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Efficient Detection of Heavy Metal Lead lons in Aqueous Media
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Abstract

Lead, a heavy metal widely employed in various industries, continues to pose a threat to both human health and the
environment. Therefore, the development of a sensor capable of rapidly and accurately detecting lead(Il) ions in real-time at
contaminated sites is crucial. In this study, we have engineered a fluorescent sensor with the ability to efficiently detect
lead(Il) ions under actual environmental conditions, including tap water and freshwater. The compound, tetraphenylethylene
carboxylic acid derivative (TPE-COOH), exhibits high selectivity and sensitivity toward lead(Il) ions in aqueous solution,
where the interaction between TPE-COOH and lead(Il) ions leads to its aggregation, thus triggering a fluorescence
"turn-on" based on the aggregation-induced emission (AIE) mechanism. Impressively, compound TPE-COOH proficiently
detects lead(Il) ions within a range of 30 to 100 #M in tap water and freshwater, even in the presence of various interfering
substances.
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Fig. 1. Structure of TPE-COOH and schematic illustration of its sensing process.
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Fig. 2. Synthesis of TPE-COOH. (i) tert-butyl 2-bromoacetate, K,CO3, acetonitrile, 80 °C, (ii) trifluoroacetic

acid, DCM, r.t.
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et al., 2022).
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(acetonitrile) 30.0 mLE ¥ 3= 1(1 g, 2.52
mmol)Zt tert-butyl bromoacetate(2.21 g, 11.34
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6.85 (d, 8H), 6.66 (d, 8H), 4.55 (s, 8H), 1.39 (s,
36H) ppm; ""C-NMR(100 MHz, DMSO-dy): ¢
167.80, 155.94, 138.11, 136.64, 131.85, 113.79,
81.32, 64.94, 27.64 ppm.
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2.2.2. 3Fe-2 TPE-COOH2| gHdett

100 mL F2HE 22239 Dichloromethane
10 mLell &&E 2(0.50 g, 0.59 mmol)E =< &
trifluoroacetic acid(0.27 g, 2.36 mmol)E A7t H
Ao 1047 B¢t wWHISHELE TLCE ©]-85)d
SUE49 A5 vhe $9] A% HIWE ot &
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ARl 3¥HE TPE-COOHE %loeH, #5882
72%Act. 'H-NMR(400 MHz, DMSO-dy): & 12.95
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(s, 4H), 6.85 (d, 8H), 6.68 (d, 8H), 4.58 (s, 8H)
ppm; PC-NMR (100 MHz, DMSO-dp): & 170.14,
156.01, 138.09, 136.65, 131.93, 113.80, 64.41
ppm.
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Fig. 3. (a) Fluorescence intensity changes and (b) color changes of TPE-COOH (1.0 x 107 M) when incubated with various
competitive metal ions (1.0x 10 M) in H;O. (1) Probe, (2) Fe**, 3) Mg®, (4) Ca*, (5) Mn*, (6) Fe*, (7) Cu?, (8)
Pb**, (9) Zn?*, (10) Hg?*, (11) Li*, (12) Na*, (13) K*, (14) Cs*. Excitation was performed at 317 nm and emission
was monitored at 481 nm.
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Fig 5. (a) Fluorescence emission spectra of the TPE-COOH (1.0 x 10” M) after adding various amount of Pb**ion.
(b) Plots of maximum emission intensity at 481 nm as a function of Pb*" ion concentration.
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Fig. 6. Fluorescence emission spectra and titration profile of TPE-COOH(1.0x 10 M) after incubation with different
concentrations of Pb?* ion(0~200 M) in the tap water(a, b) and fresh water(c, d). Excitation wavelength was
performed at 317 nm and emission was monitored at 481 nm.
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6doIA R A1g FA 2-gato] 43 Aot 4 value/
7Hel WD) ©129] 558 skt Table 12 30 293 977
o) s A7k WD ool dis) 48 A4 of tap 50 o3 986
golo] 24T SEg WL Aolnt, of Agelyy T 0 615 876
HheRize] A7k g oleel Hel F4 ghe = 10 71 71
£ B)%f(recovery) Holv] A4 Zh3} vl 2R % o 1008
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