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Abstract

A novel nitrite (NO2
- ) sensor was fabricated by electrodepositing phosphotungstic acid (PW12O40

3 - ) on
chitosan (CHIT)-graphene nanocomposites modified cysteamine/gold (Au) electrode. Fourier transform infra-
red spectroscopy, Raman spectroscopy, X-ray powder diffraction, X-ray photoelectron spectroscopy, scanning
electron microscopy, and atomic force microscopy were used to study the CHIT-graphene nanocomposites and
the PW12O40

3 - /CHIT-graphene/cysteamine/Au electrode. Cyclic voltammograms and chronoamperometric
were used to evaluate electrochemical and electrocatalytic properties of the PW12O40

3 - /CHIT-graphene/cys-
teamine/Au electrode. Electrochemical results showed that the PW12O40

3 - /CHIT-graphene/cysteamine/Au
electrode exhibited good electrochemical behaviors and electrocatalytic performance toward the reduction of
NO2

- . Electrocatalytic performance can be ascribed to large specific surface area and good conductivity of the
CHIT-graphene nanocomposites and good electrocatalytic activity of PW12O40

3 - . The sensor showed quick
amperometric response, low detection limit, wide linear range, high sensitivity, high stability, and good re-
producibility. Analytical performance suggests that it is possible to be a potential candidate for routine NO2

-

analysis.
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Introduction

N itrite (NO2
- ), as an important precursor in the for-

mation of toxic and carcinogenic nitrosoamines, is
widely used in food preservative, agricultural fertilizer, and
color enhancer. So, increasing attention has been paid to the
quantitative determination of NO2

- and it is imperative to
obtain an accurate and efficient method to detect NO2

-

(Bertotti and Pletcher, 1997). Up to now, many techniques
including spectrophotometry, chromatography, capillary
electrophoresis, and fluorescent spectrometry have been ap-
plied in the detection of NO2

- . However, these methods are
apparently expensive or time consuming. Recently, much
attention has been focused on electrochemical techniques due
to its intrinsic reliability, sensitivity, selectivity, and sim-
plicity (Chen et al., 2008; Liu et al., 2010).

Polyoxometalates (POMs), as a class of structurally well-
defined anionic clusters with an enormous disparity in size,

composition, and function, attracts much attention. Its in-
herent metal-oxygen framework can possess reversible and
gradual multi-electron reaction. As a result, POM has become
an attractive candidate in electrode modification and elec-
trocatalytic research (Chen et al., 2008). Some POM modi-
fied electrodes have been constructed for NO2

- detection in
recent years (Rahman et al., 2006; Hamidi et al., 2008; Li
et al., 2008; Gu et al., 2009). For example, Indium-Tin Oxide
(ITO) electrode modified by one-dimensional POM hybrid
nanofibers has been reported by Cao et al. (2012), and layer
by layer hybridized POM and poly(ferrocenylsilane) on a
cysteamine modified gold electrode has been reported by our
group (Chen et al., 2008).

Electrodeposition has become a popular method to attach
POMs onto the surface of electrodes owing to their properties
of quick assembly and simple operation. To obtain a good
catalytic activity, the electrodeposition of POMs on cysta-
mine modified gold electrode has been developed (Chen
et al., 2009). However, the packed density of POMs was only
monolayer on cystamine modified gold electrode surface,
which is unfavorable for its electrocatalytic performance.
Meanwhile, some conductive polymer (Molina et al., 2008),
cysteamine (Chen et al., 2009), poly(ferrocenylsilane) (Chen
et al., 2008), and others, have also been used to modify
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electrode for POMs deposition as sensor for NO2
- detection.

Graphene, a single layer of carbon atoms in a closely packed
honeycomb two-dimensional lattice, has attracted tremen-
dous attention because of its excellent electrical properties
and the high specific surface area of 400 m2/g up to 1,500 m2/
g for metal NPs deposition or enzyme adsorption on elec-
trodes (Wang et al., 2010), especially chemically derived
graphene by chitosan (CHIT) owing to its abundant groups,
such as epoxide, hydroxyl and carboxylic groups, and the
high hydrophilcity (Yang et al., 2010). The remarkable sur-
face area and its well electrocatalytic and electrochemical
properties have led to an explosion of research in the field of
electrochemical sensors.

In this work, PW12O40
3 - was electrodeposited on an Au

electrode that was modified with CHIT-graphene/cysteamine
to fabricate a NO2

- sensor. The CHIT-graphene nano-
composites exhibited high conductivity and large specific
surface area, which resulted in a large number of PW12O40

3 -

assembled on electrode surface and improved the electron
transfer and electrocatalytic activity of PW12O40

3 - . Cyclic
voltammetry and chronoamperometry were used to investi-
gate electrocatalytic behavior of the modified electrode to-
ward NO2

- . The analytical performance of the sensor related
to the sensitivity, detection limit, linear range, response time,
selectivity, and stability have been discussed in detail.

Materials and Methods

Reagent

CHIT, PW12O40
3 - and cysteamine were obtained from

Sigma-Aldrich. NaNO2 and other reagents were purchased
from Beijing Chemical Reagent Factory. All reagents were of
analytical grade and used without further purification. The
1.0 M H2SO4 as support electrolyte was purged with high
purity nitrogen. All solutions were prepared with ultrapure
water, purified by a Millipore–Q system (18.2 MO$cm).

Preparation of CHIT-graphene nanocomposites

CHIT-graphene was prepared according to previous re-
ported method (Wang et al., 2012). Briefly, graphene oxide
(GO) was first prepared according to the Hummers method
(Hummers and Offeman, 1958). Graphite powder was added
into 20 mL ultrapure water and ultrasonicated for 45 min to
get GO suspension. Then, 5.0 mg of CHIT was dissolved in
1 mL 1% acetic acid to get 0.5 wt% CHIT and the pH was
adjusted to 5–6 by adding appropriate NaOH. Then, 10 mL
GO suspension (0.1 mg/mL) was mixed with 10 mL 0.5 wt%

CHIT solution and was stirred for 24 h at room temperature to
obtain the CHIT-GO nanocomposites.

The resulted CHIT-GO nanocomposites were ultra-
sonicated for 40 min. After 3.5 lL hydrazine hydrate and
40 lL ammonia solution were added, the mixture was kept at
90�C for 1 h. The product was finally dialyzed in dialytic
membrane for 24 h. The derived CHIT-graphene nano-
composites were well soluble in water and ethanol.

Preparation of PW12O40
3 - /CHIT-graphene/

cysteamine/Au electrode

Au electrode (f = 2 mm) was polished with 1.0, 0.3, and
0.05 lm Al2O3 powders on felt pads to obtain a mirror-like
surface before experiments, then ultrasonicated with copious
amount of ultrapure water and absolute ethanol for 1 min and
dried by N2. This freshly pretreated Au electrode was im-
mersed in 1.0 mM ethanol solution of cysteamine for 24 h and
followed by thoroughly ultrasonicating with absolute ethanol
to eliminate physically adsorbed cysteamine. Subsequently,
the cysteamine/Au electrode was immersed in CHIT-graphene
solution for 12 h to give a CHIT-graphene/cysteamine/Au
electrode. Then, the CHIT-graphene/cysteamine/Au electrode
was scanned in the potential range from - 0.4 to 0.4 V at
100 mV/s for 100 cycles in 1.0 M H2SO4 containing 3.0 mM
PW12O40

3 - to produce the PW12O40
3 - /CHIT-graphene/

cysteamine/Au electrode. The procedure of the modified
electrode was shown in Fig. 1. The prepared modified elec-
trodes were kept at 4�C for future use. As a control,
PW12O40

3 - /cysteamine/Au electrode was also made ac-
cording to above process.

Apparatus

All electrochemical experiments were performed by a CHI
660C electrochemical workstation (CH Instrument). A con-
ventional three-electrode system was used with modified
Au electrode as working electrode, a platinum wire as auxil-
iary electrode, and a saturated calomel electrode as reference
electrode. The cyclic voltammetric experiments were per-
formed in a quiescent solution. The amperometric experi-
ments were carried out under a continuous stirring using a
magnetic stirrer. About 1.0 M H2SO4 was used as the sup-
porting electrolyte solution, purged with high purity N2 for
30 min before measurements and then a N2 atmosphere was
kept over the solution during measurements.

Atomic force microscopy (AFM) measurements were car-
ried out with an AJ-III (Shanghai Aijian Nanotechnology) in
tapping mode. Standard silicon cantilevers (spring constant,

FIG. 1. Schematic repre-
sentation of procedure for the
electrode construction.
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0.6–6 N/m) were used under its resonance frequency (typically,
60–150 kHz) at room temperature under ambient condition.
Fourier transform infrared spectroscopy (FTIR) was obtained
on a Perkin-Elmer Spectrome 100 spectrometer (Perkin-Elmer
Company). Raman spectra were collected using a Renishaw
2000 model confocal microscopy Raman spectrometer with a
CCDS detector and a holographic notch filter (Renishaw Ltd.).
Scanning electron microscopy (SEM) analysis was taken using
a XL30 ESEM-FEG SEM at an accelerating voltage of 20 kV
equipped with a Phoenix energy dispersive X-ray analyzer. X-
ray powder diffraction (XRD) data were collected on a D/Max
2500V/PC X-ray powder diffractometer using Cu Ka radiation
(k = 1.54056 Å, 40 kV, 200 mA).

Results and Discussion

Characteristics of sensor

FTIR was first employed to study the CHIT-graphene na-
nocomposites (Fig. 2A). For graphene, there were only two
vibration peaks at 1,579 and 1,248 cm - 1 belonging to C = C
and C-C, respectively (Yang et al., 2010). For CHIT-gra-
phene nanocomposites, two characteristic absorbance bands
centered at 1,642 and 1,567 cm - 1, which corresponded to the
C = O stretching vibration of -NHCO- and the N-H bending
of -NH2, respectively, indicating CHIT has been successfully
assembled on graphene surface.

Additional information on the structure of the materials
was provided by Raman spectroscopy. In Fig. 2B, two bands
were observed on the spectrum of the CHIT-graphene na-
nocomposites at 1,348 cm - 1 (D band) and 1,595 cm - 1 (G
band), respectively. The D band came from carbon with sp3

hybridization, corresponding to disordered and defective
carbon atoms, while the G band was the results of in-phase
vibration of the graphene lattice, indicating ordered region in
the graphene lattice. The intensity ratio of D and G band (ID/
IG) could be used to quantify the relative content of defects and
the sp2 domain. After the hydrazine reduction, the ID/IG of
graphene should increase according to previous results (Han
et al., 2010). After the CHIT-GO was reduced to CHIT-gra-
phene, the two bands became narrow and the ID/IG increased,
indicating higher degree of disorder (Stankovich et al., 2007).
The result confirmed that the CHIT-GO was successfully re-
duced into CHIT-graphene. As shown in Fig. 2B, both the
characteristics peaks of CHIT-graphene (1,348 and 1,595 cm-

1) and PW12O40
3 - (974 and 993 cm- 1) were simultaneously

observed on the Raman spectrum of the PW12O40
3 - /CHIT-

graphene nanocomposites. The result confirmed that the nano-
composites consisted of CHIT-graphene and PW12O40

3 - .
XRD patterns were measured to examine the crystal

structures of CHIT-graphene and solid product of deposition.
As shown in Fig. 2C, a broad peak, which was the charac-
teristic of amorphous material, was observed, indicating that
the CHIT-graphene was amorphous material. After deposition of
PW12O40

3 - , the diffraction peaks matched well with the re-
ported PW12O40

3 - (Zhu et al., 2013). From those XRD results, it
could be concluded that the crystalline PW12O40

3 - was elec-
trodeposited on the amorphous CHIT-graphene successfully.

Morphology of as-prepared graphene and CHIT-graphene
nanocomposites were characterized by AFM (Fig. 3). In-
dividual graphene sheets could be easily observed on mica
surface (Fig. 3A). The graphene has lateral dimensions from
several micrometers with a thickness of 0.8 nm as shown by its
section analysis (Fig. 3A), which was characteristic of fully
exfoliated graphene sheets. The AFM image of CHIT-graphene
nanocomposites showed a very rough surface (Fig. 3B), sug-
gesting CHIT and graphene formed CHIT-graphene nano-
composites. The thickness of CHIT-graphene sheet measured
by section analysis was about 2.0 nm (Fig. 3B). Since the size of
the CHIT was about 0.5 nm and the thickness of the graphene
was about 1.0 nm, it was reasonable to conclude that the CHIT-
graphene nanocomposites consisted of one layer of graphene
and mono- or submonolayer of CHIT on both of its surfaces.

SEM images revealed the surface morphology of the
modified electrode and were shown in Fig. 4. It clearly
showed that a large number of CHIT-graphene nanocompo-
sites with wrinkled structure were assembled on cysteamine/
Au electrode (Fig. 4A, B). After the PW12O40

3 -

was electrodeposited on CHIT-graphene/cysteamine/Au
electrode, the crystals PW12O40

3 - closely wrapped by
wrinkled and thin layer of CHIT-graphene were tightly fixed
on the electrode (Fig. 4C, D). The graphene layer might act as
conducting medium to accelerate the electrons transfer among
the analytes, the PW12O40

3 - catalyst, and the electrode.

Direct electrochemical properties of PW12O40
3 - /

CHIT-graphene/cysteamine/Au electrode

Cyclic voltammetry was used to investigate direct
electrochemical behaviors of PW12O40

3 - /CHIT-graphene/
cysteamine/Au electrode. Figure 5A presented cyclic

FIG. 2. (A) Fourier transform infrared spectroscopy spectra of graphene and chitosan (CHIT)-graphene. (B) Raman
spectra of CHIT-graphene oxide, CHIT-graphene, PW12O40

3 - /CHIT-graphene, and PW12O40
3 - . (C) X-ray powder dif-

fraction pattern of CHIT-graphene and PW12O40
3 - /CHIT-graphene.
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voltammograms (CVs) curves of different modified elec-
trodes in N2-satruated 1.0 M H2SO4. Both cysteamine/Au
electrode (curve a) and CHIT-graphene/cysteamine/Au elec-
trode (curve b) did not show redox peak. After PW12O40

3 -

was electrodeposited on the CHIT-graphene/cysteamine/Au
electrode, a reversible redox peak (Epa = - 0.051 V and
Epc = - 1.08 V) appeared (curve d), which could be attributed
to oxidization and reduction of PW12O40

3 - . Noticeably,
PW12O40

3 - in 1.0 M H2SO4 usually showed three classical
redox peaks appear at near - 0.05, - 0.35, and - 0.65 V.
However, the latter two peaks ( - 0.35 and - 0.65 V) were
beyond the working voltage ( - 0.3 to 0.4 V) in the present

work. Therefore, only one redox peak at about - 0.05 V was
observed (Ojani et al., 2008). The electron transfer number
was estimated to be 1 according to the peak-to-peak sepa-
ration (DEp) of 57 mV. In comparison with PW12O40

3 - /
cysteamine/Au electrode (curve c), the PW12O40

3 - /CHIT-
graphene/cysteamine/Au electrode showed a much higher
peak current, indicating CHIT-graphene did result in a large
number of PW12O40

3 - assembled on electrode surface owing
to its large specific surface area.

The stability of electrode was very important for its actual
application. As shown in Fig. 5B, only 3.2% of peak current
signal decreased while peak potential remained unchanged

FIG. 3. Atomic force microscopy
images and their corresponding
section analysis of graphene (A)
and CHIT-graphene (B). The ar-
rowheads indicate the mica surface
and graphene or CHITI-graphene
surface, respectively.

FIG. 4. Scanning electron mi-
croscopy images of CHIT-
graphene/cysteamine/Au electrode
(A, B) and PW12O40

3 - /CHIT-
graphene/cysteamine/Au electrode
(C, D).
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after the PW12O40
3 - /CHIT-graphene/cysteamine/Au elec-

trode was scanned for 100 cycles, indicating good stability of
the modified electrode.

Figure 6A showed CVs of PW12O40
3 - /CHIT-graphene/

cysteamine/Au electrode at different scan rates in 1.0 M
H2SO4. The peak current was proportionally enhanced
with a good linear relation: ipa (nA) = 6.97 + 1.45 t (V/s)
(R = 0.999) for anode peak and ipc (nA) = - 84.04–3.07 t
(V/s) (R = - 0.997) for cathodic peak (Fig. 6B). The re-
sult indicated that the electron transfer reaction involved
with a surface-confined process in the studied potential
range.

The relationship between peak potential and the loga-
rithm of scan rate was also investigated as shown in Fig.
6C. The anode peak potential shifted positively and the
cathodic peak potential shifted negatively as the scan rate
increased. Ep was proportional to the logarithm of scan rate
from 300 to 900 mV/s as shown in Fig. 6D. The electron
transfer coefficient (a) and the rate constant of electrode
reaction (ks) were calculated based on Laviron’s theory
(Laviron, 1979):

Epc¼Eo0 þ RT

asnF
� RT

asnF
ln v (1)

Epa¼Eo0 þ RT

(1� as)nF
þ RT

(1� as)nF
ln v (2)

where n is the number of electron transfer, R is gas constant
(R = 8.314 J/[mol$K]), K is Kelvin temperature (T = 298 K), F
is Faraday’s constant (F = 96493 C/mol). According to the
slopes of the fitting curves, - 2.3RT/anF for cathodic and
2.3RT/(1 - a)nF for anodic peaks, a was calculated to be 0.41
and n was calculated to be 1. Then, on the basis of the fol-
lowing equation

ks¼ anFv=RT (3)

the ks of PW12O40
3 - /CHIT-graphene/cysteamine/Au elec-

trode was calculated to be 2.23 s - 1 at 100 mV/s.
The effective surface area of the modified electrode was

calculated according to the Randles-Sevcik equation;

FIG. 5. (A) Cyclic voltam-
mograms (CVs) of various
electrodes in 1.0 M H2SO4:
cysteamine/Au electrode (a),
CHIT-graphene/cysteamine/
Au electrode (b), PW12O40

3 - /
cysteamine/Au electrode (c),
and PW12O40

3 - /CHIT-gra-
phene/cysteamine/Au electrode
(d). (B) CVs of PW12O40

3 - /
CHIT-graphene/cysteamine/
Au electrode in 1.0 M H2SO4

with first and 100th scan. Scan
rate: 50 mV/s.

FIG. 6. (A) CVs of
PW12O40

3 - /CHIT-graphene/
cysteamine/Au electrode in
1.0 M H2SO4 at various scan
rates: 10, 30, 50, 80, 130,
180, 240, 300, 350, 400, 450,
500, 550, 600, 650, 700, and
800 mV/s. The upward and
downward arrows indicate
the increase and decrease of
oxidation peak and reduction
peak, respectively. (B) Plot of
peak current versus scan rate.
(C) Scatter diagram of peak
potential versus scan rate.
(D) Linear graph of peak
potential versus scan rate.
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Ip¼ 2:69 · 10� 5An3=2D1=2
o v1=2C1=2

o (4)

where A is effective area, Do is diffusion coefficient of
K3Fe(CN)6 in 0.1 M KCl (Do = 0.673 · 10- 5 cm2/s), t is the
scan rate (t = 100 mV/s), Co is the concentration of K3Fe(CN)6

(Co = 5 mM), other symbols have their conventional meanings.
The effective surface area of PW12O40

3 - /graphene/cyste-
amine/Au electrode was 1.07 · 10 - 4/cm2. Surface coverage
was also calculated according to Faraday Law (Xu et al., 2010):

G� ¼ Q

nFA
(5)

where C* is surface coverage and other symbols have their
conventional meanings. The surface coverage of PW12O40

3 -

on CHIT-graphene/cysteamine/Au electrode was estimated
to be 1.966 · 10 - 8 mol/cm2.

Electrocatalytic activity of PW12O40
3 - /CHIT-graphene/

cysteamine/Au electrode toward NO2
-

Electrocatalytic performance of PW12O40
3 - /CHIT-

graphene/cysteamine/Au electrode toward the reduction of

NO2
- was investigated. Figure 7 showed CVs of the various

modified electrodes in 1.0 M H2SO4 in the presence (curve a,
b, c, and d) and absence (curve e) of 0.1 mM NO2

- . As shown
in Fig. 7, no obvious reduction current was observed on cys-
teamine/Au electrode (curve a) and CHIT-graphene/cyste-
amine/Au electrode (curve b) in 1.0 M H2SO4 in the presence
of 0.1 mM NO2

- . After PW12O40
3 - was electrodeposited on

the CHIT-graphene/cysteamine/Au electrode, an obvious
reduction current appeared in curve d, which indicated that
the reduction current originated from the reduction of NO2

-

catalyzed by PW12O40
3 - . In comparison with PW12O40

3 - /
cysteamine/Au electrode (curve c), the PW12O40

3 - /CHIT-
graphene/cysteamine/Au electrode showed a much higher
current, indicating that CHIT-graphene did enhance the
electrocatalytic performance of PW12O40

3 - toward the re-
duction of NO2

- due to its high conductivity and large spe-
cific surface area. The possible reaction mechanism of
electrocatalytic reduction of NO2

- catalyzed by PW12O40
3 -

followed:

PW12O40
3�þ e�/PW12O40

4� (6)

PW12O40
4�þHNO2/PW12O40

3�þNOþH3Oþ (7)

Figure 8A showed CVs of PW12O40
3 - /CHIT-graphene/

cysteamine/Au electrode in 1.0 M H2SO4 with different
NO2

- concentrations. The current response was enhanced
with increasing NO2

- concentration. The linear relationship
between current response and NO2

- concentration was
studied by successively adding NO2

- into 1.0 M H2SO4 at
- 0.18 V. It was obvious that reduction current achieved 95%
of the steady-state current in 5 s. Calibration curve of the
sensor was also exhibited in Fig. 8B (Inset). The reduction
current was proportional to the concentration of NO2

- in the
range of 0.18 mM–6.74 mM (R = 0.999). The detection limit
was estimated to be 0.06 mM based on the reported equation
(Castillo and Castells, 2001):

LD¼ 3:29(rb1=b1) (8)

where LD is detection limit, rb1 is deviation based on the
response dispersion at blank level (rb1 = 1.95 · 10 - 4) and b1

is the slope of the calibration line (b1 = 10.55).
Recently, many NO2

- sensors have been developed by
using POM or other materials. A comparison of the perfor-
mance of our newly designed sensor with those already

FIG. 7. CVs of various electrodes in 1.0 M H2SO4 in the
presence (a, b, c, and d) and absence (e) of 0.1 mM NO2

- at
scan rate of 50 mV/s: cysteamine/Au electrode (a), CHIT-
graphene/cysteamine/Au electrode (b), PW12O40

3 - /cyste-
amine/Au electrode (c), and PW12O40

3 - /CHIT-graphene/
cysteamine/Au electrode (d, e).

FIG. 8. (A) CVs of the
PW12O40

3 - /CHIT-graphene/
cysteamine/Au electrode in
1.0 M H2SO4 in the presence
of NO2

- : concentration
range from 0 to 0.25 mM. (B)
Amperometric responses in a
continuous stirring 1.0 M
H2SO4 at - 0.18 V with an
increasing NO2

- concentra-
tion for the PW12O40

3 - /
CHIT-graphene/cysteamine/
Au electrode. Inset is the cal-
ibration curve of the sensor.

190 LI ET AL.

http://online.liebertpub.com/action/showImage?doi=10.1089/ees.2013.0260&iName=master.img-006.jpg&w=237&h=175
http://online.liebertpub.com/action/showImage?doi=10.1089/ees.2013.0260&iName=master.img-007.jpg&w=360&h=141


reported in literature regarding the performance of the NO2
-

assay was listed in Table 1. Taking POMs(PFS-POMs)4/
cysteamine/Au electrode as an example, the linear range was
fairly wide, but the detection limit was not low enough.
Compared with those sensors, the catalytic rate constant,
linear response range, sensitivity, and detection limit for
NO2

- detection of the as-prepared sensor in this work were
much better. The good catalytic activity and sensitivity might
be ascribed to CHIT-graphene nanocomposites, which pro-
vided a large specific surface area to increase the quantity of
PW12O40

3 - on electrode surface, improved the conductivity
of PW12O40

3 - , and produced a synergistic effect between
PW12O40

3 - and CHIT-graphene.

Interference study

Interference is inevitable in the determination of NO2
- .

Some ions such as Na + , K + , Cl - , and SO4
2 - in a five-fold

concentration did not show obvious interference to NO2
-

detection, while ClO3
- , BrO3

- , IO3
- , SO3

2 - , Fe3 + , and
ascorbic acid in a two-fold concentration interfered signifi-
cantly. The repeatability of the current response of one re-
sulted sensor to five successive amperometric measurements
of 0.5 mM NO2

- was checked. A relative standard deviation
value (RSD) of 3.26% was calculated for the steady current
density. The reproducibility was determined from the re-
sponse to 0.5 mM NO2

- at five different sensors. They
yielded a RSD of 4.56%. When the electrode was stored in
1.0 M H2SO4 for 2 weeks, there was no obvious change of
current. After the sensor was stored in an inverted beaker at
4�C for 60 days the current response to 0.5 mM NO2

- only
decreased by 7.8% from the original value. The current re-
sponse kept 95% of the original current for 0.5 mM NO2

- in
30 min, indicating that the maximum time that the sensor
could be operated in one measurement without significant
deterioration was about 30 min.

Conclusion

In this work, the PW12O40
3 - and CHIT-graphene nano-

composites were introduced to construct a NO2
- sensor. The

sensor has the advantages of quick amperometric response,
low detection limit, wide linear range, high sensitivity, high
stability, and good reproductively as compared with previous

results. The good electrocatalytic performance can be as-
cribed to large surface area, good conductivity of the CHIT-
graphene nanocomposites, and good catalytic activity of
PW12O40

3 - . The good analytical performance suggested that
it is possible to be a potential candidate for routine NO2

-

analysis.
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