSE

T {E DMSO £ & Rl OTC-HCI, #14 1.0 mg/ml f) LZnEu DMSO ¥, # 2.0 mg &N 2
ml () DMSO ¥, P Kb ERAS 2P E AT . 7 DMSO HICE 1x 102 M P4 RIEW, 2 HIFREL 4.97
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Figure 1. (a) Excitation and emission spectra of H2L-ZnTb; (b) CIE chromaticity coordinates corresponding

to the emission peaks of HzL-ZnTh
B 1. (a) HoL-ZnTh BB A FI L SIS ; (b) HoL-ZnTh & STiEXTRIAY CIE & A 4RE
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Figure 2. Simulated and experimental PXRD patterns of HoL-ZnTb
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Figure 3. (a) Emission spectra of sensors after adding different antibiotics solution; (b) Competitive exper-
iment for detecting OTC with sensors in the presence of different antibiotics solution
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B )5, ISR K 2 SR Pl T HoL-ZnTb A& 2% OTC-HCI kI PERE . a0l 4(a) s,
% OTC-HCI K H 0 H4 % 225 uM, 548 nm Kb 15 G5RE H 9539 &M %% 385.2, Z fa4k4kin A\ OTC-
HCI i 5 65 S A faE . FIF Stern-Volmer (SV) 5 FEHEAT 2R MELA (14 4(0)), FEMREERT 130 pM B
SR IFZ MR R(R2 = 0.9941), SR Ky fH4 6.562 x 107 ML, HRHE AR LOD = 30/Ky, 115 G IR
4 14.63 nM (HH 36 = 0.0096, 36 EHLE 10 AT R AR HEE). 2HREKH, HL-ZnTb X} OTC-HCI &
A PO AR E S AR R, AT R AR, REULESr 7 H T DMSO A5 OTC-HCI RGN .
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RWEAAE T N6 A2 SE A R, 5 BSEBR F T IOR RET sk 58, NI 51 S 2O6AE 5 R AIK. 1%
R BT OO N IR (IFE) . BEAN, Al 5(b)Fs, FATEEETHE 5] OTC-HCI 144 - W I
WSOEERT HoL-ZnTh (3R GIE B0 N 34.922, #—BAEH] 7 A BERON AT AIAA Rk A2 JET itk
HLEE, %577 % OTC-HCI [ 5E BAI 75 %
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Figure 4. (a) Fluorescence titration diagram of sensors response to OTC (0~225 uM); (b) The relationship
between the Stern-Volmer of sensors and the increase in OTC concentration.
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Figure 5. (a) Excitation of sensors and UV absorption spectra of antibiotics; (b) Overlapping integral area
of the sensor excitation spectrum and OTC UV absorption spectrum

5.(a) fERASRRAAL S LIELARIE R EIMNRILTE ; (b) RRESEMANIEF OTC B ELIMRIE
EEBRSER

DOI: 10.12677/ms.2025.1510197

1855

FHRLRL


https://doi.org/10.12677/ms.2025.1510197

R

4, gEip

AR ARG L T LR AY HoL-ZnTh 1R 6 RE K HAE DMSO A Jifi %) #h R 1% = (OTC-HCI)

AR IR . 45K, HoL-ZnTb £ 355 nm MUK MR ILH M Th3 RS, SEIMPRraass, H
HA RUFIAHAERE . PRSI0 R, LA YIRS SCINT OTC-HCI 1 S 8GR ) 5 6 Rk .
KIKE 1L 95.89%, K IFRAKZEE 14.63nM, HF 2Rl 2RI H RIF Mt 4tk . HLERAT T — 245
IRy RNPER EERIET WL IE RN (IFE). 25 F, HoL-ZnTb AI/EA—F%} OTC-HCI HRL. RN )
FOCIREL, EHUAE TR . PRSI A B it 22 4 S U R T H ) I 1R S FH TR

&5k

[1]

[2]

(3]

(4]

[5]

(6]

(7]

(8]

[°]

[10]

[11]

[12]

[13]

[14]

Wen, W., Ai, W,, Yun, Z, Cai, Y., Si, F., Ulli, E., et al. (2025) A Multifunctional Fluorescent Probe Based on a Th
Coordination Polymer for the Efficient Detection of Phosphate Anions and Tetracycline Hydrochloride Antibiotics in
Aqueous Media. Journal of Luminescence, 285, Article 121320. https://doi.org/10.1016/j.jlumin.2025.121320

Ran, J.M., Yang, L., Liu, C.T., Liu, Q.H., Liu, Y.L., Li, S.J., Fu, Y. and Ye, F. (2024) A Novel Fluorescence Platform
for Specific Detection of Tetracycline Antibiotics Based on [MQDA-Eu®*] System. Science of The Total Environment,
931, Article 172866. https://doi.org/10.1016/j.scitotenv.2024.172866

Guo, Y., He, Z., Chen, J., Chen, L., Xie, K., Zhang, T., Zhang, G., Dai, G., et al. (2021) Simultaneous Determination of
Tetracyclines and Fluoroquinolones in Poultry Eggs by UPLC Integrated with Dual-Channel-Fluorescence Detection
Method. Molecules, 26, Article 5684. https://doi.org/10.3390/molecules26185684

Guo, X., Niu, J.,, Meng, Y., Ma, Y., Fu, R., Liu, J., Hai, X., Li, H., Zhang, Y. and Di, X. (2025) A Ratiometric Fluores-
cence Sensor Based on Eu®* Doped LDH@Cmch Gel for Visual Detection and Effective Adsorption of Tetracycline
Antibiotics. Carbohydrate Polymers, 360, Article 123615. https://doi.org/10.1016/j.carbpol.2025.123615

Campana, A.M. (2017) Evaluation of A Multiresidue Capillary Electrophoresis Quadrupole-Time-of-Flight Mass Spec-
trometry Method for the Determination of Antibiotics in Milk Samples. Journal of Chromatography A, 1510, 100-107.
https://doi.org/10.1016/j.chroma.2017.06.055

Al-Afy, N., Sereshti, H., Hijazi, A. and Rashidi Nodeh, H. (2018) Determination of Three Tetracyclines in Bovine Milk
Using Magnetic Solid Phase Extraction in Tandem with Dispersive Liquid-Liquid Microextraction Coupled with HPLC.
Journal of Chromatography B, 1092, 480-488. https://doi.org/10.1016/j.jchromb.2018.06.049

Hao, J., Liu, P., Yuan, H., Peng, Y., Hong, Q. and Liu, M. (2016) Rapid Detection of Tetracycline Residues in Duck
Meat Using Surface Enhanced Raman Spectroscopy. Journal of Spectroscopy, 1, Article 1845237.
https://doi.org/10.1155/2016/1845237

Liu, X., Hong, D., Zhang, D. and Jiang, Y. (2024) Carbon Dots-Functionalized Metal-Organic Framework for the Dual
Detection of Tetracycline and Norfloxacin. Journal of Molecular Structure, 1312, Article 138567.
https://doi.org/10.1016/j.molstruc.2024.138567

Guo, M., Wang, R., Jin, Z., Zhang, X., Jokerst, J. V., Sun, Y. and Sun, L. (2022) Hyperbranched Molecularly Imprinted
Photoactive Polymers and Its Detection of Tetracycline Antibiotics. ACS Applied Polymer Materials, 4, 1234-1242.
https://doi.org/10.1021/acsapm.1c01633

Wang, C.Y., Wang, C.C., Zhang, X.W., Ren, X.Y., Yu, B., Wang, P., Zhao, Z.X. and Fu, H. (2022) A New Eu-MOF for
Ratiometrically Fluorescent Detection Toward Quinolone Antibiotics and Selective Detection toward Tetracycline An-
tibiotics. Chinese Chemical Letters, 33, 1353-1357. https://doi.org/10.1016/j.cclet.2021.08.095

Li, C., Zeng, C., Chen, Z., Jiang, Y., Yao, H., Yang, Y. and Wong, W.T. (2020) Luminescent Lanthanide Metal-Organic
Framework Test Strip for Immediate Detection of Tetracycline Antibiotics in Water. Journal of Hazardous Materials,
384, Article 121498. https://doi.org/10.1016/j.jhazmat.2019.121498

Li, R., Wang, W., E.-S. M., Su, K., He, P. and Yuan, D. (2021) Ratiometric Fluorescence Detection of Tetracycline
Antibiotic Based on A Polynuclear Lanthanide Metal-Organic Framework. Sensors and Actuators B: Chemical, 330,
Article 129314. https://doi.org/10.1016/j.snb.2020.129314

Zhang, C., Lu, K., Li, L., Lei, W., Xia, M. and Wang, F. (2024) A Water-Stabilized Th-MOF can be Used as A Sensitive
and Selective Fluorescence Sensor for the Detection of Oxytetracycline Hydrochloride. Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy, 304, Article 123379. https://doi.org/10.1016/j.saa.2023.123379

Yan, J., Song, J., Yang, Y.,Song, X. and Wang, L. (2025) Hydrogen-Bond-Regulated Th3+-Centered Emission in a Znll-

Thlll Heterometallic Compound for Water Sensing in Ethanol and Gasoline. Inorganic Chemistry, 64, 1939-1950.
https://doi.org/10.1021/acs.inorgchem.4c04678

DOI: 10.12677/ms.2025.1510197 1856 ey PR


https://doi.org/10.12677/ms.2025.1510197
https://doi.org/10.1016/j.jlumin.2025.121320
https://doi.org/10.1016/j.scitotenv.2024.172866
https://doi.org/10.3390/molecules26185684
https://doi.org/10.1016/j.carbpol.2025.123615
https://doi.org/10.1016/j.chroma.2017.06.055
https://doi.org/10.1016/j.jchromb.2018.06.049
https://doi.org/10.1155/2016/1845237
https://doi.org/10.1016/j.molstruc.2024.138567
https://doi.org/10.1021/acsapm.1c01633
https://doi.org/10.1016/j.cclet.2021.08.095
https://doi.org/10.1016/j.jhazmat.2019.121498
https://doi.org/10.1016/j.snb.2020.129314
https://doi.org/10.1016/j.saa.2023.123379
https://doi.org/10.1021/acs.inorgchem.4c04678

	基于H2L-ZnTb的OTC-HCl传感器的合成与荧光传感性能
	摘  要
	关键词
	Synthesis and Fluorescence Sensing Performance of H2L-ZnTb-Based Sensors toward OTC-HCl
	Abstract
	Keywords
	1. 引言
	2. 实验
	2.1. 实验方法
	2.2. 测试与表征
	2.3. 发光传感实验

	3. 结果与讨论
	4. 结论
	参考文献

