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Metal-dispersed polyaniline electrodes for the anodes of the direct ethanol fuel cell
J. Yano*l, Y. Takatsuka*2, Y. Harima*2 and A. Kitani*2

w1 BRI T2 P P AERRL, %2 JRES R L0

Elecrochemical Society Transactions, Vol. 33(39), pp. 71-77 (2011).

To develop better and less expensive electrocatalysts for the oxidation of ethanol in direct
ethanol fuel cells, several combinations of a conductive polymer polyaniline, dispersed Pt
particles and pre—dispersed metal particles, such as Sn and Fe, were examined. The
electrocatalytic activity of the Pt particles was remarkably enhanced when the particles were
dispersed on PANI films.  The activity strongly depended on the morphology and the electrical
conductivity of the five PANI films with different dopant anions: SO,*, NO, and Cl. The highest
activity wasachieved for the S0, —doped PANI film. To reduce the dispersed amount of the expensive
Pt particles, inexpensive base metal particles were pre—dispersed on the PANI film, and the Pt
particles were then dispersed on the film. The highest activity was obtained with Sn particles
This meant that utilizing dispersed Sn particles could reduce the dispersed amount of the Pt
particles needed
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Electrochemical reduction of graphene oxide in organic solvents

Y. Harima*l, S. Setodoix*1, I. Imaex1, K. Komaguchi*l, Y. Ooyama*l, J. Ohshitaxl, H. Mizota*l and
J. Yano*2
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Electrochimica Acta, Vol. 56(15), pp. 5363-5368 (2011)

Graphene oxide (GO) cast on conductive substrates was electrochemically reduced in some organic
solvents. The amount of electricity required for the almost complete reduction of GO was 2.0 C
for 1mg GO, corresponding to attaching of a one—electron reducible species to each benzene ring
in graphene. The electrochemically reduced GO film gave an electrical conductivity of about 3
S em! and exhibited a relatively high specific capacitance of 147.2 F/g in propylene carbonate.
The electrochemical reduction of GO was feasible on Al foils as well.
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Sn and Pt dispersed polyaniline electrodes for the negative electrodes of the direct ethanol
fuel cell

J. Yano*l, Y. Takatsuka*2, Y. Harima*2 and A. Kitani*2
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Elecrochemistry, Vol. 79(5), pp. 424-427 (2011).

To develop better and less expensive electrocatalysts for the oxidation of ethanol in direct
ethanol fuel cells, several combinations of a conductive polymer polyaniline (PANI), dispersed Pt
particles and pre—dispersed metal particles, such as Sn and Fe, were examined. The anodic current
for the ethanol oxidation (i) that provides the electrocatalytic activity of the Pt particles
was remarkably enhanced when the particles were dispersed on PANI films. The activity strongly
depended on the morphology and the electrical conductivity of the five PANI films with different
dopant anions: SO, NO,  and C1".  The highest activity was achieved for the SO, —doped PANI film.
To reduce the dispersed amount of the expensive Pt particles, inexpensive base metal particles were
pre—dispersed on the PANI film, and the Pt particles were then dispersed on the film. Among the
investigated pre—dispersed metal particles (Sn, Cu, Zn and Fe), the highest activity was obtained
with Sn particles for the ethanol oxidation. When the ratio of the dispersed Pt to Sn particles
ranged from 10: 90 to 100:0, 7y Was higher than that measured with the dispersed Pt particle PANI
films without the Sn particles. This meant that utilizing dispersed Sn particles could reduce
the dispersed amount of the Pt particles needed.
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Electrochemical Response to Dissolved Hydroquinone on Insulating Polyaniline-modified
Electrode in Less Acidic Solution and Enhancement of the Conductivity of Polyaniline
J. Yano*
TR L e A R P R
Journal of New Materials for Electrochemical Systems, in press (2012).

A conductive polymer, polyaniline (PANI), was easily prepared on an electrode surface as a stable
film by the electropolymerization of aniline in acidic solution. In McIlvain’s buffer solution

_74_



with a pH that exceeded 4, no redox current by the dissolved species was observed on the PANI-modified
electrode because PANI acted as an electric insulator. However, in a less acidic solution, the
redox current of the dissolved hydroquinone was evident because hydroquinone selectively permeates
through the PANI film to reach the electrode substrate. The results of steady-state
current—potential curves for the oxidation of hydroquinone using a PANI pellet electrode revealed
that hydroquinone was concentrated in the PANI during the electro—oxidation. Furthermore, the
concentration of hydroquinone increased the electric conductivity of the PANI from 6.50X 107 S/cm
to 2.73X102 S/cm.
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Rational solutions of the Noumi and Yamada system of type A4(1)
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Interesting electronic interaction between polyaniline and chloranil

J. Yano*l, K. Okamoto*2, K. Komaguchi*2, Y. Harima*2 and A. Kitani*2
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Extended Abstracts of the 220th The Electrochemical Society Meeting and Electrochemical Energy
Summit, Abstract No.2456 (2011).

Reduced polyaniline (PANI) showed a Nernstian response to dissolved chloranil (CHR), linear
electrode potential-1og[CHR] relationship.  The anodic peak potential (£,) of PANT in the cyclic
voltammogram was directly proportional to log[CHR], 7. e linear £,~log[CHR] relationship.  These
linear relationships and the fact that the new absorption shoulder was evident at around 450 nm
in the UV-visible absorption spectra implied that PANI incorporated with CHR. The measurements
of the electron spin resonance (ESR) spectra and the magnetic susceptibility (x,) of the PANI
incorporating CHR revealed that the incorporation magnetized PANI. No magnetic hysteresis loop
was observed for the PANI, and it showed no ferromagnetic property. However, it had an unusual
paramagnetic property because x, was not inversely proportional to temperature. In addition,
from the ESR spectra, the polaron species (cation radicals) of PANI are delocalized along the entire

polymeric backbones.
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Electrochemical response of polyaniline film to several quinines and incorporation of the

quinones into the polyaniline film

J. Yano*
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International Thin Films Conference (TACT), Abstract (electronic version), F20110516004 (2011).
A conductive polymer polyaniline (PANI) was easily prepared on the electrode surface as a stable

film by electropolymerization of aniline in acidic solution. In McIlvain’s buffer solution whose

pH exceeded 4, no redox current of dissolved species was observed on the PANI-modified electrode

because PANI acted as an electric insulator. Even in the less acidic solution, the redox current
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of dissolved hydroquinone was evident. On the other hand, in the potential region greater than
0.7 V vs. Ag/AgCl, PANI acts as an electric insulator. Even in the electroinactive potential
region, the redox current of the dissolved p-dimethoxybenzene was evident. These two
electrochemical responses of PANI filmmodified electrode are caused by a process that hydroquinone
and p—dimethoxybenzene selectively permeates through the PANI film to reach the electrode substrate.
The analyses of the rotating disk electrode (RDE) voltammograms using a PANI-modified RDE and
steady—state current—-potential curves using a PANI pellet electrode revealed that hydroquinone
and p-dimethoxybenzene were concentrated in the PANI during the electro—oxidation. Furthermore,
the concentration of hydroquinone and p-dimethoxybenzene increased the electric conductivity of
PANI from 6.50 X 107 to 2.73 X 10°® S/cm for hydroquinone and from 0.64 to 1.92 S/cm for
p-dimethoxybenzene.
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