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Abstract: Nitrite is harmful to people and animals when it is excessive in an environment. Traditional
detection methods are time-consuming and are generally restricted by sensitivity. In this study, a
simple and efficient electrochemical sensor made of a glassy carbon electrode (GCE), modified with
MoS; nanosheets/carboxylic multiwall carbon nanotubes (MoS, /MWCNT-COOH), was used to
detect nitrite. Cyclic voltammetry (CV) was used for drawing the standard curve of nitrite. The
properties of the modified materials were analyzed by X-ray diffraction (XRD), X-ray photoelectron
spectroscopy (XPS), scanning electron microscopy (SEM), transmission electron microscopy (TEM),
and electrochemical impedance spectroscopy (EIS). The modified electrode presents a great response
to nitrite, shows a wide sensing range (10-10,000 uM) and shows a low detection limit (3.6 uM).
The characterization of nanomaterials indicates that MoS,; /MWCNT-COOH has a big surface area
(150.3 m? g~!) and abundant pores (pore volume is 0.7085 cm? g~1). In addition, the sensor shows
high sensitivity (0.35 pA pM~! cm~2), good reproducibility (RSD is 2.2%), and good stability (the
responding current only decreased about 4% after 2 weeks). Therefore, the MoS, /MWCNT-COOH-
modified electrode is a potential analytical method in nitrite determination.

Keywords: electrochemical sensor; MoS,; carboxylic multiwall carbon nanotubes (MoS, /MWCNT-
COOH); glassy carbon electrode (GCE); cyclic voltammetry (CV)

1. Introduction

Nitrite (NO, ™) has been extensively applied in food additives, food preservatives,
the pharmaceutical industry, and agricultural production activities [1]. Moreover, the
accumulation of nitrite in some production environments, such as intensive aquaculture,
happens frequently. However, a high concentration of nitrite is harmful to humans and ani-
mals. Previous studies have shown that nitrite accumulation could irreversibly transform
hemoglobin into methemoglobin in blood, which weakens the oxygen transport capac-
ity and leads to respiratory failure [2,3]. Accordingly, it is important to realize the timely
and accurate determination of nitrite in the environment. Various analytical techniques
were utilized for the detection of nitrite, such as spectrophotometry, chemiluminescence,
chromatography, spectrofluorimetry, and electrochemical detection [1,4,5]. Electrochemi-
cal detection has received much attention, which contributes to the fast response, simple
pretreatment, and high sensitivity [6]. Many novel materials, especially nanomaterials,
were used to improve the performance of electrochemical sensors. Kiattisak Promsuwan
et al. have reported on a nitrite sensor based on a poly vinyl alcohol/silver microcu-
bics/polyacrylic acid modified screen-printed carbon electrode. The sensor used novel flow
injection amperometry measurement, showed high sensitivity (474.14 pA mM~! cm~2),
and showed good recovery (84-102%) in real samples (ham, bacon, fermented pork, and
sausage) [7]. Md. A. Rashed et al. verified the nitrite determination efficiency of a glassy
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carbon electrode (GCE) modified with a multiwall carbon nanotube (MWCNT), doped
polypyrrole/carbon black through linear sweep voltammetry and chronoamperometry. The
low detection limits (LODs) of these two methods were 2.3 uM and 3.06 uM, respectively [8].

MoS,, one of the representatives of two-dimensional (2D) layered transition metals,
attracts much attention in electrode modification because of its big surface area and ex-
cellent electro-catalytic activity [9]. However, MoS; usually needs to combine with other
conductive materials such as a carbon nanotube (CNT), graphene, and metal nanoparticles
because of MoS;’s poor conductivity [10]. MoS; and graphene-oxide composites decreased
the internal resistance and enhanced the charge transfer on the electrode surface [11]. A
GCE modified with Au@MoS; /chitosan showed a wide detection range (0.05-200 uM)
and low LOD (0.03 uM) in the determination of monosodium glutamate [12]. Kumar et al.
reported a reliable electrochemical sensor for the simultaneous detection of dopamine,
ascorbic acid, serotonin, and guanine, based on a poly (alanine)/NaOH/MoS, /MWCNTs
modified carbon paste electrode, due to the synergistic benefits of hybrid materials. MoS,
offered catalytic capability and poly (alanine)/ MWCNTs offered conductivity [13].

CNT has played an important role in super capacitor and electrochemical sensors since
it was synthesized, which is thanks to its high conductivity, nano tubulous structure, large
surface area, and low price. Carboxylic multiwall carbon nanotubes (MWCNT-COOH) and
oxidized CNT could form a conducting network for diffusion ions and is easy to hybridize
with other composites such as metal oxides, conductive polymer, metal nanoparticles, tran-
sition metal dichalcogenides, and metal organic frameworks [14]. Wang et al. synthesized
a 3D core-shell CNT/ MoS, hybrid that showed a high battery electrode capacity, thanks
to the active sites on the hybrid [15]. Mohammad et al. developed a MWCNT/Cu/PANI
hybrid nanocomposite electrode to detect nitrate ions; the electrode improved the reaction
process of nitrate [16]. Moreover, due to the synergic effects of the nanocomposites, the
charge transfer resistance declined significantly [17]. The previous results indicate that
MWCNT and MoS; have great potential in the field of electrochemical sensors.

In this work, we introduce an electrochemical detection sensor, which is a GCE mod-
ified with simply synthesized MoS, /MWCNT-COOH composites. The sensor is simple,
fast, and efficient. X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), scan-
ning electron microscopy (SEM), and transmission electron microscopy (TEM) were used
to evaluate the morphological characteristics and chemical composition of the synthe-
sized composites. Cyclic voltammetry (CV), chronoamperometry (i-t), and electrochemical
impedance spectroscopy (EIS) were utilized for testing the electrochemical properties of
the modified electrode.

2. Materials and Methods
2.1. Chemicals

MWCNT-COOH and MoS; were purchased from Nanjing Xianfeng nano technol-
ogy Co., Ltd. (Nanjing, China). Polyvinylpyrrolidone (PVP), potassium ferricyanide
(K3[Fe(CN)g]), potassium ferrocyanide trihydrate (K4[Fe(CN)¢]), potassium chloride (KCl),
disodium hydrogen phosphate (NaHPOy), sodium dihydrogen phosphate (NaH,POy),
sodium chloride (NaCl), sodium nitrite (NaNO;), potassium nitrate (KNOs), sodium sul-
phate (NaySOy), potassium chloride (KCl), calcium chloride (CaCly), urea, glucose, sodium
carbonate (Na;COs), hydrogen peroxide, and ascorbic acid were used in the experiment,
and all the chemicals were analytical grade. The deionized (DI) water was obtained from
an ultra-pure water system.

2.2. Instruments

The electrochemical experiments were performed on the CHI660E electrochemical
workstation (Shanghai Chenhua Instruments Limited, Shanghai, China) with a three-
electrode system, including a working electrode (GCE), a reference electrode (saturated
calomel electrode (SCE)), and a counter electrode (platinum plate). All the electrodes were
purchased from Wuhan GaoShiRuiLian science and technology Co., Ltd. (Wuhan, China).
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Other instruments included cold field emission SEM (Hitachi-SU8010, Tokyo, Japan), TEM
(Japan Electron JEM-1400Flash, Tokyo, Japan), XRD (Bruker D8 ADVACNCE, Karlsruhe,
Germany), and XPS (Escalab 250Xi, Thermo Fisher, Waltham, UK).

2.3. Preparation of MoS;/MWCNT-COOH/GCE and Electrochemical Measurements

MWCNT-COOH, MoS;, and PVP were dispersed in DI water (the concentration
of each component is 1 mg/mL) by ultrasonication; this process lasted for 1 h. Before
modification, the GCE was polished with 0.3 pm and 0.05 pm Al,Oj3 slurries in turn, then
cleaned with DI water, and dried with nitrogen. Then, 7.5 uL of the prepared composite
solution was transferred to the surface of the GCE and dried at room temperature. The
buffer solution in the experiment was PBS (pH = 6.0, made by 0.1 M NaCl, 0.1 M Na,HPOy,
and 0.1 M NaH,PQO,4). CV measurement worked at the scan rate of 50 mV /s and at the
potential range between 0.4 V and 1.2 V. Chronoamperometry measurement worked at the
scan rate of 50 mV /s and at the potential of 0.8 V.

2.4. Real Samples Preparation

Tap water and river water were used as the real samples. The tap water was obtained
from a tap water pipe and the river water was obtained from the West Lake in Hangzhou,
China. Before measurement, all the water samples were filtered to remove macroscopic
inclusion. Then, PBS was used to regulate the pH of samples to pH 6.

3. Results and Discussions
3.1. Structural and Morphology Characterization of MoS,/MWCNT-COOH Hybrid

The crystal structures of MoS;, MWCNT-COOH, and MoS, / MWCNT-COOH were
studied by XRD. The XRD patterns of these nanocomposites are shown in Figure 1A.
MoS, /MWCNT-COOH nanocomposite has obvious diffraction peaks at 20 values of 14.38°,
32.67°,39.53°, and 49.78°, which corresponds to the (002), (100), (103), and (105) reflection
planes of MoS,, respectively. All of these diffraction peaks were related to the 2H phase of
MoS, [18]. Additionally, the interplanar crystal spacing of MoS; nanosheets at the (002)
plane is 0.615 nm which is the same with previous research, demonstrating that the space
structure of MoS, was not changed by ultrasonication [19]. The broad diffraction peak
at 20 = 25.56° (002) is the feature peak of MWCNT-COOH, indicating the amorphous
carbon structure. The diffraction peak of MWCNT-COOH is broader and lower in the
MoS; /MWCNT-COOH nanocomposite [20,21]. A crystal structure with low diffraction is
good for the interaction between electrolyte ions and the electrode [22].

The surface chemical nature and valence state of the as-prepared composites were ana-
lyzed by XPS. The full XPS spectrum of MoS, /MWCNT-COOH is shown in Figure S1. The
picture (Figure 1B-E) shows the narrow scan spectra of MoS, / MWCNT-COOH nanocom-
posites which contained C1s, Ols, Mo3d, and S2p. The intensity peaks at 284.8 eV, 287.3 eV,
and 289 eV in the Cls spectrum (Figure 1B) could be assigned to the C-C bond, C=O bond,
and COOH group of MWCNT-COOH, respectively [8]. Another intensity peak at 286 eV
relates to the bond of C-O-C/S, indicating the existence of interaction in the interface of
MoS; and MWCNT-COOH [23]. Furthermore, as shown in Figure 1C, two O-related chem-
ical bonds, C-O and C=0, of O1s, which were located at 532.7 eV and 534.9 eV, respectively,
results from the oxygenation of the MWCNT [24]. The Mo3d spectra (Figure 1D) shows
three characteristic peaks at 228.9 eV, 232.1 eV, and 226 eV, corresponding to Mo 3d5/2,
Mo 3d3/2, and S2s of MoS, phase. The XPS spectra for S2p (Figure 1E) shows the S2p3/2
high-intensity peak at 161.3 eV, which is because of the existence of the S~ in MoS, [25,26].

The Brunauer-Emmett-Teller (BET) gas sorptometry measurement was used to ana-
lyze the surface area and porous nature of MoS, / MWCNT-COOH nanocomposites. The
nitrogen (N,) adsorption—desorption isotherms of the MoS, /MWCNT-COOH hybrid are
shown in Figure 2A. The isotherms are identified as II type isotherm, with a type H3 hystere-
sis loop [27]. A hysteresis loop means that under the same relative pressure, the desorption
value is larger than adsorption value, which is related to the capillary condensation of pore



Chemosensors 2022, 10, 419 4 of 14

channels. It also indicates the existence of mesopores in the nanocomposites, which is in
accordance with the Barret-Joyner-Halenda (BJH) adsorption dV/dD pore volume results
(Figure 2B) [28,29]. The BET surface area was calculated as 150.3 m? g~ 1. The total pore
volume of pores was 0.7085 cm> g~ !. The large surface area and abundant pores provide
sufficient catalytic sites for nitrite.
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Figure 1. XRD spectra (A) of MoS;, MWCNT, MoS, /MWCNT-COOH, XPS spectra of Cls (B), Ols
(C), Mo3d (D), S2p (E).



Chemosensors 2022, 10, 419 50f 14

500
0.016 |
. . B
—s=— Adsarption
400 —s— Desorption gootr
)
20012 |
300 5

L]

[=]

o
T

ume/ (
o (=]
[=3 o
g 2
(e [=]
T T
—m—N
!

Quantity Adsorbed {cm3/g STP)

o
> ]
@ 0.006 - §
=]

100 o
[a) 0.004 |
g L

ol 2 0002 |
1 1 1 Il 1 1 0.000 UL L L 1 1
0.0 02 0.4 0.6 0.8 1.0 0 20 40 60 80 100

Relative Pressure (P/Po) Pore Diameter /nm

Figure 2. Nitrogen (N;) adsorption—-desorption isotherms of MoS, /MWCNT-COOH hybrid (A),
Barret—Joyner-Halenda (BJH) adsorption dV/dD pore volume of MoS, /MWCNT-COOH hybrid (B).

The surface morphology and microstructure of MoS,, MWCNT-COOH, and MoS, /
MWCNT-COOH nanocomposites were characterized by SEM and TEM, and the ob-
tained pictures are shown in Figure 3. The TEM image of MWCNT-COOH (Figure 3A)
presents its long tube-like morphology. The multilayer-like structure of MoS; is shown
in Figure 3B,C. All the traits sufficiently evidence that the prepared materials have large
specific surface areas [30,31]. The SEM image (Figure 3D) presents a typical microstructure
of a MoS,/MWCNT-COOH hybrid; the carbon nanotubes uniformly stick to the MoS,
nanosheets. It proves the effectiveness of the ultrasonication, which increases the contact
area of the composite electrode surface as well as provides a guarantee for the transport of
electronic ions [32].

i ) N B e B e e B S
SU8010 3.0kV 9.3mm x80.0k SE(UL) 500nm SU8010 3.0kV 8.4mm x50.0k SE(UL) 1.00um

Figure 3. TEM images of MWCNT-COOH (A), MoS; (B), SEM images of MoS, (C), MoS, /MWCNT-
COOH (D).



Chemosensors 2022, 10, 419

6 of 14

-2000

3.2. Electrochemical Properties of MoS,/ MWCNT-COOH Hybrid

To evaluate the conductive properties and interfacial features of GCE modified by
the as-prepared composites, EIS measurement was operated in 5 mM [Fe(CNg)]3~/4~
solution with a frequency range from 0.01 Hz to 100 kHz. The results are displayed as
the Nyquist plots, which are usually composed of a semicircle followed by a straight line.
The semicircle at high frequency applies to the electronic transfer restriction process, and
the diameter of the semicircle is equal to the electron transfer resistance (Ret) [33]. The
straight line at low frequency applies to the diffusion restriction process. As shown in the
Figure 4A, MoS,; /MWCNT-COOH/GCE has the lowest Ret, which means it has better
electron-transfer properties than other composites. The poor conductivity of MoS, was
reconciled by MWCNT-COOH, and the nanosheets structure of MoS; improves the surface
area of the electrode [34]. Thus, MoS,/MWCNT-COOH has superior electronic properties.
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Figure 4. Nyquist plots (A) in K3[Fe(CN)g] solution and CV curves (B) of different modified electrodes:
(a) bare GCE, (b) MoS,/GCE, (c) MWCNT-COOH/GCE, and (d) MoS, /MWCNT-COOH/GCE in
0.1 M PBS with 500 uM nitrite (€) MoS, /MWCNT-COOH/GCE in 0.1 M PBS without nitrite.

The CV method was used to compare the catalytic capability of different modified
electrodes in phosphate-buffered saline (PBS) with 500 uM NO, ~. The CV curves are shown
in Figure 4B. The GCE modified with MoS, /MWCNT-COOH (Figure 4B(d)) represents a
higher peak current value compared to bare GCE (Figure 4B(a)), MoS; / GCE (Figure 4B(b)),
and MWCNT-COOH/GCE (Figure 4B(c)). Though MoS; is generally accepted to have a
great catalytic capability, it also has poor conductivity. With the help of MWCNT-COOH’s
conductivity, MoS, / MWCNT-COOH/GCE displays a higher response to NO, ™ than other
comparative electrodes.

3.3. Condition Optimization

In order to obtain the best current response of nitrite, different ratios of MWCNT-COOH
and MoS, (1: 0.25, 0.5, 0.75, 1, 1.25, and 1.5) were studied, respectively, in PBS (pH = 6)
with 500 pM NO; ~ through CV measurements. The results are shown in Figure 5A,B. The
highest current appears when the ratio of MWCNT-COOH and MoS; is 1:1. In addition,
the dispersion time of materials was studied through the same method, and the optmal
dispersion time is 60 min (Figure 5C,D).

The different pH of PBS leads to different peak current values of NO, ™. Therefore,
in order to obtain the best performance, the CV curves of 500 uM NO; ™~ in PBS with
different pH values (using the range from 3 to 8) were obtained, and the results are
shown in Figure 5E,F. The peak current value at a pH of 6 is shown as the maximum
result. Obviously, the PBS of pH value 6 would therefore be the best choice, following
the experiments.
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Figure 5. CV curves in 0.1 M PBS with 500 uM nitrite and peak current graphs: (A,B) different mix
radios of MWCNT-COOH and MoS,, (C,D) different dispersion time of MWCNT-COOH/MoS,,
(EF) detection under different pH values.

3.4. Scan Rate Analysis and Reaction Mechanism of Nitrite

The analysis of the electrochemical oxidation process of NO, ™ under different scan
rates (25-150 mV /s) was investigated by CV. The CV measurement was operated in PBS
(pH = 6) with 500 uM NO,~ (Figure 6A). As shown in Figure 6C, the absolute value of
the oxidation peak current (I) increases linearly with the growth of square root of scan
rates (v1/2). Meanwhile, the relationship between log I and log scan rate (v) is linear
(Figure 6B), and the regression equation is log I (log pA) = 0.47471log v (log mV/s) + 0.6466.
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The slope is near 0.5. The two results both indicate that a diffusion procedure controls
the electrochemical oxidation process of NO, ™ [35,36]. It is generally believed that the
chemically modified electrode is working by promoting the oxidation-reduction reaction
and increasing the adsorption of ions. Although the diffusion process is theoretically
a limitation, the modified electrodes still have obvious effectiveness, which implies the
electrode modification has exploration significance.
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Figure 6. (A) CV curves in 0.1 M PBS with 500 pM nitrite under different scan rates, (B) the linear
relationship of log current (I) and log scan rate (v), (C) the linear relationship of log current (I) and the
square root of scan rate (v), and (D) the linear relationship of response potential and log scan rate (v).

The anodic peak potential of NO, ™ and log scan rate (v) has a linear relationship; its
linear regression equation of Ep (V) = 0.0463 In v + 0.6843 is shown in Figure 6D. This
relationship can be defined by Laviron’s theory [37] as shown blow:

Ep = E° + (RT/omF) In (RTK"/ onF) + (RT/anF) In v (1)

where E? is the formal redox potential (V); K is standard rate constant; n is the number
of transferred electrons in the oxidation-reduction reaction; v is the scan rate (mV/s); « is
the electron transfer coefficient; F represents Faraday’s constant (96,480 C mol~!); and R
and T represent universal gas constant and temperature, respectively. Their convention
values are 8.314 ] mol~! K~! and 298 K. Therefore, an is calculated as 0.555. According to
previous research, « is estimated at 0.5, usually in an irreversible reaction [38]. Thus, the
value of n is approximate to 1, which indicates that in the oxidation process, NO, ™~ loses
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one electron on the MoS, /MWCNT-COOH/GCE. This process can be expressed by the
following chemical equation:
NO;,” +NO; +e 2)

Then, NO; will be disproportioned to NO, ™ and NO3~, as shown in the equation
under below:
2NO, + H,O — NO3;~ + NO, ™ +2H* 3)

3.5. CV Determination of Nitrite

In optimal conditions, the CV measurement was used to detect nitrite under different
concentrations by MoS,/MWCNT-COOH/GCE. The current responses of nitrite at a
range from 10 uM to 10,000 uM are displayed in Figure 7A. It is clear that the CV peak
current increases regularly with the increase in nitrite. As shown in Figure 7B, the linear
equation is current (I) = —0.0246 concentration (uM) —13.471, R? is 0.9885. It indicates
that an electrochemical method based on CV has an accurate response for nitrite detection.
According to the fitted equation, the sensitivity of the modified electrode was estimated to
be 0.35 pA uM~! em 2, which was defined as the ratio of the slope of the linear equation
to the surface area of the electrode. The limit of detection (LOD) was 3.6 uM, calculated
through the formula 35D/S (the SD is the standard deviation of a blank signal and the S
is the slope of the standard curve). The results prove the new electrochemical sensor is a
promising system for nitrite detection.

A 10,0004M . B

-250
y =-0.0246x - 13.471
R?=0.9885

-200

-150

/pA

-100

-50

1 1 1 1 1 " 1 " 1 " 1 i 1 " 1
0.2 04 0.6 0.8 1.0 1.2 0 2000 4000 6000 8000 10000
E/V(vs.SCE) Concentration/pM

Figure 7. (A) CV curves of MoS, /MWCNT-COOH/GCE in 0.1 M PBS with nitrite in the range from
10 to 10,000 uM; (B) the fitting equation of the sensor under different concentrations of nitrite.

Table 1 lists the nitrite electrochemical detection parameters of MoS,/MWCNT-
COOH/GCE, and some other published modified electrodes. It is not difficult to find
that MoS,; /MWCNT-COOH/GCE has a responding performance comparable to that of
other nitrite electrochemical sensors and even has better parameters than some of the
electrodes in them. MoS,; /MWCNT-COOH /GCE shows a wider detection range than most
of them. The LOD in this research shows a comparable, and even lower than some, value
to other sensors. For example, the silver microcubics/poly acrylic acid/poly vinyl alcohol
modified screen-printed carbon electrode has the LOD at 4.5 uM [7]; it is 6.75 uM for the
laser-induced graphene electrode modified with MWCNT /gold nanoparticles [39]; and it
is 16 pM for the «-MnO, /MoS, /GCE [40]. The comparison table proves that the modified
electrode in this work has potential in nitrite determination.
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Table 1. The comparisons of different modified electrodes on nitrite detection.
. Sensitivity . Detection Limit
Material Method (UA M~ cm-2) Linear Range (LM) Refs.
. DPV a* 0.01509 20-1000 2.74
Ni/MoS,/GCE it 0.00512 5-800 2.48 (371
Fe,O3/MoS, /GCE i-t - 2-6730 1 [41]
AuNPs/MoS, /GCE i-t 0.01239 5-27,800 1.67 [42]
o-MnO,-MoS, /GCE i-t 0.516 100-800 16 [40]
LSV ¢* 0.1558 500-10,500 2.3
— b y
MWCNTs/PPy-C/GCE ™ it 0.1171 5-9500 3.06 181
LIG/MWCNT/AuNPs 4* cv - 10-90 6.75 [39]
Ag/Zr-MOF/FTO ¢* i-t - 40-2000 9.1 [43]
AgMCs-PAA /PVA /SPCE £+ i-t 0.0596 2-800 4.5 [71
Au-Dy»(WOy)3/GCE &* DPV 0.0815 10-1000 35 [44]
AgPs-IL-CPE h+ Swv - 50-1000 3 [45]
Poly /(é'P’Ei/ oD it 0.187 6-600 35 [46]
MoS, /MWCNT-COOH/GCE cv 0.35 10-10,000 3.6 This work

a*_ Differential Pulse Voltammetry; P*. Multiwall carbon nanotube/polypyrrole-carbon black/GCE; °*. Linear
Sweep Voltammetry; 9*. Laser-induced grapheneous carbon electrode/multiwalled carbon nanotubes/gold
nanoparticles; ¢*. Silver nanoparticles /porphyrinic zirconium-based metal organic framework/fluorine-doped
tin oxide (FTO) conducting glass; f*. Silver microcubics-poly (acrylic acid)/poly (vinyl alcohol) /screen-printed
carbon electrode; 8*. Au nanoparticle-decorated Dy,(WOy)3; nanocomposites/GCE; hx silver sub-micrometre
particles /hydrophobic ionic liquid trihexyltetradecylphosphonium chloride/carbon paste electrode; '*. Poly
(4-Aminobenzoic Acid/o-Toluidine)-modified carbon paste electrode.

3.6. The Selectivity, Reproducibility, and Stability Analysis

The specific selectivity of the suggested electrochemical nitrite sensor was tested by
an amperometric method. The obtained i-t curve is shown in Figure 8A. The current has a
sudden change after adding nitrite (250 uM, 155 s, 258 s, and 340 s), and when the inter-
fering materials (including KNO3, Na;SOy4, KCl, CaCly, urea, glucose, Na,COj3, hydrogen
peroxide, and ascorbic acid) were added, the peak current did not change distinctly. The
results of hydrogen peroxide and ascorbic acid are shown in Figure S2. The result proved
that the modified electrode has good selectivity on nitrite and confirmed the utilization
potential of MoS, / MWCNT-COOH nanocomposites in electrochemical materials.

The reproducibility parameter is a key indicator for evaluating the performance of
the quantitative analysis. Six MoS, /MWCNT-COOH/GCEs under completely identical
conditions were used to detect 500 uM of nitrite in PBS (pH = 6), and the peak current of
these electrodes are shown in Figure 5B. The differences in the peak current values are very
low and the RSD is 2.2%, which verified the reproducibility of the composites.

A good electrode sensor should have good stability. Therefore, three MoS, /MWCNT-
COOH/GCEs were used to detect 500 uM of nitrite in PBS (pH = 6) every 7 days and they
were preserved in a refrigerator after detection. The experiment lasted for 21 days. The
average CV curves of each detection day are shown in Figure 8C: the responding current
of nitrite on the 7th day and the 14th day decreased by about 4%, and on the 21st day; it
decreased by 8.55% (Figure 8D), indicating that the modified electrode has good stability.
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Figure 8. (A) The i-t curves of MoS; /MWCNT-COOH/GCE in 0.1 M PBS added with nitrite (250 pM)
and other interfering chemicals (500 uM, respectively), (B) the histograms of six MoS, /MWCNT-
COOH/GCEs in 0.1 M PBS with 500 uM nitrite, the CV curves (C) and the current histograms (D) of
MoS; /MWCNT-COOH/GCE in 0.1 M PBS with 500 uM nitrite MoS, /MWCNT-COOH /GCE under
different preserve time (0 d, 7 d, 14 d, and 21 d).

3.7. Real Sample Analysis

The MoS; /MWCNT-COOH/GCE successfully detected nitrite in both the tap water
and the river water with the standard addition method. Every concentration experiment
ran three times, and the average current of three times experiments was used to calculate
the nitrite concentration. The real sample verification results are shown in Table 2. The
recovery values are between 97.2% and 107%, and RSDs are under 4%. The standard
addition calibration curves are shown in Figure S3. The regression function of tap water is
I (LA) = —0.0267 concentration (M) —12.603 (R? = 0.9525), and the regression function of
river water is I (uA) = —0.027 concentration (uM) —12.514 (R? = 0.9401). The results are
close to those of the standard curve method, which also verifies the accuracy of the sensor.
Therefore, the sensor has potential to be applied under real environment conditions.
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Table 2. The determination of real water samples with nitrite added.
0,
Sample Added (uM) Found (uM) Recovery (%) Rilz (3/0)
5 5.23 104.6 2.8
25 25.32 101.3 2.5
Tap water 50 48.60 97.2 3.6
250 246.25 98.5 14
500 496.50 99.3 0.7
5 5.35 107 2.3
25 25.50 102 3.1
River water 50 50.95 101.9 1.9
250 250.25 100.1 1
500 497.50 99.5 0.4

References

4. Conclusions

In this paper, a simple ultrasonication method was used on the synthesis of MoS, /
MWCNT-COOH nanocomposites. The GCE modified by MoS,; /MWCNT-COOH, as the
working electrode was used to detect nitrite through the CV method. The electrochemical
sensor shows good stability, reproducibility, and selectivity, and at the same time, the
sensor has a broad detection range (10-10,000 uM) and low LOD (3.6 uM). The great
catalysis and response ability of the sensor is mainly due to the conductivity and big
surface area of MoS; /MWCNT-COOH nanocomposites. The real sample analysis indicates
that MoS, / MWCNT-COOH /GCE has good application potential in nitrite detection.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390 /chemosensors10100419/s1, Figure S1: The full XPS spectrum
of MoS, /MWCNT-COOH composites; Figure S2: The i-t curves of MoS, /MWCNT-COOH/GCE in
0.1 M PBS added with nitrite (250 uM) and other interfering chemicals (hydrogen peroxide (H,O,)
and ascorbic acid 500 pM, respectively); Figure S3: (A) The standard addition calibration curves of
tap water. (B) The standard addition calibration curves of river water.
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