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Abstract

Iron plays a vital role in both biological systems and the environment; however, excessive Fe3* can
pose serious threats to ecosystems and human health. Therefore, the development of efficient and
sensitive detection methods for Fe3* is of great significance. In this work, a rare-earth complex, Tb-
L, was successfully synthesized, and its fluorescence sensing performance toward Fe3* in aqueous
media was systematically investigated. The results demonstrate that Tb-L exhibits bright green
characteristic emission under 298 nm excitation and shows excellent resistance to interference
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from various common metal ions, while Fe3+ selectively quenches its fluorescence with a quenching
efficiency of up to 95.88%. Titration experiments further revealed a good linear response of Tbh-L to
Fe3+in the concentration range of 0~50 pM, with a detection limit of 724.8 nM, a rapid response time
of less than 15 s, and favorable recyclability. Mechanistic studies indicate that the synergistic ef-
fect of competitive absorption and the inner filter effect is primarily responsible for the fluores-
cence quenching. This work highlights Tb-L as a promising candidate for the rapid and sensitive
detection of Fe3+ in aqueous environments and provides new insights for the design of rare-earth-
based chemosensors.
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Figure 1. (a) Solid-state excitation and emission spectra of Th-L at room temperature; (b) CIE
chromaticity diagram of Th-L
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Figure 2. Emission spectra excited at 298 nm (a) and visual response images under excitation from a 365 nm handheld UV

light (b) of Th-L water suspension upon addition of various metal cations (c) quenching efficiency of the Th-L suspension
towards Fe3* in the presence of various cation interferences
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Table 1. Comparative analysis of reported luminescent Ln-MOFs for Fe3* detection
1. BIRERAT FeS NI &Z S Ln-MOFs BXTEL 247

AL Ksv/ML LOD/uM For A i J82 i (] Ref.
NIIC-1-Tb 3.83 x 10° 0.0086 Water 45s [1]
Th-L 4.401 x 10* 0.725 Water 15s AT AE
Euz(L2)2(HCOO0)2(H20)4-H20 5.23 x 10° 1.000 -
Water [12]
Euz(L1)6(H20)4-3DMF 9.69 x 104 1.000 -
CUST-623 2.44 x 10* 1.170 -
Water [13]
CUST-624 2.44 x 104 1.310 9s
[Eu(BCB)(DMF)]-(DMF)15(H20)2 2.35x 10% 1.780 Water - [14]
{[Na@Eug(EDTA)s(H20)27]-(ClO4)s-xH20}n  3.23 x 108 2.310 EtOH - [15]
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[Eu(ADBA)(HCOO)(DMF)] 1.75 x 10° 3.130 Water 30s [16]
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[Tb-(C14H8O6)(C703H4)-2H20]-4(H20) 7.10 x 103 36.00 Water - [18]
Eu-MOF@TOCNF 7.93 x 108 - Water - [19]
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Figure 3. (a) Emission spectra of the Th-L aqueous suspension upon the addition of Fe3* (0~120 pM); (b)
relationship between the ratio of initial to final emission intensity (lo/l) of Tb-L and the concentration of

Fe®*; (c) the time dependent emission spectrum of Th-L aqueous suspension containing 120 uM Fe®*; (d)
quenching and recovery tests of Th-L for Fe%*
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Figure 4. Powder X-ray diffraction (PXRD) analysis of
Th-L before and after the addition of Fe3*
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Figure 5. UV-vis absorption spectra of 1 mM aqueous metal ion solu-
tion and excitation spectra and UV-vis absorption spectra of Th-L
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