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Abstract:

In this paper, a novel molecular imprinted electrochemical sensor (MIECS) for 17B-estradiol (E2) had
been constructed. We synthesized MIL-53/CNTs hybrid to modify the glass carbon electrode (GCE)
and used Prussian blue (PB) as electrocatalyst to accelerate electron transfer and increase surface
area. Then, pyrrole and E2 were used as functional monomers and template respectively to form an
imprinted film by electropolymerization. After removal of E2, the obtained molecularly imprinted sensor
had been successfully used for detection of trace E2 in water. Under optimal conditions, the MIECS
exhibited an excellent sensitivity and high selectivity. Moreover, a wide linear response range was
obtained between 10™ to 10°°, with an estimated detection limit of 6.19 x 10™° mol L™ It was more
sensitive than most E2 detection methods that had been reported in the past.
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imprinted film. The obtained molecularly
imprinted sensor had been successfully used
for detection of trace E2 in water.

Characterization of MIP-PB-MIL/CNTs/GCE
Fig. 1 is the morphology and microstructure of

Introduction

17B-estradiol (E2), one of the EDCs, can cause
many negative effects in the endocrine system
of humans and wildlife animals even at low
concentration [1]. Due to the high activity of E2,

a highly specific and sensitive method for
determination of trace level of E2 is called for.
Conventionally, E2 has been detected by
various methods, such as high performance
liquid chromatography (HPLC) [2], Gas
Chromatography =~ combined  with Mass
Spectrometry (GC/MS) [31, Capillary
Electrophoresis [4], spectrophotometry [5] and
enzyme-linked immune sorbent assay (ELISA)
[6]. However, these detection techniques
require tedious procedures and suffer from
costly equipment. Thus, it is necessary to
develop an effective method for fast, real-time
and specific detection of trace E2 in practical
applications.

In this work, we synthesized MIL-53/CNTs
hybrid to modify the glass carbon electrode
(GCE) and used PB as electrocatalyst to
accelerate electron transfer and increase
surface area. Then, polypyrrole (PPy) and E2
were used as functional monomers and
template respectively to form a conductive

different modified materials investigated by
TEM and SEM. Fig.1 (a) reveals that the MIL-
53 is assembled by the apparent crystalline
structure with a size of about 50 nm. As can be
seen from Fig.1 (b), the mixture of MIL
nanoparticles and CNTs formed conductive
networks, increasing the specific surface area
of the MIECS. Fig.1 (c) clearly shows that the
size of nanoparticles was increased, indicating
that PB nanocubes were successfully combined
with  MIL-53 nanoparticles. After electro-
polymerization, owing to the formation of the
MIP film, the surface of conductive networks
became rough and the size of nanoparticles
increased further in Fig.1 (d).
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Fig.1. TEM images of (a) MIL-53 and SEM images of
(b MIL-53/CNTs-GCE, (c) PB-MIL-53/CNTs-GCE (d)
MIP-PB-MIL-53/CNTs-GCE.

Fig. 2 shows the electrochemical impedance
spectroscopy of different modified electrodes. It
can be seen clearly that the semicircle diameter
gradually reduced through the layers of
modification, indicating that the conductive
performance of the modified GCE became
better and better. Conversely, the increase of
semicircle diameter indicates that the
conductive PPy film was overoxidized and the
templates were successfully eluted.
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Fig.2. Electrochemical impedance spectra of different
modified electrodes.

Experimental result

As can be seen in Fig.3, under the optimization
of experimental conditions, the peak currents of
MIP-PB-MIL/CNTs-GCE after rebinding 173-E2
are linear with the concentration of 17p-E2
ranging from 10™ to 10° mol L , which the
linear relationship equation is I, (MA)=140.581 +
4.32 1gC (mol LQ} (R?=0.993) with a detection
limit of 6.19x10™ mol L™ (S/N=3). While the

NIP-PB-MIL/CNTs-GCE without specific
imprinted sites showed irregular current
response.
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Fig.3. (a) DPV of MIP-PB-MIL/CNTs-GCE in a
solution containing 5.0 mM Fe(CN)s ** and 0.1 M
KCI after incubated in different concentrations of E2
in PBS (pH 3.0) for 8 min. (b) Peak values of MIP-
PB-MIL/CNTs-GCE and MIP-PB-MIL/CNTs-GCE
versus the concentration of E2.
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