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Dispersed platinum and tin polyaniline film electrodes for the anodes of the direct methanol
fuel cell

J. Yano*l, T. Shiraga*2 and A. Kitani%*2
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Journal of Solid State Electrochemistry, Vol.12(9), pp. 1179-1182 (2008)

To develop better and cheaper electrocatalysts for the oxidation of methanol in direct methanol
fuel cells (DMFCs), several combinations of a conductive polymer polyaniline (PANI) and dispersed
metal particles such as Pt and Sn were examined. The anodic current for the methanol oxidation
(i) showing the electrocatalytic activity of Pt particles was remarkably enhanced when the
particles were dispersed on PANI films that should provide higher surface areas for the dispersed
particles. The activity strongly depended on the morphology and the electric conductivity of
the PANI films electropolymerized in five different acid solutions: H,SO,, HNO,, HC10,, HBF, and
HCI. The highest activity was achieved using the dispersed Pt particle PANI film
electropolymerized from H,SO, polymerizing solution. In order to reduce the dispersed amount of
the expensive Pt particles, other metal particles were pre—dispersed on the PANI film prepared
from the H,SO, polymerizing solution, and then Pt particles were dispersed on the film. Among
the pre—dispersed metal particles attempted here (Sn, Cu, Cr, Ni, In, Co, Sb, Bi, Pb and Mn), the
highest activity was obtained with Sn particles. 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 means that the dispersed amount of the Pt particles could
be reduced by utilizing dispersed Sn particles.
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Pulse-mode electrochemical reduction of carbon dioxide using copper and copper oxide
electrodes for selective ethylene formation

J. Yano*1, S. Yamasaki*2
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Journal of Applied Electrochemistry, 38(12), 1721-1726 (2008).

Although the electrochemical reduction of CO, at a copper electrode produces hydrocarbons, the
activity for the conversion of CO, is significantly reduced after several tens of minutes by the
deposition of poisoning species on the electrode. In order to solve the poisoning species problem,
the electrochemical reduction of CO, was carried out using a copper electrode in the pulse
electrolysis mode by anodic as well as cathodic polarizations. The anodic polarization intervals
suppressed the deposition of the poisoning species on the electrode, and the amount of two
hydrocarbons, CH, and CJHs; only slightly decreased even after one hour. By choosing the



appropriate anodic potential and time duration, the selectivity for the CH; formation was
significantly enhanced. The enhancement was found to be due to the copper oxide formed on the copper
electrode. The selectivity was further improved when the electrochemical reduction was done using
a copper oxide electrode. The highest efficiency of about 28% was obtained at —3. 15 V.
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Electrochemical preparation of polyaniline microspheres incorporated with DNA
J. Yano*l, T. Kohno*2 and A. Kitani*2
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Journal of Applied Electrochemistry, on—line version, DOI: 10.1007/s10800—-008-9701-5 (2008).
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,, CHsSOH, 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, > Cd: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
J. Yano*l, T. Kohno*2 and A. Kitani%*2
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Journal of Solid State Electrochemistry, on—line version, DOI: 10. 1007/s10008-008-0716-y (2008).
Polyaniline (PANI) microspheres were 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,, CHsSOH, 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, 7i.e., the
anion, in the polymerizing solution and was in the order of S0,2 > CJ.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 Methano! Fuel Cel |
J. Yano*l, T. Shiraga*2 and A. Kitani*2
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Journal of New Materials for Electrochemical Systems, in press (2009).

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 (i) 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,, Cl0,, BF, and C1.  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, i, 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.
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Polyaniline Film as a Metal Free Electrocatalyst for the Anode Reaction of the Direct Ascorbic
Acid Fuel Cells

J. Yano*l, H. Hirayama*2 and A. Kitani*2
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Elecrochemical Society Transactions, in press (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 actionand3) the effect of metal deposition. The highest electrocatalytic activity
was obtained with S0,2~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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Ful |-Potential Screened KKR Calculations for Magnetism of CoMnSi, Ni,MnAl and RuMnSi, based
on the Generalized Gradient Approximation
M. Asato™, M. Okubo*®, T. Hoshino®, F.Nakamura™, N. Fujima®, and H. Tatsuoka™
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Materials Transactions, Vol.49, No.8, pp.1760-1767 (2008).

We present systematic ab—initio calculations for nonmagnetic (\M), ferromagnetic (FM), and
antiferromagnetic (AFM) states of full-Heusler alloys (X,YZ) such as CoMnSi (X=Co, Y=Mn, Z=Si),
NiMnAl (X=Ni, Y=Mn, Z=Al), and RuMnSi (X=Ru, Y=Mn, 7Z=Si). The calculations are based on the
all-electron full-potential (FP) screened Korringa—Kohn—Rostoker (KKR) Green’ s—function method
combined with the generalized—gradient approximation in the density—functional formalism. We show
that the present calculations reproduce very well the experimental ground states of these alloys
(FM of CoMnSi and Ni,MnAl, AFM of RuMnSi) and the available measured values for lattice parameters
and magnetic moments. It is also shown that the fundamental features of the magnetism of CoMnSi
(strong FM) and NiMnAl (weak FM) are understood by using the Mn spin—flip energies and the Mn-Mn
exchange interaction energies in X (=Co, Ni), both of which are obtained by the present FP-KKR



calculations for the impurity systems. We can show that the magnetism of NiMnAl may be changed
from FM to AFM by atomic disorder (B2-structure) occurring at elevated temperatures.
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Preparation of conductive polymer microballs
J. Yanox1
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Medical Engineering, Vol. 1, pp. 147-159 (2008).



Two kinds of conductive polymer microballs, CF,C00— or C10, ~doped polyaniline (PANI) incorporated
with DNA and C10,- or BF, —doped poly(Mmethylaniline) (PNMA), were successfully obtained. 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,, CHsSO;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. When aniline was electropolymerized in the CF,COOH polymerizing
solution containing DNA, PANI microballs 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. When aniline was electropolymrerized by the constant—potential technique instead
of the potential scan technique, the PANI microballs were also formed. Unfortunately, however,
most microballs were destroyed or transformed, which was probably due to over—oxidation.

To obtain more stable conductive polymer microballs than the PANI microballs, M methylaniline
was electropolymerized by the potential scan technique because of PNMA” s higher durability against
the over—oxidation. The PNMA microballs were successfully prepared from HC10, aqueous solution
containing only Mmethylaniline. The average diameter of the microballs could be controlled by
changing several experimental parameters including scan rate, monomer concentration and cycle
number. Among different acids employed for polymerization process, only HC10, and HBF, showed
ability of microballs formation. In addition, the microballs were obtainable without the
destruction and transformation by the over—-oxidation. For more practical microballs preparation,
the PNMA microballs were also synthesized through chemical polymerization wusing only
MNmethylaniline as monomer, acid and oxidant without any templates. The microballs were obtained
only from polymerizing solutions containing high lyophilic anions such as C10,, BF, and adipate
ion. Several oxidants were employed and it was found that (NH,),S,05 was the most appropriate oxidant
for the microballs formation. The average diameter of the microballs with a smooth surface was
0. 38 um when 25 mM Mmethylaniline was oxidized with 25 mM (NH,),S,05 in 25 mM adipic acid solution.
Although the average diameter was barely influenced by the acid concentration of the polymerizing
solution, it could be controlled by three parameters: monomer concentration, reaction time and
temperature. The diameter varied from 0.51 to 1.0 um by changing the monomer concentration, from
0.27 to 0.54 um by the reaction temperature and from 0. 16 to 0.38 um by the reaction time. It
was found further that the acid concentration is critical for the formation of the microballs with
smooth surfaces. The smooth surfaces were observed only when the acid concentration was less than

50 mM.
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Electrochemical preparation of polyaniline microballs incorporated with DNA

J. Yano*l, T. Kohno*2, Y. Harima*2, A. Kitani*2
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Book of Abstracts of 59th Annual Meeting of the International Society of Electrochemistry (CD
version), S05-P-002 (2008).

Polyaniline (PANI) microballs were first prepared by electrochemical polymerization (Fig. 1).
To obtain PANI having novel micro— and nanostructures, with the potential scan mode, aniline was
electropolymerized in the presence of DNA using four polymerizing solutions with different acids:
H,S0,, CeHsSO;H, HC10, and CF,COOH.  The growth rate of the PANI film on the electrode surface was
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 it was in the order of S0,2 > Cg:S0,” > C10,” > CF,C00, which
significantly coincided with the Hofmeister series representing the lyophilicity of anion. When
aniline was electropolymerized in the CF;COOH polymerizing solution containing DNA, novel PANI was
obtained as microballs. This PANI showed enough redox activity in neutral solution where ordinary
PANI had no redox activity. On the other hand, the electronic state of the PANI differed from
the ordinary ones: 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 were

electronically interacted with the PANI molecules
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Polyaniline Modified Electrodes for the Anode of the Direct Ascorbic Acid Fuel Cell

J. Yano*l, H. Hirayama#*2, Y. Harima%*2, A. Kitani*2
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Meeting Abstracts of Pacific Rim Meeting on Electrochemical and Solid-state Science (CD version),
436 (2008)

Oxidation currents of ascorbic acid obtained with polyaniline modified electrode considerably
increased compared with those obtained with glassy carbon electrode. To see the effect of protonic
acids in polymerizing solutions, polyaniline films were deposited from sulfuric, hydrochloric and
nitric acid solutions. The thickness of polyaniline films were changed with changing the number
of repetitive potential cycling. Higher oxidation currents were observed for the polyanilines
prepared in sulfuric acid solutions, though the effect of dopant anion is not so remarkable.
Concerning the effect of film thickness, polyanilines prepared with 10 times potential cycling
showed high catalytic activities regardless of the anions in polymerizing solutions

Although the oxidation current obtained with glassy carbon electrode decreased gradually, steady
current was observed with using polyaniline modified electrode. Measurement of steady—state
current—potential curves also revealed that anode performance was markedly improved by the
deposition of polyaniline

Cupper was used as a representative of base metals because ascorbate oxidase is a cupper containing
enzyme. Catalytic currents measured with voltammetry were increased by the deposition of small
amount of cupper metal on polyaniline electrodes. However, measurement of current—time profile
showed that steady oxidation currents at cupper modified polyaniline electrodes were smaller than
those at polyaniline electrodes. It should be noted that steady current of ascorbic acid oxidation
was also decreased by the deposition of platinum metal, usually used as a noble metal catalyst
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Two kinds of conductive polymer microballs, CF,C00— or C10, ~doped polyaniline (PANI) incorporated
with DNA and C10,- or BF, —doped poly(Mmethylaniline) (PNMA), were successfully obtained. 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,, CeHsSO;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. When aniline was electropolymerized in the CF,COOH polymerizing
solution containing DNA, PANI microballs 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. When aniline was electropolymrerized by the constant—potential technique instead
of the potential scan technique, the PANI microballs were also formed. Unfortunately, however,
most microballs were destroyed or transformed, which was probably due to over—oxidation.

To obtain more stable conductive polymer microballs than the PANI microballs, M methylaniline
was electropolymerized by the potential scan technique because of PNMA’ s higher durability against
the over—oxidation. The PNMA microballs were successfully prepared from HC10, aqueous solution
containing only Mmethylaniline. The average diameter of the microballs could be controlled by
changing several experimental parameters including scan rate, monomer concentration and cycle
number. Among different acids employed for polymerization process, only HC10, and HBF, showed
ability of microballs formation. In addition, the microballs were obtainable without the
destruction and transformation by the over—-oxidation. For more practical microballs preparation,
the PNMA microballs were also synthesized through chemical polymerization wusing only
MNmethylaniline as monomer, acid and oxidant without any templates. The microballs were obtained
only from polymerizing solutions containing high lyophilic anions such as C10,, BF, and adipate
ion. Several oxidants were employed and it was found that (NH,),S,05 was the most appropriate oxidant
for the microballs formation. The average diameter of the microballs with a smooth surface was
0. 38 um when 25 mM Mmethylaniline was oxidized with 25 mM (NH,),S,05 in 25 mM adipic acid solution.
Although the average diameter was barely influenced by the acid concentration of the polymerizing
solution, it could be controlled by three parameters: monomer concentration, reaction time and
temperature. The diameter varied from 0.51 to 1.0 um by changing the monomer concentration, from
0.27 to 0.54 um by the reaction temperature and from 0. 16 to 0.38 um by the reaction time. It
was found further that the acid concentration is critical for the formation of the microballs with
smooth surfaces. The smooth surfaces were observed only when the acid concentration was less than
50 mM.

.

Electrochemical preparation of polyaniline microballs incorporated with DNA
J. Yano*l, T. Kohno*2, Y. Harima*2, A. Kitani*2
bl N e N S e 6 S NI V)TN N i e
59th Annual Meeting of the International Society of Electrochemistry

Polyaniline (PANI) microballs were first prepared by electrochemical polymerization (Fig. 1).
To obtain PANI having novel micro— and nanostructures, with the potential scan mode, aniline was
electropolymerized in the presence of DNA using four polymerizing solutions with different acids:
H,S0,, CeHsSO;H, HC10, and CF,COOH.  The growth rate of the PANI film on the electrode surface was
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 it was in the order of S0,2 > Cg:S0,” > C10,” > CF,C007, which
significantly coincided with the Hofmeister series representing the lyophilicity of anion. When
aniline was electropolymerized in the CF,COOH polymerizing solution containing DNA, novel PANI was
obtained as microballs. This PANI showed enough redox activity in neutral solution where ordinary
PANI had no redox activity. On the other hand, the electronic state of the PANI differed from
the ordinary ones: 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 were

electronically interacted with the PANI molecules

.

Polyaniline Modified Electrodes for the Anode of the Direct Ascorbic Acid Fuel Cell
J. Yano*l, H. Hirayama#*2, Y. Harima%*2, A. Kitani*2
Qb Il e N S 6 S NI VI INISD NG i e
Pacific Rim Meeting on Electrochemical and Solid-state Science

Oxidation currents of ascorbic acid obtained with polyaniline modified electrode considerably
increased compared with those obtained with glassy carbon electrode. To see the effect of protonic
acids in polymerizing solutions, polyaniline films were deposited from sulfuric, hydrochloric and
nitric acid solutions. The thickness of polyaniline films were changed with changing the number
of repetitive potential cycling. Higher oxidation currents were observed for the polyanilines
prepared in sulfuric acid solutions, though the effect of dopant anion is not so remarkable.
Concerning the effect of film thickness, polyanilines prepared with 10 times potential cycling
showed high catalytic activities regardless of the anions in polymerizing solutions

Although the oxidation current obtained with glassy carbon electrode decreased gradually, steady
current was observed with using polyaniline modified electrode. Measurement of steady—state
current—potential curves also revealed that anode performance was markedly improved by the
deposition of polyaniline

Cupper was used as a representative of base metals because ascorbate oxidase is a cupper containing
enzyme. Catalytic currents measured with voltammetry were increased by the deposition of small
amount of cupper metal on polyaniline electrodes. However, measurement of current—time profile
showed that steady oxidation currents at cupper modified polyaniline electrodes were smaller than
those at polyaniline electrodes. It should be noted that steady current of ascorbic acid oxidation

was also decreased by the deposition of platinum metal, usually used as a noble metal catalyst
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