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Abstract

As excess nitrite has a serious threat to the human health and environment, constructing novel electrochemical sensors for
sensitive nitrite detection is of great importance. In this report, platinum nanoparticles were deposited on nickel-/N-doped
carbon nanotubes, which were obtained through a self-catalytically grown process with Ni-MOF as precursors. The as-
prepared Pt/Ni/NCNTs were applied as amperometric sensors and presented superior sensing properties for nitrite detection.
Benefiting from the synergy of Pt and Ni/NCNTs, Pt/Ni/NCNTs displayed much wider detection ranges (0.5-40 mM and
40-110 mM) for nitrite sensing. The sensitivity is 276.92 pA mM~!' cm~2 and 224.39 pA mM~! cm™2, respectively. The
detection limit is 0.17 pM. The Pt/Ni/NCNTs sensors also showed good feasibility for nitrite sensing in real samples (milk
and peach juice) analysis. The active Pt/Ni/NCNTs composites and facile fabrication technique may provide useful strategies

to develop other sensitive nitrite sensors.
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Introduction

With the wide application of nitrite in various fields, such
as fertilizer industries and food preservation, its impact on
human health and environmental safety has attracted more
and more attention. The maximum allowable content of
nitrite is ruled by WHO to be 3 mg/L (65.2 pM) in drink-
ing water, as it is a typical carcinogen that threatens human
health. In addition, nitrite can also lead to the blue baby
syndrome when excessive nitrite ions in blood react with
hemoglobin, which may reduce the oxygen transport capa-
bility of blood [1-3]. Consequently, the accurate and rapid

P< Haoyong Yin
yhy @hdu.edu.cn

P< Shengji Wu

wushengji26 @hdu.edu.cn

Wenzhou Institute of Hangzhou Dianzi University,
Wenzhou 325038, China

Department of Chemistry, Zhejiang Sci-Tech University,
Hangzhou 310018, China

College of Engineering, Huzhou University, Huzhou 313000,
China

nitrite detection is extremely vital to both human health and
environmental security.

Nowadays, tremendous efforts have been put to develop
highly effective protocol for nitrite detection. Various tech-
niques, such as chemiluminescence [4], fluorescence [5],
spectroscopy [6], chromatography [7], and electrochemi-
cal methods [1], all displayed their unique advantages in
nitrite sensing. Among them, electrochemical methods are
receiving more and more attention owning to their advan-
tages of fast response, easy operation, high sensitivity, and
low cost. Generally, the sensing properties of nitrite sensors
relay highly on the electro-catalytic reaction (including the
oxidation and reduction of nitrite) on the electrode surface.
As the oxidation route can prevent the interference from
impurities, such as nitrate ion and molecular oxygen, elec-
trochemical oxidation sensors are preferred in nitrite detec-
tion. Thus, the electro-catalysts are critical to the sensing
performance as their catalytic activity greatly determines the
current signal of nitrite oxidation. Up till now, considerable
transition metals and their oxides have aroused great atten-
tion in nitrite sensing on account of their superior catalytic
activity. For instance, NiCo,0, nano-tapes were obtained
through microwave-assisted methods and displayed electro-
catalytically activities toward the oxidation of nitrite [8].
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Mo0O5/Co50, hetero-structure presented preferable sensing
performance for detecting nitrite in sausages and water [9].
NiFe-layered double hydroxide also showed great pros-
pect in highly sensitive nitrite detection [10]. Especially,
nickel-based materials (such as Nickel Phosphide [11],
Nickel Oxide [12], and Nickel Hydroxide [13]) attracted
more attention in nitrite sensing owning to their low cost,
good catalytic activity, and remarkable chemical stability.
However, the sensing properties of these transition metals
including nickels are still unsatisfied mainly owning to their
intrinsic poor conductivity.

As typical carbon materials, carbon nanotubes (CNTs)
have been intensively studied as host materials for transition
metals or their compounds to improve their electrochemi-
cal activities due to their high conductivity and large sur-
face specific area. For instance, the a-Fe,0;/CNTs hybrid
modified electrode displayed highly improved activity for
nitrite oxidation [14]. Co;0,-rGO/CNTs [15] and Cu,0O/
CNTs composites [16] all demonstrated superior properties
for sensitive and selective detection of nitrite. However, the
application of CNTs composite materials still faces severe
challenges. Especially, the combination of CNTs and catalyst
particles is not strong enough, which will greatly affect the
charge transfer efficiency and stability of materials. Previ-
ous research suggested that self-catalytically grown metals/
NCNTs composites (such as Co/NCNTs [17], NiFe Alloy/
NCNTs [18], and NiCo/NCNTs [19]) can greatly enhance
the combination of NCNTs and metal particles and result in
improved charge and mass transfer efficiency. Another chal-
lenge for transition metal/CNTs on nitrite sensing is that the
activity is still unsatisfied for practical application and the
operating voltage is also relatively high for nitrite oxidation.
Combining Pt with electrode materials may both improve
their nitrite sensing performance and reduce the operating
voltage due to its good conductivity and superior catalytic
activity. In addition, NCNTs may also prevent the aggrega-
tion of Pt nanoparticles as the doped nitrogen may provide
nucleation and growth sites to anchor Pt nanoparticles.

Herein, we present a new electrochemical sensing mate-
rial of Pt/Ni/NCNTs for nitrite detection. The Ni/NCNTs
were first obtained through a self-catalyzed growth process
with nickel-based metal-organic frameworks (Ni-MOF) as
carbon, nitrogen, and nickel source. Pt nanoparticles were
then deposited on Ni/NCNTs with a microwave assistant
synthesis method. Metal-organic frameworks (MOFs) are
a class of ordered porous crystalline materials consisted of
metal ions and organic linkers, which can be used as self-
sacrificial templates to construct metal @carbon hybrids for
electrode modification with the structure and morphology
of parent MOFs always maintained. Therefore, the self-
catalyzed growth of Ni/NCNTs from Ni-MOF can ensure
the tight contact of NCNTs and Ni greatly, lowering their
interface contact resistance. Moreover, the nitrogen doping
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in NCNTs may not only modulate the electric structures of
CNTs but also benefit to the dispersion of Pt nanoparticles
on NCNTs. The integration of Pt and Ni with NCNTs can
afford more active sites. In addition, the operating voltage
of nitrite oxidation has also been reduced in this system.

Experimental section

Preparation of Ni/NCNTs

Ni/NCNTSs were obtained through the thermal decomposi-
tion method with Ni-MOFs as precursors. Typically, 1.188 g
NiCl,»6H,0 was first dissolved into 100 ml methanol to
form solution A. Solution B was obtained by dissolving
3.284 g 2-methylimidazole into another 100 ml methanol.
Then, solution B was slowly added into solution A under
continuous stirring for 24 h at room temperature. The mix-
ture was then centrifuged at 4000 r/min to separate the prod-
uct and washed several times with deionized water and dried
overnight at 60 °C. Finally, the samples were calcined at
900 °C for 2 h under N, atmosphere with a heating rate of
2 °C/min and a cooling rate of 5 °C/min to obtain Ni/NCNTs
composites.

Preparation of Pt/Ni/NCNTs

In typical, 0.042 g Ni/NCNTs composites were first dis-
persed into 20 ml ethylene glycol and sonicated for 10 min.
Then, 715 pL of 1 M H,PtCly solution was added into the
above mixed solution and continued to sonicate for another
10 min. The suspension was subsequently transferred into a
microwave oven and treated with microwave power of 800
W three times for 30 s, 30 s, and 15 s, respectively. Finally,
the Pt/Ni/NCNTs composite was obtained after washing it
with deionized water and drying it at 60 °C.

Measurements and characterization

Electrochemical measurements were performed on
CHI630D workstation (Shanghai Chenhua Instrument Co.
China). Supporting electrolyte used in Cyclic voltammetry
(CV), amperometric (I-T), and differential pulse voltam-
metry (DPV) measurements is 0.1 M phosphate solution
(PBS), which was bubbled with N, for about 15 min before
the test to remove dissolved oxygen. The glassy carbon elec-
trode (GCE) was modified with the as-prepared catalysts
and used as working electrodes, which was performed as
following: 8 mg Pt/Ni/NCNTs was first added to a mixture
of 8 mL anhydrous ethanol and 10 uL Nafion solution, and
then sonicated for 10 min to obtain a well-mixed suspension.
GCE was polished with Al,0; powder and rinsed several
times with deionized water, then dried after ultra-sonication
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Scheme 1 Schematic illustration of the formation process of Pt/Ni/NCNTs

with deionized water for 5 min. Ten microliter catalyst sus-
pension was dropped onto the surface of GCE and dried at
60 °C for 30 min to obtain a Pt/Ni/NCNTs/GCE working
electrode. Counter and reference electrodes were platinum
sheets and Ag/AgCl, respectively. CVs were performed at
a fixed potential range with scan rates ranging from 10 to
150 mV/s or with constant scan rate (50 mV/s) at various
nitrite concentrations. I-T curves were carried out by con-
tinuously adding a certain amount of nitrite to the electrolyte
solution with the applied potential of 1.0 V, during which the
N, flow was continuously inflated to mitigate the effects of
the electrolyte diffusion. Zahner Zennium electrochemical
workstations were used to carry out electrochemical imped-
ance spectroscopy (EIS) measurement.

X-ray photoelectron spectroscopy (XPS), X-ray diffrac-
tion (XRD), and scanning electron microscopy (SEM) were
employed to investigate the constituent and structures of the
electrode materials. Detailed information was listed in the
Supplementary Materials (Sect. 1).

Results and discussion

The fabrication procedure for the Pt/Ni/NCNTs is schemati-
cally illustrated in Scheme 1. First, polyhedral Ni-MOF can
be fabricated through the coordination of nickel ions with
2-methylimidazole. Then, the Ni-MOF, as self-sacrificing
template can be transformed into Ni/NCNTs during the
reduction and carbonation process at 900 °C in N, atmos-
phere. During the thermal annealing process, the Ni nano-
particles in situ reduced from Ni-MOF acted as catalysts,
the organic ligands as carbon and nitrogen source to facili-
tate the formation of NCNTs. Finally, the Pt/Ni/NCNT was
obtained by microwave-assisted ethylene glycol reduction
method. The morphology of Pt/Ni/NCNTs and Ni/NCNTs
was characterized with SEM (Fig. 1). Both samples present
a typical tubular frame with very large aspect ratio. The
surface of Ni/NCNTs is relatively smooth (Fig. 1a and b),
indicating the relatively tight and firm combination of Ni and
NCNTS through this in situ growth process. After deposition
of Pt, the surface of Pt/Ni/NCNTs turned relatively rough
(Fig. 1c and d). Pt nanoparticles can be clearly found on the

d

Ni/NCNTs Pt/Ni/NCNTs

tube surface. Figure 2 displays the EDS mapping of Ni, Pt,
C, and N for Pt/Ni/NCNTSs. The elements of Ni, Pt, C, and N
homogeneously distributed on the whole nano-tubular struc-
tures, indicating the successful formation of Pt/Ni/NCNTs.

Figure 3 shows the XRD patterns of Ni/NCNTs and Pt/
Ni/NCNTs, both of which present typical diffraction peaks
of metallic Ni with 26 at 44.3°, 51.6°, and 76.2° correspond-
ing to its (111), (200), and (220) crystal planes (JCPDS no.
04-0850). By comparison, it can be investigated that in addi-
tion to the signal of Ni, there are obvious diffraction peaks
of cubic crystalline Pt (JCPDS no. 04-0802) on the Pt/Ni/
NCNTs pattern. The diffraction peaks of (1 1 1) (39.8°), (20
0) (46.2°), and (2 2 0) (67.5°) facets for Pt appear distinctly
broadened and weak comparing with Ni, implying low con-
tent and smaller diameter of Pt on NCNTs. Moreover, a very
weak peak is observed on both XRD patterns at 20 of 26.2°,
which belongs to the (002) crystal plane of graphitic carbon
(JCPDS no. 41-1487), suggesting the formation of NCNTs.
The results prove the successful integration of Pt, Ni, and
NCNTs.

Pt/Ni/NCNTs were further characterized by XPS to ana-
lyze their surface chemical composition and valence. The
XPS survey spectrum (Fig. S1) verified that Pt/Ni/NCNTs
mainly contain platinum, nickel, carbon, and nitrogen ele-
ments. Deconvoluted Pt 4f spectrum (Fig. 4a) displays two
main peaks at 71.2 and 74.5 eV corresponding to the char-
acteristic binding energy of metallic Pt 4f;,, and Pt 4f,,
suggesting that the dominant valence state of Pt in Pt/Ni/
NCNTs is Pt°. Moreover, the other two weak peaks (72.2 and
75.6 eV) belonging to Pt>* may be caused by a slight oxida-
tion of the Pt surface [20, 21]. Ni 2p spectrum is presented in
Fig. 4b, which shows two pairs of Ni2p with satellite peaks
at 860.9 and 879.1 eV. The peaks at 853.4 and 855.5 eV
belong to the Ni® 2p; , and Ni** 2p,),, respectively. Another
two peaks at 871.2 and 873.1 eV can be attributed to Ni°
2p,,, and Ni%* 2p, 1 states, respectively [22, 23]. N 1 s spec-
trum (Fig. 4c) proves the presence of three types of nitrogen
species: pyridinic N (398.8 eV), pyrrolic N (399.8 eV), and
graphitic N (400.9 eV) [22, 24]. Figure 4d shows the C 1 s
spectrum, which is resolved into three peaks belonging to
functional bonds of C-C (284.5 eV), C-N (286.0 eV), and
C-0 (288.3eV) [18, 25].
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Fig.2 EDS mapping of the Ni, Pt, C, and N for Pt/Ni/NCNTs (signals were obtained from K line of Ni, C, and N elements and L line of Pt ele-
ment)

The electrochemical properties of Pt/Ni/NCNTs and Ni/  nitrite. A distinct anodic peak for nitrite oxidation can be
NCNTs were examined through CVs (Fig. 5a) and DPVs  observed on CVs curve of Pt/Ni/NCNTs at about 0.85 V,
(Fig. 5b) in 0.1 M PBS in absence and presence of | mM  while Ni/NCNTs only appear a broaden peak at 1.0 V,

@ Springer
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suggesting better catalytic activity of Pt/Ni/NCNTs. The dif-
ference of anodic peak current can be more clearly observed
on the DPVs with the net current increase of Pt/Ni/NCNTs
(25.02 pA) more than four times higher than that of Ni/
NCNTs (7.83 pA). In addition, the anodic peak potential of
Pt/Ni/NCNTs is significantly lower than Ni/NCNTs on both
the CVs and DPVs plots. More importantly, no oxidation
peaks are observed on both CVs and DPVs in absence of
nitrite, suggesting that the current response on both Pt/Ni/
NCNTs and Ni/NCNTs electrodes is mainly due to the nitrite
oxidation rather than the electrode material. The CVs and
DPVs results suggest that the deposition of Pt on Ni/NCNTs
may both increase their catalytic activities and lower the
operating voltages.

The interfacial properties of Ni/NCNTs and Pt/Ni/NCNTs
were evaluated through EIS to identify the difference of their
activities for nitrite oxidation. The EIS curves measured in
5 mM [Fe(CN)6]>~/[Fe(CN)6]* solution with 0.1 M KCl as
supporting electrolyte are presented in Fig. 5. The Nyquist
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Fig.4 XPS spectrum of Pt 4f (a), Ni 2p (b), N 1 s (¢), and C 1 s (d) in Pt/Ni/NCNTs
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Fig.5 CVs (a) and DPVs (b) for Pt/Ni/NCNTs and Ni/NCNTs with (solid curves) and without (dotted curves) nitrite; EIS Nyqusit plots (¢) and
Bode plots (d) of Pt/Ni/NCNTs and Ni/NCNTs recorded in the electrolyte of 0.1 M KCl containing 1 mM [Fe(CN)6]> 4=

plots (Fig. 5c) display a typical semicircle in the high fre-
quency region and linear part at lower-frequency region,
which correspond to electron transfer (Rct) and the diffu-
sion-limited process, respectively [26, 27]. The semicircle
of Pt/Ni/NCNTs is much smaller than Ni/NCNTs indicat-
ing the fast charge transfer efficiency of Pt/Ni/NCNTs. The
equivalent circuit is inserted in Fig. 5S¢ and corresponding
parameters are listed in Table S1. The Rct of Pt/Ni/NCNTs
(1.05x 10% Q) is much lower than Ni/NCNTs (3.15x 10° Q),
indicating the deposition of Pt nanoparticles on Ni/NCNTs
can evidently reduce charge transfer resistance and improve
the heterogeneous electron transfer process, which is ben-
eficial for nitrite oxidation. Bode plots in Fig. 5d display
one typical time constant which is consistent with the fitting
results of Nyquist plots. Bode modulus plots also proved
the lower |IZI of Pt/Ni/NCNTs. Lower phase angle of Pt/Ni/
NCNTs further implies that the charge transfer reaction is
facilitated on Pt/Ni/NCNTs as the phase angle of 90° rep-
resents an ideal capacitor [26]. The results suggest that the
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improved nitrogen oxidation on Pt/Ni/NCNTSs may benefit
from the increased charge transfer efficiency originating
from the deposition of Pt.

The electrochemical sensing properties of Pt/Ni/NCNTs
were further evaluated by CVs (Fig. 6a) and DPVs (Fig. 6b)
with different nitrite in 0.1 M PBS. As the concentration
increased, both oxidation currents of nitrite in CVs and
DPVs curves increase synchronously. A good linear relation-
ship can be obtained by plotting the normalization of current
and nitrite concentration. The linear regression equation of
CVs results is Ip (pA) =0.0309C (uM)—36.528 (R2=0.996)
(Insert in Fig. 6a). Plots of DPVs current (Insert in Fig. 6b)
present the regression equation of Ip (pA)=0.0336C
(UM) +5.054 (R*=0.999). The results suggest that Pt/Ni/
NCNTs electrode is sensitive to the nitrite concentration
and can be used as a promising electrode material for nitrite
sensing application.

The effect of scan rate (v) on CVs of Pt/Ni/NCNTs
was performed to further evaluate the kinetics of nitrite
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Fig.6 CVs (a) and DPVs (b) of Pt/Ni/NCNTSs with various nitrite (Inserts are their plots of concentration vs. currents)

oxidation. Figure 7 presents the CVs of Pt/Ni/NCNTs
depending on various v in 0.1 M PBS containing nitrite.
Anodic peak current (Ipa) can be clearly found increasing
gradually with v varying from 10 to 150 mV/s (Fig. 7a). The
linear relationship of Ipa vs. v'/? (Fig. S2a) can be obtained
on the Pt/Ni/NCNTs electrodes. Accordingly, the linear
regression equation for logv vs. loglpa (insert in Fig. 7a)
is given by loglpa=0.51668logv + 1.04098 (R>=0.995). It
is well known that the theoretical value of the slope for dif-
fusion control process is 0.5. If the slope is close to 1, the
electrochemical reaction occurs via an adsorption-controlled
process [12, 28]. The slope value of 0.51668 is close to the
theoretical value of 0.5 indicating the diffusion control pro-
cess for nitrite oxidation on the Pt/Ni/NCNTs electrodes.
Moreover, the anodic peak potential (Epa) in CVs has a
slight shift with v increasing, which may indicate that the
oxidation of nitrite is an irreversible process. Fig. S2b dis-
plays the linear relationship of Epa vs. Inv with the equation
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of Epa (V)=0.04397 Inv (InV s™')+0.67499 (R*=0.994).
According to the Laviron’s equation, o and the number of
electrons (n) were calculated to be 0.56 and 1.04 (detailed
calculation is listed in supporting materials “Experimental
section”), indicating a fast electron transfer process with one
electron involved in the oxidation of nitrite [13, 25]. Fig-
ure 7b gives the plot of logl vs. E (insert on Fig. 7b) based
on the data from rising part of E-I curve measured with scan
rate of 1 mV/s. The linearity can be described by the follow-
ing regression approximation: log I=6.48244 »-10.23735.
The slop value of 6.48244 in the equation is equal to Tafel
slop of n (1-a) F/2.3 RT27, 29. According to the estimated
o (0.56) above, n was calculated to be 0.87, which is also
close to 1. Therefore, the rate-determining step during nitrite
oxidation on Pt/Ni/NCNTs electrodes may undergo a one
electron transfer process. The mechanism of nitrite oxida-
tion can be described as followings according to previous
reports [30, 31].

(b) °;
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Fig.7 a CVs for P/Ni/NCNTs with various scan rates (10 mV/s-150 mV/s) in PBS containing 1 mM nitrite (Inserts: Plots of logv vs. log Ipa), b
Rising part of CVs recorded with scan rate of 1 mV/s (Inserts: Tafel plots of logl vs. Epa)
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Pt/Ni/NCNTs + NOj — [Pt/Ni/NCNTs(NO7)| (1)

[Pt/Ni/NCNTs(NO; )] — Pt/Ni/NCNTs + NO, + e~
)
2NO, + H,0 — NOj + NOj + 2H* 3)

Nitrite can first adsorb on Pt/Ni/NCNTs to form the com-
plex of [Pt/Ni/NCNTs(NO,")]. Then, one electron was lost
on [Pt/Ni/NCNTs(NO,7)] to produce NO,. Finally, NO,
will transfer to NO,~ and NO;™ through a disproportiona-
tion reaction.

The applied potential has been optimized as it can dis-
tinctly affect the current response of nitrite oxidation. Vari-
ous applied potentials were explored to record amperometric
response of Pt/Ni/NCNTs (Fig. S3), which shows an increase
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of current response with the applied potentials varying from
0.7 to 1.1 V. Considering that more noise signals may be
introduced at the higher applied potentials, 1.0 V was used
as the optimal potential. The nitrite sensing performance
of Pt/Ni/NCNTs was further evaluated by measuring the
amperometric response at the optimal potential with suc-
cessive addition of nitrite (Fig. 8a). The current response of
both Pt/Ni/NCNTs and Ni/NCNTs presents distinct increase
step by step with the addition of nitrite. Moreover, Pt/Ni/
NCNTs demonstrate a much stronger current response with
the linear plot of current vs. nitrite concentration presented
in Fig. 8b. The fitting results displayed that the Pt/Ni/NCNTs
sensors presented excellent sensing performance for nitrite
detection with much higher detection ranges of 0.5-40 mM
and 40-110 mM. The sensitivity in the range of 0.5-40 mM
is 276.92 pA mM~! cm™? with the detection limit of
0.17 pM. The sensitivity in another range (40-110 mM)
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Table 1 Comparison of Pt/

. h o Sensors Linear range (pM) Detection limit ~ Sensitivity References

Ni/NCNTs with other nitrite (HM) (MAmM~T cm™2)

sensors
Pt/Ni/NCNTs 0.5-40,000 0.17 276.92 This work

40,000-110,000 224.39

a-Fe,0;/CNTs 0.5-4000 0.15 334 [14]
Ag/HNTs/MoS,-CPE 2-425 0.7 89.9 [32]
Nickel oxide/graphene 5-8000 0.98 0.0184 [12]
Pt/Ni(OH),/MWCNTs 0.4-5670 0.13 145 [33]
Au NPs/MoS, 5-277,800 1.7 117.0 [34]
Ni/MoS,/GCE 20-1000 2.74 15.09 [35]

is 224.39 pA mM~! cm™2. The results suggest that Pt/Ni/
NCNTs present much wider detection range and excellent
sensitivity for nitrite sensing compared with other previ-
ous nitrite sensors (Table 1), indicating the sensors may be
applied in a wide range of conditions which is very helpful
for the real-time detection of nitrite.

The selectivity of Pt/Ni/NCNTs was also studied by
measuring the I-T curves with contentiously adding differ-
ent interfering substances to 0.1 M PBS. With the applied
potential of 1.0 V, 0.2 mM NaNO,, 2 mM L-ascorbic acid,
2 mM glucose, 2 mM glutamic acid, 2 mM KCI, 2 mM
Lysine, 2 mM NaCl, 2 mM Na,CO;, 2 mM NaH,PO,, and
0.2 mM NaNO, were added continuously to 0.1 M PBS, and
the I-T curves are showed in Fig. 8c. It can be observed that
distinct current response was obtained with the addition of
nitrite. On the contrary, interference species display negli-
gible current signals on the I-T curves. The results indicate
that Pt/Ni/NCNTs have good selectivity for nitrite detection.
Nitrite levels were also analyzed with real samples (spiked
milk and peach juice) to assess the practical applicability of
Pt/Ni/NCNTs. The nitrite level was performed with stand-
ard addition method through recording the amperometric
(I-T) response. The typical amperometric (I-T) curves with
injecting 100 pL. NaNO,, 100 pL peach juice are presented
in Fig. 8d and the corresponding curves of milk are showed
in Fig. S4. The satisfied recoveries fall within the range of
95.8-104.5%, suggesting Pt/Ni/NCNTs are feasible for real
sample applications.

Conclusions

Newly developed nitrite sensors using Pt/Ni/NCNTs as elec-
trode materials were successfully obtained through depos-
iting Pt on self-catalytically grown Ni-/N-doped carbon
nanotubes. According to CVs, DPVs, EIS, and I-T meas-
urement, Pt/Ni/NCNTs displayed superior electrochemical
performance for nitrite oxidation due to the synergy of Pt
and Ni/NCNTs. The Pt/Ni/NCNTs sensors present excel-
lent nitrite sensing properties including high sensitivity

of 276.92 uA mM~' cm™ in the range of 0.5-40 mM and
224.39 pA mM~!' cm™? in the range of 40-110 mM and
low detection limit of 0.17 pM. High selectivity was also
obtained on Pt/Ni/NCNTs in presence of interferents. In
addition, satisfactory results were also achieved for nitrite
detection in real samples (milk and peach juice) analysis.
The results may have some inspiration for the development
of new efficient electrochemical sensors based on Pt relative
and MOF-derived materials.
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