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a b s t r a c t

A novel electro-active material was successfully prepared with Fe(CN)6
3− ions loaded by electrostatic

interaction onto the layer of poly(allylamine) hydrochloride (PAH), which was first assembled on pre-
pared poly(sodium 4-styrenesulfonate) (PSS)-doped porous calcium carbonate (CaCO3) microspheres.
Further, an electrochemical sensor for use in ascorbic acid (AA) detection was constructed with the use
of the above electro-active materials embedded into a chitosan (CS) sol–gel matrix as an electron medi-
eywords:
scorbic acid
alcium carbonate
erricyanide ions
hitosan

ator. The electrocatalytic oxidation of AA by ferricyanide was observed at the potential of 0.27 V, which
was negative-shifted compared with that by direct electrochemical oxidation of AA on a glassy carbon
electrode. The experimental parameters, including the pH value of testing solution and the applied poten-
tial for detection of AA, were optimized. The current electrochemical sensor not only exhibited a good
reproducibility and storage stability, but also showed a fast amperometric response to AA in a linear
range (1.0 × 10−6 to 2.143 × 10−3 M), a low detection limit (7.0 × 10−7 M), a fast response time (<6 s), and

7 �A
olyelectrolyte a high sensitivity (−4.512

. Introduction

Ascorbic acid (AA) is a vital vitamin distributed widely in the
iet of both the human and animal kingdoms. In vegetable cells, it is
resent in its free form and is also often bound to proteins as ascor-
igen. Among animal organs, the liver, leukocytes and mammalian
rain show the highest concentrations of AA. Ascorbic acid has been
ommonly used for the prevention and treatment of common cold,
ental illness, infertility, cancer and AIDS [1]. The voltammetric

etermination of AA is usually based on its direct electrochemical
xidation on different electrode surfaces. The direct electrochem-
cal oxidation of AA is possible, but requires high overpotentials
t bare Pt or glassy carbon electrodes (GCE), which are often con-
ronted with electrode fouling, poor reproducibility, low selectivity
nd poor sensitivity, and thus this technique is rarely employed [2].
he alternative method with the introduction of electron mediators
ould be a solution toward these limitations. In recent years, var-

ous organic and inorganic substances have been investigated as
lectron mediators with the aim of enhancing the electron trans-
er rate and reducing the overpotential for the oxidation of AA.
hese include polyaniline [3], poly(p-aminobenzene sulfonic acid

∗ Corresponding authors. Fax: +86 532 84022750.
E-mail addresses: lifeng1169@126.com (F. Li), sliu@qust.edu.cn (S. Liu).

013-4686/$ – see front matter © 2009 Elsevier Ltd. All rights reserved.
oi:10.1016/j.electacta.2009.09.049
mM−1).
© 2009 Elsevier Ltd. All rights reserved.

[4], benzoquinone [5], Polypyrrole/ferrocyanide [6] and Prussian
blue [7]. Also, different electrode modification strategies, such as
electrochemical polymerization [3], mixing with carbon paste [4]
and covalent binding [8], have been devised to properly entrap or
bind electron mediators.

Among all the employed electron mediators, ferricyanide
(Fe(CN)6

3−) is undoubtedly the most attractive due to its good and
well-studied electrochemical characteristics. Only a few studies,
however, have been performed to use immobilized Fe(CN)6

3− as
an electron mediator to adjust the electron transfer process [9–16].
For example, Yang et al. [9] fabricated a copper hexacyanoferrate
(CuHCF) multilayer on the 4-aminobenzoic acid (4-ABA)-modified
GCE based on the complexation of metal ion with ferricyanide.
Vasantha and Chen [10] developed a poly(3,4-ethylenedioxy
thiophene) (PEDOT)/Fe(CN)6

3− film by the potential-static and
potential-dynamic methods. The Fe(CN)6

3− ion has also been
reported as an electron mediator for AA determination. For exam-
ple, Zen et al. [13] demonstrated the electrocatalytic oxidation of
AA using a ferricyanide-doped Tosflex-modified electrode in pH 5
phosphate buffer solution. Wu et al. [15] prepared a ferrocyanide-

doped poly-l-lysine film on GCE and used for AA determination.
Takita et al. [17] prepared a layer-by-layer thin film composed
of poly(allylamine) hydrochloride and poly(glutamic acid) on the
gold electrode surface to study the redox properties of Fe(CN)6

3−

and its use for the electrocatalytic sensing of AA.

http://www.sciencedirect.com/science/journal/00134686
http://www.elsevier.com/locate/electacta
mailto:lifeng1169@126.com
mailto:sliu@qust.edu.cn
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Moreover, in order to improve the performance of the fabricated
ensor, a greater amount of the immobilized electron mediator
nd improved electron transfer ability should be always preferred.
icro- or nanoparticles could be used as good candidates and have

ecently received a lot of attention in various chemical and sensor
abrications due to their unique properties, such as large surface
rea, thermal stability, good biocompatibility, and suitability for
ifferent surface immobilization techniques. Many of these attrac-
ive properties have been used for the development of micro- or
anoparticles according to the enhancement of electrode conduc-
ivity and the electron transfer rate, and also for the improvement
f analytical sensitivity and selectivity. For example, Hu and co-
orkers have applied different nanoparticles such as SiO2 [18], Au

19], and carbon nanotubes [20] in the layer-by-layer assembly of
rotein film. Calcium carbonate nanoparticles are biocompatible,
pherical, cheap, non-aggregated material and can offer a large sur-
ace area for adsorption of substances of interest due to their porous
tructure. Sukhorukov et al. [21] have used 30–50 nm porous CaCO3
s templates for the encapsulation of bioactive compounds. Liu and
u [22] also constructed a core-shell nanocluster film containing
eme proteins, nano-CaCO3 and polyelectrolyte by a layer-by-layer
ssembly method.

In this article, a novel electro-active material with the Fe(CN)6
3−

ons incorporated by polyelectrolyte (PE) layer on the surface of
alcium carbonate microspheres (CaCO3) was prepared. Fe(CN)6

3−

ons were successfully loaded by an electrostatic interaction
nto the layer of poly(allylamine) hydrochloride (PAH), which
as assembled on the prepared poly(sodium 4-styrenesulfonate)

PSS)-doped porous CaCO3. After being embedded into a chitosan
CS) sol–gel matrix, such electro-active materials were further
nvestigated as the electron mediator for the electrochemical deter-

ination of ascorbic acid. The modified electrode in this work
howed some important electrochemical advantages toward the
lectrochemical detection of AA, such as ease of preparation, very
ow detection limit, relatively wide linear response range, excel-
ent reproducibility and greater storage stability. This work shows
romise for use of the modified electrode as an electrochemical
ensor for the detection of AA in real biological samples.

. Experimental

.1. Chemicals

Poly(allylamine) hydrochloride [PAH; average molecular weight
MW), ∼70,000], poly(sodium 4-styrenesulfonate) [PSS; aver-
ge molecular weight (MW), ∼70,000] were purchased from
igma–Aldrich. Chitosan (CS) with 98% deacetylation and an
verage molecular weight of 6 × 104 g mol−1 (Yuhuan Biomedical
orp., China) was used in this study. Calcium nitrate tetrahydrate
Ca(NO3)2·4H2O], sodium carbonate (Na2CO3), potassium hexa-
yanoferrate(III) and ascorbic acid were all purchased from Tianjing
hemical Reagent Factory (China). All other chemicals were of ana-

ytical reagent grade and were used without further purification.
he 0.1 M phosphate buffer solutions (PBS) at various pH values
ere prepared by mixing stock solutions of NaH2PO4 and Na2HPO4

nd the pH was adjusted with different amounts of 0.1 M NaOH or
3PO4. Doubly distilled water (DDW) was used throughout this
ork.

.2. Apparatus and instruments
Amperometric and cyclic voltammetric experiments were
erformed on a CHI 832B electrochemical analyzer and electro-
hemical impedance spectroscopy (EIS) was performed on a CHI
60C electrochemical analyzer (Shanghai CH Instrument Company,
ta 55 (2010) 838–843 839

China). A conventional three-electrode system was used with bare
GCE or modified GCE as the working electrode, Ag/AgCl electrode
(saturated with KCl) as reference electrode, and platinum wire
as auxiliary electrode, respectively. Scanning electron microscopy
(SEM) images were obtained at 5.0 kV on a SIRION (FEI, USA) field
emission scanning electron microscope.

2.3. Preparation of ascorbic acid sensor

The GCE was used as the substrate electrode for the sensor con-
struction. Prior to use, bare GCE was polished with 0.3 and 0.05 �m
alumina slurries for 2 min in each step, followed by thoroughly
rinsing with water and sonicating with distilled water and ethanol
for 2 min each. After being polished and rinsed, the electrode was
examined by cyclic voltammetry using a 1.0 mM potassium fer-
ricyanide solution (by evaluating the oxidation peak current and
peak potential). Then, the GCE was thoroughly rinsed with water
and dried at room temperature. The modified electrode was pre-
pared by a simple casting method listed below.

Firstly, the PAH/PSS–CaCO3 complex porous material was pre-
pared according to literature [23] by adsorbing PAH onto CaCO3
particles doped with oppositely charged PSS. Briefly, 20 mg PSS
was dissolved in 20 mL of a 0.05 M calcium nitrate solution, into
which an equal volume of 0.05 M sodium carbonate solution was
added under ultrasonication. After 10 s, the mixture was stored
undisturbed for 10 min. Then, the obtained CaCO3 microparti-
cles (5 mg mL−1 in suspension) were incubated in 2 mg mL−1 PAH
solution containing 0.5 M NaCl with shaking. The particles were
separated by centrifugation and then washed three times with
water.

Secondly, to obtain the Fe(CN)6
3−/PAH/PSS–CaCO3 multifunc-

tional material, the PAH coated microparticles (5 mg mL−1) were
dispersed in a K3Fe(CN)6 solution and stirred for 12 h. After
centrifugation, the maize colored Fe(CN)6

3−/PAH/PSS–CaCO3 com-
posites were obtained and further washed with distilled water
three times and then dried.

Thirdly, the CS stock solution (0.7 wt%) was prepared firstly by
dissolving CS in 0.05 M acetic acid and stirring for 1 h, a homo-
geneous stock solution of Fe(CN)6

3−/PAH/PSS–CaCO3/CS solution
was obtained by blending such CS solution with 5 mg mL−1

Fe(CN)6
3−/PAH/PSS–CaCO3 solution. Then, 10 �L of the above sus-

pension was dispensed on the surface of the pretreated GCE and left
to dry and was stored for at least 24 h at 4 ◦C. The sensor was stored
under the same conditions when not in use. Alternatively, differ-
ent kinds of modified electrodes such as PAH/PSS–CaCO3/CS/GCE,
CS/GCE were also fabricated with a similar procedure.

2.4. Characterization of the ascorbic acid sensor

Cyclic voltammetric experiments were carried out in quies-
cent solutions with the scan rate of 50 mV s−1. The steady-state
amperometric experiments were performed in a 25 mL beaker,
with the potential set at 0.27 V under magnetic stirring at about
480 rpm/min. All potentials were reported versus the Ag/AgCl refer-
ence electrode. EIS was performed in 1.0 mM K3Fe(CN)6/K4Fe(CN)6
(1:1) mixture containing 0.1 M KCl with the AC voltage amplitude
was 5 mV, the voltage frequencies ranging from 104 to 10−1 Hz and
the applied potential 221 mV versus Ag/AgCl electrode.

3. Results and discussion
3.1. Fabrication of the AA sensor

The schematic representation for the fabrication of the ascorbic
acid sensor based on porous PE–CaCO3 microspheres containing
Fe(CN)6

3− ions modified GCE is given in Fig. 1.
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ig. 1. Schematic presentation of the fabrication of ascorbic acid sensor based on
orous PE–CaCO3 microspheres containing Fe(CN)6

3− ions modified GCE.

The PSS-doped CaCO3 microsphere was first prepared accord-
ng to literature [23]. Owing to the very rough surface of the CaCO3
articles and the existence of small pores on its surface, a relatively

arge amount of the PAH layer could be electrostatically adsorbed
nto the PSS-doped particle surface [23]. Furthermore, it is rea-
onable to evaluate that a large amount of Fe(CN)6

3− ions could be
ound onto the chain of PAH by a simple electrostatic assembly. The
aCO3 microsphere has been widely used as a biocompatible mate-
ial in different electrochemical sensors and sensor fabrications
ue to its large surface area and improved electrochemical proper-
ies. The development of Fe(CN)6

3− as electro-active species for the
pplication in different electrochemical sensors is intriguing and
f good prospect. The obtained electro-active organic-inorganic
ybrid material was then spread on the GCE surface with the aid of a
S sol–gel matrix. The PE–CaCO3-incorporated Fe(CN)6

3− ion could
e used as a good electron mediator to achieve the electrocatalytic
xidation of AA on the modified electrode.
.2. Morphology characterization of electro-active materials and
he Fe(CN)6

3−/PAH/PSS–CaCO3/CS film

The surface morphology of the prepared electro-active materials
nd the Fe(CN)6

3−/PAH/PSS–CaCO3/CS film has been characterized

Fig. 2. SEM images of (a) electro-active materials
Fig. 3. CVs of (a) bare GCE, (b) PAH/PSS–CaCO3/CS/GCE and (c) Fe(CN)6
3−/

PAH/PSS–CaCO3/CS/GCE in 0.1 M PBS (pH 7.0) at a scan rate of 50 mV s−1 versus
Ag/AgCl.

using SEM. The prepared Fe(CN)6
3−/PAH/PSS–CaCO3 microspheres

showed a rough surface (Fig. 2a). It was speculated that a many
Fe(CN)6

3− ions could be bound onto the material due to its large
surface area. The assembly of electro-active CaCO3 microspheres
by CS sol–gel matrix on the GCE electrode was confirmed with
the SEM image in Fig. 2b. The CS sol–gel could be used as a
good adhesive to effectively immobilize the microspheres on the
electrode surface. Furthermore, the surface morphology of the
Fe(CN)6

3−/PAH/PSS–CaCO3/CS film after AA electrochemical detec-
tion showed almost no change when compared to the surface
morphology of the freshly prepared film.

3.3. Electrochemical behaviors of the developed ascorbic acid
sensor

The electrochemical behavior of the Fe(CN)6
3−/PAH/PSS–

CaCO3/CS modified electrode was investigated by cyclic
voltammetry. Fig. 3 shows the cyclic voltammograms (CVs)
obtained at a bare GCE (a), PAH/PSS–CaCO3/CS/GCE (b) and
Fe(CN)6

3−/PAH/PSS–CaCO3/CS/GCE (c) in 0.1 M PBS (pH 7.0). Well-

characterized redox peaks were observed in the range of 0.2–0.3 V
for the Fe(CN)6

3−/PAH/PSS–CaCO3/CS/GCE, whereas no peaks
were observed for the bare GCE and PAH/PSS–CaCO3/CS/GCE.
Thus, the peaks could be easily ascribed to the redox reaction of
the adsorbed Fe(CN)6

3− and this further proves that Fe(CN)6
3− has

and (b) Fe(CN)6
3−/PAH/PSS–CaCO3/CS film.
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Fig. 4. EIS for (a) bare GCE, (b) CS/GCE, (c) PAH/PSS–CaCO3/CS/GCE and (d)
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from 5.0 to 9.0. The electrocatalytic oxidation current increased
e(CN)6
3−/PAH/PSS–CaCO3/CS/GCE in a solution of 0.1 M KCl containing 1.0 mM

e(CN)6
3− and 1.0 mM Fe(CN)6

4− with Ag/AgCl electrode as the reference electrode.

een modified onto the electrode surface by our current fabrication
trategy.

Further studies were performed to investigate the scan rate
ependence on the redox peaks of Fe(CN)6

3−/PAH/PSS–CaCO3/CS
odified electrode in 0.1 M PBS (pH 7.0). The peak currents

ncreased with the scan rates and were directly proportional to
he scan rates in the tested range from 20 to 850 mV s−1 (shown in
nset), whereas the peak potential was practically insensitive to the
hange in scan rate and the peak potential separation (�Epa) was
early 0.1 V. The phenomenon indicates that the electro-activity of
e(CN)6

3−/PAH/PSS–CaCO3/CS modified electrode in 0.1 M PBS is
imilar to that of the surface-attached electro-active sites [24]. On
he other hand, it has to be mentioned that the modified GCE in
eutral solutions is quite stable in the scan rate range from 20 to
50 mV s−1. After repetitive CV scans in the potential range of 0.6 to
0.2 V, the current obtained on the as-prepared GCE suffers from
lmost no degradation.

EIS has been commonly used to characterize the interface
roperties of the modified electrodes. Fig. 4 shows the typi-
al results of AC impedance spectra of the bare GCE (curve
), CS/GCE (curve b), PAH/PSS–CaCO3/CS/GCE (curve c), and
e(CN)6

3−/PAH/PSS–CaCO3/CS/GCE (curve d), respectively. The EIS
xperiments were performed in a solution of 0.1 M KCl containing
.0 mM Fe(CN)6

3− and 1.0 mM Fe(CN)6
4− with the frequency rang-

ng from 104 to 10−1 Hz. As can be seen, significant differences in the
lectron transfer resistances (Ret) were observed upon the stepwise
ormation of the modified electrode. The Ret of a bare GCE was esti-

ated to be 564 �. The deposition of CS film on the surface of GCE
nduced a Ret of 1106 �, implying the CS film could largely restrict
he electron transfer of the electrochemical probe toward electrode
urface. When the PAH/PSS–CaCO3 material was assembled onto
he CS film, the PAH/PSS–CaCO3/CS/GCE showed a large decrease
f Ret compared with that of the CS film modified electrode. The
et was calculated as 854 �. It was considered that polyelectrolyte

ayer coating CaCO3 micropheres could enhance the rate of electron
ransfer due to the possible synergic role of the positive PAH layer
nd the porous structure of CaCO3 microphere.

This kind of phenomenon was similar to that observed for

he CaCO3-based electrode [25]. After the electron mediator,
e(CN)6

3−, was incorporated into modified electrode, the Ret for the
btained Fe(CN)6

3−/PAH/PSS–CaCO3/CS/GCE electrode was found
o be further decreased to 336 �. This improved electron transfer
Fig. 5. CVs of bare GCE (a and b) and Fe(CN)6
3−/PAH/PSS–CaCO3/CS/GCE (c and d)

in 0.1 M PBS (pH 7.0) in the presence (b and d) and absence (a and c) of 0.2 mM AA.
Scan rates are 50 mV s−1.

property could easily be attributed to the Fe(CN)6
3− adsorbed by

the PE–CaCO3 micropheres in the modified electrode.

3.4. Oxidation of ascorbic acid at the modified electrode

Fig. 5 shows the CVs of 0.2 mM AA in 0.1 M PBS (pH 7.0) at a bare
GCE and a Fe(CN)6

3−/PAH/PSS–CaCO3/CS modified GCE. As can be
seen, at a bare GCE, an irreversible oxidation peak was observed
at 0.4 V. When the Fe(CN)6

3−/PAH/PSS–CaCO3/CS/GCE was mea-
sured in blank PBS, a pair of redox peaks was observed at 0.2–0.3 V,
which was attributed to the oxidation and reduction of the bound
Fe(CN)6

3− ions. With the addition of 0.2 mM AA into the solution,
the anodic peak current increased noticeably and the cathodic peak
current almost disappeared, indicating a typical electrocatalytic
reaction between Fe(CN)6

3− and AA had occurred. The electrocat-
alytic oxidation of AA by ferricyanide was observed at the potential
of 0.27 V, which was shifted negatively compared with that of direct
electrochemical oxidation of AA on the glassy carbon electrode. This
provided a suitable platform for the determination of AA with the
decreased overpotential instead of direct electrochemical oxidation
of AA on electrode surface.

The electro-catalytic oxidation mechanism for Fe(CN)6
3−

toward AA was proposed and is listed below:

ascorbic acid + 2Fe(CN)6
3− → dehydroascorbic acid + 2Fe(CN)6

4−

(1)

Fe(CN)6
4− → Fe(CN)6

3− + e− (2)

The ascorbic acid was first chemically oxidized to dehydroascor-
bic acid by the Fe(CN)6

3− ion trapped in the modified electrode (Eq.
(1)) and the resulting Fe(CN)6

4− ion was then electrochemically
reoxidized to Fe(CN)6

3− for further participation in the chemical
reaction with AA (Eq. (2)).

3.5. Influence of pH and applied potential on sensor responses

The dependence of the sensor responses with the pH of the mea-
surement solution was investigated. The pH of the solution ranged
from pH 5.0 and reached a maximum at pH 7.0. Then, the cur-
rent response was found to decrease from pH 7.0 to 9.0 (see
Fig. S1 in the supplementary material). Therefore, the maximum
response of the Fe(CN)6

3−/PAH/PSS–CaCO3/CS/GCE was obtained
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In addition, proposed method shows a more wide linear range of
detection for AA than those previous obtained electrode systems
based on polycalconcarboxylic acid [31] and ruthenium oxide fer-
ricyanide [32].

Table 1
Interferences of a variety of foreign substances for 1 × 10−4 M AA.
42 F. Li et al. / Electrochim

t pH 7.0, which was in agreement with that reported in literature
26]. The observed pH influence could be well understood according
hat the electrostatic interaction between the positively charged
AH layer in the PE–CaCO3 hybrid material and the Fe(CN)6

3− ions
hat change with the solution pH. It has been reported that the
raction of protonated amino groups in PAH is pH-dependent and
20% of amino groups are protonated at pH 6 whereas only ∼3%
re protonated at pH 10 [27]. It is thus considered that a neutral or
eakly acidic solution of Fe(CN)6

3− should stabilize the Fe(CN)6
3−

ons in the PE–CaCO3 hybrid material and a higher acid content is
etrimental for the stability of CaCO3.

Further studies were performed to investigate the dependence
f the sensor response on the applied potential. Amperometric
esponses of the proposed sensor to ascorbic acid at different poten-
ials were examined. The results showed that the applied potential
roduced a significant effect on the response of the ascorbic acid
ensor (see Fig. S2 in the supplementary material). The current was
ound to increase from the applied potential of 0.19 V and reached
maximum value at 0.27 V. Surprisingly, it was found that a further

ncreased applied potential over 0.27 V caused a slight decrease in
he current response. Thus, an operating potential of 0.27 V was
hosen for further amperometric determination of ascorbic acid.

.6. Amperometric determination of ascorbic acid

The amperometric response of the Fe(CN)6
3−/PAH/PSS–

aCO3/CS modified GCE to successive addition of ascorbic acid in
.1 M PBS (pH 7.0) at 0.27 V is shown in Fig. 6. The concentration
f AA in the solution is also indicated in Fig. 6. When AA was
dded to the stirred PBS buffer, the sensor responded rapidly
nd 95% of the steady-state current could be obtained within 6 s
Fig. 6a). Moreover, well-defined current proportional to the AA
oncentration was observed. Fig. 6b displays the calibration curve
f the amperometric response of the sensor to the concentration of
A. The linear range of the proposed sensor for the determination
f AA was found to be 1.0 × 10−6 to 2.143 × 10−3 M with a slope of
4.5127 �A mM−1 and the linear regression equation is expressed
s Ipa (10−7 A) = −4.5127C (10−4 M) − 0.7440, r = 0.9996 (n = 19).
he detection limit of 7.0 × 10−7 M was estimated at a S/N of 3.

.7. Stability and reproducibility studies of ascorbic acid sensor

The reproducibility and storage stability of the developed
iosensor in the dry state at 4 ◦C were investigated. The rel-
tive standard deviation (R.S.D.) of the 2.9% was obtained for
he sensor response to 0.2 mM AA for the same electrode with
ontinuously testing for 30 times. To evaluate the electrode-to-
lectrode reproducibility, a series of seven modified electrodes
ere independently prepared under the same conditions. The R.S.D.

3.3%) obtained with the present method indicated an acceptable
lectrode-to-electrode reproducibility. The storage stability of the
scorbic acid sensor was examined by intermittently measuring
he current response to AA standard solution every 3 days over the
eriod of a month. The catalytic current response could maintain
bout 89% of its original response after one month. Thus, the ascor-
ic acid sensor showed good stability and reproducibility for AA
etection.

.8. Interferences

The effect of interference of a variety of compounds in monitor-

ng AA was also investigated for control experiments. In the current
tudy, interferences were selected that often coexist with ascorbic
cid in foodstuffs, biological samples, etc., and could impact the
ccurate determination of AA. The tolerance limit was taken as the
aximum concentration of the foreign substances, which caused
Fig. 6. (a) Typical amperometric response of Fe(CN)6
3−/PAH/PSS–CaCO3/CS/GCE to

the successive addition of different concentrations of AA (�M) at the applied poten-
tial of 0.27 V. The addition amount of AA into stirring 0.1 M PBS (pH 7.0) has been
indicated. (b) The calibration plot for the determination of AA.

an approximate 5% relative error for 1 × 10−4 M AA. No obvious
interference was observed for (1 × 10−4 M) K+, Na+, PO4

3−, lactic
acid, glutamic acid, arginine, vitamin B1, glucose, nitrite and uric
acid. The results are listed in Table 1.

To demonstrate the performance of the developed ascorbic
acid sensor, a comparison of the current fabricated electrode
with those previously reported for AA detection was made and
listed in Table 2. The detection limit and the oxidation poten-
tial obtained with the present method was lower than those
reported with the use of electrodes modified with cobalt hexa-
cyano ferrate [28], PAH/polysaccharide films confined Fe(CN)6

3−

[26], 1,6-hexanedithiol [29] and Polypyrrole/Naphthol green B [30].
Foreign substances Tolerance level (1 × 10−4 M)

K+, Na+, PO4
3− 80

Lactic acid, glutamic acid,
arginine, glucose, vitamine B1

50

Nitrite, uric acid 20
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Table 2
Comparison of the analytical performance of the current strategy with reported modified electrodes proposed for the determination of AA.

Electrode Modifier pH Linear range (�M) Detection limit (�M) Epa (V) References

Au PAH/polysaccharide films confined Fe(CN)6
3− 7.4 1,000–50,000 – 0.35 [26]

Graphite Cobalt hexacyano ferrate – 55.2–32,300 33.3 0.38 [28]
Au 1,6-Hexanedithiol 7.0 1.0–110 1.0 0.27 [29]

2
1

1
1

4

c
i
c
o
s
s
p
s

A

F
F
(

A

t

R

[
[
[

[

[
[
[
[
[
[
[
[

[
[
[
[
[
[

[28] S.S. Kumar, S.S. Narayanan, Chem. Pharm. Bull. 54 (2006) 963.
Pt Polypyrrole/Naphthol green B 4.5
GCE Polycalconcarboxylic acid 6.0
GCE Ruthenium oxide hexacyanoferrate 6.9
GCE Fe(CN)6

3−/PAH/PSS–CaCO3/CS 7.0

. Conclusion

An electro-active organic–inorganic hybrid material was suc-
essfully prepared with the electrostatic assembly of Fe(CN)6

3−

ons onto the PE layer coated on CaCO3 microsphere. This material
ould be used as a good electron mediator for the electrocatalytic
xidation toward AA. The fabricated electrochemical AA sensor
howed good performance with a low detection limit and good
electivity. Also, the current fabrication strategy shows a large
otential toward the electrocatalytic detection of more biorelevant
ubstances aside from AA.
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