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1. General Methods

'H NMR and 3C NMR spectra were recorded on a 400 MHz Bruker Biospin avance III
spectrometer. Deuterated reagents for characterization were purchased from Sigma-Aldrich
Chemical Co. and Cambridge Isotope Laboratories Inc. (purity > 99.9%). The chemical shifts (d)
for "H NMR spectra, given in ppm, are referenced to the residual proton signal of the deuterated
solvent. Mass spectra were recorded on a Bruker IMPACT-II or ThermoScientificLCQ Fleet
spectrometer. All other reagents were obtained from commercial sources and were used without
further purification, unless indicated otherwise. The functional group analysis of the treated
samples was performed using the TENSOR 27 FT-IR spectrometer (FT-IR Spectrometer, FTIR)
from Bruker Germany. The process began with spectral calibration using air as the reference,
followed by spectral measurements of the treated samples in the range of 8000-350 cm™! with a
resolution of 0.25 cm!. The optical properties were evaluated using the Varian Cary 500 Scan
UV-Vis spectrometer in the ultraviolet (UV) region. The compound solution was measured for
absorbance with dimethyl sulfoxide as the reference medium. Thermal stability testing of the
material was performed using the Waters SDT 650 thermogravimetric analyzer (TGA). Two small
crucibles of identical specifications were pre-balanced and filled with a small amount of test
material on the left side. Test conditions included: nitrogen atmosphere, heating rate of 10°C/min,
temperature range of 30-1000°C, and recording of temperature-programmed thermal curves to
monitor mass loss and evaluate thermal performance. The morphology of the COPs was examined
using a SU-8010 scanning electron microscope. The materials before and after metal ion
adsorption were directly mounted on conductive adhesive tapes, gold-coated via an ion sputter,
and observed under an electron microscope at 15 kV acceleration voltage. Clear microscopic
images were obtained by adjusting parameters including acceleration voltage, scanning speed,
probe current, as well as moving the stage and modifying magnification, focal length, and
brightness. The porous properties and specific surface area of COPs were investigated using the
ASAP2460 specific surface area and micropore physicochemical adsorption instrument from
Macom, Inc. (USA), with nitrogen adsorption-desorption analysis. The procedure involved: first,
weighing the BET empty tube and a specified amount of sample; then, degassing the material by
heating at 200°Cfor 8 hours to remove moisture; subsequently, measuring the combined mass of
the degassed BET tube and product; finally, inputting the data into the COPs BET analysis
template to calculate the specific surface area through nitrogen adsorption-desorption mass

changes.



2. Materials and Synthetic Procedures
Synthesis of BTD: 4,4'-(benzothiadiazole-4,7-diyl)dibenzaldehyde (BTD) was synthesized

according to previous literature. !

To a mixture of 4,7-bis(bromomethyl)-2,1-benzothiadiazole (1.0 mmol, 0.28 g),
tetraformylphenylboric acid (6 mmol, 0.90 g), cesium carbonate (6 mmol, 1.95 g), and
tetrakis(triphenylphosphine)palladium (0.1 mmol, 0.12g), was added 1,4-dioxane (10.0 mL) and
H,0 (3.0 mL) under N, atmosphere. The reaction was stirred at 85 °C for 12 h. After the reaction
was cooled to room temperature, H,O (25 mL) was added, and the mixture was extracted with EA
(25 ml x 3). The combined organic layer was washed with saturated aqueous NaCl (50 ml x 3)
and dried over anhydrous Na,SO,. After removal of solvent under vacuum and further purification
performed on column chromatography (silica gel, dichloromethane : methanol = 20 : 1), the title
compound was obtained as a green solid (309 mg, 90%). '"H NMR (400 MHz, CDCI3, ppm) § =
10.13 (s, 2H), 8.17 (d, ] = 8.2Hz, 4H), 8.07 (d, J = 8.2Hz, 4H), 7.91 (s, 2H).

Synthesis of BTD-MPD-COP: The synthesis of COP was synthesized through imine
condensation of aldehydes and amines. The specific synthesis methods are as follows. BTD (0.05
mmol, 0.0167 g ) and MPD (0.05 mmol, 0.0054 g ) were dissolved in dry N,N-
dimethylformamide (DMF) (10 mL). And then thorough mixing and ultrasonic treatment for 1
hour, the mixture was transferred to a 25 mL reaction vessel and placed in an 180 °C oven for 72
hours. After cooling to room temperature, the crude product undergoed three washes with DMF
and anhydrous ethanol respectively, and dried in a vacuum oven at 90 °‘C for 24 h, yielding a
reddish-brown powder.

Hg?* sorption Kinetics. Preparing the Hg?" aqueous solutions with gradient standard
concentrations, measuring the absorbance at each concentration (2-3 measurements per
concentration) and calculating the average values to plot a standard curve of concentration versus
absorbance. Placing the BTD-MPD-COP and specific mercury concentrations in conical flasks,
collecting 3 ml of solution at 0, 2, 5, 15, 30, 45, 60, 90, and 120 minutes, and then measuring the
absorbance A, at specific wavelengths to determine the adsorption kinetics of the samples.
Fluorescence performance study. To evaluate the adsorption capacity of BTD-MPD-COP
material, the molecular fluorescence spectrometer was used to measure the fluorescence intensity

of the samples. The 0.01 mol/L Hg?" solution was prepared with water and ultrasonicated for 30



minutes to ensure complete dissolution. Fluorescence titration was conducted between the Hg?*
solution and BTD-MPD-COP at specific ratios, and the fluorescence intensity was measured
under 365 nm (excitation wavelength) for 3 times measurements per ratio respectively. In
fluorescence analysis, the Stern-Vomer equation was used to determine the detection range, and
the minimum detection limit (LOD) for mercury ions was calculated using the LOD formula.
Stern-Vomer formula: Io/I = 1 + Kgy(M), LOD calculation formula: LOD =3 SD /K

Here, I and I represent the fluorescence intensities of the probe before and after pollutant addition,
M denotes the concentration of mercury ion pollutant (mmol/L) in the detection, K is the slope of
the linear fit of the Stern-Voigt equation, and SD indicates the standard deviation of 10 blank
samples.

Selective adsorption of Hg?". To evaluate the adsorption capacity of BTD-MPD-COP material
for various metal ions, this experiment compared fluorescence intensities of different ions in
material solutions and analyzed elemental distribution using EDS. In fluorescence selectivity
experiments, 0.01 mol/L aqueous solutions of different metal ions were prepared. Under
conditions where other metal ions were present, appropriate amounts of mercury ion solution were
added to measure fluorescence intensity and analyze selectivity. For EDS analysis of adsorption
selectivity, each bottle contained 200 uL of ten different 0.01 mol/L metal ion solutions and
corresponding sample materials. After 24 hour incubation, the samples were dried and analyzed
using EDS to determine elemental distribution patterns.

Circulation performance study. Recyclability serves as a critical parameter for evaluating
adsorbent materials. To assess the recyclability of BTD-MPD-COP, the desorption solution of
H,S04-NaCl with a molar concentration ratio of 1:12.5 was prepared through deionized water.
The mercury-loaded BTD-MPD-COP was neutralized with H,SO4-NaCl solution, and then rinsed
with deionized water after ultrasonic treatment for 6 hours. The regenerated material was then
recycled for subsequent fluorescence measurements. Finally, the regenerated material was then
readsorbed with a 0.01 mol/L. Hg?" aqueous solution to compare the removal efficiency of Hg?*

before and after desorption.



3. Supporting Figures
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Figure S1. Fluorescence emission spectrum of BTD-MPD-COP dispersion with a concentration

of 2 mg / 10 ml to detect various metal ions.
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Figure S2. Stability test of BTD-MPD-COP fluorescent probe. The corresponding limit of
detection (LOD) was determined as 35.65uM using the equation LOD = 3 x S.D. / Ksv, where
Ksv represents the slope of the Stern-Volmer plots, and S.D. is the standard deviation for the
fluorescence intensity of BTD-MPD-COP in the absence of Hg?" .



Table 1 Comparison of the Performance of Hg?* Fluorescent Probes Reported in Different

Literature
Material Type Probe Molecule Hg?* Detection Limit Literature
COPs COP-108-S 1.4 mM [2]
COPs TBN-S-SH COP 0.5nM [3]
COPs HTDP-2 0.70 ppm [4]
COFs COF-NH; 15.3 nM [5]
COFs COF-TFPB-TS 87 nM [6]
MOFs NXS@ZIF-8 1.5nM [7]

Figure S3. SEM image and EDS elemental distribution of BTD-MPD-COP after adsorbing
mercury ions. (a) Morphological image after metal ion adsorption; (b) Elemental distribution map;

(c¢) Elemental distribution layer.



Table S2. Elemental Composition of BTD-MPD-COP in EDS

Element Atomic %
Hg 75.88
Ca 5.19
Al 3.24
7/n 4.01
Ni 3.15
Co 1.87
Cd 2.06
Fe 2.53

Cu 2.07
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