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Thermoelectric performances of graphene/polyaniline composites prepared by one-step
electrosynthesis

Yutaka Harima*1, Saki Fukumoto*1, Lu Zhang*1, Xiaoqing Jiang*2, Jun Yano*3, Kei Inumarua*l and Ichiro
Imaea*1

k1A F R L5, *2Nanjing Normal University, *3H7/Ei T 26w 5% S AR

RSC(Royal Society of Chemistry) Advances, Vol. 5, pp. 86855-86860 (2015)

Composite films comprising graphene and polyaniline were prepared in one step by a facile
electrochemical technique with graphene oxide (GO) and aniline monomer as raw materials, and their
thermoelectric properties were investigated. Electrical conductivities of the composite films
generated on the fluorine—doped tin oxide (FTO) electrode were dependent on the weight ratio of
GO and aniline, and they exhibited a peak value of 30 Scm' at the GO/aniline ratio between 5:1
and 10:1, while Seebeck coefficients were less dependent on the weight ratio. The maximum power
factor (PF) for the composite films was ca. 1 mW m'K2 When the FTO electrode was replaced by the
stainless steel electrode, conductivities of the composite films with the GO/aniline ratio of 8:1
were increased up to ca. 130 Secm!. As a result, the PF and the dimensionless thermoelectric
figure-of-merit (ZT) at room temperature reached 3.6 mWm'K? and 0. 008, respectively. The ZT value
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is the highest among those reported so far for graphene/PANI composites. Possible reasons for the
conductivity enhancement on the stainless steel electrode are also discussed on the basis of

electrochemical measurements and X-rayphotoelectron spectroscopy.
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Electro—-oxidation of polyaniline in the presence of electronic acceptors and the magnetic
properties of the resulting polyaniline

Jun Yano*1, Hiroshi Fukuoka*2, Akira Kitani%2

* UHT R L S R P PR, 2 RS K L

Thin Solid Films, Online Version, doi:10.1016/j. tsf.2016.03.031 (2016) .

A conductive polymer polyaniline was easily prepared on a transparent Indium—tin oxide (ITO)
electrode as a stable film by oxidative electropolymerization of aniline (0.5 mol/L) in 0.5 mol/L
H,S04 aqueous solution. To obtain colorless reduced polyaniline, the polyaniline film—covered
ITO electrode was polarized at —0.2 V vs. Ag/AgCl in 0.5 mol/L H;SO, aqueous solution until the
cathodic current reached the background value. Five time indicative materials were prepared by
enclosing the reduced polyaniline film in five types of common transparent polymer films. To take
into consideration the oxygen permeability coefficient and the thickness, the following common
transparent polymer films were employed: low density polyethylene (LDPE) films with the thickness
of 0.03 and 0. 08 mm, high density polyethylene (HDPE) films with the thickness of 0.01 and 0. 03
mm, and polypropylene (PP) film with the thickness of 0. 026 mm. The color change of the materials
was colorless—violet—bluish violet-black violet. The reduced polyaniline films enclosed in 0. 03
mm—thick LDPE and 0. 026 mm—thick PP films could be used for 10-day indicative materials. On the
other hand, that enclosed in 0.01 mm—thick HDPE was applicable to about 30—-day indicative one and
those enclosed in 0. 03mm—thick HDPE and 0. 08 LDPE films are expected to be longer time indicative
materials. This approach to prepare time indicative materials could be available using other
poly (aniline derivatives) whose color changes are different from polyaniline as well as transparent

polymer films with different oxygen permeability coefficients and thickness.
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Ful |-Potential KKR Calculations for Lattice Distortion around Impurities in Al-based Dilute
Alloys, Based on the Generalized—Gradient Approximation

C Liu*, M Asato® N. Fujma®, and T. Hoshino™

1 TR PRNER AR PE, *2 FrEi L F P PR, #3 §Rd R R LR

Physics Procedia, Vol.75, pp. 1088-1095 (2015).

We present systematically the calculated results for the lattice distortion caused by the
substitutional two impurities (X—X pairs; X=Sc—Ge) in Al, being located at the lst—nearest
neighboring sites. The calculations are based on the generalized—gradient approximation in the
density functional theory and the full—-potential Korringa—Kohn—Rostoker (FPKKR) Green’ s function
method for point defects. The distortion effect is very large for the present impurity systems,
especially for X=Mn, Fe, and Co. The interatomic length of the X-X pair extends for X=Cr, Mn, Fe,
Co, and Ni, although the atomic size of these impurities is fairy smaller than the atomic size of
Al. We clarify the micromechanism of the lattice distortion caused by the XX pair.
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Mixed sums of triangular numbers and certain binary quadratic forms.
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Flavin Mediated Electro—oxidation of 1,4-Dihydronicotinamides Using Photogalvanic Cell.
Jun Yano*1 and Akira Kitani*2
PN e LA 2 e T M IN OPNE S e ot

The 228th Meeting of The Electrochemical Society, October, 2015, Phoenix, Arizona, U.S.A.,
Extended Abstracts of the 228nd Meeting of The Electrochemical Society, Abstract No. A08-534 (2015).

The characteristics of a galvanic cell were studied with NADH/flavin model system using RF
(riboflavin) and BANH (1-benzyl-1, 4-dihydronicotinamide).  The cell current increases steeply by
the irradiation and then decreases gradually to reach a steady value. The output current-voltage
relationships were measured by changing the external load. Measurements were made after the cell
current reached to the steady value. The open—circuit voltage and the short—circuit current was
0.86 V and 300 pA, respectively. The maximum power of 80 pW was obtained when the cell voltage
was 0.45 V. The BANH concentration dependence of steady cell currents was examined at 1 hour after
irradiation. Although experimental points were rather scattered, the observed steady currents
were fairly constant (134 £ 13 pA) when the concentration of BANH was above 2 mM. In addition,
the relationship between the quantity of electricity passed and the amount of generated BNA®
(oxidized and deprotonated form of BNAH) showed straight line and the line was almost the same as
calculated one assuming 100 % current efficiency. It is obvious that the production of BNA" from
BNAH is quantitative and RF acts as a current mediator. Thus, highly efficient electrochemical
conversion of BNAH to BNA" is possible with obtaining both electricity and dihydrogen as by—products.
NADH behaves in a similar manner as BNAH does.
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Electro-oxidation of Polyaniline in the Presence of Electronic Accepters and the Magnetic
Properties of the Resulting Polyaniline.

Jun Yano*1 and Akira Kitani*2
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International Thin Films Conference, TACT 2015, November, 2015, National Cheng Kung University,
Tainan, Taiwan (R.0.C.), Abstracts of the TACT, Abstract No.F20110516004 (2015)

Among the conductive polymers, polyaniline (PANI) is one of the most promising for practical
applications because of its easy preparation, thermalstability and stability in air and water. It
is well known that PANI contains spin species such as radicals. If the radicals in PANI could be
stably arranged to form a regular array, PANI would exhibit magnetic properties and could be
available as an organic magnet. It is relatively straightforward to prepare PANI by either
electrochemical or chemical polymerization of aniline in essentially any acidic solution.
Unfortunately, PANI does not grow in a regular array of radical species, thus it shows no magnetic
properties. Recently even without elongation by organic solvents, magnetic properties have been
observed for PANIs incorporating tetracyanoquinodimethane (TCNQ) as an electronic accepter. The
magnetic properties are believed to be due to effective chemical bonds formed between the TCNQ side
chains and the a PANI backbone. This seems like a more attractive procedure because the spin
density can be increased by the radical species generated on the TCNQ molecules. However, this
material has a drawback in that the magnetic properties are not observable until after 3 months
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have passed. In other words, it takes at least 90 days to form magnetically ordered structures.
Our purpose is to prepare PANI possessing stable magnetic properties without TCNQ. Although we
did not previously investigate magnhetic properties, we have already demonstrated that PANI quickly
and steadily incorporates several quinones when they are electro—oxidized. In this paper, the
incorporation is carried out using quinones having electron—withdrawing groups that are expected
to act as the acceptors. Reduced PANI exhibits a Nernstian response to dissolved electronic
accepters such as chloranil and dichlorodicyanobenzoquinone, that is a linear relationship between

electrode potential and the logarithm of the concentration of the accepters (logC€) with the positive

slope. On the other hand, in the cyclic voltammograms showing the redox activities of PANI on
the electrode surface, the peak potential is proportional to logC with the negative slope. These
linear relationships imply an electronic interaction between PANI and the accepters. The

comparison of the PANIs before and after the contact to the accepters in the UV-visible absorption
spectra and elemental composition revealed that the interaction not only transforms the electronic

state of PANI, but also incorporates the accepters. Both ESR measurements and magnetic
susceptibility demonstrate that the incorporation magnetized PANI. Although the PANI
incorporating CHR shows no ferromagnetism, it possesses unusual paramagnetic properties. In

addition, further analysis of the ESR spectra reveals that the radical species are stabilized in
the polymer chains.
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Ful I-potential KKR calculations for lattice distortion of point defects in Al, based on the
general ized—gradient approximation
C Liu*, M Asato® N. Fujma®, and T. Hoshino™
*1 FRIA R FRNERM RN R AP, *2 FEi L3 R P AR, #3 S X R L gert
International Conference on Magnetism 2015 (A~XA > 3Lt ra), 201547 A 6 H

We present systematically the calculated results for the lattice distortion caused by the
substitutional two impurities (X—X pairs; X=Sc—Ge) in Al, being located at the lst-—nearest
neighboring sites. The calculations are based on the generalized—gradient approximation in the
density functional theory and the full—-potential Korringa—Kohn—Rostoker (FPKKR) Green’ s function
method for point defects. The distortion effect is very large for the present impurity systems,
especially for X=Mn, Fe, and Co. The interatomic length of the X-X pair extends for X=Cr, Mn, Fe,
Co, and Ni, although the atomic size of these impurities is fairy smaller than the atomic size of
Al. We clarify the micromechanism of the lattice distortion caused by the X-X pair.
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Ful l-potential KKR calculations for electronic and magnetic properties of transition metal
monosilicide MSi (M=Cr—Co) and mixtures of FeSi and CoSi, based on the generalized-gradient
approximation
M Asato*, C Liu*, N. Fujma®, and T. Hoshino®
*1 R TR EHIPREER, *2 §r I PARERF A HEAN R AR, *3 BRI L mrgeft
International Conference on Magnetism 2015 (AXA L« 2Lt rF), 201647 H 7 H

We study systematically the electronic and magnhetic structures of B20 type transition metal
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monosilicides TMSi (TM=Cr—Co) and the mixtures of FeSi and CoSi, using the ab—initio calculations
based on the full—-potential screened Korringa—Kohn—Rhostoker Green’ s function method combined with
the generalized—gradient approximation in the density functional theory. The present calculations
reproduce very accurately the experimental values of the lattice parameters of TMSi (within the
error of 1%) and experimentally known electronic and magnetic properties of TMSi; CrSi (non-magnetic
metal), MnSi (ferromagnetic metal), FeSi (non—magnetic semiconductor), and CoSi (non—magnetic
semimetal). We also discuss the half metallicity of the Fe;-Lo.Si disordered alloys in the Fe-rich
region (0.5).
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