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A B S T R A C T

Nitrite ions (NO2
−) have been widely used in the food and drink industry as preservatives. However, the NO2

−

discharged into the environment is harmful to the ecosystem and human health. Due to its potential toxicity,
selective and sensitive detection of nitrite is important. In this work, a rose-like Au nanoparticles/MoS2 nano-
flower/graphene (AuNPs/MoS2/GN) composite was fabricated using a one-pot hydrothermal method without
the addition of any extra reductant for use in nitrite detection. Graphene acts as an efficient matrix for the
growth of MoS2 nanoflower (NF), and the edges of the MoS2 NF subsequently load AuNPs. The obtained AuNPs/
MoS2/GN composite exhibits excellent electrooxidative activity toward nitrite ions, which is attributable to its
large specific surface area, good conductivity, and the synergistic catalysis of each component. Accordingly, we
propose a rapid, sensitive, and cost-effective electrochemical method for nitrite detection, which achieved a
linear dynamic range of 5.0 μM to 5.0mM with a detection limit of 1.0 μM. The present work provides not only a
general one-pot synthesis method for a variety of noble–transition metal dichalcogenides nanohybrids, but also
an example of the fabrication of an electrochemical nitrite sensor using a nanohybrid as an enhanced material,
an approach that can easily be extended to other sensors.

1. Introduction

The overuse of sodium nitrite as a preservative in the food and drink
industry accompanied by excessive discharge causes harm to the eco-
system and human health (Plumere, 2013). According to the World
Health Organization (WHO), the fatal level of nitrite ions (NO2

−) is
8.7–28.3 μM (Sudarvizhi et al., 2018). Thus, a selective and sensitive
nitrite detection method is urgently needed (Manoj et al., 2018). So far,
several analytical techniques have been developed for NO2

− detection,
such as chromatography mass spectrometry (Pagliano et al., 2012),
spectrophotometry (Zhang et al., 2018a), chromatography (Liu et al.,
1996), chemiluminescence (Dong et al., 2013; Nevin Ӧztekin 2002),
and electrochemistry (Ghanei-Motlagh and Taher, 2018; Stanković
et al., 2016). Among these approaches, the electrochemical technique
has received extensive attention due to advantages such as rapid re-
sponse, low cost, reliable and sensitive analysis, and facile operation
modes. The different reduction products of NO2

− rely on the condition
of the electrodes, the components, and the morphology of the catalysts.
There are two ways to measure NO2

−: anodic oxidation of NO2
− to

NO3
− and cathodic reduction of NO2

−. In the anodic oxidation reac-
tion, NO3

− is generated without interference from other elements or
anions, while the cathodic reduction of NO2

− suffers from co-existence

of the reduction peaks of dissolved products such as O2 and NO. Hence,
anodic oxidation is preferable.

Graphene (GN) has attracted considerable attention due to its large
surface area, high electrical conductivity, good chemical stability, and
mechanical strength (Kuila et al., 2012; Whitby, 2014). These dis-
tinctive features make GN-based materials promising for use in elec-
trodes, which have been widely employed in electrocatalysis (Pumera
et al., 2010). Nevertheless, irreversible agglomeration readily occurs in
pure GN due to the π–π stacking interactions and van der Waals energy
(Deepthi Konatham, 2008). Thus, chemical modification of GN with
nanoparticles (NPs) or their alloys was proposed to overcome this
drawback (Jiang et al., 2014; Jian et al., 2018; Li et al., 2012).

Ever since the discovery of GN, various two-dimensional materials
have been studied extensively (Dong et al., 2018; Sinha et al., 2018). In
recent years, MoS2 have drawn considerable attention due to their ul-
trathin structure (Bertolazzi et al., 2018; Geng and Yang, 2018). In
MoS2 nanosheets, hexagonal Mo-atom layers are arranged between S-
atom layers, and excellent crystal, optical, and catalytic properties are
obtained (Joswig et al., 2015). Compared with the electronic active
sites in GN, those in MoS2 are usually distributed on the edges, and the
conductivity is relatively low (Mani et al., 2016; Wang et al., 2015; Xu
et al., 2013). Thus, the morphology and/or electronic structure of MoS2
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nanosheets are often adjusted to improve their electrochemical per-
formance. Surfactants or carbon-based materials can induce the con-
trollable formation of MoS2 nanoflower (NF) (Huang et al. 2017a,
2017b; Zhang et al. 2018b, 2018c), which enlarges the surface area and
promotes greater exposure of active sites. The electronic structure can
be adjusted by tuning the crystal phase, introducing heteroatoms, va-
cancies, or defect sites, which may regulate the electrochemical prop-
erties of MoS2 nanosheets (Huang et al., 2018; Miralrio et al., 2018; Sun
and Wang, 2018; Xue et al., 2017). These strategies have led to the
successful preparation of numerous MoS2 with improved electro-
chemical performance. Recently, composites with MoS2 grown on GN,
carbon nanotubes, or carbon fibers have been synthesized and have
exhibited enhanced electrochemical behavior, higher electron con-
ductivities, and larger surface areas (Bian et al., 2012; Wang et al.,
2016; Zhang et al., 2012) than either separate component. In addition,
due to their superior electrical and catalytic characteristics, AuNPs have
received considerable attention in many applications, such as sensors
(Xu et al., 2015) and catalysis (Han et al., 2012). Inspired by the
properties of each component, the combination of AuNPs with MoS2 or
GN may lead to the development of flexible nano-assembled systems
with enhanced electrochemical performance. Some research has al-
ready been reported on AuNPs/MoS2 and AuNPs/GN composite-based
electrochemical sensor devices (Devi et al., 2019; Huang et al., 2016; Li
et al., 2019; Wang et al., 2013; Wang et al., 2018). However, only a few
studies have focused on AuNPs/MoS2/GN for electrochemical sensors (
Sharifuzzaman et al., 2019; Zhao et al., 2019), and most of them have
involved the use of an additional reductant to reduce AuNPs onto the
MoS2/GN surface.

In this study, we developed a simple and efficient nitrite sensor
based on a rose-like AuNPs/MoS2/GN modified glassy carbon electrode
(AuNPs/MoS2/GN/GCE) synthesized via a one-pot method without any
additional reductant. The MoS2 NF with AuNPs grown on the edges was
anchored onto the surface of GN successfully via a hydrothermal
method. AuNPs/MoS2/GN/GCE showed good electrocatalytic activity
for nitrite oxidation and thus could be used as an effective nitrite
sensor, which could also be employed for detection in actual samples.

2. Materials and methods

2.1. Materials

Ammonium molybdate ((NH4)6Mo7O24·4H2O), thiourea (CS(NH2)2),
polyvinyl pyrrolidone (PVP, K30), ammonia solution, hydrazine (80%
w/w), HAuCl4, NaNO2, Na2HPO4, NaH2PO4, KNO3, Na2SO4, CaCl2,
NaClO4, KCl, and glucose were purchased from Aladdin Chemical
Reagent Company (Shanghai, China). All of the chemical reagents were
analytical grade and were used without further purification. Ultrapure
water was used throughout the experiment.

2.2. Instruments

Transmission electron microscopy (TEM) was conducted using a
TECNAI G2 F20 TEM with an accelerating voltage of 200 kV. X-ray
photoelectron spectroscopy (XPS) measurements were performed using
an ESCALAB-MKI I spectrometer (VG Co., United Kingdom) with Al Kα
X-ray radiation as the X-ray source for excitation. The
Brunauer–Emmett–Teller (BET) surface areas and nitrogen sorption
isotherms were measured using an ASAP 2020 Physisorption Analyzer
(Micromeritics Instrument Corporation, USA). Raman measurements
were conducted using a LabRAM HR Evolution spectrometer (Renishaw
inVia plus, United Kingdom) with 514 nm laser excitation. XRD pat-
terns were recorded on a D8 ADVANCE (BRUKER, Germany) dif-
fractometer using Cu Ka radiation with a Ni filter (λ=0.154059 nm at
40 kV and 40mA).

All of the electrocatalytic measurements were performed on a
CHI660C electrochemical workstation (Chenhua Instruments Corp.,

Shanghai, China) at room temperature. A conventional three-electrode
configuration was used, including a modified GCE (with a diameter of
3.0 mm) as the working electrode, a saturated calomel electrode (SCE)
as the reference electrode, and a Pt wire counter electrode.

2.3. GN preparation

GN was synthesized according to the literature (Guo et al., 2012). In
short, 75mg of PVP powder was added to 22mL of homogeneous
graphite oxide (GO) solution (0.25 mgmL−1, Li et al., 2008) under
stirring for 1 h. Then, 200 μL of concentrated ammonia solution and
20 μL of hydrazine solution (80% w/w) were added to the above so-
lution, which was stirred for an additional 40min. The mixture un-
derwent a water bath for 1 h at 90 °C, and GO was reduced to GN. The
final GN solution was centrifugated and washed with ultrapure water
twice each and dispersed in water again for further use.

2.4. One-pot synthesis of rose-like AuNPs/MoS2/GN composite

The rose-like AuNPs/MoS2/GN composite was synthesized as de-
scribed in the literature, with slight modification (Chen et al., 2017a).
The mixture of (NH4)6Mo7O24·4H2O (1.0mmol), CS(NH2)2 (30mmol),
and HAuCl4 (1.0 mmol) was dispersed in 17.5 mL of PVP-GN solution
(1.0 mgmL−1) and stirred vigorously at room temperature for 1 h. The
mixture was then transferred into a 50mL Teflon-lined stainless-steel
autoclave and heated at 180 °C for 24 h to obtain the rose-like AuNPs/
MoS2/GN composite. After cooling down to room temperature, the
composites were collected by centrifugation and washed with ultrapure
water and ethanol several times successively, then dried at 70 °C under
a vacuum. For comparison, MoS2 NF/GN composite was synthesized
under the same conditions without adding Au precursor.

2.5. Preparation of AuNPs/MoS2/GN/GCE and electrochemical
measurements

Before modification, the GCE was polished with 1, 0.3, and 0.05 μm
alumina slurry on a polishing cloth. It was thoroughly rinsed with an
alcohol/water (1:1) mixture followed by sonication before use. The as-
prepared AuNPs/MoS2/GN, MoS2 NF/GN, and GN composites were
dispersed in water under ultrasonication to form homogeneous solu-
tions (1.0 mgmL−1). A certain amount of AuNPs/MoS2/GN composite
was cast onto the pretreated GCE surface. For comparison, the MoS2
NF/GN- or GN-modified GCE (MoS2 NF/GN/GCE, GN/GCE) was pre-
pared using the same procedure with the same modification of the
composite quantities. Scheme 1 illustrates the synthesis of AuNPs/
MoS2/GN as well as the sensing of NaNO2.

The electrochemical measurements were performed by cyclic vol-
tammetry (CV) and amperometry in a phosphatic buffer (0.1M PBS, pH
4.0) containing NaNO2.

3. Results and discussion

3.1. Characterization of as-prepared AuNPs/MoS2/GN

The morphology and microstructure of the as-prepared composites
were characterized via TEM. As shown in Fig. 1A and B, the rose-like
MoS2 flakes were anchored onto the GN surface uniformly. Here, the
GN sheets acted as a pliable substrate for the uniform growth of MoS2
NF. The MoS2 NF formed due to the hydrothermal reaction condition
and the (NH4)6Mo7O24·4H2O precursors used in the reaction. During
the hydrothermal procedure, (NH4)6Mo7O24·4H2O released MoO4

−,
which has a layered structure. When MoO4

− ions react with sulfide
ions, the intercalation of residual ammonia between the different layers
helps prevent the stacking of MoS2 sheets, which leads to the formation
of a sphere-like shape (Krishnamoorthy et al., 2014). The MoS2 NFs,
with an average diameter of 100 nm, consisted of numerous folded
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edges, maximizing the exposure of active sites. The inset in Fig. 1B is a
high-resolution TEM (HRTEM) image of the MoS2 sheets, which shows
the parallel layers of MoS2 sheets perpendicular to the [002] direction,
and the interlayer distance is 0.63 nm. The morphology of the obtained
AuNPs/MoS2/GN is shown in Fig. 1C. AuNPs obviously formed around
the edges of the MoS2 NF with a uniform size of about 20 nm, which
may be due to the high density of energetic defects at the edges of the
MoS2 nanosheets (Xu et al., 2013). The clear interplanar spacing of
0.22 nm corresponds to the (111) planes of Au.

The chemical compositions of the as-synthesized AuNPs/MoS2/GN,
MoS2 NF/GN, and GN were further determined by XPS and X-ray
powder diffraction (XRD). As shown in the XPS survey spectrum,
AuNPs/MoS2/GN contained Mo, S, C, N, O, and Au (Fig. 2A). Specifi-
cally, the deconvoluted C1s spectrum (Fig. 2B) shows three peaks at
284.7 eV (C]C), 286.7 eV (C–N/C–O), and 288.9 eV (C]O) (Guo et al.,
2012). The amount of C–O groups is relatively low, indicating that GO
is reduced during the hydrothermal procedure. Three O-related spe-
cies—C]O (531.2 eV), C–O or C–O–Mo (532.2 eV), and hydroxyl
groups (533.5 eV)—are observable in the deconvoluted O 1s XPS

spectrum (Fig. 2C). The binding energies located at 229.6 eV and
232.6 eV represent Mo 3d5/2 and Mo 3d3/2, respectively, corresponding
to the Mo4+ in MoS2 and a small amount of Mo5+ (Fig. 2D) (Xiong
et al., 2015). Peaks at 162.5 eV and 163.6 eV, which are related to S
2p3/2 and S 2p1/2 of divalent sulfide ions, are clearly observable in
Fig. 2E (Qiao et al., 2016). Fig. 2F shows the XPS signature of the Au 4f
doublet (4f7/2 and 4f5/2) for the AuNPs supported on GN sheets (Li
et al., 2015). Additionally, the XPS spectrum of AuNPs/MoS2/GN was
compared to those of MoS2 NF/GN and GN. As shown in Fig. S1, the
XPS binding energies of O 2p, N 1s, and C 1s in AuNPs/MoS2/GN, MoS2
NF/GN, and GN exhibit negligible shifts, suggesting there is negligible
covalent bonding among the AuNPs, MoS2 NFs, and GN. The binding
energies of Mo 3d in AuNPs/MoS2/GN and MoS2 NF/GN are consistent
as well, demonstrating that there is no obvious interaction between the
Mo and Au atoms. The peak intensity of S 2p slightly differs between
AuNPs/MoS2/GN and MoS2 NF/GN because of the formation of Au–S
covalent bonds. In the XPS spectrum of AuNPs/MoS2/GN, a char-
acteristic peak of Au is visible, confirming the successful anchoring of
the AuNPs in AuNPs/MoS2/GN.

To understand the effects of MoS2 NF and AuNPs on GN organiza-
tion, we performed Raman spectroscopic analysis to characterize the
structures of GN, MoS2 NF/GN, and AuNPs/MoS2/GN (Fig. S2). The D
band is generated by the vibration of C atoms with dangling bonds in
the plane terminations of disordered graphite, and the G band arises
from the in-plane stretching of ordered sp2-bonded C atoms in the C
hexagonal lattice (Jian et al., 2018). The ratio between the intensity of
the D band and that of the G band (ID/IG) indicates the defect level in C
materials. ID/IG was obtained from the Raman analysis of GN (ID/
IG= 1.08), MoS2 NF/GN (ID/IG= 1.04), and AuNPs/MoS2/GN (ID/
IG = 1.02). The Raman shifts in the D band, G band, 2D band, and
D + D′ band of GN are consistent with MoS2 NF/GN and AuNPs/MoS2/
GN. Basically, AuNPs could enhance the Raman intensity (Biroju and
Giri, 2014). However, only a small amount of Au precursor was added,
inducing slight enhancement of the Raman intensity. Consequently, the
Raman analysis demonstrates that the incorporation of MoS2 NFs and
AuNPs has little influence on the GN organization.

The XRD pattern of AuNPs/MoS2/GN is displayed in Fig. S3. The
peaks at 44.39, 64.54, and 77.65 correspond to the (200), (220), and
(311) planes of AuNPs (JCPDS 4–0783) and the peaks at 32.32, 38.16,
52.31, and 57.59 can be assigned to the (101), (104), (018), and (110)
planes of MoS2 (JCPDS 74–0932). In the XRD spectrum of GN, a slight
peak appears at 2θ=24.3°, demonstrating that GO was reduced to GN
(Li et al., 2012).

Due to the 3D architecture, AuNPs/MoS2/GN has a large surface
area and more exposed S–Mo–S electroactive edges. The surface areas
of the as-synthesized AuNPs/MoS2/GN and commercial MoS2 were
confirmed by BET analysis (Fig. S4). The obtained curve agreed with a

Scheme 1. Schematic illustration of one-pot synthesis of the AuNPs/MoS2/GN composite and the electrochemical sensing procedure for nitrate.

Fig. 1. TEM images of as-prepared MoS2 NF/GN (A and B, the inset is the
HRTEM image of MoS2 sheets) and AuNPs/MoS2/GN (C) and HRTEM image of
AuNPs in AuNPs/MoS2/GN (D).
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typical type-IV isotherm with a hysteresis loop (IUPAC classification)
(Chen et al., 2017b) from a relative pressure of 0.44–0.98, suggesting
that AuNPs/MoS2/GN has microspores and a mesoporous structure.
Due to the stacked layers, the BET surface area of AuNP/MoS2/GN was
found to be about 43.84m2 g−1, which is about two times higher than
that of commercial MoS2 (19.45m2 g−1). This enlarged surface area
combined with more exposed electroactive S–Mo–S edges may con-
tribute to the enhanced catalytic activity with NaNO2. The corre-
sponding average pore width was distributed from 30 nm to 40 nm,
indicating that such a microporous structure is conductive to electro-
catalytic activity because it is beneficial for electron and ion diffusion.

3.2. Electrocatalytic behavior of AuNPs/MoS2/GN towards NaNO2

The electrochemical behaviors of an AuNPs/MoS2/GN-modified
GCE were investigated via CV in 0.1 M PBS (pH 4.0) in the presence of
1.0 mM NaNO2 (Fig. 3A). A large oxidation peak of 0.75 V (vs. SCE)
appears in the presence of NaNO2 (black solid line). For comparison,
the electrooxidation of a MoS2 NF/GN/GCE, GN/GCE, and bare GCE

towards NaNO2 was also investigated. The oxidation peaks of NaNO2

for the MoS2 NF/GN/GCE, GN/GCE, and bare GCE are located at 0.79,
0.78, and 0.88 V, respectively, which are more positive than that of the
AuNPs/MoS2/GN/GCE. Therefore, AuNPs/MoS2/GN exhibited superior
electrooxidation activity toward NaNO2 and thus made it possible to
develop an electrochemical nitrite sensor.

To promote the sensitivity of the constructed electrochemical
NaNO2 sensor, we optimized the experimental conditions. Firstly, the
effects of pH and the amount of AuNPs/MoS2/GN on NaNO2 were in-
vestigated (Figs. S5A and B), indicating that the nitrite oxidation cur-
rent was affected by the pH. This dependence was further studied using
CV in 0.1M PBS solution containing 1.0mM nitrite at different pH
values (pH 3.0–7.0). As shown in Fig. S5A, the oxidation current in-
creased with increasing pH up to 4.0 and decreased from pH 4.0 to pH
7.0. Thus, pH 4.0 was chosen in the following measurements. The
oxidation current at pH values less than 4.0 may be due to the con-
version of NO2

− to NO and NO3
− (Wang and Hui, 2017) or the pro-

tonation of NO2
− (Afkhami et al., 2012). A decrease in the peak current

at pH values greater than 4.0 is due to the decrease in the reduction of

Fig. 2. Full XPS spectrum (A) and deconvoluted C 1s (B), O 1s (C), Mo 3d (D), S 2p (E), and Au 4f (F) XPS spectra of as-prepared AuNPs/MoS2/GN.

Fig. 3. (A) CV results for bare GCE (—), GN/GCE (— -), MoS2 NF/GN/GCE (— —), and AuNPs/MoS2/GN/GCE (−) in 0.1M PBS containing 1.0 mM NaNO2 with a
scan rate of 50mV s−1. (B) CV results for AuNPs/MoS2/GN/GCE in 0.1M PBS (pH 4.0) in the presence of 1.0 mM NaNO2 with different scan rates. The inset shows
the peak current vs. scan rate.
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nitrate to nitrite, which reduces the NO2
− concentration at the AuNPs/

MoS2/GN surface (Salimi et al., 2014). The peak potential is not af-
fected much by the pH of the solution, which is consistent with a pre-
vious report (Ghanei-Motlagh and Taher, 2018). The reason for this
difference could be the fact that the oxidation mechanism is a kineti-
cally controlled process (Peng et al., 2017). After optimizing the pH, we
checked the effects of different quantities of AuNPs/MoS2/GN on the
oxidation current. The results show that the modified GCE with 6.0 μL
of AuNPs/MoS2/GN had better catalytic properties than those with
other amounts. Thus, we choose pH 4.0 and a modified GCE with 6.0 μL
AuNPs/MoS2/GN for the following electrochemical detection.

CV measurements of electrocatalysis toward NaNO2 oxidation at
different scan rates were also performed. Fig. 3B demonstrates that the
anodic current of NaNO2 is proportional to the scan rate in the range of
0.01–0.1 V s−1 in 0.1M PBS (pH 4.0), indicating the dominance of the
surface-controlled process, which is in agreement with previous find-
ings (Lu, 2019; Wang et al., 2014).

The number of electrons involved in this reaction was calculated
based on the linear relationship between the oxidation peak potential
(Ep) and the logarithm of the scan rate (logν) (see Fig. S6) (Lu, 2019):

=

−

+E RT
a nf

v K2.303
2(1 )

logp

where n is the number of electrons participating in the reaction; υ is the
scan rate (mV·s−1); α is the electron transfer coefficient, which was
calculated using a Tafel plot (Sudarvizhi et al., 2018), yielding a value
of 0.36 for AuNPs/MoS2/GN/GCE; finally, f, R, and T are Faraday’s
constant (96,500 Cmol−1), the universal gas constant
(8.314 Jmol−1 K−1), and the temperature (298 K), respectively. The
linear fitting equation is Ep=0.042 logν + 0.68. n was calculated to be
2.1≈ 2, indicating a two-electron transfer process during NO2

− oxi-
dation.

3.3. Electrochemical detection of NaNO2 at AuNPs/MoS2/GN modified
electrode

Due to the attractive electrooxidation activity of AuNPs/MoS2/GN
towards NaNO2, a biosensor for NaNO2 detection was developed.
Electrochemical sensing of NaNO2 was performed using amperometry
of an AuNPs/MoS2/GN-modified electrode at 0.75 V in 0.1M PBS (pH
4.0). Fig. 4A shows a typical amperogram with the addition of different
concentrations of NaNO2. After the addition of NaNO2, the AuNPs/
MoS2/GN/GCE responded rapidly and reached a steady state within 4 s.
Moreover, the current increase towards NaNO2 at the AuNPs/MoS2/
GN/GCE is proportional to the concentration of NaNO2. A corre-
sponding calibration curve was generated by plotting the oxidation

peak current against the concentration of NaNO2 (Fig. 4B), and the
linear fitting equation for nitrite detection is Ipc (μA)=0.0029c
(μM) + 3.65 (R2= 0.998). It is evident that the modified electrode has
a wide linear response in a range from 5.0 μM to 5.0 mM with a de-
tection limit of 1.0 μM (according to the experimental result, from a
visual evaluation), which is lower than or comparable to those of other
noble metal NP-based or C material-based NaNO2 electrochemical
sensors (Table S1).

To test the selectivity of the AuNPs/MoS2/GN-modified electrode,
some potential interfering substances that usually coexist with NaNO2

in samples, such as KNO3, Na2SO4, CaCl2, NaClO4, KCl, and glucose,
were investigated. As shown in Fig. 5, unlike the obvious current in-
crease with NaNO2 injection, the current changes caused by the addi-
tion of these interferents were negligible, indicating the highly selective
sensing of NaNO2 with the AuNPs/MoS2/GN/GCE. For 1.0 mM NaNO2,
the relative standard deviation (n= 4) was calculated to be 4.8%, in-
dicating good repeatability. The stability of the constructed sensor was
tested after the AuNPs/MoS2/GN/GCE had been stored at 4 °C for 15
days. The peak current for 1.0mM NaNO2 decreased by only 8.0%,
indicating that the constructed sensor has good stability.

Fig. 4. (A) Amperometric current responses of AuNPs/MoS2/GN/GCE upon successively stirring different amounts of NaNO2 into 0.1M PBS (pH 4.0). Applied
potential: 0.75 V. (B) Linear calibration plot of the electrooxidation current of NaNO2 vs. its concentration.

Fig. 5. Typical amperometric current responses at AuNPs/MoS2/GN/GCE upon
addition of 1.0 μM NaNO2, 1.0 μM NaNO2, 100.0 μM KNO3, 100.0 μM Na2SO4,
100.0 μM CaCl2, 100.0 μM NaClO4, 100.0 μM KCl, 100.0 μM glucose, 1.0 μM
NaNO2, and 1.0 μM NaNO2. Applied potential: 0.75 V.
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3.4. Actual sample detection

To investigate the practical applicability of the fabricated sensor,
the concentrations of NaNO2 in a sausage and pickle obtained from a
local market were analyzed by using the standard addition method, and
the results are presented in Table S2. The samples were prepared as
described in previous literature (Yang et al., 2006), and the pretreated
samples were diluted 100 times with 0.1M PBS (pH 4.0). As shown in
Table S2, the recovery values of the samples are between 98.0% and
103.2%. Therefore, the developed sensor could be applied for NaNO2

concentration determination in actual samples.

4. Conclusions

In summary, a novel method of nitrite sensor fabrication based on a
rose-like AuNPs/MoS2/GN composite synthesized via an one-pot tech-
nique was demonstrated. The AuNPs/MoS2/GN composite, which had a
large surface area and high electrochemical conductivity and catalytic
properties, exhibited enhanced electrochemical oxidation towards ni-
trite. The constructed sensor possessed a wide linear range from 5.0 μM
to 5.0mM, a low detection limit of 1.0 μM, high selectivity, good re-
peatability, and stability. However, the high overpotential still limits
the practical use of the proposed sensor. In the future, we will in-
vestigate more MoS2/GN-based composites and employ them in actual
sample detection.
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