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ABSTRACT

To circumvent the limitations of natural antibodies, receptor, or enzyme, molecular imprinting tech-
nique has received intensive attention in analytical methods Herein, based on surface enhanced Raman
scattering (SERS) molecularly imprinted polymer (SERS-MIP), a SERS-MIP sensor has been developed
for the sensitive and selective detection of bisphenol A (BPA). To construct the BPA sensor, raspberry-
type SiO,@Ag nanoparticles (SiO,@Ag NPs) were prepared to act as supporting substrate, and BPA
was adopted as template molecule, tetraethyl orthosilicate (TEOS) as functional monomer and 3-
aminopropyltriethoxysilane (APTES) as cross-linker. Due to the strong plasma resonance character of
Ag NPs, the SERS-MIP sensor showed good sensitivity in the detection of BPA. The core-shell and
satellite-like structure of the SiO,@Ag composites could provide a large surface area for BPA recog-
nition by molecular binding domains. In addition, the sensor could prevent interferences such as
4,4'-(Hexafluoroisopropylidene) diphenol (BPAF) and 4,4'-Dihydroxybiphenyl (DOD). Moreover, the real
water samples were tested to verify the reliability and feasibility of the method. Under the optimal con-
ditions, the proposed method behaved good analytical performance to BPA with a wide linear range from

1.75 x 10711 to 1.75 x 10~ M and a detection limit of 1.46 x 10~1' M.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Recently, people have been paying great attention on food safety
as the food safety problem becomes increasingly prominent. For
example, illegal abuse of food packing has brought serious haz-
ards to the ecological environment and human health in many food
safety problems [1,2]. Bisphenol A (BPA), an important industrial
chemical, has been widely applied in polycarbonate plastics, epoxy
resins, food packing and many other products [3-5]. However, it is
inevitable that BPA can release from many plastic packages, such
as nursing bottles, plastic water bottles and sealant, leading to
food and environmental pollution [6]. Meanwhile, related studies
have shown that BPA is a kind of endocrine disruptor and exces-
sive intake will potentially interfere with the endocrine system of
wildlife and humans, do harm to liver and renal function, lower
immune function, and even increase the risk of cancer [7-9]. Thus,
the use of BPA, especially in feeding bottles was strictly regulated in
many countries for the sake of human health [10,11]. In this regard,
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it is of great significance and highly desired to develop specific and
sensitive analytical methods for the detection of BPA.

As is well known, various analytical methods have been applied
in BPA detection such as high-performance liquid chromatog-
raphy (HPLC), gas chromatography-mass spectrometry (GC-MS),
enzyme-linked immunosorbent assay (ELISA) and some other ana-
lytical tools [12-14], for example, fluorescent, optical, colorimetric
and electrochemical sensors [15-18]. However, though some of
these analytical techniques are widely used with good precision,
their applications are seriously restricted due to the complicated
and professional operation procedures, high cost and relative low
sensitivity. The other methods are simple, fast response and easy
operation, but the accuracy and selectivity of those techniques can-
not meet the needs of actual sample detection. Due to the excellent
sensitivity, fast response, rich molecular information and nonde-
structive data acquisition, SERS is extensively used from biological
analysis to environment monitoring and food safety, even clini-
cal diagnosis and therapy [19,20]. Thus, it can be a very attractive
method for BPA determination using SERS technique. For example,
by using pyridine functionalized silver nanoparticles as SERS sub-
strates, a recent paper was reported for the detection of BPA with
the semi-quantitative detection ranging from 0.25 to 20 pgL~!
[21]. Furthermore, it was reported that the oestrogen molecules
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Table 1

Comparison of the proposed method with other methods for BPA detection.
Detection technique  Liner range (M) LOD (M) References
Optical sensor 10°10—4 % 10°° 2x 1011 [16]
Colorimetric method 1.5 x 1077—6.1 x 107 4.8 x10°10 [17]
Multiplexed SERS 2.2x1077-4.38 x 1076 8.8x 1078 [21]
SERS 4x10"11—4x 1010 1.7 x 1011 [26]
MIRF sensor 1077-2.5x 1076 29x10°8 [35]
Voltammetric sensor 5 x 1078—10° 8x107° [44]
PE sensor 35%x1077-1.4x 107> 1.14x 1077 [45]
Aptamer SERS 13x10°1"-13x10? 1.3x10 1 [46]
SERS MIP 1.75x10°11=1.75x10"¢  1.46 x 10" This work

MIRF: molecularly imprinted ratiometric fluorescent; PE: photoelectrochemical.

including BPA showed very weak affinity with the metal surface
[22], which largely restrains the SERS detection of BPA. To address
this problem, many research methods have been developed by
combining SERS with separation processing [23] or selectivity tech-
niques [24,25]. For example, Chung et al. designed a SERS sensor for
BPA detection by using double strand DNA-embedded Au/Ag core-
shell nanoparticles as substrates, which showed a detection limit of
10 fM [25]. Feng et al. proposed a SERS-encoded strategy via gold
nanoparticle-nanorod heteroassemblies for BPA detection, which
behaved a wide liner range from 0.001 to 1 ng mL~! with the detec-
tion limit of 3.9 pgmL~1 [26]. However, the interferences in the real
samples could have great influence on the SERS performance such
as detection sensitivity and selectivity. Thus, it is crucial and mean-
ingful to develop a new SERS method with highly selective for BPA
detection.

Owing to their advantages such as high loading capacities,
efficient affinity to target molecules, sufficient selectivity and sta-
bility, easy design of recognition sites and low production cost,
molecularly imprinted polymers (MIPs) have become a competitive
tool in the field of molecular recognition, food sample prepara-
tion and biosensors [27,28]. Many methods have been developed
to synthesize MIPs, and non-covalent imprinting is widely used
through the interaction between the functional monomer and tem-
plates [29,30]. Here, strategies for non-covalent imprinting include
core-shell imprinting, precipitation polymerization, solid-phase
imprinting, bulk polymerization and mini emulsion polymerization
[31,32].Because they can provide a deal of effective imprinting sites
to rebind the template molecules, core-shell spherical MIPs have
been intensively used when coupled with many other techniques
[33,34]. For example, Lu et al. put forward a facile strategy to pre-
pare ratiometric fluorescence molecularly imprinted sensor for the
sensitive detection of BPA with detection limit of 29nM [35]. Tan
et al. developed a novel electrochemical sensor based on molecu-
larly imprinted polypyrrole/graphene quantum dots composites,
which could specifically recognize BPA in aqueous solution and
water samples [36]. Inspired by that, it could be a promising idea to
combine MIPs with SERS for the selective and sensitive detection
of BPA (Table 1).

In this work, a new SERS biosensor was developed for
highly sensitive and selective detection of BPA based on molec-
ularly imprinted SiO,@Ag NPs composites (MIP-ir-SiO, @Ag NPs)
(Scheme 1). In the SERS system, the core/shell composites (SiO,
nanospheres as core and Ag NPs as shell) were acted as supporting
substrates. It was demonstrated that the core-satellite nanostruc-
ture could provide plasmonic enhancement by plasmon resonance
between silver particles and shell layer [37,38]. Thus, the signal
could be greatly enhanced by using the core-satellite SiO,@Ag
NPs as MIPs supporting substrates. Considering this, TEOS was
adopted as functional monomer, APTES as cross-linker, and the
target molecule BPA as template molecule to prepare BPA printed
template (Scheme 1). After that, BPA were removed by a simple
washing process, and MIP-ir-SiO, @Ag NPs behaved good recom-

bining ability and specificity to BPA. Moreover, the performance of
MIP-ir-SiO, @Ag NPs towards BPA and their application to practi-
cal samples were investigated, which revealed that the proposed
SERS-MIP method could be applied to the selective and sensitive
detection of BPA in water samples.

2. .Materials and methods
2.1. Chemicals and materials

Bisphenol A (BPA), 4,4'-Dihydroxybiphenyl (DOD), tetraethyl
orthosilicate (TEOS, 99%), 4,4'-(Hexafluoroisopropylidene) diphe-
nol (BPAF), and (3-aminopropyl) triethoxysilane (APTES, 97%) were
purchased from Aladdin. Polyvinyl pyrrolidone (PVP) was pur-
chased from Sigma-Aldrich. Silver nitrate (AgNO3), ammonium
hyroxide (NH3-H, O, AR) and other relevant reagents were bought
from Sinopharm Chemical Reagent Co., Ltd. Unless otherwise
mentioned, ultrapure water acquired from a Millipore water purifi-
cation system (Milli-Q, Millipore, 18.2 M2 resistivity) and was used
throughout the experiment.

2.2. Instrumentation

SERS measurements were carried out using a Raman spectrom-
eter (Renishaw, U.K.) equipped with a confocal microscope (Leica,
Germany). The band of a silica wafer at 520 cm~! was used to cali-
brate spectrometer. The SERS spectra were acquired under a He-Ne
laser (633 nm) with a laser power of 10mW, and 10s exposure
with one accumulation. Spectral manipulation such as baseline
adjustment and smoothing were performed using the NGSLab-
Spec5 software package.

2.3. Preparation of SiO,@Ag nanospheres

The preparation procedures of SiO, @Ag nanospheres were illus-
trated in Scheme 1. According to our previous work [39], SiO,
nanospheres (nearly 300nm) were first synthesized and then
mixed with Ag(NHs3),0H to prepare SiO,@Ag nanospheres. The
details are described in Supporting Information.

2.4. Preparation of BPA-imprinted SiO,@Ag nanospheres

The BPA imprinted-removed materials (MIP-ir-SiO,@Ag NPs)
were prepared by non-covalent imprinting method. The none
imprinted materials (NIP-ir-SiO, @Ag NPs) were synthesized with
the same procedures. The preparation procedures are all described
in Supporting Information.

2.5. Detection methods

Prior to the SERS measurements, MIP-ir-SiO, @Ag NPs and NIP-
ir-Si0,@Ag NPs were incubated with different concentrations of
BPA, respectively. After that, the filter paper (0.5 mm) was soaked
with the above polymer composites. Next, the filter paper was
placed on the injector and washed with water to remove the free
BPA. Finally, the filter paper was taken out and kept at room tem-
perature till drying. The obtained filter paper was interrogated with
the Raman microscope.

2.6. Selectivity studies

To estimate the selectivity of MIP-ir-SiO,@Ag NPs, 100 L of
BPA, BPAF and DOD was mixed with 100 p.L MIP-ir-SiO, @Ag NPs,
respectively. The mixture was shaken in a 1.5 mL centrifuge tube



568

[Ag(NH3)2] TEOS

O

PVP

BPA remove template
=~
TEOS adsorptlon

W. Yin et al. / Sensors and Actuators B 258 (2018) 566-573

NH;
H,;N NH
APTES
—) H2N NHz
H,;N NH;
NH;
SiO, NPs
SiO2@Ag NPs

S o-

Scheme 1. Illustration of the synthetic route for the surface-imprinted SiO, @Ag NPs nanocomposites.

at 4°C for 6h. The final solution was centrifuged to remove the
supernatant and the precipitate was dispersed for Raman tests.

2.7. Treatment of real samples

The MIP-ir-SiO, @Ag NPs was applied in the detection of BPA in
lake water, tap water and pure milk, respectively. Lake water was
collected from the South Lake (located in Huazhong Agricultural
University) and then filtered with a 0.22 wm filter head. The tap
water was collected from the laboratory and used without further
pretreatment. The pure milk was purchased from local market. The
extraction procedures for milk sample are described in Supporting
Information. A 100 pL aliquot of the above samples was analyzed
by the Raman spectroscopy.

3. Results and discussion
3.1. Characterization of BPA-imprinted SiO,@Ag nanospheres

The UV-vis and FT-IR absorption spectra were first adopted
to characterize the MIP-ir-SiO,@Ag NPs and NIP-ir-SiO, @Ag NPs.
The formation of SiO,@Ag NPs was firstly characterized by UV-vis
(Fig. S1A). The strong and broad peak around 450 nm indicates the
formation of Ag NPs on the surface of SiO, nanospheres, which
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revealed that SiO, @Ag nanospheres were successfully synthesized.
Following that, MIP-ir-SiO,@Ag NPs were prepared for the spe-
cific recognition with BPA. As shown in Fig. 1A, BPA molecule
behaved two strong characteristic absorption peaks located at
228nm and 279nm (curve d), which were consistent with the
™ — 7" transitions of aromatic C=C bond. Compared with MIP- ir-
Si0,@Ag NPs and NIP-ir-SiO, @Ag NPs, the MIP-BPA-Si0, @Ag NPs
still remained the characteristic peak at 279 nm (curve a). How-
ever, after removing BPA with methanol and acetic acid mixture
solution, the characteristic peak was disappeared (curve b and c),
which suggested the successful preparation of MIP-BPA-SiO, @Ag
NPs.

To further verify the performance of MIP-ir-SiO,@Ag NPs
combining with BPA, the related materials were characterized
by FT-IR spectroscopy (Fig. 1B). BPA (curve d) and MIP-BPA-
Si0,@AgNPs (curve a) showed characteristic peakat 1611 cm~! and
1598 cm~! (C=C stretch), 1300 cm~! (C—O vibration), 2964 cm™!
and 3068 cm~! (C—H vibration), revealing the successful recogni-
tion of MIP-ir-SiO,@AgNPs with BPA. Moreover, a characteristic
peak at 790 cm~! (Si-O vibration) appeared in all the SiO, based
materials: MIP-ir-SiO,@Ag NPs (curve b), NIP-ir-SiO,@Ag NPs
(curve c), and MIP-BPA-SiO,@Ag NPs (curve a), which revealed
that the MIP was coated on the surface of the SiO,@Ag NPs. The
absorbance band around 1540cm~! (N—H band) suggested the

C

Fig. 1. (A) UV-vis absorption and (D) FT-IR spectra of MIP-BPA-SiO,@Ag NPs (a), MIP-ir-SiO, @Ag NPs (b), NIP-ir-SiO, @Ag NPs (c) and BPA (d). TEM images of (B) SiO, @Ag
NPs and (C) MIP-ir-SiO, @Ag NPs. SEM images of MIP-ir-SiO, @Ag NPs at different magnification (E) and (F).
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Fig. 2. (A) Raman spectra of BPA on different SERS substrates (a: none-SERS substrate; b: Ag NPs; c: SiO,@Ag NPs). (B) Raman spectra of (a) NIP-ir-SiO,@Ag NPs; (b) MIP-
ir-Si0, @Ag; (e) BPA solid; SERS spectrum of (c) NIP-ir-SiO, @Ag NPs and (d) MIP-ir-SiO,@Ag NPs after incubating with 1.75 x 106 M BPA solution in a mixture of water and

methanol (1:1, v/v), respectively. TEM images of SiO,@Ag NPs (C) and Ag NPs (D).

existence of aminopropyl group in the SiO, based materials. All
the results showed that the MIP was successfully grafted on the
surface of SiO, @Ag NPs.

The performance of the MIP-ir-SiO, @Ag NPs was also evaluated
by CV and EIS. In the presence and absence of SERS-MIP substrate,
the differences appear in the current (CV) and electron-transfer
resistance (Ret). In comparison, the current of SiO, @Ag NPs mod-
ified electrode is lower than that of bare electrode, mainly due to
the low electrical conductivity of silica (Fig. S2A). When SiO, @Ag
NPs were further coated with MIP layer, the current was consider-
ably decreased, which was consistent with the results of EIS. Fig.
S2B exhibited the conductivity of bare GCE, SiO,@Ag NPs/GCE and
MIP-ir-SiO, @Ag NPs/GCE, which was presented by the semicircle
of EIS plot. The charge transfer resistance (Ret) values of bare GCE
and SiO, @Ag NPs/GCE were 62 €2 and 150 €2, respectively. After the
molecular film was imprinted on the surface of SiO,@Ag NPs, the
Ret value further increased to 373 €2, which can be ascribed to the
poor conductivity of polymer. The above mentioned experimental
data fitted well with the Randles circuit model (Fig. S2B inset). The
results suggested that the polymer was successfully imprinted on
the surface of SiO, @Ag NPs.

As depicted in Fig. 1, TEM images of SiO,@Ag NPs and MIP-ir-
SiO, @Ag NPs showed numerous Ag NPs on the silica surface, which
could provide excellent SERS enhancement when compared with
the pure SiO, nanospheres due to the plasmon resonance effect of
Ag NPs (Fig. S1B). Compared with SiO,@Ag NPs (Fig. 1B), the MIP-
ir-Si0,@Ag NPs (Fig. 1C, E and F) have a SiO,@Ag NPs core with
a diameter of ~300nm and a thin MIP shell with the thickness of
~10nm, which could exhibit better water solubility and specificity.

3.2. SERS activity of BPA on MIP-ir-SiO,@Ag NPs

To verify the SERS activity of MIP-ir-SiO,@Ag NPs, the SERS
measurements on Ag NPs, SiO,@Ag NPs, MIP-ir-SiO, @Ag NPs and
NIP-ir-SiO, @Ag NPs were studied, respectively. As shown in Fig. 2A,
Si0,@Ag NPs (curve c) behaved stronger SERS enhancement when
compared with bare Ag NPs (curve b) and non-SERS substrate
(curve a), which can be attributed to the advantage of numer-
ous hotspots and binding sites for probing molecules on SiO, @Ag
NPs. From the morphology of SiO,@Ag NPs (Fig. 2C) and Ag NPs
(Fig. 2D), it can deduce that three-dimensional (3D) silver sub-
strates offer better SERS enhancement than Ag NPs, which was
consistent with previous reports [40,41]. Meanwhile, as shown
in Fig. 2B, the MIP-ir-SiO,@Ag NPs (curve d) exhibited strong
characteristic SERS bands around 685cm~!, 745cm~1, 845cm™!,
1000cm~1, 1450 cm~! and 1770 cm~!, which was consistent with
the fact that MIP-ir-SiO, @AgNPs and BPA formed the intermolec-
ular hydrogen bond via the interaction between amine groups and
phenolic hydroxyl groups. However, only the bands at 845cm™!
and 1450cm~! are consistent with the Raman spectrum of solid
BPA (curve e), and the band at 1450 cm~! exhibited stronger Raman
intensity. Therefore, the SERS shift at 1450 cm~! could be used to
identify the presence of BPA in MIP-ir-SiO,@Ag NPs for its char-
acteristic fingerprint Raman band. Furthermore, no obvious SERS
signal (1450 cm~1) was observed in MIP-ir-SiO, @Ag NPs (curve a),
NIP-ir-SiO, @Ag NPs (curve b) and NIP-ir-SiO,@Ag NPs incubated
with BPA (curve c), which indicated that the recognition between
the MIP-ir-SiO,@Ag NPs and target molecules was through the
amine groups and phenolic hydroxyl groups but not the physical
adsorption.
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The error bars represent the average standard deviations with three SERS tests.

3.3. Optimization of the experimental conditions

Different influence factors were carefully investigated to obtain
the optimal experimental conditions. Firstly, incubating time was
investigated from 1h to 8. As shown in Fig. 3A and B, as the
incubating time increased, the Raman intensity of the band at
1450 cm~! increased accordingly. But after 6 h, it can be seen clearly
that the Raman intensity tended to be balanced, which revealed
that the binding sites on the MIP-ir-SiO,@Ag NPs dominated by
the BPA molecules were saturated. Hence, the optimal incubating
time was adopted as 6 h in the following experiments.

It was reported that pH can not only change the charge of BPA
molecules but also the net charge of the —(CH; )3NH; group, having
an impact on the formation of the intermolecular hydrogen bond-
ing between the amine group and phenolic hydroxyl group [24,42].
In the lower pH range, —(CH,)3NH; was easily protonated and gen-
erated —(CH;)3NHs3*, while at a high pH value, the BPA molecules
were more easily deprotonated and then weakened the hydrogen
bonding between the amine group and phenolic hydroxyl group
[24]. But as shown in Fig. 3C and D, it is obvious that the pH of
the mixed solution has no influence to the SERS intensity of the
BPA molecules, which can be ascribed to the constant methanol
content (50%) of the solution [43]. Therefore, the pH of the mixed
solution had no obvious influence on the Raman intensity, which
provides great convenience in the detection of real samples.

3.4. Quantitative detection of BPA using MIP-ir-SiO,@Ag NPs

Under the above optimized experimental conditions, the SERS
spectra of BPA at different concentrations were measured on
MIP-ir-SiO,@Ag NPs. As shown in Fig. 3E, the intensity of the
fingerprint Raman band of BPA at 1450 cm™! increased with the
increment of BPA concentrations. Fig. 3F presents the plots of SERS
intensity versus the concentration of BPA at 1450cm™!. A linear
relationship between SERS intensity and the BPA concentration
was demonstrated with the range of 1.75 x 10-11 t0 1.75 x 10-6 M.
The results can be put as the following equation: y=2107+127 Igc
(R2=0.9677), where y is the Raman peak intensity at 1450 cm™!
and c is the concentration of target molecules BPA. The detec-
tion limit of MIP-ir-SiO,@Ag NPs for BPA was estimated to be
1.46 x 10~ 11 M(S/N = 3).The high sensitivity of MIP-ir-SiO, @Ag NPs
for BPA could be ascribed to the recognition cavities in the thin
shells on the surface of Si0, @Ag nanospheres, which offered func-
tional groups combining with BPA molecules and exclusive sites
for BPA molecules approaching to Ag NPs surface. Nevertheless, for
NIP-ir-SiO, @Ag NPs, as shown in Fig. S3, even when the BPA con-
centration was 1.75 x 10~6 M, the band at 1450cm~! is weak and
no characteristic band of BPA could be observed, which revealed
that the interaction force between the NIP-ir-SiO, @Ag NPs and BPA
is non-specific adsorption and can be easily washed away by the
mixed solution of methanol and acetic acid. The lower signal fluc-
tuation, higher sensitivity and R value of the SERS results verify the
superiority of the proposed SERS-MIP detection method.
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3.5. Selectivity of the MIP-ir-SiO,@Ag NPs

To further evaluate the selectivity of the MIP-ir-SiO, @Ag NPs,
two BPA structural analogues BPAF and DOD, as shown in Fig. 4A,
were chosen as control under the same experimental conditions.
The Raman spectra of the three kinds of solid samples are exhib-
ited in Fig. 4B. It is obvious that no SERS band around 1450 cm™!
was observed in the spectra of BPAF or DOD solid sample, which
illustrated that it is reasonable to choose the band at 1450 cm~! for
quantitative analysis. As depicted in Fig. 4C, MIP-ir-SiO, @Ag NPs
exhibited much higher sensitivity towards BPA than that of NIP-
ir-Si0, @Ag NPs. However, when used for the detection of BPAF or
DOD, both of them show no obvious signal response. The results
indicated that MIP-ir-SiO, @Ag NPs has the highest SERS signal in
the presence of BPA, which revealed its good selectivity.

Also, the selectivity was confirmed by discussing the BPA SERS
intensity when MIP-ir-SiO,@Ag NPs were incubated in different
concentrations of BPA/BPAF/DOD. As shown in Fig. 4C, the SERS
intensity of BPA at 1450cm~! decreased slightly with same con-
centration of BPAF and DOD. However, when the MIP-ir-SiO, @Ag
NPs were incubated in the pooled solution with a ratio of 1:10:10
for competitive binding (Fig. 4D), the SERS intensity decreased
to 36.86% as compared with the relative intensity in BPA solu-
tion (1:0:0). Meanwhile, for the NIP-ir-SiO,@Ag NPs, the SERS
relative intensity of BPA was only decreased to 58.79% (1:10:10)
when compared with that in BPA solution (1:0:0), revealing that
the NIP-ir-SiO, @Ag NPs have stronger nonspecific adsorption than
MIP-ir-SiO, @Ag NPs. All the results showed that the BPA imprinted
MIP-ir-SiO, @Ag NPs behaved high selectivity and affinity for BPA
because of the template-specific sites.

3.6. Determination of BPA in real samples

To investigate the practicality of the developed method, MIP-
ir-SiO,@Ag NPs were applied to the measurements of BPA in real

samples. In this study, three kinds of samples (south lake water, tap
water and pure milk) were discussed. Considering that the pH had
no obvious influence on the BPA detection, so the real samples were
tested without adjusting pH before SERS detection. The SERS results
showed that no BPA signal was observed when the MIP-ir-SiO, @Ag
NPs were incubated in the three samples, which revealed that there
was no BPA included in the samples. To verify the potential utility
of the proposed method for real samples, the three real samples
were spiked with the same concentration of BPA (1.75 x 10~9 M).
As shown in Table S1, the concentration of BPA in the tap water,
south lake water and pure milk were consistent with the added
concentrations with quantitative recoveries of 89.98%, 101.31% and
97.58%, indicating that MIP-ir-SiO, @Ag NPs has good accuracy and
it is acceptable for food sample analysis.

4. Conclusion

In this work, a novel core-shell Si0,@Ag NPs MIP composites
were synthesized by using SiO,@Ag NPs as supporting substrate,
BPA as template molecule, TEOS as functional monomer and APTES
as cross-linker. The synthesized MIP-ir-SiO, @Ag NPs was satellite-
like and uniform with a diameter of about 300 nm with a silica
shell of about 10 nm thickness. Due to the strong plasma reso-
nance character of the Ag NPs and high selectivity feature of the
MIPs, MIP-ir-SiO, @Ag NPs exhibited highly sensitive and selective
to the detection of BPA molecules. Under the optimal conditions,
the proposed method behaved good analytical performance to BPA
with a wide linear range from 1.75 x 10-!! to 1.75 x 10~ M and
a detection limit of 1.46 x 10~11 M. Meanwhile, MIP-ir-SiO, @Ag
NPs exhibited good selectivity towards BPA different from 4,4'-
Dihydroxybiphenyl (DOD) and 4,4'-(Hexafluoroisopropylidene)
diphenol (BPAF). Additionally, the SERS-MIP displayed good pre-
cision with the recovery of 89.98-111.31% in the real sample
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detection, suggesting its potential application in food testing, envi-
ronmental monitoring and bioassay.
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