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Research on Amphiphilic Copolymer MIP Micelles Electrochemical Sensor

Fan, Cunhua Yang, Yiqun Zhao, Wei Xiao, Yu Luo, Jing Liu, Xiaoya*
(The Key Laboratory of Food Colloids and Biotechnology, Ministry of Education, School of Chemical and Material
Engineering, Jiangnan University, Wuxi 214122)

Abstract Novel molecularly imprinted polymeric (MIP) micelles were prepared via macromolecule self-assembly of a
photo-crosslinkable copolymer, combined with molecular imprinting technique using 4-acetaminophenol as the template
molecule. First, an acrylic copolymer poly(DMA-co-HEA-co-EHA-co-St) was synthesized via free radical polymerization
using (dimethylamino)ethylmethacrylate (DMA), 2-hydroxy ethylacrylate (HEA), 2-ethylhexyl acrylate (EHA) and styrene
(St). Further post functionalization introduced a cross-linkable acrylate side groups into the polymer to form the
photo-crosslinkable copolymer using isophorone diisocyanate (IPDI) as bridges. The photo-crosslinkable copolymer and
4-acetaminophenol were dissolved to give copolymer mixed solution. Water as a non-solvent, was added to the mixed solu-
tion to induce the self-assembly micellization of the photo-crosslinkable copolymer, during which the template molecules
(4-acetaminophenol) was entrapped in the micelles through the interactions between 4-acetaminophenol and the copolymer
chain. The properties and morphology of MIP micelles were characterized by dynamic light scattering (DLS), zeta potential
and transmission electron microscope (TEM). DLS results showed that the average hydrodynamic diameter was about 70 nm,
which was supported by the result from the TEM measurements. The MIP micelle solution prepared was used as a bath solu-
tion for electrodeposition. A MIP film was formed in situ on the electrode surface by electrodeposition of the MIP micelles
and then crosslinked by UV radiation to lock the structure and improve the stability of the film. Finally the template mole-
cules were removed from the film by extraction, leading to 4-acetaminophenol imprinted electrode. The electrochemical per-
formance of the MIP electrode was evaluated by cyclic voltammetry (CV) and differential pulse stripping voltammetry
(DPSV). The resulting MIP sensor showed good response and selectivity towards 4-acetaminophenol. In addition, this MIP
sensor showed excellent selectivity to 4-acetaminophenol, and the interferences from structurely similar analogues were ef-
fectively avoided. The linear range was from 1 X 10~®~4 X 107> mol/L, and the limit of detection was 3.3 X 10" mol/L. The
proposed method was novel, sensitive, easy to operate and low cost.

Keywords self-assembly; MIP; 4-acetaminophenol; micelles; electrodeposition; electrochemical sensor
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Figure 1 Schematic illustration of MIP sensor fabrication using the
self-assembly MIP micelles via electrodeposition
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Figure 3 Plots of absorbance of copolymer solutions with different
water contents
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Figure 4 (a) The Zeta potential (m) and Z-average diameter (®) of the
MIP micelles as a function of the solution pH. (b) DLS plot and TEM
image (inset) of the MIP micelles formed by the photo-crosslinkable
copolymer self-assembly
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Figure 5 (A) The current-time curve of MIP micelle electrodeposition
performed with CPE. Bath solution: 20 mg/mL MIP micelle solution,
Applied potential: —2 V, Inset: CV voltammograms of K;[Fe(CN)s] on
(a) the bare electrode, (b) the electrode after electrodeposition for 10 s, (c)
the electrode after electrodeposition for 120 s, (d) the electrode after 120 s
electrodedeposition and subsequent exposure to UV light. (B) SEM im-
ages of the surface of the bare gold electrode (a), the electrode after elec-
trodeposition for 10 s (b) and the electrode after electrodeposition for 120

s ().
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Figure 6 DPSV voltammograms of 4-acetaminophenol of different
concentration in PBS (pH=7), Inset: The plot of peak currents as a func-
tion of the concentration of 4-acetaminophenol on (m) MIP and (e) NMIP
electrode. Preparation conditions of electrode (20 mg/mL MIP micelle
solution, pH=4.5, applied potential: —2 V, deposition time limit: 2 min,
UV irradiation time: 3 min)
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Preparation conditions of electrode (20 mg/mL MIP micelle solution, pH=4.5,
applied potential: —2 V, deposition time limit: 2 min, UV irradiation time: 3
min)
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