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A simple and environmentally friendly electrochemical deposition method was used to
prepare a poly-salicylaldehyde para-aminobenzoic acid modified glassy carbon electrode (poly-
SAPABA GCE), and an electrochemical sensor for the detection of nitrite was successfully
constructed. The electrochemical performance of the poly-SAPABA GCE was investigated by
electrochemical impedance spectroscopy, chronocoulometry, and cyclic voltammetry (CV). The
results showed that the poly-SAPABA film promoted electron transfer, which improved the
electrochemical performance. The poly-SAPABA GCE has a good electrocatalytic performance
for the detection of nitrite. The CV curves for the poly-SAPABA GCE were measured in pH 3.25
phosphate buffered solution (PBS) containing nitrite. The peak current of nitrite increased
linearly with the nitrite concentration in the range from 3.12 x 107 to 1.53 x 1072 mol L™! with a
correlation coefficient of 0.9999, and a detection limit of 5.04 x 107% mol L~! at a signal-to-noise
ratio of 3 was calculated. The poly-SAPABA GCE also has good selectivity, stability, and
reproducibility, and was successfully applied to the determination of nitrite in actual samples.
The recovery of nitrite was 96—-105% and the relative standard deviation was 3.28%. The
proposed method can potentially be used for the detection of nitrite.

1. Introduction

Nitrite is a color former that is allowed to be used in limited amounts in meat products.
However, nitrite poisoning has often occurred from the consumption of pickled meat products
and pickles.() In addition, by drinking bitter well water and distilled water containing nitrite,
nitrite enters the blood and oxidizes oxygen-carrying hypohemoglobin to methemoglobin, thus
causing tissue hypoxia and poisoning owing to reduced oxygen-carrying capacity.”) Therefore,
the detection of nitrite has practical importance. There are many nitrite detection methods,
including spectrometry,® colorimetric detection,*) fluorescence detection,®-”) and
chemiluminescence.® Although these methods have high sensitivity and accurate detection, it is
difficult to realize online on-site detection due to cumbersome sample processing and the use of
large and expensive precision instruments. Therefore, their use is limited. However, an
electrochemical sensor has the advantages of convenient operation and portability, making it
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casier to realize real-time detection in the field. Mejri et al.® constructed a non-enzymatic
sensor based on a curcumin-modified pencil graphite electrode loaded with molybdenum
disulfide nanosheet decorated gold foam. The sensor was used to analyze spiked samples of river
water and industrial wastewater with excellent reproducibility and stability. Luo et al.(19)
developed effective, fast, and highly selective nanogold film interdigital electrode sensors that
can detect nitrite easily and quickly. However, these sensors use the expensive metal gold and
are cumbersome to build. A Schiff base is formed by the condensation of para-aminobenzoic
acid and salicylaldehyde. Schiff bases are compounds bearing an imine group with a carbon—
nitrogen double bond, generally with the nitrogen atom bonded to an alkyl or aryl group. They
are easy to prepare, they have versatile steric and electronic properties, and the suitable choice of
amines and substituents on the aromatic rings can provide modified electrodes with the desired
features. Teixeira et al(!") determined dipyrone concentration in pharmaceutical formulations
using a carbon electrode chemically modified with a Schiff base, more specifically, a carbon
paste electrode modified with an N,N’-ethylenebis(salicylideneiminato)oxovanadium(IV) Schiff
base complex. In this study, on the basis of previous research on polymer-modified
electrodes,12714) a poly-salicylaldehyde para-aminobenzoic acid modified glassy carbon
electrode (poly-SAPABA GCE) was developed with good electrocatalytic performance for the
detection of nitrite. Owing to its advantages of a simple preparation procedure, good stability,
high reliability, and low cost, it is a highly promising electrochemical sensor for detecting nitrite.

2. Experimental Methods
2.1 Chemicals

Salicylaldehyde and para-aminobenzoic acid were purchased from Tianjin Damao Chemical
Reagent Factory. Sodium nitrite was purchased from Tianjin Standard Technology Co. Ltd. The
concentrated H,SO,, concentrated HNO;, KCl, NaOH, KH,PO,, and K,HPO, used as reagents
were of analytical grade and used without further purification.

2.2 Apparatus

All the electrochemical measurements were carried out on a CHI660C electrochemical
workstation (Chenhua Instrument Co. Ltd.). A conventional three-electrode system comprising a
glass carbon electrode (¢ = 4 mm, GCE) or poly-SAPABA GCE as the working electrode, a
platinum counter electrode, and a saturated calomel electrode as a reference was used. A
KQ3200E numerical control ultrasonic wave cleaner was purchased from Ultrasonic Instrument
Co. Ltd. (Kunshan). A pH meter (PHS-3C, Shanghai Dapu Instrument Co. Ltd.) and a BS110S
electronic balance (Shanghai Jingsheng Scientific Instrument Co. Ltd.) were also used.

2.3 Preparation of poly-SAPABA GCE

Before the preparation, the GCE was cleaned by polishing with metallographic sandpaper,
immersing in 1:1 nitric acid for 5 min with ultrasonic cleaning, immersing in absolute ethyl
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alcohol for 5 min with ultrasonic cleaning, rinsing in deionized water for 3 min, and allowing to
air dry. After pretreatment, the cleaned GCE was placed in 0.5 mol L™! sulfuric acid, then cyclic
voltammetry (CV) experiments were carried out from —1.0 to 1.0 V with a scan rate of 0.10 V 5!
until the peak current remained stable, thus attaining an activation electrode. Next, a poly-
SAPABA film was deposited on the GCE using CV by setting potential limits of —1.0 to 1.0 V
over 15 cycles at a scan rate of 0.05 V s™! in an electrolyte solution containing 0.1 mol L
potassium chloride, 1.0 mol L™ sodium hydroxide, 5.02 x 1073 mol L™! salicylaldehyde, and
para-aminobenzoic acid. The synthesized poly-SAPABA GCE eclectrode was then removed,
rinsed, and dried in air. A light yellow film was observed on the surface of the electrode,
indicating the successful preparation of a stable poly-SAPABA GCE.

2.4 Experimental methods

All electrochemical measurements were performed at room temperature and nitrogen was
bubbled into the sample to remove the oxygen. A conventional three-electrode system was
employed using the CHI660C electrochemical workstation. Electrochemical impedance
spectroscopy (EIS) was performed with 1.01 x 1073 mol L™! K;[Fe(CN),] as a probe, an electric
potential of 0.01 V, a frequency range from 0.01 to 10° Hz, and a sinusoidal voltage with an
amplitude of 5 mV. Double-potential-step Coulomb analysis was performed in the electric
potential range from —0.4 to 0.7 V with a pulse width of 0.25 s, a sample interval of 2.5 x 107 s,
and a NO, ™ concentration of 1.04 x 1073 mol L™!. CV curves were recorded from 0 to 1.2 V for
various scan rates, pH values of the electrolyte, and NO, ™ concentrations.

3. Results and Discussion
3.1 Electrochemical performance of poly-SAPABA GCE

To evaluate the electrochemical performance and interfacial properties of the electrodes, EIS
was performed in the frequency range of 0.01 to 10° Hz, as shown in Fig. 1, with 1.01 x 1073
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mol L' K;[Fe(CN),] used as a probe and the poly-SAPABA GCE (a) and GCE (b) used as the
working electrode. In EIS spectra, the semicircular portion in the high-frequency region
represents the electron-transfer resistance (Ret) of the electrode, and the linear tail at lower
frequencies indicates the diffusion-limited process.'>) As shown in Fig. 1, a large semicircle
appeared for the bare GCE (curve b) because of the high Ret. After the GCE was modified with
the poly-SAPABA film, the semicircle nearly disappeared and an almost linear relation was
observed, which implies that the Ret of the poly-SAPABA GCE electrode surface decreased and
the charge transfer rate increased. Therefore, the poly-SAPABA film can promote electron
transfer from the electroactive markers to the modified electrode surface.(1®)

Figure 2 shows chronocoulometry curves of the double-potential step of the poly-SAPABA
GCE (a) and bare GCE (b) in PBS solution (pH = 3.25) containing 1.04 x 1073 mol L' NO,". For
both the forward potential step and the reverse potential step, the charge reaches a maximum in
a very short time, indicating that the forward and reverse reaction rates are very high and the
conversion between the oxidizer and reducer on the electrode surface is very fast.(!”) Figure 2
also shows a gentle change in the charge on the bare GCE (curve b), and the maximum charge is
much less than that on the poly-SAPABA GCE (curve a). Hence, less electricity per unit time is
passed on the bare GCE than on the poly-SAPABA GCE. It has thus been further confirmed that
the poly-SAPABA film facilitates electron transfer.

The CV curves were measured on the poly-SAPABA GCE (curve a’) and GCE (curve b’) in
the pH 3.25 PBS solution (Fig. 3) and no peaks were observed. The area under CV curve a’ is
greater than that under CV curve b The results showed that the poly-SAPABA film was
successfully electrically polymerized on the bare GCE, and the capacitance current of the poly-
SAPABA GCE was significantly increased. Thus, the chronocoulometry and CV results
confirmed that the poly-SAPABA film promoted electron transfer and exhibited favorable
electrochemical performance.
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Fig.2. Chronocoulometry curves of double- Fig. 3. (Color online) CV curves of poly-SAPABA
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3.2 Electrochemical response and behavior of nitrite at poly-SAPABA GCE
3.2.1 Electrocatalytic property

The CV curves were measured with a scan rate of 0.12 V s! on the poly-SAPABA GCE
(curve a) and GCE (curve b) in the pH 3.25 PBS solution containing 1.04 x 1073 mol L™ NO, ", as
shown in Fig. 3. There is a broad peak and the peak current is small at the bare GCE, indicating
that the effectiveness of electrochemical detection for NO, ™ is poor. A significant oxidation peak
is observed on the poly-SAPABA GCE. It is thus shown that the poly-SAPABA film provides
more electroactive sites for the oxidation of NO, ™ and accelerates the electron transfer. Figure 3
suggests the good electrochemical properties and fast electron transfer of the poly-SAPABA
GCE.

3.2.2 Optimization of sensor

The pH of the electrolyte solution directly affects the sensitivity of the electrochemical
determination of NO, . Thus, the effect of the pH on the electrocatalytic oxidation of sodium
nitrite by the poly-SAPABA GCE in solutions with pH values of 1.17, 2.62, 3.25, 4.51, 5.58, 5.66,
and 7.01 was investigated. Figure 4 shows the CV curves obtained at a scan rate of 0.12 V s in
different pH PBS solutions containing 1.04 x 1073 mol L™! NO,. The results clearly show that
the peak current increases until pH 3.25 and then gradually decreases. At higher pH values, as
the current decreases, the peak potential increases and the peak shape also changes. Hence, pH
3.25 was considered to be the optimum value for the determination of sodium nitrite.

Moreover, the effect of the scan rate (0.08, 0.10, 0.12, 0.15, 0.18, 0.22, 0.26, 0.30, and
0.34 V s7!) on the CV response of the poly-SAPABA GCE in the PBS solution (pH = 3.25)
containing 1.04 x 1073 mol L™! NO,™ was investigated. As displayed in the inset of Fig. 5, both
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Fig. 4. (Color online) CV curves of 1.04 x 107 mol Fig. 5. Relationship between peak current and
L' NO,™ on poly-SAPABA GCE in PBS solution square root of scan rate. The inset shows CV curves of
with various pH values. 1.04 x 1073 mol L™! NO,™ on the poly-SAPABA GCE

in PBS solution of pH 3.25 with scan rates of (a) 0.08,
(b) 0.10, (c) 0.12, (d) 0.15, (e) 0.18, (f) 0.22, (g) 0.26, (h)
0.30, and (i) 0.34 V s7L.
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the peak current and the peak potential increased with increasing scan rate. The peak potential
shifted from 0.872 V at a scan rate of 0.08 V s™! to 0.924 V at a scan rate of 0.34 V s™!, indicating
that NO, ™ electrocatalytic oxidation on the poly-SAPABA GCE is an irreversible process. The
peak current (/,) exhibited a linear dependence on the square root of the scan rate (v'2) from 0.08
to 0.34 V s, as shown in Fig. 5, and the calibration equation can be expressed as 1, =-1.199 x
1074 v12-2.126 x 1073 (R = 0.9993), which indicates that the catalytic oxidation of nitrite on the
poly-SAPABA GCE is a diffusion-limited process in the range of the scan rate.(1®)

3.3 Determination of nitrite at poly-SAPABA GCE

The determination of nitrite at different concentrations in the pH 3.25 PBS solution at the
poly-SAPABA GCE was studied at a scan rate of 0.12 V s™!, and the CV curves are shown in the
inset of Fig. 6. The peak current of nitrite increased proportionally with increasing nitrite
concentration in the range from 3.12 x 107> to 1.53 x 102 mol L™! (Fig. 6). The linear regression
equation is Z, (A) = —0.0420 C (mol L1 —3.170 x 1076 (R>=0.9999). A detection limit of 5.04 x
107 mol L at a signal-to-noise ratio of 3 was calculated.

3.4 Reproducibility, stability, and selectivity

The reproducibility of the proposed sensor for nitrite determination was studied under
optimal experimental conditions. Five repeated measurements were performed for 1.04 x 1073
mol L™! NO, ™ using the same poly-SAPABA GCE. The relative standard deviation (RSD) of the
peak current was 2.23%. For the same solution containing nitrite, three different poly-SAPABA
GCEs were prepared and used for measurement, and the RSD of the measurement was calculated
to be 3.66%. These results confirm that the poly-SAPABA GCE has excellent reproducibility.
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Then the poly-SAPABA GCE was rinsed and kept in the PBS solution (pH = 3.25). The
storage stability of the designed nitrite sensor was investigated. For the detection of 1.04 x 1073
mol L™! NO,™, there was no decrease in the current response in the first 3 days or significant
decrease in the current response after a week, with the peak current still at 99.3% of its original
value. Moreover, after 3 weeks, the peak current was still at 97.4% of its original value. These
results indicate that the stability of the poly-SAPABA GCE is sufficient for the continuous
detection of nitrite.

The anti-interference ability of the electrode is very important for actual sample detection.
The possibility of interference in the electrochemical detection of nitrite at the poly-SAPABA
GCE was examined by adding various foreign species to the PBS solution (pH = 3.25) containing
1.04 x 1073 mol L™! of nitrite. There was no change in the peak current when various common
cations and anions were added with a concentration of 500 times the NO,™ concentration, as
shown in Table 1. The results reveal that the sensor has strong anti-interference ability for the
detection of nitrite.

3.5 Analysis of real samples

To assess the feasibility of the proposed sensor for practical application, the concentration of
nitrite in water samples was detected through a standard addition method. Industrial wastewater
was allowed to stand for at least 1 day before use, then the supernatant liquid was substituted for
distilled water to prepare the PBS solution (pH = 3.25). A recovery experiment in which 1 x 1073
mol L™! NO,™ was added was carried out and the recovery was determined three times. The
results are listed in Table 2 and show that the recovery of NO,™ in the industrial wastewater was
96-105% with an RSD of 3.28%. In addition, to confirm the accuracy of the proposed method,
spectrophotometry(!”) was applied to detect the original samples, and the results were consistent
with those of our proposed method. Therefore, the proposed sensor can be used to detect the
concentration of nitrite.

Table 1
Peak current upon the addition of different interference ions.

Interferingion ~ None CI°  SO4 COs> NO;-  APFY Mg?® K Zn?t Ca®" NHy
Peak current
(<1075 A)

—5.224 5221 5222 5226 5224 -5225 -5.220 —5.221 -5223 -5226 —5.223

Table 2
Analytical results for the determination of nitrite in samples.

Industrial wastewater Spectrophotometry ~ Original Added  Total found Recovery

(mol L™ (molL™)  (@molL™")  (molL™ (%)
Sample 1 538x107° 531x107°  1x10°  636x107° 105
Sample 2 529 x 107 533x107°  1x10°  632x107° 99

Sample 3 532x107° 539%x10°  1x107°  635%x107° 96
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4. Conclusions

In this research, we developed a low-cost electrochemical sensor with a poly-SAPABA GCE
using electrochemical deposition technology. Electrochemical studies revealed that the as-
synthesized poly-SAPABA film shows high electrical conductivity, a good rate of electron
transfer, and excellent electrocatalytic activity toward the oxidation of nitrite, providing an
effective, rapid, and high-specificity method for the detection of nitrite in water, which is suitable
for real-time applications.
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