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Abstract: Cerium (Ce) , the most abundant rare earth element in the lanthanide series, is widely
utilized in catalysis, polishing, and functional materials. However, excess Ce (IV) could induce
hepatorenal toxicity, hematological disorders, and increased carcinogenic risks. Current Ce (IV)
detection methods predominantly rely on expensive analytical instruments and complex sample
pretreatment procedures, while conventional fluorescence analysis suffers from severe interference by

the autofluorescence of Ce (III). To address these challenges, we developed an innovative room-
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temperature afterglow nanoprobe (IPA@NP) using a facile one-pot hydrothermal synthesis with
isophthalic acid as the sole precursor. The IPA@NP exhibits unique dual-emission afterglow
characteristics, displaying two distinct peaks at 385 nm and 502 nm under 300 nm excitation, with
naked-eye-visible afterglow persisting for 6 s post-UV cessation. Notably, Ce(IV) induces concentration-
dependent quenching of both afterglow emissions. Leveraging this phenomenon, we established the
self-calibrated ratiometric afterglow sensing platform for Ce (IV), which offers three key advantages
over conventional methods: (1) Dual-channel ratiometric detection enhances quantitative accuracy ;
(2) Afterglow signals eliminate interference from Ce(III) and other fluorophores; (3)"Zero-background"
detection achieves ultrahigh sensitivity. Under optimized conditions, the proposed method exhibits a
linear detection range of 8.00x107¢ to 1.00x10~* mol/L with the limit of detection (LOD) as low as 1.67x
10~¢ mol/L (3a7/k). The proposed assay exhibits exceptional anti-interference capability and stability,
enabling accurate Ce(IV) quantification in real water samples. This work provides a promising tool for

Ce(IV) analysis in real sample, opening new avenues for rare earth element detection with minimized
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matrix effects.
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Fig.1 The scheme for synthesis of IPA@NP and their application in the determination of Ce(1V)
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Fig. 2 Characterize the synthesized IPA@NP with TEM and XRD
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Fig. 3 Characterize the synthesized IPA@NP with FT-IR and XPS



5

SRR, 5F: SURSTE IR AR LR GURIRETTE Ce (IV) R v 14910 29

B 5, X IPA@NP 18 G P RE AT T 2E—
A FAE . R 4 BT, UV-Vis B I0OG 3% B8R
IPA@NP 7£ 299 nm Kb £7 7E 1 3 1 7 1E 0 Wi | 3%
W A U6 Ji8 1 5 R C—C BUREE () -m* L F-BR AT .
380 nm &b (1) )5 I 1] BEVH K F C—=0O ‘B BE T 11 n-n*
P BREE . X — 25 5 FT-IR O 3 rf 0 22 21 (1)
1 688 cm ™' (C—O 1% iz 5h ) L & XPS O 1s K 4 i
H1532.4 eV (C—O F#1EIE) 19 53 7 45 R — 3, 3R W
IPA@NP #4 B A7 K i I (C—0) &5 . 1Bk
A7 TE RE % A RUE K A3 9 & O MERE , X FT RE 2
IPA@NP #4 F H A 8 K 2 0K A8 & 88 0 i
Z—

0.84 299

0.61

0.44

MK fau

0.21
380

0.0

300 400 500 600
A/

E 4 TPA@NP ) UV-Vis FAE
Fig. 4 Characterize the synthesized IPA@NP with UV-Vis
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ot kR & % K (8] 5b) , IPA@NP 7E 385 F1 502 nm
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Fig. 5 The afterglow (AG) properties characterization of the synthesized IPA@NP
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Table 1 The AG lifetime characterization of
control AG materials
H: i t/ms  (HHU%  t/ms (5EH2/% 7/ms  p
BZA@NP 381.86 100.00 — — 381.86 1.250
PA@NP 198.11 100.00 — — 198.11 1.466
PTA@NP  36.65 13.66 42779 86.34 37436 1344
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Fig. 7 Mechanistic exploration of the proposed IPA@NP-Ce(IV) system
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Table 2 The effect of temperature on quenching constant 2 pH (2 IEAR 24 pH HBt 4.40 )5 (5 200 BEBA
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Fig. 8 Optimization of the proposed determination system
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