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N-propylpyridinium Chloride Silsesquioxane Polymer Film on Graphite: Electrochemical

Study of a Hexacyanoferrate (II) Ion Immobilized Electrode for Oxidation of Ascorbic Acid

Rení V. S. Alfaya, Yoshitaka Gushikem* and Antonio A. S. Alfaya

Instituto de Química, Universidade Estadual de Campinas, CP 6154, 13083-970 Campinas-SP, Brazil

Uma superfície de grafite bem polida foi recoberta com um filme fino do polímero cloreto de
n-propilpiridínio silsesquioxano. Sobre o filme do polímero fortemente aderido ao grafite, a espécie
eletroativa [Fe(CN)6]4- foi adsorvida por meio de uma reação de troca iônica. O eletrodo resultante,
(graph/SiPy+)4[Fe(CN)6]4- (graph = grafite e SiPy+ representa o polímero N-propilpiridinio
silsesquioxano), mostrou-se  quimicamente muito estável e foi utilizado para oxidar
eletrocataliticamente o ácido ascórbico em solução de KCl 0,1 mol dm-3, em pH entre 4,5 e 6,5. O
eletrodo foi utilizado para determinar vitamina C em tabletes e em sucos de laranja processados. Os
resultados mostraram uma boa concordância  com aqueles obtidos utilizando o método padrão de
titulação com 2,6-diclorofenolindofenol.

A well polished graphite surface was coated with a thin film of N-propylpyridinium chloride
silsesquioxane polymer. On to the strongly graphite-adhered polymer film the electroactive species
[Fe(CN)6]4- was adsorbed by means of an ion exchange reaction.  The resulting electrode (graph/
SiPy+)4[Fe(CN)6]4- (graph = graphite and SiPy+ represents the N-propilpyridinium silsesquioxane
polymer) was chemically very stable and was used to electrocatalytically oxidize ascorbic acid in
solution (pH between 4.5-6.5) in 0.1 mol dm-3 KCl. The electrode was used to determine vitamin C
in tablets and in processed orange juices. The results were in accord with those obtained by using the
standard 2,6-dichlorophenolindophenol titration method.
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Introduction

N-propylpyridiniumchloride silsesquioxane (Figure 1)
is a new water soluble polymer1 whose most important char-
acteristic is its capacity for forming a stable thin film on
substrate surfaces such as aluminum oxide, celullose fi-
bers, silica gel or glass surfaces2,3. The polymer is a strong
anionic exchanger and since the immobilized counterion
is the pyridinium ion, the exchange reaction does not de-
pend on the solution pH4. The strength with which an an-
ionic species is adsorbed and retained on the polymer sur-
face depends essentially on its affinity coefficient for the
solid phase i.e. the ratio between the adsorbate concentra-
tion on the solid phase and in solution phase5.

Considering the excellent capacity of this new anionic
exchanger polymer for forming a thin film on the graphite
surface, ferrocyanide ion was adsorbed on the resulting
modifed surface by an ion exchange reaction, since it is
known that propylpyridinium chloride groups are good ion
exchangers and have high affinity for this ion6.
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Figure 1. N-propylpyridinium chloride silsesquioxane polymer.

The electrochemical properties of this ion were inves-
tigated and applied in the electrocatalytic oxidation of
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ascorbic acid. Due to its importance in biochemical and
biomedical processes, development of new methods of
analyses by means of electrochemical sensors based on
carbon paste modified electrodes6-11, carbon fiber12,
glassy carbon13,14, tick-film carbon15 and polymer-
coated electrodes16-22 have been tested.

To probe the potential usefulness of the modified elec-
trode as a chemical sensor, the studies were extended to
analyze ascorbic acid in commercially available vitamin
C tablets and in processed orange juices.

Experimental

The polymer 3-n-propylpyridiniumchloride silses-
quioxane, referred to as SiPy+Cl, was prepared accord-
ing to the method described elsewhere1. Analytical grade
potassium ferrocyanide and ascorbic acid were used as
received without any previous purification.

Polymer coated graphite

An electrode was made by inserting, under pressure, a
spectroscopically pure 8 mm diameter graphite cylinder
in the hole of a Teflon bar with same internal diameter. The
end of the graphite surface was polished and the clean
surface was immersed in an aqueous solution of the poly-
mer SiPy+Cl- (5 % w/v) for 30 min and then dried at room
atmosphere. The electrode, referred to as graph/SiPy+Cl-,
was immersed in a solution of potassium ferrrocyanide
(20% m/v) for 10 min and then rinsed with pure water and
dried. The resulting modified electrode is designated as
(graph/SiPy+)4[Fe(CN)6]4-.

Electrochemical measurements

The electrochemical measurements were made by im-
mersing the prepared electrode, as described above, in a
cell with 0.1 mol dm-3 KCl solution by using a platinum
wire as the counter electrode and SCE as the reference
electrode. Cyclic voltammetry measurements were made
by sweeping the potential between -0.2 and 0.5 V at a scan
rate of 20 mV s-1.

In amperometric detection successive volumes of 0.01
mol dm-3 ascorbic acid were added in an electrochemical
cell filled with 20 cm3 of 0.1 mol dm-3 KCl solution and at
a fixed potential of 0.2 V, at pH 5.5. All the electrochemical
measurements were carried out under pure argon atmosphere.

Ascorbic acid in real samples (vitamin C tablets) from
three different suppliers were analyzed. The tablets (~4 g)
were dissolved in bidistilled water and the volume com-
pleted to 500 cm3 (solution A). The amperometric curves
were obtained by adding successive aliquots of 200 µdm3

of solution A into a cell filled with 20 cm3 of 0.1 mol dm-3

KCl solution at pH 5.5. The observed current against time
plot was compared with that obtained for standard ascor-
bic acid solution. In processed juices, vitamin C was de-
termined by using similar procedure.

Vitamin C in tablets and in juices was also determined
by the standard volumetric technique by using the reagent
2,6-dichlorophenolindophenol (dpip)23-25.

Results and Discussion

The hexacyanoferrate (II) ion is bound to the electrode
surface by an electrostatic interaction and gives a redox pair
at a midpoint potential Em= 0.14 V [Em= Epa + Epc)/2, where
Epa and Epc are the anodic and the cathodic peak potentials,
respectively] in 0.1 mol dm-3 KCl solution at pH 5.5 (Figure
2c). By integrating the area under the anodic or cathodic
curves and considering that the geometric area of the elec-
trode is 0.5 cm2, the quantity of estimated ferrocyanide ion
was ~ 2x10-5 mmol cm-2. For bare graphite and graph/
SiPy+Cl- electrodes no redox pair in the range of the poten-
tial swept was observed (Figures 2, a and b, respectively).
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Figure 2. Cyclic voltammetry curves obtained by using the follow-
ing electrodes of: (a) graphite, (b) graph/SiPy+Cl- and (c) (graph/
SiPy+)4[Fe(CN)6]4-. Scan rate of 20 mV s-1, pH 5.5.

Figure 3 shows the influence of the solution pH on Em.
Between pH 4.5 and 6.5 the Em remained nearly constant
and increased at pH values lower than 4. An explanation
for such behavior is presumably related to the tendency of
the hexacyanoferrate (II) ion to form a stable ion pair with
H+ with an association constant30 log Ka= 4.28. Such in-
crease of midpoint potential was already observed for an
electrode of SiO2/TiO2/[Fe(CN)6]4- where hexacyano-
ferrate (II) is strongly adsorbed on the titanium oxide sur-
face, ºTiOH2

+[Fe(CN6)6]4- by electrostatic interaction26

(≡TiOH2
+ stands for protonated hydrous Ti(IV) oxide

grafted to a silica gel surface).

. . . . .
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In order to check the stabiltiy of the electrode under
exhaustive operation conditions, the anodic and the ca-
thodic peak current intensities were measured against the
number of oxidation-reduction potential cycles (Figure 4).
Upon cycling the potential between -0.2 and 0.5 V at a
sweeping velocity of 20 mV s-1, the anodic and cathodic
peak current intensities did not show any significant de-
crease resulting from release of the electroactive species
to the solution phase at the end of 60 redox cycles. Such
degree of adherence on the surface is presumably related
to a high affinity coefficient of the hexacyanoferrate (II)
ion to the immobilized pyrydinium ion in the solid phase.

ascorbic acid solution (pH 5.5) shows a considerable en-
hancement of the electrode anodic peak current at 0.19 V
(curve c) in comparison with the current peak in absence
of the acid (curve b). On the bare electrode graph/SiPy+Cl-

(curve a) no current is observed for 1.0x10-3 mol dm-3

ascorbic acid solution (pH 5.5). The acid oxidation reac-
tions at the solid-solution interface can be described by
the following reactions:

2(graph/SiPy+)4/[FeII(CN)6]
4- →

                        2(graph/SiPy+)4/[FeIII (CN)6]3- + 2e-

2(graph/SiPy+)4/[FeIII (CN)6]
3- + H2AA →

                           2(graph/SiPy+)4/[FeII(CN)6]4- + 2AA + 2H+

where H2AA is the ascorbic acid and AA the dehy-
droascorbic acid.
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Figure 3. Influence of the solution pH on the midpoint potential, Epa,
for (graph/SiPy+)4[Fe(CN)6]4- in 0.1 mol dm-3 KCl solution, scan rate
of 20 mV s-1 and ascorbic acid concentration of 1x10-3 mol dm-3.
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Figure 4. Peak currents for (graph/SiPy+)4[Fe(CN)6]4- as function of
number of redox cycles under scan rate of 20 mV s-1 in 0.1 mol dm-3

KCl solution. (■) cathodic peak current, (  ) anodic peak current.

Oxidation of the ascorbic acid

Figure 5 shows the ascorbic acid oxidation on the
(graph/SiPy+)4[Fe(CN)6]4- electrode surface. The cyclic
voltammetry curve in the presence of 1.0x10-3 mol dm-3
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Figure 5. Cyclic voltammetry curves in 0.1 mol dm-3 KCl solu-
tions, pH 5.5 and scan rates of 20 mV s-1: (a) in the presence of
ascorbic acid 1x10-3 mol dm-3 on bare electrode surface, graph/
SiPyCl; (b) in the absence of ascorbic acid on (graph/SiPy+)4
[Fe(CN)6] 4- electrode surface and (c) on (graph/SiPy+)4
[Fe(CN)6]4- electrode surface in the presence of ascorbic acid
1x10-3 mol dm-3.

Amperometric detection

Figure 6a shows the amperometric curve obtained upon
addition of the ascorbic acid into an electrochemical cell
at a fixed Epa= 0.2 V. It is noteworthy that the response
time is very fast and there is no indication that the product
is being adsorbed on the electrode surface during the ex-
periment. Such adsorption could interfere on the electrode
response, by suppressing the signal. Figure 6b shows the
plot of the current peak against ascorbic acid concentra-
tions. A linear correlation for concentrations of the acid
between 0.25x10-4 and 2.5x10-4 mol dm-3 is observed
with a detection limit of 0.25x10-4 mol.dm-3 and sensitiv-
ity of 0,25x10-5 mol dm-3. Therefore, the present elec-
trode has a potential use as sensor for ascorbic acid.
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Determination of ascorbic acid in real samples

The results of the analyses of vitamin C in tablets
and juices (an average of five determinations) obtained
using the electrode are presented in Table 1. The values
found are compared with those obtained following the

recommended ascorbic assay procedure by using the
dpip reagent23. The amperometric measurements results
are found with 95% confidence level and by applying
the paired t-test a minimum with 95% confidence.

Conclusions

The electrode (graph/SiPy+)4/[FeII(CN)6]
4- was stable

under the operation conditions. The results obtained by
using the present electrode are very good considering that
other chemical species which could be present, especially
in the processed juices, did not interfere in the results. The
advantages of using the present electrode are the small
time dedicated to the analytical procedure and the fact
that it is easily prepared and regenerated. The electrode
was relatively sensitive in detecting, using the
chronoamperometry technique, a concentration limit of
0.25x10-4 mol dm-3 ascorbic acid.
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