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Composite Polymer Electrolytes Based on Poly(ethylene oxide), Hyperbranched Polymer, BaTiO; and
LiN(CF;S0,),, Takahito ITOH, Yoshiaki ICHIKAWA, Takahiro UNO, Masataka KUBO, and Osamu
YAMAMOTO*: Solid State Ionics, 156, pp. 393-399, 2003.

Composite polymer electrolytes based on poly(ethylene oxide) (PEO) with hyperbranched polymer
(poly[bis(triethylene glycol)benzoate] capped with an acetyl group) (HBP), ceramic filler (BaTiOs), and lithium
salt (LiN(CF;S0,),) were examined as the electrolyte for all solid-state lithium polymer batteries and optimized
to achieve high ionic conductivity. The ionic conductivity of the optimized composite polymer electrolyte,
[(PEO—20 wt.% HBP);(LiN(CF;S0,),)]—10 wt.% BaTiOs;, where the PEO with number-average molecular
weights (M,) of 60X 10%, HBP with M, of 15,000 and BaTiO; with a particle size of 0.5 pm were used, was
found to be 2.6 X10™* S/cm at 30 °C and 5.2X 107 S/cm at 80 °C, respectively. The optimized composite
polymer electrolyte showed an electrochemical stability window of 4.0 V and was stable until 312 °C under air.

Spontaneous Polymerization Mechanism of Electron-Accepting Substituted Quinodimethane with
p-Methoxystyrene, Yukihiro MITSUDA, Takashige FUIIKAWA, Takahiro UNO, Masataka KUBO, and Takahito
ITOH: Macromolecules, 36, pp. 1028-1033, 2003.

Spontaneous reactions of  1-(2,2-dimethyl-1,3-dioxane-4,6-dione-5-ylidene)-4-(dicyanomethylene)-
2,5-cyclohexadiene (QM1) with p-methoxystyrene (MeOSt) were investigated in chloroform at room
temperature at different monomer feed ratios. The hexane-insoluble products were to be copolymers of
7-(4-methoxyphenyl)-8,8-dicyanoquinodimethane (QM2) with small amounts (3-6 mol%) of the QM1, and the
reaction product in the hexane-soluble fractions was to be the one-to-one adduct (Cycloadduct) of methylene
Meldrum’s acid (MM) with MeOSt. It was found that in the spontaneous reaction of the QM1 with MeOSt a
side reaction involving a metathesis process took place to form new two products, QM2 and MM, and the former
polymerized and the latter underwent the cycloaddition reaction with MeOSt.

Composite Polymer Electrolytes of Poly(ethylene oxide)/BaTiO;/Li Salt with Hyperbranched Polymer, Takahito
ITOH, Yuko MIYAMURA, Yoshiaki ICHIKAWA, Takahiro UNO, Masataka KUBO, and Osamu
YAMAMOTO#*: Journal of Power Sources, 119-121, pp. 403-408, 2003.

Composite polymer electrolytes composed of poly(ethylene oxide) (PEO), BaTiO; as a ceramic filler,
LiN(CF;CF,S0,), as a lithium salt, and hyperbranched polymer (HBP) (poly[bis(triethylene glycol)benzoate]
capped with an acetyl group) as a plasticizer were examined as the electrolyte for all solid-state lithium polymer
batteries and the ionic conductivity was optimized. The optimized 90 wt.% [(80 wt.% PEO—20 wt.%
HBP),(LiN(CF;CF,S0,),)] — 10 wt.% BaTiO; electrolyte, where the PEO with M, of 60 X 104, HBP with M, of
15,000 and BaTiO; with a particle size of 0.5 um were used, showed the ionic conductivity of 1.3 X 10 S/cm at
30 °C and 1.6X 107 S/cm at 80 °C, respectively. The optimized composite polymer electrolyte has an
electrochemical stability window of 4.0 V and also it was stable until 307 °C under air.

Effect of “Topotactic” Reduction Product of Molybdenum Disulfide on Catalytic Activity of Metallocene
Catalyst for Olefin Polymerization, Satoru YAMADA, Akihiro YANO¥*, Morihiko SATO*, and Takahito ITOH:
Journal of Molecular Catalysis A: Chemical, 200, pp. 239-349, 2003.

N,N-Dimethylanilinium salt of molybdenum disulfide (MoS,) was developed as a novel cocatalyst for
metallocene catalysts. The cocatalyst is composed of N,N-dimethylanilinium ion as a cationic part and
“topotactic” reduction product of MoS,, obtained by acquisition of an electron by neutral host lattice of MoS,
without structural alteration, as an anionic part. In ethylene polymerization, addition of the
N,N-dimethylanilinium salt of MoS, to the bis(indenyl)zirconium dichloride (Ind,ZrCl,)/triethylaluminum
(Et;Al) catalyst improved a catalytic activity per mmol of Ind,ZrCl,. The catalytic activity for this catalyst
system activated by addition of the cocatalyst depended significantly on the amount of the cocatalyst and the
N,N-dimethylanilinium ion content in the cocatalyst.
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Synthesis and Polymerization of Novel Quinone Methide Ketals, Ayako SENO, Takahiro UNO, Masataka
KUBO, and Takahito ITOH: Polymer Bulletin, 50, pp. 1-8, 2003.

Novel quinone methide ketals, 8-[1’-cyano-1’-(ethoxycarbonyl)methylene]-1,4-dioxaspiro[4.5]deca-
6,9-diene (la) and 8-(1°,1’-dicyanomethylene)-1,4-dioxaspiro[4.5]deca-6,9-diene (1b), were synthesized, and
their polymerization behavior was investigated. Polymerizations of 1a and 1b initiated with BPO and BF;Et,0
gave corresponding novel ring-opening polymers, but no polymerization with BuLi. Copolymerization of la
with St in the presence of AIBN at 60 °C gave the monomer reactivity ratios r;(1a) = 0.50 + 0.1 and ry(St) = 0.1 +
0.02, and Q and e values of la were 2.46 and +0.93, indicating that la is a highly conjugative,
electron-accepting monomer. Homopolymers of la and 1b had better thermal stability than that of
7-cyano-7-(ethoxycarbonyl)-1,4-benzoquinone methide.

Thermal, Electrical, and Mechanical Properties of Composite Polymer Electrolytes Based on Cross-Linked
Poly(ethylene oxide-co-propylene oxide) and Ceramic Filler, Zhaoyin WEN, Takahito ITOH, Takahiro UNO,
Masataka KUBO, and Osamu YAMAMOTO*: Solid State Ionics, 160, pp. 141-148, 2003.

A fully amorphous cross-linked poly(ethylene oxide-co-propylene oxide) (poly(EO/PO)) polymer
electrolyte was prepared by chemical cross-linking reaction of a macro-monomer, poly(ethylene
oxide-co-propylene oxide) with trifunctional cross-linkable acryloyl groups at the macro-monomer chain end.
The lithium salt LiN(CF;SO,), ([Li]/[O]=1/16) and ceramic fillers such as BaTiO; and y-LiAlO, adopted in the
polymer electrolyte could maintain the fully amorphous feature of the polymer matrix. The sub-micron and
nano-sized BaTiO; fillers slightly decreased the thermal decomposition temperature of the polymer matrix, while
the nano-sized y-LiAlO, filler improved to some extent the thermal stability of the polymer matrix.

An Investigation of Poly(ethylene oxide)/saponite-based Composite Electrolytes, Zhaoyin WEN*, Zhonghua
GU*, Takahito ITOH, Zuxiang LIN*, and Osamu YAMAMOTO*: Journal of Power Sources, 119-121, pp.
427-431, 2003.

Two kinds of composite, based on poly(ethylene oxide) (PEO) and a mineral saponite, were prepared and
their thermal behavior, phase composition, microstructure and electrical properties were investigated. The
results showed that PEO easily intercalates to the interlayer of saponite, replaces the interlayer water molecules,
and acts as medium for lithium ion conduction. PEO-intercalated saponite exhibited conductivity as high as 4.1
X107 S cm™, a lithium ion transference number of 0.99 at 25 °C and conductivity activation energy of 0.14 eV.
Appropriate amounts of intercalated PEO in the interlayer of saponite is important to an ideal ionic conductivity.
The PEO-intercalated saponite is thermally stable below 350 °C. In addition, a PEO-based composite with
lithium saponite as filler showed homogeneous morphology and combined properties of individual PEO and
saponite.

Polymerization by Insertion of Molecular Oxygen into Crystals of 7,7,8,8-Tetrakis(ethoxy-carbonyl)
quinodimethane, Shinji NOMURA, Takahito ITOH, Masaki OHTAKE, Takahiro UNO, Masataka KUBO,
Atsushi KAJIWARA*, Kazuki SADA*, and Mikiji MIYATA*: Angewandte Chemie International Edition, 42,
pp. 5468-5472, 2003.

7,7,8,8-Tetrakis(ethoxycarbonyl)quinodimethane (1) copolymerized with oxygen in the solid state to give
a highly crystalline alternating copolymer via a radical mechanism, but in vacuo no thermal and photo solid-state
polymerizations of 1 took place. X-ray crystallographic study explained well that unique arrangement of 1 in
the crystalline state provides copolymerization with molecular oxygen.
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Cyclic Polyelectrolyte: Synthesis of Cyclic Poly(acrylic acid) and Cyclic Potassium Polyacrylate, Masataka
KUBO, Takeshi NISHIGAWA, Takahiro UNO, Takahito ITOH, and Hiroaki Sato*: Macromolecules, 36, pp.
9264-9266, 2003.

a-Amino, ®-carboxyl heterodifunctional poly(tert-butyl acrylate) was prepared by a living anionic
polymerization of tert-butyl acrylate wusing I-phenyl-1-[4-(2,2,5,5-tetramethyl[1,2,5]azadisilolidinyl)
phenyl]hexyl lithium and succinic anhydride as an initiator and terminator, respectively. Its intramolecular
cyclization was carried out to obtain cyclic poly(tert-butyl acrylate) which was converted to cyclic poly(acrylic
acid) and potassium polyacrylate

Surfactant Properties of Purified Polyglycerol Monolaurates, Tomoharu KATO*, Takashi NAKAMURA*,
Masatsugu YAMASHITA*, Masami KAWAGUCHI, Tadaya KATO, and Takahito ITOH: Journal of Surfactants
and Detergents, 6, pp. 331-337, 2003.

A series of purified polyglycerol monolaurates (PGML), such as di-, tri-, tetra, and pentaglycerol
monolaurates, were synthesized, and their surfactant properties in aqueous solutions were examined. The
surfactant properties of PGML were compared with those of n-dodecyl polyoxyethylene monoethers (C,EO,) to
examine the function of the hydrophilic part of these compounds. The critical micelle concentration (CMC)
values and the surface tension at CMC of PGML and C;EQ, increased linearly with an increase in the number
of glycerol and oxyethylene units, respectively; the slope of the increase was greater for PGML than C,EO,.
The minimum surface area per molecule of PGML was smaller than that of C;;EQ, at the air/aqueous solution
interface.

Novel 2-Pyrone Synthesis via the Nucleophilic Addition of Active Methine Compounds to 2-Alkynone, Iwao
HACHIYA, Hitoshi SHIBUYA, and Makoto SHIMIZU, Tetrahedron Lett., 44, pp. 2061-2063, 2003.

Novel 2-pyrone synthesis via the nucleophilic addition of active methine compounds to 2-alkynone has
been developed. The reaction of active methine compounds with 2-alkynone provided 2-pyrones in good yields.
When malonic esters were used as a nucleophile, 5-alkoxycarbonyl-2-pyrones were obtained in good to high
yields. On the other hand, the use of B-ketoesters as a nucleophile instead of malonic esters gave
S-acyl-2-pyrones in good yields. Even increasing the steric bulk of the nucleophile as with a 2-allyl-p-keto ester,
the desired 2-pyrone was obtained in moderate yield. The reaction of Meldrum’s acid with 2-alkynone afforded
the decarboxylated 2-pyrone in high yield.

Tandem N-Alkylation-C-allylation Reaction of a-Imino Esters with Organoaluminums and Allyltributyltin,
Yasuki NIWA and Makoto SHIMIZU, J. Am. Chem. Soc., 125, pp. 3720-3721, 2003.

The tandem N-alkylation-C-allylation and N-alkylation-C-cyanation reactions of several a-imino esters
with organoaluminums were carried out in good to excellent yields, where two nucleophiles attacked across the
C=N double bond. The tandem reaction consists of the following three sequences: nucleophilic addition to the
nitrogen atom of the imino ester, oxidation of the enolate with benzoyl peroxide, and allylation (or cyanation) to
the resulting iminium salt. The aliphatic as well as aromatic imino esters underwent the tandem
N-ethylation-C-allylation to give the addition products in moderate to good yields. To increase the utility of the
tandem alkylation-allylation reaction, bis(trimethylsilyl)aluminum chloride was used as an initial N-alkylation
reagent to afford the corresponding homoallylamines in good to high yields.
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Design and Synthesis of 4,6-di-tert-Butyl-2,3-dihydro-5-benzofuranols as a Novel Series of Antiatherogenic
Antioxidants, Kunio TAMURA, Yoshiaki KATO*, Akikra ISHIKAWA?*, Yasuharu KATO*, Motomu
HIMORI*, Mitsutaka YOSHIDA*, Yoshiaki TAKASHIMA*, Tsukasa SUZUKI*, Yoshiki KAWABE*, Osamu
CYNSHI*, Tatsuhiko KODAMA*, Etsuo NIKI*, and Makoto SHIMIZU, J. Med. Chem., 46, pp. 3083-3093,
2003.

Antioxidants have been considered as potential antiatherogenic agents by inhibiting oxidation of
low-density lipoprotein (LDL), albeit vitamin E, a natural antioxidant, has failed to show reduction on
atherosclerosis in clinical trials. A novel series of antioxidants, 4,6-di-tert-butyl-2,3-dihydro-5-benzofuranols,
were rationally designed and synthesized to overcome the clinical limitation of vitamin E. In vitro, the
compounds showed a potent inhibitory effect on lipid peroxidation detected as 2-methyl-
6-(p-methoxyphenyl)-3,7-dihydroimidazo[1,2-a]pyrazin-3-one  (MCLA)-dependent chemiluminescence in
linoleic acid autoxidation. In vivo, 4,6-di-tert-butyl-2,3-dihydro-2,2-dipentyl-5-benzofuranol (BO-653, 1f), an
optimal compound, showed the highest concentration in plasma and LDL fraction in Watanabe heritable
hyperlipidemic rabbits, due to its high affinity to LDL.

Double Nucleophilic Addition of Ketene Silyl (Thio)acetals and Trimethylsilyl Cyanide to o,B-Unsaturated
Aldimines Promoted by Aluminum Chloride, Makoto SHIMIZU, Makiko KAMIYA, and Iwao HACHIYA,
Chem. Lett., 32, pp. 606-607, 2003.

In the presence of AICl;, a mixture of ketene silyl (thio)acetal and trimethylsilyl cyanide underwent 1,4-
and subsequent 1,2-additions, respectively, with o,f-unsaturated imines to give ethyl(Salkyl) 5-amino-
6-cyanopentanoates in good yields. Among the Lewis acids tested, AICl; and TMSI were found to be efficient
promoters. Although there was still much room for the improvement of diastereoselectivities, the use of imines
having not only aromatic group but also aliphatic group worked well. In the case of the ketene silyl acetal
derived from ethyl acetate, only 1,2-addition adduct was obtained. When ketene silyl thioacetals were used, the
reaction proceeded to give 1,4-1,2-adducuts in moderate yields.

Facile Double Nucleophilic Addition of Thiols and Tetraallyltin to Latent 2-Alkynals Using in situ Hydrolysis of
the Imino Functionality Promoted by Tin(IV) Chloride Pentahydrate, Makoto SHIMIZU, Takafumi NISHI, and
Akihiro YAMAMOTO, Synlett, pp.1469-1473, 2003.

In the presence of SnCly5H,0, a mixture of thiols and tetraallyltin underwent 1,4- and 1,2-additions,
respectively, with the imines derived from 2-alkynals to give (Z)-1-sulfenyl-1,5-alkadien-3-ols in good yield,
where the hydrolysis of the intermediary imino species was found to be crucial. Among the Lewis acids
examined, SnCl,5H,0 gave the best result. The use of a mixed solvent system was also important to increase the
product yield, and the reaction conducted in toluene-dichloromethane gave a better result. Under the optimum
conditions found for the derivative of 3-phenylpropynal, the reactions gave the adducts with good to excellent
(2)-selectivities in good yields. The effects of acid additives are also noteworthy. The reaction conducted in the
presence of pyridinium p-toluenesulfonate or 2,4,6-collidinium p-toluenesulfonate afforded the 1,4-1,2-addition
products in higher yields, where the diastereoselectivities were somewhat lower.

Highly Chemoselective Crossed Pinacol Coupling Reaction Using the Synergetic Effect of Boron Trifluoride
Etherate and Trichloromethylsilane, Makoto SHIMIZU, Ikuhiro SUZUKI, and Hiroaki MAKINO, Synlett,
pp.-1635-1638, 2003.

Use of boron trifluoride etherate and trichloromethylsilane in the presence of zinc-copper couple effected a
crossed imino pinacol coupling reaction to give 1,2-diamines in good yields with high diastereoselectivities. The
use of halogen as an electron-withdrawing substituent on the aromatic ring gave the unsymmetrical 1,2-diamines
in good yield with high diastereselectivities. The use of the imine possessing a 2,4-dichlorophenyl moiety gave
the crossed coupling product in low yield with low diastereoselectivity. The reaction of various imines with
N-benzylidene-p-bromophenyl aniline usually proceeded to give the crossed coupling products in good yields.
However, use of aliphatic and o,-unsaturated aldimines did not give the desired coupling products.
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Reductive Coupling of Acid Chlorides with nitriles Promoted by Titanium Tetra iodide. A Rapid Access to
a-Imino Ketone, Makoto SHIMIZU, Nobuyuki MANABE, and Hiroshi GOTO, Chem. Lett., 32, pp. 1088-1089,
2003.

Reductive coupling reaction of carboxylic acid chlorides and alkyl nitriles were efficiently promoted by
titanium tetraiodide to give o-imino ketones in good yields. When benzoyl chloride was treated with 2.0
equivalent of titanium tetraiodide in acetonitrile or propionitrile, the corresponding o-imino ketones were
obtained in moderate yields, respectively. The reaction in isobutyronitrile gave the best yield of 61%.
Pivalonitrile, a bulky nitrile, gave a lower yield. Reactions in nitriles possessing heteroatoms, such as
chloroacetonitrile and methoxyacetonitrile, also proceeded to give the coupling products in moderate yields,
whereas trichloronitrile did not give the desired product. When unsaturated nitriles such as acrylonitrile and
crotononitrile were used, the coupling reaction did not proceed.

Photoinduced Intramolecular Electron Transfer between Carbazole and Bis(Trichloromethyl)-s-Triazine
Generating Radicals, Koichi KAWAMURA, Yoshimasa AOTANI and Hideo TOMIOKA, J. Phys. Chem. B,
107, pp. 4579-4586, 2003.

An intramolecular electron transfer and photosensitivity in dye/initiator systems, in which an electron
donating light-absorbing unit (carbazole) is tethered by methylene bonds to an electron-deficient initiator
[bis(trichloromethyl)-s-triazine] was investigated. The efficient quenching of fluorescence was observed in the
tethered compounds in a rigid matrix at low temperature, and the higher sensitivity of photopolymerization was
observed in the photopolymer films containing the tethered compounds as photoinitiating systems compared
with the films containing physical mixtures of dye and initiator. The compounds tethered by a longer
methylene chain (C6 and C11) showed a higher photosensitivity than that tethered by a shorter methylene chain
(C2 and C3), despite the efficient fluorescence quenching in the latter compounds. Control of back electron
transfer after initial electron transfer or control of radiationless deactivation via exciplex formation was
suggested to be important factor to design efficient dye-linked photoinitiators.

Triplet Carbenes: From Fleeting Existence to Attractive Molecular Units, Hideo TOMIOKA, Pure Appl. Chem.,
75, pp- 1041-1047, 2003.

Attempts to stabilize the triplet state of carbenes to the extent that they can survive under normal
conditions were made, in which triplet carbenes having a half-life of 19 min are realized. A way to use the
resulting persistent carbene as a unit to construct photosensitive magnetic materials is also discussed.

Photochemical Transformations of Quintet m-Phenylenedinitrenes, Sergei V. CHAPYSHEV and Hideo
TOMIOKA, Bull. Chem. Soc. Jpn., 76, pp. 2075-2089, 2003. (Best manuscript of the issue)

First photochemical transformations of quintet dinitrenes have been studied by FTIR spectroscopy during
the photolysis of 1,3-diazidobenzene and its 2-methyl- and 2.,4,6-trimethyl-substituted derivatives in solid argon
at 12 K. The reactions involve two competitive processes. In the first one, the intramolecular insertion of the
nitrene unit into 1,6-aromatic bond induces the ring-opening, which leads to the formation of iminoacetylenes.
The second process involves the intramolecular addition of the nitrene unit to 1,2-aromatic bond followed by the
ring-opening to form azirinobutadiene derivatives. Methyl groups in ortho-positions to the nitrene units of
quintet dinitrenes efficiently protect their aromatic ring from nitrene attacks, substantially increasing the
photochemical stability of such species. Thus, undesirable photochemical rearrangements of intermediate triplet
azidonitrenes at early stages of the photolysis of 1,3-diazidobenzenes are completely suppressed on introducing
the methyl group in position 2 of these azides.



54 Abstracts of Papers

Photolysis of Regioisomeric Diazides of 1,2-Diphenylacetylenes Studied by Matrix-Isolation Spectroscopy and
DFT Calculations, Hideo TOMIOKA and Shinji SAWALI, Org. Biomol. Chem., 1, pp. 4441-4450, 2003.

A series of diazides of 1,2-diphenylacetylenes was photolyzed in matrices at low temperature, and
transient photoproducts were characterized by using IR, UV/vis methods combined with ESR studies.
Theoretical calculations were also used to understand the experimental findings. The introduction of
phenylethynyl groups on phenyl azides shows little effect on the photochemical pathway. In marked contrast,
azidophenylethylnyl groups exhibited a dramatic effect not only on the photochemical pathway of phenyl azides
but also on the electronic and molecular structure of photoproducts. The patterns of the effect depended upon
the relative position of azide groups in the diphenylacetylene unit.Whenever two azide groups were situated in a
conjugating position with respect to each other, the azides always resulted in the formation of a quinoidal
diimine diradical in which unpaired electrons were extensively delocalized in the w-conjugation.The m,p’-isomer
was shown to be an excellent precursor for the high-spin quintet dinitrene. Moreover, the quintet bis(nitrene)
was rather photostable under these conditions.

Triplet Carbene Surviving a Week in Solution at Room Temperature, Eri IWAMOTO, Katsuyuki HIRAI and
Hideo TOMIOKA, J. Am. Chem. Soc., 125, pp. 14664-14665, 2003.

The stability of a triplet bis(anthryl)carbene was dramatically increased simply by introducing a group at
its Cjo position, where considerable spin density builds up and, hence, the carbene decays.
2,6-Dimethyl-4-tert-butylphenyl groups introduced at the C,, position of the triplet bis(anthryl)carbene are likely
to quench almost any remaining decay pathways from this portion and make the triplet survive more than one
week in solution at room temperature. This is the longest-lived triplet carbene. A light-induced generation of the
stable triplet carbene opens a route to photosensitive organic magnetic materials.

Retardation Effect of Sulfonic Acid on Thermal Radical Polymerization of Styrene, Jun-ichi NAKAMIMA, Seiji
TANIZAKI and Hideo TOMIOKA, J. Japan Petroleum Institute, 46, pp. 356-367, 2003.

A new polymerization retarder was investigated as an alternative to highly toxic dinitrophenols for the
styrene distillation process. Dodecylbenzenesulfonic acid (DBS) was found to reduce the initial rate of thermal
radical polymerization of styrene. The molecular weight of polystyrene resulting from thermal polymerization
was slightly higher in the presence of DBS than in the absence of DBS. 1-Phenyltetraline (1), obviously
produced by isomerization of the initial Diels-Alder adduct of styrene (4), was also detected in the presence of
DBS. These observations suggest that DBS behaves as an acid catalyst for the isomerization of 4 to 1. The
retardation effect can be explained as the reduction of the concentration of initiate radicals generated from
molecular assisted homolysis of 4 and monomeric styrene. Although only sulfonic acid cannot completely
replace highly toxic and reactive dinitrophenols, it can reduce the amount of dinitrophenols required.

Computational Modeling of Phase Connectivity in Microstructures of Porous Materials during Sintering and
Grain Growth, Masayoshi SHIMIZU, Hideaki MATSUBARA, Hiroshi NOMURA and Hideo TOMIOKA, J.
Ceram.Soc. Jpn., 111, pp. 201-211. 2003.

A Mote Carlo simulation method using a three dimensional lattice was developed to analyze the
connectivity of pores in sintered materials. The changes in porosity (fy), mean grain diameter (Ds), intercept
length of pores (Dvy), contiguity of the solid phase (C) and fraction of connected pores (fyc) with the number of
Monte Carlo steps (MCS) were analyzed as a function of initial porosity (fv,) and initial grain diameter (Dg).
In many cases fyc decreased with MCS down to 0 %, particularly at small and intermediate values of fy, and Dg .
However, in some cases of large fy and Dg g, an fyc of 100 % was maintained irrespective of MCS, which means
that all pores may remain connected in the material. ~Systematic plots of Dy, Dg and C vs fyy x fyc, which
indicate the amount (%) of connected pores, are found to be useful for designing sintering and grain growth
processes of porous materials.
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Ab Initio Molecular Orbital Study on the G-Selectivity of GGG Triplet in Copper(I)-Mediated One-Electron
Oxidation, Yasunori YOSHIOKA, Hiroko KAWAI, Tomoko SATO, Kizashi YAMAGUCHI*, and Isao SAITO*:
J. Am. Chem. Soc., 125, pp.1968—-1974, 2003.

The G-selectivity for Cu(I)-mediated one-electron oxidation of 5°-TG;G,G;-3" and 5°-CG;G,G3-3’ has
been examined by ab initio molecular orbital calculations. It was confirmed that G, is selectively damaged by
Cu(l) ion for both 5’-TG;G,G;-3" and 5°-CG,G,G3-3°, being good agreement with experimental results. The
Cu(I)-mediated Gj-selectivity is primarily due to the stability of the Cu(I)-coordinated complex,
[-XG1G,G3-,-Cu(I)(H,0)s]". The Cu(I) ion coordinates selectively to N7 of G, of 5’-GG,G;-3’ rather than N7 of
G. The G;-selective coordination induces the G;-selective trap of a hole that is created by one-electron oxidation
and migrates to GGG triplet. Therefore, the radical cation of G, is selectively created in both 5’-TG,G,G;-3” and
5’-CG,G,G3-3°, giving the G;-selective damage of 5°-G,G,G3-3’.

Thermal Reactions of 3-Furyl Fulgide and 3-Thienyl Fulgide. Ab Initio Molecular Orbital and CASSCF Studies,
Yasunori YOSHIOKA, Mamoru USAMI*, Masayuki WATANABE*, and Kizashi YAMAGUCHI*: J. Mol.
Struct. (THEOCHEM), 623, pp.167-178, 2003.

Thermal reactions of 3-furyl fulgide and 3-thienyl fulgide were examined at ab initio molecular orbital and
CASSCEF levels. The transition states of EC and EZ-isomerizations were determined by singlet UHF method
with 6-31G* basis set, and their activation energies were successively estimated at CASSCF level. The
geometries of the transition states of EC-isomerizations of 3-furyl fulgide and 3-thienyl fulgide are closer to
those of C-isomers than those of E-isomers. The EC-isomerization proceeds in a conrotatory mode rather than a
disrotatory mode due to steric repulsion of methyl groups, in conflict with the Woodward-Hoffmann selection
rule. The activation energies of EZ-isomerizations are less by ~5 kcal/mol than those of EC-isomerizations,
indicating that EZ-isomerizations are thermally preferred rather than EC-isomerizations, in harmony with
thermal examinations of 3-furyl fulgide and 3-thienyl fulgide at 140 "C.

Theoretical Study of Role of H;O Molecule on Initial Stage of Reduction of O, Molecule in Active Site of
Cytochrome ¢ Oxidase, Yasunori YOSHIOKA, Hiroko KAWALI, and Kizashi YAMAGUCHI*: Chem. Phys. Lett.,
374, pp.45-52, 2003.

Mechanism of formation of [Fe-O-O-H, Cug] from [Fe-O-O, Cug] in active site of cytochrome C oxidase
was theoretically investigated. It was found that the HyO molecule is hydrogen-bonded to both Tyr244 and
His290, and is a key molecule to produce Fe-O-O-H. This H,O molecule plays a role as a carrier of a proton
toward Fe-O-O to yield [Fe-O-O-H, Cug]. Cup atom is formally changed from cuprous state to cupric state
through transportation of a proton by the H,O molecule. A new reaction mechanism, which we call ‘water-proton
transport’ (WPT) mechanism, is proposed for the initial stage of reduction of the O, molecule.

Theoretical Study of Hydrogen-Bonded Network and Proton Transfer in the Active Site of Reduced Cytochrome
¢ Oxidase, Yasunori YOSHIOKA and Masaki MITANI: Internet Electron. J. Mol. Des., 2, pp.732-740, 2003.

There are many proposals of reaction mechanisms of O,-reduction catalyzed by cytochrome C oxidase
(CcO) and the mechanism is not still conclusive. We have previously proposed new ‘water-proton transport’
(WPT) mechanism in which H,O hydrogen-bonded to His290 and Tyr244 transports a proton to FeOO to yield
FeOOH. The path through which a proton is transferred to this HyO molecule in the active site of CcO is
investigated from theoretical viewpoint in this work by using the hybrid B3LYP method. The H,O molecule
exists between farnesylethyl and Thr316 by hydrogen bonds and the hydrogen-bonded network, which is
connecting from Lys319 to the active site of O,-reduction, is formed in the reduced CcO. The proton necessary
for O,-reduction is provided through this hydrogen-bonded network. The proton is trapped on farnesylethyl of
heme &, subsequently the proton is transferred to Tyr244 to give a proton to the H,O molecule between His290
and Tyr244. The energy barrier of the proton transfer is qualitatively estimated to be 12 kcal/mol.
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Theoretical Molecular Auger Spectra with Electron Population Analysis, Masaki MITANI, Osamu
TAKAHASHI*, Ko SAITO*, and Suchiro IWATA*: J. Electron Spectrosc. Relat. Phenom., 128, pp.103-117,
2003.

An approximation method is proposed to simulate the molecular Auger spectra. Auger transition rates are
estimated with atomic populations of valence orbitals on an excited atom by Mulliken and Léwdin population
analyses. Normal Auger energies and relative rates for H,O and NH; molecules are evaluated using a full CI
wave functions among the valence orbitals constructed from SCF orbitals for the neutral ground state and for the
core-hole excited state. Theoretical spectra show fairly good correspondence with the experimental spectra. It is
demonstrated that the present approach is applicable for qualitative assignment and analysis of Auger spectra for
larger molecules.

Theoretical Studies on the Molecular Dependence of Bond Dissociation after Core Excitations II:
CH;CO(CH,).CN, n = 0-3, Osamu TAKAHASHI*, Masanori JOYABU*, Masaki MITANI, Ko SAITO*, and
Suehiro IWATA*: J. Comput. Chem., 24, pp.1329—-1335, 2003.

Approximate theoretical normal and resonant Auger spectra for a series of methylcyano ketones were
calculated. Compared with our previous procedure, a set of initial molecular orbitals (MOs) for Auger decay
probability calculations of the normal Auger process was modified by changing from a set of ground state MOs
to a set of core-holed MOs. For the resonant Auger process, a set of MOs was also modified in the same manner.
Furthermore, the bond dissociation factor, which we introduced in the previous article, was also calculated to
estimate the bond strength after Auger decay. The site-selectivity for a series of methylcyano ketones was
qualitatively explained, but a significant state-specificity was not observed. Molecular size dependence after
Auger decay was also discussed.

Theoretical Calculations of Effective Exchange Integrals by Spin Projected and Unprojected Broken-Symmetry
Methods. 1. Cluster Moldels of K,NiF,-Type Solids. Taku ONISHI, Daisuke YAMAKI*, Kizashi
YAMAGUCHI*, and Yu TAKANO*: J. Chem. Phys., 118, pp. 9474-9761, 2003.

Previously, various symmetry-adapted (SA) and broken-symmetry (BS) computations have been
performed for strongly correlated transition metal species so as to examine magnetic properties in simple cluster
models. Though SA computations such as the complete active space configuration interaction (CAS CI) and
CASSCEF are desirable for estimating physical constants, these computations are heavy for larger cluster models
with strongly correlated electrons. K,NiF, is known to be the two-dimensional perovskite-type antiferromagnet
and to have the electronic configuration similar to that of La,CuQ,4. Here, we have examined the utility and
applicability of the BS spin-polarized hybrid-density functional theory (HUDFT) for cluster models of K,NiF,.

Theoretical Studies on the Electronic States of Electron-Doped Copper Oxides. Taku ONISHI, Daisuke Yamaki*,
and Kizashi YAMAGUCHI*: Polyhedron., 22, pp. 2191-2197, 2003.

The infinite layer copper oxides have attracted much attention in relation to high-temperature
superconductivity. Superconductivities of these species are achieved by several chemical dopings such as
hole-doping and electron-doping. In this study, we have performed spin-polarized hybrid-density functional
theory (HUDFT) calculations, in order to examine the electronic states after one electron-doping for the linear
chain cluster models. As the hole-doped electronic states have already been examined in our previous work, we
discuss the differences of the changes of the electronic states between hole-doping and electron-doping.
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Ln,,SrCo, Fe,O3 s (Ln=Pr, Nd, Gd; x=0.2, 0.3) for the Electrodes of Solid Oxide Fuel Cells, L. QIU, T.
ICHIKAWA, A. HIRANO, N. IMANISHI, and Y. TAKEDA: Solid State Ionics, 158, pp. 55-65, 2003.

Promising candidates of intermediate temperature electrodes for solid oxide fuel cells (SOFCs),
Ln;,Sr,Co;Fe,O;.; (LSCF) (Ln=Pr, Nd, Gd; x=0.2, 0.3; 0=y=1) were studied for their electrical conductivity,
thermal expansion rate, cathodic polarization, and reactivity with gadolinia-doped ceria (Ceg9Gd 095, CGO)
or yttria-stabilized zirconia (YSZ). Superiorly electrical conductivity has been demonstrated for LSCF electrodes
and all samples except Ln=Gd (y=0.8) compositions demonstrate above 200 S/cm at 800°C. The adjustment of
thermal expansion rate to electrolyte, which is one of the main problems of Ln;,Sr,CoOs;.;, can be achieved to
lower thermal expansion coefficient (TEC) values with more Fe substitution. Using CGO electrolytes, LSCF
electrodes over the composition range of y=0.0-0.8 show high cathodic activity for oxygen reduction operating
at temperatures from 700 to 900°C and exhibit no significant dependence on the kind of lanthanide elements.
These electrode behaviors are analogous to widely used La;_Sr,Co,.,Fe,Os.;, Ln;Sr,Co,Fe,Os 5 (Ln=Pr, Nd,
Gd) systems, however, have potential advantages in reactivity with YSZ. In Ln=Pr, Nd (y=0.8) compositions, for
example, the by-products of Ln,Zr,O; and SrZrOjs are both suppressed when sintered at 1000°C for 100 h. LSCF
also yield no reaction product with CGO when sintered at 1200°C for 36 h.

Compatibility of Gd,Ti,O; Pyrochlores (1.72<x<2.0) as Electrolytes in High-Temperature Solid Oxide Fuel Cells,
Masashi MORI*, Geoff M. TOMPSETT*, Nigel M. SAMMES*, Eisaku SUDA*, and Yasuo TAKEDA: Solid
State Ionics, 158, pp. 79-90, 2003.

The crystal structure, sintering characteristics, electrical conductivity and thermal expansion of
Gd,Ti,07.5 pyrochlores (1.72 < x < 2.10) have been studied as potential electrolytes in high-temperature solid
oxide fuel cells (SOFC). It was found that the A-site deficiency of Gd,Ti,07.; with cubic symmetry showed a
wide region of 1.72<x<2.03. A-site vacancies promoted the sintering characteristics of these materials. Electrical
conductivity of the pyrochlores with A-site vacancies was lower than that of Gd,Ti,O5 in air although the reverse
was observed in reducing atmospheres, due to the appearance of electronic conduction. Average linear thermal
expansion coefficients of Gd,Ti,O;.; pyrochlores decreased with increasing A-site vacancies. The difference
between the TEC in air and in a H, atmosphere had a tendency to increase with increasing A-site vacancies.

Change in Conductivity of Yttria Stabilized Zirconia, Masatoshi HATTORI*, Yasuo TAKEDA, Satoshi
OHARA*, Jin-Ho LEE*, Kazuo MUKAI*, Takehisa FUKUI*, Yoshinori SAKAKI* and Akihiro
NAKANISHI*: Journal of the Japan Society of Powder and Powder Metallurgy, 50(4), p.297, 2003.

The change in conductivity of 8 mol% and 10 mol% yttria stabilized zirconia (8YSZ and 10YSZ,
respectively) were measured during continuous current loading at 1000°C. The conductivity of 8YSZ gradually
degraded with holding time in the test and it decreased to about 65% of the initial value after annealing for 1500
h. However, the conductivity of 10YSZ is constant under the same condition. The crystal structure of the
samples before and after annealing was investigated by X-ray diffraction techniques, Transmission electron
microscopy, and Raman spectroscopy. It was concluded that the deterioration in conductivity of 8YSZ related to
the phase transformation, such as gradual formation of fine tetragonal phase which had lower conductivity than
cubic phase had.

All Solid Lithium Polymer Batteries with a Novel Composite Polymer Electrolyte, Qi LI, Takahito ITO,
Nobuyuki IMANISHI, Atsushi HIRANO, Yasuo TAKEDA, and Osamu YAMAMOTO*: Solid State Ionics, 159,
pp. 97-109, 2003.

A composite polymer electrolyte based on polyethylene oxide (PEO) with a hyperbranched polymer
poly[bis(triethylene glycol)benzoate] capped with an acetyl group (HBP) and a ceramic filler, BaTiO;, w