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Abstract

Rare-earth functional complexes, with rare-earth ions as central metal nodes coordinated to ligands
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via coordination bonds, exhibit remarkable optical and magnetic properties owing to the unique
shielding effect of 4f electrons, parity-forbidden transitions, strong spin-orbit coupling, high coordina-
tion numbers, flexible coordination geometries, and intrinsic paramagnetism. These features endow
them with significant potential in the field of fluorescent sensing. Their sensing behavior is primarily
based on the antenna effect between ligands and rare-earth ions. The fundamental mechanisms can be
categorized into fluorescence quenching or enhancement, ratiometric sensing, time-resolved lumines-
cence, and tunable emission color. Through variations in fluorescence signals, target analytes can
be accurately identified, offering advantages such as rapid response, low detection limits, and high se-
lectivity. Strategies for performance optimization—including ligand design, nanoscale confinement,
surface functionalization, and heterometal doping—have been summarized, which effectively enhance
energy transfer efficiency, stability, dispersibility, and target recognition capability of the complexes.
At present, these materials have been widely applied in the detection of environmental pollutants such
as metal ions, anions, and organic contaminants, as well as in biomedical fields including cellular
imaging. They can overcome the limitations of conventional detection methods, such as strong back-
ground interference and low sensitivity, and demonstrate outstanding performance in trace analysis
and in situ bioimaging. In recent years, the structural design and sensing applications of rare-earth
functional complexes have rapidly advanced with interdisciplinary development. However, challenges
such as insufficient water stability and limited biocompatibility still remain. Despite their excellent flu-
orescence sensing performance, these materials are constrained by multiple bottlenecks, and future
efforts should focus on synergistic optimization from multiple perspectives to promote their practical
applications across diverse fields.
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Figure 1. (a) Schematic illustration of the antenna effect; (b) simplified Jablonski diagram, common sensitization pathways
for Ln3*, and the f-f transitions of Eu(IIT) and Tb(III) complexes. So = ground state; Si = first excited singlet state; T\ = triplet
state; ISC = intersystem crossing; ET = energy transfer

[ 1. (a) REMRRER; (b) B1LAY Jablonski B\ 4t Lo* B0E WIRE K Eu(IDF ToIDEL &Y £-f BRiE. So=
B, Si= E—HES, Ti= Z4&%, ISC= REIEH, ET= E%H
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Figure 2. Luminescence enhancement of 1 (10 uM) caused by the addition of MLX in CH3CN (dex = 395 nm). Inset: the linear
relationship between emission intensities at 615 nm and MLX concentrations (left) and the color of 1 with the addition of 0,
30, and 60 uM MLX (from left to right) under a UV lamp (right)
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Figure 3. (a) Normalized PL spectra of red/green dual-emission Sz polymeric hydrogel nanoparticles at different pH values
with interval of 0.1 (ex = 415 nm); (b) Plot of the normalized linear graph of Sz fluorescent intensity at 516 nm and 613 nm
versus pH from (a)
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Figure 4. (a) Excitation and (b) emission spectra of 0.1 mg/mL time-resolved fluorescent nanospheres at 25°C in H20
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Figure 5. Schematic diagram of the mechanism of Euo.15Tb2.s5(BDC)3.0 for sensing fluoroquinolone antibiotics
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Figure 6. Emission spectra of complexes 1 (a) and 3 (b) when Fe(IlI) concentration is 107~107* M

E 6. & Fe(lD)RER 107°~104 M B, E440 1 (2)F 3 (b)AI% 5T 4L

DOI: 10.12677/amc.2026.142019 182 MRMEZERTHT


https://doi.org/10.12677/amc.2026.142019

ERGH

3.2. FAETFHEN

B S 7 5 ROABE IS Py S AR AR, IR E R R MR 5 A 22 A NI TR o AL Guk i 77 145
TEZBL. LB PE ST, HEREF PP TIEE. LI & W IRKITRE SR 5. Ko eHay
FAT R IR S50, BESCILIT S T e BEvE . R R B AR, R AU T BB OB R R . 2020
4, Luan 55 ABFFUEHUE 1 B B L A [EuL2(NOs)s]-HoO FF B & A ill, % Eu(IIDEL &Y% FHA %
SN EE F7, X CL\ Br &5 HoAth B 25+ JC B 2w B2, JC0F F it o 2R 29 1.0 x 107°~2.2 x 107> mol/L.
ZAA R, F 5 Eu® BRI R AR SEAH AR, R IC & 4 25 1 LI R 2 200 v 1) e A I B A
FERHER SR, & FRREARM B 17] (LA 7).

8000 140 —
(a) 2.8 x 10° mol-L" (b) J
? 120 1
' - |455nm/|620nm ‘
60004 2.0 x 10° mol-L™" 1004 o | i -1 |
455nm’_620nm__|
3 & 50 |
= i /
@ 4000+ £ ol L.
L 3
E o
404
2000+ 2.0 x 10° mol-L" "
204 o
-
2.8x10° "
mol-L-" 01 2o o a—H% 8 o o o o o o o o
0 T T T T T T T
300 400 500 600 700 0005 10 15 20 25 30
Wavelength(nm) Concentration/10%(mol/L)

Figure 7. (a) Fluorescence spectra of complex solution at different concentrations of F~ (b) The curve of the ratio of I4ssnm/Is20nm
with the concentration of F~
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Figure 8. (a) Schematic Diagram of the Synthesis of Clusters LnoZns; (b) Schematic Diagram of the Comparison of the Lu-
minescence Properties of Clusters EusZns and TbeZns Promoted by the Antenna Effect; and (c) Schematic Diagram of the
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tion in Cell Imaging
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