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a b s t r a c t

Considering severe threat of bisphenol A (BPA) to environment and human health, it is urgent to develop
a convenient and specific method for accurately detecting BPA. An efficient photoelectrochemical (PEC)
aptasensor for determining BPA in water is constructed using Bi microspheres/carbon nitride (Bi/CN)
heterojunction as a PEC material. The promoting effect of Bi on the enhanced PEC performance of Bi/CN
heterojunction is initiated by two unique effects: the construction of heterojunction (heterojunction
effect) and surface plasmon resonance (SPR) effect. For heterojunction effect, a metal-semiconductor
heterojunction of Bi/CN is constructed, which increases the light absorption of CN, generates more
electron-hole pairs and accelerates the separation of carriers. Simultaneously, as a plasmonic metal, Bi
microspheres accelerate charge transfer generated from the heterojunction. This function of Bi is of high
benefit to suppress the electron-hole recombination, leading to an enhanced PEC performance.
Benefiting from enhanced PEC performance of the heterojunction, a sensitive PEC aptasensor for
detecting BPA is realized. This work demonstrates that the Bi/CN heterojunction amplified photoelectric
conversion strategy can be used as an efficient method for Bi-based materials to significantly enhance the
PEC performance and also provides more opportunities for application of Bi-based materials in PEC field.

© 2019 Elsevier Ltd. All rights reserved.
1. Introduction

Photoelectrochemical (PEC) aptasensor has attracted substantial
attention through combining photoelectrode with aptamer, due to
relatively low cost, miniaturization, fast response, short time and
high sensitivity [1]. PEC aptasensor is usually used as an analytical
method for monitoring various targets, including small ions, bio-
molecules and living cells pollutants [2]. The PEC aptasensing
process is related to the photoelectric conversion efficiency,
depending on the photoinduced carriers separation and transfer of
photoactive material [3]. Due to the weak photoelectric conversion
efficiency of photoactive materials, the PEC aptasensor is still in its
ujs.edu.cn (H. Li).
infancy [4]. Several semiconductors with good optical absorption
properties have been used as photoactive materials to construct
PEC aptasensor, such as TiO2 [4], BiOX (X¼Cl, Br, I) [3] and ZnO [5],
exhibiting good PEC performance. However, most of these mate-
rials (TiO2, BiOCl and ZnO) only respond to UV light, unable to meet
the demand that the PEC aptasensor is often carried out under
visible light [4,5]. In order to further widen the application of PEC
aptasensor, it is urgent to develop more visible light induced
semiconductor materials for constructing PEC aptasensor.

Carbon nitride (CN) holds great promise as an efficient photo-/
electrocatalyst for energy conversion, photocatalytic degradation
and PEC detection, owing to its appealing electronic structure, high
physicochemical stability and earth-abundant compositions [6].
However, its fast recombination of photogenerated electron-hole
pairs and unsatisfactory visible light absorption capacity hamper
its development in PEC detection field [7]. The construction of
heterojunction has proven to be a successful method to increase the
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separation of photogenerated electron-hole pairs [8]. Another
effective strategy to enhance the PEC performance of CN is doping
noble metals (Au, Ag and Pt) on the surface of CN [9,10]. Several
previous reports about Au, Ag and Pt have confirmed that these
noble metals are beneficial for improving the PEC performance of
semiconductors [8,9]. However, noble metal-based materials used
to monitor pollutants are quite expensive and not conducive to
industrial-scale applications [11]. Therefore, the development of
non-noble metal-based PEC materials becomes a tendency and
attracts tremendous interest [8,12,13]. Metallic Bi possesses a series
of advantages, including low effective mass, large mean free path,
high carrier motility, high earth abundance and low cost, which
makes it can be regarded as a promising alternative of Au, Ag and Pt
[14]. Metallic Bi has been combined with various semiconductors,
such as BiOCl, BiOI and BiVO4, showing excellent PEC performance
[15,16]. The reason of this phenomenon is often considered as the
surface plasmon resonance (SPR) effect of metallic Bi accumulates
photogenerated electrons and accelerates the carrier's separation
[8,15,16]. In fact, metallic Bi has been confirmed to possess not only
SPR effect but also heterojunction effect with some semiconductors
[16]. Metallic Bi with heterojunction effect has been discovered to
reinforce the visible light adsorption and promote the carrier's
separation, resulting in excellent PEC performance [17,18]. Several
reports have also confirmed that the visible light induced electrons
from Bi nanoparticles transferred to the conduction band (CB) of
semiconductor, resulting in effective separation of photoinduced
carriers [19,20]. In view of the dual function of Bi, i.e. hetero-
junction effect and SPR effect, a PEC aptasensor designed by Bi
microspheres/CN (Bi/CN) heterojunction for specifically deter-
mining bisphenol A (BPA) is expected.
2. Experimental section

2.1. Material and reagents

All chemicals belonging to analytical grade were used without
further purification. Urea, ethylene glycol, absolute ethanol, poly-
vinylpyrrolidone (PVP), BPA, bismuth nitrate pentahydrate
(Bi(NO3)3$5H2O) and nitric acid (HNO3) were supplied by Sino-
pharm Chemical Reagent Corporation (Shanghai, P. R. China). The
BPA aptamer was purchased from Shanghai Sangon Biotechnology
Co. Ltd. (Shanghai, China) with the following sequences: 50-CCG
GTG GGT GGT CAG GTG GGA TAG CGT TCC GCG TAT GGC CCA GCG
CAT CAC GGG TTC GCA CCA-30. Distilled water was originated from
an ultrapure water system.
2.2. Preparation of PEC active materials

CN was prepared via a polycondensation of urea. Urea (3.0 g)
was heated at 350 �C for 120min in a nitrogen atmosphere with a
ramping rate of 1 �C min�1. Following, it was calcined at a tem-
perature of 600 �C for 240min using a heating rate of 1 �C min�1.
The sample was cooled naturally to room temperature, smashed
into powders, and set aside.

Bi/CN heterojunction was synthesized by a simple solvothermal
method assisted with ethylene glycol as a reducing agent.
Bi(NO3)3$5H2O (0.121 g) and HNO3 (1mol L�1, 3.4mL) were dis-
solved into ethylene glycol (16.6mL) under mechanically stirring
for 10min. Then, PVP (0.2 g) was added into the solution with
stirring continuously for another 30min. CN (0.2 g) was ultrasoni-
cally dispersed in the above-mentioned mixture for 30min. The
suspension was transferred into a 25mL Teflon vessel with 80%
volume filling degree. The temperaturewas increased to 160 �C and
kept for 12 h. After naturally cooling down to room temperature,
the sample was collected and washed several times with distilled
water and alcohol, respectively. Finally, the cleaned sample was
placed into the oven (60 �C) to dry overnight and spare.

2.3. Characterization instruments

X-ray diffraction (XRD) spectra were recorded on a Bruker D8
diffractometer using Cu-Kɑ radiation as the source to analyze the
crystal phase composition of the samples. Fourier transform
infrared (FT-IR) spectra were acquired on the FT-IR spectrometer
(Avatar 470, Thermo Nicolet) by the KBr method at wavenumbers
400-4000 cm�1. X-ray photoelectron spectroscopy (XPS) measure-
ment was performed on an ESCALab MKII X-ray photo-electron
spectrometer. All energy spectra were corrected using the
contaminant carbon (C 1s¼ 284.6 eV) as a reference. Scanning
electron microscopy (SEM) images were observed on a JEOL JSM-
7001F instrument coupled with an energy dispersive X-ray spec-
troscope. The UV-vis diffuse reflectance spectroscopy (DRS) spectra
of the samples were measured on a UV-2450 spectrophotometer
(Shimadzu Corporation, Kyoto, Japan) using a diffuse reflectance
method with BaSO4 powder functioning as the substrate. The
photoluminescence (PL) spectra were recorded on a Varian Cary
Eclipse spectrometer.

2.4. Fabrication of the modified electrodes

Prior to each modification, the indium-tin-oxide conductive
glass (ITO) was boiled in a NaOH solution (1mol L�1) for 15min,
rinsed with distilled water and the ethanol solution. Then, it was
respectively placed in the distilled water and the ethanol solution
for ultrasonically cleaning for 30min, and naturally dried. The area
of cleaned ITO was fixed at 0.5 cm2 using 3M tape. The electrode
modification process was as follows: The Bi/CN dispersion (50 mL,
1mgmL�1) with distilled water as dispersant was coated on the
ITO and dried naturally. For contrast, CN/ITO was prepared with the
same method. For the preparation of the aptamer/Bi/CN/ITO elec-
trode, Bi/CN/ITO was coated with BPA aptamer (20 mL, 1 mmol L�1),
and incubated at normal temperature for 12 h. Then, it was rinsed
adequately with distilled water to remove excess BPA aptamer. The
fabricated aptamer/Bi/CN/ITO was dried under nitrogen gas and
used for further studies. Moreover, the corresponding aptamer/CN/
ITO electrode was also prepared using the same method.

2.5. PEC measurements

All the PEC experimental results were obtained from a Chenhua
instrument CHI660E electrochemical workstation equipped with a
150W xenon lamp as the visible light source. This PEC device was a
constructed three electrode system, where a platinumwire acted as
a counter electrode, an Ag/AgCl/sat. KCl functioned as a reference
electrode, and the samples modified ITO were used as the working
electrode. The electrolyte was a phosphate buffer solution
(0.1mol L�1, pH 7.0). The transient photocurrent of the samples was
examined for several on-off cycles of the light irradiation. During
this testing process, the photocurrent increased sharply with the
light irradiation. The photocurrent decreased quickly to its dark
current state when the light was turned off. All value of photo-
current was obtained by taking the average after doing three par-
allel experiments to improve the accuracy of the data. Moreover,
the electrochemical impedance spectroscopy (EIS) was also recor-
ded on a CHI660E electrochemical workstation. The used electro-
lyte was made up of a mixed solution containing KCl solution
(0.1mol L�1), phosphate buffer solution (0.1mol L�1, pH 7.0) and
Fe(CN)63�/Fe(CN)64� (5mmol L�1). EIS experiment was performed at
the frequency range from 0.01 Hz to 100 kHzwith the bias potential
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of 0.24 V and the AC amplitude was 5mV.
3. Results and discussion

3.1. Characterization of the samples

The crystalline structure of CN and Bi/CN heterojunction was
examined by XRD characterization (Fig. 1a). The strongest diffrac-
tion peak of CN at 2q¼ 27.4� is attributed to the (002) surface of
graphite carbon nitride, confirming that CN was successfully ob-
tained by calcination of urea [6]. After loading Bi microspheres on
the surface of CN, a series of characteristic peaks are matched with
the XRD standard card of metallic Bi (JCPDS No. 44-1246), indi-
cating Bi/CN heterojunctionwas successfully synthesized through a
simple solvothermal method, in which ethylene glycol functioned
as a weak reducing agent for the reduction of Bi3þ to Bi micro-
spheres. In addition, all characteristic peaks of CN are shown in FT-
IR spectra of Bi/CN heterojunction (Fig. 1b). The strong peaks at
1000-1650 cm�1 correspond to the C]N and CeN telescopic vi-
bration of CN [7]. The peak near 810 cm�1 is the flexural vibration
peak of three azine ring compounds [10]. These suggest that Bi
microspheres introduced to CN did not affect the main structure of
CN.

XPS analysis was employed to further investigate the composi-
tion and the existing state of elements in Bi/CN heterojunction
(Fig. 2). Fig. 2a shows the survey XPS spectra of Bi/CN hetero-
junction, suggesting that the Bi/CN heterojunction is mainly
composed of Bi, C and N elements. A small amounts of O element is
attributed to the adsorption of water or the absorption of CO2 on
the surface of Bi/CN heterojunction [3]. The appearance of two
peaks at 156.9 and 162.2 eV (Fig. 2b) is assigned to Bi 4f 7/2 and Bi 4f
5/2, indicating that Bi exists in metallic forms as Bi0 [3,17]. The
peaks in high resolution C 1s spectrum (Fig. 2c) can be divided into
two peaks, where the peak at 284.8 eV corresponds to carbon
contamination, and the other peak at 288.3 eV belongs to the
typical aromatic NeCeN coordination. These two characteristic
peaks are the main forms of C existence in the CN based material,
implying the successful preparation of CN [21]. Moreover, the peaks
of N 1s (Fig. 2d) can be divided into three peaks at the energy of
398.8, 400.4 and 401.5 eV, which represent sp2-hybridized nitro-
gen (C]NeC), tertiary nitrogen (Ne(C)3) and terminal amino
functions (CeNeH), respectively [3]. The results of XRD, FT-IR and
XPS analysis demonstrate that the Bi microspheres were success-
fully introduced to CN without affecting the main structure of CN.

The micromorphology of CN and Bi/CN heterojunction was
carried out by SEM characterization (Fig. 3). Pure CN exhibits
Fig. 1. XRD (a) and FT-IR spectra (b) of
graphite like planar structure with the curled surface (Fig. 3a).
Fig. 3b presents the SEM image of Bi/CN heterojunction, in which Bi
microspheres are loaded on the surface of CN nanosheets with the
size of appropriately 110 nm.

3.2. Optical absorption and photoluminescence properties

The DRS spectra of pure CN, Bi microspheres and Bi/CN heter-
ojunction were tested (Fig. 4a) to evaluate the influence of Bi mi-
crospheres on the optical properties of semiconductor materials.
Pure CN possesses good absorption in the ultraviolet (UV) light, but
weak absorption in the visible light region. The absorption band of
the pure CN is 425 nm with the corresponding band gap of 2.8 eV
(Fig. S1a), which is consistent with the results in the reported
literature [19,22]. Bi microspheres also present an intense absorp-
tion both in the UV-light and the visible-light region. It must be
noted that, a wide peak at around 500 nm confirms that the plas-
monic absorption band of Bi microspheres still falls into the visible
light range [17]. After inducing Bi microspheres on the surface of
the CN, an obvious increase in the absorbance, occurring in UV and
visible light area and contributing to generating electron-hole pairs
of Bi/CN heterojunction, resulting into the enhanced PEC perfor-
mance. The PL spectroscopy of CN and Bi/CN heterojunction were
carried out to investigate the recombination efficiency of photo-
generated charge carriers (Fig. 4b). Compared to CN, the lower PL
emission intensity of Bi/CN heterojunction indicates the lower
photogenerated charge carrier recombination efficiency. The PL
result indicates that the Bi/CN heterojunction possesses fast sepa-
ration rate of photogenerated charge carriers, which contributes to
the enhancement of PEC performance.

3.3. PEC measurements

The CN and Bi/CN heterojunction were modified onto the ITO
electrode, forming CN/ITO and Bi/CN/ITO electrode, respectively.
Then, the BPA aptamer was immobilized on Bi/CN/ITO electrode
surface, forming aptamer/Bi/CN/ITO electrode. EIS spectra of CN/
ITO and Bi/CN/ITO electrode are shown in Fig. 5a, which is used to
explore the interface charge transfer of different electrode surface.
In the inset of Fig. 5a, the equivalent circuit contains solution
resistance (Rs), interfacial capacitance (Cdl), charge transfer resis-
tance (Rct) and Warburg impedance (Zw), and the corresponding
values of them are listed in Table S1. The semicircular arc diameter
of the Bi/CN/ITO (Rct value of 262U) is smaller than that of CN/ITO
(Rct value of 1312U), indicating low transmission resistance and
high charge transfer efficiency of Bi/CN/ITO. This result is attributed
the CN and Bi/CN heterojunction.



Fig. 2. XPS spectra of Bi/CN heterojunction: (a) survey, (b) Bi 4f, (c) C 1s and (d) N 1s.

Fig. 3. SEM images of CN (a) and Bi/CN heterojunction (b).
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to the introduction of Bi microspheres on the surface of CN, which
can also promote the migration rate of charges. For constructing a
sensitive PEC aptasensor based on Bi/CN heterojunction, the PEC
response of CN/ITO, Bi/CN/ITO, aptamer/Bi/CN/ITO and aptamer/Bi/
CN/ITO with 0.2 ng L�1 BPA was first estimated under light illumi-
nation (Fig. 5b). CN/ITO shows a low photocurrent with the value of
0.03 mA, and the reason is as follows. The CN is excited under light
irradiation to generate electron-hole pairs. Electrons can be trans-
ferred to the CB of CN, while the holes are left on the valence band
(VB) of CN, resulting in the production of photocurrent. However,
the high recombination rate of photogenerated electron-hole pairs
and slow carriers transfer rate of CN lead to low photoelectric
conversion efficiency. After the introduction of Bi microspheres on
CN, the photocurrent response of the Bi/CN/ITO increases to
0.75 mA, which is attributed to the fast photogenerated electron-
hole pair separation of Bi/CN heterojunction. Based on the deter-
mination of VB and CB position of the CN (Fig. S1a-c) and the Fermi
level position of metallic Bi, the possible mechanism of Bi/CN het-
erojunction with enhanced PEC response is proposed (Scheme 1),
which can be summarized to the dual function of metallic Bi, i.e.
heterojunction effect and SPR effect [16,17,23e27]. To be specific,
the CB of CN (�1.15 eV) is more negative than the Fermi level po-
sition of metallic Bi (�0.17 eV), a metal-semiconductor Bi/CN het-
erojunction will be constructed as a result. The photogenerated
electrons would transfer from CN to the metallic Bi. Metallic Bi
functions as an electron sink and transforms a cloud of electrons



Fig. 4. DRS (a) and PL spectra (b) of the CN and Bi/CN heterojunction.

Fig. 5. (a) EIS of CN/ITO and Bi/CN/ITO recorded in a mixed solution containing KCl solution (0.1mol L�1), phosphate buffer solution (0.1mol L�1, pH 7.0) and Fe(CN)63�/Fe(CN)64�

(5mmol L�1); (b) Photocurrent response of different electrodes in phosphate buffer solution (0.1mol L�1, pH 7.0) at �0.2 V.

Scheme 1. The mechanism of the PEC BPA aptasensor based on dual function of Bi, i.e. heterojunction effect and SPR effect at Bi /CN heterojunction.
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into ITO electrode to form a circuit. On the other hand, the holes left
on the VB of the CN (1.60 eV) migrates to the surface of CN to
participate in oxidation reaction. Evidently, the heterojunction ef-
fect leads to the efficient separation of photogenerated electron-
hole pairs. Simultaneously, as a plasmonic metal, Bi can generate
a local electromagnetic field with the interaction of the semi-
conductor [26]. That results into an increase in the rates of electron-
hole formation on the surface of the CN facilitates electron-hole
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pairs separation and enhances the PEC performance. After modi-
fying the BPA aptamer, the photocurrent of aptamer/Bi/CN/ITO is
reduced, because that the steric hindrance effect of the BPA
aptamer hinders the diffusion of electrons toward the electrode
surface [28]. After the aptamer/Bi/CN/ITO was incubated with
0.2 ng L�1 BPA solution, the photocurrent response was decreased
significantly. The decrease of photocurrent is principally because
BPA can specifically bind to the aptamer on the Bi/CN/ITO, forming
aptamer-BPA complexes cover the surface of the electrode. The
steric hindrance of these biomolecules on the electrode interface
hinders the electron transfer to the electrode surface and improves
the recombination of electron-hole pairs, thereby decreasing the
photocurrent. More amounts of BPA will promote more formation
of aptamer-BPA complexes, leading to more reduction of photo-
current. The reduced photocurrent can be utilized as a detection
signal for quantitative detection of BPA.

Optimizing parameters such as effects of potential and pH of the
electrolyte involved in the PEC aptasensor are important to achieve
high sensitivity, and optimization experiments were shown in
Fig. 6. Fig. 6a shows that the photocurrent of aptamer/Bi/CN/ITO
presented a fast-rising tendency at the bias voltage from the range
of 0 V to �0.3 V. The photocurrent intensity at �0.2 V is 98% of that
at �0.3 V, indicating that the sensitivity of the PEC aptasensor
at �0.2 V is sufficient for determining BPA. Considering that low
Fig. 6. (a) Effects of potential on photocurrent response of aptamer/Bi/CN/ITO electrode
photocurrent response of aptamer/Bi/CN/ITO electrode at �0.2 V.

Fig. 7. (a) Photocurrent intensity of the aptamer/Bi/CN/ITO with various concentrations of
0.02, 0.06, 0.1, 0.2, 1, 2, 6, 10, 60, 100, 200, 1000, 2000 ng L�1; (b) Calibration curve.
constant potential is beneficial for the elimination of interference
from other species in the samples, an applied potential of �0.2 V is
chosen for the subsequent PEC test [29]. In the detection process,
the pH of the electrolyte, as one of the important factors affecting
the PEC performance, needs to be optimized (Fig. 6b). The photo-
current displays an increasing trend with increasing pH value of the
electrolyte from 5 to 7. The photocurrent reduces with the pH value
from 7 to 9. It reaches the maximum value at pH¼ 7, probably
because that the neutral environment was more conducive to
maintaining the activity of the aptamer [30]. Hence, pH¼ 7 is
selected as the optimum condition for determination of BPA. Under
optimum conditions (�0.2 V, pH¼ 7), the PEC aptasensor was uti-
lized for determining BPAwith different concentration (Fig. 7a). The
photocurrent strength decreased with increasing concentration of
BPA. In Fig. 7b, there is a good linear relationship between the
reduction value of the photocurrent and the logarithmic values of
BPA concentration in the range of 0.02e2000 ng L�1. Its linear
regression equation was I0eI¼ 1.80� 10�3 lgCþ3.10 � 10�3. In this
equation, I0 and I represent the photocurrent value before and after
adding BPA, respectively, and lgC represents the logarithm of BPA
concentration. The detection limit was 0.0067 ng L�1 (S/N¼ 3). The
correlation coefficient (R2) was 0.9932. Comparing with the pre-
viously analytic methods of detecting BPA (Table S1), the PEC
aptasensor shows a wider linear range and a lower detection limit.
in phosphate buffer solution (0.1mol L�1, pH 7.0); (b) Effects of electrolyte pH on

BPA in phosphate buffer solution (0.1mol L�1, pH 7.0) at �0.2 V. BPA concentration: 0,



Fig. 8. (a) The selectivity of the PEC aptasensor among other different interferences; (b) The photocurrent of six individually prepared aptamer/Bi/CN/ITO electrode in the presence
of 0.2 ng L�1 BPA; (c) Time-based photocurrent responses of aptamer/Bi/CN/ITO electrode toward 0.2 ng L�1 BPA; (d) The change of the photocurrent of aptamer/Bi/CN/ITO electrode
in the presence of 0.2 ng L�1 BPA within 20 days in phosphate buffer solution (0.1mol L�1, pH 7.0) at �0.2 V.
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It suggests that the PEC aptasensor is employed to determine BPA
with higher sensitivity and a better practical application prospect.

Several common interferences were used to evaluate the anti-
interference ability of the PEC aptasensor. Controllable experi-
ments were carried out by successively testing the photocurrent
change of the PEC aptasensor in the presence of 6 ng L�1 BPA,
60 ng L�1 catechol (CAT), norfloxacin (NOR), hexafluorobisphenol A
(6F-BPA), tetracycline (TC), 4-chlorophenol (4-CP) and fleroxacin
(FLE), respectively (Fig. 8a). Compared with photocurrent variation
brought by BPA, the photocurrent change caused by all other in-
terferences is relatively low and can be ignored. It shows that the
PEC aptasensor possessed satisfactory selectivity for BPA detection.
The reproducibility of this PEC aptasensor was investigated by
evaluating the PEC response of six independent aptamer/Bi/CN/ITO
electrodes in the same batches toward 0.2 ng L�1 BPA (Fig. 8b). The
photocurrent response of these six electrodes shows a relative
standard deviation (R.S.D) of 0.68%, indicating that the PEC apta-
sensor possesses a good reproducibility. The stability of the PEC
aptasensor was also discussed bymeans of testing the photocurrent
value of aptamer/Bi/CN/ITO toward 0.2 ng L�1 BPA (Fig. 8c and d).
Fig. 8c displays that the photocurrent shows a negligible change
within 15 times consecutive dark-light cycle and 20 s for each time
interval. Photocurrent strength of the aptamer/Bi/CN/ITO remained
at 93.9% of the initial value, after placed in 4 �C dark and humid
environment for 20 days (Fig. 8d). These results both prove a
satisfying stability of the PEC aptasensor. The as-fabricated PEC
aptasensor was employed to determine BPA in different water
samples for examining the feasibility. The water samples were
added to a known amount of BPA standard solution to detect the
recovery of BPA. Table S2 displays the values of BPA in different
samples. The recoveries of the results are ranging from 1.8% to 4.2%
in water samples. It indicates that the PEC aptasensor possesses
high sensitivity to detect BPA and is suitable for determining the
relevant real samples.
4. Conclusion

In summary, a sensitive PEC aptasensor for the determination of
BPA was constructed by assembling Bi/CN heterojunction as a PEC
active material with a BPA aptamer as a biorecognition element. Bi/
CN heterojunction was successfully prepared via a facile sol-
vothermal method assisted with ethylene glycol as a reducing
agent. The Bi/CN/ITO shows more enhanced PEC performance than
CN/ITO. The greatly enhanced PEC performance upon Bi/CN/ITO is
initiated by the dual role of Bi, i.e. heterojunction effect and SPR
effect. The heterojunction effect depends on that the Fermi level of
Bi matches with the energy level of CN. This effect accelerates
separation and transfer of photogenerated carriers. Simultaneously,
the SPR effect induced by metallic Bi generates a local electro-
magnetic field, results into an increase in the rates of electron-hole
formation on the surface of the CN and promotes the PEC perfor-
mances. In general, these two effects are responsible for enhanced
PEC performance of Bi/CN heterojunction. Due to steric hindrance
of the aptamer-BPA complexes hindering the electron transfer and
reducing the photocurrent, BPA can be detected by the proposed
PEC aptasensor. The PEC aptasensor displayed a low detection, wide
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linear range, acceptable stability and high selectivity. In actual
water sample analysis, a satisfactory accuracy of the proposed PEC
aptasensor was obtained for detecting BPA. In general, the Bi/CN
heterojunction amplified photoelectric conversion strategy can be
used as an efficient method for Bi-based materials to significantly
enhance the PEC performance as well as provides more opportu-
nities for application of Bi-based materials in PEC aptasensor field.
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