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Polyaniline Film as a Metal Free Electrocatalyst for the Anode Reaction of the
Direct Ascorbic Acid Fuel Cells
Jun Yano™, Hisashi Hirayama® and A. Kitani*
S T S P SRR IR Rk T
Journal of New Materials for Electrochemical Systems, 13(2). 95-98(2010)

A polyaniline film was prepared on the electrode surface to use it as an electrocatalyst for the
anodic reaction of direct ascorbic acid fuel cells. The activity was evaluated for 1) the effect
of the type of dopant anion, 2) the durability of the catalytic action, and 3) the effect of the
metal dispersion. The highest electrocatalytic activity was obtained by the SO,2 ~doped PANI f1iIm.
The PANI film improved the durability of the catalytic action. The metal dispersion deactivated
rather than activated the modified PANI film electrode. The modified PANI film electrode was

regarded as a promising anode containing no harmful heavy metals and precious Pt.

X% M
Poly(2,5-dimethoxyaniline) film coating for corrosion protection of iron
Jun Yano®, Akihiko Muta®, Yutaka Harima® and A. Kitani™
S T S PR SRR IRk T
Journal of Solid State Electrochemistry, in press 15(2), 601-605(2010)
A poly (2, 5-dimethoxyaniline) (PDMA) film was coated on the iron surface by the
electropolymerization of 2, 5-dimethoxyaniline in neutral buffer solution (pH 6.86).  The PDMA
film strongly adhered to the surface because of the polar methoxy groups of the PDMA molecules.

The fact that no electrochemical response of the PDMA film—coated iron electrode to dissolved Fe*
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exhibited that the PDMA film was less permeable to dissolved species, acting as a diffusion barrier
against agents causing corrosion such as H,0 and 0,. The PDMA film coating greatly lowered the
anodic current peak ascribed to the anodic dissolution of iron and the corrosion current in strongly
acidic medium, 0.5 M H,SO, aqueous solution (I M =1 mol dm™®) as well as neutral medium (pH 6. 86).
The high anti—corrosion ability was due to a hybrid effect of the PDMA film not only as the diffusion
barrier, but also as an 7in—situoxidant in spite of the slight redox activity of PDMA. In addition,

the PDMA film is much more durable and adhesive than polyaniline film against over—oxidation.

X% ©&
Monodisperse and isolated microspheres of poly(M-methylaniline) prepared
by dispersion polymerization
Yutaka Harima”, Kei Sanada®, Rahul Patil*, Yousuke Ooyama®, Haruo Mizota®™, Jun Yano™
AR, 2 2 i S S e R
European Polymer Journal, 46, 1480-1487 (2010)
Monodisperse and isolated microspheres of poly (N-methylaniline) were successfully prepared
through chemical polymerization of Mmethylaniline by S,04 in adipic acid containing
poly (vinylpyrrolidone) (PVP).  Mean diameters of the microspheres with smooth surfaces changed
from 320 to 100 nm by increasing the reaction temperature from 25 to 75°C. The concentration
of PVP did not affect much the size of microspheres, but the increased PVP concentration led to

longer induction times for the onset of dispersion polymerization.
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Electrochemical and UV-visible Spectroscopic Study on Direct Oxidation of
Ascorbic Acid on Polyaniline for Fuel Cells
J. Yano*, H. Hirayama® and A. Kitani*
IR e A NS S g 6 S NN DN S I
J. Electrochemical. Soc., 157(4), B506-B511 (2010)

A poly (2, 5—dimethoxyaniline) (PDMA) film was coated on the iron surface by the
electropolymerization of 2, 5-dimethoxyaniline. The PDMA film strongly adhered to the surface
because of the polar methoxy groups of the PDMA molecules. The fact that no electrochemical
response of the PDMA film—coated iron electrode to dissolved Fe(CN)* exhibited that the PDMA film
was less permeable to dissolved species, acting as a diffusion barrier against agents causing
corrosion such as H,0 and 0,. The PDMA film coating greatly lowered the anodic current peak
ascribed to the anodic dissolution of iron and the corrosion current. The high anti—-corrosion
ability was due to a hybrid effect of the PDMA film not only as the diffusion barrier, but also

as an In-situ oxidant in spite of the slight redox activity of PDMA.
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EEECE . 33, 517-522 (2010).
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Poly(2,5-dimethoxyaniline) Film for Corrosion Protection of Iron
J. Yano®, H. Hirayama* and A. Kitani*
B TR A S 2 e 6L S TN PN S I
Elecrochemical Society Transactions, 25(29), 105-111 (2010).

A poly (2, 5-dimethoxyaniline) (PDMA) film was prepared on an iron surface by electrodeposition.
The PDMA film was strongly adsorbed on the surface probably due to the polar methoxy groups of
the PDMA molecules. The fact that no electrochemical response of the PDMA film-coated electrode
to dissolved Fe(CN)* suggested that the PDMA film was less permeable to dissolved species, thus
acting as a diffusion barrier against agents causing corrosion such as H,0 and 0,. The PDMA film
coating significantly lowered the anodic current peak ascribed to the anodic dissolution of iron
and the corrosion current. The high anti—corrosion ability was due to the effect of the PDMA

film as an in—situ oxidant and diffusion barrier.
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Electrochemical preparation of polyaniline microspheres incorporated with DNA
J. Yano®, T. Kohno™ and A. Kitani*
U T S S AR, IR R L
Journal of Applied Electrochemistry, 39(5), 747-750 (2009).

Polyaniline (PANI) microspheres were first prepared by electrochemical polymerization. To
obtain PANI having novel micro— and nanostructures, by the potential scan technique, aniline was
electropolymerized in the presence of DNA using four polymerizing solutions containing different
acids: H,S0,, CgH;SO;H, HC10, and CF;COOH. The growth rate of the PANI film on the electrode surface
decreased by the presence of DNA, suggesting that DNA interacted with the growing PANI molecules
during the electropolymerization. The growth rate also depended on the type of acid, 7.e., anion,
in the polymerizing solution and was in the order of S0 > CgH.S0,” > C10, > CF,C007, which
significantly coincided with the reversed order of the Hofmeister series representing the
lyophilicity of the anion. When aniline was electropolymerized in the CF;COOH polymerizing
solution containing DNA, PANI microspheres were first obtained without any templates. This PANI
showed a sufficient redox activity in the less acidic solution in which ordinary PANI has a slight
redox activity. On the other hand, the electronic state of the PANI differed from the ordinary
ones; a new absorption band was evident at 620 nm. The difference in the redox activity and
electronic state suggested that DNA molecules were incorporated in the PANI, and electronically

interacted with the PANI molecules.
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Polyaniline-DNA microsphere formation by simple electropolymerization
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J. Yano®™, T. Kohno* and A. Kitani*
ORI A S P RO RS R LR
Journal of Solid State Electrochemistry, 13, 1441-1447 (2009).

Polyaniline (PANI) microspheres were prepared by electrochemical polymerization. To obtain PANT
having novel micro— and nanostructures, by the potential scan technique, aniline was
electropolymerized in the presence of DNA using four polymerizing solutions containing different
acids: H,S0,, CgH;SO;H, HC10, and CF;COOH. The growth rate of the PANI film on the electrode surface
decreased by the presence of DNA, suggesting that DNA interacted with the growing PANI molecules
during the electropolymerization. The growth rate also depended on the type of acid, I.e, the
anion, in the polymerizing solution and was in the order of S0, > C4H:S0,” > C10,” > CF,C00", which
significantly coincided with the reverse order of the Hofmeister series representing the
lyophilicity of the anion. When aniline was electropolymerized in the CF;COOH polymerizing
solution containing DNA, PANI microspheres were obtained without any templates. This PANI showed
a sufficient redox activity in the less acidic solution in which the ordinary PANI has a slight
redox activity. On the other hand, the electronic state of the PANI differed from the ordinary
ones; a new absorption band was evident at 620 nm. The difference in the redox activity and
electronic state suggested that the DNA molecules were incorporated in the PANI, and electronically

interacted with the PANI molecules.
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Electrocatalytic Activity of Metal-Polyaniline Film Electrodes for Direct
Methanol Fuel Cell
J. Yano*, T. Shiraga™ and A. Kitani*
RSV e T L o o s NN N e
Journal of New Materials for Electrochemical Systems, 11(4), 235-241 (2009).
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In order to develop better and cheaper electrocatalysts for the oxidation of methanol and the
reduction of dissolved oxygen in direct methanol fuel cells (DMFCs), several combinations of a
conductive polymer polyaniline (PANI), dispersed Pt particles and pre-dispersed metal particles
such as Sn and Fe were examined. Both the cathodic current for the oxygen reduction (i,,) and
the anodic current for the methanol oxidation (iy) showing the electrocatalytic activity of the
Pt particles were remarkably enhanced when the particles were dispersed on PANI films. The
activity strongly depended on the morphology and the electric conductivity of the five PANI films
with different dopant anions: SO, NO,, C10,, BF, and Cl. The highest activity was achieved
for the SO, ~doped PANI film. When the dispersed Pt particle SO,>—~doped PANI film was employed,
the i, value was almost twice and the i, value became 6. 16 times as large as that observed using
a dispersed Pt particle carbon electrode without the PANI film. The much higher electrocatalytic
activity for the methanol oxidation was probably due to not only the greater surface areas of the
PANI film for the dispersed particles, but also the adsorption of the intermediate species such
as CO onto the PANI molecules

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 dispersed on the film. Among the
pre—dispersed metal particles attempted here (Sn, Cu, Cr, Ni, In, Co, Sb, Bi, Pb, Mn and Fe), the
highest activity was obtained with Sn particles for the methanol oxidation and with Fe particles
for the oxygen reduction. When the ratio of dispersed Pt to Sn particles ranges from 32: 68 to
100:0, iy is 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. On the other hand, in the oxygen reduction, it was practically significant

that 83% of the Pt particles could be replaced by the inexpensive Fe particles.

xHF &
Polyaniline Film as a Metal Free Electrocatalyst for the Anode Reaction of the
Direct Ascorbic Acid Fuel Cells
J. Yano®™, H. Hirayama® and A. Kitani*
U IR T S P RO IR S R LA
FElecrochemical Society Transactions, 16(50), 45-52 (2009).

A conductive polymer, polyaniline (PANI), was electrodeposited on a glassy carbon electrode.
Using this PANI-modified electrode, L-ascorbic acid was electro—oxidized, and the electrocatalytic
activity of PANI was evaluated for 1) the effect of preparation conditions of PANI, 2) the durability
of catalytic action and 3) the effect of metal deposition. The highest electrocatalytic activity
was obtained with SO,>—doped PANI. The durability of the catalytic action was significantly
improved by the PANI modification. The metal deposition deactivated rather than activated the
PANI-modified electrode. The PANI-modified electrode was regarded as a promising anode for the
direct ascorbic acid fuel cell because it was known to be a highly active toward the
electro—oxidation of L-ascorbic acid for a long time and was entirely free from harmful heavy metals

and expensive Pt.
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Ab-initio study for magnetism in Ni,MnAl full Heusler alloy: A cluster

expansion approach for total energy

T. Hoshino*, N. Fujima®, M. Asato®

U ERR R FANERF P EAT B, 2 BRI RS L0, 7 ek T3 v S5 P AR
Journal of Alloys and Compounds , in Press 504, S534-S537(2010).

We show the accuracy and convergence of our ab—initio real-space cluster expansion (CE) approach
for total energies of alloys, which is useful for the study of atomic structures and magnetism of
A-rich AXY full-Heusler alloys such as Ni,MnAl. In the present CE, each and every term is uniquely
determined by the combination of total energies of X and Y impurities in A metal with a total energy
of A metal (per atom), all of which are accurately calculated by the full-potential KKR program
combined with the generalized gradient approximation in the density functional formalism. We show
that the magnetic energy of Ni,MnAl are reproduced very well by the present CE, from a dilute limit,

including up to the 4-body interaction energies of Mn and Al impurities in Ni—bcc metal.

TH it
Ab-initio Calculations for Defect Energies in Co,MnSi and Co,CrAl
T. Hoshino®, N. Fujima®, M. Asato®, H.Tatsuoka™
U ERR R FRNERF P EAT TP, 2 R R L0, 7 ek L v S5 P PR
Journal of Alloys and Compounds , 504, S531-S533(2010).

The ab—initio band calculations predict that the full-Heusler ferromagnetic alloys at L2,
structure, such as CoMnSi and Co,CrAl, are half-metallic. However, the measured spin polarizations
have been usually less than ~60%. The decrease may be attributed to defects of swaps and antisites.
We give ab—initio calculations for the formation energies of isolated swaps in Co,MnSi and Co,CrAl
and isolated antisites in CoMnSi, which may be the important factor to determine the defect
concentrations. The present calculations predict that two kinds of antisites (Si in Mn-site and
Mn in Co-site) in CoMnSi and one kind of swap (Cr-Al) in Co,CrAl, are very likely to be formed
because of the small defect energies. Using the calculated results, we clarify the fundamental
features of CoMnSi and Co,CrAl with defects and discuss how to understand the discrepancies between

the band calculation and experimental results
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Poly(2,5-dimethoxyaniline) film for Corrosion Protection of Iron
J. Yano®, H. Hirayama®, Y. Harima® and A. Kitani*
IR e A NS g6 S NN DN S I
Extended Abstracts of the 216th Meeting of The Electrochemical Society, Abstract No. 1079 (2009).
To examine how the PDMA film coating suppresses corrosion, linear sweep voltammograms were measured
with the PDMA film—coated iron electrode in air—saturated neutral aqueous solution. The anodic
current  peak at around —0. 45V is ascribed to the anodic dissolu—tion of iron. As expected, the
PDMA film coating sup—presses the current peak effectively.

In order to determine the kinetic parameters, the corro-sion current (i,,) and potential (£,.),

the steady—state polarization curves were measured for the PDMA film coating in acidic aqueous

solutions. The oxidation and reduction branches of the curves are well defined. The extrapolation
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and £

corr*

of the Tafel regions of the cathodic and anodic polarization curves is used to obtain 7.,
It yields a smaller 7.,, reflecting the anti—corrosion ability.

The PDMA film strongly adsorbs on the iron surface. It plays two roles: the in—situ oxidant
and diffusion barrier. The film probably has less permeability to dissolved species, acting as
the diffusion barrier. The barrier physically impedes the agents causing corrosion such as H,0,
0, and salts.

These results revealed that the PDMA film coating is quite promising for the anti—corrosion of

iron. This coating must also be available anti—corrosion of other materials such as steels
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