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Abstract. Nitrite is one of the most frequently measured analytes in the environmental analysis due 

to its detrimental effect on the environment. The development of simple and sensitive analytical 

method for the detection of nitrite is highly important. In this work, the fabrication and testing of 

nitrite sensor  based on the flow injection analysis by reduced graphene oxide modified electrode 

were reported. The modified electrode exhibits enhanced electro oxidation behavior towards nitrite 

oxidation. The proposed method has advantages of high precision, lower sample consumption, 

lower reagent consumption, less dispersion of the sample as well as higher sensitivity.     

Introduction 

Nitrite is present ubiquitously in soils, waters, foods and physiological systems and it has been 

reported as a human threat. Nitrite-containing compound has been used in environmental and food 

industry as an additive and corrosion inhibitor. Due to the toxicity of nitrite, ingestion of this ion 

can cause serious implications to animal and human health [1-3]. It has been reported that nitrite can 

damage the nervous system, spleen and kidneys, and has a strong correlation with high cancer level 

[4].  

Many efforts have been made to develop methods for the detection of nitrite such as 

spectrometry [5], chromatography [6] and spectrophotometry [7]. However, these methods often 

require complicated and expensive instruments. In spite of that, great attention has been given to 

electrochemical methods due to their advantages over the conventional methods.  In recent years, 

electrochemical sensing has attracted great attention due to its high sensitivity, rapid response and 

simplicity [8-10]. Furthermore, electrochemical sensors are especially suitable for detecting nitrite 

in real time. 

For electrochemical sensors, solid electrode materials play an important role in highly sensitive 

and effective nitrite detection. At present, a variety of solid electrode materials have been used for 

the construction of nitrite sensors, such as nanoparticles [11], conducting polymers [12], metal 

oxides [13], etc. In this work, reduced graphene oxide (rGO) modified electrode has been fabricated 

on screen printed carbon electrode and the modified electrode shows good electro oxidation activity 

toward the oxidation of nitrite. 

 

Experimental 

Reagents.  

Graphite powder, sodium nitrite (NaNO2), sodium phosphate dibasic (Na2HPO4) and 

monosodium phosphate (NaH2PO4) were purchased from Sigma-Aldrich, USA. All other chemicals 

were of analytical grade and used without further purification. The supporting electrolyte used was 

0.1 M phosphate buffer solution (PBS) and it was prepared by mixing different proportions of 
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Na2HPO4 and NaH2PO4.  Ultrapure water (> 18MΩ) from a Milli-Q Plus system (Millipore) was 

used throughout this experiment. 

Instruments. 

UV-vis absorption spectra were recorded using a GENESYS 10 UV Spectrophotometer 

(Thermo Scientific). The morphologies and structural of the samples were characterized by JSM-

7800F field-emission scanning electron microscopy (JEOL) and JASCO 480 fourier transform 

infrared spectrometer (FTIR). The electrochemical measurement was carried out with PGSTAT 30 

potentiostat (AUTOLAB).Flow injection analysis (FIA) was carried out with Perimax 12/4 

peristaltic pump (SPETEC), coupled with the potentiostat.  

Reduced graphene oxide modified screen printed carbon electrode.  

Graphene oxide (GO) was synthesized from graphite powder by the Hummers’ method [14]. The 

GO reduction was carried out by adding 1.2 ml hydrazine monohydrate into GO solution (60 mg 

graphene oxide in 50 ml water), heating at 95°C with stirring overnight. rGO was obtained by 

vacuum filtration, washed with distilled water and dried at 60°C overnight in vacuum. The rGO 

suspension was prepared by dispersing rGO in ethanol with the aid of ultrasonication. After 

preparation, 3µL of rGO suspension was drop-casted onto the surface of screen printed carbon 

electrode (DROPSENS) and dried at room temperature. 

 

Results and discussion 

Characterization of rGO.  

 

 
 

  
Fig. 1 (a) FESEM image of rGO, (b) UV-vis spectra and (c) FTIR of GO and rGO. 
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The field emission scanning electron microscope (FESEM) was used to examine the morphology 

of the rGO. From Fig. 1a, it can be clearly seen the curvy, wrinkled [15] and resemblance of 

crumpled silk veil waves of rGO structure [16], attributed to the exfoliation treatment during the 

synthesis process. The UV-vis spectra of GO and rGO are illustrated in Fig. 1b. The strong 

absorption band observed at 230 nm could be attributed to the π-π transitions of aromatic C=C 

bonds. After the reduction of GO, the aromatic C=C bonds shifted to 270 nm, indicating the 

restoration of π-conjugation network. The FTIR spectra of GO and rGO are shown in Fig. 1c. In 

GO, the peak at 1728 cm
-1

 represents the stretching of C=O of the carboxylic acid group and the 

stretching vibration peaks of C-O are observed at 1383, 1228 and 1080 cm
-1

. Hydroxyl group 

represents O-H vibration at 3430 cm
-1

 and C=C bonds (C=C stretching) at 1626 cm
-1

 also can be 

seen. For rGO, the oxygen-related peaks are reduced significantly, indicating the removal of oxygen 

functional groups on rGO.  

Electro oxidation of nitrite 

 
Fig. 2 (a) Cyclic voltammogram recorded at SPCE and rGO modified SPCE  in 0.1 M PBS pH 5 

containing 1 mM NO2
-
 at the scan rate of 100 mV/s. (b) Effect of pH on the oxidation current 

response of 1mM NO2
-
 at rGO modified SPCE. 

 

The electro oxidation response was monitored by cyclic voltammetry in the electrolyte system 

containing 0.1 M PBS pH 5. Fig. 3a shows the cyclic voltammetry response of bare SPCE and rGO 

modified SPCE in the presence of 1 mM NO2
-
 at scan rate of 100 mV/s. The oxidation peak current 

increase as compared to bare SPCE and the enhanced nitrite oxidation peak potential is observed at 

+0.8 V for SPCE and shifted to +0.7 V for rGO. The  shifting of 0.1 V on rGO with increase current 

signal could be attributed to the higher electron mobility on rGO surface that  greatly facilitate the 

oxidation of NO2
-
. pH dependent study was conducted and the results are summarized in Fig. 2b. 

pH solution in between 2 and 6 were selected as the rate of disproportionation of nitrite is 

significant as acidic media, according to Eq.1. The peak current densities increase from pH 2 and 

reach maximum at pH 5 while decrease at pH 6. Hence, pH 5 was selected for the subsequent 

measurements.  

 

NO2
- 
+ H2O

 
→NO3

-
 + 2H

+ 
+ 2e

-
            (1) 
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Flow injection analysis determination of NO2
-
 

  

 
Fig. 3 (a) Flow injection analysis response of the rGO modified SPCE with increasing NO2

-
 

concentrations. The inset plots correspond to the calibration graphs. (b) Flow injection analysis 

response of the ten times for 50.0 µM NO2
-
 . (c) Flow injection analysis response of reproducibility 

of rGO modified SPCE in 30 µM NO2
-
 .  Supporting electrolyte: 0.1 M PBS pH 5. 

 

Fig. 3a shows the typical flow injection analysis response of the successive injections of 

different NO2
-
 concentrations. The current values obtained at +0.7 V provides a linear relationship 

with NO2
-
 concentrations ranging from 1.0 µM to 30.0 µM (Fig. 3a inset). The limit of detection 

was calculated as 0.6 µM using the formula S/N =3. The linear regression equation can be expressed 

as I (µA) = 1.0873 C (µM) + 1.0237 and R
2
 = 0.983.  

The repeatability and reproducibility of the rGO modified electrode were evaluated using flow 

injection analysis for 50.0 µM NO2
-
 in PBS pH 5. The relative standard deviation (R. S. D) for 10 

repetitive (Fig. 3b) measurements was 1.67 % respectively, validating good repeatability. The 

reproducibility of the modified electrode was also studied. In Fig. 3c, four newly fabricated 

electrodes were tested and the relative standard deviation (% RSD) was 1.49%, which reveals the 

excellent reproducibility. 
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Summary 

In summary, the rGO modified electrode was fabricated and the nitrite oxidation on modified 

electrode was investigated. The rGO shows promising electrochemical activity toward the oxidation 

of nitrite. The modified electrode shows the linear response range from 1.0 µM to 30.0 µM with 

limit of detection is 0.6 µM and also shows good repeatability and reproducibility. 
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