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the oxidation of nitrite ion
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Abstract

The electrochemical behavior of Ce(III) ion in the presence of EDTA and their application for electrocatalytic oxidation of nitrite ion
is described in this manuscript. The electrochemical properties of Ce(III)–EDTA complex as well as the two-electron oxidation of nitrite
ion were investigated using cyclic voltammetry and hydrodynamic voltammetry methods. Kinetic parameters such as transfer coefficient,
homogeneous rate constant for electrocatalytic oxidation of nitrite ion at the experimental conditions, were obtained. Also the possible
mechanism for oxidation of nitrite ion using Ce(III)–EDTA complex is proposed. The detection limit of 4.8× 10−6 M and dynamic linear
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ange 1.0× 10−5 to 1.0× 10−2 M were obtained for determination of nitrite ion using electrocatalytic oxidation of this ion by Ce(III)–E
omplex.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Sodium and potassium nitrite find extensive use as preser-
atives (E249, E250) and in the fixation of color in the food
roducts. The presence of nitrite in most food groups can
rise through the bacterial reduction of nitrate-based fertilizer
esidues[1–4]. Also nitrite is an important source of nitro-
en in green plants and its complete reduction is achieved in
ature by nitrite reductase enzymes, which contain complex
roteins having an iron–sulfur unit and an iron isobacteri-
chlorin [5]. Industrially, it is used to inhibit corrosion in

ndustrial water. The effects of nitrite can occur by several
echanisms. It combined with blood pigments to produce
etha-hemoglobin in which oxygen is no longer available to

he tissues. Also it may combine in the stomach with amines
nd amides to produce highly carcinogenicN-nitrosamine
ompounds[6–8]. There has been considerable research into
itrite detection in a range of matrices with a significant
ariety of strategies available covering spectroscopic[9–13],

∗

chromatographic[8,14–18]and electrochemical techniqu
[19–23], especially electrocatalytic determination[24–30].

Ce(IV) had been found to be very effective in oxid
ing coal slurries[31,32] and organic alcohols[33] and also
for electrocatalytic oxidation of aniline as major pollutan
wastewater from dye industries[34].

In this report, the electrocatalytic activity of Ce(III
EDTA complex toward the oxidation of nitrite ion w
demonstrated. The kinetic parameters such as transfer
ficient and homogeneous rate constant for this system
obtained.

2. Experimental

Voltammetric experiments were performed using
Metrohm electroanalyzer (model 757 VA Computrace) c
nected to a 633 MHz Pentium II computer. The system
operated and measurements recorded using VA Compu
version 2 (Metrohm) that run under Windows XP. The th
electrodes system consists of a platinum disk elect
Corresponding author. Tel.: +98 9117184524; fax: +98 7112280926. as working electrode, Ag|AgClI3 M KCl as a reference
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Fig. 1. (A) Cyclic voltammograms of 1 mM Ce(III) nitrate at different concentrations of EDTA: (a) blank; (b) 0.0 mM EDTA; (c) 1 mM EDTA in the absence
of cerium; (d) 0.4 mM EDTA; (e) 0.6 mM EDTA; (f) 0.8 mM EDTA; (g) 1.0 mM EDTA; (h) 1.2 mM EDTA; (i) 2.0 mM EDTA (from the bottom to the top).
(B) Cyclic voltammograms of 1 mM EDTA at different concentrations of Ce(III) nitrate ions: 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 1.1, 1.2, 1.4, 1.6, 1.8,
2, 3, and 4 mM Ce(III) ions (from the bottom to the top), supporting electrolyte of all experiments was 0.2 M KCl; scan rate: 50 mV s−1.

Fig. 2. (A) The electrocatalytic oxidation: (a) blank; (b) 0.1 mM; (c) 0.2 mM; (d) 0.3 mM; (e) 0.4 mM; (f) 0.5 mM; and (g) 0.0 mM of nitrite ion in the presence
of 1 mM of Ce3+ and EDTA and also in the absent of the complex (inset) (B) As (A) except that the inset voltammograms are subtracted (supporting electrolyte
of all experiments was 0.2 M KCl; scan rate: 50 mV s−1).
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electrode and a platinum wire as an auxiliary electrode.
The working, auxiliary and reference electrodes used were
all from Metrohm. Prior each experiment, the working
electrode was first polished with alumina slurry using a
polishing cloth and then rinsed with distilled water. The area
of this electrode was 0.046± 0.004 cm2 which calculated
from chronocoulometric experiments.

Sodium nitrite, cerium(III) nitrate, dipotassium salt of
ethylene diamine tetraacetic acid and potassium chloride
were obtained from Merck or Fluka and selected AR
grade or better and were used without further purifications.
Doubly distilled deionized water was used throughout the
work. The supporting electrolyte of all experiments was
0.2 M KCl.

3. Results and discussion

3.1. Electrochemical properties of cerium-EDTA
complex

Cerium and EDTA gave no oxidation peak over potential
range of 0–1 V versus Ag|AgCl. By addition of a complex-
ing agent such as EDTA to 1 mM cerium(III) nitrate solution,
reversible redox peaks appear around 0.85 V versus Ag|AgCl
as shown inFig. 1A. The peak currents enhance by increas-
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Fig. 3. Electrocatalytic oxidation of: (a) blank (in the absence of Ce–EDTA
complex); (b) 0 mM; (c) 1 mM; (d) 2 mM and; (e) 3 mM of nitrite ion in the
presence of 1 mM of Ce3+ and EDTA (supporting electrolyte of all experi-
ments was 0.2 M KCl; scan rate: 50 mV s−1).

this system, which clearly demonstrates the occurrence of
an electrocatalytic process. Since the current measurement
with Ce–EDTA complex may be perturbated by the current
from the possible direct oxidation of nitrite, inFig. 2B we
subtract the currents of the oxidation of nitrite in the absence
of Ce–EDTA complex (insert voltammograms) from the cur-
rents in the presence of the Ce–EDTA complex. As shown
in Fig. 2B, the current related to direct oxidation of nitrite
is not significant within the potential of the electrocatalytic
oxidation. The electrocatalytically effect can be shown more
distinctly at higher concentrations of nitrite ion (1–3 mM) in
the presence of 1 mM Ce(III)–EDTA complex as illustrated
in Fig. 3. As seen, there is an increase in anodic peak current
with the increasing of nitrite concentration.

The pH effect studies show that the peak current of the sys-
tem is pH independent over the range of 3.00–11.00 (results
not shown). This independency demonstrates that nitrite ions
are not oxidized directly on the surface of electrode and
increase of peak current of the system in the presence of
nitrite ions is only due to chemical oxidation of nitrite ions
by electrogenerated Ce(IV) ions that serves regeneration of
ng the concentration of EDTA, but as illustrate inFig. 1A, at
oncentrations higher than equimolar (1 mM), the revers
ty of redox peak is decreased and hence the equim
oncentration was selected as optimized concentratio
urther studies. Also in independent series of experim
he concentration of EDTA solution was held constan
mM level but the concentration of solution with resp

o cerium(III) ion was increased at each experiment.
hown inFig. 1B, the peak currents enhance by increa
he concentration of cerium(III) ions but reach to appr
ately constant values at equimolar level concentratio

erium(III) ions with EDTA. The latter demonstrates that
omplex formation between cerium and EDTA occur at m
atio 1:1.

.2. Electrocatalytic oxidation of nitrite in the presence
f Ce–EDTA complex

The electrocatalytic oxidation of nitrite in the presenc
erium–EDTA complex is shown inFig. 2. Fig. 2A shows
he cyclic voltammograms of 0.1–0.5 mM of nitrite ion in
resence of 1mM cerium(III) ion and 1 mM EDTA, where

he insert inFig. 2A shows the cyclic voltammograms
itrite at the same concentrations ofFig. 2A but in the absenc
f Ce–EDTA complex. The anodic peak current of Ce–ED
omplex increased due to the presence of nitrite ion, wh
athodic peak current of this complex decreased ac
ngly. It should be mentioned that the peak potential is
ffected considerably in the presence of Ce–EDTA com
herefore, an enhancement of peak current is achiev
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Ce(III) ions at the surface of electrode. This is another evi-
dence for the electrocatalytic mechanism.

The cyclic voltammograms of 1 mM nitrite ion in the pres-
ence of 1 mM Ce(III) and 1 mM EDTA at various scan rates
(not shown) gives a linear correlation between anodic peak
current and square root of scan rate, suggesting that kinet-
ics of the overall process are controlled by mass transport of
nitrite ion from the bulk solution to the electrode surface. It
must be mentioned that the catalytic oxidation peak potential
(Ep) shifts slightly to more positive potentials with increas-
ing the scan rates. From the slope of the linear plot ofEp
versus log(Ip), a Tafel plot slope of 50.38 mV decade−1 were

obtained that demonstrate the possibility of a two-electron
mechanisms with transfer coefficient,α, equal to 0.59. Also
the Tafel slope b can be obtained from the linear relationship
betweenEp versus log(ν) by using the following equation
[35]:

Ep = b

2
log(ν) + constant

The slope of this plot is equal to 24.50 mV decade−1 and
thereforeb value is 49.0 (mV decade−1). By using this value,
α can be calculated as 0.60 that is the same value (0.59)
obtained from the linear plot ofEp versus log(Ip).

F
t
K
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ig. 4. (A) hydrodynamic voltammograms of 1 mM Ce–EDTA complex at the
op): 200, 400, 600, 800, 1000, 1200, 1400, 1600, 1800, and 2000 rpm. For e
outecky–Levich plot (1/limiting current (�A−1) = 0.20ω−1/2 + 0.016) of the hy
.2 M KCl).
presence of 0.1 mM nitrite ion at various rotation speeds (from the bottom to the
ach voltammogram, the potential scan rate was 20 mV s−1; (B) Levich plot and (C)
drodynamic voltammograms (supporting electrolyte of all experiments was
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3.3. Hydrodynamic voltammetric studies at rotating disk
electrode

For evaluating the rate constant (k) of the catalytic reac-
tion between nitrite ion and Ce(IV), the RDE voltammetric
studies were performed. The hydrodynamic voltammograms
of 0.1 mM nitrite in the presence of 1 mM Ce(III) and 1mM
EDTA were recorded at different rotation rates over range of
200–2000 rpm (Fig. 4A).

Using these voltammograms, the limiting currents at dif-
ferent rotating rates versus square root of rotating rate were
plotted as shown inFig. 4B (Levich plot). It could be expected
from Levich equation that this plot should be linear, but as
can be seen fromFig. 4B, linearity is not observed and lim-
iting current also tends to level off at higher rotation rates.
This non-linearity suggests a kinetic limitation in the cou-
pled chemical reaction. Because the electron transfer between
Ce–EDTA complex is very fast (reversible voltammograms
as shown inFig. 1 demonstrate this point) hence, the rate-
determining step is chemical oxidation of nitrite ion. So, the
following mechanism could be expected for the system:

2Ce3+
complex� 2Ce4+

complex+ 2e

2Ce4+
complex+ NO2

− + 2H2O
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Fig. 5. Cyclic voltammograms of various concentrations of nitrite ion in
the presence of 1 mM Ce3+ and 1 mM EDTA. The calibration curve that
was obtained from these voltammograms is shown in inset (peak current
(�A) = 4.47×mM of nitrite ion + 3.00). Supporting electrolyte of all exper-
iments was 0.2 M KCl; scan rate: 50 mV s−1.

Therefore,

Ik = nFAD1/2k1/2[NO2
−]

The rate constant,k, calculated from the intercept of
Koutecky–Levich plot is equal 1.86 s−1.

Fig. 5 displays the cyclic voltammograms of various
concentrations of nitrite ion ranging from 1.0× 10−5 to
1.0× 10−2 M in the presence of 1 mM Ce3+ and 1 mM EDTA.
The calibration curve that was obtained from these voltam-
mograms is shown in the inset of this figure. The detection
limit of 4.8× 10−6 M for nitrite ion was estimated at these
conditions based on 3sb (n= 12).
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