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Unveiling the sensing ability of new MoS,
nanoparticles: from fundamental insights
into practical applications for nitrites¥

’ '.) Check for updates ‘

Cite this: J. Mater. Chem. C, 2025,
13, 11214

@ Stefano Bonforte,? Giuseppe Nicotra,”
4 Milko E. van der Boom @ *¢ and

Federica Florio,® Angelo Ferlazzo,
Giovanni Neri, 2 ¢ |ddo Pinkas,
Antonino Gulino (2 *@

The unique properties of transition metal dichalcogenides (TMDs), particularly molybdenum disulfide
(MoS,), have garnered significant attention in various fields including electronics, catalysis, and energy
storage. The synthesis of MoS,, along with controlled morphology and properties, remains a crucial
aspect because of its practical applications. Here, we present an alternative synthesis approach for
MoS,, obtained by a solvothermal method, starting from bis(acetylacetonato)dioxomolybdenum(vi),
MoO,(acac),. Our method results in the formation of a carbon MoS, (~75%: ~25%) composite material.
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This composite holds promise for advancing our understanding and utilization of MoS, for sensing.
Through detailed characterization and analysis, we elucidate the structure and morphology of the
synthesized MoS,, and provide insights into its sensing applications for nitrites. This study not only
contributes to the synthesis methodology of MoS,—it also offers valuable insights for the design and
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Introduction

Transition metal dichalcogenides (TMDs) are a set of MX,
inorganic compounds, where M belongs to the IV-IX groups,
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development of advanced TMD-based materials.

and X is a chalcogen ion (S, Se, Te)."” Depending on the
number of d-electrons of M and on the X oxidation state, TMDs
can be insulators, semiconductors, or metallic.®> Within TMDs,
MoS, exhibits unique properties that mainly develop from its
layered structure.” Therefore, bulk and monolayer MoS, exhi-
bits an indirect bandgap of ~1.2 eV or a direct bandgap of
~1.8 eV, respectively.>® MoS, undergoes the following three
main crystalline phases: 1T (one-layered trigonal, metallic), 2H
(two-layered hexagonal, semiconductor), and 3R (three-layered
rhombohedral, semiconductor), where 1, 2, and 3 indicate the
number of MoS, layers contained in the unit cell, and the
letters T, H, and R refer to the lattice systems.””®

MoS, has recently emerged as a promising material for
sensing applications due to its unique electronic, mechanical,
and chemical properties.”'® The layered structure of MoS,,
along with its high surface-to-volume ratio and tunable band-
gap, makes it an attractive candidate for sensing platforms."*
Considerable research efforts have been directed toward explor-
ing and harnessing the sensing capabilities of MoS, in envir-
onmental monitoring, healthcare diagnostics, and industrial
process control."”* In this context, the sensing of widely used
nitrites as additives in the food industry is important, since,
within the human body, nitrites can easily be transformed into
nitrosamines. Importantly, these compounds are a probable
human carcinogen.">'® Typical sensing approaches for nitrites
involve Raman spectroscopy, chromatography, spectrophotometry,

This journal is © The Royal Society of Chemistry 2025
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chemiluminescence, supramolecular receptors, and electrochemi-
cal measurements.”” ™ Electrochemical methods offer a combi-
nation of practical advantages regarding sensitivity, selectivity, and
possible miniaturization.** Nanostructured MoS,-based sensors are
responsive toward NO, . Zhang et al. used a flower-like 3D MoS,
microsphere/2D C;N, nanosheet composite for the electrochemical
sensing of nitrite and found a large and linear detection range
(0.1-1100 uM), and a detection limit of 0.065 pM.*" Li et al. used
high-valence Mo(vi) derived from in situ-oxidized MoS, nanosheets
for nitrite sensing and reported a linear relationship with nitrite
concentrations ranging from 1.0 pM to 386.0 pM with an even
lower detection limit of 0.028 uM.>* Ghanei-Motlagh used a silver/
halloysite nanotube/molybdenum disulfide nanocomposite for
nitrite sensing and observed a linear response from 2 to 425 uM
with a detection limit of 0.7 uM.>*

Nanostructured MoS, can be synthesized by both bottom-up
and top-down approaches.>* We have chosen, among the bottom-
up approaches, the solvothermal method that embodies the best
compromise between a straightforward synthesis procedure and
the desirable properties of the final product.” In this study, we
demonstrated the use of the commercially available MoO,(acac),
as a precursor for the formation of a composite of MoS,/C and the
detection of nitrites. We focused on the electrochemical behavior
of this composite to systematically investigate its sensing perfor-
mance and elucidate its response mechanism. Through compre-
hensive characterization and analyses, we provide insights into its
suitability for practical sensing applications. The detection limit
of the composite toward nitrite ions is appreciably below the
permissible limit in potable water. We also demonstrate its use for
detecting nitrite ions in a meat product.

Experimental

Some chemicals were of reagent grade and were used without
further purification. The following compounds were purchased
from Sigma Aldrich: bis(acetylacetonato)dioxomolybdenum,
MoO,(acac), was purified by multiple sublimation procedures
at 120 °C under vacuum,® sulfur, 1-methyl-2-pyrrolidone (NMP),
purity >99.0%.

MosS,, synthesis

1.0770 g (3.302 mmol) of MoO,(acac), and 0.318 g (9.906 mmol)
of sulfur were dissolved in 60 mL of NMP with two drops of
water. Then, the mixture was stirred for 30 minutes, transferred
into a 100 mL Teflon-lined stainless steel autoclave and heated
at 200 °C for 24 h. Next, the autoclave was left to cool down to
room temperature and a black precipitate was collected by
centrifugation (14000 rpm) and washed with NMP, ethanol,
and water. Finally, the product was dried in a vacuum oven at
60 °C for 24 h; the yield = 0.528 g of overall product (0.396 g C,
0.132 g MoS,), 25% with respect to MoS,.

X-ray photoelectron spectroscopy (XPS)

These measurements were made at a 45° take-off angle relative
to the surface normal using a PHI 5000 Versa Probe II system

This journal is © The Royal Society of Chemistry 2025
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(ULVAC-PH], Inc.). The base pressure of the main chamber was
1 x 10~ % Pa. Samples were excited with monochromatized Al K,
X-ray radiation using a pass energy of 5.85 eV. Spectra were
calibrated by fixing the Ag 3ds, peak of a clean sample at
368.3 eV. The instrumental energy resolution was <0.5 eV.
The XPS peak intensities were obtained after Shirley back-
ground removal. The atomic concentration was analyzed by
considering the relevant atomic sensitivity factors. The fittings
of the Mo 3d, S 2s, S 2p, XP spectra were carried out with the
XPSPEAK4.1 software using Gaussian envelopes after subtract-
ing the background until there was the highest possible
correlation between the experimental spectra and the theore-
tical profiles. The residual or agreement factor R was defined

12
as R= Z(Fobs—Fculc)z/E(Fobs)z] , after minimizing

the function Y (Fops — Fculc)z, which converged to a value of
0.03.2772°

X-Ray diffraction (XRD)

A Rigaku Smartlab diffractometer was used, equipped with a
rotating anode of Cu K, radiation, operating at 45 kv and
200 mA. Bragg-Brentano patterns were acquired with a resolu-
tion step of 0.02° 20.

Raman measurements

The micro-Raman spectra (4 = 532 nm excitation laser) were
collected using a Horiba LabRAM HR Evolution (Horiba,
France) spectrometer equipped with four laser lines (785,
633, 532, and 325 nm). The system has an 800 mm focal
length spectrograph for high-resolution and low stray light,
with several interchangeable gratings; it includes an open
electrode, front illuminated, cooled CCD detector. The sam-
ple was placed under a modular microscope (Olympus BX-
FM) with a suitable objective. For this work, a MPlanFL N X
150 NA = 0.9 BD (Olympus Japan) objective with spatial
resolution better than 1 um was used. The Raman scattered
light from the sample was dispersed by a 600 g mm " grating
and the pixel resolution was better than 2 cm ™. Spectra were
collected between 100 and 1800 cm ™', with a power of up to
3 mW, and an exposure of 20-100 seconds using 5-20 averages
(depending on the signal quality). The system was calibrated
using the Si peak at 520.7 cm ' before every measurement
session.

Electron microscopy

Scanning electron microscopy (SEM) images were acquired
using an Everhart-Thornley detector installed on a Thermo
Scientific™ Helios™ 5 UC DualBeam system, equipped with a
monochromated SFEG electron gun, operating at 5.00 kV.
A JEOL ARM 200F electron microscope was used to characterize
the MoS,/C composite by scanning transmission electron
microscopy in high annular angle dark field mode (HRSTEM-
HAADF) and electron energy-loss spectroscopy (EELS) analyses.
Measurements were conducted under gentle STEM conditions

J. Mater. Chem. C, 2025,13, 11214-11222 | 11215
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(60 keV, a probe size of 1.1 A, and 5 pA emission current) to
prevent the sample from beam damage.*’

Electrochemistry

Cyclovoltammetry (CV), linear sweep voltammetry (LSV), and
differential pulse voltammetry (DPV) measurements were per-
formed using a DropSens pStat 400 potentiostat equipped with
Dropview 8400 software. Electrical impedance spectroscopy
(EIS) was performed using a Metrohm Autolab galvanostatic
potentiostat. A 0.1 M phosphate buffered saline (PBS) solution
at pH 7.4 was used to perform the electrochemical measure-
ments. CV tests were performed at a scan rate of 50 mV s~ ' in
the —0.3 to 0.6 V potential range, using 10 mM potassium
ferricyanide (K;[Fe(CN)g]) and 0.1 M KCl standard solutions.
LSV tests were conducted using a 0.1 M PBS solution, at a
scan rate of 50 mV s~ ', in a 0-1 V potential range, to detect
0-1000 pM NaNO, concentrations, with steps of 10 uM. DPV
tests were conducted using an optimized potential step (Egcp)
of 0.03 V, a potential pulse (Epys) of 0.09 V, and a time pulse
(Tpur) of 200 ms with a scan rate of 40 mV s . EIS tests were
conducted using 10 mM potassium ferricyanide (Ks[Fe(CN)g])
and 0.1 M KClI standard solutions in the 0.1-105 Hz frequency
range, an amplitude of 5 mV, and an applied potential of
0.25 V. Measurements were made using commercial screen-
printed electrodes, with a carbon working electrode (SPCE)
from Methrom DropSens company; the SPCE was modified
with MoS,/C composite (hereafter referred to as MoS,/SPCE).
This sensor was prepared by depositing 20 uL of a suspension
of the MoS,/C composite (1 mg in 1 mL of distilled water) on
the working electrode. The resulting sensor was air-dried at
room temperature for 24 hours. The sensor’s sensitivity was
always calculated as the ratio between the slope of the calibra-
tion line and the geometric surface area of the used electrode
(0.125 ¢cm?).*" The limit of detection (LOD) was calculated by
multiplying the ratio between the intercept value and the slope
of the calibration line by 3.3. Chronoamperometric curves were
obtained by recording the oxidation current, under a constant
potential of 0.6 V, while an appropriate volume of 10 mM of the
NO, " solution was added to the electrolyte solution (PBS 0.1 M)
under magnetic stirring.

DPV nitrite sensing measures were also performed at differ-
ent pH (5-8) and ionic strength (0.1 M, 0.2 M) values.

To assess the ability of the MoS,/SPCE sensor to detect NO, ™~
anions in a real water sample, we performed the DPV analysis
on commercial bottled water (Fontenoce; its physico-chemical
analysis indicated the absence of nitrite anions) before and
after adding 1, 2, and 20 pM of nitrite anion, respectively. The
MoS,/SPCE can be reset by washing with distilled water.
In addition, we investigated the nitrite concentration in an
Italian sausage (bresaola punta d’anca RIGAMONTI; https://
www.rigamontisalumificio.it) by DPV using the already optimized
potential step, potential pulse, time pulse, and scan rate. Next,
we minced a bresaola slice of 10.1 g using a Beku blender in
100 mL of water and after 2 h, we filtered off the liquid. Finally,
we diluted 1 mL of this liquid to 5 mL using 4 mL of distilled
water and measured the resulting solution.
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Results and discussion

Concerning the solvothermal syntheses of MoS,, it was
reported that varying the reaction temperature, from 180 °C
to 240 °C, results in different degrees of crystallinity and
structures, along with a great variety of morphologies (e.g.,
nanorods, nanosheets, and nanospheres).” In our solvother-
mal process we used MoO,(acac), as a metal-organic precursor.
A possible reaction mechanism for the MoS, formation involves
a redox process in which Mo(vi) is reduced to Mo(wv) and sulfur
is involved in a disproportion reaction:

L 28° + 4~ — 28*~
II. $S° - S* + 6e™
III. Mo®" + 2¢~ —» Mo*"

V. 38° + Mo®" — MoS, + S°"

Overall reaction:

MoO;(acac),+3S + H,O ;TMOIS: MoS;,(s) + SO; 1 +2Hacac

The graphitic carbon was produced by decomposing
Hacac.”?

Another key factor in our synthetic method is the choice
of NMP as solvent. The surface tension value of 40 m] m >
matches the surface energy estimated for few-layered MosS,,
namely, 46.5 mJ m~2.3* NMP is often used to exfoliate layered
materials and to stabilize the thin sheets, produced by material
ultrasonication, after the synthesis.>® However, such a proce-
dure may induce undesired oxidation processes and conse-
quently the formation of undesired sulfur vacancies.*® Taking
all this into account, we employed NMP as the solvent for the
MoS,/C syntheses to obtain a layered nanostructure without
further post-synthetic treatment. The other important para-
meter in our solvothermal synthesis is the temperature, which
was set at a value (200 °C) close to the boiling point of NMP
(202 °Q).

Fig. 1a presents a comprehensive micro-Raman spectrum of
the MoS,/C composite in the 100-1800 cm™ ' range, and Fig. 1b
provides the 100-500 cm ™" region.

The peaks observed at 150, 239, 285, and 337 cm ™' corre-
spond to the characteristic Jy, J, Eqg, and J; MoS, vibrational
modes, respectively, which were indicative of the 1T-phase of
MoS,.>¢ On the other hand, the peaks at 376 and 405 cm ™ *
correspond to the Eég and A,, vibrational modes of the 2H-
phase of MoS,, respectively.>*” In addition, the peaks at 113
and 125 cm ™' correspond to the By and B, vibrational modes
associated with some MoO; compounds, as well as the peaks at
660, 820, 964, and 993 cm '.>*3%3% The vibrational modes at
1378 and 1562 cm ' correspond to the D and G bands of
graphitic carbon, respectively.’® Therefore, the Raman data
confirm the presence of a composite material consisting of
graphitic carbon as well as the MoS, 1T and 2H mixed phases.

This journal is © The Royal Society of Chemistry 2025
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Fig.1 (a) Micro-Raman spectrum of the MoS,/C composite in the 100—
1800 cm™* range. The low frequency shows MoOz and MoS,; the middle
frequencies show other oxides, and the higher frequencies belong to the
carbonaceous material; (b) an expanded scale in the 100-500 cm™ range
shows the assignments of the MoS, vibrations (1T and 2H) and the MoOs
oxide.

XPS was performed on the as-synthesized MoS,/C to obtain
important information about its electronic structure. Fig. 2a
shows the XP spectrum of the Mo 3d and S 2s states. Three
peaks were evident at 226.5, 229.1, and 232.3 eV. Deconvolution
of the experimental XP spectrum revealed the presence of a
band at 226.5 eV due to the S 2s states. The following six
Gaussians correspond to three Mo 3d doublets (Mo 3ds 3
spin-orbit components). Those Gaussians at 229.0-232.2 eV are
consistent with the Mo" states of the 1T MoS, phase (39% of
the overall Mo content); those at 230.1-233.3 eV are consistent
with the Mo*" states of the 2H MoS, phase (56% of the overall
Mo content), and those at 232.2-235.2 €V are consistent with a
few Mo®", due to the presence of some sizeable (~5% with
respect to the total Mo content) Mo0;.>>*'™** The data are in
good agreement with the literature regarding layered structured
MoS,.**

Fig. 2b shows the XP spectrum of the S 2p states. The spectrum
revealed two evident peaks and an additional high binding energy
shoulder at 162.1, 162.9, and 164.4 eV. Fitting the spectrum

@ L

225 230 235 240 160 165 170
Binding Energy (eV) Binding Energy (eV)

Fig. 2 (a) Al-K, excited XPS of MoS; in the Mo 3ds/23/2, S 2s binding
energy region. The olive, cyan, and wine lines denote the 229.0-232.2,
230.1-233.3, and 232.2-235.2 eV components, respectively, of the Mo 3d
states, and the purple line denotes the S 2s signal at 226.5 eV. The blue line
denotes the background, and the red line superimposed on the experi-
mental black profile denotes the sum of all components. (b) Al-K,, excited
XPS of MoS; in the S 2ps/2,1/2 binding energy region. The purple and the
pink lines denote the 162.0-163.2 and 163.5-164.7 eV components,
respectively, of the S 2p states. The blue line denotes the background,
and the red line superimposed on the experimental black profile denotes
the sum of all components.

This journal is © The Royal Society of Chemistry 2025
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profile disclosed the superimposition of two S 2p;/,,1/» doublets
at 162.0-163.2 and 163.5-164.7 eV (1.2 eV spin-orbit coupling),
whose single doublet components overlapped. According to the
reported results, the lower binding energy doublet refers to
both the terminal S, and S>~ basal plane ions, whereas the
higher binding energy doublet is due to apical S~ and bridging
S,>” ions.*®

The SEM analysis of MoS,/C reveals granular structures that
are highly dispersed in size, irregularly faceted, and with
rounded surfaces. These features indicate the absence of well-
defined crystallinity and the presence of large grains (Fig. 3).

HRSTEM-HAADF imaging of the MoS,/C composite (Fig. 4a—c)
revealed a nanostructured specimen made by a randomly
oriented nanoribbon-like matrix very visible in the thinner
regions.*® Layered structures are visible with an average length
of 2.79 nm, and typical interplanar distances of 0.60 and 0.90 nm,
consistently with the 2H and 1T-MoS, phases, respectively, which
coincide with the Raman analysis.*®

Both the XRD spectra and the SAED patterns obtained from
HRSTEM show broadened diffraction peaks and continuous
rings, respectively, which are characteristics of partially ordered
crystals with a short-range order of <10 nm for which one
observes relevant peak broadening due to a small crystal size.

From the SEM and TEM analyses, it emerges that these
nanostructures have a matrix with an intermediate structure
between amorphous and crystalline. There are locally ordered
regions that exhibit a layered structure with nanoribbon-like
morphologies.

Fig. S1 (ESIt) shows the XRD pattern of the MoS,/C compo-
site. As shown, apart from a broad band covering the 30-60 20
range, no well-defined peaks were observed throughout the 20
range. This observation reinforces the absence of a long-range
order or a defined interlayer spacing. Such a pattern charac-
terizes nanostructures with dimensions well below 10 nm,
which lack a long-range order yet retain short-range periodicity.*”
This observation is in good agreement with literature XRD data
for a similar nanosized, destacked MoS, material.*>*%*° Raman
spectroscopy is highly sensitive to local atomic arrangements,
allowing the detection of localized phonon modes even under
conditions where XRD shows no long-range order.”® Indeed, the

Fig. 3 SEM images of the MoS,/C composite.
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L=1.32nm
d=0.9nm

10 nm

Fig. 4 HRSTEM-HAADF images of the MoS,/C composite showing (a)
some nanoribbons of 3.50 nm at 0.90 nm; (b) some nanoribbons of 2.00
and 1.32 nm at 0.60 and 0.90 nm, respectively; (c) nanoribbons of 3.00 and
3.34 nm (d = 0.6 nm); (d) a selected area electron diffraction (SAED)
pattern and its intensity profile (the cyan line) of the MoS,/C composite.

SAED pattern (Fig. 4d) and the corresponding intensity profile
(the cyan line in Fig. 4d), which is in close agreement with the
XRD profile (Fig. S1, ESIt), exhibited a “poor crystalline”” diffrac-
tion signature with blurry halo rings.***

The EELS spectrum (Fig. S2, ESIt) confirmed that MoS, is
homogeneously dispersed within the carbon matrix.

The electrochemical properties of the MoS,/C composite
indicated a band gap of 1.68 eV, estimated from the difference
between the LUMO (—4.077 eV) and HOMO (—5.757 eV) energy
levels.”> These HOMO-LUMO levels were calculated from the
oxidation and reduction onset from the cyclic voltammogram
shown in Fig. 5 using eqn (1) and (2):

HOMO = —[Eqnset,ox + 4.637 €V] (1)

LUMO = —[Eonsetred + 4.637 €V] (2)

Fig. S3-S5 (ESIf) show the characterization of the MoS,/C
composite/SPCE electrode. We performed DPV measurements
with the MoS,/SPCE sensor using increasing NO,  concentra-
tions (Fig. 6a). Fig. 6b shows the calibration curve of the MoS,/
SPCE sensor; it exhibits excellent responsiveness to nitrite
concentrations, showing a sensitivity of 4.993 pA uM ' cm 2%

The reported oxidative peak potential of MoS, is 1.3 V.>° In
our carbon MoS, composite we observed this oxidative peak
at 1.6 V.

The Food and Drug Administration (FDA) states that the
nitrite anion concentration in water must be lower than 1.0 mg L™"
(20 uM); however, we succeeded in detecting much lower concen-
trations (0.085 pM). Concerning the sensing mechanism for nitrite
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Fig. 5 Cyclic voltammogram versus the Ag/AgCl reference electrode of
the synthesized MoS,/C composite. The AV of the standard hydrogen
electrode (SHE) vs. vacuum = 4.440 V; the AV of the Ag/AgCl vs. SHE =
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Fig. 6 (a) DPV at different nitrite concentrations (0-1100 pM, initial
step 1 uM) in 0.1 M PBS (pH 7.4); (b) calibration curve for anodic peak
current (/p,) versus the nitrite concentration (SD < 1.17 for 5 repeated
whole cycles). Inset: Expanded scale in the 0-50 pM range of NaNO,.

anions by MoS,, it has been reported that some Mo®*, obtained
upon applying a potential of about 1 V, may be responsible for the
following reaction:>*

+

Mo®" + NO,” + H,0 — Mo*" + NO;™ + 2H

In this context, we detected ~5% of MoO; (Mo®") in our
composite (see above the Raman and XPS data); therefore, the
sensing activity of our material was intrinsically possessed. Note
that our present study is not really concerned with identifying the
nature of compensating defects such as cation vacancies, inter-
stitial sulfur, more complex defect clusters, or defects at the grain
boundaries.>"*

Concerning the specific role of the 1T and 2H MoS, phases
for the electrochemical sensing of nitrites, the metallic 1T-MoS,
(highly active at both edges and basal planes) represents the
most active phase for electrochemical sensing, since possesses
excellent electrical conductivity, while the semiconducting 2H-
MoS, phase (that has only active edges) is more stable. There-
fore, the synergic contribution of both 1T (metallic) and 2H
(higher stable) phases are crucial factors in the development of
sensible and stable electrochemical sensors.’®””

The repeatability of the MoS,/SPCE sensing ability for NO, ™
was demonstrated by replicating five times the analyses at a

This journal is © The Royal Society of Chemistry 2025
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Fig. 7 Current—time response of the MoS,/SPCE electrode upon succes-
sive additions of nitrite to the 0.1 M PBS electrolyte at 0.6 V; the inset
shows the response with 0—-10 puM of nitrite.

concentration of 20 uM (Fig. S6a, ESIt); the calculated standard
deviation was 0.78. Chronoamperometry was also applied to
better assess the NO,™ sensing limit of MoS,/SPCE using a
constant applied potential (0.6 V vs. Ag/AgCl). Fig. 7 shows the
current response upon changing the nitrite concentration. The
increase in oxidation current reaches a plateau in 2 s upon
increasing the [NO, ], up to the tested 1500 uM concentration.
The corresponding calibration curve, shown in Fig. 8, shows
the linear fit of the current vs. the nitrite uM concentration,
which yields a sensitivity of 259 A pM " ecm ™2 and a LOD value
of 0.085 pM.

To assess the ability of the MoS,/SPCE sensor to detect
nitrite anions in real samples (without the use of PBS), we
performed DPV measurements on commercial nitrite-free
bottled water, before and after adding 1, 2, and 20 pM of
NO, " (Fig. S6b, ESIT). The calculated recoveries ranged between
99.3% and 104.4% (Table 1).°® Such results indicate that the
MoS,/SPCE sensor selectively detects nitrite anions even in the
presence of other potential interfering species (those stated by
the Fontenoce factory: Cl-, Ca*>", Mg**, K*, SO,>7, F, SiO,,
HCO; ™, Na*, and NO;").*® Furthermore, we investigated the
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Fig. 8 Calibration line for detecting and quantifying nitrite. The inset
shows the calibration line for 0-3 uM of nitrite.

This journal is © The Royal Society of Chemistry 2025

View Article Online

Journal of Materials Chemistry C

Table 1 Determination of NO,™ ions added to a commercial bottled
water sample (Fontenoce)>®

Sensor [NO, 7] (uM) ACurrent (pA) Recovery (%)
MoS,/SPCE 1in 0.1 M PBS 1.47 100
‘“ 2 in 0.1 M PBS 2.56 100
“ 20 in 0.1 M PBS 5.54 100
” 1 in bottled water 1.46 99.3
“ 2 in bottled water 2.67 104.4
“ 20 in bottled water 5.57 100.5
201
154
<
f A Current = 5.8 pA
o
§ 10
o
5 .

04 0.6 0.8 1.0
Potential (V)

Fig. 9 DPV analyses to determine the nitrite in an Italian sausage
(bresaola).

nitrite concentration by DPV in an Italian sausage (bresaola)
(Fig. 9). The measured current variation at the exact expected
nitrite oxidation potential (0.6 V), using the already optimized
potential step, potential pulse, time pulse, and scan rate (see
Experimental), was 5.8 pA. Using the calibration line shown in
Fig. 6b, and considering the performed dilution (see Experi-
mental), we obtained 72.8 mg nitrite per kg sausage. This value
is very close to the limit indicated by European legislation
(80 mg kg ™) for this kind of food product.

In addition, to further investigate the ability of our MoS,/
SPCE sensor to detect nitrite anions in real samples, we mea-
sured the DPV in water containing single interferents (100 uM
each), as shown in Fig. 10. The results further show the
selectivity of the material.

Furthermore, the MoS,/SPCE sensor exhibits good stability
that extends at least six months after its initial use (Fig. Séc,
ESIt).

The response of the MoS,/SPCE sensor to 200 pM nitrite
at different pH values (5.0-8.0) is shown in Fig. S7 (ESIY)
and indicates a small shift toward lower oxidation potentials
(0.67-0.53 V) as the pH increases from 5.0 to 8.0. Fig. S8 (ESIt)
shows virtually no change in current or potential as the ionic
strength increases from 0.1 to 0.2 M.

Electrochemical and optical methods are often used for
nitrite sensing in water and food.>"*°%° Catalytic and electro-
catalytic nitrite determination in aqueous solution have been
reported as well.”””" Therefore, the already reported LODs for
nitrite sensing (Table 2) seem to span a large range, with values

J. Mater. Chem. C, 2025,13, 11214-11222 | 11219


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d5tc01165e

Open Access Article. Published on 29 April 2025. Downloaded on 7/31/2025 9:48:13 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Journal of Materials Chemistry C

= NO3

Z 10-

|

N

=

2

S 51 0

:

=
Na~ K*Ca?*CI' NO3 & SO; HCO;

0_

Interferents

Fig. 10 The histogram shows the response of the MoS,/SPCE toward
possible interferents (100 uM each) and nitrite in water.

Table 2 Comparison of the nitrite detection performances of the present

MoS,/SPCE and some reported sensing systems

Electrode modifier =~ Method Linear range (uM) LOD (uM) Ref.

Ag/HNTs/MoS,/CPE CA 2-425 0.7 23
Ag/H-C;N,/CC-1 CA 5-1000 0.9 80
Au/NiO/rGO/SPCE DPV 1-500 0.2 81
Pd-Cu-Mo,C/GCE CA 5-165 0.35 63
Ni/MoS,/GCE DPV 20-1000 2.74 82
AuNPs/GCE DPV 10-3800 2.4 83
NBC180/SPCE DPV 1-1400 2.08 16
3DMoS,/2DC;N,/GCE DPV 0.1-1100 0.065 21
CoBIM/CTAB ECL 1-1500 0.67 84
MoS,/SPCE CA 1-1000 0.085 This work

as low as ~0.065 pM; however, often the sensing platforms
required multi-step syntheses or rather complex apparatuses

other than the one we reported.”>””°

It turns out that the LOD value obtained with our rather
simple sensor (0.085 pM, see the present chronoamperometry
results) is within the state of-the art.

Conclusions

We synthesized a composite material having a graphitic MoS,/C
composition and a nanoribbon morphology well-tailored for
the current sensing applications.®” The MoS,/SPCE sensor was
found to be highly sensitive to nitrite concentrations, showing a
sensitivity of 4.993 pA uM ' em~ 2 and a LOD value of 0.085 pM.
The sensor is selective and can be reset by simply washing in
distilled water. The overall performance is comparable or even
better than that of the previously reported nitrite sensors.
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