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Abstract: Norfloxacin ( NFX) is an antibiotic that is widely used in animal husbandry.
However, the presence of NFX even in trace amounts in animal-derived food may harm human

health. Therefore, it is of practical significance to establish a method for monitoring NFX resi-
dues in food. Molecularly imprinted polymers ( MIPs) imitate interactions established by natural
receptors to selectively retain a target molecule, like antibodies or antigens do. MIPs have been
widely employed in the selective recognition of specific target molecules from complex samples.
Covalent organic frameworks ( COFs) are a new type of organic polymer with uniform and
ordered crystal structures. COFs form crystal structures by constructing organic units for
ordered assembly through reversible chemical reactions. Their porous structure, regular mor-

phology, and easy modification make COFs promising for use as excellent adsorbent carriers.
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Owing to these advantages of COFs, researchers have attempted to coat one MIP layer on
COFs; however, the preparation methods are time-consuming and laborious, and the condi-
tions are harsh. Hence, this study proposes a simple and rapid method for the preparation of
novel MIPs with COFs as the support ( DP-COF@ MIPs) for the selective recognition of NFX.
First, a Schiff-base COF ( DP-COF') was rapidly synthesized using 3 ,3’-diaminobenzidine and p-
phthalaldehyde with a metal trifluorate as a catalyst at room temperature. Subsequently, a two-
step sequence was adopted as the synthesis strategy using NFX as the template, methacrylic
acid as a functional monomer, and ethylene glycol dimethacrylate as a crosslinking agent. The
entire synthesis was completed within 5 h under mild conditions. The material was then charac-
terized by multiple analytical methods, including field-emission scanning electron microscopy,
Fourier-transform infrared spectroscopy, X-ray diffraction, and the Brunauer-Emmett-Teller
(BET) method (to determine the specific surface area). The experimental results confirmed
the successful preparation of DP-COF@ MIPs. The DP-COF@ MIPs presented a rough and por-
ous surface, with a pore size of approximately 17. 79 nm (mesoporous structure). The proper-
ties of the material were evaluated by adsorption and regeneration experiments. The Kinetic
adsorption experiment showed that the DP-COF @ MIPs reached adsorption equilibrium in 90
min. Two straight lines were fitted using the pseudo-second-order kinetics model based on the
experimental results for thermodynamic adsorption, indicating that the adsorption process was
primarily dominated by chemical adsorption. The maximum apparent adsorption capacity was
41.57 mg/g. In the selective and competitive binding test, five drugs, namely ciprofloxacin,
dimetridazole, oxytetracycline, sulfadiazine, and chloramphenicol, were selected as the inter-
ferents. The experimental results showed that the DP-COF@ MIPs possessed good stereoselec-
tivity and competitive recognition ability. The regeneration of DP-COF@ MIPs was evaluated by
multiple cycles of adsorption-desorption experiments. The loss in the adsorption capacity of the
particles was only approximately 4. 7% after seven adsorption-desorption cycles. These results
from the regeneration experiments show that the DP-COF@ MIPs had high stability and reus-
ability in the selective adsorption and separation of NFX. In addition, the employed method
could accurately identify trace NFX in milk samples. The average recoveries were in the range
of 88.8% —92.9% at three spiked levels (0.03, 0.10, and 0.30 mg/L) with relative standard
deviations (RSDs) in the range of 0. 6-1.7% (n=3). Notably, the method could successfully
determine NFX at contents as low as 0. 002 0 mg/L in the milk sample with an average recovery
of 77. 6% and RSD of 6. 4% (n=3). This concentration is one-fiftieth of the maximum residue
level stipulated by the European Union ( EU), and even lower than the limit of detection
(LOD) of conventional high performance liquid chromatography ( HPLC) methods. The above
results confirm that DP-COF @ MIPs can be used to determine trace NFX in actual complex
samples using HPLC equipment, even when coupled to conventional UV-Vis detectors. This
study offers a facile and general method for the preparation of MIPs based on COFs with selec-
tive recognition ability.
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Fig. 3 SEM images of (a) DP-COF, (b) DP-COF@MIPs, and (c) DP-COF @ NIPs
NIPs: non-imprinted polymers.

a. N, adsorption isotherms of DP-COF@MIPs

b. Adsorption kinetics curves of NFX

c. Quasi-first-order adsorption profiles
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CPFX: ciprofloxacin; DMZ: dimetridazole; OTC. oxytetra-
cycline; SDZ. sulfadiazine; CAP: chloramphenicol.
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