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A reaction kinetics study was performed for all cis-polyaniline nanotube (ACPN) film modified electrode for fast ascorbic
acid detecting. An ACPN film modified electrode exhibited excellent electrocatalytic activity, a low detection limit and a
high sensitivity to ascorbic acid (AA). It is found that AA can be electro-catalytically oxidized on an ACPN film even at a
concentration less than 1mM. A mechanism of AA electrooxidation on the ACPN film modified electrode was proposed.
Furthermore, the detection sensitivity was regulated by tuning the film thickness, and the optimized fabrication condi-
tions for the ACPN film modified electrode was obtained. Based on the reaction kinetics study, the catalytic rate constant
for the best electrode was found to be 6.3 10°cm3-mol~"-s™". It is expected that such a sensor based on the ACPN film

can be widely applied for AA detection.

Introduction

Ascorbic acid (vitamin C, AA) from fruits and vegetables
is an important antioxidant agent used in food, pharma-
ceutical, cosmetic, and health care fields (Rath and Pauling,
1990, 1991). The determination of AA concentration in
blood or food has become essential. To date, various AA
analytical methods such as enzymatic methods (Marche-
sini et al., 1974), HPLC analysis with fluorimetric (Kirk and
Sawyer, 1991) and UV-vis detection (Wagner et al., 1979;
Finley and Duang, 1981) have been developed and applied.
However, these methods are always time-consuming and
lack reproducibility, sensitivity and selectivity. Compared to
these traditional techniques, electrochemical methods are
considered to be simpler, more convenient and more reliable
for tracing target chemicals detecting, and to date, various
active mediators modified electrodes have also been devel-
oped for the detection of AA (Mazloum-Ardakani et al.,
2009; Motahary et al., 2010; Satheesh Babu et al., 2012; do
Carmo et al., 2012; Dalmasso et al., 2012).

Conducting polymers possess many interesting features
and can be applied in numerous electroanalytical sensors.
Electrodes modified with polyaniline (PANI) based con-
ducting polymers have been developed for detecting AA
(Kalakodimi and Nookala, 2002; Jureviciaté et al, 2005;
Kit-Anan et al., 2012; Lucero et al., 2012; Rivero et al., 2012;
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Wang et al., 2012a; Anu Prathap and Srivastava, 2013).
These previous studies indicate that two issues are of critical
importance for the efficient electrocatalytic oxidation of AA
on the PANI modified electrodes: one relates to the chemical
redox interaction between AA and PANI film; the other re-
lates to the charge propagation within the PANI film. Thus,
to improve electrocatalytic efficiency during the detecting,
a PANI layer with higher electric conductivity, better water
wettability, higher apparent diffusion coeflicient and super-
stability is desired.

There are four main types of isomers, ie., positional,
cis/trans, and rotational isomers, which can affect the elec-
trochemical properties of PANIL In our previous study
(Wang et al., 2013), an electrode modified with all cis-
PANI nanotube (ACPN) film was prepared using a facile
unipolar pulse electro-polymerization method (UPEP) for
supercapacitors and AA sensors. However, the fabrication
conditions for the ACPN film modified electrode were not
optimized and the electro-oxidation of AA on the electrode
was also unclear. In this study, the fabrication method for
an ACPN film modified electrode for AA detection was
optimized and the reaction kinetics of AA with an ACPN
film were investigated. Furthermore, the catalytic mecha-
nism on the electro-oxidation of AA was also analyzed and
discussed.

1. Experimental

The method to prepare an ACPN film modified electrode
was described in our previous study (Wang et al., 2013).
All electrochemical experiments for characterization of the
obtained electrode for AA detection were conducted with a
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VMP3 electrochemical workstation (Princeton Ltd.) using
a conventional three-electrode system. Before the measure-
ment, the prepared electrode was immersed in 0.5M H,SO,
with applied potentials from —0.2 to 0.55V at 0.1V-s~! for
150 cycles, followed by rinsing with deionized water, and
finally drying in a vacuum oven. The performance test for
the electro-oxidation of AA was then carried out using cy-
clic voltammetry between —0.2 and 0.7 V with a scan rate of
5mV-s~!. Amperometric responses of the electrode to vari-
ous concentrations of AA by successive injection of AA into
a three-electrode electrochemical cell (40mL) containing
electrolytes with stirring were measured. Before the succes-
sive addition of AA, the electrode was first polarized at the
operating potential until the background current became
stable. Each experiment was repeated at least three times,
and the results were found to be reproducible. The average
data were used for the analysis.

2. Results and Discussion

2.1 Electrocatalytic oxidation of ascorbic acid

Schematic representations for the fabrication of the
ACPN film modified electrode by the UPEP method (out-
side the solid panel) as well as electrocatalytic oxidation
mechanism for AA on the ACPN film (inside the solid
panel) are illustrated in Figure 1. The formation mechanism
of the ACPN film on electrode was analyzed and discussed
in our previous study (Wang et al., 2013). Here, the electro-
catalytic oxidation mechanism for AA on the ACPN film
is proposed. The oxidation of AA to dehydro-AA should
involve two electrons transferred, in which the electrooxida-
tion of AA occurs through the mediated electron transfer on
the ACPN film. The oxidized form of all cis-PANT (PANI,,)
is beneficial to oxidize AA with the change from PANI, to
the reduced form (PANI,4) simultaneously (inside the solid
panel).

To understand the promoting effect of the ACPN on the
electrocatalytic oxidation of AA, the oxidation degree of
ACPN as a function of the electrochemical potential (black
line) and the electrocatalytic oxidation current at different
potentials (blue line) for a 1 mM AA solution were obtained
as indicated in Figure 2. Herein, the data of oxidation de-
gree was obtained by analyzing the same N1s curve of X-ray
photoelectron spectroscopy (XPS) of the PANI at different
applied electrochemical potentials (Snauwaert et al., 1990).
Since nitrogen atoms in intercalary PANI chains are present
in two forms, imine (=N-) and benzenoid amine (-NH-),
the N 1s spectra are reasonably deconvoluted into two
Gaussian peaks at 399.8 and >400.0 eV, respectively. Thus,
it can be calculated using Eq. (1).

imine amount
X100%

oxidation degree = >
total amount of polyaniline

(1)

In the low potential region from —0.2 to +0.1V, the
oxidation degree is near zero, corresponding to the region
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Fig. 1 Schematic illustration of the polymerization process and the
rotating shows of the PANT (outside the solid panel) and elec-
trocatalytic oxidation mechanism in the ascorbic acid sensor
(inside the solid panel); UPEP: Unipolar pulse electro-polym-
erization method; PR: Polymerization Reaction
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Fig. 2 Oxidation degree as a function of the electrochemical potential
(black line) and electro-catalytic oxidation current at the dif-
ferent potential (blue line) with 1 mM of ascorbic acid

where PANI is in the leucoemeraldine form. Then, the
oxidation degree increased sharply and approached 44%
at 0.2V and remained at the value of near 50% up to 0.6V,
where PANI is changed to the emeraldine state (Huang et
al., 1986). Interestingly, AA cannot be oxidized on ACPN
film at potentials less than 0.2V, but the oxidation current
increases close to 73% of the maximal current rapidly at
0.3V, and remains at the sluggish augment to the maximal
current until the potential is increased up to 0.6 V. That is
why AA can be electrocatalytically oxidized by the emer-
aldine due to the highest imine (-N=) concentration cor-
responding to the electrocatalytic oxidation of ACPN. As we
know, the insertion of anions in the emeraldine state starts
at 0.2V, which serves to charge the electrical double layer
of the film and to neutralize any net charge on the polymer
chains which might arise from the protonation of the PANI
film in its oxidized form, was observed by using an electro-
chemical quartz crystal microbalance (EQCM) (Orata and
Buttry, 1987). With the increase in the potential from 0.3
to 0.6V, the oxidation degree remains unchanged because
the oxidized amount of the PANI film is almost equal to
the protonation of the PANI film. However, the oxidation
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current remained at the sluggish increases to the maximal
current with the increase of the overpotential. When the po-
tential increases from 0.6 to 0.8V, the imine concentration
begins to decrease because the imine is excessively proton-
ated to neutralize any net charge on the polymer chains, re-
sulting in the electro-catalytically oxidized current decreas-
ing. Thus, the imine concentration reaches the maximum at
the potential region from 0.25 to 0.3 V. In our previous study
(Wang et al., 2013), it was found that the peak potential for
electro-catalytic oxidation of AA at the low concentration
(less than 1 mM) is at about 0.28 V.

2.2 Optimization of PANI modified electrodes

To optimize the ACPN film modified electrodes, the fac-
tors influencing the film thickness and active molar ratio
in the UPEP of it were investigated in detail. In general,
the structure and amount of ACPN film deposited on the
electrode can be regulated by tuning the polymerization
potential, the pulse cycle and/or polymerization time (Liu
et al., 2009; Wang et al., 2012b). Especially, the potential and
time play main roles in the thickness of the polymer film. In
the present study, to decide the active molar ratio in the ob-
tained film, the following equation is applied.

m
Y,=—

o @
Here, Y, stands for the active molar ratio in the film, m, for
active moiety matter quantity in the film and m, for the total
molar quantity of the PANI. m, can be obtained by estimat-
ing the surface coverage of the electrode because the elec-
trochemical redox response of the PANI between the leuco-
emeraldine and the emeraldine states is a surface-confined
process like a diffusionless process. As such, the peak cur-
rent at various scan rates can be calculated by the following
equation (Sharp et al., 1979).

- n*F*AvG,

P 4RT 3)

Here, G, v, A and I, represent the surface coverage concen-
tration, the scan rate, the electrode area, and the peak cur-
rent, respectively. m, of the PANI deposited on the electrode
can be calculated according to the Faraday’s law as shown in
Eq. (4) assuming that the current efficiency is 100%.

Q="taF ()
Here, Q is the charge loading; m, the mass of the deposited
PANI; M the molar mass of aniline monomer; F the Faraday
constant; and z the exchanged number of electron (Tu et al.,
2011). Figure 3 shows the sensitivity (black line) and the
active molar ratio (blue line) of the PANI at the different
polymerization potentials from 0.85 to 1.05V (vs. SCE) with
the polymerization time of 30s. It is found that the sensi-
tivity of the AA detection strongly depends on the UPEP
potential. One can see that the sensitivity increases with the
increase in polymerization potential from 0.85 to 0.95V,
corresponding to the enhancements of the active molar ratio
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and the film thickness in the ACPN film modified electrode.

However, when the polymerization potential is higher
than 0.95V, the sensitivity and the active molar ratio gradu-
ally decrease with the increase in the thickness. It indicates
that the obstacle of electron-transfer increases and the for-
mation of a non-conductive layer arises from the PANI po-
lymerization with the increasing of the thickness (Zare and
Golabi, 1999; Liu et al., 2011). Here, the electron transfer
rate should be decreased and penetration of the counterion
(SO327), which is required in transition between leucoem-
eraldine and emeraldine for preserving charge neutrality,
becomes more and more difficult as the distance between
the PANT outer layer and the electrode surface increases. On
the other hand, a more non-conductive layer should be gen-
erated with the increase in the thickness. Thus, the electrode
modified by ACPN film with the polymerization potential of
0.95V exhibits the highest sensitivity to AA. Furthermore,
it should be noted that a film with a higher thickness could
result in larger noise, slower response and lower detection
limit of a sensor (Luo et al., 2005).

The effect of the polymerization time on the sensitiv-
ity (black line) and active molar ratio (blue line) is shown
in Figure 4. One can see that the optimum polymeriza-
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Fig. 3 Dependences of sensitivity (black line) and active molar ratio
(blue line) of active moiety matter quantity and gross molar
quantity of the PANI on the different polymerization poten-
tials from 0.85V to 1.05V (vs. SCE) with the polymerization
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Fig. 4 Dependences of sensitivity (black line) and active molar ratio

(blue line) of active moiety matter quantity and gross molar
quantity of the ACPN on the different polymerization time at

polymerization potential of 0.95V (vs. SCE)
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Fig. 5 Cyclic voltammetry responses of the ACPN film modified
electrode when successive addition of ascorbic acid to the
solution of 0.1 M H,SO, at a sweep rate of 5mV-s™'; inset: the
calibration curve of peak current to concentration of ascorbic
acid

tion time is around 40s. Based on the above results, in the
construction of the ACPN film modified electrode for AA
detection, the deposition time of 35-45s at 0.95V should be
selected to achieve the highest activity.

2.3 CVresponses to ascorbic acid

Figure 5 displays the cyclic voltammograms of the ACPN
film modified electrode by increasing AA concentration
during the test, in which the inset shows the plot of catalytic
peak current versus the concentration of AA. One can see
that the anodic peak current is increased linearly with the
concentration of AA in the range of 1X107°-1X107*M
and the detection limit is as low as 6.58X107’M on a
signal-to-noise ratio of 3 with a correlation coeflicient of
0.9988. When the AA concentration exceeds 1X1072M,
the response of the modified electrode decreases from the
expected value and deviates from the linearity; which may
be mainly attributed to the saturation of active sites on the
ACPN film modified electrode surface. Furthermore, a very
high sensitivity of 182mA-M™'-cm™? is demonstrated for
the ACPN film modified electrode, which is much higher
than those reported 166.5mA-M~!-cm™? (Wen et al., 2010)
in the literature. As indicated in our previous study (Wang et
al., 2013), such ultrahigh electrocatalytic activity, wide linear
range and high sensitivity should be attributed to the molec-
ular conformation of the helical tubular microstructure and
the intrinsic properties of ACPN such as low charge transfer
resistance, good water wettability, high apparent diffusion
coefficient and excellent biocompatibility.

2.4 Chronoamperometric responses to ascorbic acid
Figure 6 shows the current-time curves in the detection
of a blank sample (a) and 1-6mM AA (b-g) at 0.5V in the
0.1M H,SO, solution and the dependence of I, /I; on t/?
derived from the data of chronoamperograms of (a) and (b)
(inset). Here, the chronoamperometry is used for the calcu-
lation of the diffusion coeflicient of AA in the solution. For
an electroactive material with diffusion coeflicient D, the
current corresponding to the electrochemical reaction can
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Fig. 6 (A) Chronoamperograms when the ACPN film modified elec-
trode in the absence (a) and presence of 1 (b), 2 (c), 3 (d), 4
(e), 5 (), 6 (g) mM ascorbic acid in 0.1 M H,SO, solution at
0.5V (vs. SCE); inset: dependence of I,/I; on "> derived from
the data of chronoamperograms of (a) and (b); I, is the cur-
rent of the ACPN modified electrode in the presence of AA, I}
is the limiting current in the absence of AA

be described by Cottrell’s law (Bard and Faulkner, 2001).
i= nFAD1/2C07T71/2t71/2 (5)

Here, D and C, are the diffusion coefficient [cm?-s~!] and
bulk concentration [mol-cm™3] of AA, respectively. One
can see that the plot of I versus {2 at various AA con-
centrations is linear. From the slope of I versus ' plot,
the value of the diffusion coeficient (D) can be calcu-
lated. In this study, the average value of D is calculated to
be 1.1X10 °cm?-s~!, which is higher than those reported
in the literature [4.5-6.9X10 ®cm?-s™!] for the PANI-based
electrodes (Zhang and Dong, 2004; Zhang and Lian, 2007).

The chronoamperometry can also be used for the evalua-
tion of the catalytic rate constant (k) for the chemical reac-
tion between AA and the redox sites of surface confined
ACPN using the following equation (Galus, 1976).

Icat /IL — y1/2n,1/2 — 7_[1/2 (kcot)l/z (6)

Here, k, C,, and t are the «catalytic rate constant
[cm®*mol'-s7!], catalyst concentration (M) and time
elapsed (s), respectively. y is the argument of the error
function, which is almost equal to 1. Based on the slope
of the I, /I, versus t'? plot, k is obtained for given AA
concentrations (inset). The value of k is calculated to be
6.3X10°cm* mol~!-s”!, which is about 10 times high-
er than those reported PANI-based composite modified
electrodes used for the electrocatalytic oxidation of AA
(5.6-8.3X10°cm®>mol '-s7!) (Zhang and Dong, 2004;
Zhang and Lian, 2007). In a future work, the actual mea-
surements of concentrations of ascorbic acid in a simulated
or a real solution to test its reliability, robustness and lifes-
pan as a working sensor will be performed. Furthermore, to
gain more insight into this electrode on the transfer of elec-
trons and ions, some in-situ quantitative characterization
methods will be developed.
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Conclusions

In this study, the reaction kinetics of an ACPN film
modified electrode with excellent electrocatalytic activity
for fast ascorbic acid detecting are investigated in details.
The following results are obtained: (1) AA is found to be
electro-oxidized on the electrode even at the concentration
of AA less than 1 mM; (2) the electrooxidation of AA oc-
curs through the mediated electron transfer on the ACPN
film and the oxidized form of all cis-PANI (PANI,,) is
beneficial to oxidize AA; (3) the detection sensitivity can be
regulated by tuning the film thickness, and the deposition
time of 35-45s at 0.95V should be the optimum condition
to achieve the highest activity; (4) the catalytic rate constant
for the best electrode is 6.3X10°cm®-mol ~!-s™! based on the
kinetic study. It indicates that the prepared sensor could be
an alternative for application in AA detection.

Acknowledgements

This work was financially supported by the National Natural Science
Foundation of China (Grant No. 21306123, No.21576184), Program
for the Top Young Academic Leaders of Higher Learning Institutions
of Shanxi, the Foundation of the Taiyuan University of Technology for
Outstanding Young Teachers (2014YQ019), Natural Science Founda-
tion of Shanxi Province (No. 2013 021012-1) and JSPS KAKENHI
Grant Number 15K06532, Japan.

Literature Cited

Anu Prathap, M. U. and R. Srivastava; “Tailoring Properties of Poly-
aniline for Simultaneous Determination of a Quaternary Mixture
of Ascorbic Acid, Dopamine, Uric Acid, and Tryptophan,” Sens.
Actuators B Chem., 177, 239-250 (2013)

Bard, A. J. and L. R. Faulkner; Electrochemical Methods: Fundamentals
and Applications, Wiley, New York, U.S.A. (2001)

Dalmasso, P. R., M. L. Pedano and G. A. Rivas; “Electrochemical De-
termination of Ascorbic Acid and Paracetamol in Pharmaceuti-
cal Formulations Using Glassy Carbon Electrode Modified with
Multi-Wall Carbon Nanotubes Dispersed in Polyhistidine,” Sens.
Actuat. B, 173, 732-736 (2012)

do Carmo, D. R, L. L. Paim and N. R. Stradiotto; “Ferrocene Adsorbed
into the Porous Octakis (Hydridodimethylsiloxy) Silsesquioxane
after Thermolysis in Tetrahydrofuran Media: An Applied Surface
for Ascorbic Acid Determination,” Mater. Res. Bull., 47, 1028-1033
(2012)

Finley, J. W. and E. Duang; “Resolution of Ascorbic, Dehydroascorbic
and Diketogulonic Acids by Paire-Ion Reversed-Phase Chroma-
tography,” J. Chromatogr. A, 207, 449-453 (1981)

Galus, Z.; Fundamentals of Electrochemica Analysis, Ellis Harwood
Press, New York, U.S.A. (1976)

Huang, W. S., B. D. Humphrey and A. G. MacDiarmid; “Polyaniline,
a Novel Conducting Polymer. Morphology and Chemistry of Its
Oxidation and Reduction in Aqueous Electrolytes,” J. Chem. Soc.,
Faraday Trans., 82, 2385-2400 (1986)

Jureviciate, I., K. BrazdZiuviene, L. Bernotaité, B. Salkus and A. Ma-
linauskas; “Polyaniline-Modified Electrode as an Amperometric
Ascorbate Sensor,” Sens. Actuat. B, 107, 716-721 (2005)

Kalakodimi, R. P. and M. Nookala; “Electrooxidation of Ascorbic Acid
on a Polyaniline-Deposited Nickel Electrode: Surface Modification
of a Non-Platinum Metal for an Electrooxidative Analysis,” Anal.

Vol. 49 No. 10 2016

Chem., 74, 5531-5537 (2002)

Kirk, R. and R. Sawyer; Pearson’s Composition and Analysis of Food,
9th Ed., Long-man, Harlow, UK. (1991)

Kit-Anan, W,, A. Olarnwanich, C. Sriprachuabwong, C. Karuwan, A.
Tuantranont, A. Wisitsoraat, W. Srituravanich and A. Pimpin;
“Disposable Paper-Based Electrochemical Sensor Utilizing Inkjet-
Printed Polyaniline Modified Screen-Printed Carbon Electrode for
Ascorbic Acid Detection,” J. Electroanal. Chem., 685, 72-78 (2012)

Liu, Y,, Z. Y. Chu and W. Q. Jin; “A Sensitivity-Controlled Hydrogen
Peroxide Sensor Based on Self-Assembled Prussian Blue Modified
Electrode,” Electrochem. Commun., 11, 484-487 (2009)

Liu, M., Y. P. Wen, J. K. Xu, H. H. He, D. Li, R. R. Yue and G. D. Liu; “An
Amperometric Biosensor based on Ascorbate Oxidase Immobi-
lized in Poly(3,4-ethylenedioxythiophene)/Multi-Walled Carbon
Nanotubes Composite Films for the Determination of l-ascorbic
Acid?” Anal. Sci., 27, 477-482 (2011)

Lucero, M., M. Riquelm, G. Ramirez, M. C. Goya, A. G. Orive, A. H.
Creus, M. C. Arévalo and M. J. Aguirre; “A New Modified Elec-
trode with a Copolymer of Aniline/Fe(III)-Tetrakis (Para-Amino-
phenyl) Porphyrin: Test of Its Electrocatalytic Activity Toward the
Reduction of Molecular Oxygen and Oxidation of Ascorbic Acid
and Sulfite Ion,” Int. J. Electrochem. Sci., 7, 234-250 (2012)

Luo, X. L., J. J. Xu, J. L. Wang and H. Y. Chen; “Electrochemically De-
posited Nanocomposite of Chitosan and Carbon Nanotubes for
Biosensor Application,” Chem. Commun. (Camb.), 16, 2169-2171
(2005)

Marchesini, A., E Montuor, D. Muffato and D. Maestri; “Application
and Advantages of the Enzymatic Method for the Assay of Ascor-
bic and Dehydroascorbic Acid and Reductones: Determination in
Fresh and Canned Spinach,” J. Food Sci., 39, 568-571 (1974)

Mazloum-Ardakani, M., E Habibollahi, H. R. Zare, H. Naeimi and
M. Nejati; “Electrocatalytic Oxidation of Ascorbic Acid at a
2,2'-(1,8-Octanediylbisnitriloethylidine)-bis-hydroquinone Modi-
fied Carbon Paste Electrode,” J. Appl. Electrochem., 39, 1117-1124
(2009)

Motahary, M., S. M. Ghoreishi, M. Behpour and M. Golestaneh; “Elec-
trochemical Determination of Ascorbic Acid at the Surface of a
Graphite Electrode Modified with Multi-Walled Carbon: Nano-
tubes/Tetradecyltrimethylammonium Bromide,” J. Appl. Electro-
chem., 40, 841-847 (2010)

Orata, D. and D. A. Buttry; “Determination of Ion Populations and Sol-
vent Content as Functions of Redox State and pH in Polyaniline,” J.
Am. Chem. Soc., 109, 3574-3581 (1987)

Satheesh Babu, T. G., D. Varadarajan, G. Murugan, T. Ramachandran
and B. G. Nai; “Gold Nanoparticle-Polypyrrole Composite Modi-
fied TiO, Nanotube Array Electrode for the Amperometric Sens-
ing of Ascorbic Acid,” J. Appl. Electrochem., 42, 427-434 (2012)

Rath, M. and L. Pauling; “Immunological Evidence for the Accu-
mulation of Lipoprotein(a) in the Atherosclerotic Lesion of the
Hypoascorbemic Guinea Pig” Proc. Natl. Acad. Sci. US.A., 87,
9388-9390 (1990)

Rath, M. and L. Pauling; “Solution to the Puzzle of Human Cardiovas-
cular Disease: Its Primary Cause is Ascorbate Deficiency, Leading
to the Deposition of Lipoprotein(a) and Fibrinogen/Fibrin in the
Vascular Wall,” J. Orthomo., 6, 125-134 (1991)

Rivero, O., C. Sanchis, F. Huerta and E. Morallon; “On the Catalytic
Oxidation of Ascorbic Acid at Self-Doping Polyaniline Films,’
Phys. Chem. Chem. Phys., 14, 10271-10278 (2012)

Sharp, M., M. Petersson and K. Edstrom; “Preliminary Determinations
of Electron Transfer Kinetics Involving Ferrocene Covalently At-
tached to a Platinum Surface,” J. Electroanal. Chem., 95, 123-130
(1979)

941


http://dx.doi.org/10.1016/j.snb.2012.10.138
http://dx.doi.org/10.1016/j.snb.2012.10.138
http://dx.doi.org/10.1016/j.snb.2012.10.138
http://dx.doi.org/10.1016/j.snb.2012.10.138
http://dx.doi.org/10.1016/j.snb.2012.07.087
http://dx.doi.org/10.1016/j.snb.2012.07.087
http://dx.doi.org/10.1016/j.snb.2012.07.087
http://dx.doi.org/10.1016/j.snb.2012.07.087
http://dx.doi.org/10.1016/j.snb.2012.07.087
http://dx.doi.org/10.1016/j.materresbull.2011.12.052
http://dx.doi.org/10.1016/j.materresbull.2011.12.052
http://dx.doi.org/10.1016/j.materresbull.2011.12.052
http://dx.doi.org/10.1016/j.materresbull.2011.12.052
http://dx.doi.org/10.1016/j.materresbull.2011.12.052
http://dx.doi.org/10.1016/S0021-9673(00)88753-1
http://dx.doi.org/10.1016/S0021-9673(00)88753-1
http://dx.doi.org/10.1016/S0021-9673(00)88753-1
http://dx.doi.org/10.1039/f19868202385
http://dx.doi.org/10.1039/f19868202385
http://dx.doi.org/10.1039/f19868202385
http://dx.doi.org/10.1039/f19868202385
http://dx.doi.org/10.1016/j.snb.2004.11.075
http://dx.doi.org/10.1016/j.snb.2004.11.075
http://dx.doi.org/10.1016/j.snb.2004.11.075
http://dx.doi.org/10.1021/ac025938k
http://dx.doi.org/10.1021/ac025938k
http://dx.doi.org/10.1021/ac025938k
http://dx.doi.org/10.1021/ac025938k
http://dx.doi.org/10.1016/j.jelechem.2012.08.039
http://dx.doi.org/10.1016/j.jelechem.2012.08.039
http://dx.doi.org/10.1016/j.jelechem.2012.08.039
http://dx.doi.org/10.1016/j.jelechem.2012.08.039
http://dx.doi.org/10.1016/j.jelechem.2012.08.039
http://dx.doi.org/10.1016/j.elecom.2008.12.029
http://dx.doi.org/10.1016/j.elecom.2008.12.029
http://dx.doi.org/10.1016/j.elecom.2008.12.029
http://dx.doi.org/10.2116/analsci.27.477
http://dx.doi.org/10.2116/analsci.27.477
http://dx.doi.org/10.2116/analsci.27.477
http://dx.doi.org/10.2116/analsci.27.477
http://dx.doi.org/10.2116/analsci.27.477
http://dx.doi.org/10.1039/b419197h
http://dx.doi.org/10.1039/b419197h
http://dx.doi.org/10.1039/b419197h
http://dx.doi.org/10.1039/b419197h
http://dx.doi.org/10.1111/j.1365-2621.1974.tb02950.x
http://dx.doi.org/10.1111/j.1365-2621.1974.tb02950.x
http://dx.doi.org/10.1111/j.1365-2621.1974.tb02950.x
http://dx.doi.org/10.1111/j.1365-2621.1974.tb02950.x
http://dx.doi.org/10.1007/s10800-008-9769-y
http://dx.doi.org/10.1007/s10800-008-9769-y
http://dx.doi.org/10.1007/s10800-008-9769-y
http://dx.doi.org/10.1007/s10800-008-9769-y
http://dx.doi.org/10.1007/s10800-008-9769-y
http://dx.doi.org/10.1007/s10800-009-0067-0
http://dx.doi.org/10.1007/s10800-009-0067-0
http://dx.doi.org/10.1007/s10800-009-0067-0
http://dx.doi.org/10.1007/s10800-009-0067-0
http://dx.doi.org/10.1007/s10800-009-0067-0
http://dx.doi.org/10.1021/ja00246a013
http://dx.doi.org/10.1021/ja00246a013
http://dx.doi.org/10.1021/ja00246a013
http://dx.doi.org/10.1007/s10800-012-0416-2
http://dx.doi.org/10.1007/s10800-012-0416-2
http://dx.doi.org/10.1007/s10800-012-0416-2
http://dx.doi.org/10.1007/s10800-012-0416-2
http://dx.doi.org/10.1073/pnas.87.23.9388
http://dx.doi.org/10.1073/pnas.87.23.9388
http://dx.doi.org/10.1073/pnas.87.23.9388
http://dx.doi.org/10.1073/pnas.87.23.9388
http://dx.doi.org/10.1039/c2cp41097d
http://dx.doi.org/10.1039/c2cp41097d
http://dx.doi.org/10.1039/c2cp41097d
http://dx.doi.org/10.1016/S0022-0728(79)80227-2
http://dx.doi.org/10.1016/S0022-0728(79)80227-2
http://dx.doi.org/10.1016/S0022-0728(79)80227-2
http://dx.doi.org/10.1016/S0022-0728(79)80227-2

«

Snauwaert, P, R. Lazzaroni, J. Riga, J. . Verbist and D. Gonbeau; “A
Photoelectron Spectroscopic Study of the Electrochemical Pro-
cesses in Polyaniline,” J. Chem. Phys., 92, 2187-2194 (1990)

Tu, J. G., J. G. Hou, W. Wang, S. Q. Jiao and H. M. Zhu; “Preparation of
Porous Nanorod Polyaniline Film and Its High Electrochemical
Capacitance Performance,” Synth. Met., 161, 1255-1258 (2011)

Wagner, E. S, B. Lindley and R. D. Coffin; “High Performance Liquid
Chromatographic Determination of Ascorbic Acid in Urin: Effect
on Urinary Excretion Profiles after Oral and Intravenous Adminis-
tration of Vitamin C;” J. Chromatogr. B, 163, 225-229 (1979)

Wang, H., P. H. Yang, H. H. Cai and J. Y. Cai; “Constructions of Polyan-
iline Nanofiber-Based Electrochemical Sensor for Specific Detec-
tion of Nitrite and Sensitive Monitoring of Ascorbic Acid Scaveng-
ing Nitrite,” Synth. Met., 162, 326-331 (2012a)

Wang, Z. D., S. B. Sun, X. G. Hao, X. L. Ma, G. Q. Guan, Z. L. Zhang
and S. B. Liu; “A Facile Electrosynthesis Method for the Controlla-
ble Preparation of Electroactive Nickel Hexacyanoferrate/Polyani-
line Hybrid Films for H,O, Detection,” Sens. Actuators B Chem.,
171-172, 1073-1080 (2012b)

942

Wang, Z., Y. Wang, X. Hao, S. Liu, G. Guan and A. Abudul; “An All
cis-Polyaniline Nanotube Film: Facile Synthesis and Applications,”
Electrochim. Acta, 99, 38-45 (2013)

Wen, D,, S. . Guo, S. J. Dong and E. K. Wang; “Ultrathin Pd Nanowire
as a Highly Active Electrode Material for Sensitive and Selective
Detection of Ascorbic Acid,” Biosens. Bioelectron., 26, 1056-1061
(2010)

Zare, H. R. and S. M. Golabi; “Electrocatalytic Oxidation of Reduced
Nicotinamide Adenine Dinucleotide (NADH) at a Chlorogenic
acid Modified Glassy Carbon Electrode,” J. Electroanal. Chem.,
464, 14-23 (1999)

Zhang, L. and S. J. Dong; “The Electrocatalytic Oxidation of Ascorbic
Acid on Polyaniline Film Synthesized in the Presence of Camphor-
sulfonic Acid,” J. Electroanal. Chem., 568, 189-194 (2004)

Zhang, L. and J. Y. Lian; “Electrochemical Synthesis of Copolymer
of Aniline and o-Aminophenol and Its Use to the Electrocata-
lytic Oxidation of Ascorbic Acid,” J. Electroanal. Chem., 611, 51-59
(2007)

Journal of Chemical Engineering of Japan


http://dx.doi.org/10.1063/1.458010
http://dx.doi.org/10.1063/1.458010
http://dx.doi.org/10.1063/1.458010
http://dx.doi.org/10.1016/j.synthmet.2011.04.019
http://dx.doi.org/10.1016/j.synthmet.2011.04.019
http://dx.doi.org/10.1016/j.synthmet.2011.04.019
http://dx.doi.org/10.1016/S0378-4347(00)81469-3
http://dx.doi.org/10.1016/S0378-4347(00)81469-3
http://dx.doi.org/10.1016/S0378-4347(00)81469-3
http://dx.doi.org/10.1016/S0378-4347(00)81469-3
http://dx.doi.org/10.1016/j.synthmet.2011.12.013
http://dx.doi.org/10.1016/j.synthmet.2011.12.013
http://dx.doi.org/10.1016/j.synthmet.2011.12.013
http://dx.doi.org/10.1016/j.synthmet.2011.12.013
http://dx.doi.org/10.1016/j.snb.2012.06.036
http://dx.doi.org/10.1016/j.snb.2012.06.036
http://dx.doi.org/10.1016/j.snb.2012.06.036
http://dx.doi.org/10.1016/j.snb.2012.06.036
http://dx.doi.org/10.1016/j.snb.2012.06.036
http://dx.doi.org/10.1016/j.electacta.2013.03.084
http://dx.doi.org/10.1016/j.electacta.2013.03.084
http://dx.doi.org/10.1016/j.electacta.2013.03.084
http://dx.doi.org/10.1016/j.bios.2010.08.054
http://dx.doi.org/10.1016/j.bios.2010.08.054
http://dx.doi.org/10.1016/j.bios.2010.08.054
http://dx.doi.org/10.1016/j.bios.2010.08.054
http://dx.doi.org/10.1016/S0022-0728(98)00459-8
http://dx.doi.org/10.1016/S0022-0728(98)00459-8
http://dx.doi.org/10.1016/S0022-0728(98)00459-8
http://dx.doi.org/10.1016/S0022-0728(98)00459-8
http://dx.doi.org/10.1016/j.jelechem.2004.01.022
http://dx.doi.org/10.1016/j.jelechem.2004.01.022
http://dx.doi.org/10.1016/j.jelechem.2004.01.022
http://dx.doi.org/10.1016/j.jelechem.2007.08.002
http://dx.doi.org/10.1016/j.jelechem.2007.08.002
http://dx.doi.org/10.1016/j.jelechem.2007.08.002
http://dx.doi.org/10.1016/j.jelechem.2007.08.002

