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INTRODUCTION

Ascorbic acid (AA) scheme 1, also known as
vitamin C, is one of the most important vitamins
widely exist in various plants and takes part in some
important biological reactions such as free radical
scavenging, cancer preventing and improving immu-
nity. This compound exists widely in food, plant and
animal tissues, but cannot be synthesized by the hu-
man body. A recommended daily intake of AA is
about 70�90 mg. Inadequate intake will result in the

symptoms of scurvy, gingival bleeding, and so on;
excess AA intake will also lead to urinary stone,
diarrhea and stomach convulsion[1]. Due to the im-
portance of AA in life cycle, its determination in
aqueous solution is very important. Traditional pro-
cedures for AA determination are generally based
on enzymatic methods[2], on titration with oxidizing
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ABSTRACT

This paper describes the development, electrochemical characterization
and utilization of novel modified natural phosphate carbon paste modi-
fied electrode (NP-CPE) for the electrocatalytic determination of ascor-
bic acid (AA). The electrochemical profile of the proposed modified elec-
trode was analyzed by cyclic voltammetry (CV) and Square Wave
Voltammetry (SWV). The influence of variables such the concentration
of ascorbic acid adsorbed onto NP, and the pH of solution were tested.
The capacity of prepared electrode (NP-CPE) for selective detection of
AA was confirmed in a sufficient amount of ascorbic acid.
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agents, like iodine or 2, 6-dichlorophenolindopheno
and HPLC analysis with fluorimetric[3] or UV�vis

detection[4]. Recently there is a considerable inter-
est to develop chemical sensors for electrochemi-
cal detection of AA. AA can be easily oxidized elec-
trochemically at conventional electrodes which have
been used to detect AA[5,6]. However, direct oxida-
tion of ascorbic acid at bare electrode requires high
over-potential which results in electrode fouling by
its oxidation products with poor reproducibility, low
selectivity and sensitivity. In addition, some of bio-
logical molecules, e.g. dopamine and uric acid, un-
dergo oxidation within same potential window as
AA. To dissolve these problems, chemically modi-
fied electrodes have been developed and reported
with various functional materials such as conduct-
ing polymers [7�11,23], ionic liquid [12,13], metal
nanoparticles[8], carbon nanotubes[9,13,14] and macro-
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cyclic compounds[15,16]. Xanthurenic acid (Xa) is a prod-
uct of the tryptophan�NAD pathway. It is related to

various pathological conditions; although the biological
function of this compound remains obscure[17�20]. Xa
acts as a potent iron chelator and has been shown to
have prooxidant actions[20,26]. This compound can form
a variety of possible dimers after oxidation, leading to
radicals or cations, which can couple with phenoxy radi-
cals, with other dimer radicals or with unconverted com-
pounds to produce polymers adhering strongly to the
electrode surface, as evidenced for other phenols[21-25].
Therefore, an investigation into the use of the Xa-modi-
fied electrode to oxidize important antioxidants, espe-
cially for AA, is a worthwhile endeavor.

Electrochemical sensing has been proven as an in-
expensive and simple analytical method with re-
markable detection sensitivity, reproducibility, and
ease of miniaturization.

In this work, we describe the electrochemical
analysis of ascorbic acid on a natural phosphate
modified carbon paste electrode (NP-CPE). The
electrochemical characterization of adsorbed
electroactive AA was evaluated using cyclic
voltammetric (CV), square wave voltammetry
(SWV) and Electronic Impedance Spectroscopy
(EIS) analysis.

trode.

Electrodes

Modified electrodes were prepared by mixing a
carbon powder and the desired weight of natural
phosphate. The body of the working electrode for
voltammetric experiments was a PTFE cylinder that
was tightly packed with carbon paste. The geomet-
ric area of this electrode was 0.1256cm2. Electrical
contact was made at the back by means of a bare
carbon.

Procedure

The initial working procedure consisted of mea-
suring the electrochemical response at NP-CPE at a
fixed concentration of AA. Standard solution of AA
was added into the electrochemical cell containing
100 mL of supporting electrolyte.

The mixture solution was kept for 20 s at open
circuit and deoxygenated by bubbling pure nitrogen
gas prior to each electrochemical measurement.

The cyclic voltammetry was recorded in the range
from -0.6 V to 1,5 V.

The square wave voltammetry (SWV) was re-
corded in the range from -0.6 V to 1,5 V, for which
the scan rate is 1 mV.s-1, step potential 50 mv, am-
plitude 2 mV and duration 0.1 s.

Optimum conditions were established by mea-
suring the peak currents in dependence on all pa-
rameters. All experiments were carried out under
ambient temperature.

RESULTS AND DISCUSSION

Surface characteristics

The surface structure of natural phosphate elec-
trode was observed using scanning electron micros-
copy Figure 1.

Voltammetric and EIS of paracetamol

(a) Cyclic voltammetry

Figure 2 shows a cyclic voltammograms (CV)
in the potential range -0.6 V to 1.5 V recorded, re-
spectively, for carbon paste and natural phosphate
modified carbon paste electrode at 100 mV.s-1. The
voltammograms take different forms. No peak is ob-

Scheme 1: Structural formula for L-Ascorbic acid

EXPERIMENTAL

Apparatus and software

Voltammetric experiments were performed using a
voltalab potentiostat (model PGSTAT 100, Eco Chemie
B.V., Utrecht, The Netherlands) driven by the general
purpose electrochemical systems data processing soft-
ware (voltalab master 4 software) run under windows
2007. The three electrode system consisted of a chemi-
cally modified carbon paste electrode as the working
electrode a saturated calomel electrode (SCE) serving
as reference electrode and platinum as an auxiliary elec-
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Figure 1 : Scanning electron micrograph of natural phosphate

Figure 2 : Cyclic voltammograms recorded for CPE (a) and bare NP-CPE (b), in 0.1 M Na
2
SO

4
 at 100 mV/s

served in the case of NP-CPE, it is recognized that
carbon surface was effectively modified by NP.

The voltammograms of the Na2SO4 buffer as
well as 2.27mM ascorbic acid in the buffer are shown
as I and II in Figure 3. No anodic peak current was
observed in the voltammogram of the buffer but was
observed at 0.38V in the 2.27 mM ascorbic acid
solution in the buffer as shown in II of Figure 3. No
cathodic peak current was found indicating an irrevers-

ible heterogenous charge transfer in this system.
The scheme 2 shows the oxidation of L-ascor-

bate to dehydro-L-ascorbic acid involves the trans-
fer of two electrons and one proton[27,28].

(b) Square wave voltammetry

Figure 4 shows the square wave voltammetry re-
corded for 2.64mM AA at bare NP-CPE in Na

2
SO

4

buffer solution at pH 7, This figure shows an oxida-
tion peak potential at 0.3V.
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Figure 3 : CVs recorded for 2.27 mM AA at pH=7 at bare NP-CPE (a) and NP-CPE/AA (b), scan rate 100 mV/s,
preconcentration time (tp)= 2min

Scheme 2 : Mechanism of electrochemical oxydation reaction of AA at NP/CPE

Figure 4 : SWV recorded for 2.27 mM AA at pH=7 at bare NP-CPE (a) and NP-CPE/AA (b), preconcentration time
(tp)= 2min

(c) Electrochemical impedance spectroscopy (EIS)

An impedance spectroscopy study was performed
in order to confirm the results obtained by the cyclic
voltammetry tests. Figures 5 and 6 show the imped-
ance diagrams recorded for NP-CPE and NP-CPE/
AA (5.68mM) respectively. at the absence of AA EIS

is right which means that there is a diffusion at the sur-
face of the NP-CPE, for the presence of AA the im-
pedance curve is in the form of half-circle which can be
attributed to the electron transfer step.

Optimization of experimental conditions
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Figure 5 : Electrochemical impedance spectroscopy for NP-CPE in 0.1M Na
2
SO

4
 solution, at open circuit poten-

tial

Figure 6 : Electrochemical impedance spectroscopy for NP-CPE/AA (5.26mM) in 0.1M Na
2
SO

4
 solution, at open

circuit potential

Figure 7 : Effects of accumulation time on oxidation peak currents of 2.27 mmol L-1 AA (pH=7) at NP-CPE, sup-
porting electrolyte is Na

2
SO

4
 0.1M
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Optimum conditions for the electrochemical re-
sponse were established by measuring the peak cur-
rent in dependence on all parameters.

(a) Influence of accumulation time

Figure 7 shows the effect of the accumulation
time, this significantly affects the oxidation peak cur-
rent of AA. The peak current of 2.27 mmol L-1 AA
increases greatly within the first 2min. Further in-
crease in accumulation time does not increase the
amount of AA at the electrode surface owing to sur-
face saturation, and the peak current remains con-
stant. This phenomenon is due to the cavity struc-
ture of NP-CPE that improves the ability of the elec-
trode to adsorb electroactive AA. Maybe this is at-
tributed to the saturated adsorption of AA on the

NP-CPE surface. Taking account of sensitivity and
efficiency, accumulation time was 6 min in the fol-
lowing experiments.

(b) Effect of scan rate

The influences of scan rate on the oxidation peak
potential (Ep) and, peak current (Ip) of AA, (0.1M
Na

2
SO

4
, pH=7) were studied by cyclic voltammetry.

The Figure 8 shows both the anodic currents lin-
early increase with the scan rate over the range of
60 to 160 mVs-1, the oxidation potential of AA moves
to positive values, suggesting that the electron trans-
fers for AA at the natural phosphate modified CPE is
adsorption controlled reaction. The Figure 9 shows the
linear relationship between the scan rate anodic peak
currents of AA at NP/CPE.

Figure 8 : CVs acquired on NP-CPE with 4.5 mM AA in the buffer solution at different scan rates from 60 to 160 mV.s-1. Inset
is the plot of the peak current of AA versus scan rate

Figure 9 : Plot of peaks area versus scan rate
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(c) Calibration graph

In order to obtain an analytical curve for the devel-
oped sensor, we carried out cyclic voltammograms for
oxidation an AA at different concentrations in 0.1mol
L-1 Na

2
SO

4
 (pH=7) at a sweep rate of 100 mVs-1.

Figure 10 and 11 shows the CV and SWV curves of
different concentration respectively of AA at NP/CPE
were increased from 1.13 mM to 5.68 mM. The an-
odic peak current increases linearly with the
concentraton of AA Figure 12. These results show that
ascorbic acid concentration can be measured quantita-

tively by cyclic voltammetry.
Figure 13 shows the behavior of impedance dia-

grams recorded for natural phosphate modified car-
bon paste electrode in buffer solution, in the pres-
ence of different concentrations of AA compound.
We conclude that modified electrode reacts with the
studied compound.

(d) Effect of pH

The effect of varying pH on the current response of
NP modified carbon paste electrode at constant ascor-

Figure 10 : Cyclic voltammograms of different concentration of AA (1.13mM to 5.68mM) at NP/CPE in 0.1 M
Na

2
SO

4
 PH=7, Scan rate 100 mV/s

Figure 11 : Square wave voltammograms of different concentration of AA (1.13mM to 5.68mM) at NP/CPE in 0.1
M Na

2
SO

4
 pH=7
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Figure 13 : Nyquist diagrams of NP modified carbon electrode, in presence of different concentrations of AA, at
open circuit potential

Figure 14 : CV of effect of pH on the oxidation of AA at the NP modified CPE

Figure 15 : SWV of effect of pH on the oxidation of AA at the NP modified CPE
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Figure 18 : Plot of peaks area versus added concentration of AA

Figure 17 : Square wave voltammograms of different concentration of AA (1.13mM to 5.68mM) at NP/CPE in 0.1M
Na

2
SO

4

Figure 16 : Plot of the relationship between solution pH and the oxidation peak current
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bic acid concentration (6.81 mM) is shown in Figures
(14,15,16).

ANALYTICAL APPLICATION

In order to evaluate the performance of NP-CPE
by practical analytical applications, the determina-
tion of AA was carried out in A vitamin C tablet is
finely powdered. The analytical curves were ob-
tained by SWV experiments in supporting electrode
Figure17. It was founded that the peaks currents in-
crease linearly versus AA added into the buffer so-
lution Figure 18.

CONCLUSION

We have demonstrated the use of phosphate
modified carbon paste electrode for a greatly CV
and SWV sensing of AA compounds. The modified
electrode increased the amplitude of the current sig-
nal of AA and produced good response. The oxida-
tion of this compound on the modified electrode oc-
curs in an irreversible manner. The electrode con-
struction was extremely simple and with low cost.
No unstable or toxic reagents were used.
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