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Abstract 

In this work, we evaluate two novel surfaces for the simultaneous detection of nitrite and 

ascorbic acid in aqueous media. Glassy carbon electrodes were first modified with small 

carbon nano-onions (GCE/CNO) and further functionalized either by electrografting ortho-

aminophenol (oAP) groups or by physical adsorption of thionine to give electroactive 

surfaces that were characterized by cyclic voltammetry. The modified surfaces exhibited a 

fast electrochemical response and were able to detect the presence of nitrite and ascorbic acid 

by amperometry. The presence of both CNOs and the electroactive moiety on the electrode 

surface enhanced the sensitivity and lowered the limit of detection of the determinations as 

compared to GCE modified only with oAP or thionine. The CNO-modified electrodes 

showed good reproducibility and stability with time and were applied in the detection of 

ascorbic acid in orange juice. 
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1. Introduction 

Nitrite and ascorbic acid (AA) are two of the most widely used additive compounds in 

products for human consumption. They are controlled substances and thus there is an 

increasing interest in their analysis [1-5]. Ascorbic acid has been recognized as an important 

food stabilizer to improve nutritional value and prevent autooxidation of products [6,7]. 

Although ascorbic acid toxicity is very rare, a high dose can lead to stomach upset and 

diarrhea [8]. On the other hand, nitrite is a useful preservative in food industry to enhance 

color and extend the shelf life of processed meats. However, nitrite ions can react with amines 

to form nitrosamines, which are well known carcinogenic substances [9,10] (Scheme 1).  

Various methods have been proposed for the detection of AA and nitrite such as 

chromatography [11-13], spectroscopic techniques [14-16] and electrochemical analysis [17-

23]. However, these molecules can be directly oxidized in the surface of conventional 

electrodes at relatively high overpotentials. Many new materials have been suggested to 

overcome this problem. In particular, carbon nanomaterials such as nanotubes, graphene or 

mesoporous carbon have gained a lot of interest in bioanalysis due to a combination of large 

surface area, good electrical conductivity and ease of functionalization [24]. These properties 

have made them good candidates to develop nitrite and ascorbic acid sensors [25-32]. Zhu et 

al. [31], prepared modified poly(amidoamine) dendrimer carbon nanotubes for the 

determination of nitrite held at +0.73 V as oxidation potential using chronoamperometry.  

Nanodiamond powder electrodes for the analysis of nitrite was investigated by Chen et al. 

[32] in which the oxidation of nitrite appears around +1.05 V using cyclic voltammetry (CV) 

and differential pulse voltammetry (DPV). The oxidation of ascorbic acid on ZnO-decorated 

reduced graphene oxide electrode was observed at around +0.2 V [26] while 
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poly(xanthurenic acid)/multiwalled carbon nanotube (MWCNT) modified electrodes were 

used for the amperometric determination of ascorbic acid at +0.3 V [25a]. 

 

Scheme 1 

Carbon nano-onions (CNOs) are multi-layered fullerenes concentrically arranged one inside 

the other and were first reported by Ugarte in 1992 after irradiating a sample of carbon soot 

particles under an electron beam [33]. Their average sizes typically range from 5 nm to 40 

nm in diameter and, unlike other carbon allotropes, they remain relatively less explored [34]. 

Recently, CNOs have been reported as attractive candidates for the development of 

electrochemical detection systems due to their morphological and electrical properties since 

they can significantly increase the electroactive surface when deposited on electrode surfaces 

and enhance electron transfer [35]. To the best of our knowledge, there is only one example 

of application of CNOs in electrochemical detection of small molecules [36]. A mixture of 

carbon CNO/poly(diallyldimethylammonium chloride)-composites were deposited on a gold 

electrode then the electrochemical properties of the surface were tested for the ability to 

detect dopamine in the presence of uric and ascorbic acid. Their findings showed good 

selectivity and sensitivity of the modified electrodes.  

Diazonium salts (R-N≡N+ X-) are a class of organic compounds prepared by the treatment of 

aromatic amines with sodium nitrite in the presence of a mineral acid. Their electrochemical 

reduction for covalent modification of conductive surfaces was first investigated by Pinson 

using isolated tetrafluoroborate salts [37] and further extended to in situ generated diazonium 

cations [38]. This method can be applied to a wide variety of surfaces such as carbon 

(including nanotubes and diamond), metals and metal oxides and provide an easy and 
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efficient way to covalently modify the surface of these materials [39,40]. In our group, we 

have exploited this technique to construct electrochemical sensors for ascorbic and uric acid 

based on ortho-aminophenol (oAP) films on glassy carbon surfaces [41-43]. 

Conversely, thionine (TH) is a thiazine derived aromatic dye containing two amino groups 

and generally used for dyeing. Thionine is also an electrochemical redox indicator being 

colorless in reduced form and violet when oxidized. Several studies have been conducted, 

particularly on carbon nanotubes, in which thionine was directly absorbed and attached to 

the surface creating a strong supramolecular π-π interaction [28,44-47]  

Here we explore the combination of interfacial and electrochemical properties of CNOs with 

immobilized electroactive moieties on glassy carbon electrodes to build sensitive sensors for 

the detection of AA and nitrite.  

 

2. Experimental 

2.1 Reagents and instrumentation  

The CNO sample used in this work was kindly provided by Dr. Luis Echegoyen (Department 

of Chemistry, University of Texas at El Paso). Dimethylformamide (DMF), L-ascorbic acid, 

2-nitro-4-aminophenol, NaNO2 and thionine were obtained from Sigma-Aldrich and used as 

received.  All other chemicals used in buffer solutions preparation were of analytical-reagent 

grade. All solutions were prepared with Milli-Q water.  

A tip sonicator (Ultraschall Processor UP200S) was used to mechanically disperse CNOs in 

10 mL DMF. The modified electrodes were characterized by Environmental Scanning 

Electron Microscopy (ESEM) on a Quanta 600 microscope (FEI Company Inc.) under high 

vacuum at 25 kV. All electrochemical measurements were carried out using an Autolab 

model PGSTAT 12 potentiostat/galvanostat controlled with the general purpose 
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electrochemical system (GPES) software (Eco Chemie, The Netherlands), equipped with 

BASi C-3 Stand (RF-1085) three-electrode cell. This configuration contains a bare or 

chemically modified glassy carbon electrode (BAS model MF-2012, 3.0 mm diameter) as 

working electrode, a platinum wire as counter electrode and an Ag/AgCl(sat) as reference 

electrode. All potentials were recorded with respect to this electrode. Oxygen-free nitrogen 

was used to remove oxygen from the solutions and a continuous flow of nitrogen was 

maintained during the voltammetric measurements. 

2.2 Electrochemical grafting of oAP on GCE/CNO  

GCE/CNO electrodes were prepared was previously reported [35]. 2-nitro-4-aminophenyl 

films on GCE/CNO were prepared using essentially the same method as described before 

[43] with slight modifications. A cold mixture of 2-nitro-4-aminophenol (10 mM) and 

NaNO2 (10 mM) was treated with 0.5 M HCl (degassed with N2) for 10 min in an 

electrochemical cell. GCE/CNO electrodes were immersed and the potential was cycled from 

0 V to -0.6 V at 100 mV/s for 60 scan cycles. The generated 2-nitrophenol film was rinsed 

and sonicated in Milli-Q water and electroreduced by applying 5 potential scans between 0 

and -0.8 V at 100 mV/s in 0.1 M H2SO4. The electrodes were washed with Milli-Q water then 

subsequently subjected to potential scanning between -0.1 and 0.6 V for 10 cycles at 100 

mV/s in phosphate buffer (0.1 M, pH 7.4) to remove the physically adsorbed compounds. 

The characterization of the film in the GCE/CNO/oAP electrodes was carried out by cyclic 

voltammetry between -0.4 to 0.6 V at different scan rates in phosphate citrate buffer pH 3.5. 

The same procedure was done with bare GCE that served as a control.  

2.3 Preparation of thionine modified GCE/CNO electrode 

GCE/CNO electrodes were immersed in a thionine solution (2 mg/mL) for several hours, 

then washed thoroughly with phosphate citrate buffer pH 3.5 with stirring to remove the 
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unbound thionine molecules. The modified GCE/CNO/TH were then subjected to 5 potential 

cycles between 0.6 V and -0.3 V at 100 mV/s in phosphate citrate buffer pH 3.5 in order to 

stabilize the thionine film [46]. The same procedure was performed with a bare GCE that 

served as a control. 

2.4 Detection of nitrite and AA with GCE/CNO/oAP and GCE/CNO/TH electrodes  

Amperometric measurements were carried out at +0.75 V or +0.20 V for the detection of 

nitrite and ascorbic acid, respectively, in an electrochemical cell containing 5 mL phosphate 

citrate buffer pH 3.5. The background current was measured under stirring conditions at 350 

rpm. Subsequently, successive 50 µL aliquots of 1 mM nitrite or ascorbic acid were added to 

the cell and the current response was continuously recorded. Control experiments were 

carried out on GCE/oAP or GCE/thionine electrodes under the same conditions for 

comparison.  

Intra-sensor (same sensor, different samples) and inter-sensor (same sample, different 

sensors) repeatability studies were conducted on GCE/CNO/oAP electrodes either by 

measuring the current obtained with five freshly prepared 10 µM samples of nitrite and AA 

on the same electrode (intra-sensor) or on five different sensors on one of the above samples 

(inter-sensor).   

2.5 Reproducibility and stability studies 

For the stability study, two batches of three GCE/CNO/oAP and GCE/CNO/thionine 

electrodes were fabricated and the current corresponding to 10 µM AA was measured and 

taken as the initial signal (100%). The sensors were stored in vacuo in dried conditions in the 

fridge and the current corresponding to 10 µM AA was measured in intervals of one week 

and divided by the initial value to construct a %initial signal vs. time plot.  
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2.6 Detection of AA in orange juice 

A commercial orange juice sample (Hacendado), having a nominal amount of AA of 40 

mg/100 mL was treated as described before [22]. An aliquot of the sample was diluted 1:1000 

in phosphate citrate buffer pH 3.5 and measured as indicated above. The current value was 

interpolated in the calibration curve to determine the AA contents of the sample that was 

compared with the value obtained spectrophotometrically [22]. The measurements were 

carried out in triplicate. 

 

3. Results and discussion 

3.1 Electrochemical characterization of GCE/CNO/oAP electrodes 

CNOs were deposited on GCE as reported earlier [35]. The GCE/CNO/oAP modified 

electrodes were prepared in two steps by electrografting the in situ prepared diazonium salt 

of 2-nitro-4-aminophenol followed by potential reduction of the resulting 2-nitro-phenol film 

in acidic medium (Scheme 2). Both functionalization steps were carried out using cyclic 

voltammetry by sweeping the potential cathodically until the corresponding reduction peaks 

appeared at -0.21 V and -0.55 V, respectively (Figure 1).   

Scheme 2 

Figure 1 

The cyclic voltammograms of GCE/CNO/oAP modified electrodes at different scan rates 

showed the typical quasi-reversible signal associated with the oxidation and reduction  of 

electrografted oAP at E1/2 = -3 mV vs Ag/AgCl (Figure 2). The voltammetric response of 

GCE/CNO/oAP electrodes present much higher current intensities than the corresponding 

GCE/oAP prepared in a similar way although the E1/2 is essentially the same. This 
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enhancement in the current signal is due to the increased surface area provided by the 

deposited CNOs [35].   

Figure 2 

The surface coverage of oAP in the surface of GCE/CNO/oAP was evaluated from the 

equation Γ = Q/nFA, where Q is the charge associated with the oAP oxidation peak (area 

under the curve corrected for the baseline) at a low scan rate (10 mV s-1), n is the number of 

exchanged electrons (n = 2), F is the Faraday’s constant and A is the area of the electrode 

calculated using the Randles-Sevcik equation on GCE/CNO. The calculated value of Γ was 

2.71 × 10-9 mol cm-2, which is about 3 times higher than that obtained for the grafting of oAP 

on GCE (0.93 × 10-9 mol cm-2).  

3.2 Electrochemical characterization of GCE/CNO/thionine electrodes 

Thionine was immobilized on GCE/CNO electrodes by spontaneous adsorption (Scheme 3). 

The adsorption of thionine was studied as a function of time by cyclic voltammetry on both 

surfaces (Figure 3a-c). As can be seen, the redox signals of thionine increase with time with 

time and remain essentially constant after three hours on the GCE/CNO surface. This time 

was thus used in further experiments. In the case of GCE, the saturation is achieved after two 

hours, the redox response is markedly lower and gradually disappears with washing, 

indicating a weak interaction of thionine with the bare surface. 

Scheme 3 

Figure 3 

Figure 3d shows the cyclic voltammograms of thionine modified GCE/CNO surface at 

different scan rates. The voltammetric response of thionine is characterized by broad 

successive peaks in both anodic and cathodic scans, indicating the electrochemical activity 



10 
 

of adsorbed thionine [46]. The current responses showed a linear relationship with scan rate, 

indicating surface confinement of thionine. After continuous potential cycling, the 

electrochemical characteristics of thionine were stable, indicating a strong interaction with 

the CNO surface. The surface coverage of thionine in the surface of GCE/CNO was    

2.11×10-10 mol cm-2. This surface coverage is about 6 times higher than that observed for 

GCE/thionine and essentially the same as that observed on GCEs modified with MWCNT 

[46]. Considering the dimensions of thionine (~58 Å2) and assuming a planar stacking on the 

CNO surface, the theoretical coverage of thionine on GCE/CNO would be 2.77×10-10 mol 

cm-2 and therefore about 76% of the surface is actually covered.  This is not surprising, 

considering the roughness of the CNO-modified surface that could hinder the formation of a 

perfectly adsorbed monolayer.  

3.3 Electrochemistry of nitrite and ascorbic acid at GCE and GCE/CNO 

The electrochemical response of AA and nitrite at GCE is characterized by irreversible 

anodic signals at 0.21 and 0.90 V (Figure 4a). Interestingly, at GCE/CNO electrodes both 

oxidation processes are favored and shifted to less positive potentials (0.09 and 0.80 V for 

AA and nitrite). Thus, the overpotential for the oxidation of nitrite is reduced by 110 mV 

(Figure 4b), indicating that the layer of CNOs favors the electron transfer reaction of nitrite, 

as observed previously [35].  This potential shifts are accompanied by an increase in the 

signal intensity due to the increased electrode area provided by the presence of the CNO 

layer.  

Figure 4 

3.4 Electrochemical detection of nitrite and ascorbic acid at GCE/CNO/oAP electrode 
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In order to evaluate the electrocatalytic activity of modified GCE/CNO/oAP surface towards 

the oxidation of AA and nitrite, cyclic voltammograms were recorded in phosphate citrate 

buffer pH 3.5 in the absence and presence of nitrite and ascorbic acid (Figure 4c). Upon the 

addition of nitrite on modified GCE/CNO/oAP, there is an irreversible oxidation peak at 0.78 

V which corresponds to the two-electron oxidation process of NO2
- to NO3

- (Scheme 1). This 

peak potential is negatively shifted ~20 mV with respect to GCE/oAP indicating that the 

presence of CNO reduced the overpotential due to electronic effects of the graphitic onion 

layers [35] and also enhances the oxidation current due to an increase in surface area.  

In the presence of AA, the CV response features a relatively broad anodic signal around 0.2 

V, accompanied by a further signal increase with respect to the GCE/CNO electrode and a 

disappearance of the cathodic oAP peak. The enhancement in the anodic current close to the 

formal potential of the aminophenol/quinoneimine couple and the disappearance of the 

cathodic oAP peak suggest an electrocatalytic effect of the electroactive oAP film on the 

oxidation of AA. Interestingly, the peak maximum is now shifted ~40 mV to more positive 

values, which may be ascribed to the presence of the oAP film.  

This surface was then used to detect ascorbic acid and nitrite by amperometric measurements 

at different potentials using the GCE/CNO/oAP electrode (Table 1). The amperometric 

measurements were done with either the presence of nitrite or ascorbic acid added into the 

buffer solution prior to the addition of the other analyte in order to assess if the presence of 

the other analyte in solution would somehow affect the current response. As can be seen in 

Figure 5a and 5b, the current responses rapidly achieved a steady current with the successive 

additions of 10 µM of each analyte indicating a fast electrochemical response. 

Figure 5 
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A linear relationship of the current responses with the concentration of nitrite and AA was 

observed over the ranges of 0-50 µM (Figure 5c,d). The sensitivity for the detection of nitrite 

at GCE/CNO/oAP was 0.034 µA/µM with a correlation coefficient of 0.99. This value is 

almost 3 times more sensitive than GCE/oAP. The estimated limit of detection (LOD) of 

nitrite at GCE/CNO/oAP as obtained from the calibration curve was 0.82 µM which is 2 

times lower as compared to GCE/oAP. For the detection of AA the sensitivity of the electrode 

is 0.024 µA/µM and the LOD was 0.34 µM. Compared with the reported GCE/oAP surface 

[41], the GCE/CNO/oAP sensor shows two times higher sensitivity and a more extended 

linear range than GCE/oAP. The obtained LOD is also lower than that reported for a 

spectrophotometric method. Hence, the incorporation of CNOs con the electrode surface 

resulted in better analytical performances as compared with oAP films electrografted on both, 

glassy carbon and screen-printed surfaces (Table 1). 

  

3.5 Electrochemical detection of nitrite and ascorbic acid at GCE/CNO/thionine 

electrode 

Figure 6 shows the cyclic voltammograms of GCE/CNO/thionine modified electrodes with 

the absence and presence of 100 µM nitrite and/or 100 µM AA in phosphate citrate buffer 

pH 3.5. Similarly to the oAP modified electrodes, upon addition of both analytes, the 

corresponding anodic signals appear in the voltammograms although the background signal 

corresponding to adsorbed thionine is higher. In the presence of AA the cathodic signal of 

thionine markedly decreased, indicating that the adsorbed dye effectively mediates in the 

electrocatalytic oxidation of AA, similarly to what has been observed for NADH on 

thionine/SWCNT electrodes [47].  

Figure 6 
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Figure 7 shows the amperometric current responses and calibration curves in the modified 

GCE/CNO/thionine and GCE/thionine. In this case, the sensitivity for the detection of nitrite 

was 0.045 µA/µM (2 times more sensitive than GCE/thionine) with a LOD of 1.89 µM (6 

times lower LOD than GCE/thionine). For the determination of AA the sensitivity was 0.043 

µA/µM (9 times higher than GCE/thionine) and the LOD was 0.66 µM (2 times lower than 

GCE/thionine). The limit of detection for nitrite is comparable with that obtained with a 

spectrophotometric method based on the Griess reaction but shows a much longer linear 

range (Table 1).  

Figure 7 

3.6 Reproducibility and stability studies 

To study the repeatability of the sensors, the electrochemical measurements were repeated 

with five 10 µM samples of nitrite and ascorbic acid on the same electrode. The relative 

standard deviation of the current responses for GCE/CNO/oAP with nitrite was 3.2% and 

3.9% for ascorbic acid (Figure 8a). For GCE/CNO/thionine, the values were 2.8% for nitrite 

and 4.1% for ascorbic acid.  

For GCE/CNO/oAP, the measurements were also carried out on the same sample but using 

five different electrodes. In this case, the relative standard deviation of the current responses 

was 6.1% for ascorbic acid and 5.1% for nitrite (Figure 8b). These low relative deviations 

derived from the responses indicate that the modified surfaces have an excellent operational 

reproducibility.  
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Both batches of GCE/CNO/oAP and GCE/CNO/thionine electrodes were found to be very 

stable, retaining up to 87% of the initial response observed for 10 µM of AA after 6 weeks 

when stored in dried conditions at 40C (Figure 8c). 

Figure 8 

 

3.7 Real samples and selectivity analysis in AA determination 

To test the selectivity of the sensor, the effect of two potentially interfering substances present 

in fruits and juice samples was investigated. In both cases the signal recovery was very close 

to 100%, indicating that the tested sensors are selective and specific for the detection of AA 

(Table 2).  

The applicability of the developed sensors in real samples was also studied by measuring the 

AA content of an orange juice sample using the GCE/CNO/oAP sensor (Table 3) and 

compared the results with a reported spectrophotometric method [22]. The good 

correspondence between both methods indicates that the sensor is able to work in real 

samples. A recovery of 104% of the theoretical signal was obtained after adding a standard 

solution of 10 µM AA to the sample.  

Table 2 

Table 3 

 

Conclusions 

Carbon nano-onions (CNOs) were used to modify glassy carbon electrodes followed either 

by electrochemical grafting of ortho-aminophenol or by physical adsorption of thionine. 

These electrodes were used for the simultaneously detection of nitrite and ascorbic acid in 



15 
 

aqueous solution at acidic pH. Remarkably, the presence of both CNO and the electroactive 

moiety provoked an enhancement in the sensitivity of the determination and lowered the 

limits of detection as compared to GCE/oAP and GCE/thionine controls. Preliminary results 

indicate that the sensors are selective to AA and can be applied to real samples. 
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Table 1. Analytical parameters of the developed sensors and comparison with other 

methods. 

Surface or method Analyte LOD 
(µM) 

Sensitivity 
(µA/µM) 

Linear range 
(µM) Reference 

GCE/CNO/oAP, 
amperometry AA 0.34 0.024 0-50 This work 

GCE/CNO/thionine, 
amperometry AA 0.66 0.043 0-50 This work 

GCE/oAP, 
amperometry AA 0.3 0.012 2-20 41 

SPCE/oAP†, 
amperometry AA 0.86 0.032 2-20 22 

Spectrophotometry, 
enzymatic oxidation AA < 0.5 - 0-1000 16b 

GCE/CNO/oAP, 
amperometry nitrite 0.82 0.034 0-50 This work 

GCE/CNO/thionine, 
amperometry nitrite 1.89 0.045 0-50 This work 

Spectrophotometry, 
Griess reaction nitrite 1 - 0-10 14 

† Screen-printed carbon electrode  
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Table 2. Recovery of AA in the presence of some interferents at GCE/CNO/oAP 

electrodes. 

 

  

 AA concentration (µM)  

Additive Added Found Recovery of AA (%) 

Glucose (1 mM) 10.0 9.8 98 

Citric acid (0.1 mM) 10.0 10.6 106 
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Table 3. Determination of the content of AA in a commercial orange juice at 

GCE/CNO/oAP electrodes. 

 

 

† In mg/100 mL 

Sample Nominal 
contents† 

With 
GCE/CNO/oAP 

sensor† 

Using 
reference 
method† 

Added 
(µM) 

Found 
(µM) 

Recovery 
of AA 
(%) 

Orange juice 40 34 ± 2 31.5 ± 0.6 10.0 10.4 104 
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Figure 1. Cyclic voltammograms on GCE/CNO (first cycle) corresponding to the 

electrodeposition of 2-nitro-4-diazophenol salt in 0.5 M HCl (dotted line) and reduction of 

the corresponding 2-nitrophenol film in 1 M H2SO4. Scan rate: 100 mV/s. 
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Figure 2. Cyclic voltammograms at different scan rates of electrografted oAP on GCE/CNO 

(a) and GCE (b) in phosphate citrate buffer pH 3.5. 
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Figure 3. a) Cyclic voltammograms of thionine at different incubation times (0, 1, 2, 3, 4, 5 

h) on GCE/CNO. (b) Cyclic voltammogram of thionine at bare GCE after 3 h of incubation. 

c) Dependence of the anodic current signal at 0.03 V with time for both surfaces. Scan rate: 

50 mVs-1 in phosphate citrate buffer pH 3.5. d) Cyclic voltammograms of adsorbed thionine 

in GCE/CNO at different scan rates in phosphate citrate buffer pH 3. Inset: current vs. scan 

rate plot. 
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Figure 4. Cyclic voltammograms at GCE (a), GCE/CNO (b) and GCE/CNO/oAP (c) in the 

presence of 10 µM nitrite, 10 µM AA or a mixture of both (10 µM each). Scan rate 100 mV/s 

phosphate citrate buffer pH 3.5. 
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Figure 5. Amperometric responses at GCE/CNO/oAP (―, ■) and GCE/oAP (∙∙∙∙∙,●) for: (a) 

addition of 10 µM AA in the presence of 10 µM nitrite at +200 mV; (b) the successive 

addition of 10 µM of nitrite in the presence of 10 µM AA at +750 mV; (c) and (d) 

corresponding calibration curves. The same modified electrodes were used in both cases for 

the detection of nitrite and ascorbic acid. 
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Figure 6. Cyclic voltammograms at GCE/CNO/thionine in the presence of 100 µM nitrite, 

100 µM AA and a mixture of both (100 µM each). Scan rate 100 mV/s in phosphate citrate 

buffer pH 3.5. 
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Figure 7. Amperometric responses at GCE/CNO/thionine (―, ■) and GCE/thionine (∙∙∙∙∙,●) 

for: (a) addition of 10 µM AA in the presence of 10 µM nitrite at +200 mV; (b) the successive 

addition of 10 µM of nitrite in the presence of 10 µM AA at +750 mV; (c) and (d) 

corresponding calibration curves. The same modified electrodes were used in both cases for 

the detection of nitrite and ascorbic acid. 
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Figure 8. Amperometric responses obtained for the detection of 10 µM nitrite and AA in 

five different test samples (a) and five different electrodes (b) at GCE/CNO/oAP. (c) Stability 

of the sensors stored dried at 4ºC measured as the % of initial signal over 6 weeks.  
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