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Selective adsorption of protocatechuic acid by high-affinity
magnetic nanoparticles based on boronate affinity strategy
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Abstract: To explore a method for the selective separation and enrichment of protocatechuic acid (PCA) from
actual samples of traditional Chinese medicinal materials, in this study, based on the boron affinity and molecular
imprinting strategy, a specific imprinted magnetic material with high affinity for PCA was prepared by using Fe,O,
magnetic nanoparticles (Fe,O, MNPs) as the substrate and amplifying the number of boronic acid ligands on the
product surface with branched polyethylenimine (PEI). The prepared Fe,O,@PEI@FPBA MIPs were characterized
by transmission electron microscopy (TEM), Fourier transform infrared spectroscopy (FTIR), and other instruments,
and their adsorption performance was systematically investigated. Due to the boron affinity-directed surface imprinting
mechanism, the prepared Fe,O,@PEI@FPBA MIPs showed high selectivity for PCA, with a maximum adsorption
capacity of 475.33 mg-g" and a maximum imprinting factor (IF) of 5.24. The adsorption process conformed to the
pseudo-first-order kinetic model, and the adsorption isotherm conformed to the Langmuir model. In addition, the
results of the repeatability test also indicated that Fe,O,@PEI@FPBA MIPs could maintain good adsorption
performance after repeated use. The recovery rate of the actual sample analysis was 96.67% to 110.17% (relative
standard deviation was 1.65% to 4.52%).
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Figure 1  Schematic of Fe,O,@PEI@FPBA MIPs preparation
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and adsorption principles. RTM: Room temperature stir casting; PEI:

Polyetherimide; FPBA: 4-Methylbenzeneboronic acid; TEOS: Tetraethyl orthosilicate
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40.0 mg Fe,0,@PEI@FPBA MIPs it 17 10 VX % B - fi#
W AE BRI W B R R B R E AT SR A A I, K
Fe,0,@PEI@FPBA MIPs (] 1 4= ¥ fig o S 58 ~F 47 Il
52 3.

SERREERR AT ASHIT T2 I SE 2 BT AR sk
B i, i R 24 L () 7 Vet SRR AT A 3, 45 3
PR IR DAL JS 2R SR A b . AE R VE I SR AN
P [ R 52 BB i EAT 22 0 A R, Ji i o 50 5
YRR P E 17 PP AL A T SRR i R R 2R
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Figure 2 Characterization of preparation materials. A: The ultrasonic dispersion results of Fe,O,@PEI@FPBA MIPs; B: The aggregation

results of Fe,O,@PEI@FPBA MIPs in the presence of an external magnetic field; C: Transmission electron microscopy (TEM) images of
AMNPs; D: TEM images of Fe,O0,@PEI@FPBA MNPs; E: TEM images of Fe,O,@PEI@FPBA MIPs; F: Infrared spectra of AMNPs,
Fe,0,@PEI@FPBA MNPs, Fe,O,@PEI@FPBA MIPs, and Fe,O,@PEI@FPBA NIPs
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PCA IR IS & . BRIk, 75 )5 2100 Fokt EZE i (7]
PN 15 mine £ )5 S SL g B v, AR BRI A
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Figure 3 Determination results of boronate affinity and optimization of time. A: Investigation of the binding capacity of Fe,O,@FPBA
MNPs with adenosine and deoxyadenosine; B: Effect of imprinting time on the recognition performance of Fe,O,@PEI@FPBA MIPs/
Fe,0,@PEI@FPBA NIPs; C: Effect of incubation time on the recognition performance of Fe,O,@PEI@FPBA MIPs; D: Effect of incuba-
tion time on the recognition performance of Fe,O,@PEI@FPBA MIPs. n =3, x+s
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Figure 4 Static adsorption results and isothermal models. A: Isothermal adsorption curves of Fe,O0,@PEI@FPBA MIPs and Fe,O,@FPBA
MIPs; B: Isothermal adsorption model of Fe,O,@PEI@FPBA MIPs; C: Isothermal adsorption model of Fe,O,@FPBA MIPs. n =3, x + s
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Fitting parameters of the Langmuir isotherm adsorption
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Langmuir equation
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Figure 5 Performance testing of Fe,O,@PEI@FPBA MIPs. A: The structural formula of the active ingredients of traditional Chinese
medicine used in this research; B: Selectivity of Fe,O,@PEI@FPBA MIPs for PCA and similar molecules; C: Competitiveness of
Fe,0,@PEI@FPBA MIPs for PCA and similar molecules; D: Relationship between the number of reuse of Fe,O,@PEI@FPBA MIPs and
their binding capacity. n =3, x £s. "P<0.05, ""P < 0.000 1. PCA: Protocatechuic acid; CA: Caffeic acid; CGA: Chlorogenic acid
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Table 2 Spiked recovery rates and RSD of PCA in the Alpiniac

Oxyphyllae Fructus samples. SD: Standard deviation; RSD:

Relative standard deviation
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100 275.30 £4.56 109.17 1.65
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