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A B S T R A C T

Constructing junctions between semiconductors is an effective way to promote charge separation and thus to
improve the photoelectrochemical (PEC) performances, and specifically, p-n heterojunction is considered as a
very promising structure. Herein, we designed and fabricated MoS2/nitrogen doped graphene hydrogels (MoS2/
NGH) p-n heterojunction by a facile one-pot hydrothermal route. The as-fabricaterd MoS2/NGH heterostructures
demonstrated the excellent PEC activity, exhibiting enhanced photocurrent intensity by the fast transfer and
separation rate of photogenerated electron-hole owing to the construction of p-n heterojunction. Based on the
high PEC performances of the MoS2/NGH heterostructure, a novel sensitive PEC sensor was developed for the
determination of chloramphenicol (CAP) with the assistance of aptamer. In the presence of target molecules, the
as-fabricated PEC sensor could recognize the CAP quickly and then consume the holes in the interface of het-
erostructures, inhibiting the recombination of photogenerated electron-hole pairs, resulting the enhanced
photocurrent. Specially, with the concentration of CAP increased, the photocurrent enhanced gradually.
Excellent linearity was obtained in the concentration range from 32.3 ng/L to 96.9 μg/L, and the limit of de-
tection was 3.23 ng/L. Moreover, the as-fabricated PEC sensor exhibited rapid response, high stability, low-cost
and high selectivity, which could be successfully applied to the analysis of CAP in honeycomb samples.

1. Introduction

Chloramphenicol (CAP) is a broad spectrum antimicrobial substance
against infections caused by different types of micro-organisms (Liu
et al., 2015; Miao et al., 2015). Owing to its low cost and efficient
antibacterial effect, CAP has been widely used in food industry, live-
stock and poultry breeding industry (Wu et al., 2015). However,
overusing of CAP as antibiotics and growth promoters will induce the
accumulation in food-producing animals and diary food products such
as milk, honey, meat and eggs, which may have some serious harmful
effects on human beings, producing severe or fatal bone marrow, gray
baby syndrome and cardiovascular collapse (Miao et al., 2015). Con-
sidering the toxic effects on humans, the CAP in food products is now
strongly regulated by various organizations, and the minimum required
performance limit (MRPL) for CAP in all foods of animal origin was set
to be 0.3 μg/L by European Union (Unusan, 2009). Currently, various
techniques have been employed to monitor the CAP, including gas

chromatography-mass spectrometry (Posyniak et al., 2003), liquid
chromatography-mass spectrometry (Rodziewicz and Zawadzka, 2008),
chemiluminescence (Tao et al., 2013), and enzyme-linked im-
munosorbent assay (Impens et al., 2003). Although these methods fulfill
the sensitivity requirement (MRPL), most of them have limitations in
terms of the costs incurred by the expensive equipment and also require
time-consuming operation procedures. Therefore, it is necessary and
extremely important to develop a simple and fast method to sensitive
and selective detection of trace CAP in food products.

Photoelectrochemical (PEC) sensing is a vibrantly developing ana-
lytical method, which shows great promise in bioanalysis, pollutant
monitoring and medical diagnoses (Zhao et al., 2015). PEC detection
technique utilizes light as the excitation source and the generated
photocurrent as a detection signal, which is based on the relationship
between the changes of photocurrent and the concentration of target
analytes under light illumination (Zhao et al., 2017). Such efficient
separation of stimulation source (optical signal) and detection signal
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(electrical signal) provides a low background signal, leading to the high
sensitivity and low detection limit (Zang et al., 2017; Hou et al., 2018).
Morevoer, by coupling the photoirradiation with electrochemical
system, PEC sensors integrate the advantages of both electrochemical
sensors and optical methods, including easy operation, rapid mea-
surement speed, miniaturization capability and inexpensive in-
strumentation (Zhao et al., 2016).

Generally, the typical PEC sensors necessitates photoactive mate-
rials as electrodes which can convert photoirradiation to electrical
signal. Therefore, photoactive materials act as a crucial role for the
performance of the PEC sensors. Of many photoactive materials aimed
at producing high-efficient and low-cost optoelectronic devices, two-
dimensional (2D) materials-based heterojunctions appear particularly
promising for PEC applications, owing to their intriguing optical,
electronic, and mechanical properties (Xu et al., 2016; Zhou et al.,
2018). As a typical 2D transition metal chalcogenide (TMD) material
with strong intralayer covalent bonding but weak interlayer van der
Waals interaction, molybdenum disulfide (MoS2) nanosheet exhibits
excellent electrical and optical properties with unique direct bandgap
features for a large number of optoelectronic applications (Shi et al.,
2016; Xu et al., 2018; Jiang et al., 2017). In particular, nanostructured
MoS2-based heterostructures could generate the internal electric field at
the contact surface, which may contribute to the photoinduced charge
separation, inhibit the recombination rate, and increase the lifetime of
charge carriers, thereby leading to enhancement in photoconversion
efficiency and better performances in PEC applications (Liu et al., 2017;
Li et al., 2017). Meanwhile, three-dimensional nitrogen doped gra-
phene hydrogel (NGH) not only merits the excellent characteristics of
nitrogen doped graphene including outstanding electrical conductivity,
fast charge transfer ability and enhanced light harvesting (Jiang et al.,
2016a, 2016b; Hou et al., 2013), but also has an exceptionally ad-
vantages of three dimensional macrostructures, which can support
rapid electron transport in 3D space, promote efficient charge transfer
and provide adequate space for molecular adsorption (D. Jiang et al.,
2017; Y.Q. Jiang et al., 2017; Hao et al., 2017). Therefore, the coupling
MoS2 with NGH materials to construct nanocomposite may provide a
new kind of photoactive material with fast transfer and separation rate
of photogenerated electron-hole, which might have a high-perfor-
mances in PEC sensing.

Herein, we report the PEC analysis of CAP in food samples by MoS2/
NGH heterojunctions with the assistance of CAP aptamer. As well-
known aptamers possess high recognition ability to specific targets, and
have the advantages of small size, good stability and easy modification,
which are beneficial for the fabrication of PEC sensors (Ge et al., 2016a,
2016b; Hu et al., 2016). Notably, the heterostructures displayed the
excellent PEC activity, exhibiting enhanced photocurrent intensity by
the efficient charge transfer. The as-fabricated PEC sensor demonstrated
good performance with high stability, rapid response, wide linear de-
tection range and certain selectivity, and was used for determination of
CAP in honeycomb samples.

2. Experimental

2.1. Reagents

L-cysteine, sodium molybdate (Na2MoO4·2H2O), chloamphenicol
(CAP), gentamicin (GS), chlorotetracycline (CIP), thiamphenicol (TAP),
chlortetracycline (TCT), and streptomycin (ME) were purchased from
Aladdin Reagent Co., Ltd. (Shanghai, China. Graphene oxide (GO) na-
nosheets were prepared according to modified Hummers' method (Gilje
et al., 2007). The CAP aptamer was obtained from Sangon Biotech Co.,
Ltd. (Shanghai, China) with the following sequence:

′ −

− ′

5 ACTTCAGTGAGTTGTCCCACGGTCGGCGAGTCGGTGGTAG
3 .

0.05M Tris–HCl buffer (pH = 7.4) containing 0.2 M KCl, 0.10M
NaCl, 5.0 mM MgCl2 and 1.0 mM ethylene diamine tetraacetic acid
(EDTA) was used as the The stock solution for CAP aptamer. Ultrapure
water (18.2 MΩ, Millpore Co.) was used throughout this work.

2.2. Apparatus

The as-prepared samples were characterized by transmission elec-
tron microscopy (TEM, JEOL JSM-6700 transmission electron micro-
scope), scanning electron microscopy (SEM, Hitachi S4800), X-ray
diffraction spectroscopy (XRD, Bruker D8 diffractometer with Cu Kα
radiation of 1.54 Å), X-Ray photoelectron spectroscopy (XPS, ESCALab
MKII X-ray photo-electron spectrometer), Raman spectra (confocal
Raman system RM2000) and the electrochemical impedance spectro-
scopy (EIS, Zennium electrochemical workstation). The PEC and elec-
trochemical measurements were conducted on CHI 760E electro-
chemical workstation (CH Instruments). Indium tin oxide (ITO)
electrode, Ag/AgCl electrode and platinum wire were used as working
electrode, reference electrode and counter electrode, respectively. The
PEC behaviors of different modified electrodes were investigated in
0.1 M phosphate buffer solution (PBS, pH = 7.4) at the applied po-
tential of 0 V under light irradiation, and 500W Xe lamp (Beijing
Changtuo Co., Ltd.) with a 400-nm cut-off filter was served as the light
source.

2.3. Synthesis of MoS2/NGH hydrogels

MoS2/NGH hydrogels were prepared by a facile hydrothermal ap-
proach. Typically, 1 mM Na2MoO4·2H2O was dissolved into 75mL
water, and then adjusted to pH 6.5 by HCl. After that, 0.5 g L-cysteine
and different amounts of GO solutions were mixed with above solution,
and then transferred into a 100mL Teflon-lined stainless steel autoclave
and maintained at 200 °C for 36 h. After it cooled down naturally, the
black products could be taken out directly and washed with water for
several times. Finally, MoS2/NGH hydrogels with different amounts of
NGH were obtained by freeze-drying. For comparison, the NGH hy-
drogels were prepared using the same process without the addition of
Na2MoO4·2H2O. And MoS2 nanoplates were synthesized through the
same hydrothermal method without GO.

2.4. Preparation of the samples modified electrodes

To prepare the MoS2/NGH hydrogels modified indium tin oxide
(ITO) electrodes, the MoS2/NGH hydrogels suspension were obtained
by dispersing 5.0mg of the as-prepared nanocomposites in 2.5 mL of
ultrapure water with ultrasonic agitation for about several minutes.
Then the suspensions (40 μL) were coated on the ITO substrate with a
fixed area of 0.5 cm−2, and dried at 60 °C for 10 h. For comparison,
TiO2/NGR nanocomposites modified ITO electrodes were obtained
following the same procedure.

Before modification, the indium tin oxide (ITO) electrodes were
boiling for 0.5 h in 0.1M NaOH, and then sonicated in water and al-
cohol for cleaning, respectively. To prepare the MoS2/NGH hydrogels
modified ITO electrodes, the MoS2/NGH hydrogels suspension were
obtained by dispersing 5.0 mg of the as-prepared nanocomposites in
2.5 mL of ultrapure water with ultrasonic agitation for about several
minutes. Then 20 μL of MoS2/NGH hydrogels suspension were coated
on the ITO substrate with a fixed area of 0.5 cm−2, and dried at 60 °C
for 10 h to obtain MoS2/NGH hydrogels modified ITO electrodes
(MoS2/NGH/ITO). As comparison, NGH/ITO and MoS2/ITO were pre-
pared following the same procedure.

2.5. Construction of the PEC aptasensor

20 μL of the CAP aptamer (4 μM) was dropped on the surface of the
obtained MoS2/NGH/ITO electrode. To make ensure the effective
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Fig. 1. (A, B) SEM images of MoS2/NGH hydrogels. (C) Elemental distribution mapping of MoS2/NGH hydrogels. (D) TEM images of MoS2/NGH hydrogels.

Fig. 2. XRD patterns (A), Raman spectra (B) and XPS survey spectra (C) of the MoS2/NGH hydrogels. (D) The high resolution XPS of the N 1 s region for MoS2/NGH
hydrogels.
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immobilization of aptamer, the electrode was placed at room tem-
perature for 12 h. And then, the above electrode was washed by 0.1 M
buffer solution to remove the excess non-adsorbed aptamer. For PEC
sensing, 20 μL targets solutions with different concentrations were in-
cubated on the ITO electrodes for some time and then washed through
0.1M buffer solution for PEC measuring.

2.6. Sample preparation

1 g sample of honeycomb (from local market) was cut into very
small pieces and was transferred to a flask containing 20.0 mL ethanol.
After vigorously shaking and ultrasonication for 40min, the mixture
was centrifuged and the supernatant was collected for analysis.

3. Results and discussion

3.1. Characterization of the as-prepared MoS2/NGH hydrogels

The morphology and microstructure of samples were measured by
SEM and TEM. Fig. 1A and B showed the SEM images of the monolithic
3D MoS2/NGH hydrogels. It is obvious that the as-synthesized MoS2/
NGH exhibited 3D porous network architecture with thin inter-
connected sheets. The hybrid aerogel maintains the porous features of
the bare NGH, as seen in Fig. 1A and B. The open porous networks of
the MoS2/NGH allowed the aerogel surface area to be readily accessed
and might facilitates charge transfer (Long et al., 2016; Hou et al.,
2014). Elemental mapping images of C, N, Mo, and S elements for the
MoS2/NGH hydrogels were shown in Fig. 1C, which confirmed the
uniform distribution of MoS2 and NGH in the whole 3D architecture.
The general morphology and microstructure of the MoS/NGH hydrogels
were further investigated by TEM. As shown in Fig. 1D, the transparent
NGH sheets with some folds were clearly observed. Moreover, the small
laminar structured MoS2 nanosheets were tightly dispersed on the
surface of NGH sheets, forming the MoS2/NGH heterostructure. Such
interconnected network could increase the interfacial contact, and then
promote the electrochemical performance (Lingappan and Kang, 2016).

XRD measurements has been performed to explore the crystal
structure of the as-prepared MoS2/NGH hydrogels. As shown in Fig. 2A,
the peaks at 14.3°, 33.8°, 39.6° and 57.5° can be indexed as the (002),
(100), (103) and (110) plane of the hexagonal MoS2 phase, respectively
(JCPDS 73-1508) (Jaiswal et al., 2017; Chao et al., 2017). The high
intensity of (002) peak means stacked layered structure of MoS2 crys-
tals, which were corresponding to a d-spacing of 0.62 nm (Huang et al.,
2015). However, there was no diffraction signal of NGH can be found,
which probably resulted from the relatively low diffraction intensity of
NGH. Further structural and electronic properties were obtained by
Raman spectroscopy (Fig. 2B). The spectra exhibited two strong peaks
at 1332 and 1594 cm−1, which were matched well with the D and G

bands of the graphene-based structure, respectively (Long et al., 2016;
Chao et al., 2017). Furthermore, the inset figure ranging from 300 to
500 cm−1, displayed two major peaks A1 g (382 cm−1) and E12 g

(408 nm−1). The A1 g peak is corresponded the out-of-plane vibration of
two S atoms in the opposite directions, while the E12 g peak were derived
from the symmetric vibration of S atoms opposite to Mo atom within
the S-Mo-S layer (Jaiswal et al., 2017; Chao et al., 2017). All these data
showed the characteristic peaks of MoS2 and graphene, indicating the
MoS2/NGH hydrogels were prepared successfully.

The surface chemical compositions and chemical states of MoS2/
NGH were further analyzed by using XPS. As can be seen from Fig. 2C,
the survey scan spectrum showed that C, N, Mo, S and O were clearly
identified in the as-synthesized MoS2/NGH hydrogels. The high-re-
solution scans of Mo 3d and S 2p were shown in Fig. S1. As shown in
Fig. S1A, there were two strong peaks (229.1 eV and 232.5 eV) could be
observed, corresponding to Mo 3d5/2 and Mo 3d3/2, respectively. These
values are characteristic of Mo4+ species in the form of pure MoS2
(Long et al., 2016). Furthermore, a small peak locating at 235.6 eV
indicated the presence of Mo6+, which could be attributed to the slight
oxidation on the surface of MoS2 edges (Hou et al., 2014; Toth et al.,
2016). The high-resolution spectrum of S 2p (Fig. S1B) displayed two
characteristic peaks (S 2p3/2 at 161.9 eV and S 2p3/2 at 163.2 eV), in-
dicating the formation of MoS2 (Toth et al., 2016). The high-resolution
N spectrum in MoS2/NGH is shown in Fig. 2D, and the broad peak could
be deconvoluted into four peaks. The peaks located at 398.4, 399.7 and
400.4 eV, could be assigned to the pyridine nitrogen, amine nitrogen
and pyrrolic nitrogen in the nanocomposites (Jiang et al., 2014). No-
tably, the peak at about 396.1 eV indicated the formation of Mo-N
bond, which could increase the interfacial contact between MoS2 and
NGH, and then promote the charge transport of the overall hetero-
structure (Lingappan and Kang, 2016).

3.2. Characterizations of the as-prepared samples modified electrodes

The photoelectronic response of different samples modified elec-
trodes were studied by acquiring the transient photocurrent responses
in the different light switching states. As we can see in Fig. 3A, the bare
ITO (curve a) displayed a very small photocurrent. Meanwhile, the
pristine NGH (curve b) and pure MoS2 (curve c) modified ITO electrode
exhibited a weak photocurrent of 0.143 µA and 0.224 µA, respectively.
After NGH was introduced to the MoS2, the MoS2/NGH nanocomposites
modified ITO electrode (curve d) dispalyed much enhanced photo-
current (0.756 µA), which was about 5.3 times and 3.4 times than that
of NGH and MoS2, respectively. The obviously enhanced photocurrent
intensity of MoS2/NGH revealed the positive effect of NGH on facil-
itating the generation and separation efficiency of photoexcited charge
carriers of MoS2. Moreover, a high surface-to-volume ratio of the three-
dimensional hierarchical heterojunction materials might have favorable

Fig. 3. (A) Photocurrent responses of ITO (a), MoS2 (b), NGH (c) and MoS2/NGH (d) modified ITO at a bias potential of 0 V. (B) The Mott-Schottky measurement of
MoS2/NGH hydrogels.
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effects for photoactive performance (Chang et al., 2014).
The interfacial charge transfer of MoS2 and NGH modified elec-

trodes were investigated by electrochemical impedance spectra (EIS). It
is well known that the smaller arc radium of Nyquist plot means faster
interfacial charge transfer and more effective separation of the electron-
hole pairs (Jiang et al., 2016a, 2016b). As can be seen in Fig. S2, MoS2/
NGH nanocomposites (curve d) exhibited smaller semicircle compared
with pure MoS2 (curve c) and NGH (curve b), which further demon-
strated that the hybridization of NGH with MoS2 could be greatly be-
nificial to the efficient charge transfer. This phenomenon might be at-
tributed to three reasons: 1) the high charge mobility of NGH which
could fast transfer the charge carries to electrode. 2) the porous 3D
structure of the nanocomposites which could effective stimulate the
electron transport between NGH and MoS2. 3) the formation of inter-
facial electric field between p-MoS2 and n-NGH, resulting faster inter-
facial charge transfer and more effective separation of electron-hole
pairs (Jiang et al.,2016a, 2016b, 2018). In order to further prove the
formation of the p-n junction in MoS2/NGH nanocomposites, Mott-
Schottky measurement was measured in 0.5M Na2SO4. As shown in
Fig. 3B, the MoS2/NGH heterostructured composites exhibited an ap-
parent reversed “V-shaped”, which was the characteristic of p-n het-
erojunction. Similar to previous studies, such p-n heterojunction could
drive the photoexcited electrons to the CB (conduction band) of n-type
NGH whereas the holes migrate to VB (valence band) of p-type MoS2,
resulting in longer lifetime of photocarriers and efficient spatial charge
separation, which is regarded as the most important reason for en-
hanced photocurrent signal (Carraro et al., 2015; Meng et al., 2013).

3.3. Characterization of the PEC aptasensor

The PEC sensor was then fabricated based on the excellent PEC
performances of MoS2/NGH nanocomposites with the assistance of CAP
aptamer as shown in Fig. 4A. With the presence of target, the CAP could
specific bind to its aptamer, and then the photocurrent response in-
creased owing to the photocatalytic reactions of CAP molecules

captured by aptamer on the electrode surface (Jodat and Jodat, 2014;
Lin et al., 2016; Liu et al., 2016; Hu et al., 2018; Tian et al., 2018).
Similar to previous studies, the photogenerated holes on electrode
surface could directly oxidize CAP molecules, or react with OH− or H2O
to form OH• radicals, and then oxidize CAP molecules, which inhibited
the recombination of photogenerated electron-hole pairs, resulting the
increase of a high photocurrent. Moreover, the photocurrent signal
increased gradually with the increase of CAP concentration. As a result,
the quantitative detection of CAP was acquired by monitoring the
photocurrent signal.

EIS was performed to measure the interface properties variation of
the stepwise assembly process of the PEC aptasensor by using [Fe
(CN)6]3-/4- as a redox probe. As exhibited in Fig. 4B, because of the low
conductivity of ITO, the bare ITO electrode displayed a relatively high
electron-transfer resistance (curve a, Ret ≈ 173Ω). After the MoS2/
NGH hydrogels were dropped on the surface of ITO, the Ret value de-
creased greatly (curve b, Ret ≈ 72Ω), suggesting higher efficiency of
charge separation and faster interfacial charge transfer occurred in the
MoS2/NGH hydrogels. However, after the immobilization of aptamer
on the modified ITO electrode, the CAP aptamer was bonded in the
NGH through π-π stacking and the Ret increased to 89Ω (curve c). The
reason might be attributed to the negative aptamer molecules induce
the electrostatic repulsion between the electrode surface and the ne-
gatively charged redox species of [Fe(CN)6]3-/4- (Jiang et al., 2016a,
2016b; Liu et al., 2016). These results verified the successful mod-
ification of the CAP aptamer on the MoS2/NGH/ITO electrode.

Fig. 4C further displayed the PEC characterization of the aptasensor
fabrication process. After the immobilization of MoS2/NGH hydrogels
on the electrode, the photocurrent signal (0.78 μA, curve b) increased
greatly than that of bare ITO electrode (0.03 μA, curve a), which might
be ascribed to the enhanced lifetime of photocarriers and efficient
spatial charge separation. Subsequently, the photocurrent signal de-
creased to 0,47 µA (curve c) after the modification of low conductivity
CAP aptamer. However, in the case of CAP specific binding with ap-
tamer/MoS2/NGH/ITO electrode, the photocurrent increased

Fig. 4. (A) Scheme of the stepwise assembly process for the PEC aptasensor. (B) EIS spectra and (C) Photocurrent responses of a bare ITO (a); MoS2/NGH (b),
aptamer/MoS2/NGH (c), CAP/aptamer/MoS2/NGH (d) modified ITO at a bias potential of 0 V.
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obiviously (1.02 μA, curve d). The increased photocurrent response
could be attributed to the photocatalytic reactions of CAP molecules
captured by aptamer on the electrode surface. All these results above
proved the successful stepwise assembly process of each sensing unit.

3.4. Optimization of experimental conditions

Obviously, the contents of NGH in MoS2/NGH hydrogels could have
an effect on the photocurrent signal. As shown in Fig. S3A, the photo-
current signal increased greatly with the contents of NGH increased
from 0% to 30%, then the photocurrent was declined when the contents
of NGH continued to increase. Such phenomenon suggested that 30%
NGH in MoS2/NGH hydrogels could be able to provide more photo-
generated hole-electron pairs to participate in the PEC process. Thus,
the optimal content of NGH in MoS2/NGH hydrogels was 30%, which
was chosen in the following experiments. The influence of the aptamer
concentration on the sensing performance was further measured by the
difference of photocurrent before and after incubation with CAP (⊗I).
As illustrated in Fig. S3B, the PEC response increased gradually with the
increasing concentration of CAP aptamer from 0.5 μM to 4 μM, and then
nearly reached a plateau. Therefore, 4 μM CAP aptamer was selected for
fabricating the sensor. Furthermore, the performance of this aptasensor
could also be affected by the incubation time between CAP molecules
and aptamer. As can be seen in Fig. S3C, in the rang of 0min through
30min, the photocurrent signal increased obviously with the incuba-
tion time increased, and then reached a maximum value in 30min.
Consequently, 30min was selected as the optimal reaction time to ef-
ficiently facilitate the PEC assay.

3.5. PEC sensing of CAP

Under optimal experimental conditions, the developed aptamer/
MoS2/NGH/ITO electrode was employed to sensitive detection of CAP
molecules. Fig. 5A and B displayed the PEC responses of aptamer/
MoS2/NGH/ITO electrode to different concentrations of CAP molecules.

It is obvious that the photocurrent signal increased gradually as the
concentrations of CAP increased, showing that more captured CAP
molecules participated in the photocatalysis process. Moreover, the
steady-state photocurrent in the presence of CAP might imply the
binding/dissociation of the analyte to sustain the current. Moreover,
there was a linear relationship between the concentrations of CAP and
ΔI (ΔI = I − I0) in the range from 32.3 ng/L ~ 96.9 μg/L with the
correlation coefficient of 0.998, while the I and I0 represented the
photocurrent signal of the aptamer/MoS2/NGH/ITO electrode in the
presence and absence of CAP, respectively. And the detection limit was
estimated to be 32.3 ng/L (S/N=3), which is much lower than those
works in the Table S1. Such a high-performance PEC sensor can not
only be useful for the rapid assay of CAP in water and food, but also can
be satisfactory for detection of CAP in biological fluids and pharma-
ceutical formulations.

3.6. Selectivity and stability

To assess the specificity of the aptamer-based PEC sensor for CAP,
The influences of other antibiotics (such as TAP, TCT, ME, GS) on the
photocurrent signal of the fabricated PEC sensor were examined. It can
be seen from Fig. 5C that none of these interferents could cause obvious
changes in the photocurrent, while a significant photocurrent change
was observed for the CAP. These results clearly demonstrated that the
designed sensor has good selectivity for the detection of CAP. Fur-
thermore, the stability is also important to evaluate the practicability of
the sensor. In this work, the stability was investigated by measuring its
photocurrent signal over 20 days. As shown in Fig. 5D, the photocurrent
signal of the as-fabricated sensor still remained about 88.9% even after
20 days, indicating that the PEC aptasensor displayed very stable per-
formances. Moreover, five measurements for a single electrode were
obtained upon the addition of 64.6 μg/L CAP in 0.1 M PBS with RSD of
5.7%, demonstrating the excellent reproducibility of the PEC sensor.

Fig. 5. (A) Effect of different concentrations of
CAP on the photocurrent intensity of the ap-
tamer/MoS2/NGH/ITO electrode (from 0 to
96.9 μg/L), (B) Plot of photocurrent of the ap-
tamer/MoS2/NGH/ITO electrodeversus CCAP,
and the detection limit as low as 3.23 ng/L. (C)
The selectivity of the as-fabricated PEC sensor
with 64.6 μg/L CAP and 100 times higher
amount of interfering compounds such as CTC,
TAP, ME and GS. (D) The stability of the as-
fabricated PEC sensor.
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3.7. Real sample analysis

The recoveries of CAP with different concentrations in honey sam-
ples were confirmed by standard addition methods, which was further
used to investigate the practical application of the as-fabricated PEC
sensor. As shown in Table 1, the recoveries showed the satisfactory
results between 98.0% and 106.6%, indicating the practicality of the
PEC sensor, which implied that the PEC sensor has a promising feature
for detection of CAP in real samples.

4. Conclusions

In this paper, a facile method was used to prepare MoS2/NGH hy-
drogels for the PEC determination of CAP. Due to π-π stacking inter-
action, aptamer was effectively anchored on MoS2/NGH hydrogels
without any modification. The MoS2/NGH hydrogels could remarkably
improve the PEC performance which can be ascribe to electronic in-
teraction between NGH and MoS2. Unlike conventional spectro-
photometric methods, the PEC platform translated visible-light driven
energy into remarkable photocurrent output at 0 V potential, which can
greatly avoid interferences. The designed aptasensor hold the ad-
vantages of high sensitivity, good selectivity, a wide linear range and
acceptable stability. In addition, the fabricated sensor had been suc-
cessfully applied to detect CAP in real honey samples. The detection
limits of the bioassay was 3.23 ng/L. Such MoS2/NGH hydrogels may
hold promising applications, for applications in areas including sensor,
environmental monitoring, analytical and electroanalytical chemistry.
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Table 1
Determination of CAP in honeycomb samples.

Sample Added (μg/L) Detected (μg/L) Recovery (%) RSD (%, n= 5)

1 32.31× 10−3 31.68× 10−3 98.1 4.3
2 1.62 1.72 106.2 3.9
3 9.69 10.15 104.7 5.7

Each sample was measured for five times.
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