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a  b  s  t  r  a  c  t

A  flexible  fluorescent  sensing  strategy  for the  recognition  and detection  of bisphenol  A  (BPA)  has  been
proposed  based  on  molecularly  imprinted  polymers  (MIPs)-coated  gold  nanoclusters  (AuNCs),  by taking
advantages  of  the  high  selectivity  of  MIPs  and  the  strong  fluorescence  property  of  AuNCs.  SiO2@AuNCs
were  initially  prepared  by  making  use  of  the  powerful  amido  bonds  between  carboxyl-terminated  AuNCs
and  amino-functionalized  SiO2 nanoparticles.  Then  MIPs-coated  AuNCs  were  formed  by  anchoring  MIP
layer on  the  surface  of SiO2@AuNCs  via  a  sol–gel  process.  In the  presence  of  imprinting  template  BPA,
a  Meisenheimer  complex  could  be formed  between  BPA and  the  primary  amino  groups  on  the  sur-
face  of  the  AuNCs,  and  the  photoluminescent  energy  of  AuNCs  would  be  transferred  to  the  complex,
and  thereby  result  in  the  fluorescence  quenching  of  AuNCs.  The  fluorescence-quenching  fractions  of
the sensor  presented  a satisfactory  linearity  with  BPA  concentrations  over  the  range  of  0–13.1  �M and

the  detection  limit  could  reach  0.10  �M.  Distinguished  selectivity  was  also  exhibited  to BPA over  other
possibly  competing  molecules.  Moreover,  the  sensor  was  successfully  applied  to  determine  BPA  in sea-
water,  and  the  average  recoveries  of BPA  at three  spiking  levels  ranged  from  91.3  to 96.2%  with  relative
standard  deviations  below  4.8%.  This  AuNCs-MIPs  based  sensor  provided  great  potentials  for  recognition
and  determination  of  phenolic  environmental  estrogens  in  complicated  samples.

©  2015  Elsevier  B.V.  All  rights  reserved.
. Introduction

Gold nanoclusters (AuNCs) have strong luminescence emission
ue to the aggregation-induced emission (AIE) with a quantum
ield about 15%, and possess remarkable advantages such as small
ize, mild preparation conditions and non-poisonous properties
1]. Compared with existing widely used fluorescent probes, espe-
ially, quantum dots (QDs) such as CdTe [2,3] and CdSe [4], AuNCs
xhibit stronger and more durable fluorescence signals attributing
o better resistance to photobleaching and blinking [5]. Therefore,
uNCs have attracted even more attentions and gradually become
deal fluorescent sensor candidates [6–8]. For example, a label-
ree method for the detection of Hg2+ ions with high selectivity
nd sensitivity has been developed by using fluorescent AuNCs

∗ Corresponding author. Tel.: +86 411 87402440; fax: +86 411 87402436.
∗∗ Corresponding author. Tel.: +86 535 2109130; fax: +86 535 2109130.
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925-4005/© 2015 Elsevier B.V. All rights reserved.
[7]. Biomolecule-stabilized AuNCs as a fluorescence probe has been
reported for sensitive and selective detection of glucose [8]. So, we
expect to utilize the outstanding AuNCs material to perform related
fluorescent analysis studies.

Meanwhile, another attractive material, molecularly imprinted
polymers (MIPs) with high stability, ease of preparation and
low cost have flourished in recent decades, particularly display-
ing promising application potentials in chemo/biosensors [9–11].
Among them, surface MIPs (SMIPs) with core–shell hybrid struc-
ture have many advantages over the traditional MIPs, such as more
complete removal and more easily rebinding of templates, more
accessible recognition sites, and better-defined material morpholo-
gies [12]. SMIPs coupled with QDs based sensors have boomed
[13–16]. For instance, Liu et al. synthesized Mn-doped ZnS QDs
capped by MIPs toward the template molecule 4-nitrophenol

detection [14]. Zhou et al. fabricated a fluorescent sensor by
anchoring the MIP  layer on the silica-coated graphene QDs  for
determination of paranitrophenol in water sample [16]. However,
as far as we are aware, there are no reports about AuNCs coupled
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ith SMIPs. Hence, in this study, we attempt to propose SMIP-
oated AuNCs based fluorescent sensor by selecting bisphenol A
BPA) as model analyte.

BPA, one important phenolic environmental estrogens (PEEs),
as shown adverse properties, namely, inducing estrogenic
ndocrine disruption and promoting tumor progression as an
mportant intermediate in the industrial manufacture of several
lastics [17,18]. For that reason, the identification and determina-
ion of trace amounts of BPA is very necessary. The most frequently
sed methods include high performance liquid chromatography
HPLC) [19], high performance liquid chromatography–mass spec-
rometry (MS) [20], and gas chromatography–mass spectrometry
GC–MS) [21]. However, these methods are still involved in some
roblems such as complex instruments, high cost, time-consuming,
nd particularly low selectivity. So, MIPs with high selectivity are
aining popularity. Especially, MIPs based fluorescent detection for
PA has received increasing concerns [22–24]. For example, Kim
t al. prepared a molecularly imprinted fluorescent sensor by using

 CdSe QD as a signal transducer for BPA analysis [23]. In the mean-
ime, Yuma et al. prepared magnetic MIPs by a multi-step swelling
olymerization method for BPA followed by HPLC-fluorometry
etection [24]. As seen, the MIPs coupled with fluorometry strate-
ies are more convenient with their excellent merits.

Inspired by the above mentioned studies, we aspire to con-
truct a new MIPs based AuNCs fluorescent sensor via a sol–gel
olymerization process for selective recognition and sensitive
etection of BPA on the basis of electron-transfer-induced fluo-
escence quenching. By making use of the powerful amido bonds
etween carboxyl-terminated AuNCs and amino-functionalized
iO2 nanoparticles, SiO2@AuNCs were initially prepared; by
sing 3-aminopropyltriethoxy silane as functional monomer and
etraethoxysilane as cross-linker, MIPs-coated AuNCs were then
ormed by anchoring MIP  layer on the surface of SiO2@AuNCs.
he obtained SiO2@AuNCs-MIPs were well characterized and their
ecognition/sensing properties were investigated in detail. The
eveloped sensor was also successfully applied for the detection
f BPA in seawater with satisfactory results.

. Experimental

.1. Reagents

Hydrogen tetrachloroaurate trihydrate (HAuCl4·3H2O) was
rovided by Alfa Aesar (Tianjin, China). l-Glutathione in the
educed form (GSH), 1-(3-dimethylaminopropyl)-3-ethylcarbo
iimide hydrochloride (EDC), 1-hydroxy-5-pyrrolidinedione (NHS)
nd 2-morpholino-ethanesulfonic acid (MES) were obtained from
laddin (Shanghai, China). 3-Aminopropyltriethoxysilane (APTES),

etramethoxysilane (TEOS) and phosphate-buffered saline (PBS)
ere obtained from J&K Chemical Ltd. (Beijing, China). BPA, hydro-

uinone, estradiol, phenol, and cholesterol were purchased from
igma–Aldrich (Shanghai, China). Other reagents and materials
ere all supplied by Sinopharm Chemical Reagent (Shanghai,
hina). Aqueous solutions were prepared with ultrapure water
18.2 M� specific resistance) obtained with a Pall Cascada labo-
atory water system (Millipore, Bedford, MA,  USA).

.2. Instrumentation

Fluorescence measurements were performed with a Fluoromax-
 Spectrofluorometer (Horiba Scientific, Japan) equipped with 1 cm

uartz cell at 25 ◦C, with excitation and emission slit widths of 5
nd 5 nm,  respectively, and the excitation wavelength at 396 nm.
he morphological evaluation was examined with a scanning elec-
ron microscope (SEM, Hitachi S-4800 FE-SEM, operating at 5 kV)
ors B 211 (2015) 507–514

and a transmission electron microscope (TEM, JEM-2100F). The
HPLC-UV instrumental (Skyray Instrument Inc., China) conditions
employed for BPA determination were as follows: analytical col-
umn, a C18 column with 250 mm × 4.6 mm i.d. (Arcus EP-C18, 5 �m,
Waters, USA); mobile phase, acetonitrile/water (80:20, v/v); flow
rate, 1.0 mL  min−1; detection wavelength, 228 nm;  room tempera-
ture.

2.3. Synthesis of carboxyl-terminated AuNCs

The carboxyl-terminated AuNCs were synthesized according
to the process described in previous study [25]. Briefly, freshly
prepared aqueous solutions of HAuCl4 (20 mM,  0.50 mL)  and GSH
(100 mM,  0.15 mL)  were mixed with 4.35 mL  of ultrapure water
at 25 ◦C. The reaction mixture was heated to 70 ◦C under gentle
stirring (500 rpm) for 24 h. As a result, a strong orange AuNCs aque-
ous solution under 365 nm UV-light was formed, and it could be
stored at 4 ◦C for 6 months with negligible changes in their optical
properties.

2.4. Synthesis of amino-functionalized SiO2

Uniform amino-functionalized SiO2 nanoparticles were synthe-
sized by hydrolysis of TEOS with aqueous ammonia (NH3·H2O),
followed by APTES functionalization, according to the reported
methods [26–28] with slight modification. In a word, ethanol
(30 mL) and ultrapure water (50 mL)  were added to a 250 mL  three-
necked, round-bottom flask. Under vigorous stirring, NH3·H2O
(10 mL) was  added to the above solution, followed by adding the
mixture of ethanol (20 mL)  and TEOS (5 mL)  drop by drop, and then
was kept stirring overnight. APTES (5 mL)  was  then added, being
stirred for additional 12 h. The resultant mixture was separated
by centrifuge and washed with ethanol at least five times. Finally,
the modified nanoparticles were dried under vacuum at 40 ◦C for
12 h.

2.5. Preparation of SiO2@AuNCs

SiO2@AuNCs were prepared according to the reported pro-
cedure [29,30] with necessary modification. Typically, EDC
(20 mg/mL in MES  buffer (pH = 5.2, 0.1 mM),  6 mL)  was mixed
with carboxyl-terminated AuNCs aqueous solution (10 mL) for
10 min  until the solution color became slightly turbid yellow
from light yellow. Then, NHS (10 mg/mL, 6 mL) was added and
mixed uniformly. Meanwhile, amino-functionalized SiO2 parti-
cles (60 mg)  were uniformly dispersed in MES  buffer (pH = 5.2,
0.1 mM,  50 mL), followed by the addition of the above resul-
tant AuNCs solution drop by drop. The mixture solution was
stirred for 12 h at room temperature in the dark. Finally, the
obtained SiO2@AuNCs composite nanoparticles were centrifuged
(unbound AuNCs were removed) and then washed with PBS
(0.01 M,  pH = 7.0).

2.6. Preparation of SiO2@AuNCs-MIPs

Initially, the SiO2@AuNCs nanoparticles were dispersed in
PBS (0.01 M,  pH = 7.0, 40 mL). The pre-polymerized solution of
functional monomer (APTES) and template (BPA) (sol–gel pre-
polymerization for 12 h) was added, and was  stirred for 30 min.
And then, NH3·H2O (100 �L) and TEOS (80 �L) were orderly added
to the above solution, stirring for 12 h. Finally, yellow nanoparti-

cles were obtained after the removal of embedded template BPA
by elution with a mixture of methanol and acetic acid (9:1) for
24 h until no BPA was  detected by UV–vis. The products were indi-
cated SiO2@AuNCs-MIPs (MIPs for simplicity). As a control, the
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ybrid structured non-imprinted polymers, namely SiO2@AuNCs-
IPs (NIPs for simplicity) were prepared under the same conditions

n the absence of the template BPA.

.7. Fluorescence measurement

In the experiments, all the fluorescence intensity measure-
ents were performed under the same conditions: the slit widths

f the excitation and emission were both 5 nm,  the excitation
avelength was set at 396 nm with a recording emission range

f 450–750 nm,  and the photomultiplier tube voltage was set at
00 V. SiO2@AuNCs-MIPs or SiO2@AuNCs-NIPs were added into
PA (or its analogs) solutions. The mixture was mixed thoroughly
nd scanned by the Fluoromax-4 Spectrofluorometer. Between the
ifferent determinations, the SiO2@AuNCs-MIPs were stored at 4 ◦C

n dark.

.8. Analysis of seawater samples

Surface seawater samples were collected into a teflon bottle
rom the Fisherman’s Wharf of the Yellow Sea located in the coastal
one area of Yantai City. 10 mL  seawater samples were filtered
hrough a 0.45 �m microporous membrane filter, 1, 2 and 5 �M BPA
tandard solutions were added into the treated seawater samples
or spiked test. Prior to analysis, 10 mL  of the acetonitrile was used
o extract and transfer BPA to glass test tubes, and then acetonitrile
as evaporated by a brief treatment with a stream of nitrogen.

hen, 2 mL  PBS solution was added for re-dissolution, followed
y the subsequent SiO2@AuNCs-MIPs treatment and fluorescence
easurement.

. Results and discussion

.1. Preparation and characterization of SiO2@AuNCs-MIPs

Fig. 1 schematically shows the preparation and sensing process
f SiO2@AuNCs-MIPs. Monodispersed SiO2 nanoparticles were syn-
hesized by the Stöber method [26,27] and subsequently formed
he amino-functionalized SiO2 modified with APTES [28]. AuNCs
ere prepared using GSH as stabilizer and reducing reagent in
ater phase in a more simple way. Fig. S1 shows its photoemi-

sion at 396 nm excitation wavelength and the inset demonstrates
range color solution under 365 nm UV-light. The carboxyl-
erminated AuNCs could conjugate with amino-functionalized
iO2 by generating powerful amido bonds. Then, the resultant
iO2@AuNCs composites coupled with APTES and TEOS to produce
olymeric networks under NH3·H2O catalyzing around BPA. That

s, MIPs-coated AuNCs were formed by anchoring MIP  layer on
he surface of SiO2@AuNCs via a sol–gel process. After removing
he template BPA, the SiO2@AuNCs-MIPs were obtained, resulting
n strong fluorescence. However, when BPA was rebound, fluores-
ence quenching of AuNCs would occur. So, it is possible to sense
PA fluorescently.

In order to get effective and favorable MIPs, condition optimiza-
ion experiments were carried out, such as the amounts of APTES
nd TEOS. As seen in Fig. S2, 60 �L of APTES and 80 �L of TEOS
ere used in the following tests. The amount of the AuNCs was

lso investigated, and in the end, 10 mL  of AuNCs were selected in
he following work.

To further confirm the successful preparation of the hybrid
tructured SiO2@AuNCs-MIPs, photographs under visible light and
65 nm UV-light of the AuNCs, SiO2@AuNCs, SiO2@AuNCs with

dding BPA, and SiO2@AuNCs-MIPs were displayed. As seen in Fig.
3a, the colors were light yellow, yellow suspension, white sus-
ension and light yellow suspension, respectively. Fig. S3b shows
heir corresponding color changes under 365 nm UV-light, orange,
ors B 211 (2015) 507–514 509

dark orange, light pink and dark orange, respectively. These results
suggested that the SiO2@AuNCs-MIPs with fluorescence properties
were prepared successfully.

SEM (Fig. 2A) and TEM images (Fig. 2B–D) were shown to char-
acterize material morphology. As seen from Fig. 2A and B, the
diameter of the uniform SiO2 was  about 80 nm. The AuNCs on its
surface displaying highly spherical shape were 5–10 nm in diame-
ter (Fig. 2C, inset), which played an important role of well-defined
support substrates for nanostructured imprinted materials (Fig. 2C
and D). In addition, it was observed from Fig. 2D that the thin MIP
layer was  about 5 nm in the outmost layer, which provided better
site accessibility for special recognition toward the corresponding
template [31].

FT-IR spectra were employed to investigate the synthesized
nanomaterials. As seen in Fig. S4a, the characteristic signals at
1095 and 798 cm−1 could be attributed to the stretching vibra-
tion of Si O Si and Si O, respectively. The peaks at 3413 and
1643 cm−1 (Fig. S4a) proved the amino group of APTES was success-
fully modified onto the surface of SiO2. The successful synthesis of
SiO2@AuNCs composite was further studied as shown in Fig. S4b,
presenting peaks at 1411, 1554 and 1635 cm−1 from the vibration of
CO-NH. Because there is no introduction of new functional groups,
the spectrum had no obvious change for the SiO2@AuNCs-MIPs, as
shown in Fig. S4c.

3.2. Possible sensing mechanism of the SiO2@AuNCs-MIPs

The fluorescence quenching in this system followed the
Stern–Volmer Equation [32–34] as follows,

F0

F
= 1 + KsvCq (1)

where F0 and F are the fluorescence intensities in the absence and
presence of quencher, respectively, Cq is the concentration of the
quencher, and Ksv is the quenching constant for the quencher. The
ratio of Ksv,MIP to Ksv,NIP was  defined as the imprinting factor, and
(F0/F) − 1 was  defined as the quenching amount. In general, fluores-
cence quenching includes two quenching modes, namely, dynamic
and static quenching [32,33]. In view of the available experimental
conditions of our lab, the absorption spectra of SiO2@AuNCs-
MIPs were tested to check the quenching mechanism [32,33]. The
absorption spectra of SiO2@AuNCs-MIPs changed with the addi-
tion of the quencher, hence it could be deduced the fluorescence
quenching belonged to static quenching.

Meanwhile, the recognition process for BPA by the prepared
SiO2@AuNCs-MIPs was schematically shown in Fig. 1. As seen, the
fluorescence quenching could be ascribed to the electron trans-
fer between AuNCs and BPA. Moreover, the quenching mechanism
could be more clearly illustrated in Fig. 3A. It has been reported
that a strong charge-transfer interaction could occur between
this electron-rich aromatic ring (conjugating OH) and electron-
deficient amino group [35,36]. Herein, the electron transfer would
result in the formation of a Meisenheimer complex between BPA
and the primary amino groups on the surface of the AuNCs. Then
the photo-induced energy of AuNCs would be transferred to the
complex, leading to fluorescence quenching of AuNCs. As well as,
the absorption peak and yellow color of AuNCs disappeared (Fig. 3B,
curve b and inset b). Therefore, BPA could be sensed fluorescently
in this way.

3.3. Analytical sensitivity of the sensor
Based on the above results, the sensor could be employed for
the quantitative determination of BPA. For this purpose, the con-
centrations of SiO2@AuNCs-MIPs solution were first examined.
As shown in Fig. S5, the highest quenching amount appeared at
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Fig. 1. Schematic illustration of the proce

5 mg/L. So, 25 mg/L SiO2@AuNCs-MIPs solution was  chosen. Then,
he response time was also tested, as well as the binding properties
f the MIP  sensor and its corresponding NIP. As seen from Fig. 4A,
hen the BPA concentration was fixed, the fluorescence intensity
ecreased rapidly with time increasing in the first 25 min, and then
he curve became flat. Hence, 25 min  was selected as the response

ime for the following experiments.

As shown in Fig. 4B, the fluorescence intensities of the
iO2@AuNCs-MIPs decreased linearly with the increase of BPA
oncentrations over the range of 0–13.1 �M,  with a correlation

Fig. 2. (A) SEM image and (B) TEM image of SiO2, (C) TEM image of SiO2@AuN
the preparation of the SiO2@AuNCs-MIPs.

coefficient of 0.9942. And a favorable limit of detection (LOD,
S/N = 3) of 0.10 �M was  obtained, which meets with the require-
ment of trace analysis. Besides, this value is lower than the
permitted maximum contaminant level of 0.05 mg/L (0.2 �M)  for
BPA in environmental water safety monitoring. On  the contrast,
the decrease of fluorescence intensity of corresponding NIPs was

much lower at the same concentration of BPA, as seen in Fig. 4C.
These results suggested that the specific molecular recognition sites
with predetermined selectivity were formed in the MIPs, while the
NIPs had no imprinting sites; the rebinding of BPA took place at

Cs, (D) TEM image of SiO2@AuNCs-MIPs (inset C: TEM image of AuNCs).
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ig. 3. (A) Schematic for the SiO2@AuNCs quenching mechanism on the basis of the
olution with adding APTES (a) and SiO2@AuNCs with adding the APTES and BPA (b

he imprinted sites. According to Equation 1, the ratio of Ksv,MIP
o Ksv,NIP could be defined as the imprinting factor, so, herein, the
mprinting factor was attained of 2.7. In addition, for the MIP  sen-
or, the precision for the five-replicate detections of BPA was  1.5%
relative standard deviation, RSD). Therefore, the MIP  based sensor
ould quickly, sensitively and accurately detect BPA.

.4. Fluorescent stability and repeatability of the sensor

Fluorescence stability of the SiO2@AuNCs-MIPs sensor was  eval-
ated by the repeated detection of the fluorescence emission

ntensity every 10 min. The results shown in Fig. 5 indicated a sta-
le emission of AuNCs within 60 min. Moreover, the fluorescence

ntensity of the sensor during the storage was also investigated.
he repeated detection of the fluorescence emission intensity was
erformed every day. As seen in Fig. S6, after the sensor was stored
or 7 days, the intensity retained 93% of its initial response. This
esult implied that the developed fluorescence sensor has accept-
ble storage stability. The satisfying fluorescence stability might
ell be attributed to the excellent protection of MIP coatings.

As is well known, desorption and regeneration is an impor-
ant index for the application of MIPs. BPA adsorption–desorption
rocedure was repeated four times by using the same SiO2@AuNCs-
IPs sensor. As shown in Fig. S7, the sensor could retain its

uorescence intensity and detection sensitivity, presenting rela-

ively low standard errors within 1.8% during three recycles. The
esults indicated that sensor retained their recovery efficiency,
hich was a clear superiority over disposable materials and thereby

t could be used repeatedly.
on-transfer-induced resonance energy transfer. (B) UV–vis spectra for SiO2@AuNCs
 the insets show their corresponding solution photographs.

3.5. Selectivity of the sensor

In order to estimate the selectivity of the SiO2@AuNCs-MIPs sen-
sor, several compounds, including hydrochinone, phenol, estradiol
and cholesterol with molecular structures or molecular weights
similar to BPA (Fig. S8), were tested, respectively. As seen from
Fig. 6A, the MIP  sensor displayed significant change of fluores-
cent intensity toward BPA, much larger than that of its analogs.
The difference was very likely due to the difference between BPA
and the analogs in molecular weight, spatial structure and interac-
tion with APTES. As for hydrochinone, it has symmetrical structure
similar to BPA, and can interact with the APTES, so it can eas-
ily access the recognition sites and partly quench the florescence.
Phenol is smaller molecule, and it entered into the sites easily, as
well as the specific recognition sites were partly complementary
to phenol, so a certain fluorescence quenching occurred. For estra-
diol and cholesterol, it is difficult to attach to the binding sites
because of their high molecular weights, and thereby led to very
low quenching amounts. In addition, there was no significant dif-
ference of the fluorescence intensity between the five compounds
for NIPs. Therefore, the MIP  sensor had high selectivity toward
BPA.

As well, the competitive binding experiments were performed
by changing the ratio of different concentrations of hydroquinone
and the fixed concentration of BPA. As shown in Fig. 6B, the fluores-
cence intensity of SiO2@AuNCs-MIPs sensor had no obvious change

with the increase of CHYD/CBPA ratio (hydroquinone was named HYD
for convenience). Through the competitive experiments, it was fur-
ther confirmed that the sensor had excellent specificity toward the
template BPA.



512 X. Wu et al. / Sensors and Actuators B 211 (2015) 507–514

Fig. 4. (A) Fluorescence response time of SiO2@AuNCs-MIPs for BPA. (B) and (C):
Fluorescence emission spectra of SiO2@AuNCs-MIPs and SiO2@AuNCs-NIPs with
addition of the indicated concentrations of BPA, respectively. The inset graphs show
fluorescence intensity corresponding Stern–Volmer plots. The experimental con-
ditions were SiO2@AuNCs-MIP or SiO2@AuNCs-NIP 25 mg/L; CBPA, 3.4 �M;  excited
light: 396 nm.

Table 1
Spiked recoveries and relative standard deviations (RSD, %, n = 5) in seawater using
SiO2@AuNCs-MIPs sensor and HPLC-UV analysis.

Spiked (�M) SiO2@AuNCs-MIPs sensor HPLC-UV

Recovery (%) RSD (%) Recovery (%) RSD (%)

1.00 92.8 3.4 97.6 2.3

3

t
s
f

Fig. 5. Fluorescence intensity of 25 mg/L SiO2@AuNCs-MIPs solution within 60 min.

Fig. 6. (A) Binding behaviors of different analogs at the same initial concentra-
tion on the SiO2@AuNCs-MIPs and SiO2@AuNCs-NIPs. (B) Effects of hydroquinone
on  the binding capacity under the different concentration of hydroquinone and
the  fixed concentration of BPA on the SiO2@AuNCs-MIPs. Experimental condi-
2.00  96.2 3.1 103 1.8

5.00  91.3 4.8 102 1.4

.6. Practical application

In order to further investigate the practical applicability of

he developed SiO2@AuNCs-MIPs sensor, seawater samples were
elected as the real complicated samples. As listed in Table 1, satis-
actory recoveries were obtained in a range of 91.3–96.2% with RSD
tions: SiO2@AuNCs-MIPs or SiO2@AuNCs-NIPs, 25 mg/L; CBPA, 2.6 �M; excited light:
396  nm.

of 3.1–4.8% for the BPA at three spiked concentrations. The values
were comparable to that obtained by HPLC-UV, namely 97.6–103%
with RSD of 1.4–2.3% (Table 1). These results clearly confirmed that

the developed SiO2@AuNCs-MIPs sensor was potentially applicable
for the accurate determination of BPA in real samples.
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.7. Method performance comparison

The performance of the developed fluorescence method for
he determination of BPA was compared with some reported
pproaches such as HPLC, electrochemistry, enzyme [37] and other
oupling techniques. As listed from Table S1, methods like HPLC
19,38], GC–MS [21], LC/MS [20] and LC–MS/MS [39] can detect BPA
ith high sensitivity and selectivity, but they require complicated

nstruments and highly trained operators. The electrochemistry
ethods [40,41] show low detection limit and broad linear range,

ut possibly involve the disadvantages of instability and interfer-
nce of organics in anodic/catholic stripping voltammetry. Besides,
agnetic MIPs for BPA followed by HPLC-fluorometry determi-

ation involve complicated sample treatment [24]. A molecularly
mprinted fluorescent sensor using CdSe QD as signal transducer
or BPA detection needs time-consuming synthesizing process [23].
owever, our method based on the combination of MIPs and AuNCs
nly needs a simple step, and it can be successfully applied for the
etection of BPA in complicated matrices such as seawater samples.
n the other hand, we also carried out HPLC-UV experiments for
PA determination. Compared to the LOD of 0.87 �M,  the sensor
ethod with LOD of 0.1 �M is more sensitive. In terms of detec-

ion time, the HPLC method requires more than 6 min. However,
he sensor is timesaving within 1 min  to complete the detection.
s a result, the present sensor method in our study has remark-
ble advantages such as simplicity, rapidity and universality, high
electivity and sensitivity, and good reliability and practicability.

. Conclusions

In summary, a novel SiO2@AuNCs-MIPs sensor was developed
y sol–gel process for the detection of BPA on the basis of an
lectron-transfer-induced fluorescence quenching mechanism. By
aking advantages of the high selectivity of MIPs and the strong
uorescence property of AuNCs, the sensor demonstrated a highly
elective and sensitive recognition and determination of BPA. The
imple, rapid, reliable and cost-effective sensing strategy provided
n excellent fluorescent analysis platform for BPA monitoring. With
he fast development of versatile MIPs and the gradual concern
or AuNCs, we believe their synergistic effect can open up new
pportunities to develop such composite materials for potential
tilization. Besides, more explorations still need to be made to fur-
her improve the sensitivity of AuNCs-MIPs-based systems while
etaining their high selectivity. Our effort along this line is currently
nderway.
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