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Abstract: A poly(aniline-co-m-ferrocenylaniline) was successfully synthesized on a glassy
carbon electrode (GCE) by electrochemical copolymerization using a scan potential range
from —0.3 to +0.9 V (vs. Ag/AgCl) in 0.5 M H,SO4 containing 30% acetonitrile (ACN), 0.1
M aniline (Ani) and 0.005 M m-ferrocenyaniline (m-FcAni). The field emission scanning
electron microscope (FESEM) and electrochemical methods were used to characterize the
poly(Ani-co-m-FcAni) modified electrode. The poly(Ani-co-m-FcAni)/GCE exhibited
excellent electrocatalytic oxidation of ascorbic acid (AA) in citrate buffer solution (CBS,
pH 5.0). The anodic peak potential of AA was shifted from +0.55 V at the bare GCE
to +0.25 V at the poly(Ani-co-m-FcAni)/GCE with higher current responses than those
seen on the bare GCE. The scan number at the 10th cycle was selected as the maximum
scan cycle in electrochemical polymerization. The limit of detection (LOD) was estimated
to be 2.0 uM based on the signal-to-noise ratio (S/N = 3). The amperometric responses
demonstrated an excellent selectivity for AA determination over glucose (Glu) and
dopamine (DA).
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1. Introduction

L-Ascorbic acid (AA, vitamin C) is the major antioxidant found in many plants. As known, AA is
an essential nutrient that has been widely used on a large scale as an antioxidant agent in foods,
beverages and pharmaceutical applications, due to its participation in several human metabolic
reactions [1]. The analytical determination of AA has been reported by many methodologies, such as
enzymatic methods [2], iodometric titration using 2,6-dichlorophenol-indophenol as indicator [3],
spectroscopy [4], chromatography [5], fluorimetry [6] and electrochemistry [7,8]. Due to their quick
response, high sensitivity, low detection limit and simple use, electrochemical methods are currently of
much interest for AA determination by the electrocatalytic oxidation reaction on conventional
electrodes. Though AA is an important antioxidant compound, it is difficult to determine by direct
oxidation on conventional electrodes because of interfering species such as dopamine (DA) and
glucose (Glu) [8,9]. Thus, the development of electrodes for determination of AA in the presence of
many interfering species has recently attracted much attention in the field of electroanalytical chemistry.

Electrodeposition of the conducting polymer film at the surface of an electrode is a modern
approach that has been utilized extensively in a field of electrochemistry to modify electrodes for
determination of AA [10-18]. Consequently, applications of modified electrodes in electrocatalysis and
sensors have been enriched by the specific properties of conducting polymers. These are e.g.,
polypyrrole, polyaniline and polythiophene. Their molecules contain conjugated systems which are the
reason for electron mobility in the molecule. Among conductive electroactive polymers, polyaniline
(PAni) [10-13] and its derivatives [19] have been the most intensively prepared and also studied due to
their unique properties, which are also favorable for their potential applications, such as chemical
sensors and biosensors. However the electrochemical activity and stability of PAni are generally
affected by a variety of solution conditions, such as electrolytes, solvents and pH. For example,
Mu [20,21] reported that PAni by itself reveals excellent redox functions only in acidic media, pH < 3,
and this feature limits its broad use. Thus, the copolymerization of aniline with ring-substituted aniline
derivatives has been studied in order to modify the desired properties of polyanilines. A different type
of conductance exists in the redox polymers, where redox centres are inserted into the polymer. PAni
containing many groups including alkyl (-R), alkoxy (—OR), hydroxyl (—~OH), amino (-NH;) or
halogens (—X) and the position of substituents is expected to lead to significantly different chemical
and physical properties from the parent polymer.

The modified electrodes for chemical sensors are generally fabricated by incorporating various
compounds such as biomolecular [22], organic [17] and organotransition-metal compounds [20,23-26],
either by physical or covalent attachment to the polymeric structure, in order to create novel
electrochemical properties. In the field of electrochemistry, ferrocene (Fc) [20,23] and its
derivatives [25,26] have been widely incorporated into polymeric materials, due to their ability to
display the high redox behavior of the ferrocene/ferricinium (Fc/Fc") couple in organic and aqueous
solvents, including ionic liquids. Ferrocene can be easily oxidized and reduced reversibly. Due to their
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chemical versatility with high thermal stability, ferrocene moieties have been employed in a variety of
applications [27-30], but are the most commonly used as the electrochemical active species for
chemically modified electrodes (CMEs) [31]. The main problem of ferrocene is its tendency to be
washed out of the matrix gradually [22,32]. In addition, ferrocene may be toxic and pollute to
environment, if used on a large scale in the synthetic process for preparation of modified electrodes.
Thus, it would be useful if the ferrocene could also be covalently bonded to the matrix, which is used
to modify the conventional electrodes in order to investigate novel properties as mentioned above.
Thus, in the present work, a poly(Ani-co-m-FcAni)/GCE electrode was electrochemically synthesized
by using cyclic voltammetry. To explore its potential applications, the prepared electrode was used as a
chemical sensor for the electrocatalytic oxidation of AA.

2. Experimental Section
2.1. Chemicals and Solutions

Aniline (Ani), L-ascorbic acid (AA), ethanol (EtOH), acetonitrile (ACN), sulfuric acid (H,SOy),
sodium hydroxide (NaOH) and hydrochloric acid (HCl) were purchased from Sigma-Aldrich. All
chemicals used in this study were of AR grade and used as received, except for the aniline, which was
purified by double distillation under reduced pressure prior to use, and stored at 4 °C in refrigerator
when not in use. All aqueous solutions were freshly prepared using de-ionized (DI) water
(R = 18.2 MQ cm) purified with a Nanopore ultrapure water system. A 1,000 ppm stock standard AA
solution was prepared freshly each day. The citrate buffer solution (CBS) (pH 5.0) was prepared by
mixing 0.1 M trisodium citrate and 0.1 M citric acid.

2.2. Synthesis of m-FcAni

The m-FcAni monomer was synthesized from m-nitroaniline by following a method described in
detail elsewhere [33,34]. After the solvent was removed, the crude product was absorbed onto silica
and then purified by column chromatography with gradient elution (hexane-ethyl acetate) to afford the
ferrocene derivative. A yellow-orange crystalline solid was obtained after drying under reduced
pressure at room temperature.

2.3. Electrochemical Copolymerization of Poly(Ani-co-m-FcAni)

The GCE was polished carefully with alumina (Al,O3) slurry (1.0, 0.3 and 0.05 pum, respectively)
using a soft polishing cloth, then thoroughly rinsed several times with DI water. After that, the GCE
was sonicated in DI water for 10 min to remove alumina adsorbed on the electrode surface. The GCE
was cleaned by potential cycling between —1.0 V and +1.0 V (vs. Ag/AgCl) at 50 mV s ' in 0.1 M
H,SO4 until a stable clean GCE cyclic voltammogram (CV) was obtained. The poly(Ani-co-m-FcAni)
was successfully copolymerized electrochemically on the GCE surface using a scan potential ranging
from —0.3 V to +0.9 V (vs. Ag/AgCl) in 0.5 M H,SO, containing 30% ACN, 0.1 M Ani and 0.005 M
m-FcAni. A thin film of poly(Ani-co-m-FcAni) coated on the GCE was thus obtained. Then, the
poly(Ani-co-m-FcAni)/GCE was washed with 0.1 M H,SO4. EtOH and DI water to remove unreacted
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monomers from the electrode surface, and dried in air at room temperature (RT, 25 °C) for 1 h. The
poly(Ani-co-m-FcAni)/GCE was kept in 0.1 M CBS (pH 5.0) at 4 °C in the fridge when not in use.

2.4. Instruments and Measurement Set Up
Cyclic Voltammetry

All cyclic voltammetric and amperometric experiments were performed using an AUTOLAB
(PGSTAT-12) electrochemical analyzer (Metrohm, Switzerland) controlled by the GPES 4.9 software.
A conventional three-electrode system was used throughout. The working electrode was the bare GCE
(® = 3.0 mm) or the poly(Ani-co-m-FcAni)/GCE. All potentials were reported versus Ag/AgCl
(sat. 3.0 M KCI) reference electrode. A platinum (Pt) wire was employed as the counter electrode. The
reaction cell volume of 10 cm® was used for all electrochemical measurements at RT. Measurements
were carried out in 0.1 M CBS (pH 5.0) used as supporting-electrolyte solution. The pH of buffer
solutions was monitored by using a 713 pH meter (Metrohm, Switzerland).

Hydrodynamic Voltammetry

Amperometric measurements at the poly(Ani-co-m-FcAni)/GCE were carried out at the potential
of +0.25 V (vs. Ag/AgCl). The amperometric response of AA was shown in the amperogram. The
current steps were associated with successive additions of 20 UL of 0.1 M AA standard solution into a
stirred batch system using a 10 mL volume glass cell.

Electron Microscopy

The SEM images were recorded employing a JEOL JSM-5910 field emission scanning
electron microscope (FESEM) by accelerating at a voltage of 15.0 kV. The surface of the
poly(Ani-co-m-FcAni)/GCE was analyzed by mounting the sample onto a double-sided carbon tape,
and then gold sputter coating to minimize charging prior to SEM imaging.

3. Results and Discussion
3.1. Characteristics of Poly(Ani-co-m-Fcani)

The potential was ranged from —0.3 V to +0.9 V (vs. Ag/AgCl) at a scan rate of 50 mV s '. This
condition was also used to investigate the electrochemistry of aniline and its derivatives in an acid
medium. Figure 1(a) shows the CVs of 0.1 M Ani and 0.005 M m-FcAni in 0.5 M H,SO4 containing
30% ACN. From the 1st-cycle to the 4th-cycle, a couple of reversible redox peaks (E,. = +0.35 V and
E,.=+0.27 V) were observed as the iron center of the ferrocene units interconvert between the Fe**
and Fe’ states [29,31,35]. The inductive and steric effects of the ferrocene moieties make the
monomer less reactive and difficult for the polymerization reaction. As the cycling process continued,
two pairs of redox peaks on CVs located at +0.21/+0.09 V and +0.73/+0.67 V were observed from the
4th-cycle to the 10th-cycle. The peak currents increased gradually with increasing scan number,
indicating an autocatalytic polymerization which causes the polyaniline film growth as the electrolysis
proceeds [36]. After rinsing the working electrode with 0.1 M H,SO4. EtOH and DI water, respectively,
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a green-brown thin film was seen on the GCE surface, indicating that the poly(Ani-co-m-FcAni) was
successfully copolymerized electrochemically.

Figure 1. (a) The film growth of the poly(Ani-co-m-FcAni) during electrolysis of 0.1 M
Ani, and 0.005 M m-FcAni in 0.5 M H,SO4 containing 30% ACN: (1) 1st cycle and
(10) 10th cycle at the scan rate of 50 mV s '. (b) The CVs of the poly(Ani-co-m-FcAni)
modified electrode at different pH at 3, 4, 5, 6, 7 and 8 at a scan rate of 50 mV s 1,
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Figure 1(b) shows the responses of the poly(Ani-co-m-FcAni) modified electrode at different pH
values. Strong anode and cathode peaks were observed in low pH solutions (pH < 4), indicating an
excellent redox activity under acidic conditions. With increasing pH values, the redox peaks moved
closer. This redox process leads to the dependence on the pH of solutions, the reactions and the
polymer states [37]. In solutions of pH greater than 4, the poly(Ani-co-m-FcAni) nearly loses its
electrochemical activity entirely, which corresponds to the leucoemeraldine/pernigraniline reaction.
The electrochemical behavior of the poly(Ani-co-m-FcAni), according to the cyclic voltammogram,
was similar to that the pure polyaniline and its derivatives in different solutions [19,20,38]. The
electrochemical copolymerization of the conducting poly(Ani-co-m-FcAni) film modified GCE is
illustrated in Scheme 1.

Scheme 1. The electrochemical copolymerization of the conducting poly(Ani-co-m-FcAni)
film modified GCE.
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where x (0 <x < 1) relates to the substitution stoichiometry of m-FcAni unit in poly(Ani-co-m-FcAni),
a ferrocenyl group is labeled as -Fc and A" is referred to HSO4 as a dopant to poly(Ani-co-m-FcAni)
backbone.
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Based on our results, the proposed mechanism was initiated by the formation and reactions of
cation radicals and dimeric species. The m-FcAni monomer was oxidized to generate the ferricinium
species of m-FcAni'". The formation of the radical cation generated from m-FcAni by electro-oxidation
on the GCE surface was considered as the rate-determining step. This was followed by coupling of
radicals, mainly N- and para-forms, and elimination of a proton to give the dimer which then
undergoes oxidation on the electrode surface along with aniline to give oligomers, resulting in the
chain propagation. Finally, the radical cation of the oligomer reacts further with the radical cation of
aniline to elongate the polymer chain, creating finally a dense, adhesive film at the electrode surface.

3.2. Scanning Electron Microscopy (SEM) Analysis

The surface morphology was investigated by using a field emission scanning electron microscope
(FESEM). Figure 2 showed the typical FESEM surface morphology of the poly(Ani-co-m-FcAni) with
different magnifications. Figure 2(a) shows that the surface of the as-prepared poly(Ani-co-m-FcAni) was
a three-dimensional network. This feature is common in the polyaniline family prepared in the H,SO4
medium [19,38]. Figure 2(b,c) shows the high-magnification FESEM views of small nanostructured
granules with diameters ranging from ~100—-300 nm. These nanostructures tend to agglomerate in the
high porosity interconnected network. The electrochemically synthesized poly(Ani-co-m-FcAni) film
with nanostructures on GCE would significantly activate the electrode surface and accelerate the
electron transfer, and had a high surface area as an ideal electrode material favoring a high
performance for electrocatalytic oxidation of AA, as discussed below.

Figure 2. FESEM images of the poly(Ani-co-m-FcAni) film modified GC electrode with
different magnifications at 5 kx (a), 10 kx (b), and high magnification at 30 £x (c).
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3.3. Electrocatalytic Oxidation of AA

The cyclic voltammetric characterization was performed in order to study the electrochemical
behavior of the bare GC and poly(Ani-co-m-FcAni)/GCE towards AA oxidation in 0.1 M citrate buffer
(pH 5.0). The overall reaction of ascorbic acid oxidation can be expressed by the following reaction:

CsH3O5 - CsHeOs + 2H" + 2e (D)
(ascorbic acid) (dehydroascorbate)
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A proposed mechanism for the electrocatalytic oxidation of ascorbic acid to dehydroascorbate at
poly(Ani-co-m-FcAni)/GCE is seen in Scheme 2.

Scheme 2. A proposed mechanism for the electrocatalytic oxidation of ascorbic acid to
dehydroascorbate at the poly(Ani-co-m-FcAni) film modified GCE.
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The oxidation of AA at the unmodified GCE typically requires undesirably high working potentials
(=+0.5 V vs. Ag/AgCl). To compare the AA oxidation at both unmodified and modified electrodes.
CVs were recorded at a bare GC and poly(Ani-co-m-FcAni)/GCEs. Figure 3(a) shows that the anodic
peak potentials (E£,,) of AA at the bare GCE were located at about +0.55 V (vs. Ag/AgCl) in 0.1 M
citrate buffer (pH 5.0). Electrochemical oxidation of AA on the poly(Ani-co-m-FcAni)/GCE
was investigated under the same conditions. Figure 3(b) shows that the E,, of AA at the
poly(Ani-co-m-FcAni)/GCE was located at about +0.25 V (vs. Ag/AgCl). The anodic peak currents
increased with increasing the concentration of AA. Only oxidation peaks were observed at both of bare
and the GCE-modified electrode in the CVs. The results from Figure 3(a,b) shows clearly that the GCE
modified with poly(Ani-co-m-FcAni) film gave a much lower AA peak potential than the unmodified
GCE, due to its participation in the AA oxidation reaction. Compared with the unmodified GCE under
the same conditions, the higher currents for the oxidation of AA at the modified GCE were attributed
to the presence of poly(Ani-co-m-FcAni) on the surface of electrode. These currents were higher than
that on the bare GCE, and the oxidation potential of AA at the poly(Ani-co-m-FcAni) film modified
GCE was also lower about 0.3 V than that on the bare GCE in 0.1 M citrate buffer (pH 5.0). Thus,
these experimental results confirmed that the modified GCE with poly(Ani-co-m-FcAni) film
effectively catalyzed the oxidation of AA, and was expected to provide a better electrocatalysis for AA
oxidation than the bare GCE.
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Figure 3. The CVs of AA at (a) the bare GCE and at (b) the poly(Ani-co-m-FcAni)/GCE
in 0.1 M citrate buffer (pH 5.0) at scan rate of 50 mV s ' in the presence of AA at
concentrations: 0.0, 1.0, 2.0, 4.0, 6.0, 8.0 and 10.0 mM (vs. Ag/AgCl). (¢) CVs with
various potential scan rates in the presence of 2.0 mM AA in 0.1 M citrate buffer (pH 5.0)
at the poly(Ani-co-m-FcAni)/GCE. Inset shows the relationship between the oxidation
current and the square root of the scan rate with linear regression, and (d) CVs of 4.0 mM
AA at the poly(Ani-co-m-FcAni)/GCE at different pH buffer solutions.
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To study the effect of scan rate on electrocatalytic properties towards AA oxidation. CVs were
recorded at the poly(Ani-co-m-FcAni)/GCE at different scan rates in 0.1 M citrate buffer (pH 5.0) as
shown in Figure 3(c). As can be seen, the increase in potential scan rate induced a corresponding increase

in peak current and resulted in a shift to more positive values for the electrocatalytic oxidation of AA.

The shift of the peak potential was observed as an irreversible electrochemical reaction and a kinetic

limitation in the reaction between the redox sites of poly(Ani-co-m-FcAni) and AA. This indicates that

the electrocatalytic oxidation at poly(Ani-co-m-FcAni) modified GCE was a surface-controlled

electrochemical reaction and diffusion-controlled electrode process of AA. The peak current varies

linearly with the square root of the scan rate. The linear equation between peak currents and the square
root of the scan rate is presented as follows: Ixa (LA) = 46.94500 (V/s)"? +10.1160 with a linear
relative correlation coefficient of 0.999, indicating that regression line is very well fitted with
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experimental data. Thus, these results demonstrated that the poly(Ani-co-m-FcAni)/GCE can be used
for the determination of AA.

The effect of pH to the electrocatalytic oxidation of AA at the poly(Ani-co-m-FcAni)/GCE was
investigated with different pH buffer solutions containing 4.0 mM AA using cyclic voltammetry as
shown in Figure 3(d). The peak current from the electrocatalytic oxidation of AA in acid solution was
higher than that in basic solution. Due to the instability of AA in basic solution, the catalytic current
decreased at higher pH. The peak potentials shifted towards negative potential with increasing solution
pH between 3 and 6. According to the results obtained from CVs at various pH values, the pH 5 was
chosen as the best for the supporting solution for the further investigation.

3.4. Effect of the Applied Potential and Scan Cycle

In order to optimize the experimental conditions for measurement of AA oxidation at the
poly(Ani-co-m-FcAni)/GCE, the effect of the applied potential and scan cycle used for synthesis of the
poly(Ani-co-m-FcAni) was investigated. Figure 4(a) shows the effect of applied potential at the
poly(Ani-co-m-FcAni)/GCE for electrocatalytic oxidation of AA. It has been clearly shown that the
poly(Ani-co-m-FcAni)/GCE can catalyze AA by applying different potentials in the range from +0.15
to +0.35 V to the working electrode while immersed in the presence of 0.1 M citrate buffer (pH 5.0)
containing 2.0 mM AA. As can be seen, the signals obtained were very reproducible. At the higher
potential applied, an easier AA oxidation process occurred; however, increasing applied potential
typically increases the background current responses from the poly(Ani-co-m-FcAni) film [12]. Thus,
the most appropriate potential of +0.25 V was selected as the applied potential for further studies of
AA electrocatalytic oxidation.

Figure 4. The optimization of the applied potential (a) and scan number (b) for
electrocatalytic oxidation of AA at the poly(Ani-co-m-FcAni)/GCE in 0.1 M citrate buffer
(pH 5.0) at scan rate of 50 mV s ™' (n = 3).
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Cyclic votammetry is a simple and rapid technique for controlling the thickness of the polymer
films. By altering the scan number in electrochemical polymerization, poly(Ani-co-m-FcAni) films of
different thickness were obtained. The electrochemical polymerization of poly(Ani-co-m-FcAni) at the
electrode surface was examined for different numbers by cycling in the range from 5 to 20 scan cycles.
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Figure 4(b) shows the current of 2.0 mM AA in 0.1 M citrate buffer (pH 5.0) when using GCE-modified
with different scan cycles for the synthesized of poly(Ani-co-m-FcAni)/GCEs. As can be seen, the
lowest oxidation current was observed at the Sth-scan cycle. The oxidation current increased upon
increasing the scan cycle from 5 to 10 and reached a plateau after that. For the 15th and 20th scan
numbers, no enhancement appeared. It could be assumed that a thicker poly(Ani-co-m-FcAni) film was
obtained, resulting a lower catalytic performance [12]. Therefore, the scan number at 10th cycle was
selected as an optimum scan cycle in electrochemical polymerization of poly(Ani-co-m-FcAni) modified
GCE for further detailed studies.

3.5. Amperometric Measurement

Figure 5(a) displays the typical amperometric response of the poly(Ani-co-m-FcAni)/GCE to AA.
The amperometric study was carried out through the successive addition of AA into a continuously
stirred batch system of 0.1 M citrate buffer (pH 5.0). At the applied potential of +0.25 V (vs. Ag/AgCl),
the oxidative current increased with increasing concentrations of AA. A linear relationship between
oxidation current and concentration of AA was observed in the range from 0.05 x 107
to 5.7 x 10~ M. Linear calibration was obtained, with a coefficient of 0.997, demonstrating the good
relationship between oxidation current and concentration. The limit of detection (LOD) was estimated
to be 2.0 uM based on the signal-to-noise ratio (S/N = 3). These experimental results indicated that the
poly(Ani-co-m-FcAni)/GCE has potential application as a chemical sensor for the determination of AA.

Figure 5. (a) Typical amperometric i-¢ curve of poly(Ani-co-m-FcAni)/GCE to successive
additions of 0.1 mM AA into a stirred system of 0.1 M citrate buffer (pH 5.0) at +0.25 V.
(b) Amperometric response for interferences recorded using poly(Ani-co-m-FcAni)/GCE
upon successive additions of 0.1 mM AA, 1.0 mM DA and 1.0 mM Glu.
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In biological and soft drink samples, glucose (Glu) and dopamine (DA) are strong interferents that
are electrochemically oxidized at almost the same potential as AA. Figure 5(b) shows the
amperometric responses for AA, Glu and DA at the poly(Ani-co-m-FcAni)/GCE. The successive
additions of the same concentration of 0.1 mM AA, 1.0 mM DA and 1.0 mM Glu were investigated by
applying potential at +0.25 V (vs. Ag/AgCl). It can be seen obviously that additional signals to the
current response of AA were not observed due to the successive additions of Glu and DA. Thus, this
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modified electrode could be applied as the chemical sensor for a practical determination of AA in the
presence of Glu and DA. Other electrochemical experiments were then carried out to study the effects
of foreign species such as glucose, fructose, sucrose, galactose and sodium chloride. Each interference
study was carried out at the applied potential of +0.25 V (vs. Ag/AgCl) in 0.1 M citrate buffer (pH 5.0)
containing 0.1 mM AA. The amperometric measurements can tolerate 200-fold excesses of three
interfering species, namely glucose fructose and sucrose, 240-fold of sodium chloride, and 300 fold
of galactose.

4. Conclusions

In conclusion, a chemically modified GCE based on poly(Ani-co-m-FcAni) was successfully
prepared by electrochemical copolymerization in 0.5 M H,SO,4 containing 30% ACN, 0.1 M Ani
and 0.005 M m-FcAni. FESEM images showed that the poly(Ani-co-m-FcAni) film was deposited on
the surface of GCE. From electrochemical experiments, the CVs showed that the E,, of AA was
shifted from +0.55 V at bare GCE to +0.25 V at the poly(Ani-co-m-FcAni)/GCE with a greatly
enhanced current response. The 10th cycle scan number was selected as an optimum one in the
electrochemical polymerization. The amperometric responses demonstrated an excellent selectivity for
AA determination over Glu and DA. Thus, this poly(Ani-co-m-FcAni)/GCE could be applied as an
amperometric sensor for the selective detection of AA in biological and soft drink samples.

Acknowledgments

The financial support from Research. Development and Engineering (RD&E) fund through the
National Nanotechnology Center (NANOTEC), the National Science and Technology Development
Agency (NSTDA) (Project No. NN-B-22-FN3-15-52-16), the National Research Council of Thailand
(NRCT, No. 2554A, 11702005), the Centre for Innovation in Chemistry (PERCH-CIC), the Office of
the Higher Education Commission and Mahidol University under the National Research University
Initiative, the Thailand Research Fund (TRF, No. MRG5480037) and Faculty of Science, Ubon
Ratchathani University (UBU) are gratefully acknowledged.

References

1. Zhang, L.; Wang, Z.; Xia, Y.; Kai, G.; Chen, W.; Tang, K. Metabolic engineering of plant
L-ascorbic acid biosynthesis: Recent trends and applications. Crit. Rev. Biotechnol. 2007, 27,
173-182.

2. Zhu, M.; Huang, X.-M.; Shen, H.-X.; Li, R. Biomimic of peroxidase and enzymatic assay for
ascorbic acid. Anal. Chim. Acta 1996, 334, 303-307.

3. Svehla, G.; Koltai, L.; Erdey, L. The use of 2,6-dichlorophenol-indophenol as indicator in
1odometric titrations with ascorbic acid. Anal. Chim. Acta 1963, 29, 442-447.

4. Chan, H.S.O.; Ng, S.C.; Seow, S.H. Polybithiophene-modified electrode: Spectrophotometric
detection of ascorbic acid. Synth. Met. 1994, 66, 177-183.



Sensors 2011, 11 10177

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Tai, A.; Gohda, E. Determination of ascorbic acid and its related compounds in foods and
beverages by hydrophilic interaction liquid chromatography. J. Chromatogr. B 2007, 853,
214-220.

Wu, X.; Diao, Y.; Sun, C.; Yang, J.; Wang, Y.; Sun, S. Fluorimetric determination of ascorbic
acid with o-phenylenediamine. Talanta 2003, 59, 95-99.

Gao, Z.; Chen, B.; Zi, M. Electrochemistry of ascorbic acid at polypyrrole/dodecyl sulphate
film-coated electrodes and its application. J. Electroanal. Chem. 1994, 365, 197-205.

Ragupathy, D.; Gopalan, A.L.; Lee, K.-P. Electrocatalytic oxidation and determination of ascorbic
acid in the presence of dopamine at multiwalled carbon nanotube-silica network-gold
nanoparticles based nanohybrid modified electrode. Sens. Actuat. B 2010, 143, 696-703.

Zhao, Y.; Gao, Y.; Zhan, D.; Liu, H.; Zhao, Q.; Kou, Y.; Shao, Y.; Li, M.; Zhuang, Q.; Zhu, Z.
Selective detection of dopamine in the presence of ascorbic acid and uric acid by a carbon
nanotubes-ionic liquid gel modified electrode. Talanta 2005, 66, 51-57.

Bhadra, S.; Khastgir, D.; Singha, N.K.; Lee, J.H. Progress in preparation, processing and
applications of polyaniline. Prog. Polym. Sci. 2009, 34, 783-810.

Malinauskas, A.; Garjonyte, R.; Mazeikiene, R.; Jureviciute, I. Electrochemical response of
ascorbic acid at conducting and electrogenerated polymer modified electrodes for electroanalytical
applications: A review. Talanta 2004, 64, 121-129.

Ambrosi, A.; Morrin, A.; Smyth, M.R.; Killard, A.J. The application of conducting polymer
nanoparticle electrodes to the sensing of ascorbic acid. Anal. Chim. Acta 2008, 609, 37-43.

Zhang, L.; Zhang, C.; Lian, J. Electrochemical synthesis of polyaniline nano-networks on
p-aminobenzene sulfonic acid functionalized glassy carbon electrode: Its use for the simultaneous
determination of ascorbic acid and uric acid. Biosens. Bioelectron. 2008, 24, 690-695.

Kalimuthu, P.; John, S.A. Modification of electrodes with nanostructured functionalized
thiadiazole polymer film and its application to the determination of ascorbic acid. Electrochim.
Acta 2009, 55, 183-1809.

Kalimuthu, P.; John, S.A. Simultaneous determination of epinephrine, uric acid and xanthine in
the presence of ascorbic acid using an ultrathin polymer film of 5-amino-1,3,4-thiadiazole-2-thiol
modified electrode. Anal. Chim. Acta 2009, 647, 97-103.

Ashok Kumar, S.; Cheng, H.-W.; Chen, S.-M. Electroanalysis of ascorbic acid (vitamin C) using
nano-ZnO/poly(luminol) hybrid film modified electrode. React. Funct. Polym. 2009, 69, 364-370.
Kumar, S.A.; Lo, P.-H.; Chen, S.-M. Electrochemical selective determination of ascorbic acid at
redox active polymer modified electrode derived from direct blue 71. Biosens. Bioelectron. 2008,
24, 518-523.

Kumar, S.A.; Wang, S.-F.; Yang, T.C.K.; Yeh, C.-T. Acid yellow 9 as a dispersing agent for
carbon nanotubes: Preparation of redox polymer-carbon nanotube composite film and its sensing
application towards ascorbic acid and dopamine. Biosens. Bioelectron. 2010, 25, 2592-2597.

Mu, S. Synthesis and electronic properties of poly(aniline-co-2-amino-4-hydroxybenzenesulfonic
acid). J. Phys. Chem. B 2008, 112, 6344-6349.

Mu, S.; Kan, J. The electrocatalytic oxidation of ascorbic acid on polyaniline film synthesized in
the presence of ferrocenesulfonic acid. Synth. Met. 2002, 132, 29-33.



Sensors 2011, 11 10178

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Wang, H.; Mu, S. Bioelectrochemical response of the polyaniline ascorbate oxidase electrode.
J. Electroanal. Chem. 1997, 436, 43-48.

Cosnier, S. Biomolecule immobilization on electrode surfaces by entrapment or attachment to
electrochemically polymerized films. A review. Biosens. Bioelectron. 1999, 14, 443-456.
Guorong, Z.; Xiaolei, W.; Xingwang, S.; Tianling, S. B-Cyclodextrin-ferrocene inclusion complex
modified carbon paste electrode for amperometric determination of ascorbic acid. Talanta 2000,
51,1019-1025.

Favero, G.; Campanella, L.; D’Annibale, A.; Ferri, T. Preparation and characterization of a
chemically modified electrode based on ferrocene-tethered B-cyclodextrin self assembled
monolayers. Microchem. J. 2004, 76, 77-84.

Fernandez, L.; Carrero, H. Electrochemical evaluation of ferrocene carboxylic acids confined on
surfactant-clay modified glassy carbon electrodes: Oxidation of ascorbic acid and uric acid.
Electrochim. Acta 2005, 50, 1233-1240.

Pournaghi-Azar, M.H.; Ojani, R. Catalytic oxidation of ascorbic acid by some ferrocene
derivative mediators at the glassy carbon electrode. Application to the voltammetric resolution of
ascorbic acid and dopamine in the same sample. Talanta 1995, 42, 1839-1848.

Sunsin, A.; Wisutsri, N.; Suriyarak, S.; Teanchai, R.; Jindabot, S.; Chaicharoenwimolkul, L.;
Somsook, E. Effect of ferrocene moieties on the copper-based atom transfer radical
polymerization of methyl methacrylate. J. Appl. Polym. Sci. 2009, 113, 3766-3773.

Zhao, G.-C.; Xu, M.-Q.; Zhang, Q. A novel hydrogen peroxide sensor based on the redox of
ferrocene on room temperature ionic liquid film. Electrochem. Commun. 2008, 10, 1924-1926.
Matsumiya, M.; Terazono, M.; Tokuraku, K. Temperature dependence of kinetics and diffusion
coefficients for ferrocene/ferricenium in ammonium-imide ionic liquids. Electrochim. Acta 2006,
51,1178-1183.

Chaicharoenwimolkul, L.; Munmai, A.; Chairam, S.; Tewasekson, U.; Sapudom, S.; Lakliang, Y ;
Somsook, E. Effect of stabilizing ligands bearing ferrocene moieties on the gold
nanoparticle-catalyzed reactions of arylboronic acids. Tetrahedron Lett. 2008, 49, 7299-7302.
Geiger, W.E. Organometallic electrochemistry: Origins, development, and future. Organometallics
2007, 26, 5738-5765.

Bond, A.M.; McLennan, E.A.; Stojanovic, R.S.; Thomas, F.G. Assessment of conditions under
which the oxidation of ferrocene can be used as a standard voltammetric reference process in
aqueous media. Anal. Chem. 1987, 59, 2853-2860.

Kurihara, M.; Hirooka, A.; Kume, S.; Sugimoto, M.; Nishihara, H. Redox-conjugated reversible
isomerization of ferrocenylazobenzene with a single green light. J. Am. Chem. Soc. 2002, 124,
8800-8801.

Sakamoto, A.; Hirooka, A.; Namiki, K.; Kurihara, M.; Murata, M.; Sugimoto, M.; Nishihara, H.
Photon-, electron-, and proton-induced isomerization behavior of ferrocenylazobenzenes. Inorg.
Chem. 2005, 44, 7547-7558.

Cassidy, J.; O’Gorman, J.; Ronane, M.; Howard, E. Note on the voltammetry of ferrocene
carboxylate in aqueous solution. Electrochem. Commun. 1999, 1, 69-71.

Kobayashi, T.; Yoneyama, H.; Tamura, H. Electrochemical reactions concerned with
electrochromism of polyaniline film-coated electrodes. J. Electroanal. Chem. 1984, 177, 281-291.



Sensors 2011, 11 10179

37. Zhang, J.; Shan, D.; Mu, S. A promising copolymer of aniline and m-aminophenol: Chemical
preparation, novel electric properties and characterization. Polymer 2007, 48, 1269-1275.

38. Zhang, L.; Lian, J. Electrochemical synthesis of copolymer of aniline and o-aminophenol and its
use to the electrocatalytic oxidation of ascorbic acid. J. Electroanal. Chem. 2007, 611, 51-59.

© 2011 by the authors; licensee MDPI. Basel. Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AharoniBold
    /Algerian
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Basemic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /DejaVuSans
    /DejaVuSans-Bold
    /DejaVuSans-BoldOblique
    /DejaVuSansCondensed
    /DejaVuSansCondensed-Bold
    /DejaVuSansCondensed-BoldOblique
    /DejaVuSansCondensed-Oblique
    /DejaVuSans-ExtraLight
    /DejaVuSansMono
    /DejaVuSansMono-Bold
    /DejaVuSansMono-BoldOblique
    /DejaVuSansMono-Oblique
    /DejaVuSans-Oblique
    /DejaVuSerif
    /DejaVuSerif-Bold
    /DejaVuSerif-BoldItalic
    /DejaVuSerifCondensed
    /DejaVuSerifCondensed-Bold
    /DejaVuSerifCondensed-BoldItalic
    /DejaVuSerifCondensed-Italic
    /DejaVuSerif-Italic
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /FelixTitlingMT
    /FencesPlain
    /FixedMiriamTransparent
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /GentiumBasic
    /GentiumBasic-Bold
    /GentiumBasic-BoldItalic
    /GentiumBasic-Italic
    /GentiumBookBasic
    /GentiumBookBasic-Bold
    /GentiumBookBasic-BoldItalic
    /GentiumBookBasic-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kingsoft-Phonetic
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LevenimMT
    /LevenimMTBold
    /LiberationSansNarrow
    /LiberationSansNarrow-Bold
    /LiberationSansNarrow-BoldItalic
    /LiberationSansNarrow-Italic
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /MingLiU
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /OpenSymbol
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RodTransparent
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /Stencil
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 841.680]
>> setpagedevice


