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SI.1 The binding between template and the monomer

We studied the comparison of the relative binding capacity between the template molecule
metformin and the functional monomer APTES by UV spectrophotometry. The UV absorption
spectrum is shown in the Fig. S3. The larger the difference between the theoretical value and the
maximum absorption peak of the mixed value, the stronger the interaction between the functional
monomer and the template molecule.

The molecular charge distribution of metformin is simulated by Gaussian98, as shown in Fig. S2.
The equilibrium configuration of each atom in metformin molecule in vacuum medium is
simulated by Gaussian98, then optimize the data in water medium to obtain the charge of each
atom of metformin. It is easy to find that the N atom on the guanidine group shows strong
electronegativity, so it is easy to form intermolecular hydrogen bonds with H atom on APTES.

Furthermore, zeta potential is another important parameter that influences the relative binding
capacity. As shown in Table S1, when metformin is connected to the APTES, the zeta potential of
the mixture changed from positive to negative, an indication that metformin and APTES were
successfully combined. Other zeta potential changes are shown in Table S1.

SI.2 Optimized conditions

S1.2.1 Influence of solvent type

Fig. S8A shows the effect of solvent on the binding properties and fluorescent behavior of CDs-
FITC-SiO,@MIP sensor to MCs. The fluorescent intensities ratio of NaCl containing salt solution to
MCs is high because the salt effect has an impact on the stability of fluorescent substances, the
presence of salt in the solution will affect the sonochemistry,! and the salt effect in intramolecular
charge transfer reaction will change the kinetics of reaction rate,? so NaCl salt solution is selected
as solvent.

S1.2.2 Influence of salt effect

Next, the influence of salt solutions with different concentrations of NaCl on the fluorescent
intensities ratio of MCs was explored (Fig. S8B). The figure shows that the salt solution containing
0.5% NaCl values the highest fluorescent intensities ratio value compared with other NacCl
containing solutions. Herein, the salt solution containing 0.5% NaCl was chosen for all tests to
obtain the highest fluorescent intensities ratio change value.

S1.2.3 Optimization of CDs and fluorescent labeled silica spheres proportion

The ratiometric fluorescent response of CDs-FITC-SiO,@MIP sensor depends on the fluorescent
intensity at 450 nm and 620 nm, which is related to the proportion of CDs and FITC-SiO,,
respectively. To investigate the fluorescent intensity response to different volume ratios with two
fluorescent materials, an optimization experiment was carried out with four different ratios (Fig.
S8C). The results showed that the fluorescent intensities ratio was the highest when the volume
ratio of the two fluorescent materials was 6:1. Thus, the combination of CDs and FITC-SiO, with a
volume ratio of 6:1 was selected to build the CDs-FITC-SiO,@MIP sensor for microcystins
detection.
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S1.2.4 Dosage optimization of CDs-FITC-SiO,@MIP

The effect of the amount of CDs-FITC-SiO,@MIP nanoparticles was also studied by changing
their volume from 100 to 600 pg/mL. The results indicated that the amount of CDs-FITC-SiO,@MIP
in the solution greatly affects the detection sensitivity for microcystins assay. As the concentration
of CDs-FITC-SiO,@MIP nanoparticles increased, the fluorescent intensities ratio value of CDs-FITC-
SiO,@MIP sensor to microcystins increased, and the lg0/450 Was the highest when it reached 400
ug/mL (Fig. S8D). Therefore, the amount of CDs-FITC-SiO,@MIP was fixed at 400 pg/mL
throughout this study.

S1.2.5 Influence of adsorption time

Next, the adsorption time was also optimized. As can be seen from Fig. S8E, after adding
microcystin, the lg;0/450 reached equilibrium after 1 min The results can be summarized as follows:
at first, due to the large number of imprinted holes, the rebinding and recognition of microcystins
were easy to complete; With the passage of time, a large number of sites were occupied, and it
was difficult for microcystins to find suitable imprinting sites. As a result, 1 min was taken as the
optimal adsorption time.

S1.2.6 Influence of adsorption temperature

Next, the adsorption temperature was optimized. As can be seen from Fig. S8F, the /g;0/450 is the
highest at 25 °C, so 25 °C is selected as the best adsorption temperature.

SI.3 Table

Table S1. The zeta potential of APTES, metformin and the mixture.
Zeta Potential

(mV)

APTES 0.0852
Metformin -13.5
APTES + Metformin -0.30
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Table S2. Selectivity Parameters® for CDs-FITC-SiO,@MIP and Imprinting Factor.

Molecule MIP NIP IF k'
(FBZO/ I620/450 kMIP (FBZO/F I620/450 kNIP
F450)* MIP 450)*NIP NIP
MIP

MC-RR 2.96 4.63 11.13 0.63 1.36 2.09 3.41 5.34
MC-LR 2.33 3.63 8.74 0.60 1.28 197 2.83 4.43
MC-YR 2.28 3.56 8.56 0.58 1.25 191 2.86 4.48
MC-LY 1.68 2.63 6.31 0.56 1.20 1.85 2.18 3.42

Domoicacid  0.27 0.42 1.00 0.30 0.65 1.00 0.64 1.00
Aflatoxin 0.37 0.57 1.37 0.33 0.70 108 0.81 1.27

@Normalized values of fluorescence intensity ratio. Normalized values are the difference in the
fluorescence ratio of fluorescent NPs before and after fluorescence reaction. The fluorescence
intensity ratio of MIP before fluorescence reaction,0.640; the fluorescence intensity ratio of NIP
before fluorescence reaction,0.464.

Table S3. Spiked Recoveries and RSD (%) for the determination of MCs in real water samples by
the developed CDs-FITC-SiO,@MIP (n=3).

Sample Added Found Recovery RSD(%)
(ug/L) (ug/L)
1 0.93 93.15 3.12
Binhai Lake 5 5.24 104.81 3.93
20 20.54 102.72 4.25
1 1.09 109.12 4.12
Tap water 5 4.84 96.81 2.83
20 19.51 97.55 3.26
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Table S4. Comparison of analytical methods or products for the determination of microcystins in
water samples.

Detection
Linear range LOD object
Method/Product —_— Ref.
(ng/L) (ug/L) MC- MC-
RR LR
|OFB2 0.53-11.28 0.22 \ 3
N/P CDsb 0.05-3 0.0171 \ 4
DCHQ-Phe 0.10-9.95 0.05 \ 5
MWCNTSs? 0-2 0.19 \ 6
Dual Modal
ual Moda 0.1-50 0.5 y ’
aptasensor®
MoS t
0> QUaNUM 532631 0.006 y .
Dots
nBC/paper/anti-
0.1-100 0.017 9
MCLR/MCLRe v
Cu/Co nanorodsh 0.065-45.83 0.022 \ 10
DNA aptamer 0.2-2.5 0.08 \ 1
LC-MS' 20-5000 6 v 12
Paper spray 0-9.1/0-5.8 1 NI 13
lonization
MBio 0.1-100 0.4 N, \ 14
lectrochemical
elecirochemica 0.06-1000  0.015 N 15
sensing method
OS-ELISAK 0.14-10000 0.14 \ 16
LFA! 1-50 0.84 \ 17
CDs-FITC- 0.0132/
0.5-500 Thi k
Si0,@MIP 0.0223 Voo 1S wor

2 integrated optical fluorescence biosensor P nitrogen/phosphorus-codoped carbon dots

¢ phenyl-substituted diaza-18-crown-6 hydroxyquinoline ¢ multiwalled carbon nanotubes € a dual-
modal aptamer-based biosensor f MoS, Quantum Dots & nanobiochar particles and anti-MC-LR
monoclonal antibodies on the fifilter paper " Cu/Co nanorods-catalyzed chemiluminescence
aptasensor ' liquid chromatography—mass spectrometry | portable biosensor system * Open
sandwich Enzyme-linked Immunosorbent Assay ! lateral flow assay.
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S1.4 Figure

Fig. S1. Chemical structure of (a) Metformin, (b) MC-RR, (c) MC-LR.

Fig. S2. The molecular charge distribution of metformin.

Fig. S3. UV absorption spectra of metformin and APTES.

Fig. S4. Schematic illustration of combination of template and monomer.

Fig. S5. Mott-Schottky diagram of CDs (A) and MC-RR (B), UV—vis absorption spectrum and Tauc
curve in the illustration of CDs (C) and MC-RR (D).

Fig. S6. UV—vis absorption spectrum (left line) and fluorescence emission spectrum (right line) of
CDs (A) and FITC-SiO, nanocomposites (B).

Fig. S7. UV-vis absorption spectrum of CDs-FITC-SiO,@MIP before the elution (red line), after the
elution three times (black line).

Fig. S8. The effect of solvent type (A), content of NaCl (B), proportion of CDs-FITC-SiO,@MIP (C),
the concentration of MIP (D), the adsorption time (E) and adsorption temperature (F) on the
fluorescence procedure.

Fig. S9. The fluorescence spectra and the corresponding fluorescent colors of CDs-FITC-SiO,@NIP
solution responding with a series of concentration of MC-RR (A) and MC-LR (B) (Aex=310 nm).

Fig. S10. The fluorescence stability of CDs-FITC-SiO,@MIP. Experimental conditions: the
concentration of MC-RR at 50 pg/L. The inset shows the fluorescence intensity ratio of CDs-FITC-
SiO,@MIP in 0.5% NaCl solution within 90 min by continuous monitoring.

Fig. S11. The fluorescence spectra and the corresponding fluorescent colors of CDs-FITC-SiO,@MIP
solution responding with a series of concentration of the mixed samples of MC-RR and MC-LR (A),
the linear relationships for CDs-FITC-SiO,@MIP (B) (Aex=310 nm).

Fig. S12. MC-RR (A) and MC-LR (B) scanning mass spectra in Binhai Lake.

Fig. S13. The linear relationship between fluorescence ratio and concentration of solid phase
extraction in Binhai Lake.
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