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Abstract

Rare-earth ions (Ln3*), owing to their unique 4f electronic configuration, exhibit remarkable ad-
vantages in terms of spectral resolution, luminescence lifetime, and photostability. This makes them
an important research system for high-performance fluorescent probes and functional materials.
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Although their f-f transitions have limited light absorption capacity, efficient energy transfer and sen-
sitized luminescence can be achieved via the “antenna effect” of organic ligands. The energy level
matching and structural design of the ligands play a crucial role in determining the luminescence per-
formance. Benefiting from these excellent photophysical properties, rare-earth luminescent materials
hold great promise in environmental pollutant detection, bioimaging, and ratiometric sensing, and are
expected to play a significant role in precise analysis and health monitoring.
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Figure 1. (a) Schematic of the dual-emission-center lanthanide complex fluorescence array sensor array; (b) Photoluminescence
(PL) spectrum of GMP-Tb-ATA (probe 1) under 303 nm UV excitation; (c) PL spectrum of BOP-Eu (probe 2) under 327 nm
UV excitation; (d) Cluster analysis diagram of fluorescence response signals for 7 antibiotics (100 uM) obtained from the
lanthanide sensor array based on Fi1/F2; (e) Two-dimensional model score plot of fluorescence response signals for 7 antibiotics
(100 uM) obtained from the lanthanide sensor array based on Fi/F2; (f) Linear relationship plot between PC1 and antibiotic
concentration; Score plot of lanthanide sensor array fluorescence responses to antibiotics (100 uM) in milk (g), urine (h), and
river water (i). Reproduced with permission from [15]. Copyright 2024 Elsevier
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Figure 2. (a) Transmission electron microscopy (TEM) image of BA-Eu@Tb-GMP; (b) Emission spectra of BA-Eu, Tb-GMP,
and BA-Eu@Tb-GMP; (c) Fluorescence decay curves of BA-Eu, Tb-GMP, and BA-Eu@Tb-GMP; (d) Response of Tb-GMP
fluorescent probe to phosphate (Pi); (e) Effect of phosphate (Pi) concentration on BA-Eu@Tb-GMP fluorescence properties and
visual changes; (f) Effect of anionic and cationic interferents on the fluorescence intensity ratio of BA-Eu@Tb-GMP; (g) Effect
of amino acid interferents on the fluorescence intensity ratio of BA-Eu@Tb-GMP. Reproduced with permission from [16]. Cop-
yright 2025 Elsevier B.V
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Figure 3. Fluorescence color images of BA-Eu@Tb-GMP test paper under 254 nm UV illumination at different phosphate (P1)
concentrations. Linear relationship between the red-to-green ratio (R/G) obtained via colorimetry and Pi concentration. Repro-
duced with permission from [16]. Copyright 2025 Elsevier B.V
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Figure 4. (a) Molecular structure of the ligand; (b) Molecular structure of its dysprosium complex (Dy-complex); (c) Sche-
matic diagram of [Ln(L24)2(NO3)3]-type complexes (Ln = Eu, Tb, Sm, Dy); (d) Coordination polyhedron shape of Dy3*; (e)
Phosphorescence spectrum of Gd-ligand in acetonitrile at 77 K. The structured spectral band at 467-499 nm, decomposed by
five-component Gaussian fitting, corresponds to the triplet-to-ground-state transition (T1—So); (f) Fluorescence titration curve
of Tb complexes in acetonitrile; (g) Schematic of energy levels for Eu?*, Tb*", Sm**, and Dy*" complexes in the Ca, ligand
field, illustrating antenna effects and primary emission transitions. Reproduced with permission from [17]. Copyright 2025
MDPI, Basel, Switzerland
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Figure 5. (a) Fluorescence spectra of zinc-metal-organic framework (Zn-CBC) (0.25 mg/mL) in the presence of different
concentrations of oxytetracycline (OTC, 0~15 pmol/L); (b) Relationship between (Fsa0/Fos40)/(F472/Fo472) and oxytetracycline
concentration (0~10 mmol/L); (c) UV absorption spectra of OTC, Zn-CBC, and the interaction complex of OTC with Zn-CBC;
(d, ) Scanning electron microscopy (SEM) images: Zn-CBC MACPs; (f) Effect of interfering anions, (g) interfering antibiotics,
and (h) interfering cations on the fluorescence intensity of the Zn-CBC-OTC system; (i) OTC adsorption by Zn-CBC MACPs:
Freundlich-fitted adsorption isotherm; (j) Appearance of Zn-CBC MACPs under natural light after adsorbing OTC at different
concentrations (0, 0.6, 1.2, 2.4, 3.0, 5.0, 10.0 mg/L) and under 365 nm UV light after OTC adsorption; (k) Zn-CBC MACPs
adsorbed with different concentrations of OTC (concentrations from left to right: 0.6, 2.4, 10 mg/L) under natural light and
under UV lamp irradiation after OTC adsorption. Reproduced with permission from [18]. Copyright 2023 Elsevier
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Zn-CBC HHEAERMBEHEINRIIETE; (d,e) FAMEBEFRHMIT(SEM)EIR: Zn-CBCMACPs; (f) THBEETF (g) T#
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Figure 6. (a) Single crystal structure of ME-IPA observed along the a-axis and c-axis; (b) Fluorescence excitation and emission
spectra of Eu@ME-IPA and Tb@ME-IPA; (c) Fluorescence emission spectrum of EuTb@ME-IPA versus NOR and CIP
concentrations in ethanol medium; (d) Fluorescence emission spectra of EuTb@ME-IPA versus concentrations of NOR and
CIP in aqueous medium; (e) Fluorescence images of EuTb@ME-IPA thin films under the following conditions: presence of
different antibiotic solutions; irradiation with a 254 nm UV lamp; varying concentrations of NOR and CIP (C = 0~1000 uM);
schematic of RGB value acquisition using a smartphone; (f) Schematic of the detection mechanism. Reproduced with permis-
sion from [19]. Copyright 2025 Elsevier

6. (a) ME-IPA H9 5 LEME a $0FN c SMEFTS; (b) Eu@ME-IPA F TO@ME-IPA BISNBM & KIS & 5 Ak
(c) ZEEM R, NOR H CIP BIRE 255 EuTb@ME-IPA BIZE L G5E1E; (d) KB, NOR #1 CIP HIREE 5
H5 EuTb@ME-IPA KIS EEIHIE; () EuTb@ME-IPA SERRA U T HFH THIZOLE R : FRINE RIFREER;
254 nm KSMTEBET T, NOR 5 CIP SREREIRIGRE C = 0~1000 uM); FIFBEEEFHIKE RGB EMREE; () &
MAFIREE . EIFATAEEE[19]. WA 2025 2/EMER
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Figure 7. (a) Asymmetric unit of HBNU-21-Eu, coordination configuration of Eu?* ions, coordination modes of BETC*™ and
NDC?, two-dimensional structure formed by BETC* linking infinite one-dimensional chains, two-dimensional structure
formed by NDC?~ linking, and three-dimensional framework structure of HBNU-21-Eu; (b) Solid-state luminescence spectrum
of HBNU-21-Eu; inset: luminescence photograph of HBNU-21-Eu under 310 nm UV illumination; CIE-1931 chromaticity
coordinates of HBNU-21-Eu; (c) Luminescence spectra of HBNU-21-Eu aqueous dispersions at varying quercetin concentra-
tions (0 to 166 uM/L); inset shows linear Stern-Volmer (S-V) equation at low concentrations; (d) Logarithmic relationship
between Stern-Volmer (S-V) curve and quercetin concentration; inset shows photographs of HBNU-21-Eu aqueous dispersion
before (left) and after (right) treatment with different quercetin concentrations upon 254 nm light excitation; (¢) Luminescence
intensity ratio (Io/I) of HBNU-21-Eu toward different potential interfering substances (1250 pM/L) in the presence and absence
of quercetin (125 uM/L); (f) Luminescence intensity ratio (Io/I) of HBNU-21-Eu in the presence of quercetin (125 uM/L) and
selected potential interferents (1250 uM/L); (g) Overlay of the excitation spectrum of HBNU-21-Eu and the UV absorption
spectrum of quercetin; (h) HOMO-LUMO energy levels of HdBETC, HaNDC, and quercetin calculated at the B3LYP/6-
31G(d,p) level. Reproduced with permission from [20]. Copyright 2025 American Chemical Society

[# 7. (a) HBNU-21-Eu IR FRETT, B B FREAIME, BETCY 5 NDC> WECL 55 181 BETCH iR IR—
HESET AR L5 BT NDC2 EIRH B — 4454 L X% HBNU-21-Eu B = 4E4EZE454; (b) HBNU-21-Eu BIEIZS
EIIE, #EE A HBNU-21-Eu 7 310 4K EIMT BB TR LS8 A \HBNU-21-Eu B CIE-1931 & E 445 ;(c) HBNU-
21-Eu K BRAEMBE ZAEIRE(0 £ 166 uM/L) FRIRSENIE; HEARKE THZMHHEE - IXRES-VIFE;
(d) HrFs - IRRA(S-V)HIZ S M FRERIX X R, BEJ HBNU-21-Eu /KD EURTE 254 nm KHE T, £1F
REMERLERN(DEGEBRRA; (o) EFEEMAFEMEZA25 WM/L)BIFHT, HBNU-21-Eu XA EEE T
PIBR(1250 pM/L)RY & S IBEELE0D); () M R(125 pWM/L) S35 B EF YR (1250 (ML) EEEER KT,
HBNU-21-Eu BI& B EELE(0/]); (g) HBNU-21-Eu BB ik SR R EMRBCEIERNESE; (h) 7€ B3LYP/6-
31G (d,p)’kF T, HsBETC. HNDC R EA HOMO-LUMO &% . ZUFAIEEE(20]. WRIVBT 2025 F£XE1L

FF=

Meng 5[ 19 AR R EETEBH2E BUAE R(WIERID 2 NOR. RV E CIPR e IRk, #FR T —Fh
WU 2 2 T (Eu®/To> ) Th A AL S B A HLHEZL A BHEuTb@ME-TPA) %% AL A% (] 6(a)). iZATRlEE ME
5 IPA Fifk B A28 B ME-IPA HESE, FEAFHHEZE R B 5 2 R e AL A 4 7€ Eu® F1 To*, 5B HOF
AR B T IR R R X Eu’t g To B TR EIVER, T AR I 2GR (] 6(b)). ZEARR I e
-, EuTb@ME-IPA F8 & Gibt LR — A B A IR PR, S35 50 76 S5 R B0 B R 5 m)
R, FERA BT RGN “TFRR " RN, 38 AT B 5 O T S I AT AL A I (] 6(c)~(e))o =il Az
Yy FLAT R S (PP 2] T R B (NOR AR 0.048 uM, CIP & MIPR 0.037 uM) 548 ik #60E, HAESE
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Table 1. Comparison of detection performance among lanthanide fluorescence sensors in six publications
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