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In this work, we reported a simple and sensitive electrochemical method for nitrite detection via Griess 

reaction. Specifically, naphthylethylenediamine (NEA) was immobilized onto the gold electrode to 

form positively charged self-assembled monolayers (SAMs). The positive charges on electrode 

facilitated the access of the negatively charged [Fe(CN)6]
3−/4−

 probes to the electrode surface. The 

nitrite-mediated Griess reaction between NEA and sulphanilic acid (SA) on the electrode surface 

leaded to the formation of negatively charged SAMs, which produced a barrier for the electron transfer 

between the redox probe and the electrode. The results were demonstrated by cyclic voltammetry and 

electrochemical impedance spectroscopy. The increase in the impedance of NEA-modified electrodes 

is proportional to the increase of nitrite concentration. A detection limit of 20 nM for nitrite detection 

was achieved. 
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1. INTRODUCTION 

Nitrite (NO2
−
) is important in biochemistry as a source of the potent vasodilator nitric oxide. It 

is also used for the curing of meat by preventing bacterial growth [1]. To react with the meat's 

myoglobin, it gives the product (e.g. corned beef) a desirable pink-red 'fresh' color. Epidemiologic 

studies have associated nitrite ion exposure in drinking water to a number of medical issues including 

spontaneous abortions, intrauterine growth restriction, and birth defects of the central nervous system 

[2-4]. Moreover, under certain conditions, especially during cooking, nitrites in meat can react with 

degradation products of amino acids to form the known carcinogens nitrosamines [5]. Because of the 

relatively high toxicity of nitrite, the maximum allowed nitrite concentration in meat products is 200 

ppm. The current assays for nitrite including those based on organic chromophores, or fluorophores 
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and ion chromatography are usually time-consuming, lack sensitivity and/or require complicated 

instruments [4,6-8]. Therefore, there remains significant room for the development of a theoretically 

and technically simple approach for nitrite detection. 

In recent years, electrochemical sensor has been shown to be a promising alternative to mass- 

and fluorescence-based sensors for the specific detection of metal ions, biomolecules and small-

molecule organic chemicals in view of its high sensitivity, simplicity, rapid response, and 

compatibility with miniaturization. Self-assembled monolayers (SAMs) are an inexpensive and 

versatile surface coating for molecular recognition for sensors. It is well known that the terminal 

groups of SAMs have a great impact on the redox response and electron-transfer resistance of redox 

probes in aqueous solutions due to the electrostatic interaction between the terminal groups and ionic 

redox species [9]. For example, the voltammetric response of [Fe(CN)6]
3−/4−

 at the SAM-modified 

electrode is decreased in the order of the terminal group NH2 > OH > COOH, while the response of 

[Ru(NH3)6]
3+/2+

 is increased in the order of NH2 < OH < COOH [10]. Based on these properties, the 

electrostatic binding of redox-active metal cations (e.g., [Fe(CN)6]
3-

, [Ru(NH3)6]
3+

) to surface charge 

has been widely used to detect nucleic acids, proteins and small molecules [11-15]. In the present 

work, we reported a simple and sensitive electrochemical method for nitrite detection based on the 

charge change of SAMs on gold electrode. 

 

 

2. EXPERIMENTAL 

2.1 Chemicals and reagents 

6-Mercaptohexanoic acid (MHA), 1-ethyl-3-[3-dimethylaminopropyl]carbodiimide 

hydrochloride (EDC), sulphanilic acid (SA) and naphthylethylenediamine (NEA) were obtained from 

Sigma-Aldrich. Calf serum was purchased from Sangon Biotech. Co., Ltd. (Shanghai, China). Other 

reagents were of analytical grade and obtained from Beijing Chemical Reagent Co. (Beijing, China). 

All stock solutions were prepared daily with deionized water treated with a water purification system 

(Simplicity Plus, Millipore Corp.). For the Griess reaction, hydrochloric acid (HCl) was used to adjust 

the pH of the SA/nitrite mixed solution. 

 

2.2 Electrochemical measurements 

Cyclic voltammograms (CVs) and electrochemical impedance spectroscopy (EIS) were 

collected on a on a CHI 660E electrochemical workstation (CH Instruments, Shanghai, China) in a 

homemade plastic three-electrode cell. The three-electrode system consists of a gold disk electrode 

with a diameter of 2 mm, a platinum wire auxiliary electrode, and an Ag/AgCl reference electrode. 

Potential scanned from 0.65 to −0.25 V with a scan rate of 100 mV/s. The redox mediator used was 1 

mM [Fe(CN)6]
3−/4−

 (1:1) solution containing 0.1 M KCl (pH 6.5). 
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2.3 Procedures 

Prior to each measurement, the gold disk electrodes were polished with diamond pastes down 

to 3 μm and alumina pastes down to 0.3 μm and subsequently sonicated in water. The MHA SAMs 

were formed by immersing the cleaned electrodes in ethanol solutions containing 10 mM MHA for 4 

h. Then, the electrodes were rinsed with ethanol/water to rid any non-specifically adsorbed substance. 

NEA was immobilized onto gold electrodes by cross-linking NEA molecules onto the MHA SAMs 

surface via the EDC-mediated amine coupling reaction. Briefly, MHA-covered electrodes were soaked 

in a solution comprised of 0.2 M EDC and 1 mM NEA for 30 min to form the NEA SAMs. For the 

assay of nitrite, the NEA-modified electrodes were incubated with the SA/nitrite mixed solution (pH 1) 

for 30 min. After the electrodes had been rinsed with water, electrochemical determination was 

performed in [Fe(CN)6]
3−/4−

 solution.  

To evaluate the accuracy of the electrochemical assay, the nitrite content was further measured 

by the standard spectrophotometric assay with a Cary 50 spectrophotometer. Briefly, nitrite was mixed 

with 1 mM SA (pH 1) for 10 min, followed by the addition of 1 mM NEA. After 30 min, 2 mL of the 

mixed solution was transferred to a 1 cm quartz spectrophotometer cell, and the absorbance at 548 nm 

was measured [16]. 
 

 

3. RESULTS AND DISCUSSION 

3.1 Principle of the method 

(A)

(B)

H
N NH2

NH2HO3S
NO2


NH NH2NHO3S NN2

+HO3S

SA Azo dyeNEADiazonium salt

NO2


NH2HO3S

S

C

NH

O

NH

S

C

NH

O

NH

S

C

NH

O

NH

S

COOH

S

COOH

S

C

NH

O

NH

S

C

NH

O

NH

S

C

NH

O

NH

S

COOH

S

COOH

O3S
O3S

O3S

[Fe(CN)6]3/4[Fe(CN)6]3/4

[Fe(CN)6]3/4
[Fe(CN)6]3/4

e-

NEA/MHA/Au SA/NEA/MHA/Au
 

Figure 1. (A) Griess reaction and (B) scheme representation showing the strategy for nitrite detection 

based on the charge variation on gold electrode.  

 

Nitrite can convert SA into diazonium salt, which is subsequently coupled with 

naphthylethylenediamine (NEA) to produce an azo dye (Fig. 1A, Griess reaction) [17]. Detection 

systems relying on the ensuing colorimetric change have been based upon this reaction, but they are 
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less sensitive and require complicated spectrophotometric instrumentation for readout and 

quantification. More importantly, quantitative determination of nitrite with the Griess reaction in 

whole or diluted blood, plasma or serum requires a series of analytical procedures to eliminate 

interfering blood constituents, notably hemoglobin and plasma proteins, increasing the operation 

complexity and assay cost [17]. The analysis principle of our method was shown in Fig. 1B. It is based 

on measurement of the electrochemical response of NEA/MHA/Au electrodes in the presence of the 

negatively charged [Fe(CN)6]
3−/4−

 as a redox probe. NEA molecules are first immobilized on a MHA-

modified gold electrode surface by the standard amine coupling reaction. The positively charged NEA 

SAMs facilitate the access of the redox probe to the electrode surface. Once amine groups react with 

SA to form the azo dye molecules through the nitrite-mediated Griess reaction, the negatively charged 

sulfonyl groups on SAMs surface will be excluded from the negatively charged [Fe(CN)6]
3−/4−

 probe 

and form a barrier for the electron transfer. The magnitude of the decrease in electron-transfer 

resistance will be related to the amount of the azo dye molecules. The concentration of nitrite can be 

therefore determined. 

 

3.2 Feasibility for nitrite detection 
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Figure 2. CVs (A) and EIS (B) of MHA/Au, NEA/MHA/Au and SA/NEA/MHA/Au electrodes in 

[Fe(CN)6]
3−/4−

. The inset in panel B shows the fits with the equivalent circuit. The 

concentrations of nitrite and SA were 0.1 and 1 mM, respectively. 

 

To demonstrate the feasibility of the method, we first investigated the voltammetric 

characteristics of the modified electrodes in [Fe(CN)6]
3−/4−

 solution. As shown in Fig. 2A, CV 

collected at the MHA-covered electrode (MHA/Au) shows no apparent redox wave in the 

[Fe(CN)6]
3−/4−

 solution (black curve), indicating that the negatively charged MHA SAMs hindered 

electron transfer between the [Fe(CN)6]
3−/4−

 probe and the electrode surface. Interestingly, after the 

electrode was modified with NEA (NEA/MHA/Au), two peaks assigned to the redox waves of 

[Fe(CN)6]
3−/4−

 were obtained (red curve), indicating that the electrostatic interaction between the 

positively charged NEA residues and the negatively charged [Fe(CN)6]
3−/4−

 probes eliminated the 

barrier for electron transfer. After incubating the NEA-modified electrode with the sulphanilic 

acid/nitrite mixed solution (SA/NEA/MHA/Au), decrease in the amperometric response accompanying 
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the increase in the peak potential separation (ΔEp) between the cathodic and anodic waves was 

observed (blue curve). The result demonstrated that the assembly of SA hindered the access of the 

redox probe to the electrode surface. Furthermore, the results were confirmed by electrochemical 

impedance analysis in a frequency range from 500 kHz to 0.01 Hz. As shown in Fig. 2B, the charge-

transfer impedance at the MHA/Au electrode was much larger (black curve) than that at the 

NEA/MHA/Au electrode (red curve), illustrating that the introduction of NEA facilitates electron 

transfer between the redox probe in the electrolyte solution and the electrode. The impedance response 

at the SA/NEA/MHA/Au electrode (blue curve) was significantly greater than that at the 

NEA/MHA/Au electrode. The result was understandable since the negatively charged sulfonic groups 

on SA can resist the access of the [Fe(CN)6]
3−/4−

 redox couple to the electrode surface. Overall, the 

proposed method based on the charge change of electrode was feasible for nitrate detection. 

 

3.3 Dependence on nitrate concentration 

Among kinds of electrochemical methods, EIS based on the change of the electron transfer 

resistance (Ret) using a redox couple has received much attention due to its high sensitivity and label-

free characteristics [11-13]. In this work, a modified Randles equivalent circuit was used to fit the 

impedance spectra and to determine electrical parameters for each step. As shown in the inset of Fig. 

2B, the circuit included the electrolyte resistance between working and reference electrodes (Rs), the 

Warburg impedance (Zw), a constant phase element (Q) representing the double layer capacitance for 

an unmodified electrode or the capacitance of the SAMs for the modified electrodes and the electron-

transfer resistance (Ret). Fig. 3A shows the impedance spectra of NEA/MHA/Au electrode in the 

presence of SA and variable concentrations of nitrite. Ret of the electrode increased significantly with 

increasing concentration of nitrite. The variation of the impedance is given by ΔRet (ΔRet = Ret – R
0

et, 

where R
0

et was the blank Ret of NEA/MHA/Au). As shown in Fig. 3B, ΔRet linearly increased with the 

increase of the nitrite concentration ranging from 0.1 to 4 μM. The linear regression equation is 

expressed as ΔRet = 8.3 + 31.9 Cnitrite (μM) (R
2
 = 0.99). The detection limit was estimated to be 20 nM. 

 

0 50 100 150 200 250

0

10

20

30

40

50

60

 

 

 
-Z

''
/k
Ω

 c
m

2

 Z'/kΩ cm
2

 0 M

 0.1 M

 0.2 M

 1M

 2 M

 3 M

 4 M

 5 M

0 1 2 3 4
0

20

40

60

80

100

120

140

 

 

 
Δ

R
e
t /

 k
Ω

 c
m

2

C
nitrite

 / M

(A) (B)

 
Figure 3. (A) EIS of the NEA/MHA/Au electrodes after incubation with SA and different 

concentrations of nitrite. (B) Dependence of ΔRet on the nitrite concentrations in the range of 

0.1 ~ 4 μM. 
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3.4 Selectivity to nitrite 

The selectivity of the assay was evaluated by challenging it with other environmentally relevant 

anions, such as CH3COO
-
, ClO4

-
, F

-
, HCO3

-
, NO3

-
and SO4

2-
. We found that no obvious change in the 

impedance was observed when incubating the NEA/MHA/Au electrodes with the solution containing 

each of the anions (Fig. 4), further indicating that the present method is selective for nitrite detection. 

To compare the method with well-established techniques, we also measured the nitrite content by the 

standard spectrophotometric assay. The amount of nitrite was found to be 2.3 μM according to the 

calibration curve, which is comparable with the electrochemical assay data. However, as mentioned 

above, in the spectrophotometric assay of nitrite with the Griess reaction, blood samples need to be 

pretreated to eliminate interfering blood constituents. Herein, we also investigated the influence of 2% 

blood serum on the detection of nitrite, and found that the serum did not interfere in the detection of 

nitrite (Fig. 4). Thus, our method could reduce the operation complexity and assay cost without 

sacrificing the exactness.  
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Figure 4. Selectivity of the nitrite sensing system. The concentrations of nitrite and interfering anions 

are 2 and 50 μM, respectively. 

 

 

4. CONCLUSION 

In summary, we reported a simple and sensitive electrochemical strategy for the detection of 

nitrite based on the charge variation of SAMs on gold electrode. The positive charge on NEA-modified 

electrode facilitate the access of the negatively charged [Fe(CN)6]
3−/4−

 probe to the electrode surface. 

The coupling of SA mediated by nitrite produced a barrier for the electron transfer between redox 

probe and electrode. The concentration of nitrite was determined by monitoring the impedance change 
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of the electrodes in  [Fe(CN)6]
3−/4−

 solution. The method was sensitive and selective for nitrite 

detection. We believe that this work could be valuable for the design of electrochemical sensors and 

likely lead to many detection applications in drinking water and biological matrix.  
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