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Abstract
A glassy carbon electrode (GCE) was modified with a nanocomposite prepared from carboxylated multiwalled carbon nanotubes
(c-MWCNT) and titanium nitride (TiN) nanoparticles to obtain a sensor for nitrite. The nanocomposite was characterized by
transmission electron microscopy, elemental mapping, X-ray diffraction, and Raman spectroscopy. Electrochemical studies
results show the modified GCE to possess a low electrochemical resistance (Rct = 7 Ω) and a large electroactive surface (A =
0.112 cm2). The heterogeneous electron transfer rate (ks) is found to be 1.26 × 10−2 cm s−1. Due to the excellent synergistic effect
of c-MWCNT and TiN, the GCE displays and excellent performance in terms of nitrite sensing. At a typical working voltage of
+0.8 V (vs. Ag/AgCl), the limit of detection (LOD) is as low as 4 nM, and the useful analytical range extends from 6 nM to
950 μM. This is much better than the LODs of previously reported nitrite sensors. The sensor is fast (response time 4 s), selective,
and long-term stable. It was applied to the determination of nitrite in spiked water and meat samples and gave good recoveries.

Keywords Inorganic pollutants .Methemoglobinemia . Heterogeneous electron transfer rate . Low impedance . Electrochemical
sensor

Introduction

Nitrite (NO2
−) is one of the well-known inorganic pol-

lutants hazardous to environment and living organisms
[1]. Nitrites are used in various fields such as food
industries (additives or preservatives), corrosion inhibi-
tors, fertilizers and as a blood pressure lowering agent
in medicine [2]. In the human body, the excess level of
nitrite can irreversibly react with hemoglobin to produce

methemoglobin, which decrease the oxygen transport ca-
pability of blood [3]. Nitrite ions easily react with amines and
proteins of living organisms, converting them to carcinogenic N-
nitrosamines, which probably induce the Blue baby syndrome
and cancer [4]. The acceptable level of nitrite in drinking water is
50 mg L−1, according to World Health Organization [5]. When
untreated and overdosed, ultimately outcomes in death owing to
the oxygen deficiency [6]. Therefore, the need to develop reliable
quantitative methods for determination of the low-level ni-
trite is important for environmental protection as well as
human health. Number of analytical methods for the
nitrite detection includes UV/Vis, fluorimetry, chromato-
graphic, capillary electrophoretic, spectrophotometric,
electrochemiluminescence, Infra-Red, Raman, and elec-
trochemical methods [7]. Amongst, electrochemical
methods have significant advantages including rapidity,
low-cost, safer, high selectivity and sensitivity [8–10].
However, the oxidation of nitrate at bare electrode oc-
curring at a high voltage, can interfere with the oxidiz-
able species [11]. Hence, the development of modified
electrode using a desirable electrode material to detect
the nitrite ions at lower overpotential with high sensitivity is
highly necessary.
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Carbon, metal- and metal oxide-based nanomaterials have
been reported as an electrode modifier to improve the electron
transfer rate between the electroactive analytes and the
surface of electrodes [12]. Amongst, carbon nanotubes
have served as a perfect nanomaterial for sensing appli-
cations owing to its peculiar physicochemical properties
such as special tube-like structure, large surface area,
high thermal, and electrical conductivity [13, 14].
Because of the electrochemical stability of CNTs attrib-
uted to the presence of reactive groups on their surface,
they can promote the electron transfer rate [15].
Excellent electrochemical conductivity of CNTs can in-
fluence the overpotential of the target analyte, and en-
hance the sensitivity. Metal nitrides are becoming prom-
ising materials for the electrochemical and photochemi-
cal applications due to the large surface area and chemical
stability [16]. TiN upholds a number of unique properties such
as high electrical conductivity, low resistivity, and high
stability [17, 18]. TiN serves as a good corrosion inhibitor
owing to the presence of triple covalent bond between
nitrogen and titanium, it was reported as an efficient
nanomaterial for various applications such as dye sensi-
tized solar cells [19], catalysts [20] and super capacitors
[21]. However, the previous publications confirmed that
the TiN was slightly instable in aqueous electrolyte so-
lution because of irreversible electrochemical oxidation
[22]. To overcome this drawback, TiN composite has
been fabricated with highly conductive carbon-based
nanomaterials. Thus, it enhances the electrochemical
performance and stability of the resultant nanocomposite
[23].

We have synthesized the TiN nanoparticles decorated c-
MWCNT by a two-step method. The fabricated c-MWCNT/
TiN electrode was utilized as an electrochemical sensor for the
detection of nitrite. The important electrochemical parameters
such as impedance (Rct), electroactive surface area (A), number
of transferred electron (n), and heterogeneous electron transfer
rate (ks) for nitrite oxidation were discussed. The sensor has a
very low detection limit, wide linear range, rapid response, and
good selectivity for the detection of nitrite. The practical appli-
cability of the sensor was evaluated using real water samples.

Experimental

Material and methods

Titanium nitrate (Ti(NO3)4·4H2O), carboxylated multiwalled
carbon nanotube (c-MWCNT), sodium nitrite (NaNO2),
disodium hydrogen phosphate (Na2HPO4), and sodium
dihydrogen phosphate (NaH2PO4) were purchased from sig-
ma Aldrich (https://www.sigmaaldrich.com/catalog/product).
All chemicals and reagents were of analytical grade and used

as received. CHI 900 work station (CH Instruments
Company, made in the U.S.A). was used perform all
the electrochemical experiments (cyclic voltammetry
and amperometry). The X-ray diffraction data were col-
lected by using a XPERT-PRO diffractometer equipped
with Cu Kα radiation (k = 1.54 Å). The morphological
structure of c-MWCNT-TiN was investigated by trans-
mission electron microscopy (TEM) on a TECNAI G2

with an accelerating voltage of 200 kV. A Clean pH
meter (pH 500) with a combined pH glass electrode
was used measure the pH. Electrochemical impedance
measurements were taken from an IM6ex (ZAHNER
elektrik) at a potential of 0.2 V (AC potential: 5 mV)
within a frequency range of 0.01 to 100 kHz. The con-
ventional three electrode system was used for the elec-
trochemical studies, the modified glassy carbon elec-
trode, saturated silver/silver chloride (Ag/AgCl), and
platinum wire were used as a working electrode (elec-
trode area: 0.07 cm2), reference electrode and counter
electrode, respectively.

Synthesis of the c-MWCNT/TiN nanocomposite

The c-MWCNT/TiN nanocomposite were prepared via a two-
step method. In order to prepare c-MWCNT/TiO2 composite,
50 mg of c-MWCNT was dispersed in 50 mL DI water with
the aid of ultrasonication. Afterwards, 100 mg Ti(NO3)4·
4H2O, were added into the c-MWCNT dispersion and soni-
cated for 1 h. Then the mixture was refluxed for 6 h to coat the
TiO2 precursor on the surface of c-MWCNT. The
resulting c-MWCNT-TiO2 were collected and washed
with DIW, dried at 80 °C. To prepare c-MWCNT-TiN
nanocomposite, c-MWCNT-TiO2 was located in a tubu-
lar furnace, annealed to 300 °C with a heating rate of
5 °C min−1 under a flowing gaseous NH3. After com-
pletion of annealing, the furnace was allowed to cool
down to room temperature naturally. Finally, the c-
MWCNT-TiN nanocomposite was collected and used
for further characterization.

Preparation of the modified glassy carbon electrode

To fabricate the c-MWCNT/TiN/GCE, a glassy carbon
electrode (GCE) was well polished with 0.05 mm alu-
mina powder, carefully washed with deionized water
(DIW) and acetone, until mirror-like surface. Then the
GCE was ultrasonically cleaned with DIW: Ethanol
(1:1) for 2 min, the electrode was washed with DIW
and dried at room temperature. Lastly, 6 μl of c-
MWCNT/TiN dispersion (1 mg mL−1) was dropped on
the mirror-like GCE surface, allowed to drying at a hot
air oven. Thus, prepared c-MWCNT/TiN modified GCE
was used for further investigation.
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Results and discussion

Choice of materials

Owing to the excellent electrical conductivity, large surface
area, high stability of the c-MWCNT have been received enor-
mous research interest in electrochemical sensor application
[13]. The presence of triple covalent bond between titanium
and nitrogen in TiN, it has been reported as an effective cata-
lyst for electrochemical energy storage and conversion and
catalysis applications [19–21]. However, the preparation of
TiN nanoparticles supported c-MWCNT with facile and low
temperature and its electrochemical sensor application is re-
ported not yet. Therefore, we have synthesized the TiN nano-
particles decorated c-MWCNT nanocomposite at low temper-
ature. The c-MWCNT/TiN nanocomposite is successfully
employed as an excellent electrocatalyst for the detection of
nitrite.

Characterization of c-MWCNT/TiN nanocomposite

The morphology and structure of c-MWCNT/TiN nanocom-
posite were inspected by TEM. TEM images of c-MWCNT/
TiN nanocomposite (Fig. 1a and b) displayed a number of TiN
nanoparticles decorated on the surface of c-MWCNTs with a
uniform dispersion. Energy dispersive X-ray spectroscopy
(EDS) mapping was used to analyze the elements present
and their distribution in c-MWCNT/TiN nanocomposite. As

shown in Fig. 1c (titanium) and d (nitrogen), the major EDS
signals of titanium and nitrogen were derived from the iden-
tical area, representing the TiN formed as a nanoparticle, sup-
ported on the c-MWCNT surface. EDS mapping of carbon
and oxygen are also shown in Fig. S1A (carbon) and B (oxy-
gen). Their distribution positions occupied the entire part,
demonstrating the identical spreading of these two elements.

XRD patterns of the c-MWCNT (a), TiN (b) and c-
MWCNT/TiN nanocomposite (c) are revealed in Fig. 2a.
The c-MWCNT (a) displayed the characteristic peaks at 26°

respect to the (001) plane of c-MWCNT. In the XRD pattern
of TiN, the characteristic diffraction peaks are observed at
37.1, 43.1, 62.5, 75.1, and 79.0° which are indexed with
(111), (200), (220), (311), and (222) crystal planes of the
face-centered cubic structure (fcc) of TiN (JCPDS No. 01–
087-0633), respectively. The XRD pattern of c-MWCNT/
TiN nanocomposite (c) presented with all the aforesaid char-
acteristic peaks of c-MWCNT and TiN, endorses the forma-
tion of c-MWCNT/TiN nanocomposite. Figure 2b represents
the Raman spectrum of c-MWCNT (a) and c-MWCNT/TiN
nanocomposite (b). The c-MWCNT (a) showed D and G
bands at 1358 and 1603 cm−1, respectively. The D band is
usually related to the lattice distortion or defect of carbon,
and the G band represents the sp2 hybridized carbon atoms
[24]. In the case of c-MWCNT/TiN nanocomposite (b), the
bands at 258, 406, and 609 cm−1 represented the Raman scat-
tering of TiN. The bands at 258 and 406 cm−1 were ascribed to
acoustical phonons, and those at 609 cm−1 were attributed to

Fig. 1 TEM image (a & b), and
elemental mapping (c-titanium, d-
nitrogen) of c-MWCNT/TiN
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optical phonons [25]. The spectrum of c-MWCNT/TiN nano-
composite (b) also reveals two bands located at about 1358
and 1603 cm−1 that can be due to the presence of c-MWCNT.
Besides, the ID/IG ratio of c-MWCNT/TiN nanocomposite (b)
is higher than the c-MWCNT (a), indicating that the decora-
tion of TiN nanoparticles rapidly increasing the defect sites on
c-MWCNT/TiN nanocomposite. These defect sites can accel-
erate the electrochemical conductivity of the final nanocom-
posite. Further, these analyses confirmed the successful for-
mation of the c-MWCNT/TiN nanocomposite.

Electrochemical impedance spectra (EIS) and active
surface area calculation

Fig. S2A displays the Nyquist plots (impedance curve) of bare
GCE (a), TiN/GCE (b), c-MWCNT/GCE (c), and c-MWCNT/
TiN/GCE (d) in 1 mM [Fe(CN)6]

3−/4- (redox probe) containing
0.1MKCl. In Nyquist plots, the diameter of the semicircle is the
charge transfer resistance (Rct) of the modified electrode for the
redox probe. The calculated Rct value of TiN/GCE (175 Ω) is
higher than the bare GCE (95 Ω), ascribed to the semiconduct-
ing property of TiN which decrease the electron transfer be-
tween electrode and electroactive redox probe. It can be found
on the c-MWCNT/GCE (13Ω) the Rct value is smaller than the
bare GCE, indicating the excellent electron transfer ability of c-
MWCNT. Interestingly, c-MWCNT/TiN/GCE modified elec-
trode (7 Ω) exhibited a significantly reduced interface electron
impedance than the other modified and bare electrodes, signify-
ing that combining of TiN with c-MWCNT can dramatically
enhance the interfacial electron transfer rate among the modified
electrode and redox species, due to the improved ionic conduc-
tivity and electrocatalytic activity, and the synergistic effect of c-
MWCNT/TiN nanocomposite.

CVs were performed at bare GCE, TiN/GCE, c-MWCNT/
GCE and c-MWCNT/TiN/GCE in 0.1 M KCl solution con-
taining 1 mM Fe(CN)6

3−/4- at a scan rate of 50 mV s−1 see in
Fig. S2B. A quasi reversible one-electron redox peak of

Fe(CN)6
3−/4- were observed for all the four electrodes.

The peak separations towards Fe(CN)6
3−/4- at various

electrodes drop in the order c-MWCNT/TiN/GCE
(ΔEp = 94 mV) < c-MWCNT/GCE (ΔEp = 96 mV) < bare
GCE (ΔEp = 99 mV) < TiN/GCE (ΔEp = 220 mV). TiN/
GCE showed a higher ΔEp value than the bare GCE,
attributed to the semiconducting property of TiN. After
being modified with c-MWCNT/TiN, the peak current
was increased and a lower ΔEp value were received, in-
dicating c-MWCNT/TiN nanocomposite holds excellent
electron transfer capability with newer functionalities
than that of c-MWCNT/GCE and TiN/GCE.

The electroactive surface area of c-MWCNT/TiN/GCE
was evaluated by using the Randles– Sevcik Eq. (1) [26].
Thus, the scan rate studies were performed in [Fe(CN)6]

3

−/4- by changing the scan rates from 20 to 200 mV s−1

(Fig. S2C).

Ip ¼ 2:69� 105n3=2AD1=2Cν1=2 ð1Þ

where D is the diffusion coefficient of [Fe (CN)6]
3/4-

(cm2 s−1), Ip is the anodic or cathodic peak current (A),
C is the concentration of the [Fe (CN)6]

3/4- (mol cm−3), A
is the electroactive area (cm2), n is the number of trans-
ferred electrons and ν1/2 is the square root of scan rate
(mV s−1). For the calculations, we have selected the
slope of Ipa vs ν1/2 (Fig. S2D). The calculated electro-
chemical active surface areas are 0.071, 0.083, 0.095, and
0.112 cm2 for the bare GCE, TiN/GCE, c-MWCNT/GCE and
c-MWCNT/TiN/GCE, respectively. The large electroactive
surface of c-MWCNT/TiN nanocomposite modified electrode
can furnish a better electrochemical sensing performance. The
combination of c-MWCNT and TiN exhibits a large specific
surface area and low charge transfer resistance, therefore c-
MWCNT/TiN/GCE might possess the better electrocatalyt-
ic property than the other modified electrodes.

Fig. 2 a.) XRD spectra of c-
MWCNT (a), TiN (b), and
c-MWCNT/TiN (c). b.) Raman
spectra of c-MWCNT (a), and
c-MWCNT/TiN (b)
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Electrochemical behavior of c-MWCNT/TiN
at different modified electrodes

The electrochemical performance for the oxidation of nitrite at
various modified electrodes was investigated by CV in 0.05M
phosphate buffer (pH 7) at a scan rate of 50 mV s−1, shown in
Fig. 3a. The bare GCE (a) showed a broad anodic oxidation
peak for 200 μM nitrite at a peak potential of 0.98 V (Epa)
with a current response of 9.44 μA (Ipa). For the TiN/GCE (b)
and c-MWCNT/GCE (c), the oxidation peak potential ap-
peared at 0.84 and 0.81 V, respectively, with a substantially
improvement in current response (Ipa) than that of bare elec-
trode. Interestingly, the c-MWCNT/TiN/GCE (d) exhibits a
sharp, well-defined anodic peak with a significant reduction
in over potential (0.8 V) compared with other electrodes. The
received current response (Ipa) for nitrite oxidation at c-
MWCNT/TiN/GCE (d) is 64.3 μA, which is 6.8-fold, 1.7-
fold, 1.5-fold higher than the current response at bare GCE
(a), TiN/GCE (b), and c-MWCNT/GCE, respectively. This
indicates that the c-MWCNT/TiN nanocomposite effectively
electrooxidizes the nitrite at the electrode surface. The excel-
lent electrocatalytic activity of c-MWCNT/TiN/GCE attribut-
ed to the factor: upon introducing TiN nanoparticles on c-
MWCNT, the conductivity and surface area of the composite
has improved than the pristine c-MWCNT and TiN, leads to
rapid electron transfer rate between analyte and modified

electrode. Additionally, the synergetic effect of c-MWCNT
and TiN can enhance the nitrite oxidation at c-MWCNT/
TiN/GCE. The oxidation reaction of nitrite proceeds via two
electrons transfer from NO2

− to form NO3
−, the probable

mechanism of nitrite oxidation can be written as given below
[27],

NO2
− þ H2O→NO3

− þ 2Hþ þ 2e− ð2Þ

Influence of pH and scan rate

To understand the influence of pH on the electrocatalytic activity
of c-MWCNT/TiN/GCE towards the oxidation of nitrite, CVs
were performed in the pH range from 3 to 11with 200μMnitrite
at a scan rate of 50 mV s−1. As depicted in Fig. 3b, the anodic
peak current of nitrite oxidation is increased while increase in the
pH range of 3 to 7 and then adversely decreased beyond pH 7.
Normally, nitrite is unstable in strong acidic medium, due to the
conversion of nitrite into NO and NO3

− [28], as follows,

2Hþ þ 3NO2
−→2NOþ NO3

− þ H2O ð3Þ

From this, the nitrite oxidation on the catalytic sites is more
preferred at neutral pH. The maximum peak current response
was observed at pH 7. The nitrite oxidation is more difficult in

Fig. 3 a.) CVs for 200 μM nitrite
in pH 7 (phosphate buffer) at a
scan rate of 50 mV s−1 using bare
GCE (a), TiN/GCE (b),
c-MWCNT/GCE (c), and
c-MWCNT/TiN/GCE (d) (inset:
bar graph of current response of
difference electrodes (n = 3)). b.)
CVs for 200 μM nitrite in various
pH (3,5,7,9, and 11) (phosphate
buffer) at a scan rate of 50 mV s−1

using c-MWCNT/TiN/GCE (in-
set: bar graph of current response
at different pH (n = 3)). c.)
Current response of
c-MWCNT/TiN/GCE for
200 μM nitrite in buffer (pH 7)
with various scan rates 20, 40, 60,
80, 100, 120, 140, 160, 180, and
200 mV s−1(a-j). d.) plot between
the square root of the scan rate
(ν1/2) and current response (Ipa)
(n = 3)
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basic medium, which is due to the proton deficiency [29].
Therefore, while increasing the pH beyond 7, the anodic cur-
rent of nitrite oxidation is conversely decreased. Hence, pH 7
was selected as an optimum electrolyte for nitrite detection.

To investigate the kinetics of the electrochemical ox-
idation, CVs were performed for the anodic oxidation of
200 μM nitrite on c-MWCNT/TiN/GCE at various scan
rates from 20 to 200 mV s−1 in pH 7 buffer. From Fig.
3c the anodic peak current (Ipa) was increased and the
oxidation peak potential (Epa) was shifted to more pos-
itive side. As can be seen from Fig. 3d, the anodic peak
current (Ipa) had a good linear relationship with the
square root of the scan rate (ν1/2), the corresponding
correlation coefficient (R2) to be 0.9946. The result
clearly suggests that the kinetics of the nitrite oxidation
on c-MWCNT/TiN/GCE is diffusion-controlled electron
transfer process [30]. For a totally irreversible diffusion-
controlled process, the number of electrons (n) involved in
the overall oxidation of nitrite is calculated from the slope of
Ipa vs ν

1/2 plot (Fig. 3d) using the Eq. (4) given below [31].

Ip ¼ 2:99� 105n 1−αð Þ nα½ �1=2C0D
1=2A ν1=2 ð4Þ

where, C0 is nitrite concentration (mol cm−3), D is diffusion
coefficient of nitrite (3.7 × 10−5 cm2 s−1) [32], A is electrode
area. By applying this values in Eq. (4), the calculated value of
n was found to be 1.79, validates that the oxidation of nitrite
on c-MWCNT/TiN/GCE is a two-electron transfer process.

To understand the fast electron transfer reaction of nitrite
ion at c-MWCNT/TiN/GCE, the standard heterogeneous rate
constant (ks) for nitrite at bare GCE, TiN/GCE, c-MWCNT/
GCE and c-MWCNT/TiN/GCE was calculated by using
Velasco Eq. (4) [33].

ks ¼ 1:11D0
1=2 Ep−Ep=2

� �−1=2
ν1=2 ð5Þ

where, ks is standard heterogeneous constant, D0 is the appar-
ent diffusion coefficient (3.7 × 10−5 cm2 s−1) [32], Ep is oxi-
dation peak potential, Ep/2 is half-wave oxidation peak poten-
tial and ν is the scan rate. For the bare GCE, TiN/GCE, c-
MWCNT/GCE and c-MWCNT/TiN/GCE, the estimated het-
erogeneous rate constant (ks) for the oxidation of nitrite ion
were found to be 1.89 × 10−3, 4.09 × 10−3, 6.23 × 10−3 and
1.26 × 10−2 cm s−1, respectively. The higher ks value at c-
MWCNT/TiN/GCE suggests that the oxidation of nitrite is
much faster than at the c-MWCNT/GCE, TiN/GCE and bare
GCE.

Amperometric determination of nitrite

Amperometry was utilized to determine the nitrite at c-
MWCNT/TiN modified electrode. As shown in Fig. 4a, am-
perometric i-t response of nitrite in phosphate buffer (pH

7) was acquired at the standard potential +0.8 V (1400 rpm)
upon the consecutive addition of nitrite. The nitrite concentra-
tion was altered every 50s with continuous stirring by rotating
disk electrode (RDE). The obtained response current was sta-
ble within 4 s. The oxidation i-t response current in direct
relationship to the nitrite concentrations in the wide range of
6 nM to 950 μM, revealed in Fig. 4b. The corresponding
linear regression equation with the correlation coefficient
can be written as following,

Ipa HNð Þ ¼ 0:709 Nit½ � HMð Þ þ 4:8908;R2 ¼ 0:9955 ð6Þ

The limit of detection (LOD) =3(Sa/b), where Sa represents
the standard deviation of intercept, b is the slope of the calibration
plot [34], using these values the calculated LOD is 4 nM. The
calculated sensitivity of the sensor to be 6.63 μA μM−1 cm−2.
The electrocatalytic sensing performance of c-MWCNT/TiN/
RDE was compared with various modified electrodes for the
determination of nitrite see Table 1. These results confirm that
the sensor showed the excellent electrocatalytic performance in
terms of broad working range and the better LOD than the pre-
viously reported methods.

Ag– silver nanoparticles; P(MMA-co-AMPS)– copolymer
of methyl methacrylate (MMA) and 2-acrylamido-2-
m e t h y l p r o p a n e s u l f o n i c a c i d ; PDDA – P o l y
(diallyldimethylammonium chloride); rGO– reduced
graphene oxide; CoL– sodium [N,N′-bis(5-sulfosalicyliden)-
4-chloro-1,2-phenylendiimino] cobaltate(II); MNSs– magne-
tite nanospheres; CPE– carbon paste electrode; Pd– palladium
nanoparticles; SWCNT– single walled carbon nanotube;
AgMCs-PAA/PVA–silver microcubics-polyacrylic acid/
poly vinyl alcohol; SPCE– screen printed carbon elec-
trode; CQDs– Carbon quantum dots; PEDOT– Poly(3,4-
ethylenedioxythiophene);

Selectivity, stability and reproducibility

The selectivity of the sensor is vital for finding further access
to practical application, because some passible interfering
compounds may interfere with c-MWCNT/TiN modified
electrode for the detection of nitrite. Subsequently, we have
studied the selectivity of the sensor for the determination of
nitrite by addition of interfering substances into the buffer
(pH 7) with the 50 μM nitrite using amperometry. The results
are depicted in Fig. 4c, which demonstrated the influence of
the possibly interfering ions (a) SO3

−, (b) NO3
−, (c) BrO3

−, (d)
ClO3

−, (e) Pb2+, (f) Cu2+, (g) Hg2+, (h) Cd2+, (i) IO3
−, (j)

SCN−, (k) CO3
2− in 10-fold excess. From this result, it can

be clearly seen that obvious changes in current response when
nitrite was added and quickly reached a stable value. Addition
of the above-mentioned interfering substances, does not inter-
fere with the current response of nitrite detection, however the
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presence of these ions the activity of the sensor is insignifi-
cantly decreased. These results proved that the c-MWCNT/
TiN modified electrode had a good selectivity towards the
nitrite detection even in the presence of various interfering
compounds.

The stability of the c-MWCNT/TiN modified electrode
was verified with 200 μM nitrite through 2000 s time period,
see Fig. 4d. This result proved that the current response of
nitrite at c-MWCNT/TiN modified electrode did not notably
decrease up to 2000 s and 95.6% of current was retained from
its original current value. So as to know the reproducibility of

the c-MWCNT/TiN modified electrode, five different elec-
trodes were separately used to measure the current response
towards 200 μMnitrite with the relative standard deviation (%
RSD) being 2.1%. These results clearly confirm that our mod-
ified electrode is highly stable and has an appreciable
reproducibility.

Determination of nitrite in real water samples

Practical applicability of c-MWCNT/TiN modified electrode
was verified in various real samples. Real samples such as

Fig. 4 a.) Amperometric current
response for c-MWCNT/TiN/
RDE in pH 7 buffer containing
various concentration of nitrite
from 6 nM to 950 μM (applied
potential = +0.8 V). b.)
Calibration plot of response
current vs the concentrations of
nitrite (n = 3).
c.) Current response for various
species including (a) SO3

−, (b)
NO3

−, (c) BrO3
−, (d) ClO3

−, (e)
Pb2+, (f) Cu2+, (g) Hg2+, (h) Cd2+,
(i) IO3

−, (j) SCN−, (k) CO3
2− in

the presence of nitrite. d.)
Operational stability curve of
c-MWCNT/TiN/RDE

Table 1 Comparison of
electrocatalytic of performance of
c-MWCNT/TiN/RDE for nitrite
determination with previously
reported methods

Electrode Epa (V) Linear range (μM) LOD (nM) Ref

Ag–P(MMA-co-AMPS)/GCE 0.9 1.0–100,000 200 [3]

PDDA-rGO/GCE 0.75 0.5–2000 200 [8]

CoL/MNSs/CPE 1.0 0.2–30.0 15 [9]

Co3O4/rGO/GCE – 1–380 140 [10]

Au–Pd/rGO/GCE 0.85 0.05–1000 20 [28]

Pd/SWCNT/GCE 1.0 2–238

283–1230

250 [32]

AgMCs-PAA/PVA/SPCE – 2–800 4500 [34]

CQD-PEDOT 0.8 0.50–1110 88 [35]

TiO2/hemin/GCE 0.75 0.6–133 59 [36]

c-MWCNT/TiN/GCE 0.8 0.006–950 4 This work
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pond, river, packaged water and meat samples were collected
from pond aquarium, Xindian River, and local market, respec-
tively. Before the experiments, as collected water samples
were filtered with a 0.45 μm filter paper to remove the
suspended maters. The extraction of nitrite ions from the meat
samples was accomplished by leaving a certain amount of
crushed sample in deionized water at 70 °C under stirring
for 10 min and then filtering the remaining liquid. When the
native water samples were analyzed, no current response cor-
responding to nitrite was detected. Following to this, the de-
termination nitrite in spiked samples of water and meat sam-
ples was performed with three various concentrations of ni-
trite, the results are summarized in Table S1.

Conclusion

A novel, efficient electrochemical sensor was successfully de-
veloped for the detection of nitrite, c-MWCNT/TiN was used
as an electrode modifier. Due the excellent synergistic effect
of c-MWCNTand TiN, a large surface area, low electrochem-
ical resistivity (Rct = 7 Ω), enhanced electroactive surface
(A = 0.112 cm2) and higher heterogeneous electron transfer
rate (ks = 1.26 × 10−2 cm s−1) was achieved at c-MWCNT/
TiN/GCE. Under optimized condition, the c-MWCNT/TiN
modified electrode can selectively detect the nitrite in the
range from 6 nM to 950 μM with a limit of detection of
4 nM. The sensor showed a good selectivity, high stability
and reproducibility. The real time viability of the sensor was
confirmed by determination of nitrite in real water and meat
samples with good recoveries.
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