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Abstract

Carboxylated nanocrystalline cellulose (CNCC) was prepared by oxidation degradation of microcrystalline cellulose
(MCC) using ammonium peroxydisulfate and modified with Fe;0, nanoparticles to form Fe;0,-CNCC nanocomposite
via simple refluxing process. The Fe;0,-CNCC nanocomposite doped poly(3,4-ethylenedioxythiophene) (PEDOT) was
successfully decorated on the glassy carbon electrode (GCE) by electrochemical deposition. The PEDOT/Fe;0,-CNCC
modified GCE with enlarged real electrochemical surface area was used to determine nitrite with high selectivity, sen-
sitivity and outstanding reproducibility. Using amperometric current-time (i-t) curve, the proposed sensor provided a
wider linear range (0.5-2500 uM) and a lower detection limit (0.1 uM) towards nitrite compared with the method of
differential pulse voltammetry (DPV). This analytical method gave good selectivity in the practical measurement of

nitrite in pickles.

Keywords: Carboxylated nanocrystalline cellulose; Fe;0, nanoparticle; Poly(3, 4-ethylenedioxythiophene); Ampero-

metric sensor; Nitrite

1. Introduction

Nanocellulose (NCC), one kind of sustainable func-
tional nanomaterials, is derived from native cellulose.!
Their morphology mainly depends on the source of pre-
cursor cellulose and the conditions of preparation. NCC
exhibits remarkable properties, such as high surface area,
thermally stable, renewable, biodegradable, non-toxic®®
and accessible industrially in large scale.” NCC has been
extensively researched as key components in the design of
super capacitors,'%-12 aerogels,'® sensors,'* pharmaceuti-
cals,!® chiral materials'® and catalysts.!” They are generat-
ed by the removal of amorphous regions of different
sources of cellulose using acid hydrolysis, enzymatic or
mechanical treatments. As a functional derivative of
NCC, carboxylated nanocrystalline cellulose (CNCC)
possesses better dispersibility and stability compared to
NCC because of high density of carboxyl groups on its
surface. In this work, CNCC was prepared using a strong

oxidant, ammonium peroxydisulfate, instead of conven-
tional acid hydrolysis.'®

As an important magnetic nanomaterial, Fe;0,
magnetic nanoparticle received much attention and ex-
tensive investigation in the past years for its excellent elec-
trocatalytic activity, biocompatibility and absorption abil-
ity.!9-23 For example, a sensitive electrochemical biosen-
sor for the detection of H,O, from living cells has been
developed based on graphene blended with Fe;0,
nanoparticles.?* Fe;O, nanosphere decorated with Au
nanoparticles was used as a kind of catalyst for the detec-
tion of As(IIl) in water.?> However, Fe;O, nanoparticles
are thermodynamically unstable and tend to aggregate to
form bulk particle. To overcome this problem, Fe;O,-
CNCC was synthesized by dispersing Fe;O, nanoparticles
on the surface of CNCC in this work. Fe;O0,-CNCC can
be doped into poly(3,4-ethylenedioxythiophene) (PE-
DOT) to enhance its electrical conductivity.?® Electro-
chemically polymerized PEDOT composites with differ-
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ent dopant have been widely used in various kinds of elec-
trochemical sensors.?’-30

Nitrite, a kind of food additive, is widely used in the
food industry. However, excessive nitrite is detrimental to
human health.332 In human body, nitrite can lead to the
irreversible oxidation reaction of hemoglobin to methe-
moglobin and also can be converted into nitrosamine,
which would cause hypertension and cancer.3® Therefore,
the accurate detection of nitrite becomes a pressing issue
both in the human body and food industries. Till now, var-
ious analytical techniques have been used to detect nitrite.
For example, Zhang used chemiluminescence to detect ni-
trite with the detection limit of 0.024 uM.** Huang adopt-
ed spectrofluorimetry to determine nitrite in human saliva
with the detection limit of 0.5 pM.3> However, most of
these methods are lengthy, expensive, require complicated
procedure and expert knowledge that make them unsuit-
able for routine analysis. To the contrary, electrochemical
techniques®®3” provided a highly sensitive and rapid ni-
trite determination. Besides, the electrochemical approach
was an environmentally friendly method because no extra
chemical loading is required.

In this paper, Fe;0,-CNCC was synthesized through
a simple refluxing process and then doped PEDOT onto a
glass carbon electrode by electrochemical deposition.
Combining the advantages of CNCC, Fe;0,, and PEDOT,
the fabricated sensor can determine nitrite with high se-
lectivity, sensitivity and outstanding reproducibility. This
method gave good selectivity in the practical measure-
ment of nitrite in pickles.

2. Experimental

2. 1. Materials

Microcrystalline cellulose with the length of 20-30
pum, ammonium peroxydisulfate (APS), 3,4-ethylenedi-
oxythiophene (EDOT), ferrous sulfate (FeSO4 7H,0), fer-
ric chloride (FeCl; 6H,0), ammonia solution (NH; H,0),
sodium nitrite (NaNQO,) were obtained from Aladin Ltd.
(Shanghai, China). All chemicals used in this research
were analytical grade. The 0.2 M phosphate buffer solu-
tions (PBS, pH 7,4, containing 0.9% NaCl) was prepared
by mixing stock solutions of 0.2 M NaH,PO, and 0.2 M
Na,HPO, and it was used as supporting electrolyte in the
detection of nitrite. Deionized water from a Milli-Q water
purifying system was used throughout.

2. 2. Apparatus and Measurements

All electrochemical experiments were performed us-
ing a conventional three-electrode system containing a
bare or PEDOT/CNCC, PEDOT/Fe;0,-CNCC modified
glassy carbon working electrode (3 mm diameter), a plati-
num wire counter electrode and a saturated calomel refer-
ence electrode on a CHI660D (Shanghai CH Instruments

Co., China) electrochemical work station. The structure
and morphology of the samples were characterized by
transmission electron microscopy (TEM; Hitachi
High-Technology Co., Ltd., Japan) and field emission scan-
ning electron microscopy (SEM; Hitachi High-Technology
Co., Ltd., Japan). XRD spectra were recorded on an X-ray
diffractometer (Shimadzu7000S, Shimadzu Analytical, Ja-
pan) equipped with CuKa radiation (A = 0.154 nm). Zeta
potentials of samples were measured with the Malvern Ze-
tasizer Nano ZS90 (Malvern InstrumentsLtd., UK).

2. 3. Synthesis of CNCC

CNCC was prepared by a one-pot green procedure
treatment of the mixture of MCC and APS. In brief, 2.5 g
MCC and 57.05 g APS were dissolved in 250 mL of deion-
ized water to form white suspension. The mixture was
heated at 70 °C under stirring for 12 h to give a suspension
of CNCC and then cooled to room temperature naturally.
The suspension was centrifuged and washed with deion-
ized water for several times until the pH of the suspension
was close to that of deionized water. Finally, the product
was lyophilized to yield a white powder.

2. 4. Synthesis of Fe;0,-CNCC Composite

Fe;04-CNCC was synthesized through a simple re-
fluxing process. Typically, 100 mL of the as-synthesized
CNCC (8 mg mL™), 0.1127 g of FeSO, 7H,0 and 0.1918 g
FeCl; 6H,0 were added to the three-necked flask. Then the
pH value of solution was buffered close to 10 using 25 %
NH; H,0, and the solution was heated at 60 °C in flow of N,
for 2 h. The prepared reaction products were put into the
reaction still and heated at 80 °C for 2 h. The obtained solu-
tion was isolated in a centrifugal machine at the rate of
10000 rpm for 5 min and then washed thoroughly and dis-
persed with deionized water. Eventually, the Fe;0,-CNCC
was composed following the processes discussed previously.

2. 5. Preparation of the PEDOT/Fe;0,-CNCC
Modified Electrode

Before the modification, GCE was polished with 0.3
pm, 0.05 pm alumina slurries in sequence and then cleaned
by ultrasonication in deionized water, ethanol and deion-
ized water for 3 min, respectively. For preparation of PE-
DOT/Fe;0,-CNCC modified electrodes, CNCC-Fe;0,
nanocomposites were first decorated on the GCE by elec-
trochemical deposition in a solution containing 1 mg mL™!
CNCC-Fe;04 and 0.02 M EDOT. The electrodeposition
was performed at a potential of 1.2 V (vs. SCE) for 180 s.

As control, PEDOT/CNCC modified electrode was
prepared under the same conditions without the presence
of Fe;04. GCEs modified with the PEDOT/Fe;O,-CNCC
and PEDOT/CNCC were denoted as PEDOT/Fe;O,-
CNCC/GCE and PEDOT/CNCC/GCE, respectively.

Xu, Zhang and Yu: Electrochemical Detection of Nitrite ...

503



504

Acta Chim. Slov. 2018, 65, 502-511

2. 6. Electrochemical Measurements

Electrochemical impedance spectroscopy (EIS)
measurements were recorded in 5.0 mM [Fe(CN)¢]*>/4
solution containing 0.1 M KCI within a frequency range of
1-100,000 Hz. The amplitude of the applied sine wave was
5 mV, and the direct current potential was set at 0.80 V.
Both cyclic voltammetry (CV) and differential pulse vol-
tammetry (DPV) used to study the electrochemical reac-
tion of nitrite were carried out in 0.2 M phosphate buffered
saline (PBS, pH 7.4, containing 0.9% NaCl) containing 5
mM nitrite. The CV was recorded from 0.4-1.1 V at a scan
rate of 100 mV s7!, while the DPV was performed from
0.4-1.4 V with the following parameters: pulse amplitude
50 mV; pulse width 0.2 s and pulse period 0.5 s. Ampero-
metric current-time (i-t) curve was performed in stirring
PBS (0.2 M, pH 7.4) with the potential set at 0.80 V. All
experiments were conducted at ambient temperature.

2. 7. HPLC Measurements

The HPLC technique was employed as a reference
method to measure nitrite in real samples. The measure-
ment was based on the national standards of China (GB
5009.33-2016 138)),

3. Results and Discussion

3. 1. Working Mechanism of PEDOT/
Fe;0,-CNCC Modified Electrode

The electrode modification and electrocatalytic
mechanism are shown in Fig 1. CNCC was prepared by
degradation of MCC using ammonium peroxydisulfate,
and then Fe;0,-CNCC was synthesized by a simple reflux-
ing process. The obtained Fe;0,-CNCC nanocomposite
doped poly(3,4-ethylenedioxythiophene) (PEDOT) was

OH OH H OH
E

successfully decorated on the GCE by electrochemical
deposition. The PEDOT/Fe;0,-CNCC modified electrode
was used to determine nitrite in PBS. Based on the follow-
ing results of the electrochemical tests, the corresponding
transformation is shown as follows:

NOz_ + HzO - 26_9NO3_ + 2H".

3. 2. Characterization of the Fe;0,-CNCC

Fig S1 shows the zeta potentials of different materi-
als. The zeta potentials of NCC and CNCC were measured
as -20.46 mV and -30.05 mV, which were ascribed to the
high density of the carboxyl groups on the CNCC surface.
Therefore hydrophilic CNCC has good dispersiveness and
stability. The zeta potential of Fe;0,-CNCC was -34.05
mYV, which made it easily to be doped in the polymerizing
EDOT to neutralize the positive charges on the backbone
of PEDOT.

The XRD patterns of CNCC and Fe;O,-CNCC com-
posite are shown in Fig S2. The diffraction peaks at 20 =
16.5°, 22.5° and 34.5° (labeled by the star) correspond to
(110), (200) and (004) planes of CNCC respectively.* In
the case of CNCC-Fe;O,4 composite, the emerging diffrac-
tion peaks were from the (022), (400), (333) and (044)
crystallographic planes of cubic structure of Fe;0,,2° indi-
cating that Fe;O, has been successfully modified on
CNCC.

The TEM images of the CNCC and Fe;O,-CNCC are
shown in Fig 2. Clearly, the CNCC was rod-like and the
average diameter of CNCC was about 10 nm (Fig 2a).
When modified on CNCC, Fe;O, nanoparticles formed
uniformly on the surface of CNCC (Fig 2b). PEDOT/
CNCC (Fig 2c¢) exhibited a network-like wrinkled surface
morphology. Compared to PEDOT/CNCC, the obtained
PEDOT/Fe;0,-CNCC (Fig 2d) showed different mor-
phology and the diameter of the PEDOT/Fe;0,-CNCC
was significantly wider than that of the PEDOT/CNCC.
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Fig 1. Schematic illustration of the preparation of the PEDOT/Fe;0,-CNCC/GCE and the proposed mechanism for the nitrite detection.
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Fig 2. TEM images of CNCC (a), Fe;0,-CNCC (b). SEM images of PEDOT/CNCC (c) and PEDOT/Fe;0,-CNCC (d).

3. 3. Electrochemical Characterization
of PEDOT/Fe;0,-CNCC/GCE

CV and EIS were useful tools to research the nature
of the modified electrodes and the influence of nanoparti-
cles on electron-transfer kinetics.*’ Fig 3A shows CVs re-
corded in a 0.1 M KCl aqueous solution containing 5 mM
Fe(CN)g>/4~. The bare GCE (curve a) showed poor elec-
tron-transfer kinetics for the Fe(CN)¢*/*~ redox couple
with an obvious peak-to-peak separation (AE,). Both the

A) 3004
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PEDOT/CNCC/GCE (curve b) and PEDOT/Fe;0,-
CNCC/GCE (curve c) exhibited a reversible redox re-
sponse. The reversible redox peak currents at PEDOT/
Fe;04-CNCC/GCE (curve c) was larger than that at bare
GCE and PEDOT/CNCC/GCE, indicating that the intro-
duction of Fe;0, could markedly increase the electron
transfer ability of the electrode. The EIS for Fe(CN)4>"/4~ at
different electrodes are shown in Fig 3B. The diameter of
semicircle could be used to estimate the electron-transfer
resistance (Ret) [37]. The Ret value obtained at bare GCE
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Fig 3. Cyclic voltammograms (A) and electrochemical impedance spectroscopy (B) of 5.0 mM [Fe(CN)4]*>~/#~ on bare GCE (a), PEDOT/CNCC/GCE
(b), PEDOT/Fe;0,-CNCC/GCE (c) in 0.1 M KCl solution. The scan rate is 100 mV s~!.
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(curve a, 197.8 Q) was significantly higher than that of the
PEDOT/CNCC/GCE (curve b, 53.54 Q). The PEDOT/
Fe;04-CNCC/GCE (curve c) was linear curve, implying
that the Ret was close to zero, which may be ascribed to
PEDOT/Fe;0,-CNCC composite film being highly con-
ductive and the unique microstructure of the PEDOT/
Fe;04-CNCC can increase the effective surface area of the
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modified electrode. The PEDOT/Fe;0,-CNCC/GCE
showed much lower electron-transfer resistance than PE-
DOT/CNCC/GCE and bare GCE, which was quite in
agreement with the results obtained from CV.

The real electrochemical surface areas of different
electrodes (Fig 4) were characterized by CV in 5 mM
Fe(CN)¢>/*" containing 0.1 M KCl at various scan rates.
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Fig 4. Cyclic voltammograms of 5 mM Fe(CN)¢**/4-at bare GCE (a), PEDOT/CNCC/GCE (c), PEDOT/Fe;0,-CNCC/GCE (e) with different scan
rate, and (b), (d), (f) the corresponding plots of current at a, ¢, e versus the square root of the scan rate, respectively.
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According to the Randles—Sevcik equation [24], i, = (2.69
x 10°) n¥2ACDY?n!2, the real electrochemical surface ar-
eas of the bare GCE, PEDOT/CNCC/GCE, PEDOT/
Fe;0,-CNCC/GCE were calculated to be 0.0145, 0.0175,
and 0.0209 cm™2, respectively. These results further re-
vealed that the introduction of CNCC and Fe;O,4 nanopar-
ticles could enlarge the electrochemical active electrode
surface.

3. 4. Electrochemical Detection of Nitrite
at the PEDOT/Fe;0,-CNCC/GCE

The electrochemical response of the different elec-
trodes toward nitrite was examined by CV, as shown in Fig
5. The voltammetric peaks observed at 0.7-1.05 V were
ascribed to the oxidation of NO,™ to NOj;". The bare GCE
showed no obvious anodic peak after the addition of ni-
trite (curve a). The oxidation currents and peak potentials
of nitrite on the PEDOT/CNCC/GCE (curve b) and PE-
DOT/Fe;0,-CNCC/GCE (curve c) were measured to be
130 pA, 237 pA and 0.88 V, 0.76 V, respectively. More neg-
ative oxidation peak potential (~ 0.1 V) confirmed that
Fe;O,4 nanoparticles could notably increase the catalytic
activity of the PEDOT/Fe;0,-CNCC/GCE.
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Fig 5. CV curves of different electrodes in PBS (0.2 M, pH 7.4) in

the presence of 5.0 mM nitrite at 100 mV s~!: bare GCE (a), PE-
DOT/CNCC/GCE (b), PEDOT/Fe;04-CNCC/GCE (c).

As shown in S3, DPV detection gave similar results.
5 mM nitrite showed a peak current (I;) of 38.96 mA with
the peak potential of 1.05 V at the bare GCE (a). The I, of
5 mM nitrite was 100.42 pA at the PEDOT/CNCC/GCE
with the peak potential of 0.87 V (b), and 142.2 pA at the
PEDOT/Fe;0,-CNCC/GCE with the peak potential of
0.80 V (¢). Significantly improved peak current and more
negative peak potential were obtained for nitrite oxidation
at the PEDOT/Fe;0,-CNCC/GCE.

The effect of scan rate on the anodic current from
nitrite oxidation on the PEDOT/Fe;O,-CNCC/GCE was

also investigated. As shown in Fig S4A, the oxidation cur-
rent increased with the increasing of the scan rate and a
liner relationship can be obtained between the peak cur-
rent versus square root of scan rate in the range from 0.05
t0 0.19 V/s (R? = 0.997). The diffusion-controlled irrevers-
ible electrochemical process of nitrite oxidation on the PE-
DOT/Fe;0,-CNCC/GCE was determined. Fig S4B also
confirmed that sodium nitrite did not adsorb to the elec-
trode surface and therefore did not affect the subsequent
experimental determination.

3. 5. Amperometric Response to Nitrite
Detection

For better nitrite detection, the effect of deposition
time was investigated. As exhibited in Fig 6, when the
deposition time reached 180 s, the oxidation peak current
of nitrite reached the maximum. With a shorter deposition
time, the deposited PEDOT/Fe;0,-CNCC was not suffi-
cient, and with a longer deposition time, the thicker
PEDOT/Fe;0,-CNCC composite will peel off during the
reaction. Therefore, 180 s was selected as the optimal
deposition time.
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Fig 6. Effects of deposition time on the oxidation peak current of 5.0
mM nitrite at the prepared PEDOT/Fe;0,-CNCC/GCE.

The impact of pH on the electro-oxidation behavior
of nitrite was analyzed in the pH range from 4.0-8.0 in 0.2
M PBS by DPV technique (Fig 7). The maximum peak
current was obtained at pH 7 and then decreased slowly.
We chose pH 7.4 for further studies because it was closely
related to our physiological pH ranges.

The detection of nitrite with different concentrations
at PEDOT/Fe;0,-CNCC/GCE was performed under the
optimized deposition time. A well-defined anodic peak
was observed at about 0.8 V (vs SCE), and the peak current
increased with the increase of nitrite concentration (Fig 8).
Moreover, the peak current (Ip) has good linear relation-
ship with the concentration (c) of nitrite in a wide range of
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Fig 7. The influence of pH on the oxidation peak current (DPV) of
0.5 mM nitrite at the prepared PEDOT/Fe;O,-CNCC/GCE.

15 uM to 993 uM. The linear regression equation was de-
termined to be L,/pA = 0.074 ¢ + 1.637 with a coefficient of
R?=0.999, and the limit of detection (LOD) was 15 pM.
In addition, amperometric (i-t) technique was also
employed to detect nitrite. From Fig 9, the amperometric
current response of the oxidation of nitrite on PEDOT/
Fe;0,-CNCC/GCE at an applied potential of 0.8 V and the
rotation speed of 1200 rpm with successive addition of
varying concentrations of nitrite in 0.2 M PBS solution
(pH 7.4). The sensor responded quickly to the change of
nitrite concentration and achieved a steady state current
within 2 s after the injection of nitrite. The linear range for
the nitrite electrocatalysis was 0.5-2500 uM with linear re-
gression equation of I,/uA = 0.079 ¢ + 0.495 (0.50-270.8
UM, R? = 0.999) and [,/uA = 0.074 ¢ + 2.83 (270.8-2500
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Fig 8. DPVs of nitrite with different concentrations on PEDOT/
Fe;0,-CNCC/GCE in PBS (0.2 M, pH 7.4) at a scan rate of 100 mV
s'.. The inset is the linear relationship between peak currents and
concentrations of nitrite.

UM, R% = 0.996) The LOD was calculated to be 0.1 M. We
achieved to develop a nitrite sensor with low LOD and
wide liner range that is superior to previously reported
sensors, as listed in Table 1.

3. 6. Selectivity, Stability, Repeatability,
and Reproducibility

The selectivity of a sensor is a crucial factor for its
practical application. Some possible interfering substances
in electrochemical detection of nitrite, such as ascorbic
acid (AA), dopamine (DA), uric acid (UA), sodium citrate
and sodium benzoate were added to nitrite solution (Fig
10). Clearly, a large oxidation peak current was obtained in
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Fig 9. (A) Amperometric responses of the PEDOT/Fe;O,-CNCC/GCE in stirring PBS (0.2 M, pH 7.4) at an applied potential of 0.8 V to various
concentrations of nitrite from 0.5 mM to 2500 mM. Inset shows the magnified amperometric response to the low nitrite concentration (0.5-5 uM).
(B) The corresponding calibration plot for the PEDOT/Fe;O,-CNCC/GCE (the nitrite concentrations were 0.50, 11.7, 25.6, 43.7, 65.9, 93.6, 128.0,
216.7,270.8, 337.7, 417.2, 508.9, 612.1, 726.4, 851.2, 997.9, 1165.2, 1351.2, 1554.2, 1772.4, 2003.9, 2246.9 and 2500.0 pM in sequence). Inset shows
the corresponding calibration plot for the low nitrite concentration (0.50-270.8 pM).
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Table 1. Comparison of the performances of different electrochemical sensors for the determination of nitrite.

Analysis methods Material used Analytical LOD Reference
Range [uM] [mM]
Amperometric CeOrGo 0.7-385 0.18 41
Amperometric PANI-MoS, 4-4834 1.5 42
DPV Au-RGO/PDDA 0.05-8.5 0.04 43
DPV N-aceytl-L-methionine 1-500 0.75 44
Squre-wavevoltammetry Cu/MWCNT/RGO 0.1-75 0.03 45
Squre-wavevoltammetry AgPs-IL 50-1000 3 46
Cyclic voltammetry CNT-PPy-Pt 0.5-2000 0.5 47
Amperometric PEDOT/AuNPs 3-300 0.1 48
Amperometric poly(1,3-DAB) film 10-1000 2 49
Amperometric cellulose acetate membrane 1-100 0.5 50
Amperometric PEDOT/Fe;0,-CNCC 0.5-2500 0.1 This work

PBS (0.2 M, pH 7.4) containing 0.1 mM nitrite (Fig 10a).
After 0.5 mM AA, 0.5 mM DA, 1 mM UA, 1 mM sodium
citrate and 1 mM sodium benzoate were added into 0.1
mM nitrite solution, the nitrite oxidation peak current de-
clined by 4% but oxidation peak potential was not changed
(Fig 10b). These electroactive species and food additives
have no obvious interference on the determination of ni-
trite. The developed sensor can easily distinguish DA, AA,
UA, and nitrite. The results suggested that the PEDOT/
Fe;04-CNCC exhibited high selectivity for nitrite detec-
tion.
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Fig 10. DPVs of the PEDOT/Fe;0,-CNCC/GCE in the absence (a)
and presence (b) of 0.5 mM AA, 0.5 mM DA, 1.0 mM UA, 1 mM
sodium citrate and 1 mM sodium benzoate in PBS (0.2 M, pH 7.4)
containing 0.1 mM nitrite.

The selectivity of proposed sensor was also evaluated
by amperometric method at the potential of 0.8 V. A 0.1
mM amount of nitrite, 0.5 mM AA, 0.5 mM DA, 1.0 mM
UA, 1.0 mM sodium citrate, 1.0 mM sodium benzoate, and
a second injection of 0.1 mM nitrite were added into PBS
(pH 7.4) to investigate the selectivity of the PEDOT/

Fe;0,-CNCC/GCE. Figure S5 displays that the addition of
AA, DA, and UA exhibited measurable current responses.
DPV method should be used when nitrite coexists with
AA, DA, and (or) UA in biological samples to avoid the
interferences.

The stability of PEDOT/Fe;0,-CNCC/GCE was in-
vestigated by amperometric (i-t) technique in 0.2 M PBS
with the presence of 200 uM nitrite. The current response
of nitrite oxidation was recorded over a long operational
period of 2500 s and retained about 96.7% of its original
current. Furthermore, the PEDOT/Fe;O,-CNCC/GCE
was fabricated and the nitrite oxidation response moni-
tored for 2 weeks. The prepared sensor achieved 95.3% of
efficiency towards the detection of nitrite, revealing the
excellent long-term stability. The repeatability was ob-
served for 10 consecutive measurements with one modi-
fied electrode in the presence of 200 uM nitrite with rela-
tive standard deviation (RSD) of 4.6%, suggesting an ac-
ceptable repeatability of the PEDOT/Fe;0,-CNCC modi-
fied electrode. In addition, three independent PEDOT/
Fe;0,-CNCC modified electrodes were chosen for the
determination of nitrite with an RSD of 3.7% that dis-
played a good reproducibility.

3. 7. Determination of Nitrite in Pickles

To demonstrate the practical feasibility of such an
electrochemical sensor, the PEDOT/Fe;O,-CNCC/GCE
was used to detect nitrite in pickles. The pickle samples
were purchased from the local market in Qingdao, Shan-
dong, and were pretreated as follows. The samples were
ground adequately in a juicer, a portion of 10 g of puree
was mixed with 50 mL of water, followed by sonication for
30 min in a beaker. Then the resulting mixture was centri-
fuged for 10 min at 4000 rpm. Finally, the supernatant was
diluted to 100 mL using 0.2 PBS (pH 7.4). The recovery of
nitrite was calculated using the standard addition method.
The standard HPLC method was employed for the com-
parison. Table 2 lists the results obtained by these two
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Table 2. Results of the determination of nitrite in pickles (n = 4).

Samples The proposed electrochemical method HPLC method
Detected Added Found Recovery RSD Detected Relative
[mgkg'] [uM] [uM] [%] (%] [mg kg'] error[%]
1 3.48 10 9.65 96.5 3.01 3.62 3.87
2 3.57 20 19.54 97.7 2.86 347 -2.88
3 3.73 30 30.60 102 2.71 3.92 4.85
4 4.21 40 39.76 99.4 2.94 4.32 2.55

methods. The recoveries from 96.5% to 102% suggest that
results from the proposed method are comparable with
those from HPLC. Noticeably, without the use of ex-
traction columns which are required for HPLC, the simple
and rapid pretreatment of the proposed method is suitable
for on-site detection. These results imply the good accura-
cy, reliability, and feasibility of PEDOT/Fe;0,-CNCC/
GCE for the detection of nitrite in pickle samples.

4. Conclusions

A simple electrochemical sensor was developed
based on PEDOT/Fe;0,-CNCC composite and used to
determine nitrite. It is confirmed that rod-like CNCC
works as a substrate and the Fe;0, magnetite nanoparti-
cles grow on the surface of CNCC. The prepared
Fe;0,-CNCC nanocomposite can be doped into PEDOT
to enhance its electrical conductivity. As a key element of
the nitrite sensor, the PEDOT/Fe;0,-CNCC nanocom-
posite combines the advantages of CNCC and Fe;0,, as
well as PEDOT, and can enhance the measurement of ni-
trite. The PEDOT/Fe;0,-CNCC/GCE has been applied to
determine nitrite with high selectivity, low detection limit
(0.1 mM), large linear range (0.5-2450 uM) and outstand-
ing stability and reproducibility. More importantly, the
electrochemical sensor based on PEDOT/Fe;0,-CNCC
has shown great potential application for nitrite detection
in food safety analysis.
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Karboksilirano nanokristalini¢no celulozo (CNCC) smo pripravili z oksidativnim razkrojem mikrokristalini¢ne celuloze
(MCC) z amonijevim peroksidisulfatom in jo modificirali z Fe;O,4 nanodelci ter pridobili Fe;0,-CNCC nanokompozitni
material s preprostim postopkom z refluksom. Z Fe;0,-CNCC nanokompozitom dopirani poli(3,4-etilendioksitiofen)
(PEDOT) smo uspe$no nanesli na elektrodo iz steklastega ogljika (GCE) z elektrokemi¢no depozicijo. GCE modificirana
z PEDOT/Fe;0,-CNCC je imela vecjo elektrokemi¢no-aktivno povr$ino in smo jo uporabili za dolo¢itev nitrita z visoko
selektivnostjo, obcutljivostjo in izjemno obnovljivostjo. Ob uporabi amperometri¢ne tokovno-¢asovne (i-t) krivulje je
predlagani senzor imel $irSe linearno obmocje (0,5-2500 uM) in nizZjo mejo zaznave (0,1 uM) za nitrit v primerjavi z
metodo diferencialne pulzne voltametrije (DPV). Predlagana analizna metoda je pokazala dobro selektivnost pri prak-

ti¢cnem doloc¢anju nitrita v vloZeni zelenjavi.
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