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Nitrite, NO2
-
 (in neutral), and NO (in acidic media) were used as analytical probe to investigate the 

electrocatalytic properties of Prussian blue nanoparticles (PB) modified edge plane pyrolytic graphite 

(EPPG) electrode. Results indicate that single-walled carbon nanotubes-Prussian blue hybrid 

(SWCNT-PB) modified electrode demonstrated greater sensitivity and catalysis towards nitrite 

compared to PB or a SWCNT modified electrode. The current response of the electrode was reduced in 

the presence of cetyltrimethylammoniumbromide (CTAB) which was used as a stabilising agent. 

Electrocatalytic oxidation of nitrite occurred through a simple adsorption controlled electrode reaction. 

The adsorption equilibrium constant β and the standard free energy change ΔG
0 

due to adsorption were 

4.35 x 10
3 

M
-1

s
-1

 (-20.76 kJmol
-1

) and 15.0 x 10
4 

M
-1

s
-1

 (-29.53 kJmol
-1

) for nitrite and nitric oxide 

respectively. Despite the adsorption, the EPPGE-SWCNT-PB electrode showed good stability of 

greater than 80% in the analytes. The electrode’s limit of detection and catalytic rate constant were 

6.26 µM (4.37 x 10
6
 cm

3 
mol

-1 
s

-1
) and 4.9 µM (6.35 x 10

5
 cm

3
mol

-1
s

-1
) for nitrite and nitric oxide 

respectively. The fabricated electrode is not difficult to prepare and could serve as a potential sensor 

for nitrite determination in food and environmental samples. 

 

 

Keywords: Single-walled carbon nanotubes; Edge plane pyrolytic graphite electrode; Prussian blue 

nanoparticles; Oxidation; Nitrite; Adsorption. 

 

1. INTRODUCTION 

Environmentally important molecules such as nitrites have attracted the attention of analytical 

chemists and electrochemist in recent times [1-7]. The nitrite ion is an intermediate species in the 
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nitrogen cycle, resulting from the oxidation of ammonia or from reduction of nitrate [4]. It is used as 

an additive in some types of food and its occurrence in soils, waters, foods and physiological systems 

is prevalent [2]. The nitrite ion is classified as an environmentally hazardous species because of its 

toxicity [8] and combines with blood pigments to produce meta-haemoglobin which leads to oxygen 

depletion to the tissues [3,4]. Upon combining in the stomach with amines and amides highly 

carcinogenic N-nitrosamine compounds are produced [9]. Thus, there is need for the detection and 

quantification of the nitrite anion using simple, effective and less expensive analytical techniques. 

The desired redox reaction at the bare electrode using voltammetric techniques such as cyclic 

voltammetry (CV) and square wave voltammetry (SWV) often involves slow transfer kinetics and 

therefore occurs at an appreciable rate only at a potential substantially higher than its thermodynamic 

redox potential. Such reactions can be catalysed by attaching to the surface a suitable electron-transfer 

mediator. The function of the mediator is to facilitate the charge transfer between the analyte and the 

electrode. Carbon electrodes (such as the glassy carbon, carbon paste, highly oriented pyrolytic 

graphite, basal plane pyrolytic graphite and edge plane pyrolytic graphites electrodes) have long been 

recognized as versatile and supporting platforms for electrocatalysis and electrochemical sensing due 

to their numerous advantages such as low cost, chemical inertness and wide potential window 

applicability in most electrolyte solutions compared to precious metal electrodes such as gold, 

platinum, aluminium, silver and copper. Among the carbon based electrodes, the edged plane pyrolytic 

graphite electrodes (EPPGE) are reported to have better catalytic activity and reactivity which is 

mainly due to edge plane sites/defects which are key to fast heterogeneous charge transfer [10] and the 

EPPGE electrode was therefore chosen for this study. The application of EPPG electrode includes the 

detection of NADH [11], chlorine [12], halides [13], ascorbic acid [14], cathodic stripping 

voltammetry of manganese [15] and anodic stripping voltammetry of silver [16]. 

The application of Prussian blue nanocomposites with dendrimers in the electrochemical 

detection of dopamine and hydrogen peroxide has been well illustrated [17]. Also, prussian blue (PB) 

(Fe4(III)[Fe(II)(CN)6]3) have found applications in fuel cell devices [18] and as PB–based carbon paste 

electrode in biosensors [19]. Properties of CNTs have been widely reported and single-walled carbon 

nanotubes (SWCNTs) possess important mechanical, thermal, photochemical and electrical properties 

[20] which are industrially useful. In addition, nitrite or nitric oxide detection and quantification have 

been carried out using sensors incorporating CNT as part of the electrode materials [21, 22]. Therefore, 

this study exploits the unique properties of SWCNT-PB nanocomposite acting as electron-transfer 

mediator between the base EPPG electrode and nitrite during electrocatalytic oxidation of nitrite. The 

electrochemical technique for sensing was chosen in this work because of its fast reaction kinetics, 

reproducibility of results and stability over the conventional analytical techniques such as 

spectrophotometry [23], chromatography [24], and flourimetry methods of analysis which are time 

consuming and sometimes require complex derivatization procedures. 

Herein, we report on the electrocatalytic detection of nitrite and its reaction mechanism at the 

EPPGE modified electrode with or without single SWCNT and PB nanoparticles. The analytes 

demonstrated some degree of adsorption and signal recovery, which measures the level of stability of 

the electroactive material on the electrode. The low limit of detection, sensitivity and easy 

modification of the electrode with the PB nanoparticles is much cheaper and can be readily available 
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for commercial application. These are some of the advantages of the fabricated sensor over previous 

reports in the literature. 

 

 

 

2. EXPERIMENTAL 

2.1 Materials and Reagents 

A polyaminobenzene sulphonated single-walled carbon nanotubes (SWCNT-PABS) was 

purchased from Aldrich and was used directly without further treatment. FeCl3, K4[Fe(CN)6].6H20, 

KCl, diethylaminoethanethiol (DEAET), sodium nitrite, cetyltrimethylammoniumbromide (CTAB) 

and other chemicals and reagents were of analytical grade and purchased from Sigma-Aldrich 

chemicals.  

Ultra pure water of resistivity 18.2 MΩ was obtained from a Milli-Q Water System (Millipore 

Corp., Bedford, MA, USA) and was used throughout for the preparation of solutions. A phosphate 

buffer solution (PBS) of pH 3.0, 7.0 and 7.4 was prepared with appropriate amounts of NaH2PO4.2H2O 

and Na2HPO4.2H2O, and adjusted with 0.1 M H3PO4 or NaOH. Prepared solutions were purged with 

pure nitrogen to eliminate oxygen and prevent any form of external oxidation during every 

electrochemical experiment. 

 

2.2 Equipment and Procedure 

The edge plane pyrolytic graphite electrode plate (3mm diameter) was purchased from Le 

Carbone, Sussex, UK and was constructed locally by placing it in a teflon tube, extended outside with 

a copper wire to make electrical contact with the electrochemical equipment. Field emission scanning 

electron microscopy (FESEM) images were obtained from JEOL JSM 5800 LV (Japan). The 

Transmission electron microscopy (TEM) experiment was performed with the help of a Model JEOL 

JEM-2100F, Tokyo (Japan), while the energy dispersive x-ray spectra (EDS) were obtained from 

NORAN VANTAGE (USA). 

Electrochemical experiments were carried out using an Autolab Potentiostat PGSTAT 302 (Eco 

Chemie, Utrecht, and The Netherlands) driven by the GPES software version 4.9. Electrochemical 

impedance spectroscopy (EIS) measurements were performed with Autolab Frequency Response 

Analyser (FRA) software between 10 kHz and 10 mHz using a 5 mV rms sinusoidal modulation with 

the solution of the analyte at their respective peak potential of oxidation (vs. Ag|AgCl in sat. KCl). A 

Ag|AgCl in saturated KCl and platinum wire were used as reference and counter electrodes 

respectively. 

A bench top pH / ISE ORION meter, model 420A, was used for pH measurements. All 

experiments were performed at 25 ± 1 °C while the solutions were de-aerated before every 

electrochemical experiment. 
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2.3 Electrode modification procedure 

EPPGE surface was cleaned by gentle polishing in aqueous slurry of alumina nanopowder 

(Sigma-Aldrich) on a SiC-emery paper followed by a mirror finish on a Buehler felt pad. The electrode 

was then subjected to ultrasonic vibration in absolute ethanol to remove residual alumina particles that 

might be trapped on the surface. EPPGE-SWCNT or EPPGE-CTAB-SWCNT was prepared by a drop-

dry method. About 10 µL drops of the SWCNT-PABS in H2O or CTAB solution (0.1 mg SWCNT-

PABS in 1 mL H2O or 1ml CTAB solution) was dropped on the bare EPPGE and dried in an oven at 

50 
o
C for 2 mins. PB nanoparticles were deposited on the electrode using a procedure described by 

Han et al. [25]. The EPPGE-SWCNT or EPPGE-CTAB-SWCNT electrode was immersed in stirred 

FeCl3 solution for 30mins after which it was rinsed, dried and immersed in K4[Fe(CN)6] solution for 

another 30mins to give the first layer of PB nanoparticles (first deposition cycle). The modified 

electrode will be written as EPPGE-SWCNT-PB in this paper. The procedure was repeated to obtain 

both the second and the third layer of PB nanoparticles. The EPPGE-PB electrode was also obtained 

following the same procedure but without the addition of SWCNTs. 

 

 

 

3. RESULTS AND DISCUSSION 

3.1. Electrode Characterisation 

The electrochemical characterisation of the studied electrodes and the stability of the PB 

modified electrodes were previously reported at pH 7.0 PBS containing 0.1M KCl [26]. EPPGE-

SWCNT-PB was reported to have shown faster electron transfer properties compared to the other 

electrodes, and the redox active PB nanoparticles were changed to their reduced form. Prussian white 

(PW) as shown in Equation 1 suggests successful modification of the electrode with PB nanoparticles 

[26-28]: 

 

KFe(III)[Fe(II)(CN)6] + e- + K+
(1)

PB PW

K2Fe(II)[Fe(II)(CN)6]KFe(III)[Fe(II)(CN)6] + e- + K+
(1)

PB PW

K2Fe(II)[Fe(II)(CN)6]

 

 

The electrode surface coverage (PB) was estimated to be 4.8 x 10
-8

 mol cm
-2

. Figure 1 presents 

the TEM images of PB nanoparticles (Fig. 1A) and SWCNT-PB nano hybrid (Fig. 1B), while Fig. 1C 

depicts the SEM image of the SWCNT-PB nano hybrid. From the TEM pictures, the PB particles 

appeared porous, amorphous, evenly distributed along the nanotubes with average particle size of 5-15 

nm. The PB particle distribution on the walls of the CNT could be attributed to both electronic 

(covalent bonding) and ionic interaction between the phenyl ring, NH2 or the SO3
2-

 groups of the 

SWCNT-PABS and the PB (Fe4(III)[Fe(II)(CN)6]3) nanoparticles. The SEM image also revealed the 

PB particles aggregation along the SWCNT tube indicating several layers of the PB nanoparticles 

coming together as an aggregate through interactions and ionic bonding. It was reported that a 16 
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nm nanoparticle contains approximately 4000 unit cells, that is 16000 [Fe(CN)6]
4-

 and 16000 Fe
III

 ions 

[29]. 

 

(A) (B)

(C)

50 nm

200 nm 200 nm

 
 

Figure 1. TEM of (a) Prussian blue (PB) nanoparticles (b) SWCNT-PB nano hybrids.  (c) is the 

FESEM images of SWCNT-PB nano hybrids. 

 

3.2 Electrocatalytic oxidation of nitrite 

Figures 2 and 3 present the comparative current response of the electrodes towards electro-

catalytic oxidation of nitrite (after background current subtraction) at the different pH conditions 

studied. For example, at pH 7.4 (NO2
-
) and 3.0 (NO) PBS respectively, an irreversible oxidation peak 

at ca 0.8 V corresponding to the oxidation of NO2
-
 to NO3

-
 through a two (2) electron oxidation 

process [1,2] or NO to NO3
-
 was observed on the bare EPPGE. The 0.8 V (vs. Ag|AgCl, sat’d KCl) or 

~ 0.78 V vs SCE) peak potential for nitrite oxidation on bare EPPGE was approximately 200 mV less 

compared to 0.98 V (vs SCE) peak potential reported for nitrite oxidation on carbon fibre 

microelectrode CFE [3], and 220 mV less than the peak potential (ca 1.0 V vs SCE) for the oxidation 

of the analyte on bare glassy carbon electrode (GCE) [4,5]. The reduced potential may be due to the 

fast electron transfer behaviour of the EPPGE itself. However, in comparison to the bare electrode, a 
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fast electron transfer with a remarkable increase in oxidation current (Figs. 2 and 3) was noticed at the 

EPPGE-SWCNT-PB electrode. 

 

0 0.2 0.4 0.6 0.8 1 1.2

E/V (vs Ag|AgCl, sat'd KCl)

2
0

 m
A

EPPGE

EPPGE-PB

EPPGE-SWCNT-PABS

EPPGE-CTAB-SWCNT

EPPGE-CTAB-SWCNT-PB

EPPGE-SWCNT-PB

 
 

Figure 2. Comparative current response (after background current subtraction) of the bare and the 

modified electrodes in pH 7.4 PBS containing 10
-3

 M NO2
- 
(Scan rate: 25 mVs

-1
). 

 

In addition, the low on-set potential of catalysis (ca 0.54 V) for nitrite oxidation at EPPGE-

SWCNT-PB electrode (Fig. 2) compared to other electrodes (0.68 V) also confirmed its superior 

catalytic efficiency over the other electrodes towards nitrite oxidation. The electrode also demonstrated 

four time current response (NO2
-
: 87.9 mA, NO: 72.2 mA) compared to the bare EPPGE (NO2

-
: 22.3 

mA, NO: 19.8 mA) at both pH studied. Its increasing catalytic activities with increasing PB 

concentration or PB deposition cycles on the electrode (not shown) makes it the best electrode relative 

to EPPGE-SWCNT or EPPGE-PB towards nitrite oxidation. The result obtained in this study agreed 

with a similar observation for nitrite oxidation on gold nanoparticles choline chloride glassy carbon 

modified electrode (nano-Au/Ch/GCE), which was reported to be better compared to the bare gold, or 

nano-Au/GCE or Ch/GCE alone [5] signifying the importance of chemically modified electrodes in 

catalysis. The enhanced performance of the EPPGE-SWCNT-PB electrode has also been attributed to 

the high surface area coverage of the electroactive SWCNT-PB nanoparticles which was made 
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possible by the presence of the porous SWCNT layer that allowed more for PB deposition. Due to its 

excellent electrochemical behaviour, the EPPGE-SWCNT-PB electrode was used for further studies in 

this work unless otherwise stated. 

 

0 0.2 0.4 0.6 0.8 1

E/V (vs Ag|AgCl, sat'd KCl)

1
0

 m
A

EPPGE

EPPGE-PB

EPPGE-SWCNT-PABS

EPPGE-CTAB-SWCNT

EPPGE-CTAB-SWCNT-PB

EPPGE-SWCNT-PB

 
 

Figure 3. Comparative current response (after background current subtraction) of the bare and the 

modified electrodes in pH 3.0 PBS containing 10
-3

 M NO (Scan rate: 25 mVs
-1

). 

 

3.3 Electrochemical impedance studies (Electron transport behaviour) 

The electrocatalytic behaviour of nitrite and nitric oxide at EPPGE-SWCNT-PB electrode 

during electrocatalytic oxidation of the analytes was investigated using the electrochemical impedance 

spectroscopy (EIS) technique at the peak potential (Ep) where the analytes were best catalysed. The 

impedance data obtained from the fitting of the EIS spectra for the EPPGE-SWCNT-PB electrode 

(Figure 4a) is presented in Table 1. 
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Table 1. Impedance data obtained for the EPPGE-SWCNT-PB modified electrodes in 10
-3

 M nitrite 

(pH 7.4 PBS) and nitric oxide (pH 3.0 PBS) respectively (at 0.8 V vs Ag|AgCl sat’d KCl). Note 

that the values in parentheses are percentage errors of the data fitting. 

 

Electrodes Impedimetric Parameters 

  

Rs 

(Ω cm
2
) 

 

CPE 

(mF) 

 

n 

 

Rads 

(Ω cm
2
) 

 

Cads 

( μF) 

pseudo  

 NO2
-
 

 

EPPGE-SWCNT-PB 

 

14.78 

(0.27) 

 

0.08 

(6.46) 

 

0.65 

(8.54) 

 

2.12 

(2.01) 

 

82.40 

(5.75) 

 

7.68 x10
-4

 

  

NO 

 

EPPGE-SWCNT-PB 

 

17.12 

(0.27) 

 

0.16 

(5.16) 

 

0.53 

(6.61) 

 

4.66 (1.13) 

 

77.0  

(4.17) 

 

1.16 x10
-5

 

 

The impedance data was fitted by the electrical circuits (Figure 4b) containing elements 

represented in Table 1 where Rs is the solution/electrolyte resistance, CPE is known as the constant 

phase element which replaces the true capacitance (Cdl), Rads represents the partial charge transfer 

resistance or resistance due to adsorption, Cads describes the pseudocapacitive nature of the system due 

to adsorption while n is a function whose value describes the electrical nature of the electrode and has 

values (–1 ≤ n ≤ 1). n = 0 implies pure resistor; n = 1, means pure capacitor, n = –1 means an inductor; 

while n = 0.5 indicates a Warburg impedance (Zw) due to diffusion of ions to and from the 

electrode|solution. A similar circuit was used in the fitting of the impedance data obtained for the other 

electrodes studied including the bare EPPGE. 

 

0

0.2

0.4

0.6

0.8

1

1.2

0.18 0.28 0.38 0.48 0.58 0.68

Z / KW

-Z
'' 

/ K
W

i
ii

R S

R c t C

C P E

ads

R S

R c t C

C P E

ads

(a)

(b)

 
 

Figure 4. (a) Nyquist plots obtained for the EPPGE-SWCNT-PB electrode in (i) 0.1 M pH 7.4 PBS 

containing 10
-3

 M NO2-, and (ii) 0.1 M pH 3.0 PBS containing 10
-3

 M NO. The data points are 

experimental while the solid lines in the spectra represent non-linear least squares fits. (b) is the 

circuit diagram used in the fitting of the impedance data in (a). 
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From Table 1, the Rads of 2.12 and 4.66 Ωcm
2 

for the EPPGE-SWCNT-PB electrode in NO2
-
 

and NO respectively were lower in comparison to 21.05 and 25.42 Ωcm
2
 obtained for the bare EPPGE 

electrode towards the analytes. The result suggests low adsorption of reaction intermediates or 

oxidation product on the EPPGE-SWCNT-PB electrode, fast electron transport, thus, a more favoured 

catalysis of the analytes on this electrode compared with the bare EPPGE. 

The Bode plots of –phase angle vs. log (f/Hz) (at 0.24 Hz, Fig. 5) obtained for the EPPGE-

SWCNT-PB electrode towards the analytes gave a phase angle values of -63.1
0
 and -61.2

0
 for nitrite 

and nitric oxide respectively. The analytes behaved similarly towards the electrode, which is 

pseudocapacitive since a phase angle of -90
0 

was expected for a pure capacitive behaviour. Similarly, 

plots of log |Z/W| vs log (f/Hz) (Fig. 5) gave slope values of 0.7321 and 0.6598 for nitrite and nitric 

oxide respectively, also indicating the pseudocapacitive nature of the electrode towards analytes since 

for a pure capacitor; a slope value of 1.0 is expected. 
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 / 

d
e

g
.
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NO

 
 

Figure 5. Bode plots of –phase angle/deg, and the log |Z / W| vs. log (f / Hz) for the EPPGE-SWCNT-

PB electrode in 10
-3

 M NO2
-
 and 10

-3
 M NO solutions respectively. 

 

3.4 Stability study 

The stability of the EPPGE-SWCNT-PB electrode towards the analyte was studied using cyclic 

voltammetry experiments by carrying out repetitive (30 scans) cyclic voltammetry in 0.1 M PBS 

electrolyte as represented by the nitrite ion in Figure 6a. A current drop was observed for the analytes. 

The drop was associated with adsorption or electrode fouling. However, the electrode was removed 
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from the solution, cleaned by repetitive scanning in pH 7.0 PBS and re-run in the solution of each 

analyte. 

 

 

 

Figure 6. (a) Current response (30 scans) of the EPPGE-SWCNT-PB electrode in pH 7.4 PBS 

containing 10
-3

 M NO2
-
. (b) Current of the EPPGE-SWCNT-PB 0.1 M pH 7.4 PBS containing 

10
-3

 M NO2
-
 (scan rate: 25 – 1200 mVs

-1
, inner to outer). 

 

From the result, 85.0% and 93.7% current recovery were obtained (after electrochemical 

cleaning) respectively for electro-catalytic oxidation of nitrite and nitric oxide. Therefore, the initial 

current drop was due to simple physical adsorption of the analyte and can be removed by repetitive 

cleaning in PBS, and at the same time, the electrode can be re-used for further analysis. Thus, the 

electrode modifier can be said to be stable and produces a considerable signal or current response if re-

used for the electrocatalytic oxidation of the analytes. 

 

3.5 Effect of scan rate 

The effect of scan rate (range of 25–1200 mVs
-1

) was investigated using cyclic voltammetry as 

shown in Figure 6b. The results reveal that the anodic peak current (Ipa) of nitrite oxidation was 

directly proportional to the square root of scan rate (
1/2

) (R
2
 = 0.9914) but the negative intercept 

suggests that the electrode reaction is not a pure diffusion-controlled process. Randles-Sevčik equation 

for an anodic oxidation process [30] with a zero intercept suggests a complete diffusion control 

process, thus, the negative intercept from the plot of Ipa versus 
1/2 

can be explained as an adsorption of 

the nitrite molecule after diffusion to the electrode surface, or adsorption of its intermediate or 

oxidation product after an electrocatalytic process. 

Using the Tafel equation for an irreversible-diffusion controlled process [30], 

-0.1
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
 

log
)1(2

303.2

Fn

RT
KEp


                                                       (2) 

 

where α is the transfer coefficient, nα is the number of electrons involved in the rate-

determining step. R, T and F are gas constant, temperature and Faraday constant, respectively.  

 

 
 

Figure 7. (a) Plots of peak potential (Ep) versus log  for 10
-3

 M NO2
- 
and NO respectively. (b) Current 

function plots of log Ip versus log  for 10
-3

 M NO2
- 
and 10

-3
 M NO respectively. 

 

A linear plot for Epa vs the log  was obtained (Fig. 7a). Based on the slope of Epa versus log  

plot, and assuming nα is 2 for nitrite and nitric oxide [7], the α values were estimated as approximately 

y = 0.1396x + 1.094
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0.89 for nitrite at both pH 7.4 and 3.0 PBS respectively. Generally, when an α value is larger than 0.5, 

this supposed to be a more favoured reaction mechanism [31]. Thus, the high α value obtained in this 

study for nitrite and nitric oxide further confirms their favoured and excellent electrocatalytic oxidation 

process on the EPPGE-SWCNT-PB electrode. The 0.89 recorded for nitrite is higher than 0.72 

reported recently for the oxidation of the analyte on EPPGE-SWCNT-Co modified electrode [7] or 

0.73 reported for its oxidation on cobalt phthalocyanine modified electrode [32]. Also, from the slope 

of the Tafel plots (Ep vs log ) in Figure 7a, the Tafel slope b of 279, 350 mVdec
-1

 at low (25-400 

mVs-1) and 697, 819.8 mVdec
-1

 at high scan rate (500-1200 mVs
-1

) were obtained for NO2
-
 and NO 

respectively. Therefore, irrespective of the scan rate region, the Tafel values obtained in this study 

further confirm an adsorption process due to the electrocatalytic oxidation of nitrite on the EPPGE-

SWCNT-PB electrode. In the same vein, the current function plot of log IP versus log  gave slope 

values of 0.473 and 0.767 for NO2
-
 and NO respectively which are lower and higher compared with 

0.5 values expected for pure diffusion control electrode process [33]. 

 

3.6 Concentration study 

The dependence of the EPPGE-SWCNT-PB sensor response on applied potential for 

amperometric determination of different concentrations of nitrite (0.0, 32.3, 62.5, 118.0, 143.0, 189.0, 

211.0 and 250.0 µM) was investigated using chronoamperometric  technique at an applied potential of 

0.8 V (vs. Ag|AgCl, sat’d KCl). The chronoamperogram (Fig. 8a) was obtained after stirring the 

mixture thoroughly. The inset in Fig.8a represents the calibration curve for the plot of current against 

nitrite concentration. The measured peak currents were found to be linear with increasing 

concentrations. The obtained sensitivity of the sensor was 0.2516 µA/µM (R
2
 = 0.9998) for nitrite, and 

0.0134 µA/µM (R
2
 = 0.9999) for nitric oxide. The detection limit was calculated based on the 

relationship LoD = 3.3 δ/m [34] where δ is the relative standard deviation of the intercept of the y-

coordinates from the line of best fit, and m the slope of the same line. The LoD value of 6.26 and 4.9 

µM were obtained for nitrite (pH 7.4) and nitric oxide (pH 3.0) respectively. The 6.26 reported for 

NO2
- 
at pH 7.4 agreed closely with 5.61 µM recently reported [7] while the 4.9 µM for NO was lower 

compared with 8.03 µM also recently reported [7]. 

From the concentration study above and using Equation 3 [34]: 

 

  2/12/1 tkC
I

I
o

L

cat                                                     (3) 

 

where Icat and Il  are the currents in the presence and absence of the analyte, K is the catalytic 

rate constant, C0 is the bulk concentration and t is the elapsed time. From the plot of Icat/Il vs t
1/2

, the 

catalytic rate constant K for EPPGE-SWCNT-PB in 10
-3 

M NO2
- 
and 10

-3 
M NO

 
are 4.37 and 0.64 x 

10
6 

cm
3
mol

-1
s

-1
. The 4.37 and 0.64 x 10

6 
cm

3
mol

-1
s

-1
 obtained for NO2

- 
and NO are approximately 137 

and 19 folds respectively higher than 0.32 and 0.34 x 10
5
 cm

3
 mol

-1
 s

-1
 reported for the analytes on 

EPPGE-SWCNT-Co electrode modified by electrodeposition [7]. The value obtained for nitrite agreed 
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closely with 2.75 x 10
3
 M

-1
 s

-1
 (or 2.75 x 10

6 
cm

3
 mol

-1 
s

-1
) reported by Ojani et. al., 2006 [35] for the 

electrocatalytic reduction of nitrite on carbon paste electrode modified with ferricyanide but lower 

compared to 7 x 10
5
 M

-1 
s

-1
 (or 7 x 10

8
 cm

3
 mol

-1 
s

-1
) 

 
reported by Trolimova et. al., 2005 [36] for 

catalytic oxidation of nitric oxide and nitrite by water-soluble manganese (III) meso-tetrakis(N-

methylpyridinium-4-yl) porphyrin (Mn(III)(4-TMPyP) on indium-tin oxide (ITO) electrode in pH 7.4 

phosphate buffer solutions. The difference in magnitude of the K value can be due to the different 

electrode modifier employed in each study. 
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Figure 8. (a) Typical chronoamperogram of EPPGE-SWCNT-PB in pH 7.4 PBS containing different 

concentrations of Nitrite (0.0, 32.3, 62.5, 118.0, 143.0, 189.0, 211.0 and 250.0 µM (i to viii)). 

(b) Linear sweep voltammogram of EPPGE-SWCNT-PB in pH 7.4 PBS containing different 

concentrations of Nitrite (0.0, 32.3, 62.5, 118.0, 167.0, 189.0, 250.0, 285.0 and 302.0 µM (i to 

ix)). Insets in (a) and (b) are the plots of current response vs nitrite concentration. 

 

3.7 Adsorption controlled electrode reaction 

Since the analytes studied adsorbed at different levels on the EPPGE-SWCNT-PB electrode 

based on their Tafel values, linear sweep or stripping voltammetry (LSV) technique was employed to 

monitor the extent of adsorption of the analyte on the electrode at different concentrations. Fig. 8b 

presents the voltammograms obtained for nitrite after allowing the electrode to stir in the analyte for 15 

mins. From Langmuir adsorption isotherm theory (Eqn.4, [37]), where Icat, Imax and β means catalytic 

current, maximum current and adsorption equilibrium constant, the plot of the ratio of [Nitrite] / Icat 

against [Nitrite] gave a straight line (not shown) which confirms an adsorption controlled electrode 

process. 
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maxmaxcat I

[Nitrite]

βI

I

I

[Nitrite]
                                       (4) 

 

From the slope and the intercept of the curve obtained above, the adsorption equilibrium 

constant β for nitrite and nitric oxide on the electrode was (4.35 ± 0.03) x 10
3 

M
-1

 and (15.0 ± 0.03) x 

10
4 

M
-1

. From Eqn. 5 below which relates the Gibbs free energy change due to adsorption (G
o
) to β, 

the G
o
 values were estimated as -20.76 and -29.53 kJmol

-1
 for nitrite and nitric oxide. 

 

G
o 

= -RTlnβ                                                                        (5) 

 

The -20.76 and -29.53 kJmol
-1

 for nitrite and nitric oxide are higher than -6.36 and -10.0 kJmol
-

1
 reported for the analytes on EPPGE-SWCNT-Co modified electrodes [7], thus, validating the high 

Tafel values reported for the analytes on the PB modified electrode as compared with previous study. 

The mechanism in Scheme 1 was proposed for the electrocatalytic oxidation of NO3
-
 at the EPPGE-

SWCNT-PB electrode in aqueous solutions based on the previous reports on the mechanism of NO3
-
 

electro-oxidation at modified electrodes [38]: 

The PB molecules on SWCNT platform consisted of the Fe
2+

/Fe
3+ 

catalyst which was 

electrochemically converted to its stable oxidation state as depicted in Eqn 6. The catalyst brings about 

nitrite ion oxidation thus producing NO2 intermediates (Eqn 7). The intermediates were further 

oxidised to yield nitrate as the final product (Eqns 8 and 9), while the catalyst was regenerated on the 

electrode (Eqn 10). 
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Scheme 1. 

 

 

 

4.CONCLUSION 

The study has described successfully the modification of EPPGE electrode with SWCNT/PB 

nanohybrids. The EPPGE-SWCNT-PB electrode was found to have better electron transport and 

catalytic efficiency towards the oxidation of nitrite and nitric oxide compared to the bare EPPGE and 

EPPGE-SWCNT electrodes. Electrocatalytic oxidation of nitrite at both pH studied indicated some 
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degree of adsorption of the analyte or its oxidation intermediates on the electrode. After 

electrochemical cleaning and re-use, the EPPGE-SWCNT-PB electrode gave current recovery of 

85.0% and 93.7% due to the electro-catalytic oxidation of nitrite and nitric oxide respectively 

indicating that the adsorption process was dominantly physically induced. Despite the electrode kinetic 

limitation due to adsorption, its detection limit towards the analyte, its sensitivity and catalytic constant 

agreed favourably with values previously reported in literature. 
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