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Nano-Organization and Functionalization of Liquid Crystals

Takashi Kato
Department of Chemistry and Biotechnology, Graduate School of
Engineering, The University of Tokyo, Bunkyo-ku, Tokyo 113

The processes of self-assembly and self-organization of various
molecules using specific molecular interactions lead to the formation of
new functional molecular systems where various molecules cooperate.
For liquid crystals, we have been preparing supramolecular mesomorphic
materials from independent and different molecules. The supramolecular
liquid crystals are a homogeneous system where molecular complexes built
through intermolecular hydrogen bonds form one phase. Recently, we
have developed a novel type of nano-ornganized composite materials,
liquid crystal gels. We report here two anisotropic systems: (1)
supramolecular liquid crystals (homogeneous materials); (2) liquid crystal
gels (heterogeneous materials).

Polyamides based on 2,6-bis(acylamino)pyridine moieties form
supramolecular mesogenic structures by complexation with low
molecular weight compounds. Such supramolecular polyamides exhibit
significantly thermally stable mesophases.

The association of low molecular compounds such as trans-1,2-
bis(amino)cyclohexane derivatives results in the successful gelation of
liquid crystals. These anisotropic gels consist of H-bonded aggregates and
normal liquid crystals such as cyanobiphenyls. Two gel states derived
from isotropic and nematic states, which are thermally reversible, are

observed for these gels.



Dendritic Nano-organized Systems Containing Metal Complexes
Mutsumi Kimura
Department of Functional Polymer Science, Faculty of Textile Science and Technology, Shinshu
University, Ueda 386, Japan

email: mkimura@giptc.shinshu-u.ac.jp

The synthesis of dendrimers have recently attracted much interest. Dendrimers are well-defined
globular structure with uniform molecular weight. The functional dendrimers have been prepared by
the introduction of functional compounds such as metal complexes, fullerenes and biomaterials to
the exterior surface and the interior cores of dendrimers. The highly branched dendrimers provided a
unique environment for these functional compounds, which resulted in a variety of new and modified
properties. Constructing a dendrimer around a phthalocyanine core could control the aggregation of
complex in aqueous media and modify its photoreactivity. We report here on the synthesis of the first
dendric Zn" phthalocyanine using cascade polymer methodology. The environment of photoactive Zn
phthalocyanine can be controlled through the encapsulation in dendrimers.

The polyether-amide dendrimer containing a Zn" phthalocyanine derivative was prepared by the
method of Newkome et al. The UV-visible spectrum shows the inner environment of Zn
phthalocyanine located in the interior core of the dendrimers. The spectra of 1 and 3 showed a sharp
peak at 678.0nm (loge=5.47) bearing a shoulder at 621.0nm in CHCI,, and were not influenced by
the number of the generations. In aqueous media, the UV-visible spectra of 2 and 4 were much
different based on the number of generations. Dendrimer 4 showed the Q band at 687.0nm which is

typical of a nonaggregated Zn phthalocyanine. However, a sharp peak was not observed in the case

of 2. These spectra of 2 and 4 were little e . Ro {R,o a
R
affected by the increasing of pH value n{ (0 ¢° 0, Ko 3/ o
0 90
from 7.1 to 10.5. This broad peak at n&»og‘; HN‘(OI% ONH
> . : H o H ki
622.0nm, which is attributed to the 0 o"€8 5
. . os— "’-O o \—\"R
aggregation of Zn phthalocyanine, R l%f_;n‘jgﬁ Wg
(0) N ]
indicates that the complexes interacted g '\‘o ’ \N\\N S ) ’
2 1% . d 00\/‘0_} 0 o/— \ 2
through a hydrophobic interaction in R,/O u
HN
aqueous media. With increasing of 0 4 0; )(8-/‘5R
dendrimer generation, the shielding HN ,"\f' Q }R
ot oo I
effect of the dendrimer is enhanced by R(')'J o) 5 - ‘) } \) R
increasing the size of the molecular H‘}O R %o = O'R
cage.
Ref) M. Kimura, K. Nakada, Y, ; :88
Yamaguchi, K. Hanabusa, and H. Shirai, 3: -NH(CH,OCH,CH,COOEt)3
4: -NH(CH,OCH,CH,COOLi)3

Chem. Commun., 1997, 1215.



Design of Novel Ion Conductive Polymers
through the Intermolecular Molten Salt Formation

Hiroyuki Ohno
Department of Biotechnology, Tokyo University of Agriculture and Technology,
Koganei, Tokyo 184-8588, Japan

Introduction:

The ion conductive polymers are quite important materials for the design of novel ionics devices,
such as film battery. Poly(ethylene oxide) (PEO) has been used for a long time as basic materials for
that purpose. However, the upper limit of the ionic conductivity in PEO matrix is estimated to be in the
order of 10° S/cm even in the liquid state. Accordingly, new type of ion conductive polymers is being
desired to drastically improve the ionic conductivity. In the present paper, I would like to introduce the
new type polymers which have ability to form molten salt phase in the polymer matrix. Their ionic
conductivity before and after the molten salt formation is reported.

Experimental:

PEO having alkyl imidazolium groups or alkyl sulfonamide salt groups on one or both ends
(PEO/salt hybrids) were prepared according to our previously published paper.'! Vinyl polymers having
alkyl imidazolium groups or alkyl sulfonamide salt groups on the side chains were also prepared.” The
structure of these polymers was confirmed by proton NMR measurements.

Ionic conductivity was measured with Solartron 1260 (Schlumberger) with custom made
temperature sweep unit. Impedance data were analyzed to calculate the ionic conductivity at every
temperature. The glass transition temperature (Tg) was determined by DSC measurement (SEIKO).

Results and Discussion:

The ionic conductivity of the PEO/salt hybrid was improved 10* - 10° after molten salt formation at
the chain end. This considerable improvement of the ionic conductivity was comprehended to be due to
the decrease of the Tg from the DSC data. The ionic conductivity was affected by the following
structural characteristics such as molecular weight of PEO part, charged end group species, counter ion
species, and so on.  The highest ionic conductivity of 6 x 10® S/cm was found at 50 °C.  These data
suggested that the ion conduction pathway was prepared both in the molten salt phase and PEO chain
phase, and former seemed to be more effective.

The PEO structure was strongly suggested to be less important to provide fast ion conductive matrix
when the molten salt phase was introduced. The ionic conductivity for the vinyl type polymers having
ability to form the molten salt phase were then analyzed. As expected, considerable improvement of the
conductivity was found after molten salt formation. Among these, the highest ionic conductivity of 2 x
10® S/cm was found, but major carrier ion was revealed to be an anion. To improve the lithium transport
number, LiTFSI salt was further added to the system, and it of about 0.6 was obtained after the equimolar
addition of LiTFSI salt.

References:
1. H. Ohno, Y Nakai, and K. Ito, Chem. Lett., (1998) in press.
2. K. Ito, M. Omori, and H. Ohno, /1th Int’l Conf. Solid State Ionics, pl43 (1997)




Radical Polymers: Their Nano-Structure and Ferromagnetic Spin-Alignment

Hiroyuki Nishide
Dept Polymer Chemistry, Waseda University, Tokyo 169

There is much interest in preparation of magnetically responsive, purely organic-derived
polymers. The goal of these works is to synthesize m-conjugated polymers bearing radical groups
and to explore the possibility of ferromagneticallty coupled- or high-spin alignment between
unpaired electrons of the pendant radicals. For m-conjugated and alternant, but non-Kekule-type
organic polymers bearing multi radicals, the spin quantum number (S) at the ground state is cleary
related to the macromolecular structure or molecular connectivity of the radical centers on the
conjugated backbone (Fig.1). First, recent progress in synthesizing of these radical polymers(1, 2)
is mini-reviewed.

We focused on m-conjugated linear polymers bearing pendant radical groups, which are also
n-conjugated with the polymer backbone and have substantial chemical stability. Typical examples
are poly(phenylenevinylene)-based radicals(3, 4): 3 with a spin concentration of 0.67 displayed
S§=5/2, indicating a ferromagnetic alignment of five spins on the average. A spin defect was not
fatal for a partial but strong ferromagnetic spin alignment between the pendant unpaired electrons
through the m-conjugated poly(phenylenevinylene) backbone. The design and synthesis of
extended star-shaped, hyper-branched, and ladder polyradical frameworks employing 7t-conjugated
backbones are described as a promising route towards the development of fcnomagrlctic polymers.

g
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Self-Assembly of Supramolecular Liquid Crystals through the
Formation of Double Hydrogen Bonds

Masumi Ogasawara and Takashi Kato

Department of Chemistry and Biotechnology, Graduate School of
Engineering, The University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113,
Japan

A wide variety of H-bonded liquid crystalline complexeé have
been prepared through the formation of a single hydrogen bond between
pyridines and carboxylic acids.) Aminopyridines and their related
compounds that have both hydrogen donating and accepting moieties are
key components for crystal engineering and host-guest chemistry in the
solid-state and solution states. Our intention is to employ 2,6-
bis(acylamino)pyridines for liquid crystalline materials.

As  H-bonding components, 2,6-bis(acylamino)pyridines
mAPy(m=3~8) were selected and designed to complex with 4-
(alkoxy)benzoic acids nOBA(n=10, 12, 18). Molecular recognition
processes between these two components result in the formation of
doubly hydrogen-bonded mesogenic complexes. These 1:1 complexes of
mAPy and nOBA(n=10, 12,) exhibit a monotropic smectic B phase,
which are not observed for each of the single components. For example,
a 1:1 complex of 4APy/100BA exhibit a monotropic smectic B phase
from 83 to 71°C on cooling. When the length of the alkyl group on the
benzoic acid unit increase, 1:1 complexes of mAPy and 18OBA exhibit
discotic hexagonal phases which have been confirmed by microscope
observation and X-ray diffraction measurements. Oxyethylene chains
are also introduced to the structure of these complexes.

These mesogenic molecular structures are unique as a calamitic or
discotic liquid crystals because the mesogen has no simple rod shape and
the two alkyl chains of the acyl groups do not lie on the long axis of the
aromatic core.

1) T. Kato et al. Macromol Symp., 98, 311 (1995); Macromolecules.,
22,3818 (1989); Angew. Chem Int. Ed. Engl. 33, 1644 (1994)
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Monolayer properties of azobenzene derivatives containing
hydrophilic urea group
Takashi Fukuchi, Shin'ya Morino, Masaru Nakagawa,
Takahiro Seki, and Kunihiro Ichimura
Research Laboratory of Resources Ultilization, Tokyo Institute of Technology
4259 Nagatsuta-cho, Midori-ku, Yokohama 226, JAPAN

It is well known that amphiphiles
including urea group as a hydrophilic
group are formed the monolayer at
the air-water interface with the highly
strong intermolecular hydrogen-
bonding (Fig. 1)". On the other hand,  air
it has been a lot of reports about
monolayer and Langmuir-Blodgett TP RTT A TS ¢
films in the azobenzene-containing water°ﬁ’N Y °Y"

& 3 . NH,* 2 2
amphiphiles. We have synthesized 5} 7
containing ureas as the head group mode in alkyl urea monolayers

(6Azn-Urea). The molecular
orientation and photoisomerization behavior at the air-water interface
were examined by -A measurements and absorption spectroscopy.
The azobenzene derivatives containing carboxylic acid (6AznCOOH)
were treated with diphenylphosphoryl azide, triethylamine, and ammonia
gas to give 6 Azn-Urea. The derivatives formed stable monolayers both
intrans and cis form, but the a Zf phase transition typically observed in
long-chain alkyl urea monolayers was not found”. Compression of the
monolayer did not induce spectral shift for 6Az10-Urea, which was, in
contrast, clearly observed for 6Az10COOH. These results imply that an
intermolecular hydrogen-bond network among the urea head groups is
stronger than that for carboxylic acid group.

(@)
H3C"<CH2‘>;®‘N\\N 4@‘0—( CHz)'n_NH_g —NH,

6Azn-Urea
Reference
1). M. Shimizu, M. Yoshida, K. limura, N. Suzuki, and T. Kato, Colloids and
Surfaces A, 102, 69 (1995) efc.
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Modeling the Intrface Region of Command Surface by LB Method
and Specroscopic Evaluations

T. Ubukata, S. Morino, N. Nakagawa, T. Seki, and K. Ichimura
Research Laboratory of Resources Utilization, Tokyo Institute of Technology

[Introduction]

Monolayers having photocromic functional group on the solid substrate
can induce alignment changes of nematic liquid crystal (LC) by
photoirradiation. In this regards such layers can be referred to as command
surfaces. We constituted a research approach for modeling the hetero-
molecular interface by Langmuir-Blodgett (LB) technique to understand the
molecular contacting interface of the command layer /LC.

[Results and Discussion] CHs

Mixed Langmuir films composed of an (CHa),
amphiphilic azobenzene (Az) side chain
polymer (6Az10-PVA) and 4'-pentyl-4- 5CB B6AZ10-PVA
cyanobiphenyl (5CB) were prepared. Tm-A o, 47 claos
isotherms, observation by Brewster angle K : '
microscopy and UV-visible absorption spectra () @

revealed that two compounds in these films
were mixed molecularly homogeneously, and
Az side chain of 6Az10-PVA and 5CB 2 ZH
molecules were highly oriented perpendicularly ¥ "<-~5:Hﬂﬁ/H-- )
to the air-water interface. PRBIgH
Photoresponsive properties of mixed LB films were investigated by UV-
visible absorption spectroscopy. UV light (365nm) illumination induced large
absorption enhancement particularly in the band of 5CB molecule around
280nm (Fig.1a). The enhancement of absorption band at 280 nm was clearly
consorted with that of the n-t* band of Az unit (440 nm), indicating that the
orientational change of 5CB with respect to the surface plane was induced by
the photoisomerization of the Az side chain. The reverse process could also
be performed by visible light irradiation (Fig.1b). Orientational evaluation of
each component of molecules was also performed using FT-IR spectroscopy.

2
( TH"’) 10

=0

0 min
2

©0.8 | e 00.8 ]
8 £ Irradiation time O Irradiation time
s 0.6 50.6
= e
20.4 0.4
(0.2 ‘ ] 2 0.2 |
00k |, | N 00L , | | S== .
200 300 400 500 600 200 300 400 500 600
Wavelength / nm Wavelength / nm

Fig.1 UV-visible absorption spectra of the 6Az10-PVA / 5CB (1:1) mixed LB films (39 layers).
Spectral change on exposure (a)to UV (365nm) and (b) to visible (436nm) light.
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PHOTOPOLYMERIZATION OF MIXED CRYSTAL / MOLECULAR COMPLEX
Chiaki Hosono, Masaki Hasegawa, Kazushi Kinbarat, Yutaka Adegawat, and Kazuhiko Saigot
Department of Materials Science and Technology, Faculty of Engineering, Toin University of Yokohama,
Kurogane-cho, Aoba-ku, Yokohama 225, Japan, tDepartment of Chemistry and Biotechnology,

lf PERFECTLY ORDERED POLYMER NANO-COMPOSITE BY
r&
[ Faculty of Engineering, The University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113, Japan

i Introductlon

i We have prepared a large number of highly crystalline lincar polymers by topochemical [2+2] photopolymerization of various

‘types of diolefin crystals.! The polymerization proceeds with retaining the space group of starting crystal and gives highly
‘ordered polymer crystal only with few structural defects.

'Here we like to report first preparation of highly ordered polymer crystal nano-composite by topochemical [2+2]
pholopolymenzauon of the mixed crystals and the molecular complexes comprising two kinds of conjugated diolefins.

urllesults and Discussion

“By recrystallization of the mixture of two organic compounds the mixed crystal is often obtained if their crystal structures are
Flsomorphous to each other.

‘In present study, we found that several pairs of diolefin compounds [ormed photoreactive mixed crystal or molecular complex,
‘e.g., the mixed crystal (1¢) consisting of ethyl

ﬁand S-ethyl 4-[2-(2-pyrazyl)ethenyl]- N
{cinnamates (1a and 1b).

{For cxample, on photoirradiation, the mixcd k\_N' Ciystaficlon . hv

ierystal (Ic) gives highly crystalline linear high W eoixei O TeT

‘copolymer with a random sequence of two COXEt
‘compounds.? X=0/8S n
‘Furthermore, the mixture of 2,5-DSP and la Ranmé:pgls:h i
forms photoreactive molecular complex i L

havmg a molar ratio of 1:2, although the crystal structures of each of the pure compounds are not isomorphous to each other.
VOn photoirradiation, the molecular complex affords a crystalline linear high polymer. The 'H NMR spectrum of the polymer

‘coincides perfectly with
Complex (2:1) -
COOEt|,

that of a 1:2 mixture of \\_ P\
‘poly-2,5-DSP and poly- N \
A Mixture of Homopolymers Qinn> 1.0)

{1a, indicating that the COOEt
photoproduct is not a la
copolymer but a mixture

of poly-2,5-DSP and
poly-1a with the molar \ 2\
ratio 1:2.° N

X-ray crystallographic 2 5.DSP
analysis of the molecular y
complex reasonably

explains its topochemical behavior and the structure NS N
of resulting photoproduct thus obtained, as is shown %\\
in Fig. 1. k

All the results lead to the conclusion that polymer
nano-composite having an alternating monolayer of
poly-2,5-DSP and bilayer of poly-la was prepared

oo s

through the topochemical [2+2] photopolymerization, / T

as is shown schematically in Fig. 2. dé =~ M
\\§

Crystallization

The mixed crystals and molecular complexes

mentioned above are obtained not only by % 2,5-DSP
recrystallization from the solution but, surprisingly,

also by simple grinding the mixture of two diolefin %% \\-N’

crystals, followed by thermal annealing at the Ny Ry COOEt
ordinary temperature. ta

We propose that the observed process of crystal Fig 1 Crystal structure of the molecular complex of 2,5-DSP and 1a.
formation is Kkinetically analogous to the

photographic processes; the grinding time and the

subsequent thermal annealing correspond to the

exposure time and development processes,

respectively.*

References

1  For recent review, see; M. Hasegawa, Advances

in Physical Organic Chemistry, 30, 117 (1996).

2 Y. Maekawa, S. Kato, K. Saigo, and M.
l,

!3_l asegawaashgéz:‘:g:nge%ﬁ;aﬁ? Y575Adglg?\?nla) and K. an 2 Schematic representation of the polymer nano-composile, poly-

Saigo, J. Am. Chem. Soc., 115, 3820 (1993). 2ADSPqpolyrla.

4 K. Kinbara, Y. Adegawa K. Saigo, and M. Hasegawa, Bull. Chem. Soc. Jpn., 66, 1204 (1993).

30380 A Ry POV-2.5-DSP
poly-1a
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Liquid-Crystalline Self-Organized Gels and Their
Electro-Optic Effects

Takaaki Kutsuna, Takashi Kato, and Kenji Hanabusaf
Department of Chemistry and Biotechnology, Graduate School of
Engineering, The University of Tokyo, Bunkyo-ku, Tokyo 113, Japan
TDepartment of Functional Polymer Science, Faculty of Textile Science
and Technology, Shinshu University, Ueda, Nagano 386, Japan

Anisotropic gels have attracted attention because of great potential
as functional materials such as active and passive optical devices. We
report here that a novel class of gels, which is based on self-organization
of a gelling agent, exhibits thermoreversible two gel states derived from
liquid-crystalline and isotropic states. We focused on trans-1,2-
bis(acylamino)cyclohexane derivative for the gelling agent of
thermotropic liquid crystals. In these compounds, trans-1,2-
bis(dodecanoylamino)cyclohexane (Cy(11)2)1) was employed as a
gelling agent. Room-temperature liquid crystal, 4-pentyl-4'-
cyanobiphenyl (SCB) was used as an anisotropic solvent. This liquid
crystal has been successfully gelled through self-aggregation of
Cy(11)2 both in nematic and isotropic states. This aggregation is
driven by the H bonds between amide linkages.1:2) On heating, the
mixtures finally form isotropic liquid states because all of components
are low molecular weight compounds. The mixtures show the
thermoreversible three states, liquid-crystalline gel, normal gel, and
isotropic liquid. These phase transitions are clearly observed in the
DSC thermograms. Preliminary measurements of the response to
electric fields have been made for the anisotropic gel. The gels are
responsive to electric fields, which suggests applicability for new
electro-optic materials. Both threshold voltage and response times of
the gel are larger than those only for the component of SCB. These
results show that the two components of the gel are interacting and the
dynamics of the mesogenic molecule in anisotropic state are restricted in
the gel state.

1) K. Hanabusa et al., Angew. Chem., Int. Ed. Engl. 1996, 35, 1949.

2) T. Kato et al., Angew. Chem., Int. Ed. Engl. 1997, 36, 1617; Chem.
Lett., 1997, 1143.
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Characterization of gel electrolyte from amino acid derivative
Kaori Hiratsuka, Kenji Hanabusa, Mutsumi Kimura, Hirofusa Shirai
Faculty of Textile Science and Technology, Shinshu University
3-15-1 Tokida, Ueda-shi, Nagano 386, Japan
Tel: 0268-21-5487 Fax: 0268-24-7248 e-mail: hanaken @giptc.shinshu-u.ac.jp

Octadecylamide of N-benzyloxycarbonyl-L-isoleucine (Z-L-Ile-NHC, H,,) is an excellent
gelator which can form gels with a wide variety of organic solvents. The gelation mechanism
of Z-L-lle-NHC {H,, can be explained as follows: the macromolecule-like aggregates are
formed from numerous gelator molecules through intermolecular interactions such as
hydrogen bonding and van der Waals interaction, then they are juxtaposed and interlocked,
and finally immobilize solvents. To apply the gelator to new solid electrolyte materials, we
prepared gel electrolytes of organic solvents containing electrolytes such as LiClO,,
LiCF,SO,, LiBF,, and Bu/,NCIO, by using Z-L-Ile-NHC,;H,,. Ion conductivity of the gel
electrolytes was measured by a complex impedance method.

With increasing concentration of gelator, ion conductivity of the gel electrolytes slightly
decreased, while the strength of the gel electrolytes increased. This indicated that ion
conductivity was hardly affected by strength of the gel electrolytes. Further, the ion
conductivity increased with increasing concentration of electrolytes up to 0.3M, but then
remained essentially constant up to 1.5M before decreasing at the higher concentration. This
observation indicates that ion aggregates or ion pairs are formed in the gel matrix at the higher
concentration of electrolyte.

Temperature dependence of ion conductivity for the gel electrolytes obeyed Arrhenius type
over the range 20-90°C. Although the gel electrolyte at 20°C was transformed to the

homogeneous solution at 90°C, the ion conductivity was hardly affected by the transition

from gel to homogeneous solution. Namely, the behavior of supporting electrolytes in the gel
matrix was essentially similar to that in the solution. We conclude that the gel electrolytes
from Z-L-1le-NHC, ;H,, can be sufficiently used as new solid electrolyte materials.

Q_ CH20CONH(|3HCONHC18H37

CH Z'L'Ile'NHC18H37
2N
CH; CH,CH;
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Organogel-forming agents of bipolar amino acid derivatives
Reo Tanaka, Kenji Hanabusa, Mutsumi Kimura, and Hirofusa Shirai
Department of Functional Polymer Science, Faculty of Textile Science & Technology,
Shinshu University, Ueda 386
Tel: 0268-21-5487  Fax: 0268-24-7248  e-mail: hanaken @giptc.shinshu-u.ac.jp

Organogel of synthetic polymers and aqueous gels of biopolymers have received considerable
attention, while the study of the gelation of organic solvents by low molecular weight gelators
has only been carried out on a limited number of compounds and is still in its infancy.
Bolaamphiphiles of amino acid derivatives were synthesized, and the effects of the length of the
alkylene segment and the N-terminal protecting group on gelation ability for various organic
liquids were examined. Bolaamphiphiles of amino acid derivatives could cause gelation of a
wide variety of organic liquids. The bolaform amide 3 is of special interest to us because it
contain neither an aromatic moiety nor a long methylene segment. The boraform amide 3, which
is expected to be a smoothly-biodegradable gelator, may have a wide range of possible
applications, e.g., environmentally as a gelator of spilled toxic solvents and cooking oils, or
medically as a drug-delivery material. The FT-IR spectrum of the transparent benzene gel of 1
was characterized by bands attributed to intermolecular hydrogen bonding, whereas the
isotropic solution of 1 in chloroform indicated of non-hydrogen bonding stretching vibrations.
The FT-IR spectra suggested that hydrogen bonding plays an important role in gelation.
Transmission electron micrographs, scanning electron micrographs, and dark-field optical
micrographs of gel exhibited that the networks were build up by numerous fibers. It is assumed
that the numerous fibers are in contact with each other and then form three-dimensional network,

and finally immobilize the fluid component on a macro-scopic scale.

o ? Q
CHy—0~-C~N-CH—C—N—(CH,)1,~N-C~CH-N-C~O—CH,
£ H H & H

1: R=-CH(CHj), (L-Val) 2: R=-CH(CH3)CH,CHz  (L-lle)
Q ? Q ?
CH30H2—O—C—-”—C|:H—C—u—(CHz)n—”—C—(I)H—u—C—O—CHZCHs
CH CH
7N 7N
H3C CHj HaC CHj
3:n=2 6: n=9
4: n=7 7:n=10
5:n=8 8: n=12
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Organogels from cyclohexane derivatives
Atsushi Kawakami, Kenji Hanabusa, Mutsumi Kimura and Hirofusa Shirai

Faculty of Textile Science and Technology, Shinshu University
3-15-1 Tokida Ueda-shi, Nagano 386 Japan
Tel: 0268-21-5487  Fax: 0268-24-7248  e-mail: hanaken @giptc.shinshu-u.ac.jp

Some dilute binary solutions of low-molecular weight compounds can form thermally-

reversible physical gel in appropriate organic liquids. In general, such organogel-forming

compounds self-associate spontaneously to harden organic liquids on cooling of

appropriate isotropic solution. The main driving forces for gelation by low-molecular

weight compounds are non-covalent bonds, i.e., hydrogen bond, electrostatic interaction,

van der Waals interaction, t—7 interaction, and hydrophobic interaction.

We report here on gelation behavior of trialkyl cis-1,3,5-cyclohexanetricarboxamides as

new organogel-forming agents. The addition of small amount of trialkyl-cis-1,3,5-

cyclohexanetricarboxamides was able to cause thermally-reversible physical gelation in

organic liquids. The gelling ability and gel mechanisms were investigated by gelation tests,
FT-IR spectroscopy, DSC, and TEM. TEM images of loose gel and gel-like fluid show
different types of aggregates. One is three dimentional network aggregate for gel, and the

other is rod-like aggregate for gel-
like fluid. It is thought that the
transformation of isotropic solution
to crystal, gel, or viscoelastic fluid
on cooling process depends on the
structure of alkyl group and the
type of solvent. When favorable
hydrophilic-hydrophobic  balance
of trialkyl cis-1,3,5-cyclohexane-
tricarboxamides against solvent is
performed, gel or  highly
viscoelastic  gel-like  fluid 1s

formed.

CONHR

RHNOC CONHR

1; R=CH;

2; R = CH»(CH,)4CH3

3; R = CH(CH;)¢CHj3

4; R = CH,(CH;)sCH3

5; R = CHp(CHj);9oCH3

6; R = CH»(CH3);6CH3

7; R = CH,CH,CH(CH3)CH,CH,CH,CH(CH3),

8;R= FHCHzCHzCHzCHzCHzCHzCHzCHj,
CH,CH,CH,CH,CH,CH3
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Synthesis of Branched Polysaccharide
and Oligosaccharide
Kasuya, M.C., Hatanaka, K
Department of Biomolecular Engineering
Tokyo Institute of Technology
4259 Nagatsuta-cho, Midori-ku, Yokohama 226, Japan

Many kinds of carbohydrate chains show biological activity due to the
branching units. However, the chemical synthesis of branched polysaccharides
requires careful consideration in controlling the branching position, the kind of
branching unit and the length of branching. In this research, the chemical
synthesis of a branched polysaccharide, with potential hypoglycaemic activity, is
being investigated using cationic ring-opening polymerization of a disaccharide
derivative.

The disaccharide monomer (1,6-anhydro-3-0O-benzyl-4-0-(2,3,4,6-tetra-O-
benzyl-a-D-glucopyranosyl)-2-deoxy-f-D-arabino-hexopyranose with the
glucopyranosyl branching unit at C-4 position was prepared via glucosylation of
the 1,6:2,3-dianhydro glucose derivative using the trichloroacetimidate of
tetrabenzyl glucose. Glucosylation carried out in dichloromethane with tert-
butyldimethylsilyl triflate as catalyst proceeded with high o-anomeric selectivity

(thermodynamically stable product) at room temperature. On the other hand, at
-30°C, the B-stereoselective product (kinetically stable) was produced.

Ring-opening polymerization of the 1,6-anhydrodisaccharide monomer was
carried out wunder high vacuum in dichloromethane with phosphorous
pentafluoride as initiator. The polymerization gave a mixture of a cyclic oligomer
and an a- (1—6) - linked “comb-shaped” polysaccharide (DPn ~ 14) having an o-

glucopyranosyl branching unit per each sugar residue in the backbone chain.

Copolymerization of the 1,6-anhydrodisaccharide monomer with a
monosasaccharide _monoiner (1,6-anhydro-3,4-di- O-benzyl-2-deoxy-f-D-arabino-
hexopyranose) under high vacuum with phosphorous pentafluoride as inmitiator
was also carried out.



P1-10M

ANALYSIS OF THERMAL MOLECULAR MOTION AT SURFACE OF POLYMERIC
SOLIDS BASED ON TEMPERATURE DEPENDENT SCANNING FORCE MICROSCOPY
Noriaki Satomi, Keiji Tanaka, Atsushi Takahara, and Tisato Kajiyama

Department of Materials Physics and Chemistry, Graduate School of Engineering, Kyushu University

Lateral force between solid surface and sliding cantilever tip can be evaluated by detecting
the torsion of the sliding cantilever on nanometer scale. Since the frictional behavior of polymeric
solids is closely related to their dynamic viscoelastic properties, it is possible to investigate surface
molecular motion of the polymeric solids by using lateral force microscope(LFM). The
temperature dependence of lateral force for the polystyrenes (PSs) thin films was investigated in
order to reveal thermal molecular motion at the surface of PS. = LFM measurements of PS with
molecular weight, Mn of 140k at various temperatures revealed that the scanning rate dependence
of lateral force was appeared only in a temperature range from 343 K to 383 K. In a temperature
range from 363 K to 383 K, the peak on the scanning rate-lateral force curve was observed. In the
case of PS with Mn 6f 4.9k, the magnitude of lateral force depended on the scanning rate in a
temperature range from 263 K to 303 K, and the peak was observed in a temperature one from 283
K to 293 K. These results indicate that the surfaces of the monodisperse PSs films are in a glass-
rubber transition state at a lower temperature range compared with the bulk glass transition
temperature, Tg.

A master curve was obtained by horizontal and vertical shifts of the scanning rate
dependences of lateral force at various temperatures. Reference temperatures were 293 K for Mn
of 4.9k and 363 K for Mn of 140k, respectively. It was revealed that the time-temperature
superposition principle, which is characteristic to amorphous bulk polymeric materials at around
Tg, could be also applied to the surface aa-relaxation process corresponding to the surface glass
transition behavior. The relationship between horizontal shift factor, a; and reciprocal measuring
absolute temperature followed the Arrehenius type equation. Then, the magnitude of activation
energy for the surface ota- relaxation process (surface micro-Brownian motion) was calculated from
the slope of the a, vs. 1/T plot, 190 - 220 kJ*mol". This magnitude is fairly lower than that for
the bulk one, 360 kJ-mol’. At the air-polymer interface, an excess free volume is induced by the
surface localization of the chain end groups and also, the degree of freedom of polymeric segments
contacting with the air might be greater than that in the bulk state. Then, it can be predicted from
the magnitude of the activation energy that the energy barrier for the surface oa-relaxation process

might be lower in comparison with those for the bulk one.
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TOPOCHEMICAL PHOTOREACTION BEHAVIOR OF
NEW 2,5-DISTYRYLPYRAZINE DERIVATIVES

K.Watanabe, C. Hosono, K. Saito and M. Hasegawa
Department of Materials Science and Technology, Faculty of Engineering,
Toin University of Yokohama
1614 Kurogane-cho, Aoba-ku, Yokohama, Kanagawa 225 Japan.

Introduction

Topochemical [2+2] photopolymerization was first reported on the reaction of 2,5-
distyrylpyrazine (DSP) crystal. Since then, a great number of highly crystalline linear
polymers have been prepared from diolefinic compound crystals by repeating step-by-step
growth mechanism of [2+2] photocyclodimerization. Among these crystals, unsymmetric
diolefin compounds are particularly interesting since their behavior and photoproducts are so
"kaleidoscopic".!

In this study, we report the photoreaction of several kinds of unsymmetrically substituted
diolefin crystals having DSP skeleton. Structure and properties of the resulting polymers
were investigated by conventional spectroscopic measurements. Furthermore, mixed crystals

consisting of two types of DSP derivatives, were prepared and their topochemical behavior
was also mvesuoated

N=\ / R hv N=
oTaal 7 o TARTRT
_@_ —@-OCH(OCHZCH;;)Z It n

2 )0 oy &
3: —)-ooms

Results and Discussion

Scheme 1

Several DSP derivatives were newly synthesized, and their photoreactivity was
investigated in the crystalline state. Monomer crystals ( 1-5 ) showed an extremely high
photoreactivity and gave highly crystalline linear high-molecular-weight polymers ( [n]=0.98-
5.2 ) having cyclobutane rings in the main chain in nearly quantitative yields.

By IR, DSC/TG and X-ray diffraction studies the photoreactions were proved to be typical
of the crystal-to-crystal transformation through the [2+2] photocyclodimerization. The
polymer crystals as-polymerized, were stable on further photoirradiation in the air whereas
amorphous polymers regenerated, readily degraded under similar condition. During the
photoirradiation pyrazine moiety in the amorphous polymer gradually decreased and
nitrile group newly appeared, indicating the photo-oxidative degradation of pyrazine ring to
give the nitrile derivatives, as was the case of poly-2,5-DSP.

Photoreactive mixed crystal was obtained by recrystallization, e.g. from the mixture of
equimolar 1 and 2. On photoirradiation, the crystal gave high molecular weight of highly
crystalline linear copolymer ( [1]=5.6).

Reference
1 M. Hasegawa, Adv. Phys. Org. Chem., 30, 117 (1995).
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Oxygen Hopping in a Fixed Carrier Membrane

Yukihiro Tsukahara, Hiroyuki Nishide, Eishun Tsuchida
Dept Polymer Chemistry, Waseda University, Tokyo 169

Polyvinylidenchloride is a typical gas barrier polymer. meso-Tetrakis(a, a, a,
a -o-pivalamidophenyl)porphyrinatocobalt(Il) (CoP) was combined, in this paper, with
poly(vinylidenchloride-co-vinylimidazole) (CIm) (Scheme 1), to yield a red-colored and
glassy but still tough membrane. Oxygen was selectively bound with the CoP fixed in
the membrane. Oxygen-binding affinity and absorption amount were 0.1cmHg" and
2.0 cm’/cm’(polymer), respectively.

Gas permeation through the CoP-CIm membrane was carefully measured by three
methods, low-vacuum/pressure measurment, electrochemical measurment, and
gaschromatography, because of low gas permeability of the membrane: The data almost
coincided each other. Examples of oxygen permeability coefficient (P,,) for the
membrane were shown in Figure. P,, steeply increased at low upstream oxygen
pressure and also increased with the CoP concentration in the membrane. The CoP fixed
in the membrane facilitates the oxygen transport through a carrier-mediated pathway or
acts as both a chemical absorption site and a carrier for oxygen, and increases the
transport rate of oxygen relative to that of nitrogen. The effect of the CoP complex fixed
in the polymer membrane on the facilitated transport oxygen was analyzed.

3
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Scheme 2 Fig. Effect of upstream oxygen pressure
Scheme 1 CoP-CIm (p,) on oxygen permeability coefficient
(Pi)z) for the CoP-CIm membrane (@;
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Higher Order Structure of DNA Controlled by the Redox State of Fe2+/Fe3+

Yuichi Yamasaki and Kenichi Yoshikawa
Graduate School of Human Informatics, Nagoya University, Nagoya 464-01, Japan

Abstract

We performed fluorescence microscopic observation of the conformational change of individual
T4DNAs (166kbp) induced by Fe2*/Fe3+. Individual DNAs undergo a marked discrete
transition from an elongated coil into a collapsed globule with an increase in the Fe3+
concentration at around 1-2 uM. On the other hand, DNAs remained in the elongated coil
state with the addition of Fe2* up to a concentration of 30 uM. Using these experimental
results we tried to control the transition of DNA by the redox reaction of Fe2+/Fe3+. We
found that collapsed globule DNA unfolds with the reduction of Fe3*. The morphology of
DNA that had been collapsed with Fe3+ was also studied by electron microscopy, and
showed a quasi-spherical structure that presumably was the result of an intermediate
collapsed state with a flexible rod-like structure. The results have been analyzed
theoretically in terms of the double minima in the free energy profile of a single DNA
molecule, indicating that the change in the translational entropy of the counter ions is the
main reason why high-valency ions are more effective in inducing the collapse.
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Figure 1. Long-axis length, L, of T4DNA 9
molecules vs the concentration of Fe3*, The |
open and closed circles indicate the mean value |
of L in coiled and globular DNA molecules, , 3 )
respectively.  The vertical bars show the Figure 3. Unfolding of globular DNA into a
standard deviation. The shaded area shows the ~coiled state by the reduction of Fe3* to FeZ+
region where the coil and globu]e coexist. The Withthe addition of ascorbic acid, as observed
change in L for the ensemble average (cross by fluorescence microscopy. The interval
symbols) appears to be continuous, despite the between the frames is 1.0 sec (upper panels).
all-or-none nature of the transition in individual Corresponding fluorescence intensity
DNAs. distributions (bottoms).
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Polymer/Inorganic Composites Formed by a Biomineralization
Process

Takahiro Amamiya, Takuo Suzuki, and Takashi Kato
Department of Chemistry and Biotechnology, Graduate School of
Engineering, The University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113,
Japan

Biological minerals associate organic macromolecules containing
functional groups such as carboxylic acid moieties. The study on
biomineralization has shown that macromolecules control the
crystallization processes of the minerals as soluble and insoluble matrices
and the formation of the polymer/inorganic composite structures.
Calcium carbonate (CaCO3) is important inorganic, geological and
bioinorganic materials. Our intention is to develop a new strategy for the
controlled synthesis of polymer/inorganic composites with organized
structures. We report here: (1) the effect of soluble matrix of
biomolecules on the crystallization of CaCO3; (2) the preparation of thin
composite films consisting of CaCO3 and macromolecules.

The crystallization of CaCO3 in aqueous solution without insoluble
matrix has been done in the presence of a soluble matrix of poly(glutamic
acid)(PGA) or poly(acrylic acid)(PAA). These matrices affect the
polymorphs of CaCO3. Calcite has been obtained without these soluble
matrices. The crystallization was inhibited in the presence of PAA. The
spherical crystals are formed with PGA. X-ray diffraction patterns show
that both vaterite and calcite are obtained in the presence of biomolecules
of PGA.

The polymer/inorganic composites in thin film states have been
obtained from CaCO3 and a biomolecule. SEM and optical
photomicrographs show that a thin film state of calcite grows on a
chitosan film matrix in the presence of PAA or PGA as a soluble matrix.
In contrast, no composite film is obtained on the chitosan without soluble
matrices. The interaction of the insoluble matrix of chitosan and the
soluble matrix may play an important role for the formation of thin
composite films.
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Thermal Stabilization of Redox-active Proteins in Ion Conductive Polymers

Natsue Y. Kawahara and Hiroyuki Ohno
Department of Biotechnology
Tokyo University of Agriculture & Technology
Koganei, Tokyo 184-8588, JAPAN

Introduction

Poly(ethylene oxide) (PEO) has been used as ion conductive polymers, and it satisfies the
requirement as a solvent for the electrochemical reactions. The use of PEO asa polymer solvent
for various molecules may support new interesting properties of redox active molecules. We
have been studying the redox reaction of PEO-modified heme proteinsin PEO oligomers. . The
thermal stability of PEO-modified hemoglobin (PEO-Hb)' and myoglobin (PEO-Mb)* was extremely
improved by the use of PEO as a solvent, and these PEO-modified heme proteins showed redox
activity from -10 to 120°C when PEO was used as a solvent. In this study, some factors
for the thermal stabilization of PEO-Mb in PEO oligomers were discussed.
Experimental

Myoglobin from horse skeletal muscle (SIGMA) was used as a heme protein for all
experiments. PEO-Mb was synthesized according to the conventional method as reported
previously’. PEO with average molecular weight of 750 was used for PEO modification of heme
proteins in this study. The degree of PEO modification on one Mb was determined by the titration
of amino groups. The PEO-Mb having 13 PEO chains wasused. PEO-Mb was dissolved in
PEO200 containing 0.5M KC1, and the thermal stability and redox activity of PEO-Mb in PEO with
average molecular weight of 200 (PEO200) were investigated with visible spectroscopy (Shimadzu,
UV-2200A) and cyclic voltammetry (Fuso Seisakusho, HECS 326PC) at various temperatures. Effect
of water content on the thermal stability of PEO-Mb in PEO200 was also analyzed. @ Water
content was determined with Karl-Fischer moisture titrator (Kyoto electronics MKS-210).
Results and Discussion

Effect of water content onthe stability of PEO-Mb
at 80°C was investigated in PEO200 through the visible
spectral change. The absorbance at Soret band of
oxidized PEO-Mb in PEO200 decreased gradually with
time at 80°C when water content was 14.0wt% and more.
Even after removal of water in PEO200 after heating,
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reduced absorbance was not recovered. The thermal
stability of PEO-Mb in PEO200 was also analyzed with
cyclic voltammetry. The typical redox peaks of PEO-Mb
were obtained in PEO200 regardless water content.
However, the peak cumrent decaeased in PEO200 at 80°C
when water content was 18.0wt% and more (Fig.1). These 0o 1 2 3 4 S5 6
suggest that the irreversible thermal denaturation of Time / h

PEO-Mb was attributable to the added water molecules. Fig.1 Effect of water content on the peak
PEO-Mb in PEO oligomers should be stabilized at high  current of PEO-Mb in PEO200 at 80°C.
temperatures by the use of PE0200. Sweep rate : 33 mV/s, W.E.: ITO
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Synthesis of and Spin Alignment in Star-Shaped Radical Polymers

Makoto Miyasaka, Hiroyuki Nishide, Eishun Tsuchida
Dept Polymer Chemistry, Waseda University, Tokyo 169

We recently synthesized poly(1,2-phenylenevinylene) bearing di-tert-butylphenoxyl and have
for the first time reported a through-conjugated backbone bond and long-range ferromagnetic
exchange interaction between the pendant unpaired electrons. In order to improve spin quantum
number S by following a two-dimensional strategy, we extended it to star-shaped homologues 1
and 2.

The star-shaped poly(1,2-phenylenevinylene)s with a 4-substituted pendant phenoxyl were
synthesized by polymerizing a 2-bromo-4-(acetoxyphenyl)styrene derivative in the presence of
1,3,5-triiodobenzene or 1,3,5-tris(3’,5 ’-diiodophenyl)benzene as the core via Heck reaction using
a palladium catalyst. The iodide of the cores was initially reacted with the monomer, and heating the
reaction mixture allowed the polymerization. Head-to-tail linkage of the branch chains and
completely reacted core structures were confirmed with NMR efc. The hydroxy precursor
compounds were quantitatively converted to the phenolate anion in the presence of alkaline and
chemically oxidized to yield the corresponding radicals. The polyradical 1 even with a spin
concentration of 0.6 spin/unit revealed an average S value of 6/2, indicating an heptet ground state.
The 1,3,5-benzene core acted as an effective magnetic coupler, and an intramacromolecular
ferromagnetic exchanging interaction was realized through the star-shaped m-conjugated backbone.
The polyradical 2 was also described.
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Metallodendrimers containing Bis(terpyridine) Iron(II) and Ruthenium(II) ‘
Complexes "

Katsutoshi Mizuno, Mutsumi Kimura, Kenji Hanabusa, and Hirofusa Shirai }‘
Department of Functional Polymer Science, Faculty of Textile Science and Technology, Shinshu |
University, Ueda 386 (JAPAN) |

Tel: 0268-21-5499, FAX: 0268-24-7248, E-mail: mkimura@giptc.shinshu-u.ac.jp

The incorporation of metal functionality in dendrimers has received significant attention because of
the change of photophysical/photochmical, electrochemical, optical catalytic properties when metal
complexes are attached to a dendric matrix. We present about the change in redox property of a
series of iron(Il) and ruthenium(II) complexes in which the metal ion is encapsulated between two
dendric terpyridine ligands. These metallodendrimers were synthesized by the metal-mediated
assembly through the formation of metal complex between two ligands possessing a well-defined
hyperbranced macromolecule and one metal ion (fig. 1). New dendritic terpyridine ligand with two
different numbers of generations were prepared on the basis of Frechet convergent approach.
Treatment of the dendric terpyridine ligands with FeCl,»4H,0 or RuCl;*3H,0 generated the desired
metallodendrimers. The UV spectra were consistent with complex formation: the electronic spectra
of all iron and ruthenium complexes in MeCN showed exactly the same characteristic MLCT
transitions in the visible region. The results of cyclic voltammetry studies of these

metallodendrimers provided useful information regarding the redox properties of metal complex in

the dendrimer. The bis(terpyridyl)iron and ruthenium complexes exhibited one oxidation
(Fe(II)/Fe(III) and Ru(II)/Ru(Ill)) , and these couples seen on the anodic scan is chemically
reversible. The peak separation (AE) of the oxidation process increased and the reversibility of the

redox reaction decreased with A OCHs H4CO OCHy
HaCO » O @
increasing generation number. The

reason of these irreversible

7 \)

voltammetric responses is
currently not clear. It is possible to
speculate that the increasing
distance of the redox center form

the electrode surface prevents the

electron transfer process and leads
to the broadening and the decrease
in reversibility in the higher o
generation metallodendrimer. Fig. 1 The metallodendrimer containing bis(terpyridine)

metal complex (Mt=Fe, Ru)
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Synthesis and Magnetic Property of Poly(2-oxyphenyl-1,4-phenyleneethynylene)

Tadatoshi Maeda, Hiroyuki Nishide, Eishun Tsuchida
Dept Polymer Chemistry, Waseda University, Tokyo 169

We have been realizing a throughbond ferromagnetic interaction between the side-chain
phenoxy radicals by synthesizing the polyradical with poly(phenylenevinylene) backbone. To
enhance the ferromagnetic interaction, we selected poly(1,4-phenyleneethynylene) as a 7
-conjugated backbone because of its developed conjugation and spin polarization even after
substitution on the phenylene ring.

4-Bromo-2-(3',5' -di-tert-butyl-4' -hydroxyphenyl)toluene was prepared by cross-coupling
[3,5-di-tert-butyl-4-(trimethylsiloxy)phenyljmagnesiumbromide to 4-bromo-2-iodotoluene with Ni
catalyst. The trimethylsiloxy group was exchanged for an acetoxy group, and the methyl group
was converted to a vinyl group via the Wittig reaction. The monomer,
4-bromo-2-(3',5'-di-tert-butyl-4' -hydroxyphenyl)ethynylbenzene, was synthesized by bromination
to the vinyl group, and dehydrobromination under alkaline conditions.

4-Bromo-2-(3',5' -di-tert-butyl-4' -hydroxyphenyl)ethynylbenzene was polymerized with a
Pd-Cu catalyst.
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Synthesis and Magnetic Property of Cyclic Oligo(4-oxyphenyl-1,2-
phenyleneethynylene)

Yong-Jin Pu, Masahiro Takahashi, Hiroyuki Nishide, Eishun Tsuchida
Dept Polymer Chemistry, Waseda University, Tokyo 169

We have reported ferromagnetic interaction between spins on phenoxyl radicals through 7 -
conjugated poly(1,2-phenyleneethynylene) skeleton.  5,6,11,12,17,18-Hexadehydro-tribenzo
[a ¢ i]cyclododecene was selected in this paper as a model of a cyclic poly(1,2-phenyleneethynyl-
ene) coupler. It is expected a larger ferromagnetic interaction between spins because the
neighboring spin sites connects with each other through two paths(Fig 1).

4-(3',5'-Tert- butyl-4' -hydroxyphenyl)-2-bromoethynylbenzene was synthesized by
cross-coupling the hydroxyphenyl group with bromotoluene using Ni catalyst, the vinylation via
Wittig reaction, and dehydrobromidation under aikaline conditions. After iodination of o-position
of the ethynyl group and condensation to phenylethynyl copper derivative, we obtained the
cyclic-trimer bearing the phenoxyl precursor by cyclization with Castro reaction. On the other hand,
we also synthesized the trimer using Pd(0)-Cu(I)catalyst from the crresponding o-bromomonomer.

PR j\@ﬁw

J1
Fig 1
m{%osx(cn,),
HCl (CH3C0),0 NBS P(CgHg)3 HCHO
(Ni(dppp)Cl;J THF THF , MeOH HCIO‘ AIBN, CCI: Benzene aq. NaOH -
r g

HO
CH
BSA 2HsMgBr P B ol
CH;CN  (CH,);SiCl
Br 1 \
T™MS
__@a
NH.OH CH3;0H

_26 o

aq. KOH BSA

THF ,MeOH  CH;CN




B2 URITA [ F %8Bk | Molecular Superstructure
Fr7 WAEZ (EXK)

STFHBBEZHEL. 2 TFREMEBZHENICEXEL T TFREME] OFERIL, E5H
BTz HERE < Bt 2 B OMBIORIRICMIT Y 7O —F L L THEEZEDTNVDS, £ 2RI T LR,
ERZRTES TRE DR CHBECERZY T TROKEGRE4A L, — BN SFERT I T
REWEICEETORAY— -y a U THRYT 5.

12118 (KR) <*BEFEE>
13:00-13 : 45 * 1 [BRRFEHEMED T 5722 RITHR S TR
mHEZE GRLK - BIED)
13:45-14:30 *2 [ZRIEMREDOIZVAINI =T U Y|
Rilifg— GRBTX-TI)

14 : 30-16 : 00 RAY—EwIar
16 : 00-16 : 45 *3 [FHEBAFTFZERHWEH L WEEEREXET)
iR GREK - Z#T)

16 :45-17:30 *4 7 O0FFA M) CHECERESTFERICED{LZE T2 Y)
HHZEE X, P Buhlmann (GEKPRE - H)

16 : 00-16 : 45 BEE

RAY—twiary.TarysSA

<B:%¥LI#HE M:EBLHE D H#LHEE S:—K>

=H/E= = FE XHRRE - =gt el T

P2-1M. XHEH#FH, FOE—, RlUfE— (A FF AR EEEFI QRS 2 RS
GRERIK-I)



P2-2M.

P2-3S.

P2-4M.

P2-5M.

P2-6B.

P2-1s.

P2-8S.

P2-9M.

P2-10S.

P2=11D.

XMH %, REEN ERFEX, HLWEBEZBELERIEEES TI VO

DoEEBcEE, Fo—Rl =[]

(HEK - E#T)

XBOR—, PEIFE. BlUE—= [ FA A FREENER & FFERIES DT

GEBTK-T) T 5BRESEPICBIT B0 FE KRR

XUCHERERE, RII2R. hnpkBE [7)V35— FBRIRIC K DEENERY A& U L

CREX - B T) — M OFH AL

Mgz, FI oh, BERE—. 1=w FOERLICETS XV LAY RiFdE A

MAEZ (K - £W) DBy TFHE]L. T—Ra=v b

XmHEF. HPRE, KO = reoovo—)VisEAdots fs &8 i)

EX - 1)

XEN Th, Mgz, BER—. 1=w FhOERLICE TS X7 LAY RifdEk

WMAEZ (HK -« £W) DBZFHEEL. RREEBAHEIZ=v )

KO £ BEX-I) [FAPOOPO—)LORERERE
BEZARY NV -T2 27 ~NEH- )

XEH—, hnsk B TAZ 7 U)T I RRIRIEBRIEAEMEL D AR

(CREEK - 1) & 3 |

IWHEWR., RHEE#RE (WE)

REEABRR CGRALK « RISHF)

XOTEE . BEREE—R. [T A ZWET 22 FAMENMED T OSERE

BHNEETF, RERBT. EHEE

BY f@ml. de)il i

(FALK - B, KA XIS HABD)

KARKFHEE, MRANE. [Chained Chromophore NLO #1¥§} :

InEEBkE CREEK - ZfT) FEEIATFIAY I —EFDF#H Kk

B EU. MEEE. PE/\E
CGRAEX - RIGHE)  ILHER,
RS, IRHEEE (WHEH



P2-12M.

P2-13M.

P2-14D.

P2-15D.

P2-16D.

P2-17D.

P2-18S.

P2-19M.

P2-20D.

P2-21M.

P2-22D.

XN E. MEER. ABHRZ
KO £ (BEX - I

XIRHEEE, BBES. KA M

RAREZ (K - &)

XEGET. BEIBGA BT,
fEHERE (K- HEI)

X MR, BHEEE. MEOB
(RKBE - #)

XLk M. AFHEIL
shlkEX (RIK - I)

X BER, HE 8. KL
(BRI K-TI)

XINBEFET, B BE, TNBE
(RIK - BEIRHT)

XIMAEB—, AFIFRL,
RILUTE (ukBE - 1)

XEEIEM, KREHEM, DI B

MO S5F, HNEE
(RIK - BIFEH)

XAHERT. Fitthim, RIUTE
(KBt - T

KPR SRR, FHHAE, T B
(dLx - BT

M[aRby 50 T—F I OfERIEE &
BTARYT MV

(B AEERZRALEZRIL 740> - A3 R
BOTFIZBITHETHEH

FEEEEZETDRY (FAF 7)) FHEE
IR DORE &Rk

BWRRUEZROEEY TOIEY U v IVEE
il 60 |

Q)% PDA B D Y-8 AR FAR_E D HEFRE

M) IEE « 7IYNREVREBEIZBITS A1 v
FUOBRSITER LB ERICET 205 )
[ERIRmEHEECEY (1]

Ko AKREICBITFZ7AYOS T FEE

MEEB 2 RITH TR B1%

(5T RSB D B2 B ISR B A FIO 5 T
]

ZRIKEHREEEEY (2]
TIRYE B EETSHY v 7 A[4]
VIS TV U RER ST

ERERERECE DL EYTF /KR
FREICBVT RS F OBEHIEE

DNA-mimetics O#KEAL )



P2-23D.

P2-24S.

P2-25S.

P2-26M.

XERAFEE, MERE K.
EEEE. =FREAM
CGRIK - £MmET)

MUFH—. ARED<H,
RAME= GEIK-%EmET)

KB EMBRE, FMET.
FMAEZ (K - £

XHEARRZ, FEBXK—, RfEX,

POEEBCRE, Fri—Al. BEA
CREX - Z#T)

(2 @=A\Yw T ARTF R-ANLEEHROEES
AL DELRIB K UHERE I8

(X7 VAFREFETERY Y —EHEBEEE L

DOHEE/ER |

EAMEEY P HRAMIELD
U BT ATV ERENGER O R R )

RRYAM I AMEYMDERETDEENE
A |




Two-dimensionally organized monomolecular films derived from macrocyclic amphiphiles
Kunihiro Ichimura

Research Laboratory of Resources Utilization, Tokyo Institute of Technology
4259 Nagatsuta, Mirori-ku, Yokohama 226

Surface layers incorporating photoreactive moieties on solid materials bring about a vaiety of
photofunctionality including the photocontrol of wettability, liquid crystal alignment, dispersibility
and so on. It has been shown that these macroscopic events are triggered by changes in molecular
structures on an uppermost surface of photosensitive layers, and well-defined monolayers
incorporating photoreactive units have been highly required. This has our primariy modivation to
achieve studies on macrocyclic amphiphiles which are a family of compounds comprised of cyclic
cores substituted with hydrophobic alkyl chains.

The crown conformer of calix[4]resorcinarenes has a cylindrical skeleton with eight
hydrophilic residues tethered to the upper rim so that this type of novel compounds belongs to
macrocyclic amphiphiles when hydrophobic chains are introduced at the lower rim. Calix[4]
resorcinarens and their O-substituted derivatives were prepared to reveal the behavior of their
monolayers on a water surface. These compounds are very attractive because they adsorb readily
on a polar surface of silica plates to form densely packed monolayers as the result of multi-site
adsorption through hydrogen bonds. This convenient technique has been applied to cover a silica
surface with photofunctional monolayers using calix[4]resorcinarenes having four azobenzene
units at the lower rim. Since occupied areas of calix[4]resorcinarene and its derivatives are
determined by cross-sectional areas of their base, a two-dimensional free volume is ensured in their
monolayers even they are densely packed, leading to efficient E-to-Z photoisomerizablity. These
photoreactive monolayers induce the photocontrol of liquid crystal alignment and of dispersibility
of colloidal silica in organic solvents.

An alternative class of macrocyclic amphiphiles is derived from octaalkoxymetallophthalo-
cyanines which have a disk-shaped core with eight long-chain alkyls. The macrocyclic rings lie
flat on a water surface when the length of alkyls is enough long. The flat-laid conformation is
markedly stabilized by adding long-chain alkanes to give homogenous host-guest monolayers under
controlled speading conditions. It is assumed that the metallophthalocyanine can be regarded as a
molecular vessel consisting of the macrocyclic plane as a base and eight alkoxy chains as a side
wall to incorporate guest miolecules in the cavity. It has been recently found that even nematic
liquid crystalline molecues are included in monolayers of the metallophthalocyanines. This
provides a novel model system for an interfacial region between a substrate surface and a liquid

crystalline layer.



Crystal Engineering of Layered Structures

Kenji Okuyama
Faculty of Technology, Tokyo University of Agriculture and Technology,
Koganei, Tokyo 184, Japan

Amphiphilic molecules with long hydrophobic alkyl chains, such as phospholipids in
biological membranes and synthetic surfactants, can aggregate spontaneously in an aqueous
solution. These aggregations can take various types of higher order organization, such as a
bimolecular layer arrangement, spherical micelles and rod-shaped micelles. Here, the
structural differences between these organizations depend mainly on their chemical structures
and concentrations. In the solid state, however, most of amphiphilic molecules take very
similar two-dimensional smectic layers. These layers stack along the normal direction to the
layer surface to make a three-dimensional crystal structure. The molecular arrangement in the
smectic layer depends on the chemical structure of an element amphiphile. For example,
dialkyldimethylammonium salts can form a bimolecular layer with some tilt, while monoalkyl-
trimethylammonium salts are packed in an interdigitating manner, which results in the thickness
of the smectic layer being close to the molecular length (as shown in the figure).

Recently, it was found that monoalkyl-trimethylammonium salts can be crystallized with
various aromatic compounds to form crystalline clathrate compounds. Interestingly, the

formation of clathrate XXX X X ]

compounds is available not

only by recrystallization
from their solution, but also

by mixing host and guest

crystalline powders in a

mortar. In this paper, I |

will present a diversity of

layered structures of 0006060

clathrate compounds, Host Crystal

together with that of host 0000

Clathrate Crystal

molecules.



Creation of Novel Polymeric Surface with High Functionality
Yukio Nagasaki

Materials Science Department, Science University of Tokyo, Noda 278

Control of the surface properties has become progressively important in the field of
biomaterials, because of the contact with biological components such as blood and organs.
Surface modification is one of the ways to improve surface properties. Polymer brushes,
which are densely packed on the surface attached by the end of the polymer chain,
significantly varyits surface properties. For example, a PEGylated surface shows effective
rejection of protein adsorption resulting in high blood compatible materials. A PEGylated
surface is also utilized as a capillary for high performance capillary electrophoresis.

One of the other interests in polymer brushes on the surface is stimuli-sensitivity of the
brushes. If properties of the surface such as contact angle and mobility of the brushes can be
controlled by the environmental conditions, numerous applications will be possible. Okano
and his coworkers prepared a temperature sensitive poly(N-isopropylacrylamide) surface and
investigated a cell culture on the surface. When the surface becomes hydrophilic at low
temperature, the cultured cell easily detached without Trypsin treatment.

We have been studying the synthesis of a new structured polymer using our new
synthetic methods. The relation between structure and functionality of the obtained polymers
has also been investigated. One of the polymers thus synthesized, poly(silamine), which
has alternating repeating units of ethylene diamine and 3-silapentane in the main chain,
showed unique stimuli-sensitivities. Since poly(silamine) is one of polyamine homologues,
it is soluble in acidic water. The poly(silamine) aqueous solution shows phase separation
not only by a pH change but also by a temperature change because of the unstable hydrations
around the poly(silamine) molecules due to the hydrophilic/hydrophobic alternating
structure. Protonation of an ethylenediamine unit along with the coordination of the anion to
the silicon atom in the main chain varies the stiffness of the poly(silamine). For example, the
glass transition temperature (Tg) of poly(silamine) attains +80 °C when the poly(silamine) is
protonated by sulfuric acid. It should be noted that poly(silamine) without protonation
shows a Tg of -85 °C.

Using the stimuli-sensitive heterotelechelic poly(silamine) polymer tethered chains on
the glass and gold surfaces were prepared. Since poly(silamine) has a vinylsilyl group at
one end and a sec-amino group at the other end, the introduction of a trimethoxysilyl group
was carried out using a radical addition reaction of 3-trimethoxysilylpropanethiol to the end-
double bond of poly(silamine), retaining the sec-amino group at the other end intact. The
obtained polymer could be used as a surface modifier for glass to form a polymer tethered
chain. Alternatingly, a radical addition reaction of thioacetic acid to the end double bond,
followed by alkaline hydrolysis reaction gave poly(silamine) with thiol group at one end,

retaining reactive sec-amino group at the other chain end. This heterotelechelic
poly(silamine) was useful for preparation of tethered chains on the metal surface such as
gold.

Surface properties of the poly(silamine) surface thus obtained can be controlled not
only by the environmental pH but also by the temperature. For example, with increasing
temperature at constant pH, the z-potential of the poly(silamine) surface decreased, indicating
that the deprotonation of poly(silamine) on the surface was promoted by increasing
temperature. The protonation of poly(silamine) on the surface was found to change not only
hydrophilicity of the chain but also stiffness of the chain itself. By the protonation of the
tethered chains, the stiffness of the surface became harder than that of non-protonated
tethered chains surface.

sec-Amino groups at the free end of the poly(silamine) on the surface were found to be
utilized for conjugation with a compound which reacts with sec-amine such as DNA and
protein. The poly(silamine) surface is promising because not only the surface characteristics
can be controlled by the surrounding environment but also by the conjugation with certain
functional components at the free end of the polymer brushes.
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Chemical Sensing Based on Self-Assembled Cyclodextrin
Monolayers

Philippe Bithlmann, Hiroshi Aoki, Yoshio Umezawa
Richard Chamberlain,* Marcin Majda*

Department of Chemistry, School of Science, The University of Tokyo
*University of California at Berkeley, Berkeley, California, USA

Analyte recognition at electrode surfaces by formation of host-guest complexes is a promising
approach to chemical sensing. For this purpose, we have self-assembled channel-shaped cyclodextrin
derivatives (cf. B-cyclodextrin in Fig. 1) with seven or eight thiol groups to give monolayers (SAMs) on the
surface of hanging mercury drop electrodes (HMDEs). The resulting monolayers have been characterized
electrochemically. The surface coverages as calculated from the charge required to reduce the Hg-SR
bonds that form upon self-assembly agree with the packing density of monolayers of the same cyclo-
dextrins at the air-water interface, as determined by surface pressure vs. mean molecular area isotherms.

The capacitances of these modified HMDEs have been investigated in the presence of various
anions. If capacitances are measured at a potential at which the electrode is positively charged, that is,
positive of the potential of zero charge E,, a selectivity based on the anion size is evident for anions
that do not selectively adsorb onto the Hg surface. Only negligible capacitance differences for different
anions are observed at potentials negative of the E,, where anions are repelled by electrostatic forces
from the HMDE surface. Similarly, the size of cations in the aqueous solution does not influence the
capacitance at potentials positive of E, , which again can be understood by electrostatic repulsion.

These results show that small non-adsorbing anions, such as NO;7, can migrate into and out of the
cyclodextrin cavity. Binding of guests that form inclusion complexes with cyclodextrins block the access of
those anions to the surface (Fig. 2), which results in a decrease in the monolayer capacitance (Fig. 3). In
case of the neutral guest adamantanol, binding to the monolayer follows a Langmuir adsorption isotherm,
which allows to determine constants for binding to the cyclodextrin monolayer. Independent confirmation
of these binding constants can be obtained from the observation of the position of the Hg-SR reduction peak
in cyclic voltammograms because guest binding reduces the reversibility of the Hg-SR reduction.

Binding of guests to the monolayer blocks the access to the HMDE surface not only for anions but
also for the electroactive marker benzoquinone, which otherwise is sufficiently small to enter the
cyclodextrin cavity. This is the basis of electrochemical sensors based on intramolecular channels. A
unique feature of the HMDE is that the mercury drop size can be increased after self-assembly. This opens
intermolecular voids. Distinct differences in cyclic voltammograms obtained for various electroactive
markers with expanded and non-expanded drops support the interpretation that benzoquinone is indeed
reduced upon permeation into the intramolecular cavities of cyclodextrins.
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Layer Structures of Cationic Surfactants

Yasuhide Nakadai, Keiichi Noguchi and Kenji Okuyama
Faculty of Technology, Tokyo University of Agriculture and Technology,Koganei, Tokyo 184, Japan.

Cationic surfactants are widely used in the chemical industry. Recently, it has been
found that one of the cationic surfactants, an alkyltrimethylammonium salt has an interesting
ability to form molecular complexes with various aromatics. Molecular and crystal structures
of alkyltrimethylammonium salts at the atomic level give us a better understanding about
complex formation with aromatics. In this study, molecular arrangements in layer structures of
Decyltrimethylammonium bromide (DeTAB), Tetradecyltrimethylammonium bromide
(TTAB) and Hexyltrimethylammonium chloride (CTAC) is discussed.

Crystal data : DeTAB(1), C;3H3;oNBr, monoclinic P2, a=5.631(3), 5=7.253(2),
c=19.581(2)A, B=97.82(2)", Z=2, and R=0.038 for 1224 observed reflections. TTAB(2),
C7H3gNBr, monoclinic P2, /c, a=5.638(6), b=7.258(4), c=47.415(5)A, B=91.05(5)", Z=4,
and R=0.040 for 2037 observed reflections. CTAC(3), C,;oHs;NCV0.5H,0, triclinic P1,
a=8.623(1), b=19.499(3), c=27.091(6)A, «=103.01(2), B=92.47(2), v=101.56(1)", Z=8,
and R=0.093 for 6316 observed reflections.

These surfactant molecules form a bimolecular layer in the solid state, which we can see
in many packing structures of amphiphile molecules. In this layer, alkyl chains were mutually
interdigitated to compensate the large cross-section of their hydrophilic head part.

Although the difference between DeTAB and TTAB is only in the alkyl chain length,
they showed slightly different packing arrangement. This means that, DeTAB has one
bimolecular (smectic) layer in the c-repeating unit, while TTAB has two smectic layers. We
call the former the single layered type and the latter the double layered type structures.
Structures of Dodecyltrimethylammonium bromide (DoTAB)" and Hexyltrimethylammonium
bromide (CTAB)? can also be classified as the single, and double layered type structures,
respectively. In these smectic layers, alkyl chains make a twist with one of the two directions
to pack in a herring-bone manner similar to that in polyethylene crystals. In the single layered
type structures (1 and DoTAB), the direction of the twist is the same in all smectic layers.
However, in the double layered type structures (2 and CTAB), both the clockwise and the
anticlockwise twist appeared alternately.

In the hydrophilic regions of the alkyltrimethylammonium bromides, cation and anion
atoms are located on the planes parallel to the (001), while in the case of CTAC (3), these are
waved-planes and water molecules are included in the hydrophilic region.

1) S Kamitori, Y.Sumimoto, K. Vogbupnimit, K Noguchi and K.Okuyama, Mol. Cryst .Lig. Cryst., in press (1997).
2) A. R. Campanelli and L. Scaramuzza, Acta cryst., C42, 1380-1383 (1986).



Creation of reactive polymeric micelles for a novel elemental structure

O Takashi Okada, Michihiro Tijima, Yukio Nagasaki, Masao Kato, Kazunori Kataoka

Department of Materials Science and Technology, Science University of Tokyo
Yamazaki 2641, Noda, Japan

Introduction

A polymeric particle of nano dimension in diameter has become attractive in the field of nano-fabrication chemistry
for construction of a supramolecular structure. For example,a dendrimer possesses many reactive grodps on the surface.
However, it is not easy to complete the consecutive reactions for the preparation of the dendrimer. If reactive groups
can be introduced on the surface, the polymeric micelles can be utilized as a starting material for nano-fabrication
chemistry. The objective of this study was to prepare "reactive polymeric micelle" which was prepaered by amphiphilic
AB-block copolymer possessing a reactive group at the end of the hydrophilic segment end.

Experimental, results and discussion
Poly(ethylene glycol)-b-

polylactide (PEG/PLA) block E{S)CHCHZCHZOH KeMaohy, B0 cHCHCH0KH
copolymer was synthesized by an —E0 (EtOp CHCHCH20 (CH2CH20),, -K
anionic polymerization of — % 5 (EtOR CHCH:CH20 (CH2CH20)y, -(COCH(CHs)0),-K
ethylene oxide using potassium —0 5. (EtOp CHCHCH20 (CHCH20),, HCOCH(CHs)O),-H
g : d reagli on| Methacrylic Hydrophilic segment Hydrophobic segment
alkoxides having a protecte _anhydridey. (EtO) CHCH:CH20 (CH2CH20),, |(COCH(CH)0),-COC(CHs)=CHz

fgctionil group ¥ dhimpatot, Scheme 1 Synthesis of PEO/PLA block coplymer
followed by block polymerization
of lactide (Scheme 1). The obtained copolymer was confirmed as PEG/PLA block copolymer having an acetal end
group quantitatively by the "H-NMR spectroscopy and the GPC analysis. For the preparation of polymeric micelle, the
block copolymer was dissolved in N,N-Dimethylacetamide, then, the solution was dialyzed against water. The size and
the shape of the obtained polymeric micelles were estimated by the DLS measurements. No angular dependency of the
scaled characteristic line width was obserbed and narrow size distribution. The conversion of acetal end groups to
aldehyde groups was carried out by an acid treatment using 0.01mol L' hydrochloric acid. The extent of the conversion
attained more than 90% without any side reaction such as aldol condensation. No change in the micelle size and shape
was obserbed before and after the conversion of the acetal end groups to aldehyde groups on the micelle (Scheme 2). A
radical polymerization of the end methacryloyl group at the PLA terminus end was carried out in the core of the
micelle. After the polymerization, the peaks originated from methacryloyl groups disappeared, indicating an effective
polymerization of the core. Such the polymerized micelles were fairly stable as compared to the physical adsorbed
micelles. An aldehyde groups on

: ; Scheme 2
the polymeric micelle surface
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acetal  PEQ DMAC/HZO
groups forming a Schiff's base, a

Acetal Grou
on the Surface
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chemical path which could be

employed for conjugations with
proteins. Further, such stable

polymeric micelles with reactive

H+
groups are promising for E Reservoir of Drug
biomedical applications such as
high performance latex particles. -
s 5| le— S
™ Few ten nano size | ™ Few ten nano size |
A void of Renal Excretion A void of Renal Excretion



P2-3S

Molecular Arrangements in the Complex Crystals Composed of
Cationic Surfactants and Aromatic Molecules

Keiichi Noguchi, Yasuhide Nakadai and Kenji Okuyama
Faculty of Technology, Tokyo University of Agriculture and Technology,
Koganei, Tokyo 184, Japan.

Recently, it has been found that some surfactant molecules such as ammonium salts,
phosphonium salts and other onium salts have the specific ability to form complexes with
aromatic molecules. Interestingly, the formation of complexes can be achieved not only by
recrystallization from their solution , but also by grinding both powders of surfactants and
aromatic molecules in a mortar. In order to clarify the structural details and interactions
between surfactants and aromatic molecules, we have investigated the crystal structures of
various complexes composed of surfactants and aromatic molecules. In the present study,
molecular arrangements of the complexes between dodecyltrimethylammonium chloride
(DTAC, host) and naphthalene derivatives (guest) have been discussed.

Crystal data : DTAC / 2,3-dihydroxynaphthalene(1), C1sH34NCl/ 0.5C10H8O2, mono-
clinic P21/m, a = 11.702(3), b = 7.493(3), c = 24.669(4) A, B = 101.66(2)°, Z= 4, and R = 0.084
for 1371 observed reflections. DTAC/ 1,6-dihydroxynaphthalene(2), 2C15H34NCl1/ C10H8Oz2,
triclinic P1, a = 10.964(3), b = 9.232(3), ¢ = 24.206(4) A, o = 90.82(2), B = 104.86(2), ¥ =
67.18(2)°,Z=2,and R = 0.063 for 5083 observed reflections. DTAC/ 1-hydroxynaphthalene(3),
2C15H34NCl1/ C10H802, triclinic P1, a = 11.162(1), b=9.157(3), ¢ =23.957(3) A, 0. = 92.01(2),
B=105.17(1),y=66.82(1)°, Z =2, and R = 0.066 for 3559 observed reflections.

These crystal structures consist of smectic layer structures stacked along the c-axis. In
a smectic layer, the host molecules are arranged in an antiparallel fashion and the alkyl chains
of host molecules are mutually interdigitated. As observed in other complexes between
monoalkyltrimethylammonium salts and aromatic molecules, the interdigitation of alkyl chains
become shallow to make the space for the inclusion of the guest molecules. Since both host
and guest molecules in the complex 1 are located on the crystallographic mirror plane, the
zigzag planes of alkyl chains and the naphthalene rings are completely parallel. Similarly, in
the case of 2 and 3, the zigzag planes of alkyl chains and the naphthalene rings are almost
parallel. Along the c-axis, hydrophilic and hydrophobic parts are alternately observed. The
hydrophilic part is formed by ammonium groups, chloride anions and hydroxyl groups of the
guest molecules. The trimethylammonium groups and chloride anions show a zigzag arrange-
ment along the a-axis. Two chloride anions in an asymmetric unit of 1 are linked to the hy-
droxyl oxygens of the guest molecules by hydrogen bonds. In the case of 2, one chloride anion
in an asymmetric unit participates in bifurcated hydrogen bonds with the hydroxyl groups of
the guest molecules, while the other chloride anion does not form a hydrogen bond. The posi-
tions of the hydroxyl groups in the naphthalene ring of the guest molecule may affect these
hydrogen bond schemes and the orientation of the naphthalene ring in each complex.
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A novel synthesis of functional poly(methacrylate)s

through an alcoholate initiated polymerization
O Yasuo Sato, Yukio Nagasaki, Masao Kato

Department of Materials Science and Technology, Science University of Tokyo

<Introduction> Recently, we found that potassium alcoholate can initiate the polymerization of 2-(trialkylsiloxy)ethyl
methacrylate (SEMA) through the addition of alcoholate to the double bond of the monomer. The donating oxygen atom
at the S -position of ester group in SEMA plays an important role in this polymerization. If methacrylate monomers with
donor group at the £ -position in the ester unit can also activate the alcoholate initiation, a new semi-telechelic
polymethacrylate with functional donor groups in each repeating unit can be prepared.

The objective of this study was to prepare poly [2-(N,N-dimethylaminoethyl)methacrylate] macromonomaer initiated
with 4-vinylbenzyl alcoholate.

<Experimental>Synthesis of Poly AMA: After potassium ethoxide was placed in aglass vessel, the vessel was degassed and
filled with argon gas. Then THF and 2-(N,N-dimethylaminoethyl)methacrylate (AMA) were added via a syringe. After
the mixture was allowed to react at 24°C, a small amount of water was added to stop the reaction

Synthesis of PAMA macromonomer: To the THF solution of 4-vinylbenzyl

Scheme |

alcohol in a glass vessel under an arg'on atmo§phere, potassium naphthalene e SN inpe 2 iy «{m-?-”—-}u
was added at 0°C to prepare potassium 4-vinylbenzyl alcoholate (PVA). 0) e o
After AMA was added via a syringe, the mixture was allowed to react at r"\| PAMA macromonomer KE
24°C, then a small amount of water was added to stop the reaction. e
<Results and discussion> From the GPC analysis of the obtained polymer with
: ; < bl s L (g B
potassium ethoxide as an initiator, no monomer was remained after 20-min ’(,IHz
reaction. The molecular weight of the obtained polymer was 7400 which was in Lo LT
¢ CHs
good agreement with the caluculated value from the monomer/initiator ratio. [
i i ) CH3CH2O -« -+ KQ- ......... o
From the '"H-NMR analysis, it is confirmed that the products obtained were )
formed via successive addition polymerization of AMA. In this polymerization “N
the donating nitrogen atom at the /8 -position of ester group in AMA plays an {_ r W )

important role as shown in Scheme 2, viz. , this polymerization is proceeded due
to the increased the nucleophilicity of the alkoxide anion by chelation of the surrounding AMA molecule.

Fig.1 shows the GPC profiles of the obtained polymers initiated with PV A.With increasing reaction temperature, the
molecular weight of the obtained polymer was close to the calculated date, and the value Mw/Mn of the polymer approached
unity. The higher MW of the obtained polymer under the low temperature was attributable to the lower initiation rate
compared to the propagation rate. From the '"H-NMR analysis, the molecular weight of the polymer determined assuming
one vinylbenzyl group per polymer molecule was in good agreement with that from the GPC results. This is indicating the
quantitative introduction of a vinylbenzyl group at one end
of the polymer.

The radical copolymerization of vinylbenzyl-terminated
PolyAMA with styrene was carried out. Based on the GPC
analysis, the PAMA macromonomer almost disappeared
after the copolymerization. From the "H-NMR analysis,
protons based on the unsaturated bond at the end of the
PAMA chain completely disappeared. These results can be ~ Nn=28000
interpreted to proceed the coporimerization of PAMA

macromonomer with styrene. s )
Y Wz . W2l Wz i..(_'n.c':‘o'“'“

On the basis of these results, the alcoholate initiated

Elution Volume / mL

polymerization can be applied to other methacrylate having o0 A0 o 5 3

donating functional group. 10 Molecuiar weight
Fig.1. GPC profiles of PAMA preparcd with PVA in THF




P2-5M

Molecular Superstructure of Nucleoside Derivatives based on the Unit
Assembling Strategy I. Tape-unit

OT.Monma, I Yoshikawa, R Takasawa, K. Araki
Institute of Industrial Science, University of Tokyo
7-22-1 Roppongi, Minato-ku, Tokyo, 106 Japan

Design of novel molecular superstructure by more predictable way is the
current topics in supramolecular chemistry. To design the superstructure of
nucleoside derivatives, the molecular units formed by multiple hydrogen
bonds between nucleic acid bases are assembled into higher-order structures.
When guanine and/or cytosine are used as a nucleic acid base, tape-like
structure, cyclic quartet, or complementary base pair unit is known to be
formed by multiple hydrogen bonds.

In this study, we investigated the formation of the superstructure by

assembling the tape-like hydrogen bonding units Nedeic a3 ‘-polar
of trialkylsilylated guanosine or cytidine base )
derivatives. Several different superstructures | A~ = N
. SiR
were obtained and effect of number or size of | ° ! | non polar
’ 0

alkylsilyl groups and solvent used for assembling o N

; SiR4 | J
was discussed. . ’

TBDMS : R = t-butyldimethylsilyl

TBDMS-dC/EtOH ... TBDMS-G/MeOH | TBDMS-G/Acetone
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Crystal structure of pyrrolopyrrole derivatives
and their electronic structure

OFiH EF*. HE EE*. Kkp {=*
BREEML KT *HEFH (LFHE, *TEH DEHEITER)
OA. Arai*, S. Tanaka*, and J. Mizuguchi**
(*Department of Chemistry, Faculty of Education, **Department of Applied Physics,
Faculty of Engineering, Yokohama National University)

The diketopyrrolopyrroles shown in Fig.1 X
are novel, red pigments based on the
heterocyclic chromophore and are

DPP X=H
characterized by intermolecular hydrogen NH TB-DPP X=+¢Bu
bonds between the NH group and the O p-CIDPP X=Cl

atom. The absorption maximum in solution
of DPP, TB-DPP and p-Cl DPP is displaced X
towards longer wavelengths (Fig.2) as the
electrodonating ability of the substituent

increases from X=H via X=¢Bu to X=Cl.
However, in the solid state, the absorption -g
maximum of TB-DPP occurs at the shortest °

wavelength among others, indicating that
the intermolecular interactions play an
important role. For this reason, structure

analysis has been carried out on these

" ” 4 600
pigments in order to study the influence of e
the molecular arrangement on the optical
absorption. Fig.2 Solution spectra in DMSO of DPP, TB-DPP
and p-Cl DPP.

Structure analysis revealed that the
molecules in DPP and p-Cl DPP are stacked
in a “herringbone” fashion; whereas the molecular arrangement is characterized by
a “bricks in a brick wall” structure in TB-DPP which is very much reminiscent of the
J-aggregate structure of cyanine dyestuffs. The present result strongly suggests that
the J-aggregate-like structure of TB-DPP is responsible for the extremely small
- spectral shift on going from solution to the solid state.

Further investigation is now in progress on the spectral shift due to exciton
coupling effects. The excitonic displacements calculated for the nearest-neighbor
molecules within a sphere of about 10A (14, 14 and 12 molecules for DPP, TB-DPP
and p-Cl DPP, respectively) will also be presented at the poster.

-._40_
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Molecular Superstructure of Nucleoside Derivatives Based on
The Unit Assembling Strategy II. Cyclic Tetramer Unit

O Yoshikawa, Isao; Monma, Tomoyuki; Takasawa, Ryoichi; Araki, Koji
Institute of Industrial Science, University of Tokyo
7-22-1 Roppongi, Minato-ku, Tokyo, 106 Japan

Amphiphilic nucleoside derivatives are expected to form three types of
superstructures, i.e. lamellar, columnar and double helical structures, by
assembling the hydrogen-bonded units. Monovalent cations are known to
induce columnar structure of the guanine-rich oligonucleotides, in which
hydrogen-bonded guanine cyclic tetramer is formed

/NI:;;(S
H,
HleN I '\5 “- / \

TBDBS -o'\;ﬂ ;Ii[ MNM\
TBDMS-O  O-TBDMS i Suggested Structure of

TBDMS-G Guanine tetramer unit G Tetramer Assembly

Cyclic G
tetramer

In this study, we tried to construct a columnar superstructure by
assembling the guanine tetramer units. We used alkaline metal ions as a
template of tetramer, and 2’3’ 5-tris(t- NaGiO

butyldimethylsilyl)guanosine (TBDMS-G) as
an amphiphilic guanosine derivative. TBOMS-G (\/.M

Cation-induced crystallization of TBDMS-
G/MX was observed when M+=Na* or K* and
X-=picrate or ClO4(size,ca.0.1~ 1mm). Molar I,\
ratio of G:M* in the crystals was determined
from IR or UV spectrum to be 4:1
irrespective of the G:M* composition of the
solution. The results indicate that the cation-
centered guanine tetramer unit was formed

. ! L I
in the crystals, and the units are suggested oPoTIE § pr T

to be assembled into the columnar structure. IR Spectrum of G & Na* salt
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Polymorphism and solid-state spectra of Dithioketopyrrolopyrrole
— Application to optical disks—

Ao =
(BREMLKRE IT¥EH MEHBEIER)
J. Mizuguchi
(Department of Applied Physics, Faculty of Engineering, Yokohama National University)

Dithioketopyrrolopyrrole (DTPP) shown in

the inset of Fig.1 is a novel, blue pigment (L) "

\

based on the heterocyclic chromophore. g
There are three crystal modifications I, II
and III in DTPP, among which only §
modification III exhibits an intense near-IR
absorption (Fig.1). Modification III is
characterized by a “bricks in a brick wall”

molecular arrangement; whereas the g
molecules are arranged in a “herringbone”
fashion in modifications I and II. The
appearance or disappearance of the near-IR

absorption due to molecular £
rearrangements can be applied to optical § \
disks. -

NC . e reaeT

An optical information storage system of . g :
25 20 135 10 5
the “write once” type has been developed ot (Yo
. . | « _» Fig.l Polarized reflection spectra of modifications I,
in which the near-IR absorption (‘on II and III measured on single crystals.
state) is switched-off (“Off” state) on e
et ayer

irradiation with GaAsAl laser diodes in the —— Refi. layer (Al)

e e ™ R Rec. ot (DTPP)
presence of a hydrazone compound. The iy is

\Solld solvent (Hydrazone)

near-IR absorption ceases to exist due to g
disturbance of the “bricks in a brick wall” U
structure caused by laser-generated vapors Jerd

of hydrazone molecules. X-ray diffraction Fig.2 Structure of the optical disk of the write once
analysis revealed that the present kppahased ey LEL:
phenomenon is due to the phase change from modification quasi-III to modification
I1. The optical disk (structure: substrate/hydrazone/DTPP/Al) exhibits a reflectivity

change about 30% to 45% on writing with a power of about 9ImW at 780nm (Fig.2).




P2-9M

Synthesis and Properties of Methacrylamide Polymers
Containing NLO-active Chromophores as SideChains
K.Usui, M.Kato", S.Yamada,H.Matuda?, H.Nkanishi®

1):Faculty of Industrial Science and Technology,Schience University of Tokyo, 2641 Yamazaki Noda 278,
JapanTEL 0471-24-1501(4363),FAX 0471-23-9362 2):National Institute of Materials and Chemical Research, 1-1-4
Higashi, Tsukuba 305, Japan 3):Institute for Chemical Reaction Science,Tohoku University, Katahira, Aoba-ku,

Sendai 980, Japan

We tried to stabilize poled structure of NLO polymer with the aid of hydrogen-bonding.
NLO polymers with (MA33) and without (ME33) hydrogen-bonding were synthesized to in-

vestigate the effect of hydrogen-bonding on thermal stability of the poled structure. MA33 was

synthesized via diazo coupling reaction of polymer obtained
by radical polymerization of N-(2-methacrylamidoethyl)-N-
methylaniline(MAA) and ME33 was synthesized via diazo
coupling reaction of polymer obtained by radical polymeriza-
tion of N-(2-methacryloyloxyethyl)-N-methylaniline. The
degrees of diazo coupling of both MA33 and ME33 were
33mol%. Optimized corona poling temperatures at SkV/cm
of MA33 film (d33=258x10"%esu) and ME33 film
(d33=291x10%esu) were 160°C and 60°C, respectively. Inves-
tigation on temporal stability of the poled polymer films at 80°C
indicated that the d33 value of MA33 changed to ca.40% its
initial value after 200h, after which the value unchanged for a
long time, while the d33 value of ME33 changed to zero after
8h. These results suggest that the hydrogen-bonding formation
in polymer is apparently effective to stabilize the poled struc-
ture.

To obtain more thermal stable poled NLO polymer MAPM
having more rigid structure than MA33 was synthesized. Syn-
thesis of MAPM was performed via diazo coupling reaction of
copolymer obtained by radical copolymerization of MAA and
phenyl maleimide. The d33 value of MAPM film containing 35
mol% diazo group was 291x10%esu after poling at 140°C. As
expected, the d33 value of MAPM at 80°C changed to ca.70%
its initial value after 200h, after which the value unchanged to a
long time.

\\ [/

\\/

n=0.33

\/\‘r@ Min=3.8x10¢

PO—N‘N—Q— NO

MA33

ME33
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Rational Design and Construction of Microporous Coordination
Polymers with Gas Adsorption Properties

Mitsuru Kondo, Shinichiro Noro, Mariko Shimamura, Akiko Asami,
Kenji Seki, and Susumu Kitagawa

Department of Chemistry, Faculty of Science, Tokyo Metropolitan University,
Minami osawa, Hachioji, Tokyo 192-03, and Advanced Technology Center,
Osaka Gas Co., Ltd., Chudoziminami-machi, Shimogyo-ku, Kyoto 600.

Synthesis of coordination polymers with the large channeling cavity is of great current interest
due to not only the intriguing structural diversity but also their potential functionalities as the
microporous solids, e.g. molecular adsorption, ion exchange, or heterogeneous catalysts.! We
successfully synthesized the novel coordination polymers {[M2(4,4'-bpy)3(NO3)4](H20)x}, (M = Co;

x=4,(1), M=Ni; x =4 (2), M= Zn; x = 2 (3)) with largc channeling cavity, which show the gas
adsorption property for CHy, N, and O,.2
These complexes were prepared by the reaction ﬁ/ \RE : a\“\&k

of M(NO3),*xH,0 (M = Co, Ni, Zn) with 4,4'-bpy in
l‘/ Co Center

the H,O/EtOH media. @ Complex 1 has been
3 &A3 &3
\”ﬁ ﬁ/ 4,4'-bipyridine

characterized by X-ray crystallography. The
arrays are observed for these 1-D chains. In the one, \k
the chains are oriented at an angle of 54.8° to the a /i;( /’g é\‘\ %

axis, while in the other the corresponding angle is Fig. 1 The crystal structure along the
-54.8°. c axis of 1.

Two types of planes consistent with the 1-D chains in each array are represented by designation of "A
"and "B" plane. Each 1-D chain on the A and B planes is sterically fixed by the 4,4'-bpy bridging as a
pillar. The relatively large distance between the neighboring A and B planes (ca. 6.1 A) gives the

channeling cavity with ~ 8.8 x 6.1 A along a axis, and ~ 6.1 x 6.1 A along b axis.

isomorphous structures of 1 - 3 have been clearly
demonstrated by their X-ray diffraction patterns. Fig.
1 shows the crystal structure along the ¢ axis of 1.
The Co(II) centers are bridged by 4,4'-bpy to afford
the infinite 1-D chains on the ab plane. Two sets of

QR.&\M\? i ~.S\>~L’\3_5’/‘£/‘;{V a—

The gas adsorption properties is one of the most attractive functionalities of the microporous
solids. Examination of this property of 1 exhibits that the diffusion of the CHy4, Nj, and O, gases into

the cavity in the pressure range 1 to 30 atom. Complexes 2 and 3 showed the similar gas adsorption
properties to that of 1.

References.
(1)  C.Janiak, Angew. Chem. Int. Ed. Engl. 1997, 36, 1431-1434. |
(2) M. Kondo, T. Yoshitomi, K. Seki, H. Matsuzaka, S. Kitagawa, Angew. Chem. Int. Ed. Engl.
1997, 36, 1725-17217.

.



P2-11D

Chained Chromophore NLO materials : aromatic ester oligomers and its derivatives

Tatsumi Kimura, Xuan-Ming Duan, Kimihiko Kamo, Masao Kato, Shinji Yamada, Takashi Fukuda,
Hiro Matsuda, Shuji Okada and Hachiro Nakanishi
Department of Materials Science and Technology, Science University of Tokyo, Yamazaki 2641, Noda

278, Japan

We proposed “Chained Chromophores” for new types of second-order nonlinear optical (NLO)
materials. As Chained Chromophores we synthesized aromatic ester oligomers consisting of 2~4 re-
| peating units of oxy-1,4-phenylenecarbonyl group (ArESn, n=2~4) as well as their end-group modi-
fied oligomers with electron accepting group (ArESn-X, X=CF,,CN,NO,,DCV, n=2~3). The second-
order NLO properties of poly(methyl methacrylate) (PMMA) films doped with 10wt% of ArESn
' (ArESn/PMMA) and 10wt% of ArESn-X (ArESn-X/PMMA), and PMMA film doped with 10wt%
| of p-nitroaniline (p)NA/PMMA) as control were investigated after poling treatment. UV/vis spectra of
 these polymer films have the cutoff wavelengths (A_) of about 300~380nm, which are much shorter
' than the case of pNA (A_=473nm) as typical strong donor-acceptor (D-A) molecule. In addition, some
' of the polymer films exhibited higher second-order nonlinear coefficient (d,,) values than pNA/PMMA
: (2.8x10”esu). Namely, ArES3-CN (d,,=3.1x10”esu), ArES3-NO, (3.0x10”esu) and ArES2-DCV
| (4.0x10%esu) showed excellent second-order NLO activity as well as the transparency in visible re-
}. gion (A_ = 304nm (ArES3-CN), 340nm (ArES3-NO,) and 370nm (ArES2-DCYV), respectively).
' Consequently, these compounds are believed to be promising chromophores for second-order nonlin-
ear optics.
:[ Moreover, we synthesized homo- and copolymer bearing ArESn moieties (poly(ArESn-MA)
and poly(ArESn-MA-co-MMA)). These homo- and copolymer films were exhibited larger d,, val-
ues than ArESn/PMMA film because of high chromophore content.

Aromatic ester oligomers and these end-group Side-chain polymers bearing ArESn moieties
modified oligomers

MeO@COO}@X MeOOC—1-m
X=  COOEt (ArESn) e

CF, (AfESN-CF)
CN (ArESn-CN) m=1 poly(ArESn-MA)

NO, (ArESn-NO,) m#1 poly(ArESn-MA-co-MMA)
CH=C(CN), (ArESn-DCV)
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Crystal structure of crown ether dye and its electronic spectra

OB E*, AR E&*™, KB #B2z* kO f=**
(BREEM KT *BEFER LFHE, “*TER DEHBI¥ER)
OK. Yumura*, S. Matsumoto**, H. Otani* and J. Mizuguchi**
(*Department of Chemistry, Faculty of Education, **Department of Applied Physics,

Faculty of Engineering, Yokohama National University)

The crown ether dye shown in Fig.1 is
derived from  8,8-dicyanoheptafulvene
together with a crown ether having a
phenolic hydroxide group in its cavity. The

color change on deprotonation has been

O/_\O—>
O
CN O\_/O

Fig.1 Conformation of the crown ether dye.

spectroscopically  investigated  with é 20

special attention to the metal-selective ‘-LE, 48

coloration, using a variety of alkali metal '-_g St

bases. Deprotonation brought about a % =1

significant color change from red to blue '§'

(4, 43036400 (Pig:2)" However -the G

coloration occurs quite irrespective of the § 95

cation species of the base added. 2 0300 460 ;00 600 700 800

Furthermore, the coloration is found to
be very similar to that of the uncrowned
compound of the same skeleton

MO geometry optimization revealed that
the crown ether ring is heavily deformed
due to lone pair repulsion of the oxygen
atoms in the cavity, making the hydroxide
group directly expose to the surrounding.
The present geometry is also directly borne
out by X-ray structure analysis carried out

on potassium salt of crown ether dye (Fig.3).

Wavelength (nm)

Fig.2 Spectral changes of crown ether dye in DMSO
on deprotonation with KOH.

Fig.3 Structure of potassium salt of crown ether dye.

Since the hydroxide is directly exposed

to the surrounding, the electronic state of crown ether dye is almost equivalent to

that of the uncrowned one. This explains why no cation-dependent coloration takes

place and why the bathochromic displacement is mainly due to n-electron
delocalization of the phenoxide (-O°) into the heptafulvene chromophore.

TR, s 7 ST 5 S S, o S — ST = s EINSRNS -
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Supramolecular electron transfer in porphyrin-imide assemblies organized

through coordination interaction
OKenkichi Harada, Yoshio Hirose, Joe Otsuki, Koji Araki

Institute of Industrial Science, University of Tokyo
7-22-1 Roppongi, Minato-ku, Tokyo 106 Japan

Molecular photo/electronic devices rely on supramolecular organization of photo/redox active
species and communications among them by means of electron/energy transfer. Prototypes of such
devices are found in model systems for photosynthesis effecting photo-induced electron transfer (PET)
reactions. Whi‘le covalent linkages with rigid spacers have been proved effective to organize
chromophors in a defined geometry, more recent studies are exploiting the use of non-covalent
linkages which bear broader perspectives. It is known that Zn porphyrins take only one axial ligand
which coordinates perpendicular to the porphyrin plane. Thus, the coordination interaction is well
suited to deposit components above the porphyrin ring (J. Chem. Soc., Chem. Commun., 1989, 1765).
We herein show supramolecular electron transfer in porphyrin-imide assemblies organized through
coordination interaction.

We synthesized a series of imides bearing a pyridine moiety (1-2). Upon mixing these
imide-pyridine conjugates with zinc tetraphenylporphyrin (ZnTPP), they self-assemble through the
axial coordination to form an organized sensitizer-acceptor supermolecule (Fig.1). Intra-assembly
PET was indicated from the quenching of fluorescence from ZnTPP. The dependence of extent of the

quenching on the structure and the redox potential of imides was investigated.

X4 X2 Xs X4

1a H H H H
1b F H H F
1c F F F F
1d NO; H H H
1e H NO; H H

)
2 H CHN_ H
Fig. 1 o
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Structure and Properties of Poly(3-substituted thiophene)
Langmuir-Blodgett Films Containing Optically Active Unit.

K. Ochiai, M. Rikukawa, K. Sanui, and N. Ogata

Sophia University, Department of Chemistry, Chiyoda-ku, Tokyo 102, JAPAN
Phone: 81-3-3238-4312  Facsimile: 81-3-3264-0867

Molecular structures and organizations play an important role in electrical and optical properties.
Itis an essential subject to understand the structure-property relationships of the conjugated polymers in
order to create novel advanced materials. For this purpose, Langmuir-Blodgett (LB) technique is the
most suitable method for investigation of these relationships, because the LB technique can control film
thickness and molecular organization as a result of molecular architectures.

Recently, we have synthesized a series of regioregular poly(3-alky1thi0£>hene)s and have
investigated the self-organized structure and electrical properties of these LB films.”* As an extension
of our work, we have started to fabricate LB films of regioregular chiral poly(thiophene) derivatives in
order to clear the effect of optically active unit on the electrical and optical properties.

method. The HT-P(S)MBET was an optically

In this study, regioregular poly(3-[2-((S)-2-
methylbutoxy)ethyl]thiophene)  (HT-P(S)MBET) R R CH,
was synthesized according to a modified Rieke [ N s L) (r- /\/0\/1\/0‘:) ‘
S 7S M
L
R

active polymer with more than 93 % of the Head-
to-Tail linkages. Scheme 1. Structure of HT-P(S)MBET.

The mixed monolayers of HT-P(S)MBET
and stearic acid (SA) were found to be stable at the
air-water interface. Multilayer thin films could be
deposited onto solid substrates by the vertical lifting
method.

The molecular organization and structure of
the HT-P(S)MBET / SA LB films were investigated
by using UV-Vis absorption spectra, FT-IR spectra
and X-Ray diffraction measurements. It is found
that the polymer chains are oriented parallel to the i
plane of the substrate and exhibit a tendency to
orient along the dipping direction in the LB films. In

Neutral

Absorbance (a.u.)

| ! . !

addition, these LB films exhibit well-defined layer 300 725 S0 1575 2000

structures with 18 A of the interlayer d-spacing Waveleogth (nm)

calculated from the X-Ray diffraction pattern. Figure 1. UV-Vis spectra of an HT-P(S)MBET
The in-plane conductivity was measured by / SA (5/1) LB film before and after

using theVan der Pauw method in order to examine doping with SbCl

the electrical properties of these LB films.
The conductivity of 10* S cm™ was obtained for an HT-P(S)MBET / SA (5/1) LB film before doping,
while the conductivity of 1.2 S cm™ was achieved for an HT-P(S)MBET / SA (5/1) LB film doped with
SbCl;.  After doping, the absorption bands of the m-n* electronic transition for the poly(thiophene)
conjugated backbone at about 566 and 610 nm are eliminated and new lower energy bands centered at
about 820 and 2000 nm appear. These bands are characteristic of a highly oxidized conjugated backbone
that is supporting localized defect states in the form of bipolarns.

Moreover, we measured the third-order optical nonlinearity of an HT-P(S)MBET spin-coated film
around exciton resonance using degenerate four wave mixing. The observed value of | x, )l was in the
order of 10"° esu.

1) M.Rikukawa, M.Nakagawa, H.Abe, K.Ishida, K.Sanui and N.Ogata, Thin Solid Films, 273 (1996)

240.
2) M.Rikukawa, M.Nakagawa, H.Abe, K.Sanui and N.Ogata, Thin Solid Films, 284-285 (1996) 636.
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Epitaxial Growth Control of Organic Materials with High Vapour Pressure
K.A.Cho, T.Shimada and A. Koma

Department of Chemistry, The University of Tokyo, Bunkyo-ku 7-3-1, Tokyo 113 ,J apan

Organic ultrathin films have attracted considerable attention recently because of their poten-
tial applications in optical and electronic devices. Although small aromatic organic molecules will
provide a good opportunity to pursue unique physical properties, their high vapor pressure causes
re-evaporation of the film in ultrahigh vacuum and has hindered the fine control of the thin film
growth. It is expected that the problem will be solved by controlling the substrate temperature
during the growth. Coronene is suitable for investigating the effect of the growth temperature
because it has fairly high vapor pressure (~ 10 Pa at 300K) and a symmetric shape without active
groups and hetero atoms. Substrates used in our experiment were cleaved surfaces of MoS,,
MoTe, and mica, and hydrogen-terminated Si(111) (H-Si). All of their surfaces have hexagonal
symmetry without dangling bonds, with which coronene interacts via weak van der Waals forces.
Growth of coronene was examined by reflection high energy electron diffraction ( RHEED ).
Substrates were kept at 300K and 115K while coronene was evaporated from the Knudsen cell.
As seen in Table 1, the effects of growth temperature can be classified into three categories: adsorp-
tion probability of the molecules, maximum thickness of the epitaxial films, and surface morphol-
ogy of the epitaxial films ( layer growth or island growth ) Molecular mechanics calculation was
performed to study whether we can predict the growth feature by computation. While calculated
stabilization energies basically explain the tendency for forming epitaxial film ( MoS, , MoTe, >
H-Si, mica ), the energy difference between H-Si and mica seems too small to account for the
dissimilar experimental results. It was found that the energy difference becomes larger if we

evaluate the van der Waals interaction using physical property of the substrates according to

theLifshitz theory.
Table 1. The results of the experiment and calculation
substrate MoS, MoTe, H-Si(111) mica
300K IML epitaxy | 2ML epitaxy with | ' no growth no growth
two domains
115K 10ML epitaxy amorphous 1ML epitaxy no growth
calculated
stabilization 34.4 35.0 23.7 21.0
energy (kcal / mol)
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Deposition of well-oriented PDA films on semiconductor substrates
T. Kondo, A. Ishii and H. Munekata

Imaging Science and Engineering Laboratory, Tokyo Institute of Technology,
4259 Nagatuda, Midori-ku, Yokohama 226, Japan

Polymer films can be very interesting electronic materials, as they have various new
functions which are not available in traditional inorganic semiconductors. We believe that one
of the most important points in the basic research is to develop the way to prepare crystalline-
quality polymer films directly on semiconductor substrates, which would lead to the
modulation of physical property of polymer films with crystal orientation and nano-scale
morphology. In this paper, we describe molecular beam deposition and characterization of
poly(5,7-dodecadiyne-1,12-diyl-bis-butylurethane) (PDA-4U,) on GaAs(100) substrates.

PDA-4Uy, is a conjugated polymer which is known to exhibit photo-induced phase
transition. Before the deposition of PDA-4U4, a GaAs buffer layer was grown on a GaAs
substrate at the substrate temperature of 75 = 580°C to yield a (2x4) reconstructed flat surface.
This step is very crucial to obtain well-oriented PDA films. Monomer of PDA-4U,; (DA-4U,)
was used as a source material with effusion cell temperatures of 60-80°C. During the
deposition of a PDA film, the substrate was irradiated with 365-nm UV light (3 W/em?) to
promote the photo-induced polymerization. 75 was varied between RT and 120°C. X-ray
diffraction measurements showed that the g-plane (d~2 nm) of the monoclinic PDA crystal
unit primarily align parallel to the GaAs(100) substrate surface.

Systematically studying the preparation of PDA films under various deposition
conditions, we have found three different regions depending on T and the deposition rate R.
The first region is defined by R > 0.05 A/sec and T < 90°C, in which nanometer size PDA
wire structures can be prepared. The second region is defined by R < 0.05 A/sec and T > 90°C,
in which the deposition results in the homogeneous layered structures. The third region is
defined by high 75 (> 120°C) in which the sticking coefficient of a DA-4Us monomer is
virtually zero so that no deposition takes place. The size of domains with single orientation is
typically 5-10 pm square for both wire and homogeneous layered structures.

A PDA film (d~200 A) composed of large domain size (> 100 um square) was
successfully prepared by three-step deposition process; the initial PDA-nucleation step at
Te=110°C and R < 0.05 A/sec, the second template-layer-formation step at 7 = 95°C and R <
0.05 A/sec, and the third epitaxial-growth step at T = 85°C and R > 0.05 A/sec.

The authors gratefully acknowledge K. Takeda of Japan Synthetic Rubber Co., Ltd.
for synthesizing DA-4Uy. This work is partially supported by the TORAY Science Foundation
and the Grant-in-Aid for Scientific Research on the Priority Area “Molecular Superstructures-
Design and Creation” from the Ministry of Education, Science, Sports and Culture.
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Study on Molecular Switching in Phospholipid-azobenzene
Mixed Monolayers by Maxwell displacement current

Xiaobin Xu, Yutaka Majima and Mitsumasa Iwamoto
Department of Physical Electronics, Tokyo Institute of Technology,
2-12-1 O-okayama, Meguro-ku, Tokyo 152, Japan
TEL: +81-3-5734-2191, FAX: +81-3-5734-2911, E-mail: iwamoto@pe.titech.ac.jp

Molecular cis-trans switching in mono- and multilayer systems containing azobenzene is of
particular interest in physics, chemistry and electronics, because of the possible application of the
switching to optical memories and information storage devices. Over the past few years, we have
developed a novel technique based on Maxwell displacement current (MDC) measurement, and
applied it to study the cis-trans photoisomerization in azobenzene monolayer systems. [1] In this
study, we examine the molecular switching in phospholipid-azobenzene mixed monolayers by
photo-isomerization by using MDC and Thermally stimulated current (TSC) measuring techniques.

The molecules used in this study were 4-octyl-4'-(5-carboxyl-pentamethyleneoxy)-azobenzene
(8A5H), L- « -dioleoyl phosphatidylcholine (DOLPC) with unsaturated long alkyl chain and D- « -
phosphatidylcholine dipalmitoyl with saturated long alkyl chain (DPPC). The vertical dipole
moment change (Am;) of 8ASH molecule in the mixed LB films was induced by the cis-trans
photoisomerization by alternately ultraviolet-visible light irradiation. The Am, of 8A5H molecule
in the DOLPC+8ASH mixed LB films increases as molar ratio of 8 ASH decreases under all
deposited surface pressure and decreases with increasing the deposited surface pressure. Also the
Am, of the 8A5SH molecule in the DOLPC+8A5H mixed LB film is larger than that of the 8ASH
molecule in the DPPC+8ASH mixed LB film. In contrast, the /Am, of the 8ASH molecule in the
DPPC+8ASH mixed LB film deposited at 25 mN/m exhibited a different behavior with that of other
LB films.

The charge (Q) flowing through the circuit during cis-trans photoisomerization is obtained by
integrating the MDC. The temperature dependence of Q flowing across the mixed monolayer
coincides well with that of Q across the pure 8 ASH monolayer. The charge Q gives a maximum
around 300 K and decreases as the temperature increases or decreases. Above room temperature, the
cis-form 8ASH molecules change to trans-form quickly due to thermal reaction. Below room
temperature, the thermal energy for photochemical reaction becomes small and prevent the photo-
isomerization. In order to confirm that the cis-form 8 ASH molecules change to the trans-form
quickly at high temperature, we examined TSC of 8ASH LB films. We found difference between
TSC of 8AS5H LB film irradiated with 360 nm light and TSC of 8 ASH LB film irradiated with 450
nm light. Further, 8A5H molecules changed into the cis-form by irradiation with 360 nm light return
to the trans-form during TSC measurement.

Reference
1) M. Iwamoto, Y. Majima, H. Naruse, T. Noguchi and H. Fuwa: Nature 353 (1991) 645.
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Macrocyclic Amphiphiles. 1. Host-guest Monolayers Derived from
Octaalkoxymetallophthalocyanines at an Air/Water Interface

°Yoko Matsuzawa, Takahiro Seki and Kunihiro Ichimura

Research Laboratory of Resources Utilization, Tokyo Institute of Technology,
4259 Nagatsuta, Midori-ku, Yokohama 226, Japan

Self-assembling behavior of macrocyclic amphiphiles composed of rigid cyclic cores
substituted with plural hydrophobic tails are attractive because of the controllability of
orientation of the cores, leading to versatile functionality of their ultrathin films.
Metallophthalocyanines (1) with eight long-chain alkoxyls are able to exhibit host-guest
complexation with rod-shaped hydrophobic compounds at an air/water interface.! This is
because a hydrophobic cavity is provided by the flat-laid phthalocyanine ring as a base
and eight alkoxy residues as a side wall. Guest molecules are incorporated in the cavity
of the macrocyclic host due to their hydrophobicity acting as a driving force.
Homogeneous floating mixed monolayers consisting of 1 and long-chain normal alkanes
and nematic liquid crystals are formed on a water surface under appropriate spreading
conditions though no monomolecular film is obtained at all by spreading of the
hydrophobic molecules in absence of 1.

These host-guest mixed monolayers were invcstigated by measurements of m-A

isotherms, UV-visible absorption spectra and Brewster angle microscopic observation.
Furthermore, the orientation of phthalocyanine ring was elucidated by e.s.r. spectroscopy
measurements of LB films of Cu complex of 1. These results revealed that the following
requirements are needed to result in monolayered host-guest complexation on a water
surface. (1) Metallophthalocyanines must have long- OR RO

chain alkoxy substituents to suppress self-aggregation.
(2) There is an optimum mixing ratio between the RO

macrocyclic host and guests to give stable and uniform

monolayers. (3) The subphase temperature plays a gro

critical role; this is governed by phase transition

temperatures of guests. oR R
1:R=CygHa7

1. Y. Matsuzawa, T. Seki, and K. Ichimura, Langmuir in press.
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MOLECULAR IMAGING OF FATTY ACID MONOLAYERS IN DIFFERENT STATES OF
THERMAL MOLECULAR MOTION
Hirokazu Matsumoto, Taishi Kuri, and Tisato Kajiyama

Department of Materials Physics and Chemistry, Graduate School of Engineering, Kyushu University

For the applications of the monolayer and Langmuir-Blodgett (LB) film as the molecular
devices, it is indispensable to investigate the aggregation structure of the monolayer at a molecular
level. The surface structured analysis of the organic materials at a molecular level has been succeeded
on the basis of scanning probe microscope. In this study, the aggregation structure of the fatty acid
crystalline monolayers in different states of thermal molecular motion were investigated on the basis
of the high resolution atomic force microscope (AFM) observation.

Benzene solutions of montanic, (CH;(CH_),COOH) and lignoceric, (CH;(CH,),COOH) acids
with the concentration of 1x10® mol-1" were spread on the pure water surface at a subphase
temperature (Tsp) of 293 K. At this Tsp, the montanic acid forms the rectangular crystalline monolayer
and also, the lignoceric acid monolayer shows the crystalline transition from a hexagonal system to a
rectangular one with an increase of monolayer compression. The monolayers compressed to desired
surface pressures were transferred onto a freshly cleaved mica by a horizontal lifting-up method for
the AFM observation.

In the case of the montanic acid monolayer, many small crystalline domains in a rectangular
crystal system were formed at a low surface pressure. Even though, with compressing the monolayer
to a high surface pressure, these crystalline domains were gathered, the molecular arrangements in the
monolayer became disordered. After compressing the monolayer at a high surface pressure, many
disordered molecular arrangements and the molecular defects were observed in the monolayer. Then,
it can be concluded from above results that the crystalline domains were gathered by the compression
accompanying with a collapse of domains into small fragments owing to an insufficient thermal
energy to induce a growth of monolayer domains.

In the case of the lignoceric acid monolayer, the crystal system of the monolayer changes from
hexagonal to rectangular by the compression of the monolayer. Though at a low surface pressure, the
molecules in the monolayer aligned with a hexagonal array, many molecular defects were still
remained in the monolayer. After compressing the monolayer up to a high surface pressure, the
molecules were in a highly ordered rectangular array as a result of a disappearance of molecular
defects. Since the molecular rearrangements were induced by the crystalline transition, the crystalline
transition phenomena might be useful for the structural regularization in the case of the rectangular
crystalline monolayer.

On the basis of these results, we proposed the temperature-controlled multi-step creep method
which was the structural regularization method of the monolayer based on the crystalline transition
and the structural relaxation phenomena. By using the temperature-controlled multi-step creep
method, highly ordered rectangular crystalline monolayer could be constructed. Therefore it can be
concluded that the crystalline transition phenomena is quite effective for the construction of the
defect-diminished rectangular crystalline monolayer.
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Macrocyclic Amphiphiles [2]. Chemisorbed Monolayers of
Calix[4]resorcinarenes Having Four Azobenzene Units
Masanori Fujimaki, Shin’ya Morino, Masaru Nakagawa, Y uko Hayashi, Kunihiro
Ichimura (Research Laboratory of Resources Utilization, Tokyo Institute of
Technology)

R R
Calix[4]resorcinarene derivatives (AzCRA; Fig.1) with r R

crown conformation having four azobenzene units at the © @

lower rim and eight carboxyl groups at the upper rim are N N

adsorbed on silica through hydrogen bonds to form N N// a

densely packed chemisorbed monolayers V.  We report o

here the fabrication of chemisorbed monolayers consisting @ @

of non- and cyclohexyl-substituted AzCRA to achive the

photocontrol of liquid crystal (LC) alignment.
AzCRA-adsorbed plates were prepared by immersing

in a 2-butanone solution of AzCRA. A moleculararea
(1.9 nm?) of AzCRA, determined with Langmuir plots,

was almost consistent with that estimated with a CPK

R = Hor CeH
model (1.7 nm*). UV spectra revealed that the X e C:; o itind
azobenzene units in AzZCRA monolayers exhibited no Fig.] Chemical structure of

aggregation state. E -azobenzene units were transformed AzCRA
sufficientry to Z -isomer on UV irradiation (365nm) in monolayers. These results arise
from the larger base area of AZCRA (1.7 nm?) than the cross-sectional area of {our
azobenzenes (0.25X 4 nm?).  Calix[4]resorcinarene derivatives provide a convenient
method to give a photo-functional surface of silica plates.

LC cells were fabricated by putting a nematic
LC between an AzCRA -plate and a lecithin -
treated plate. LC alignment was homeotropic
before photoirradiation. This suggests that LC
molecules orient in parallel with azobenzene units

which align perpendicularly to a surface of plates.

Fig.2 shows a polarized micrograph of LC cell
irradiated with polarized UV light through a. 500pm

hotomask. omogeneous LC alignment was
DR & & . l'g . > Fig.2 Polarized micrograph of LC cell
induced at exposed areas, and its orientational

direction is perpendicular to the polarization plane of linealy polarized light.

1) M.Ueda, N.Fukushima, K.Kudo, K. Ichimura, J. Mater. Chem., 7, 641 (1997)
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EVALUATION OF LIQUID CRYSTAL MOLECULAR ALIGNMENT AT
(POLYMER / LIQUID CRYSTAL) INTERFACE BASED ON OPTICAL

SECOND HARMONIC GENERATION

Noriko Iwata, Hirotsugu Kikuchi, Tisato Kajiyama

Department of Materials Physics and Chemistry, Graduate School of Engineering, Kyushu University

Surface-induced alignment of liquid crystal (LC) molecules on properly treated substrates
surface is generally used for the construction of LC devices. A polyimide-coated substrate surface is
widely used to obtain unidirectional bulk alignment of LC molecular long axes along the rubbing
direction. However, physical mechanisms of the surface-induced bulk alignment have not be well
understood.

In this study, the molecular alignment in the LC monolayer anchored on a polymer surface was
evaluated based on a Second Harmonic Generation (SHG method). When the light beam is incident
on the LC cell, the second harmonic (SH) light generates from the LC monolayer at (polymer,” LC)
interface because of asymmetric molecular alignment at the interface. Therefore, an alignment state of
LC molecules anchored on the polymer surface can be estimated from the in-plane rotational angle
dependence of the SH light intensity.

8CB(4-cyano-4'-octylbiphenyl) and polyimide were used as the LC and the polymer film,
respectively. The two kinds of LC cells were prepared, the homogeneous-aligned cell being induced
by rubbing the polyimide surface and by flowing the LC material. As an incident light, a frequency-
doubled Nd:YAG (Neodium doped:Yittrium Aluminium Garnet) laser was used. The linearly
polarized beam (S-polarized or P-polarized) was incident on the LC cell mounted on a rotating stage,
and polarized reflection light from the LC cell was detected through a polarizer. The preferred
direction of LC molecular alignment and the order parameter of the LC monolayer were estimated by
comparing the experimental results with the calculated ones.

The LC molecules at (polymer,”LC) interface treated by a rubbing treatment were aligned in the
direction parallel to the substrate surface and the rubbing direction. The order parameter of the LC
monolayer was about 0.7. On the other hand, the LC molecules at the interface of the cell prepared by
flowing the LC material effect were tilted up along the flowing direction with the tilt angle of 10
degrees with respect to the substrate surface. The order parameter of the LC monolayer was about
0.6.

It was suggested that alignment of the LC monolayer was induced by different mechanisms
between the LC cells prepared by different way. The LC molecules at the interface of the cell treated
by a rubbing treatment were anchored on a polymer surface stronger than those of the cell prepared
by flowing the LC material effect.
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Organization of DNA-mimetics at the Air-Water Interface
F. Nakamura', K. Ijiro""* and M. Shimomura'
! Research Institute for Electronic Science, Hokkaido University, Sapporo (JAPAN)
2 PRESTO, JST, Kawaguchi (JAPAN)

Introduction

Double-helical DNA is a supramolecular architecture composed of complementary
base-pairings of adenine-thymine and cytosine-guanine with specific hydrogen bondings, and a
carrier of genetic information. Recently some articles have suggested that DNA can act as a n-
electron medium for the photoinduced electron transfer because of its close stacking of base-
pairs. To fabricate novel materials based on unique properties of stacked base-pairs, two-
dimensional DN A-mimetics'? composed of nucleobase monolayers were prepared at the air
waster interface.

Results and discussion

Figure 1 shows the t-A isotherms of mixed monolayers of octadecyladenine (Cis-Ade)
and octadecylthymine (Cis-Thy) with various mixing ratio on pure water subphase. Each
amphiphile was mixed in chloroform solution before spreading. An upper right insertion is a
phase diagram of mixing molar ratio and molecular area at 5 mN/m. An equimolar mixture of
Cis-Ade and Cis-Thy formed the most condensed monolayer on a pure water subphase. A FT-
IR RAS spectrum of the transferred 60

o VO

monolayer  suggests the Watson- _sof % Zi
Crick type hydrogen bonds in the g “ A s
equimolar mixture.  An in situ % 40 r E R e e
observation of fluorescence image g 30 F Mdr ntio of Cis-Ade (md %)
and spectrum of the monolayer at the 4 .. | ;
air-water interface indicates that an a2 : Cu-Ade Cis-Thy
amphiphilic intercalator, octadecyl- 10 | -
acridine orange, can be intercalated 0 1 e i i

0 0.2 04 0.6 0.8 1

into the equimolar monolayer, as well
as DNA. These results clearly show
that nucleobase monolayers prepared Figure 1 II-A isotherms of C,;-Ade and C,e-Thy mixed
on water surface are the 2-D DNA- monolayer on pure water: C,;-Ade and C,,-Thy ratio are,
mimetics where the Watson-Crick — -100:0; €---- ) 75:255 ¢ ) 50:50;
base-pairs are densely stacked. phnsaitiiy ) 25:75;(—"---- 0:100

Area (nmzlmolecule)

1) M. Shimomura, F. Nakamura and K. Ijiro et al. Thin Solid Films, 284-285 (1996) 691
2) M. Shimomura, F. Nakamura and K. Ijiro et al. J.Am.Chem.Soc., 119 (1997) 2341
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Construction of 2a-Helix Peptide-Heme Conjugated
and Regulation of Heme-Function

Seiji Sakamoto, Ikuo Obataya, Akihiko Ueno and Hisakazu Mihara

Department of Bioengineering, Faculty of Bioscience and Biotechnology,
Tokyo Institute of Technology Nagatsuta, Midori-ku, Yokohama 226 (Japan)

Iron porphyrin perform diverse functions in nature as cofactors of hemeproteins. Over the years, in
order to elucidate the factors which determined the specific function of hemeprotein, many studies
using model porphyrin compounds and mutated proteins have been carried out. However, it is not
easy to understand detailed mechanism of hemeproteins, since the natural protein contain many
complicated factors. Thus, it is needed to establish the structural model system which has more native
like properties than small model compounds. Along with this aspect, considerable effort has been
devoted to the construction of designed polypeptide 3D structures and conjugation of porphyrin
molecules by chelation or covalent linkage with peptides [1,2]. To develop a mini-hemeprotein that
has minimal requirements for the function and exclude the complexities of natural counterparts, we
have attempted to design and synthesize a series of 2a-helix peptides H2a(14), H2a(17), H20(21),
H20u(17)-L6, -L4, -L4sI, cH20.(17)-L4, and -L4sI, which were conjugated with Felll-mesoporphyrin
(heme) through the ligation of two His residues (Fig. 1). The peptides H20(14), (17), and (21) showed
a unique heme-binding property dependimg on trifluoroethanol (TFE) contents. The conformation of
H20(14) and H20(17) in a buffer was an random-coil and the peptides did not bind the heme. By the
addition of 10-20% TFE to induce an o-helix structure, the peptides were able to bind the heme.
These TFE effect revealed that the 20i-helix structure was annealed by TFE and the consequent formation
of hydrophobic pocket was important for the heme binding. On the other hand, although H20(21)
took an a-helix structure in a buffer, H20u(21) also did not bind the heme due to the tight helix-helix
packing. By the addition of 10% TFE to loose the helix packing, H20(21) was able to bind the heme.
These results indicated that the heme binding of the peptides was controlled by the peptide conformation.
The peptides H20u(17)-L4, -L4sI, cH20(17)-L4 and -L4sI took an a-helix structure and were able to
bind the heme in water. Additionally, the CD spectra at the Soret band of the heme showed the heme
was highly oriented in these peptide 3D structures. Furthermore, the o-methoxyphenol oxidation
activities of heme in the presence of H2a(17)-L4, -L4sI, cH20(17)-L4 and -LA4sI were depressed
to the level of natural electron transfer protein, cytochrome c¢. These results suggested that the heme
was fixed in the peptide 3D structures as tightly as natural bis-ligated hemeproteins. In contrast, the
catalytic activities of the heme bound to the peptides H20.(14), (17), and (21) in 15% TFE were accelerated.
The peptides seemed to enhance the activity by isolating the heme in the peptide structure from the
heme-aggregates in solution, and form the active intermediate more easily. In conclusion, the heme
catalytic activity could be regulated by using a 3D structure of an artificially designed polypeptide.

Ac-ALEQKHAALEQKLAfA C-NH; Ac-ALAALEQKHAALE QKLA-BA G-NH,
=8 Ac-ALEQKHAALE QKL A-BAla C-NH, AcALAALEQKHAALE QKL A-BAla C-NH;
H20(14) H2x(17)
AcALAELLKA HAELLKAL ABAa G-NH; ACALEQKLAALEQKHAALEQKLAPAa C-NH,
AcALAELLKA HAELLKAL A-BAlaC-NH; AcALEQKLAALEQKHAALE QKL ApAlaC-NH,
‘ 4 H20(17)-L6 H20(21)

AcCALAELAKA HAEALKALAGGGCNH,  AcCGGG-ALAELAKA HAEALKALA-GGGG-NH;
AcALAELAKA HAEALKALAGGGCNH, Ac-CGGG-ALAELAKA HAEALKALA-GG GC-NH;
H20(17)-L4 cH20(17)-L4

Ac-ALEALAKA HAEALAKLA-GGGC-NH; Ac-(IIGGG-ALEALAKA HAEALAKLA-GGGC-NH;
Ac-ALEALAKA HAEALAKLA-GGGC-NH, Ac-CGGG-ALEALAKANAEALAKLA-GGG&-NH:
H20{17)-L4S1 cH2a(17)-L4S1

Fig. 1. Structure of designed heme-binding 2a-helix peptides.

1. S. Sakamoto, S. Sakurai, A. Ueno, H. Mihara, J. Chem. Soc., Chem. Commun.,1221 (1997).
2. H.Mihara, Y. Haruta, S. Sakamoto, N. Nishino, H. Aoyagi, Chem. Lett., 1 (1996); H. Mihara, K. Tomizaki,
T. Fujimoto, S. Sakamoto, H. Aoyagi, N. Nishino, Chem. Lett., 187 (1996).
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Inhibition between Nucleoside-Containing Polymer and Glycosyl Transferases

Kenichi Hatanaka, Megumi Kunou, and Junji Oishi

Department of Biomolecular Engineering, Tokyo Institute of Technology
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2',3'-Di-O-acetyluridine 5'-p-styrenesulfonate was synthesized by the reaction of 2',3'-di-
O-acetyluridine with p-styrenesulfonyl chloride and polymerized. After removal of acetyl groups,
the polymeric product was shown by NMR spectroscopy and gel permeation chromatography to
be poly(uridine 5'-p-styrenesulfonate). This uridine-containing polymer was tested against the
galactosyl transferase that synthesizes lactose in the presence of a-lactalbumin and trehalose 6-
phosphate synthase. The polymeric compound did inhibit the both enzymes strongly.

The adsorption of poly(uridine 5'-p-styrenesulfonate) on the polystyrene 96-well mutiplate
was confirmed by ESCA measurements. On the poly(uridine 5'-p-styrene-sulfonate)-coated
plate, adhesion of 3T3-L1 fibroblast which has galactosyl transferase on the cell surface was
increased, compared with non-coated plate. And the increase in adhesive cell number was
inhibited by the addition of EDTA, indicating that the cell adhesion needs metal ions. This result
showed the 3T3-L1 fibroblast adhesion on the poly(uridine 5'-p-styrene-sulfonate)-coated plate
may occur through the galactosyl transferase on the cell surface because this enzyme needs a
divalent metal ion. On the other hand, Hela cell which does not have galactosyl transferase on the
cell surface did not show the specific adhesion on the poly(uridine 5'-p-styrene-sulfonate)-coated
plate. Moreover, it was suggested that the cell migration may occur by using the interaction
between galactosyl transferase on the cell surface of 3T3-L1 and poly(uridine 5'-p-styrene-

sulfonate).
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Highly Selective Recognition of Phosphoric Acid Ester against
Carboxylic Acid by a Fluorescent Bipyridine Host

Toshiki Mutai, Yasuko Abe, and Koji Araki*

Institute of Industrial Science, University of Tokyo,
Roppongi, Minato-ku, Tokyo, 106, Japan

Phosphoric acid esters and carboxylic acids are the major classes in
hydrophobic biological substances, and show variety of important physiological
activities. In this report, we studied the properties of 6,6-bis(hexylamino)-2,2'-
bipyridine (Hx2), that exhibited an efficient blue fluorescence, as a fluorescent
host for recognition of phosphoric acid esters in various organic solutions.
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NN 0.3 L
CeH13N\ ’NCSH13 & =
o @
H H S =
Hx2 £ g
- b 2 2.
/ / -, G
O\ ¢O o, O
P b 0.0—%
7\ 300 400 400 500
PhO OPh CsHyy Wavelength / nm
Spectral titration of Hx2 with DPP in acetonitrile.
DPP Bia (a) Absorption and (b) fluorescence spectra.

Increasing amount of diphenyl phosphate (DPP) caused quantitative change
in absorption spectrum of Hx2, showing isosbestic points around 300 and 360 nm.
The blue fluorescence concomitantly diminished, and a green fluorescence
appeared. On the contrary, addition of hexanoic acid (HA) induced only a little
spectral change. Binding constants of Hx2 with guests are collected in the Table.
It was confirmed that affinity of the host Hx2 for DPP was markedly high

(K>104dm3 mol-1), whereas that for HA was very low.
Spectral change of Hx2 was also caused by addition of phosphatidylserine,

phosphatidylglycerol, and phosphatidylinositol, indicating that Hx2 can be a
photo-responsive receptor for acidic phospholipids.

Table Binding constants (K/ dm3 mol-1) the host Hx2 with guests at 20°C.

Guest Cyclohexane THF¢ Acetone Acetonitrile DCM?
DPP  Absc -e 2.0x104 >1x105 -€ -
Fld 1.7x107 3.0x104 3.2x105 1.7x107 4.5x107
HA Absc 6.7x10 <1x10 - <1
Fld 7.7x10 <1x10 - <1

a THF : Tetrahydrofuran. ® DCM : Dichloromethane. ¢ Determined from
absorption change. ¢ Determined from fluorescence change. ¢ Too large
(>106 dm3 mol-!) to be determined.
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SYNTHESIS OF CYCLICSILAMINE COMPOUNDS AND EVALUATION
OF THEIR PHYSIOLOGICAL ACTIVITY.

(OTakayuki Ueki, Eiichi Honzawa, Yuki Nagasaki, Masao Kato, Kazunori Kataoka, Teiji Tsuruta, Syuji Kojima
Department of Materials Science and Technology, Science University of Tokyo, Yamazaki 2641, Noda 278, Japan

The synthesis of poly(silamine) compounds consisting of alternating organosilyl and amino groups have
been carried out by anionic polyaddition reactions between dimethyldivinylsilane (DVS) and N,N'-
diethylethlenediamine (DEDA) in the presence of lithium alkylamide as catalyst. Such polymers have been
known to vary their characteristics such as solubility and conformation with changing surrounding conditions
such as temperature and pH. In the polyaddition reactions, small amount of cyclic compounds such as 18-
membered ring (18-cyclosilamine-4,2) were observed. Under the suitable conditions, 18-cyclosilamine-4,2
was prepared in good yield. Such the unique cyclic silamine compounds can be anticipated as new bioactive
compounds. The objective of this study was to prepare 18-cyclosilamine-4,2 in high yield and to evaluate it as
anticancer drug.

So far, the synthesis of 18-cyclosilamine-4,2 has been car- Table 1 S0% ithibitory concentration.of éach samples

ried out in 2 reaction steps: The first step was to prepare one to Aginst FRgHloL mpyse: lpplctin

one adduct between DVS and DEDA (yield: 25%). The puri- ' Sample IC50( i g/ml)
fied one to one adduct was subjected to utilize for the following 18-cyclosilamine-4,2 Y 15
cyclic dimerization (yield: 50%). t-BuOK plays as important 9-cyclosilamine-2,lb) 250

role to increase the yield of cyclization as template. However, azacyclum® 120

total yields of these reaction was 12%. To improve the syn- Adriamycin 0.38
thetic procedure, the direct cyclization was carried out from DVS 5-FU 2 60

and DEDA catalyzed by potassium amide. The yield of the cy- a)) S/T N1 N’is( b) )s/i* ~ 0 \;I_\N/>
clic compound increased even in the absence of t-BuOK under \_/ N ’

the suitable conditions to attain 21%. d) Fluorouracil

Antitumor effects of 18-cyclosilamine-4,2 was

evaluated by in vitro examinations. As aresult, [t Was  Taple 2 In vivo viability of Adriamycin and 18-cyclosilamine-4,2

. 137 : . against P388 leukemia
indicated that the cytotoxicity of 18-cyclosilamine-

. a)

4,2 was specifically high, from a comparison with Sample TIC(®)
other cyclic compounds. Actually, the IC50 (Table Rt Roir
1) of 18-cyclosilamine-4,2 was much higher than that Control 100 100

5 i i b b
of 5-FU (commercial drug) and attained the same Adviapirsont 123 ) 129 )
level as Adriamycin (one of the most effective can- ¢) d)

18-cyclosilamine-4,2 105 114
cer drug).
- . : ; Adriamycin + 127 b)) 157 b) d)
From the in vivo study using leukemia P388 mice, 18-cyclosilamine-4,2
18-cyclosilamine-4,2 was effective when coupled median survival day of tested
a) T/C (%)= X 100

median survival day of control

with Adriamycin (Table 2) . Therefore, 18- 5 ADRCIdy:AnEARIH)

cyclosilamine-4,2 is anticipated as one of the candi- ¢) 18-cyclosilamine-4,2 ( 1-7 everyday ; 50mg/kg ; i.p.)
date for high performance anticancer dmg‘ d) 18-cyclosilamine-4,2 ( odd day until 20day ; 50mg/kg ; i.p. )

[ TR ——
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Electronic structure calculation for impurities in ZnO ceramics /O F. Oba, |. Tanaka,K.
Ogasawara, H. Adachi (Kyoto University) / In order to investigate the role of transition metal
dopants on the appearance of varistor characteristics in ZnO ceramics, the electronic structure
calculations for 3d transition metal solutes in ZnO are performed using DV-Xa cluster method.
Trivalent and quadrivalent solutes are found to show larger bond overlap population with
neighboring oxygens than the case of divalent solutes. Model calculations for oxygen atom
adsorption on ZnO surface with and without solutes are also performed. It is found that the solute-
oxygen bonding at the surface are stabilized by the oxygen adsorption when solutes are present.
On the other hand, it is unstabilized when solutes are absent. This indicates solutes enhance
oxygen adsorption at ZnO surface.
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Ab Initio Calculations of Cramic Interfaces. Grain Boundaries in SiC and SiC/Metal
Interfaces / OMKohyama and JHoekstra (Osaka National Research Institute) / Ab
initio calculations of the 2=9 boundary in SIC and the SiC({0O01)/Al interface have
been performed by using the techniques of the first-principles molecular dynamics
method. In the former system, it has been found that the interfacial C-C and Si-Si
wrong bonds have significant effects. In the latter system, it has been shown that
the C-Al and Si-Al interactions at the interface have quite different features.
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Hydrogen behavior concerned with grainboundary properties in ceramics.

(OH.Haneda, J.Tanaka, S.Hishita, T.OGAKI*, N.OHASHI*, **T.SEKIGUCGI
National Institute for Research in Inorganic Materials, *Tokyo Institute of Technology,
**Institute for Materials Research, Tohoku University
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NHET 5, ZOUBIZKBEOERITIMADEIL - BILRIGICH D EEZS5NTHD,
BEAT COHAIDODWTHNSKRINTHZ ENEMNo7, LML, BBROHARL—AT
KFEOAHIZHNETZDIT, ZOBEANSORMNOEEREREBSZIENTFEIN
%, BIZE, B, )NV OWERNSKENRICK > TRRICESRORNRFENEZLLE
{ETBENRHINTETNS,
CDEDICEZTKEOHIEDOF Y SV FVE—2a VINEERBREEL > TNAMN,
BHBEN (TROEETFO RN TTETHD., DOHEMICHFEET 2F/MMTH D720,
ZTOWMBMTNIELNEINTER, BWETIRBRLICZOEEIIFEOBZ SNDDH B,
TOREBNBZFEDO—DELTRA A ERSITE (SIMS) %3, ZITiE, ZD
SIMSZH Wt T I w7 AKEMTERBNT 5 L6, BEP OKHE EBIEL 7 HLHs:
HIZTDOWTHRUEZN,

2. SIMSIZ K BKFEDHT

TSIV A0 REL TIIEILENETF ¥ CBEA MO F UL (LUFST) OBl
EERWE, BIEEREERIIBREERELET IV I RAERANWER L. £z, ST
WBH RS Z R W2, BBLER O ELARMPIIF, Pb, AITH o708, £DHE F, Pb k7
KELFEICEBEL TVWA I ENSIMSICKDERINTNS, ¥HIISTIZDWTIIKED
JLHCEE), ZnO IZDWVWTIIAKRRUEIC L BERRMBERICDOWTiER L 20,

SIMS 31 FIw I L VELTO6HEBASZDDER>THD. KA MTEOFRLLAE
AFEBEHRETDHIET. ppbDA—F—DOoHdbAlELE INT NS, ERITIT, K4
IREETZOMEIRFREINTNS, TOUVEDNEEFDONY I T 57T RLEROEFE
THD., KEOKER LICEZOEBILZRZ ZENFEELR S, AR TIIEBT. J
EFEE DRI DB RAOEBILER S 722, ZOZETDVWTHIVYES RHBHWN
W) a2 HROKRESEFNHRAT S,



ZnO NYRZH—R FOE R ICTS AT
(& LB O RERAD - [T FOER

Quantitative ICTS analysis of single grain boundaries in ZnO Varistor / OA. Tanaka, K. Mukae
(Fuji Electric Corporate Research and Development) / Interface states at single grain boundaries in
ZnO:rare-earth varistors were examined by isothermal capacitance transient spectroscopy
measurements. Non-linear exponent of single grain boundaries corresponded to interface state density.
By photo-ICTS and photo-capacitance measurement, several trap levels were detected in zinc oxide band

gap.

1. ®BE
TEERIEIETHS Zn0 NIRFORLFIFETEREEMIZ OV T, FOARMEHES R AN
B\, FZTAVRZRLROEFIREZ LV FEMICFEMART 35720, RO Z R EICLDFTMIzbo T,
H—R R OMELEETFMTIRARREN TS, R4 IZZD LI ZnO NURFE—K R OMMERIE L. #%
INRERERT A RERE LT T 280D FIETITo7. ZnO NYRZE—RKIR O ICTS IEDE BT
iz, B—R RO R EEMCOYMEEIEERMEDOBRERLNICLI, F-ER NHBHE Tizk135 ICTS #IE.
TARR YRV E U RABIEZITO, KHEIZE S TTZ AL UL T OEFIREOFMEIT o7,

2. RE
7Zn0 |Z Co304 & PreOn 721k GdeOs ZENEN 2,0.5 at% Nz, MKREFRIETER LA EAORTLE
EHFEL7-DH, 1000°C T —~/LyF LIz, ZORE LICEFETH/NEREFEKR L, EREERAEIT
H—Tr—HZAV, ICTS AlEILEmEX ¥/ F A5 2RV, BEMIZEES 10 MEML, ZO% DX
¥RV B ADBEMELZRIEL, ¢ ICTS BIETIE., TTREEZHEROPICHREL, —EREICFE 72,
HEHREIZHE & 300nm~1200nm D E F K2 BHURETICTS BIEZITo72. 74 b5/ 2 AAIET
1. FERICE® H% 20nm AT v 7 THREL, Fr/ 3V F AR EFKREBIGEL-EEZRIEMBEL,

2. BREER

H—RROFEREHREAGEMNEEOMFZARLUIITT, AEEMEEOB VRIS BV EERMEY
LOToENBEALNICR T, BE—R RD¥ ICTS BIENFE R 1050nm (1.18eV), 700nm
(1.77eV) ,500nm(2.48eV)DFE R B H FTIZHB W T, AXRIMOE— 7 BEREMMANIZ S 7 LTz, izl
800nm (1.55eV),400nm (3.10eV) TIIE =7 DT T "R3B OLINIRD 2T, TAH P/ F U AD K BAKTFEED
BIERE B2 2 1ZFT, A_ZMUIZiX 1.2eV(1033nm),1.8eV(689nm),2.5eV(496nm)iZ 32D — 7 3588
5. ICTS AR DOE =N 745K 700nm,500nm EXFIL TWAIEDBALANZ -7,

Xy F U ZADOEEMIL, EREIZED, EFNHEHEEINZ2D T, K20 —2 13 5I1TE R R RS HE[L A3
FETAZEEREL TS, ZNHDOHENLO B RITANTIIZRVA, 1.2eV fHEDOY — 23 M MEMIZHE ¥k
BHDTHAHEHEEIND, FOMIZ2HODHEERLIZ DOV TIE ZnO OEAH KEad> Co DEEMLLHEESNS,

W AMEIEIREENTTOER 9 FERFHMMRARERICIA 70 T4 T EFIv I ADRKRFHEAIRIZ
B3 A% D—BREL TITHhN LD TH D,

i Wave length [nm]
’ 1200 700 500 400 350
140 ’ 1.8 =
1.6
120 ) i ;
/ 1.4 : :
10.0 12 f s
8.0 A & 1.0 i § _‘r
5« 7 o o M AT
> a =il
o4 PO\ \
20 0.2 B
0.0 o e : '
0.0
00 10 20 30 40 50 1.0 3k 2.0 2.5 3.0 35 4.0
Nis[10%cmi?] Photon energy [eV]
Fig.1 Nonlinear exponent vs interface Fig.2 Photo-capacitance of a single
state density of single junctions in ZnO- junction in ZnO-Pr-Co sample

Pr-Co sample



Applied voltage

O Y.Nakamura (The
-ZnO contact interface is observed and its working

/

Univ. of Tokyo ), O.Okada ( Osaka Gas, Co., Ltd. ) and H.Yanagida ( JFCC) /

dependent CO oxidation reaction is over the CuO
mechanisms are discussed. When the reverse bias is applied to the heterocontact, the catalytic activity for CO

oxidation is enhanced. Its CO gas sensitivity is also enhanced by the reverse bias application and it is
suggested that "sensitivity " is depend on the catalytic activity over CuO. The relation between the "selectivity

Electrical Control of the Chemical Reaction over the Ceramic-ceramic Interface
for CO" and catalytic reaction is now being discussed.
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(HEHH EWTFERT) PIH =
"Structure and properites at grainboundaries of " Frontier Ceramcs".
(OH.Haneda
National Institute for Research in Inorganic Materials

I AMBRFL EII vV ARBOREOSEIEREREZHEONLTE .
¥, SHIKRBICHEZHHEL TAIIHE->T, REZERL TVWAHMEZDHDDIHE
B Lians, REHEKOEHES., RENEEICHRICEIMTNEINENE NS -
N7 O EECHBIC DOV THRE L TS BERH S, 702574 T7E8SIvIAWET
2. REETFNEHEL TV LT, L% - WEOHE, SHRTILENHD., IhsEH
BL TV EZARZBELLTER. ETNETOCT 4 T ET I v 7 AHEOIBIIAHE
SEE L TWSHk4EEZ, BECHKREEBICHEEOBREZHBICLTVNI S ETS D
DTH 5,

PAE DRI RITIL - 7250 H - RADOREZHAELFIEL T, ZITIRPTCREZRT
F57 VBN LEEERERD BT THREN, FYUEBNYTLEEER (UFBT) EEE
TEHEEKTERIND ZENZNA, ZOTOEATIED TSR DIFPTCREHE 2R S 720,
BLSHAK TOBRBRELEET S, CNUIKRAZEBRIESE, HREMEZRESES 0L
THBEEZLNTVNS., ZOHE, BELBOIENSRNLELOE, Mgt 0H
BERITHLELTRLEWN,

BIZid La 23RN L FEE(L L 72 B THOBRFRILHINEH Z/RY . O-BTE L7zH DAPTCREF
M2 RTHRETH B2, PTCREZREIZWR-BTICHL T, RELDAZITBNT, ERTL
D L7 AFRBILBREOTFE LD DIEENITBENKESR> TS, TIUIEEFR FILEAME
BTHBHIEERLTVS, EBICBVWTIXNALBOBNERAEED NI AT 4 v I RBE
{EDBRNTHSEEZT
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JoO04 R7OBRICL2MMEEDE O ER
(&MEW) OB &HE., FTETE. v KK ZE. NB H. FEZ -0

(RCHIZ]: MR ERNEZETINEIL. RENZYEORMENFEEIN, L OFHE
CE2ERMBABRALNTNS, R&IZ, J01 RIEENFECIOMRTOLE - BEZ
HBLEZAS) =27 Ly sy —T4 N0 L—2al3 3l LEREVBEEETHMILL»AD
POWRBEEEZEML, THE2EBRTMAL, MEREEEZ2ERNTIHEZED TWVNS,
SE., 13 nEAE, BREME, BEEMBEILTEEBINTWVWS DO ZTRIZDN
T, BRHERBERIOVMEBEYEEZERLEDOTHET S,

(EBRBIUKR] . RO22O0HFHEICED, HEMNL 1ol TOPN AT RMMEEBED
HEEHMLE.

(1) MADBETHERLEDNIZTYYNIZOWVWT, BICRTFBEICIED, BEXS
)—Z2E8L., TOEET V9yy-740M-vasL . TOEE, BRIZBEWVWTIIOHEZHE
ETBZCIOREOEDINIAZT N ERAFT CRBBBAISTLACETREEZEANTV S,
5T, CIPLEZTo/%. KKPTHEMKLZ. 1100° C. 6RMOEHEICEID, HXHE
EEISYLA LT, MEVZmOEMNEBEDOY VIZTREENIERTE &,

(2) HERDIr0: (3Y)# ¥ K ZPH=101C F % L /= [NH.OH+NHsNOs]=0. IMK B ICH# L. Cu

(NO)BH 02 EMT B &ElcE D, PNA-TRFIRCULEYNEBFLEZZAS Y — 2L

oo TOARASY—ZBMEE. 77 Vovv-740M-vayL, S SIZCIPERE LA, K 2I12Cu0dEMN
BLEEFE-BEOMBEZRT. CIOEMICXA2BHOERICX O ERZNERTETT S
TEMNYMB, 1200° CT2RFMIBEAR L7220, 16Cu0%MIr0, (BY) BE#EMAIX, B0 1unlLAF
MM ETH - 2.

HEKOLSITHEBEIETHRORBEZERBALARZNVWT., TOXEENHMLERXATY —2#HH.
7 Vyyx-74bb-var e AR LI LD, BELHMEABEOREANGLOINZ I LERL L,

m-ZrO2 sol i

* pH=1.7

- . . 90 "
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:
3. % filtration
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| consolidation | P
60 |
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ICP7 7 v v aZBRILLEZva=THED
A BN

B ) J7 AL IR R AR T4 & il 48

(RLK-TI) Otcfa = - BAws - ZEfnk - KAHES
Dependence and control of oientational directions of zirconia thin film grown by ICP flash
evaporation metod. / O A.Saiki, N.Waki K.Shinozaki, N.Mizutani (TIT) / Y203—ZrO2
(3mol%YSZ) thin films were prepared on MgO single crystal and silica glass substrates by
ultrasonic spray ICP evaporation method. Thin filmes had tetragonal symmetry and (111) and
(001) (100) orientations were obsreved on both substrates. Epitaxal thin films were prepared on
MgO single crystal substrate. (100) orientation superior to other orientation in thiner films. Once

film preparation was stoped and cooled to room temperature at the initial stage of the film
preapration, initial orientational conditions were maintaind to thicker fims.

[#E) BEEEEICP 77 v VaRBFEIRBORROENIZL ., HRHEEA, 2RO
NARETHY, TLHEORFEHEOHBEILL, MROMBEOCHEIMEITLBEZITHIET
XBLWIHORABE DD, AFETIX Y03-ZrO2(YSZ) IEZ2 AR L. ERERCEE DR
WL PEMEOBRBWVWERRD L L BIC, ELLZITOIZ LI L Y BEOERR AL % HE
THIEEZRAR,

[£8 5] Zr0 (NO3)222H20 & Y (NO3)36H20 # B /KICEEMR L. 03moll DK #E % H % Kk
LL, TOFRBY*BEEEERTIAMEL, Ar-02 875 X~ (4MHz, 4.5kW)Hiz% b
RAB, TO5XRRBEBRBELERAET I ARVERLE MgO BEERER L& F S8,
AREHIZLEN 35 X 10 * Pa, 77 XA~ AHi & 18/min, EREE (ERER CRE)
650 ~ 800 T& L7, MERMBBMERR I CHNL, REX RGP LELEFCRRT3HITX
V., MEILETok, BMEOHECGHMNLREARIIHERXREFIH. SEMERANWTITo L,
[EREREE] 20 XM ORETH 50om ORELREREB LN, XRD XXV WTFhoik
Wich QD ETO0) (10 ERAAEbhlz. YD) AFTTAERICBWTERENORERIXA D
nizhote. —F MgO E#Tix, (001) (100) YSZ/(001) MgO, [001] [100]YSZ/[1001Mg0 3 &
TF (111) YSZ/~ (001)MgO, [112]1YSZ/~[110]MgO D= ¥ X U ¥ VR HMBERTH D Z L35
Nol. REMMBEREICBTA3QIBITRIO)XBIaT 74 VOEXHEBOEILE Figl i
R, RBEEMOMME L HITEESEMUEREDRS 227D ¥ MENRHD LA, MgO
EREDQ00) 77740 T 15 PHUELORK TCAHEKLREALERN, T ORI
ODEMLHAL, BAMN~OY 7 FPRBINE, REOHMIZHFEWVERI L ORENRM
HLT 3YPSZ AKDFEMATeTedLEZDND, £V ) A HF7 ZAERTIX Mg0 Eikic
H_TA0)EMBEL ZhEPhOor—23HAMTY 7 bLTWE, ZHAEYIANTIFAD
BEBERES/DELHHABFICKCFIRYIEHAHE, MROKE 2 c @B ERICFETCERT
BIORAL v F Uy ERBIL, EHIEBIRVIBABBRFELTIVIEDELEILND, TD
e Y AT ARRECHS - BEORER 20 MU TC—BERTL, FEMBL®&VIE
T TOMRAOEEERMEA-EBRAREHES Z LBy o, Fig2 I 1 BOREBER
MeiBRIXZEALBOREMEDEZRT., $—BEOHBRMAER VL (001) B 7T
TRSHARBHBLRLTL 223EX o7z, FI3 BE—RBBICBWT(00D)EMIIX LA
YELAARVWRBIZOWT6HEEE LEBORMEOE(LT, (00)ERMOREIEMEEHT
WABZ ERghol,

3
| e d X10 X103
' 4.0 .0
: 0 (111 o g0 (a) 10 minX6 repitition 6th ~-4,
0 : 1 o g (1) (b) 20 minX3 repitition 5th
0.8 -4d-inec B onsilica gluws 1 (c) 30 minX2 repitition 4th
: o0 silica glass 3,04 (d) 60 minX1 repitition 3.0 00)
, : . . o e >' 3rd k3.0 3
] | TR el T S oW . 2nd o
@ & . 7 '!'" (7))
: Q : : < g =]
[ . : : . r2.0 Lo.0 ©
| || S SRR _— b i e R
; B, X ] = g
] : — ) L
7 || ST SRR AT .07 1.0 L1.0
o‘...i.“.iu. i....i.... 0 - T - T T T r T T 0 LS s z
28 30 32 34 36 38 T T T -0
0 5 N | INER. Kol | o 33 34 35
Deposition Tine /min 26 (Cuke) / 20 (Cuke) / ° e -

Fig.1 FWHM cheng of (111) and (200) Fig2 XRD plofiles of multilayer-stacking thin film  F.g3 (002) (200) plofiles of maultilayer
profiles of 3YPSZ thin films. (120 min total deposition time) -stacking 3YPSZ thin film.
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Z#5@BaTiOs 7 )LD FIRIN & HE B

AT FAEGASC, /i, FFER
Photo absorption and light scattering in polycrystalline translucent BaTiO; gels
Dept. Mat. Sci., Univ. Tokyo, Hirofumi Matsuda, Takeshi Kobayashi, and Makoto Kuwabara

[#3] Vv - ZVECBRUTREREE. KR 10 nm FEEE0D, IR HEREIOD | YRRET-HVEEE L O 100 nm FEEOBIMYR 2 Y%
ikt 5, ZEBETHDLEXLIVTA, e | REERIEHBE T %, — e 2 YRGS RS
EARL, MREORSEIFRR S OIZ BaTiO; SHAEATH L 2 IRDIFFINFSIRERE RTZEALITERY, RRRESE N
e LTomrgissh g, AT mREE/ L - ZVUE B UISEABITO £/ ULy 7 7V < £ 57 X w7 ZA05lES
LI ORBETER L, YDA R, YHEL BRIV - £ T I o7 AOARSER T TORMRAES Z L BRI L
%,

515 %6/10) BAOCHs),, THOCH), % CHOH+CH,OCHOH TRATAI AR L, J85E 10~12 ol ORBFHAARATREE LT, 0 °C
(PR LT-RIBRAAIRY, AL VIV UL SHT, BRARS TS0 °C. 10 BIEEET—0 74TV Wk, FaRbEt,
N CEERSUIHT IR T\ BRAFZ AN U LE ) Vv I INEBR LIS él"o@w/\/%mﬁ?fﬁ%dn %EL,
1B NV EE-, X HEKRD)EIFAAE L CBETHH Z L AHER L, T/ EMUEL R o7, B ErE 7as
BEDD | RFORERERNE U, X DITRMEEEIR 200900 nm OFTFAT, SR TOMBINA~Y b/wmﬁ‘t’%’non *’é‘(ﬁiz
Fv Y CEEROSREE BN AEARIE L, B VLSRR SOMH L e REEb o7,

R 28] Fig 1 \ISEAYVOXRD BIART, THUZEBE, 07— 7 LT 3m W~ v %
Fb, BaTO Bt I c& A, = U WIS 3758, B2 DRV ASELL, VKRR RY -~k
INTETUT VRV HEEDEIDE L $ERAE QOB I X BA, 2k, % 2 FRAEORHIISEILTELT, =0
DDLU N RS Th D LB X HinA,

Fig 2 |\OBERETT, 0 CTHIRUSEEORNEAS VL +0738 MR L QOB LaERSh, &R
50~80 YFHEDTERA IO, PREER. 1 SRIFRIORERETR FRIBHDEEERITAY » 100 nm FEEEDRE %4522 YA
L BHED SR EAER LD, FBEERANET T LT LR RRISERT DRI 7 MR T LAERSI, Yk

P BV IREEEX BiVA, RIZ, Yy v 7 OB RIEG 5723, BaTiO; DERERIS 7 IV fEHFRRBETH# D
(REHE~DORHEBA L D T L BB LU TRIAL ST v v 7 DIk Fig 2 TR UL, THUZE DL, fEREERS V01332
eV ETHEH e (TR LT &% 026V BRLTVE, Thud, SRR THEE S BB S Fov S M@ L, v

VTNIKE L IpoTobbBEX B, 00 ‘CTHEAA T SAEEAEFOL & BLUBBIL I LTHY, FilicLd 1 YT
OfRL . IVKOAEISOSETMMOR fEEH 0, KIFPERTIEMOM fEAIS, REFRm O MOH FEA iR - L Akt
FR¥LEZ BB, ZOZ L, Bl L~ TEREEHERER I L. BEH LR L= O BT oha, 772 LE -
MOIRDEART VTR | UREFOREDMIHISILS LB X G AICHEOG T, SRR oA EE FRISRty NS, 2R
LT3, ZOREY, FFHERTHOHIIRE LA R L DRI BRI ChH DT DL EX LA,

[iisn] R BRAARE HBIRELE 5 « F/VEER T, AR08 YA BaTiO, €/ U vy 7 7V WEREN A Z & %5k
LI, ZOFABATIO; VUL, PHERTHATDZ, ¥y v/ TREATHA RIRERL QNS L0, HEA9 I BaTiO; B
FE TR WEETRTZ AL 72T,

—— T T [T v T v = ]
100 Single crystal
Dried disordered I bl ]
crystal (at 90 °C) Dried crysta]
~ 32eV 7
80 I Fired crystal ]
a (500°C)
= s L 315eV 4
g Dried BaT101 gel '30
; at 90 °C -
£ e 2 Sigle
i ingle
g‘ §40 34 cV(c?’/E)
£ P |
f x:tresdo gg(T:l)O’ gel - Dried disordered crystal
20 (shortage of aging)
- 2.7~28¢V
1 1 1 i 1 1 0 B o 1 " 1 " 1 ]
20 30 40 50 60 70 80 200 400 600 800
20 [deg] Wavelength [nm]
Fig.1 XRD patterns for transparent BaTiO 3 gels. Fig. 2 Transmission spectra for crystalline BaTiOs gels
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[(#5] AR EZEE A LD BNETRGEEZRITE,. 7 I v 7 R3HEBOMA/2)F TH
RINDICE > THUELT 5, TOBICIE., BRAMOMTERDPERELE LT D
DA FE (acconodation) NHETH Y . NAXELRELZ S I v 7 A TIE, RAEILE
PHAHEREE LI EBIICL > TINDWETT 5, LI LARDOL y VPZELL
EDIGHEFHTIESBENBIICH R U TREZIERI N, SO oXFREITH -
THRE - A LTHEE b OoT, LD TN EARZI1C1E, B L UOBKIE AR
ERIR DA, MR, BiEE WS R FEDOBFEEPONMNI U THERH OIS 5185 &
EHIT, FOLO HHEBHHAEEHIE2-DO o0 RBRETOIENEETH 5,
ZITE, UEOBEDORBERBBELMBE T oy V7D 2207 )V — T OE#IC
Lo TIT o eHEITONT, TV FOBYEHAEHEAZPOISBNT 3,
[(BEXDIoBOoNSIES] TV FOBEREERILODOR., 2ERLTEBREENT
KDL HIICERIEHo 2#FE L LRI E, ChPREBEEMET EHEIN3S :
o=f¢&s d®7A exp(.e)F 2 (D
SO TEJIMAV T AEE., AITHE, pIIRRIRE. nIEHEH. ARILEEE S
EHTH D, LIch - TIERDOHRIZHREOMENITE S UT X7, MEIZRERLTH
MgOZRIM ) 0 DA B L (Zr0 487 DIT, EHERBRERTH 40%CFHE - TX 7,
AMETRETHEEBABEOMBITICL > TROMAEZB /-, MIBIES I v 7 X% e £THI
RER I EZOBEREY. (e)id. BREBICERE T 20 REEE . TOREICL
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Coherent Precipitaion of Metal Copper in Ni-Zn-Cu Ferrite ,/ OY.Nishi, T.Suzuki ,S.Sekiguchi,
K.Arai, F.Fujimoto (TaiyoYuden Co., Ltd) = Coherent Cu metal precipitates were found in Ni-
Zn-Cu ferrite grains adjacent to the =5 CSL grain boundary itself. The crystallographic
relationship between Cu metal precipitates and spinel ferrite is <100>matrix || <100>Cu.
Precipitates are tetragonal platelet coherent with matrix. The =5 boundary may thus not be a

preferential accommodation site for coherent Cu metal precipitation in low-temperature-fired Ni-
Zn-Cu ferrite.
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Preparation of Highly Oriented Thin Films Crystal of Lithium Manganese
Oxides by a LiCl Flux Evaporation

Weiping Tang, Hirofumi Kanoh, and Kenta Ooi
Shikoku National Industrial Research Institute, 2217-14, Hayashi-cho Takamatsu, 761-03

It is not easy to obtain lithium manganese oxide compounds well crystallized,
monodispersed and special shaped, because manganese oxide has characteristics of both ready
conversion between Mn" and Mn" ions and formation of defects in the crystal structure.
However, a highly crystalline thin film of lithium manganese oxide is attractive as a model
compound for studying the pass and activation energy of lithium ion solid-state diffusion, and
also expected to have fast lithium ion conductivity. We have first prepared well crystallized
spinel-type LiMn,O, and rock salt Li,MnO, crystal thin films with a high degree of
orientation using a new method of crystallization; a LiCl flux evaporation method.

A mixture of LiCl (7.2 g) and y-MnOOH (1.0 g) was placed in a high purity alumina
crucible. The crucible was set with a slope of 6~8° in a tube furnace and heated to 700C.
The atmosphere of the tube furnace was controlled by introducing air for the Li,MnO, and a
mixture of nitrogen and air gas (3:1) for LiMn,O,, respectively. The LiCl flux was
evaporated slowly at 700°C and was completely evaporated by heating for 6 days.  After
heating, the furnace was cooled down to room temperature. Crystal thin films were formed
on the layer of particles. The yield of the film-type sample was about 20% of the total
amount of lithium manganese oxide.

XRD patterns were obtained by mounting crystal thin films on a glass holder (Fig.1).
Only three peaks are found in the XRD patterns for LiMn,O, and Li,MnO, thin films,
respectively. The peaks correspond to the (i i i) (i = 1, 2, and 3) reflections for LiMn,0,
(Fig.1A), and to (00i) (i = 2, 4, and 6) reflection for Li,MnO, (Fig.1B). The (111) crystal
plane for LiMn,O, and (002) plane for Li,MnO; have a high reflection density, because their
peaks show the strongest intensity, respectively. The present results indicate that the LiCl
evaporation method gives well crystallized LiMn,O, and Li,MnO; thin films with the high
degree of orientation. Table 1 shows the properties of both the LiMn,O, and Li,MnO,
crystal thin films.

The growth of crystal thin films is explained as follows. The evaporation of LiCl at
700°C causes isothermal supersaturation of manganese dissolved in the LiCl flux. Then, the
growth of lithium manganese oxide thin films proceeds at the interface between the
atmosphere and the LiCl flux.

Table 1 Properties of thin films Fig.1 XRD patterns.
25,0007
P ‘ : 20,0007 d=4.75A (A) LiMn, O, crystal
Thin film LiMn,0, Li,MnO, E (111 thin film
: . . 10,000
Chemical formula  Li, (qMn,O4,, Li,;,MnO;, : d=238A d=158A
- " E 222) (333)
1 1 002 m 8 LI T T T L, S (. A LI I B T -
Orientation (111) (002) B 180,000 1d_4 =5 T (BL) - Mn; l
: ] =4. ip 3 crysta
Color Black Crimson 120,000 (002) thin film
Size (a single crystal) 2~10 mm? 5
60,0007 d=237A d=158A
Thickness 20~30 um : (004) (006)
O LR AR RARRY REARE RARES EERA RALRS RASES REARE RARAS AR
10 20 30 40 50 60
20/ degree (Cuky)
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Ba(OH),-Sr(OH),~Ti(OPr), KW FoN=FiIBEAED SIBMK S #EIZELS
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Preparation of barium strontium titanate powders by vapor phase hydrolysis of precursors
formed from Ba(OH),~Sr(OH),~Ti(O'Pr),./OH.Shinozaki,K.Sunaga,T.Hayashi(Shonan Institute

of Technology) K.Sasaki(former DuPont)
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Low temperature sintering of PbsGesO11 added PZT ceramics

by sol-gel method
OT.lnoue, T.Hayashi (Shonan Institute of Technology)
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Preparation and Properties of Zr0z-coated BaTi03 Composite Particles by Sol-Gel Method
with Zr-alkoxide/OW. Sugihara, K. Sunaga, T. Hayashi (Shonan Institute of Technology) ,K.Sasaki
(former DuPont)
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Ferroelectric Properties and Microstructure of Nonstoichiometric

Sr1-xBi2+yTa209+a« Ceramics

(OS.Sawayanagi,H.Takahashi, T.Hara,S.Ueno and T.Hayashi(Shonan Institute of Technology)
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Synthesis of In-Sn-O double oxide
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Sputter-deposited In,0;-Sn0O, transparent conducitve films:
Preparation and characterization of Sn 30 and 60 at% films
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Correlation between Nanoscopic Structure and Fracture Mechanism
of ZrOz Particle Dispersed Al2O3

O Nobutake TANAKA, Senior Student, Kogakuin University 1-24-2, Nishishinjuku, Tokyo, 160
Yuji K| MURA, Dept. of Environmental Chemical Eng., Kogakuin University
Noriyuki HISAMORI, Graduate Student, Kogakuin University

ABSTRACT

The addition of one ceramic to another often produced a composite with more
desirable properties than the matrix ceramics. For structural applications, improved
mechanical properties are the usual objective. At room temperatures, the important
properties include strength, fracture toughness(Kic), and hardness. These measurable
properties are expected to give an indication of material's performance under applied
conditions. Fiber-and whisker-reinforced ceramic composites have received much
attention in the request for improved mechanical properties, however particulate
composites also show attention. The addition of yttria-stabilized tetragonal ziruconia(Y-
TZP) to alumina(Al:O3) has improved strength and toughness of alumina matrix. Y-TZP
addition to Al2O3 may improve Kic and strength by mechanism that can be divided into
three-categories: those that enhance transformation toughening, those that modify the
grain boundary structure, and those that involve additional energy-absorbing
mechanisms due to crack deflection caused by the presence of second-phase particles.

Toughening mechanisms in Al2O3-Y-TZP have been widely studied and have been
discussed in recent years. The principal toughening mechanism is generally accepted to
be linked to the metastable tetragonal-to-monoclinic(t—m) localized transformation.
However, there is disagreement about the relative importance of other mechanisms, such
as crack deflection, crack bridging and microcracking. For investigating these toughening
mechanisms, one of the primary study is investigating strength and fracture mechanisms
in microstructure in grain size level. So this paper evaluated correlation between
nanoscopic structure and fracture mechanism of AloOs/Y-TZP composite.

Sample were sintered Al2O3 bodies with 5 and 30wt.% Y202 doped ZrO: at temperature
of 1550°C and 1650°C. In total, four kinds of Al:O3-Y-TZP were used in this study.
Microstructures were compared using FE-SEM, AFM and TEM. Indentation loads of
294N were applied for 15s on polished surface of samples. FE-SEM observations of
indented cracks revealed that bridging and deflection of crack occurred in the vicinity of
ZrO2 grains. Samples were also examined by AFM. AFM observations of indented cracks
revealed three-dimensional crack bridging, crack deflection and plastic deformation in
the vicinity of Vickers indentation. In addition, TEM observations of sample’s surfaces
after corrosion test revealed only limited amounts of glass phase were existed at grain
boundary. As result, improvement of strength and fracture toughness by toughening
mechanisms such as bridging and deflection of crack was revealed by Y-TZP addition to
Al20s.
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High-Temperature Corrosion of Ni-Cr and Ni-Si System Alloys in
a N,-H,O-HBr Atmosphere

Y. Yoshida, T. Amano, J. Yamazaki*, T. Goto* and T. Hirai*

Shonan Institute of Technology, 1-1-25, Tsujido-Nishikaigan,
Fujisawa 251, Japan

*IMR, Tohoku University, 1-1, Katahira 2-chome, Aoba-ku,
Sendai 980-77, Japan

High-temperature corrosion behavior of Ni-20Cr-3Si, Ni-20Cr-
3Si-0.1(Y or Hf), Ni-20Cr-5Si, Ni-20Cr-10Si, Ni-20Cr-20Si, Ni-
20Si and Ni-20Si-0.1Y alloys was studied in a N,-H,O-
HBr(N,:45vol%, H,0:45v0l%, HBr:10vol%) atmosphere. Mass
changes of Ni-20Cr-3Si-0.1Y, Ni-20Si and Ni-20Si-0.1Y alloys
showed positive values. On the other hand, Mass changes of Ni-
20Cr-3Si, Ni-20Cr-3Si-0.1Hf, Ni-20Cr-5Si, Ni-20Cr-10Si and Ni-

20Cr-20Si alloys showed negative values, and mass changes of

these alloys increased negatively in the order of Ni-20Cr-3Si-
0.1Hf<Ni-20Cr-3Si<Ni-20Cr-10Si<Ni-20Cr-5Si<Ni-20Cr-20Si
alloys. This result suggested that scales on these alloys spalled
during cooling after corrosion and that spalling of the scale tended
to increase with increasing silicon contents of the alloys. Ni-20Si
and Ni-20Si-0.1Y alloys was covered with scale after corrosion .
From observation of the cross-sections of alloys by electron probe
microanalysis and surface of the alloys by X-ray diffraction, it
was suggested that Ni-20Cr-1Si and Ni-20Si-0.1Y alloys were
covered with silica, and the both of Cr,0; and silica, respectively.
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Nanometric Observation of Initial Localized Corrosion Process on
TiN Thin Film Fabricated by Plasma CVD method

ORyuji TSUJIMURA, Senior Student of Kogakuin University, 2665-1, Nakano-machi, Hachioji-shi, Tokyo, Japan
Yuji KIMURA, Department of Environmental Chemical Engineering, Kogakuin University
Michio OHATA, Graduate student, Kogakuin University

ABSTRACT

Ceramics coating have been used for adding various functions to substrate surface and protecting
substrate materials from severe environments. It is outstanding character of Plasma CVD method that
deposition can be made on all surface including hole inside and so on. And it can be obtain relatively large
thickness of coated film. As coating temperature of Plasma CVD method was relatively higher compared with
other coating methods, problems of heat resistance of substrate AISI 304 are expected to occur. Therefore,
substrate metal was damaged by Plasma CVD process. Because Plasma CVD coated film has inferior state of
adhesion, cracking and exfoliation from thin film coating itself was expected at beginning stage by process heat
damage. AFM (Atomic Force Microscope) and optical microscope observations were conducted in the depth
direction. However, accurate informations concerning interface between substrate surface and thin film were
not obtained on exfoliated area of thin film. Fig-1 showed AFM observation of pinhole defect at beginning stage.
Some higher level regions than other surface were observed around pinhole defects. These height profile
informations were supposed to be brought about by the exfoliation of film itself or entrainment impurity dust.
Therefore, detailed observations of interface between substrate metal and thin film were conducted by FE-SEM
(Field Emission Scanning Electron Microscope) and shown in Fig-2. Exfoliation and cracking of thin film caused
degradation in film function. AFM and optical microscope data has problems of information lacks in plane
direction. For this reason, FE-SEM observations were employed for getting more accurate surface and interface
informations. Therefore, FE-SEM and FIB (Focused Ion Beam) methods were employed for compensating the
film and interface data lacks obtain by AFM and optical microscope. And improvements in corrosion
characteristic of thin film materials can be realized by obtaining detailed understandings of the initial states

and degradation process of interface and film itself.

HBSS@Z 3V X5 a0k

Fig-1 AFM observation of Pinhole defect Fig-2 FE-SEM micrographs of interface
at beginning stage between substrate and thin film
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Preparation of Co/Pd Multilayers by Electroplating
and Their Magnetic Properties

OKaoji KUDO, Haruo TAMANO, Koichi KOBAYAKAWA, Yuichi SATO, Nobuo YAMAMOTO*,
and Yumi YAMAMOTO*
Department of Applied Chemistry, Faculty of Engineering, Kanagawa University
3-27-1 Rokkakubashi, Kanagawa-ku, Yokohama 221
*Tanaka Kikinzoku Kogyo Co., 2-14, Nagatoro, Hiratsuka 254

Introduction : Co/Pt, Co/Au, and Co/Pd multilayered films exhibit a large perpendicular
magnetic anisotropy. They have attracted attention as new materials for high-density
magneto-optical recording media and for other applications. These mutilayered films
are generally prepared by sputtering, vacuum evaporation, and the MBE method. We
prepared the Co/Pd multilayered film by electroplating and observed perpendicular
magnetic anisotropy in the obtained films.

Experimental : Co/Pd multilayered films were prepared on the
polycrystalline copper substrate using the dual bath method.
Film thickness was controlled by changing the applied current
density and electroplating time. The multilayered structure
and film thickness of one layer were confirmed by TEM, and Co
and Pd analyses by ICP. The magnetic properties were

measured using a VSM.

Results and Discussion : Fig. 1 shows an example of the

» o DTN
interface

cross-sectional view of the TEM image of the [ Co(10
nm)/Pd(10 nm)] ,; multilayered film. Each film thickness was
found to be controlled by the electricity that passed through
the cathode. By changing the film thickness of Co and Pd,

530

various types of films were prepared and their magnetic 4

Fig.1 Cross-sectional TEM image
of [Co(10nm)/Pd(10nm)],; multilayer.

properties were measured. It is found that a perpendicular

L)

magnetic anisotropy appeared on the multilayered Co film =

with a thickness of less than 0.4 nm,i.e., the easy axis of

M (emu/cm? )
o

magnetization of the multilayered film changed from a

direction parallel to the film plane to perpendicular to the

o

<«

o
T

film plane as shown in Fig. 2. The coercive force and the -10 0 10
: H(kOe)
squaranse ratio were comparable to those of the films
Fig2 Magnetic hysteresis loop of

obtained by sputtering®.
[Co(0.2nm)/Pd(1nm)],, multilayer.

Reference
1)P. F. Carcia, J. Appl. Phys., 63, 5067 (1988).
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High-Temperature Oxidation of Fe-20Cr-10Al Fibers with
Amounts of Reactive Elements

T. Arai, M. Sekine, T. Amano, A. Katsuya*, S. Hiromoto*
and K. Sasaki**

Shonan Institute of Technology, 1-1-25, Tsujido-Nishikaigan,
Fujisawa 251, Japan
* NHK Spring Co., LTD, 3-10, Fukuura, Kanagawa-ku,
Yokohama 236, Japan
** IMR, Tohoku University, 1-1, Katahi 2-chome, Aoba-ku,
Sendai 980-77, Japan

High-temperature oxidation behavior of Fe-20Cr-10Al fibers and
disks with small amounts of reactive elements (Y or Hf) was
studied at 1473K for 18.0ks in oxygen. Mass gain (included
values of amount of spalled oxide when oxide spalled) of these
fibers (20-100 1 m in diameter) was values between 4 and 7%,
and increased in the order of Fe-20Cr-10Al1-0.05Ti-0.05Hf<Fe-
20Cr-10A1-0.05Ti-0.1 Y<Fe-20Cr-10A1-0.05Ti-0.1 Hf<Fe-20Cr-
10A1<Fe-20Cr-10A1-0.05Y<Fe-20Cr-10A1-0.05Ti.  This result
suggested that the addition of small amounts of reactive elements
to the these fibers decreased rate of oxidation. Oxide scale on Fe-
20Cr-10Al fiber spalled during cooling, and oxidation of the fiber
proceeded along the grain boundary of the fiber. On the other
hand, oxide scale on Fe-20Cr-10A1-0.05Ti-0.1Y, Fe-20Cr-10Al-
0.05Ti-0.05Hf and Fe-20Cr-10A1-0.05Ti-0.1Hf fibers showed
good oxide adherence. Mass change of Fe-20Cr-10Al disk
showed a negative value because of spalling of the oxide scale.
Mass change of the other disks showed positive values, and was
values inside of 0.3%. Small cavities were observed into oxide
scale on Fe-20Cr-10Al, Fe-20Cr-10A1-0.05Ti and Fe-20Cr-10Al-
0.05Ti-0.05Y disks. However, no cavities were detected into
oxide scale on the other disks.
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High-Temperature Oxidation of Fe-20Cr-4Al Alloys with Small
Amounts of Both of Sulfur and Yttrium
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*IMR, Tohoku University, 1-1, Katahira 2-chome, Aoba-ku,
Sendai 980-77, Japan

High-temperature oxidation of Fe-20Cr-4Al alloys with small
amounts of both of sulfur and yttrium was studied for 18.0ks in
oxygen at 1273, 1373, 1473, 1573 and 1673K. Mass changes of
the alloy with 7ppm of sulfur showed only negative values after
oxidation of 1473, 1573 and 1673K, and mass changes of the

alloy increased negatively with increasing temperature of

| oxidation. This result suggested that oxide scales on the alloy
spalled markedly during cooling after oxidation at more than
1473K. On the other hand, mass changes of the other alloys
showed positive values, and increased with increasing
temperature of oxidation. The mass changes of the alloys
increased in the order of Fe-20Cr-4A1-0.08Y (78ppmS)<Fe-20Cr-
4A1-0.37Y (40ppmS) <Fe-20Cr-4Al1-0.03Y (80ppmS)<Fe-20Cr-
4A1-0.001Y (151ppmS) alloys after oxidation at 1673K for
18.0ks. Surface appearance of Fe-20Cr-4Al alloy with 7ppm of
sulfur showed remarkable spalling of oxide scales after oxidation
at 1373, 1473, 1573 and 1673K. Surface appearance of Fe-20Cr-
4A1 with 185ppm of sulfur and Fe-20Cr-4Al-0.001Y alloys
showed partial spalling of oxide scales after oxidation at 1573K.
On the other hand, oxide scales on the other alloys showed good

oxide adherence.
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Superoxide generator using polyanine catalyst

Masamichi Takamatsu, Ken-ichi Morita and Norimichi Kawashima
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Materials Science and Technology Department, Toin University of Yokohama

1. Introduction
Recently, superoxide anion radical has
attracted much attention in the field of biology,
because superoxide is produced in biological
systems'. Superoxide anion radical is oxygen
molecule with one extra electron. It has a strong
sterilizing effect and is generated even inside the
human body to protect it from bacteria. The
radical anion can also be generated artificially,
for example, by photochemical reduction of
oxygen in the presence of naturally occurring
substances such as chlorophyll’ . Apparatus
based on the method of exposing titanium oxide
to light is commercially available for artificially
generating superoxide. The authors have
already reported that the generation of
superoxide by simply adding polyaniline
powder to pure water’. This paper reports a
novel method for continuous generation of

superoxide.
2. Experimental

After a platinized titanium plate (30mm X
100mm) was covered with a separator film for
electric cell, a carbon fiber cloth, on which
polyaniline was polymerized electrochemically,
was brought into contact with the both sides of
the plate. The titanium plate was used as the
anode and the carbon fiber cloth was used as the
cathode. These composite electrodes were
placed in a beaker containing 60 m{ of
physiological saline solution. In this apparatus,
cathodic voltage was applied for 20min on the
polyaniline deposited carbon fiber cloth while
stirring the saline solution. The amount

generated of superoxide was measured as the

concentration of hydrogen peroxide formed by
the disproportionation reaction. This amount
corresponds to the accumulated amount of

generated superoxide.
3. Results and discussion

As a result, the concentration of hydrogen
peroxide was found to increase with increasing
cathodic voltage up to -0.25V, above which it
gradually decreased with further increase in
cathodic voltage. This apparatus could generate
superoxide as 2.5ppm of hydrogen peroxide
concentration at -0.5mA of applied current and
-0.25V vs SCE.

Sterilizing of Staphylococcus aureus and
Pseudomonas aeruginosa was carried out in
superoxide containing water treated with this
apparatus. Sterilizing of S. aureus and P.
aeruginosa was thus confirmed in cultivation test
after 30min treatment with the superoxide
genarator.

As a conclusion, the superoxide generator
using polyanine catalyst could be prepared and
its sterilizing effect was confirmed.
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DEVELOPMENT OF HIGHLY WATER-RESISTANT
POLYMER-GYPSUM COMPOSITE

Shuuhei SAEKI, Satoshi KISHI, Kumiko ISHIHARA, Qian HUANG*, Tomonori
TAKATA and Masaki HASEGAWA, Faculty of Engineering, Toin University
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Introduction

Gypsum has been broadly utilized for arts, crafts and some interior materials for many centuries because
of its fineness on appearance with low price. However, as hardened gypsum(CaSO4 ‘- 2H2O) is rather inferior
to the moisture, the out-door use is extremely limited. Residual flexural strength of usual hardened gypsum
after the immersion in water for a day is lower than 50 % of initial strength. Recently we have developed a
new type of high strength and water-resistant phenol resin-cement composite!»2) In present study, for the
purpose of developing water-resistant polymer-gypsum composite, we attempted to extend the method to the
polymer-gypsum composite; the relationship between polymer-gypsum composition and water-resistivity of
resulting composite material was investigated.

After several attempts, starting from the mixture of gypsum and one of phenolic compounds, we
succeeded to prepare highly water-resistant polymer-gypsum composite.

Results and Discussion

30

Polymer-gypsum composite was shaped
as following way. A mixture containing
calcined plaster(CaSO4-1/2H20), one of
phenol derivatives, methanol, water, formalin,
and one of acids, such as HCI, C2H2O4,
H2S04 and CH3COOH, was flown into the
mold. The mixture was kept at room
temperature for a day and then removed from
the mold. The sample was cured at 70 °C for a
day and subjected to tree pointed bending test
before and after immersion in water.

When 1N-HCI is used as an acid, flexural

N
w

-t
(=]

Flexural Strength(MPa)
s S

—O— After immersion
—®— Dried at room temperatuer

w

strength and water resistant property of the 0 . . . . . 1 1 1
composite was the most superior compared to 0 Loy 9 & 3 % W5
those with other acids. The reason may be due Immersion in water(Days)

to higher catalytic ability to the reaction  Fig.1 Flexural strength of the composite aller immersion in
between resorcinol and formaldehyde by water and then drying for a day at room temperature.

hydrochloric acid than by other acids.

The relation between immersion period in water and flexural strength of polymer-gypsum composite is
shown in Fig. 1. Residual flexural strength of the composite was about 96 % of initial strength(20.8 MPa)
after immersion in water for 56 days at room temperature. Strength of the same sample increased to 140 % of
the initial strength after air-dried at room temperature for a day.

The observed increase of residual flexural strength after the immersion is explained by the increase of
hydrated gypsum content, accompanied with decreasing the calcined plaster, by x-ray diffraction analysis.
Furthermore, x-ray diffraction pattern of the composite indicated that the calcined plaster remained in present
composite more than in ordinary hardened gypsum. Then, during the immersion in water residual calcined
plaster was gradually transformed into the hardened gypsum, resulting in decrease of the total volume of voids
in the composite. This may be the reason why the strength was enhanced so greatly after the immersion.
From the SEM photograph, it was confirmed that the gypsum was not dispersed in the resin satisfactory and
that the crystal of gypsum grew larger than the crystal of ordinary hardened gypsum.

Reference
1) T. Takata, et al., JCA Proceedings of Cement and Concrete, 50, 762(1996), elc.
2) T. Takata et al., Abstract of 5% Pacific Polymer Conference (Kyongju, Korea, Oct., 1997)



P3-16B

INFLUENCE OF COMPOSITION ON HIGH
STRENGTH POLYMER-CEMENT COMPOSITE

Kumiko ISHIHTARA, Satoshi KISIHI, Shuuhci SAEKI,
Tomonori TAKATA and Masaki HASEGAWA
FFaculty of Engincering, Toin Universily ol Yokohama,
1614 Kuroganc-cho Aoba-ku, Yokohama 225, Japan

Introduction

Macro-defcct-free(MDF) cement has been studicd in several rescarch laboratorics 1 since first report by
J.D.Birchall ct al. in 19812). The MDF cement consists of a mixture of alumina cement(AC) and aqucous
polymer, such as polyvinyl alcohol with a [ew additives, and it shows extremely high flexural strength. It has
been reported that in the MDF cement an unusual micro structure was created by chemical interactions between
organic-inorganic componcents and greatly contributed to the high flexural strength. However, one gencral
drawback of this matcrial is its instability in water with swelling of polymer matrix to result in scrious decrease
in strength after immersion in water because of hydrophilic nature of polymeric binders used.

Rather reeently, a new class of polymer cement composite with high [lexural strength(>200MPa)  has
been developed in our group3). The new polymer cement composite consists of AC, thermo-selling resin
precursor, such as phenol resin(resol resin), with small amounts of alcohol soluble polyamide and glycerol.
Waler- and hcat-resistant propertics ol the composite is much higher than those of MDF cement.

In this papcer, the cflect of diphenolic compounds and paraform, on propertics of resulting polymer-

cement composile was studied. In addition, clfect of inorganic compounds on high strength polymer-cement
compositc was also studicd.

Results and Discussion

’ o a: © iy

Polymer-cement composile was preparcd by mixing 5120
100g of alumina cement(containing proper quantity of < .-—
inorganic compounds), 21.2g of resol type phenol resin § 1007
precursor (approximately 60% mecthanol solution), 1.8g of § ggl
alcohol soluble polyamide with proper quantity ol resorcinol
and paralorm, in a twin roll mill. Then, the composite was 7 60|
curcd at 200 °C for scveral hours. The three point [lexural é a0l X

e T 3 G ] —O— Resorcinol

strength test was carricd out on the samplcs. 2 —®— Catechol

The corrclation between the amount of resorcinol/ 20t
paralorm or catcchol/paraform in polymer-ccment composile 0 gIE W G4 R ing, 1) g .
and flexural strength is shown in Fig. 1. In comparison with 0 .Lis g os gra @ LAO MI21914

the samples without addition of resorcinol and paraform, the
addition of resorcinol in the resol resin-AC composite showed : ) 2 g
prominent increment of the flexural strength. However, Fig.l Corrclation of flexural strength with

Diphenolic compounds (wt%)

contrary lo the casc ol resorcinol, the addition of catechol to the diphenolic compuunc!s (resor: C"}OI
composite did not enhance the flexural strength. The difference and catechol) content in resol resin-
may bc less rcactive bchavior between catechol and almina cement compositc.

formaldchyde than between resorcinol and formaldchyde.

Addition of inorganic compound, such as CaCl2, CaCl2-2H20, MgSO4, CuSO4-1/2H20, into resol
resin-alumina cement composite drastically decrcased the flexural strength of resulling composite and finally
made difficult to produce the shect, with increasing the amount of inorganic compound. In contrast, the
addition of trivalent inorganic compound, such as AI(OH)3 Al203, In(OH)3, In203, into the resol resin-alumina
cement composite has raised the flexural strength.

From the results, it was suggested that hydroxyl group and trivalent inorganic compounds play an
important role to enhance the strength of the composite: The reason may be due to strong interaction at the
interlayer between hydroxyl groups in the polymer and trivalent inorganic compounds.

References

1. J.F.Young, ctal.,, MRS Bull. 33, 35,(1993)

2. J.D.Birchall, A.J.Howard, K.Kendall, Nature, 289, 29, 388 (1981)

3. M.Hascgawa, ctal., Abstract of MRS-JAPAN Annual Symposium, 1-P5 (1993), clc.



P3-17M

Synthesis of Inx-1WxBa2CuOy

N. Sumitani, T. Wakamori, H. Yamamoto

College of Science and Technology, Nihon University, 7-24-1 Narashinodai,
Funabashi city, Chiba 274, Japan

Introduction

Recently, Ohshima et al.™ have synthesized InBa2CuOx, of which the structure similar to that of a typical
homologous series of superconductors; TIBa2CuOx or HgBa2CuOx etc.® This compound does not, however, show
superconducting properties because of its large lattice-parameters a and b.

It has been well known that a substitution of ReO3 brings a chemical stabilization and a hole-doping effect for a
HgBa2Can-1CunOx superconductor.”’ Since WO3 has a rhenium(VI) oxide type of an orthorhombic structure, we
expect that [nBa2CuOy are chemically stabilized and lattice parameters become smaller by a substitution of WO3. In
the present study, we investigated substitution effects of W atoms into a part of In sites of InBa2CuOx from a

crystallographic point of view.

Experimental Procedure
W-doped In1-xWxBa2CuOy was prepared by a conventional
- solid-state reaction method. Powder of In203, WO3, BaCO3,
CuO were mixed with the ratio of In:W:Ba:Cu=1-x:x:2:1
(x=0, 0.05, 0.1, 0.2, 0.3, 0.4). The mixed powder was
calcined at 910°C for 35 h in air, and pressed into pellets with
a pressure of 700kgf/cm”. They were sintered at 930°C in O2.

Results and Discussion

Figure 1 shows a schematic structure of the (In,W)Ba2CuOx.

The sample were characterized by reflected X-ray powder
diffraction method and Rietveld analysis.”

By the refinement, lattice parameters were determined
a=4.156, b=4.085, ¢=8.368 A with a space group of Pmmm,
as shown in Figure 2. The value of b is smaller than that of
the non-doped InBa2CuOy by 5 % . An occupancy and
fractional coordinates were determined too. A phase transition
was observed at x ~0.1 as increasing a concentration of W
from a tetragonal phase to an orthorhombic one in the
In1-xWxBa2CuOy system. Obtained results suggest that W
atoms are effectively substituted in In sites.

Summary

We succeeded in decrease of the values of a, b and ¢ by a
partial substitution of W in InBa2CuOx. The sample did not
show a superconductivity probably because the lattice
parameters are still large. Furthermore investigations for
substituted materials are needed to obtain a superconductivity.

References
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Fig. 1: Structure of the (In,W)Ba2CuOx.
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Fig. 2: Rietveld analysis of the
In0.8W0.2Ba2CuOy.
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Carbon Coating on SiC Fiber by Hydrothermal Treatment
using Alkalline Solutions.
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PREPARATION OF CRYSTALLIZED LisVOs FILMS BY
HYDROTHERMAL - ELECTROCHEMICAL METHOD

Tomoaki WATANABE ,Masahiro YOSHIMURA, and Woo-Seok CHO
Center for Materials Design, Materials and Structures Laboratory,
Tokyo Institute of Technology, 4259 Nagatsuta, Midori-ku, Yokohama 226, Japan

In recent years, LisVO4 has attracted much attention due to its
potential application as second harmonic generation (SHG) material
for green or blue lasers. The SHG conversion efficiency of the LisVO4
was similar or superior to that of LINbO3s and KTiPO4 which are in use
as wavelength conversion materials. Additionally, LiNbOs and KTiPO4
have disadvantages of weak optical damage threshold and small
nonlinear optical coefficient, respectively. It seems therefore that
LisVO4 may replace these materials in the future SHG applications.
The film consisted of well crystallized grains of about 54 m in size
deposited on a vanadium metal substrate in a LiOH solution after 24h
under 1mA/cm?2 current density.

In this study we have introduced the hydrothermal-electrochemical
synthesis for LizVO4 thin films at a low témperature (150°C). In our
knowledge this is the first report dealing with preparation of LisVO4
thin films. The film preparation method generally requires high
temperatures ( above 500°C) to crystallize as-deposited amorphous film
from gas/vapor phases, or to decompose the precursor to yield an
appropriate compound in "sol-gel" methods. Low temperature in situ
fabrication of crystalline thin films might lead to improve their quality
and to make the whole process environmentally friendly and
economically.
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Ni B LICEBEERTE 52 L bh ok, KSR v ¥oun

TIXINODIEDOREZTD & & biT, AREEIC

SNTEELT, J_L e

2. RE& Tz

*(003)

4M O LiOH /K¥, Ui L 7o Ni AR DIGHE & F2AE, vai
Ag/AgCl BB LR 5 BMEELEA— P L + w(200)
— 7 WIS, KB T CRMAEL T, Ni B e
B EIZ LiNIiO, IR % Z DBIER L7z, BARILE BE
TATV, B I 0.1-5.0mA/cm?, IREEIZ 100-200°C, * (i) v222)
EAHMBRE L Lz, AR LEBE XRD, XPS, | bt Lo 8
YAV IRANEZ AN —ICKDFHE L7,

VY (311)

3 EELER 10 20 30 40 50 60 70 80 90 100110 120

VERY L7 1%, XRD /%% — (Fig. )75, btk 26
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hydrothemal treatment in 4M LiOH solution at
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Concurrent preparation of Carbon- and Boron Nitride- nanotubes/The chemical species evaporated from Porous

BC,N by a dc arc plasma were condensed on a copper disk cooled with water. The nanotubes collected from disk

. were characterized by TEM and EELS.EELS data indicated these nanotubes prepared by this method were in the

| mixture of carbon and boron nitride nanotubes.
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New Preparation Method of Iridium Covered Electrode by Plating for
Electrochemical Processes

(OSatoshi HONDA, Koichi KOBAYAKAWA, Yuichi SATO,
Ichiro HASHIMOTO#*, and Eisaku USHIKU*
Department of Applied Chemistry, Faculty of Engineering, Kanagawa University
3-27-1 Rokkakubashi, Kanagawa-ku, Yokohama 221, Japan
* Tanaka Kikinzoku Kogyo Co., 2-14, Nagatoro, Hiratsuka 254

Introduction: The iridium oxide-coated titanium electrode used as the anode for electrochemical

processes is usually prepared by the thermal decomposition method, which is very complicated. In

order to simplify this preparation method, we tried to prepare an IrO,-coated Ti electrode by the

electroplating of Ir on Ti followed by an electrochemical or thermal oxidation process.

During this

study, the electrochemical behavior and the lifetime of the Ir-plated Ti electrode were studied.

Experimental: A 10 X 10 X 0.5 mm Ti substrate was treated by oxalic acid at 90°C for one hour

and then Ir was plated using a bath supplied by the Tanaka
Kikinzoku Kogyo Co. at 1.5 mA/cm? and 80°C. The Ir-
plated electrode was electrolyzed in NaCl solution using a
rectangular wave of *75 mA/cm? for 500 cycles or heated
at 600°C in air, if necessary. As another Ir oxide film
preparation method, the plating and heating process was
divided into ten repetitions. In this case, the plating time
and heating time were one-tenth, therefore the total plating
and heating time were equal to that of the first process.

Results and Discussion: Polarization curves for the various
Ir-oxide electrodes are shown in Fig. 1. The electrolytically
oxidized Ir-plated electrode using a rectangular wave (A)
showed the lowest overpotential for oxygen evolution and
As for the chlorine

electrode, almost the same results were obtained. However,

the best electrocatalytic behavior.

the lifetime of the electrode is short like the as-deposited
electrode shown in Fig.2. The ten times electrode had the
longest in lifetime, though the electrocatalytic activity is
lower than an as-deposited electrode or an electrolytically
oxidized electrode. A ten times plating and heating process
repetition electrode showed a significantly increased lifetime,
which suggests that plated Ir may not be completely

oxidized.
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\Fig.1 Polarization curves of electrode
in 0.5M H2SO4 at 30°C.
O IrO: electrode (Commercialized).
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A after 500 cycles electrolysis using a rectangular
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Fig.2 Lifetime of various types of
Ir plated Ti electrode.

Electrolyte is a mixed solution of 1.0M H2SO4
and 1.0M Na2SOs containing 0.1M Ethylene
Chlorohydrin at 40°C.
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Applied current density is 1.5A/cm .
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Carbonation of zinc oxide:reaction process in carbon dioxide and water vapor

OB mz

FH 8 (ERRIEXKZXERIEZWMRHM)
OShigeyuki SEKI and Yutaka SAWADA(Department of Industrial
Chemistry,Graduate School of Engineering,Tokyo Institute of Polytechnics)
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Preparation of Spherical Barium Titanate Powders by Emulsion-char Method
QO Shigeru Emi, Sadayuki Hayashi, Daiji Takashima, Kiyokata iizumi, Katuya Kudaka
(Facully of Engineering, Tokyo Institute of polytech.)
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Composition Control of Sol-Gel Derived Pb(Zrx Ti;.x)O3 Thin Films
with Multi-Seeding Layers
QY. KONDO, H. SUZUKI, S. KANEKO (Shizuoka University)

T. HAYASHI (Shonan Institute of Technology)
ABSTRACT

Ferroelectric lead zirconate titanate, Pb(Zrx Ti;.x)O; (hereafter abbreviated as PZT), thin films
have been attracting wide interest due to their high potential for various applications such as in
optical modulator, non-volatile semiconductor memories and in high-frequency surface acoustic
wave (SAW) devices. In the previous paper, perovskite PZT thin films with multi-layered
structures were prepared at low temperatures by the dip-coating method from alkoxide precursor
solutions [1, 2]. However in the multi- seeding process, the compositions of the resultant PZT thin
film should be modified by controlling the multi-layered structures of the precursor films to
improve the electrical properties of the resultant films.

In this study, ferroelectric PZT thin films were prepared by annealing the precursor films with
different compositions (X) and multi-layered structures from alkoxide precursor solutions, to
lower the processing temperature. Effects of compositions and stacking structures of the multi-
layered precursors on the crystallization behavior were studied to improve the electrical properties
of the resultant PZT thin films. Alkoxide-derived lead titanate (hereafter abbreviated as PT) thin
film with different thickness, of which the crystallization into perovskite phase completed at 450°C,
were inserted between every PZT precursor layers with different compositions ranging from X=1
to 0.53 (multi-seeding process). In this process, the compositions of the PZT precursors and/or
stackingstructures, as well as the heating schedule, have large effect on the crystallization

behavior. As a result, nucleation control of the PT Nominal composition of multi-layered PZT
seeding layer by changing the heating schedules i 2 EERERERIRIANNIE s 00

played an important role to prepare perovskite PZT 7
thin films at low temperatures. Dielectric properties of 600

the resultant films depended upon the compositions sl

and annealing temperatures. The relative permittivities £

of the resultant films with thickness of about 500 nm £ 40

were shown in figure 1. The relative permittivity of ; 300

the resultant film increased with annealing 3

temperature. Distinct effect of the heating rate on the * g

dielectric property did not observed in this study. 100

However, the nominal composition of the resultant 3 SNBSS S0

thin film exhibited considerable effect, especially at oéompog{gonnr%r pm‘:l-fser h.,‘i'.i - ML
high temperature annealing of 600 “C.The maximum multi-layered films

! a5 a . Fig.1 Relative permittivity of the resultant PZT thin
of the relative permittivity was obtained at the g i direrent compositions.

composition of a morphotropic phase boundary  W:annealed at 600°C with heating rate of 100C/h
: 24 e : @ :annealed at 600°C with heating rate of 600C/h
.(no.rnmal composmon Of. X 053) This  result A :annealed at 600C with heating rate of 3000C/h
indicated that the composmon of the resultant film O:annealed at 500 with heating rate of 100TC/h
was controllable in the multi-seeding process. O:annealed at 500 with heating rate of 600°C/h
A:annealed at 500 with heating rate of 3000C/h
[1] H.Suzuki et al, Jpn. J. Appl. Phys.
35, p.4896 (1996)
[2] H.Suzuki et al, Jpn. J. Appl. Phys.

36, p.5803 (1997)
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RAKMBEICHEIZIEBT7/IVaOXFI FERHWE
Nb20s-0—F 1 > JBaTiOs¥H &SR FND S & ¥

(HEI#EK) OFkFE— - K&

Preparation and properties of Nb20s-

(5t Faky) kakS—

coated BaTiO3 composite particles

using metal alkoxide in hydrophobicsolvent.
OK.Sunaga, T.Hayashi (Shonan Institute of Technology), K.Sasaki (former DuPont)
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e, EREASRTFIRBELRICEL. TOEKT7O—
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Fig.1 Flow diagram of preparation of Nb20s-coated
BaTiOs composite powders.
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DBTDA)ZFRHZI U TA SV —8n Mz A5 Q00 IEREM L Z8BEdd
(TOREN/OENE, ZOLIRERMEEOREERT S 2 &IT&k - THRAS&EE
WELTORANRFETES., ZOEOBERRII82%., EHRIZI10'QemE2>7z,
F T, BERAEEFID/ZHIZ. SnOEICSbPFE R —FL k. TORE. Sbz
R—7 LB T ATOMRE TIZEHR1 X 10°Qem, FZ& R— 7L 8T (FTO)
BETI136.8X 10°QemDEHR LV, EENZ RIENMERHTERZ, UL, Rk
IZSbFZ R —7 95 120N 200)H D FREMENWD L. 0D, 501U
DH T AER EICR—T L TWEBWTOREZER L., £0OLIZR—T7 LZATORES
FTORZ MR Y 2 Z & T, EFtE. EREEE. XEBEOTRTENZEE25E2
ZEMTER,

BFTNA ADKBUCIZ N, KEFEER EANOBROERNERINT NS,
AWFE THEROBIZAWE A7 L — #8503 iyl Bz %@ T KE L A el 5E
THDH>DT. RICBLTTEROAEBEZBELE. BENICIRINETHERL
TE25mm X 25mmOD i iZ50mm X 50mm, 100mmX 100mm D SnO,fE D ER 2 74 7».
Eorte, BRAEME. SHEICOWTHR. BEZ2fTo7/z(Tablel), TODHEE. S0mm
X50mm, 100mm X 100mm & VY 5 KEFE7Z SnOMHIZH WT H25mmX 25mm & [F k7%
MW EMERF T ENTE,

R, BR300 I5—-0FHEME LTI OSNOEDE FL
AT TOMRSBT>TH D, ERICRILTTEHEBAS L7 boroI v s 3
F—DRFEARIEFTEEBCOWT HHETHRET 5,

Table 1 Physical properties of SnO, thin films by spray pyrolysis deposition

Film Film TC(200) Resistivity Transmit- Size

thickness tance

(nm) (Qcm) (%) (mm(l)
TO 650 25 1.3X% 10 82 25
ATO 400 5 1.0x10% 72 25
FTO 400 2 6.8 10 82 25
FTO/TO 400/250 24 5.2x10* 80 25
FTO 400 4 6.0x10™ 82 50
FTO/TO 400/250 23 4.8x10* 83 50
FTO 400 2 6.0x10™ 82 100

TO : Tin Oxide; ATO : Antimony-doped TO; FTO : Fluorine-doped TO; FTO/TO : FTO prepared on TO
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ITO thin films prepared by dip—coating with indium and tin acetate

HIRLEKRFE , OowRn X #BH B8
Tokyo Institute of Polytechnics YAMAGUCHI Fumichika, Yutaka SAWADA
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Microstructures of the Surface and Inside of Electrodeposited Calcium Phosphates /
O O.Nemoto, H.Monma, S.Takahashi, H.Kobayashi (Faculty of Eng. Kogakuin Univ) /
Microstructures of the surface and inside of calcium phosphates electrolytically deposited on a Ti
substrate were investigated. Gradual changes in the shape of grains deposited were observed from
the surface into the inside. Grains on the surface were fiber-like crystals elongating to the (002) of
the OCP structure, whereas the inside gréins were thin plate crystals developing the (010), (100),
(020) and (110).

1. B XY UBILVVY LRSI, EESEMEICEN TS OICEEMEE LTHFS
NTVW32, BAROLP»IFERE~DOCALZER LRSS, ZhbOBMOBEREEET TIX+47%
BRAMENRBELNRY, TOLDEREREIZY VEBILVY Y LARLEMEa—T 47 LT, £&
Btk & BRAOREE 2 R A - ERH B 2 ERT IHEITOITRY, £Da—T 4 7 DFk
DFTHEBRMBREMRRECERTE 2EMBEHENEB SN TS, FHARTIE, EROFET T
BRECBEIERL) VBRILVY Y LBORE. B X UARHORBHMERIZ OV TR L,

2.RBHE BELLT7 /—FIZPtiR. A Y — FIZ TidR &2/ L. BARKIZ X 0.02mol dm™ D MCP

(Monocalcium Phosphate : Ca(H,PO,), H,0) KEKZEHR L7, ERORMEITIRE . 50~80C,
EMEE - 0.6mA -cm?, BER : 30min IZBRE L TEF LT o,

BBEYMOREE% Scotch 7 Y 7—7—7I12X D 1 BIOREL 5 BIORETHRES T T, BERE
L N OWAKERRIZ OV T XRD BESEM ZHWVWTH ¥y 77 ¥ V¥ —va v &fTo T,
SEREBLIVEE BEOREEIZ XRD 2LV, 50CT—#7 7 vy ¥4 b (Brushite : CaHPO,-
2H,0) & OCP (Octacalcium Phosphate : CagHy(PO,)g 5H,0], 60~80CIZOWTIZ OCP THSHZ
LEHR LT, TNHORABOFREIL, S0CTIHIEVCOLRRLZ U— 2 ROMEEDEER LBz KE
REROERBRIEL, 60~80C TIIBMERDOREREPBA G ST BITRoTWe, BEREEN—
Tdh o7 60~80CIZOVTD XRD Ti&, F—AI12 X Y 1[E., 5 B & FIMEZE 0 IE LTV L IZHEV, OCP
@ (010) (CuK a=4 EfHE) & (100), (020), (110) (9 EfHiE) D —223&< 20, (002) (26 BEft
) DE—27 3B RoTWLBERBAHA LN, SEM B8 Tk, 1 ., 5 BlLHEELHRVELITD &
Figl IR L=k d ez b, XRD ICXARREZEE ST D L. REEOBMER (A) 1% (002) &
DERE LT, TH#HS (Ti ) ISEVWEAR (C) 1% (010), (100), (020) X (110) EASEEE L
RERTHHLELXDOND,

5um

Fig. 1 SEM photographs electrodeposited calcium phosphates at 70°C.( A:Surface, B: Surface layer
was torn once with Scotch tape, C: Surface layer was torn five times with Scotch tape)
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CrB,~MoB, & I3V IRADIREEETDMHEE

(ERIERHE-T) OrE K#@, &Lk EzZ, iR HE. AR »=it
(ELEEXE-I) MH %8
Sintering and Properties of CrB,-MoB, composite.
(Faculty of Engineering , Tokyo Institute of Polytechnics and Faculty of
Engineering, KokushikanUniversity) Maezawa,Daisuke;
Murakami,Masayuki;lizumi,Kiyokata;Kudaka,Katsuya;Okada,Shigeru.
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Study of Carrier-Doping Mechanism in Sr,..CuQ;, (Sri.,La,)CuO; Infinite Layer
Films

N. Terada, OT. Uchida®, Y. Suganuma®, N. Yoshiyama®, H. Yamamoto®, H. Thara

Electrotechnical Laboratory, 1-1-4 Umezono, Tsukuba, Ibaraki 305, Japan
Nihon University*, 7-24-1 Narashinodai, Funabashi, Chiba 274, Japan

Infinite-layer SrCuO; is characterized by its crystal structure common to most of high temperature superconducting
cuprates (HTSC) and a possibility of both hole- and electron-doping. These features rise importance of preparation of its
epitaxial films with various carrier-concentrations and characterization of their intrinsic electronic structure, in order to
systematically explicate doping-mechanism of HTSC. In this paper, we report in-situ photoemission study of clean sur-
faces of epitaxial films with the infinite-layer structure prepared by multi-target sputtering and MBE.

Holes and electrons are doped into the SrCuO; by an introduction of Sr-vacancy and a partial substitution of La for Sr,
respectively. For non-doped, that is stoichiometric, specimen, an insulator-like gap-structure was observed. An introduc-
tion of either holes or electrons more than 0.06 per unit-cell results in a development of metallic feature. In such regions,
photoelectron Fermi edge has been clearly observed. Figure shows a relationship between an electron-energy of Cu 3d
signal and a change of electron occupation per unit cell. Origin in this figure is set at the energy of the Cu 3d signal of
the stoichiometric sample.

Within each of metallic regions, the Cu 3d peak continuously goes away from Fermi level by a decrease of hole-density
and an increase of electron-one. The increase of the electron occupation from -0.2 (hole-doped region) to +0.12 elec-
trons/unit-cell results in a reduction of the energy of the Cu 3d signal by 0.35 eV. An expected shift in rigid-band model
based on a band structure calculated by full-potential linearized augmented plane wave method (FLAPW) is about -0.30 eV
for the corresponding rise of the electron occupation. This agreements suggests that band-filling should play a certain role
in the metallic regions.

On the other hand, the discontinuities of the Cu 3d energy about 0.30 eV was observed around the boundaries between
metallic and insulating regions. For the Cu 2p signal, it is observed a similar change to that of the Cu 3d signal, though
the shift was about a half of that of the Cu 3d. C 1s and Sr 3d core signals did not exhibit a shift. The latter result means
that the discontinuities should not be caused by charging-effect. These results indicate that the observed change of electron-
ic structure around the boundaries should be an

intrinsic feature in the infinite layer, and that 06
Gi0;

this phenomenon might relate to a disappeara- : : ' ' '

nce of anti-ferromagnetism and enhancement of -8 05t > ]

screening effect by the doping. 28 g4l I .
The above results are obtained on the spec- =2 ¢ !

imen grown by multi-target sputtering, where &g 03 : . ]

hole-density was limited up to +0.2 holes/unit- E‘ 02 I ! = _

cell. The MBE growth under a lower ‘.:ﬁ '.

temperature enables to obtain the samples with g8 %[ I )

higher oxygen content, which is confirmed by a 62 oL s 1

c-axis length longer than that of the sputtered s PN ) Blastrensiopy

samples. A study of the systematization of the ] 0'1.0,3 02 o 0 0.10 02 0.3

change of the electronic structure of the SrCuO;

towards a region of higher hole concentration is ; : : .
b5 Srogress. g § Fig. Energy-shift of Cu 3d signals as a function of

change of electron-occupation par unit cell

Change of Electron Occupation (electrons/unit cell)
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Behavior of Sulfur of Fe-20Cr-4Al Alloys at 1473K in Oxygen

T. Watanabe, A. Sekiya, T. Amano and K. Sasaki"

Shonan Institute of Technology, 1-1-25, Tsujido-Nishikaigan,
Fujisawa 251, Japan

*IMR, Tohoku University, 1-1, Katahira 2-chome, Aoba-ku,
Sendai 980-77, Japan

Behavior of sulfur of Fe-20Cr-4Al alloys with 7, 185, 491, 1300
and 6300ppm of sulfur was studied at 1473K for 18.0ks in
oxygen. Mass changes of the alloys with 7, 185, 491, 1300 and
6300ppm of sulfur showed positive values. Mass change of the
alloys were almost the same values. On the other hand, mass
change of the alloy with 7ppm of sulfur showed a negative value.
This result suggested that oxide scales on the alloy spalled
markedly during cooling after high temperature oxidation.
Surface morphology of the oxides on the alloys with 185, 491,
1300 and 6300ppm of sulfur were almost smooth. However,
surface of the oxide on the alloys with 7ppm of sulfur showed
convoluted morphology. The differences to surface morphologies
of oxide on the alloys may be related to oxide adherence. Many
particles of chromium sulfide were observed at the oxide/alloy
interfaces of the alloys with 185, 491, 1300 and 6300ppm of
sulfur after oxidation at 1473K for 18.0ks. The existence of many
particles of chromium sulfide play probably a role in
improvement of the oxide adherence. The plasticity of oxide on
the alloys was studied using a micro-vickers tip. The plasticity of
oxide on the alloy with 6300ppm of sulfur was larger than that of
oxide on the alloy with 171ppm of sulfur.
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Laser Enhanced Electroless Plating of Gold

O Satoshi NAGAMINE, Koichi KOBAYAKAWA, Yuichi SATO

Department of Applied Chemistry, Faculty of Engineering, Kanagawa University,
3-27-1 Rokkakubashi, Kanagawa-ku, Yokohama 221

Introduction : Laser-enhanced Au electroless plating on Ni plated iron-nickel alloy, brass and copper was conducted in a
cyanide-free bath developed by us. The plating bath consists of chlorauric acid, sodium hypophosphite, succinimide, and
potassium thiocyanate at pH 8.0 V. The thermal conductivity of the substrate is an important factor. Using the nickel-plated Ni-
Fe alloy, which had the lowest heat-conductivity of the three materials, the gold deposit height is the heighest for the same laser
power and irradiation time. It was found that the gold deposit height and its diameter can be controlled by the laser power,
irradiation time and the flow velocity of the plating solution.

Experimental : As a substrate, Cu, brass, and the Ni-Fe ( 42:58 ) alloy with a 5Spm Ni plating were used. Using the bath shown
in Table 1, laser enhanced electroless gold plating was carried out at various laser powers, irradiation times and plating solution

flow rates. The shape of the deposits was observed by SEM. Table 1 Bath composition and condition of laser
Resul i Di . ; : hanced electroless plating of gold.
' en

AR Qo Ol oy Lioger Chemcals Concentration
irradiation has a slight hilly sharp at 0.5 W of laser power and 60 s HAuCL 0.01M
of irradiation time ( Fig.1, a ). The diameter of the deposit was ~ NaPHO: 0.10M

Na.SO; 0.10M
nearly equal to that of the laser beam ( 25pm ), but changed to Sarcintmtie 0.10M
some degree due to the irradiation conditions. The deposit were KSCN 0.05M
: ; (CHsCOO).Pb 6ppb

found to be Au based on an EDX analysis. Increasing the laser NBS# 4.7% 10°M

power, the shape of the deposit collapsed. For 3 watts of laser pH 8.0 ( adjusted with NaOH )

power, the shape became ring-like, which might be caused by the - mNyerabensensalfonic acid sodium salt
fact that the Au ion could not be supplied because the solution at
the center of the laser focus boiled . Inthecaseofthe Cu or brass
substrate with higher thermal conductivies, the diameter of the
deposit was smaller than that obtained on the Ni-Fe alloy substrate.
There may be a tendency that the higher the thermal conductivity
of the substrate, a larger laser power is required to obtain the same

size of deposit. Line drawing was attempted using the laser

enhanced electroless Au plating. Upon changing the scan rate of

Fig.1 SEM phograph of laser enhanced

the laser beam between 2.5 pm/s and 10 pmy/s at 0.5 W~2.0 W Au spot deposit and Au line pattern on
Sum Ni plated Ni-Fe alloy substrate.
of laser power, the best results were obtained at a 5 pm/s scan Flow rate : 175cm/s.
Laser power : a) ,b) 0.5W ¢) , d) 2.0W
Swd and 0.5 W laser power. Irradiation time (a, c): 60s.

Scan speed (b, d) : Spm/s
Reference

1) Satoshi Nagamine, Koichi Kobayakawa, Yuichi Sato, JIPC .,12.497(1997).
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Magnetic Properties of Co Ferrite Thin Films for Perpendicular Magnetic Recording Media
S. Kantake, S. Takaya, Y. Kitamoto, and M. Abe
Tokyo Institute of Technology

Introduction

Ferrite thin film recording media have a good potential because of their low noise
characteristics and good mechanical durability. But physical vapor deposition methods need high
temperature over 300°C and ferrite films have lower Ms than metalic thin film such as Co-Cr
alloy films. The “ferrite-plating” method that it was developed in our laboratory facilitates to
deposit polycrystalline spinel type of ferrite films at low temperature below 100°C in aqueous
solutions. The purpose of this study is to prepare Co ferrite thin films for perpendicular magnetic

recording media by “ferrite-plating” method. We investigated their magnetic characteristics of it.

Experimental and Results

(Co,Fe),0, films were prepared by the spin-spray ferrite-plating on glass substrates at 90°C
using a reaction solution of FeCl,+CoCl, and an oxidizing solution of NaNO,+CH,COONH,
(pH=5~7). The crystallographic characteristics were estimated using a X-ray diffractometer. The
magnetic characteristics were investigated using a vibrating sample magnetometer (VSM).

Figure 1 shows dependence of coercivity on NaNO, concentration in the oxidizing solution.
High ratio of the perpendicular coercivity to in-plane one, Hcp/Hci suggests the films have
perpendicular magnetic anisotropy in the case of low NaNO, concentration below 2.9 X 10 mol/l.
Ms was 80~500emu/cc.

Figures 2 and 3 show the dependences of the coercivity on Co/Fe ratio at the NaNO,
concentration of 3.6X10? and 2.5X10? mol/l. Hci decreased by the increase of the NaNO,
concentration, and the perpendicular anisotropy was improved. The results of X-ray
diffractometry showed that the films with maximum Hcp/Hci ratio have a preferential orientation
in (220) compared with the other films.

3000+ 1 3000 - 1 3000+
S S 8
22000 22000 Hep 22000
B 5 &
o g 2
g i g
o lood- O 1000+ Hei O 1000-
1 1 1 1 1 1 1 1 1 1 1
0 10 20 30 40 0 02 04 06 08 1 0 02 04 06 08 1
NaNO; in Oxidizing Solution (10~ mol/l) Co/Fe in Reaction solution Co/Fe in Reaction solution

Fig.1 Dependence of coercivity on
NaNO, concentration in the
oxidizing solution

Fig.2 Dependence of coercivity on Co/Fe Fig.3 Dependence of coercivity on Co/Fe
ratio in reaction solution at the NaNO, ratio in reaction solution at the NaNO,
concentration 3.6 X 10”* mol/l concentration 2.5 X 10 mol/l
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Preparation of Functional Materials by Blending Poly(vinyl
Alcohol) with Copolyesters Having Amine Salt Groups and Their
Metal Complex Formation

(ODaisuke Iwami, Chonghui Wang, and Shigeo Nakamura
Department of Applied Chemistry, Faculty of Engineering
Kanagawa University, Kanagawa-Ku, Yokohama 221, Japan

Introduction

We have previously reported the preparation of polymer blends of
PVA with polyesters having pendant quaternary ammonium groups and
aminosulfonic acid moieties.! Now, we intend to describe the preparation
of blends of PVA with copolyesters having secondary and tertiary amine
salt groups and their complex formation with metal ions.
Experimental

Copolyester P 1 and P 2 was obtained from maletic anhydride and diols
S12 having secondary and tertiary amine salt groups and from phthalic
anhydri-de and Si 2, resprctively.2 Blend films of P1 and P 2 with PVA
were prepared by dissolving the copolyesters in an aqueous 10% PVA
solution and casting on a glass plates. Metal complex films were obtained
by adding CuCl and CoCly to the solution before casting.
Results and Discussion

The IR spectra of the S12, P1and P 2 all show absorption bands at
2750-2800 cm ! (>NHz*, >NH*-) and 1620-1600 cmr 1 (>NH;%) assigned to
secondary and tertiary amine salts. For all of the blend films and their
metal complexes, an IR absorption band appears at 1720 cm" ! correspon-
ding to the -CO(0O)- stretching vibrations. For blend films, the absorption
bands due to >NH*- vibration does not appear at 2800 cnr 1. Therefore,
these tertiary amine salt groups are easily dissociated to amino groups in
blends due to the proton exchange. P 1and P 2 are amorphous and has a
softening point at 52 and 43 °C, respectively. Dry blend films show each
one Tg which is higher than that of PVA, and the Tg values increase with
the increasing S1 2 content. Therefore, ionic crosslinkages are formed
between PVA and the copolyesters. The hydrogen bonds between the
ester groups of the copolyester and the hydroxyl groups of PVA also
contribute to the rise of Tg. These blend films are ionic polymer blends
and possess highero values (106Scm 1) when these blends contain about
5 wt% of water. The o value of blend metal complexes is lowered as
compared with the that of blends. These blends can form complexs with
CuCly and CoCl;. The coordination structure with two chelate rings is
suggested between the tertiary amino groups of copolyester and hydroxyl
groups of PVA.

REFERENCES

1) C.Wang and S. Nakamura,J. Polym. Sci., Polym. Chem. Ed., 3 2,
1255 (1994).

2) S. Nakamura and C. Wang, Seni Gakkai, Preprints ,G 131, (1997).
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Gas Permiability and Stability of
Poly[1-(trimethylsilyl)-1-propyne] Blend Membranes

Tsutomu Nakagawa, Shingo Tabei and Tetsuya Watanabe
(Departmert of Industrial Chemistry, Meiji University Kawasaki 214-71, Japan )

Tel: 044-934-7211 Fax: 044-934-7906
E-mail address: ce77620@isc.meiji.ac.jp

Poly[1-(trimethylsilyl)-1-propyne] (PMSP) membrane has the highest gas permeability
of all polymeric membranes. However, the PMSP membrane exhibits a significant deterioration
of the gas permeability with time. In previous study, the permeability of PMSP may be
stabilized against physical aging by blending PMSP with small amounts of poly(1-phenyl-1-
propyne) (PPP)". In this study, we investigated the effect of blending PMSP with poly(tert-
buthylacetylene) (PTBA) or polyvinyltrimethylsilane(PVTMS) which expected higher affinity
with PMSP than PPP on the stability of their gas permeability.

The membranes were prepared by casting a polymer solution from toluene. The gas
permeation properties and gas sorption isotherms were determined by the vacuum-pressure
method and the gravimetric method, respectively.

As the PTBA or PVTMS content was increased, the gas permeability was decreased
and approached that of PTBA or PVTMS, whereas selectivity of O,/N, was increased.The
decrease of permeability was due to the decrease in the unrelaxed volume. During storge
under vacuum, the gas permeability and C,;’ value of the PMSP was dramatically reduced.
Most stable gas permeability was obtained when the PMSP membranes contained 20 vol%
PTBA or 5 vol% PVTMS. And these blend membranes had their stable Cy’ values for aging.
In these volume fractions of blend polymers, the polymers were highly miscible compared
with those of other blend polymers from results of permeability coefficients and density
values on blend composition. These results suggest that higher miscibility of polymers with
PMSP might be required to stabilize the gas permeability of the PMSP membrane. In particular,
the addition of a small amount of the PTBA or PVTMS provived excellent stability with high
gas permeability.

Reference
1. K. Nagai. et. al., J. Polym. Sci., Polym. Phys. Ed., 35, 119(1997).
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Separation of Olefin/Paraffin by Facilitated Transport
through Polymeric Membranes containing Ag"

Tsutomu Nakagawa and Yasuko Ogihara

(Department of Industrial Chemistry, Meiji University Kawasaki 214-71, Japan)
Tel: 044-934-7211 Fax: 044-934-7906
E-mail address: ce66612 @isc.meiji.ac.jp

Facilitated transport through liquid membranes has been investigated for more than 30
years as a potential technology for separation for hydrocarbon separations. Although the
liquid membranes have many promising attributes, there are few successful industrial
applications. Recently, on behalf of the membrane such as liquid membranes involving the
mobile carrier, the charged membranes in which a carrier is fixed have been investigated.

In this study, we synthesized copolymers by copolymerization of methacrylate (MAA)
and n-buthylacrylate (nBA). These membranes were soaked in an aqueous silver nitrate
(AgNO3) with an adequate concentration. Separation property of propane/propylene gaseous
mixtures through the membranes was determined using an updated apparatus including a
permeation cell saturated with water vapor.

The propylene flux monotonically increased with increasing MAA content of copolymer
membranes. This result indicate that Ag” ion in membranes acted as a carrier. The propylene
transport was facilitated by this carrier. The propane/propylene selectivity of these membranes
increased linearly with the increase of total Ag* content. Consequently, the separation factor
of propane/propylene was controled by the MAA content in copolymer membranes.

The propylene flux decreased with the concentration of AgNO3 solution to 1.0M.
More than 1.0M in concentration, the propylene flux increased. Increasing the AgNO3
concentration, the amount of Ag" ion in copolymer membranes increased although their water
content significantly declined. Generally, the concentration of sorbed propylene gas in
membranes increases with the increase in Ag’ ion. In these membranes the higher the
concentration of AgNO3 solution, the more effective mobile Ag” ion acted as a carrier. On the
other hand, decreasing in water content caused the reduction in diffusion of Ag" ion. For these
interaction, the minimum of propylene flux was observed in the 1.0M AgNO3 solution. The
propane/propylene selectivity of copoly(MAA:nBA=9:1) membrane increased until 370, as
increase the AgNO3 concentration.
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Effect of Ion Irradiation for Dissolved-Oxygen Permeability of
Methacrylate Copolymer Membranes Containing Hydrophilic Group

Tsutomu Nakagawa and Shuuichi Takahashi

Department of Industrial Chemistry, Meiji University
1-1-1 Higashi-mita, Tama-ku, Kawasaki 214-71, Japan

Tel: 044-934-7211  Fax: 044-934-7906
e-mail: ce66619@isc.meiji.ac.jp

In a medical field, the polymeric membranes exhibiting high permeability for oxygen
and dissolved oxygen have been required for materials such as contact lens or artificial lung,
which must be swelled with the water to fit the human body. In this study, we investigated
the effect of the composition of hydrophilic group in copolymer membranes on the water
content, dissolved- oxygen permeability, and their handling under wet condition. Furthermore
we also investigated the effect of ion beam irradiation on dissolved-oxygen permeability.

The copolymer membranes were synthesized by the radical bulk copolymerization of
monomers having hydrophobic  group, trimethylsilylmethylmethacrylate(TMSMMA) or
methylmethacrylate(MMA), with phydrophilic group, N,N-dimethylacrylamide(DMAA). The
copolymer membranes were prepared by casting methods. The relationship between the
DMAA content and the permeability coefficient for oxygen in the gaseous state in the
poly(MMA-co-DMAA) and poly(TMSMMA-co-DMAA) membranes were accorded to the
typical representative equations for random structures:
log P = ¢,log P, + ¢,log P, Therefore, the DMAA units would be randomly dispersed in the
copolymer. The dissolved-oxygen permeability coefficients of the copoly(MMA-co-DMAA)
membranes increased with the increase of DMAA contents. Those of the copoly(TMSMMA-
co-DMAA) membranes decreased initially as the increase of DMAA contents. When the
DMAA content is more than 40 mol%, the value were increased as the increase of DMAA
contents. This observation indicates that dissolved-oxygen permeability coefficients initially
decreases as the silicon content in the copolymers decreases. Then, the rise of the dissolved-
oxygen permeability coefficients indicate that the water took in these membranes, most of
which was the freezing water, largely affected the oxygen permeability. Furthermore, we
attempted to ion beam irradiation for the copoly(TMSMMA -co-DMAA) membranes. For ion
beam irradiation, '*Xe ion and **Kr ion were supplied from the cyclotron. The dissolved-oxygen
permeability of the irradiated copolymer membranes were higher than that of nonirradiation
membranes. The ion irradiation would be useful for application to medical field, especially
contact lens.
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Synthesis and Microstructure of Lithium Titanium Niobium Oxides
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ISIR, Osaka University, 8-1 Mihogaoka, Ibarki, Osaka, Japan,
*Ryukoku University, 1-5 Oetyouyokotani, Seta, Otsu, Siga, Japan

Introduction

The Li,,, Nb,  , Ti , O, solid solutions show superstructure along the c-axis of the LiNbO,-
like subcell. The k-ray powder diffraction patterns of Li,,, Nb, , , Ti ,, O, solid solutions are
similar to that of LiNbO, except for the presence of satellite reflections.The superstructure is
observed as layer-like domains by HREM. The period of the superstructure decresed with TiO,
content. The superstructure is attributed to insert stacking faults into oxygen layer sequence.
However, the powder processing and sintering condition to obtain a stable superstructure of
Li,, Nb,, 3 Ti ., O, solid solutions are not clear. In this study, therefore, the purpose is to
investigate the powder preparation with sol-gel processing and The sintering condition for
highly densed samples.

Experimental Procedure
Lithium ethoxide(99.9%), niobium ethoxide(99.9%) and titanium ethoxide(99.9%) were

dissolved in ethanol. The mixed alkoxide solution was stirred at 74°C for 2 days. Then,
distilled water added slowly to the mixed alkoxide solution for partial hydrosis. After the
solution was stirred for 2 days, the wet gel is dried by vaporizing. These powders were
calcined at 400 to 700°C for 1 hour. Samples were sintered at 900,1000 and 1100C at 2to 6
hours. To determine the condition of calcination, TG/DTA analysis was conducted. The density
was measured by Archimedes method, and the phase analysis was done by X-ray diffraction
from room to high temperatures. The superstructure of Li,,, Nb,  ; Ti . O; solid solutions was
observed by High-Resolution TEM.

Results and Discussion

TG/DTA analysis for the gel powder showed that H,O and OH radical was evaporated from
400C to 700°C and weight loss did not occur at above 700C. Therefore, the 700°C may be
suitable to calcinate the wet-gel powder and the characteristic of solid solutions was detected by
XRD measurement for the powder calcined at 700C. Also, at above 700°C, the peak sprits
which show the superstructure are slightly observed for the calcinated powders. Figure 1
shows X-ray diffraction patterns of Lim_bel_MyTi, +4y03 solid solutions at (a) 700C, (b)
800C and (c) 900°C for powders calcinated
at 700°C. The peak sprit which contains the ] 2 3
satellite lines on (012) and (202) planes is wso.o] .

clearly seperated at 900°C. This result show e . s -
that the Li,,, Nb, ,,Ti,,, O, solid solutions ] J ‘L‘“ .
with compl;te superystruc%ure are formed at oo et e "

above 900C. Therefore, to obtain the densed  ***{®"

sintered material with superstructure, the ] n &

samples calcinated at 700C were sintered at s “ | U {
900°C, 1000TCand 1100 for various o

duration time. The density was measured sl
with sintering temperature and reached up to -
3.9 g/em®. The density value for Li,, Nb, = "o
3y I, 0; solid solutions was much higher W Tho 200 10 30 e 4o 50 S0 e G0 G0
than those for Li,, Nb,, 3T, 0O, solid
solutions prepared by conventional powder

mixing methods.

1650.0._] 012

L4

Fig. X-ray diffraction patterns solid solution at (a) 700C,
(b) 800T and(c) 900 forLi,,.,Nb,, 5 Ti,.,O0; powder
calcinated at 700C
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Zn0O Varistor by Grain Boundary Diffusion of
ZnO-PrO, liquid

(Tokyo Inst. of Tech.) (O S.Y. Chun, N. Wakiya, O. Sakurai,

K. Shinozaki and N. Mizutani

Diffusion of liquid (ZnO-PrO,) into the grain boundaries of sintered Co-doped ZnO
ceramics resulted in varistors with breakdown voltages per grain boundaryin the 1-3 Vrange
and nonlinearity coefficient (@) of 15-58. Further higher heat-treatment (1200° -1400C)
and times (0-60 min) resulted in progressively higher breakdown voltages. Eventually the
devices became varistor, which was attributed to the formation of liquid (ZnO-PrO,) layer
between the ZnO grains.

1. Introduction

Grain boundary controlled electronic ceramics, such as ZnO varistors are polycrystalline
semiconducting ceramics whose remarkable properties arise from the presence of electrically “active”

grain boundaries. Thus, grain boundaries are an essential feature to obtain the desired electrical
behavior. However, the mere presence of grain boundaries does not result in useful components.
Careful processing before and during firing is required to obtain the proper condition that yields
electrically active grain boundaries.

The purpose of this study is to investigate the role of ZnO-PrO,liquid on varistor properties
such as, I-V characteristics and C-V characteristics. Thus, the possible technique of varistor-
formation via diffusion of molten ZnO-PrOxliquid into the grain boundaries of pre-sintered ZnO
ceramics and their influence on the resulting properties were studied.

2. Results and discussion

Figure 1 compares the I-V response of the as-sintered 7 mol% Co-doped ZnO disks with those
were heat-treated with Pr,O,,-paste at 1300°C for 30 min. The marked nonlinear I-V response of the
Pr,O,, heat-treated sample is obvious. The braekdown voltage at a current density of 0.1 mA/cm? is
determined to be 220 V/cm which is about the lower than that of the conventionally fabricated low
voltage varistors.

The change of nonlinearity ( a ) vs. heat-treatment temperature is shown in Figure 2. From this
figure nonlinearity was 1 for the sample heat-heated at 1250°C (below liquid-phase formation
temperature) which has no varistor property. However, the value of nonlinearity begins to increase
above 1300°Cthat the maximum value a =47 was obtained at 1350°C.

X-ray diffraction data showed that a second phase, namely Pr,0O,, was present in all samples. The
intensity of Pr,0, peaks and the extent of praseodymium penetration with heat-treatment
temperatures and times will be discussed.

0.002 T T O T T e c !
O as-sintered g @ @ Nonlinearity (a)
0.0015 1~ @ heat-treated o : . -
0001 g o -~
~ a o ]
E ooos | o s 5
-]
e i ot =
[~ -
g 00005 o 2 - G
[a] -4
-0.001 - o [u] .
: [w]
00015 - @ 8 .
0.002 o 1 nq 1 | 1 1 1
300 200 -100 0 100 200 300 1250 1300 1350 1400 1450
Voltage (V/cm) Temperature (C)
Fig. /. I-V characteristics of Co-doped ZnO sample Fig. 2. Log nonlinearity vs. heat-treatment tem
2. : & rat;
before and after heat-treated at 1300°C for 30 min. of 7mol% Co-doped ZnO samples after heat-tl:eeategr:t

elevated temperatures for 30 min.
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Y IWTIAEIZ K B Ba,SOTIO; fEdwmtEE / U vy 7 FIVORBRERK

(GRKRI) HeE 182, @ 8h3, FFE W
Synthesis of (Ba,Sr)TiO; crystalline monolithic gels by sol-gel method at low temperature

( University of Tokyo ) H. Shiibashi, H.Matsuda and M. Kuwabara

[#E]

(Ba,SNTIO; IIEmFBERMELE LTRIAEh TW3S, AETIILET
A REFENE U VA NVAEIZ XD (Ba,STIO; Df@IEE /Uy vo s T s
NARBRARTHIEEBRELE, T, EREHIC L RMEDOEILIZ>  ||CH,0C,HOH| [Ti(0'CH,),

#HR% Ba, Sr TiO,
Ba(OC,Hy), | |Sr(OC,Hy),

WTHBT, aliilbisl,

[EE&] Bt 28R
Ti(OC'C;H,),, Ba(OC,Hs),, SH(OC,Hy), ZFFEBFPE L, 2-A bz ¥ | |AIBRAAR| @RERTHEL

J =B SR T b O ZATREERKR & L TRV, 0°CTRIBREICH hksfg 0°C
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—Uy L1tk 90CT 1 BHIER L CRIRS A 2B,

+50°CsHFE

=i
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T & T NOREREDOELEZT T,
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ETxy T2 FVE—va s EiTok,

[EEREHR]

Ba,,Sr,TiO; ® 90°CHEME S LD XRD /34— %[ 2 IZ7R T,
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BENZ ERbhrot,
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GRAIN BOUNDARY GROOVING IN BICRYSTAL SrTiOs

Minxian Jin , Eriko Shimada , Yasuro Ikuma
Kanagawa Institute of Technology, Atsugi ,Kanagawa, 243-02

PURPOSE:

SrTiO3 is a kind of important material which is used in semiconductor and
superconductor field. Surface phenomenon in this material is not well understood. In this
study we designed experiment to measure the surface diffusion coefficient of SrTiOs.

PROCEDURE:

SrTiOs from Shinkosha company was cut into pieces with size 10 X3 X 0.5 mm.
Polished suxrface of 10 X 3mm is (100) plane in both crystals and the grain boundary is 24°
tilt boundary. First AFM (SPA300) was used to confirm that there are no any observable
grain boundary in SrTiOs. Bicrystal SrTiOs sample put into Pt-crucible was annealed in

the furnace at 1150-1400°C for
0.25-112hours. Then AFM was
used again to observe SrTiOs
grain boundary grooving
annealed in different time and
temperature.The surface infor-
mation was recorded. Finally,
the width of groove of bicrystal
SrTiOs was measured which
is the distance between the two
humps of groove of grain
boundary.

RESULT:

A typical AFM micrograph
in Figurel shows us that the
grain boundary groove is
formed. We measured the width
of groove to make a graph of
log w - log t (Figure 2).We can
see log w - log t have a very good
linear relation with slope near
0.25.According to Mullins’ theory
on the grain boundary grooving
the grooving process of bicrystal
SrTiOs was controlled by surface
diffusion, and surface diffusion
coefficient was determined .

We will explain the observ-
ation of surface and the measu-
rement of width of groove in
detail.

-3, 3
-3, 4 || 10
| 1300
=35 F| 1230
-5,
= -LTF
= ik
L
-3.9.
-4-
_4.1 ™ [} ™ | | 1 e | 2

2,5 3 3.5 4 4.5 5 5 5 ]
logt(s)

Figure 2
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YOBNDLOHOLBRELETOIILRUOBELUT7 S/ BORE
(T¥HREA-I) OAE—R, PFIMZER. SR, NHEB. KHiK—

Adsorption Models of Carboxylic Acids and Amino Acids on Octacalcium Phosphate Crystals /

OK.Ohta, H.Monma, S.Takahashi, H.Kobayashi,and Y.Ohkatsu (Kogakuin Univ.) / Adsorption
characteristics of carboxylic acids and amino acids on octacalcium phosphate (OCP)
microcrystals were investigated by using adsorption amounts and affinity indices, adsorbed
configurational models, and certain dynamic changes of the surface structure of OCP and the

dissolution of absorbates depending on pH.

(BE] UV BI\IA LT L (Cag (HPO) 5 (PO,) 4°5H,0, LATF OCP) ik, 7/3% 4 hMEEHRETT v v A
N AELERAR (CaHPO, - 2H,0) DfERMEE X FF O Z LD, KERT /35 4 b (Cayy(PO,) ¢ (OH),. HAp) FIERDEK
BREMELE LTORBXREZ NS, AR TIX, OCP f@REOBHET TOMRE, W 20DHh v
RUBET ) BOBHERET —F »OIRE L7,

[3E&] OCP 3BHX o ~Cay (PO,) , DINAKIIARIZ & o TARKR LIZRIRIEAE R T 12.8n*/g DMK TH B, K
FHIZIX, ZREEE Monod), o~V RUEBUANVKRUEE (DiA) , 2,4,6- b VR VR EE(Trid)
BXW1,2,4,5-F bRV ANVEKREE(Tetrah) D 4 BOINER U BE, TI)BELTT AT
XM (Asp, HEA pl=2.8), EV v (Ser, pIsb. N BIURTNVH¥ =" (Arg, pl=10.8) D 3f%, ¥h
FIER U7z, W VR B R T, 0. 1mol/dm® Tris-HC1 fR1E# T pH10 (Z 4% L 7= 2~20 2 mol/dm®
DA NVR L EEAKEERR 100cm® FIZ OCP 2g ZHA L, 3TCTHRE L, 72/ BBREER TIX. 0. Imol/dn®
Tris-HCl BEE DI EROREE 2% L (1~15umol/dm®), Z#L 100cm® 11Z OCP 3g Z#A L., #
B< pH % 6.5~11 OMICRAEL T, SICTHRERLE, TNTNRETHICET I THLRB LD
b (2 BEfl) . BHEPOREEROREE, INVABI3A A /nvw S5 74—T, 7 /Bii=rt
FUYV—BAEREECL>TENRENRDE, BRET—F (REEQ. WEFHEREC) XL TR
ERERX05 727K [C/Q=C/N+1/(K-N) ]TCERLEZ, ZZT, NEIEARER. KiX
BERE EOBREYA b EBREE L ORFMAITHIET B,

(RREER] FINVRUVBOSERERIIT VI 27HIEE—RK L, IVRUVBAFr0Q
FBELUNIZ, MonoA>DiA) TriA) TetraA DIETH o7z, TRLHL, EHFIRTEREL TS MonoA R
DiA Tk, TOREERRED I VR V¥V E (-C007) —22% 0CP Kl LORE VA b (Ca®) IZHEAIITHE
BTEBDT, FORYUBRIT 0OCP REICH LTHDODH B WVIIMEIZEMR L TWVWB, BREEN 3,4
fBIZ72 5 TriA R° TetraA THRANVEVREZ OCP REICK L TRICERRE L TWAZ LERBRLT
W3, KiZ, MonaA>DiA>TriA, &72o7c, DI LIXBUAMEDOR ¥ BT & B 0CP & &L D
RENPKEL RBIDEMBEIND,

&7/ BOWE pH 2EXTHERESERG I 71 aT78Tho, £7- oH OBVICEZQ
%, Asp (BB 5. pI=2. 8) : Q (pH=7) { Q (pH=10), Ser (pI=5.7) : Q (pH=6.5) { Q (pH=11), Arg(pI=10.8) :
Q (pH=6.5) » Q(pH=11), TH o7, —F. OCP REDEM ¥ =2 R (ZPC) 1%, pH6 DIEWKDITEIE (L
EH S 1% pH6. 3, pH10. 5 DRREIR DOEEIE EE T ph8. 6, DL S IZENFIRE o7, %A DEIX HAp
DXIRIE L ZIER TETH o7, #R. 7TI/BEED pH X 3EMICiX, BREL LTT IV &E(-
NH, — -NH;") & B VR F 2 VE (-CO0H — -C007) DA A AbLDFRE, 0CP RED pH I LA REEMHDH
BUNIHARK - HE (T /38 A NE—KTRE) OEBIIEHA o TWIbDLERINS,
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SYNTHESIS OF THE HIGH-7, SUPERCONDUCTORS BY US-
ING A DOMESTIC MICROWAVE OVEN

Masatsune KATO, Kenji SAKAKIBARA and Yoji KOIKE

Department of Applied Physics, Graduate School of Engineering, Tohoku University, Ara-
maki Aoba, Aoba-ku, Sendai 980-77, Japan

We have synthesized the High-T, superconductors of Y-123") and Bi-based systems,
using a domestic microwave oven operated at 2.45 GHz for several ten minutes.

YBa;Cu30, was prepared from powders of the relevant metal-oxides, Y,03, BaO, and
CuO in the stoichiometric ratio. As shown in Fig.1, a pellet of mixed powders of start-
ing materials was surrounded by mixed powders of starting materials and subsequently
wrapped in glass wool, in order to suppress rapid dissipation of heat from the surface of
the pellet. Then the sample was put in an alumina crucible. This crucible was placed on
the center of the turntable in an oven. At 200 W, the pellet did not react at all for up
to 24 min, while it partially melted beyond 26 min. The single phase of YBa;Cu3zO, was
obtained through the radiation for 25 min. Without annealing in flowing oxygen gas, the
as-prepared pellet showed superconductivity with 7, ~ 90 K, as shown in Fig. 2. The
oxygen content x was estimated to be 6.8 from the lattice parameters.

Biy oSr; 8Cu;.050, of the Bi-2201 phase was also prepared from Bi; O3, SrO and CuO in
the same way as in the Y-123 system. The single phase pellet with T. ~ 9 K was obtained
through the radiation at 350 W for 14 min 50 sec as shown in Fig. 3. In addition, we
have attempted to prepare Bi-2212 and Bi-2223 phases. A sample whose major phase was
Bi-2212 was obtained. However, no sample with the Bi-2223 phase could be obtained.

———————————— e ———
—~ YBa,Cu3O6g 200W, 25min | __ .T‘l. 9K  Biz2SrgCuposOx A
gor g 350W, 14min SOsec 1
(&} = Bl
| (]

Tc = 89.5 K 1
b a
24T -4

@ % 13
F £o.

&

(b) = =

) £°[ ] 'g
5 g

(d) 3 {2

(e) -

0 1 " i 4 A 1 i i i 0 1 1 i 1 i 1 " 1 =
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Fig. 1. Schematic of the sample enviomment:  Fig. 2. Temperature dependence of electrical ~Fig, 3. Temperature dependence of the electrical
(a) almina cover,(b) pellet, (c) mixed powder, resistivity p for YBa,Cu30g5 obtained by resistivity p for Bi2201 phase obtained by
(d) glass wool and (e) alumina crucible. radiation at 200W for 25min. radiation at 350W 14min 50sec

Reference
1) M. Kato, K. Sakakibara and Y. Koike: Jpn. J. Appl. Phys. 36 (1988) L1291.
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Preparation of SiGe/Si sintered alloys and their thermoelectric properties

K. Kishimoto, M. Tsukamoto, and T. Koyanagi
Faculty of Engineering, Yamaguchi University

Introduction

The microstructure control at grain boundaries
for SiGe thermoelectric sintered alloys has been made
to improve their thermoelectric figure-of-merit Z =
S%0/k (S: Seebeck coefficient, o: electrical conduc-
tivity, k: thermal conductivity). The potential bar-
rier scattering is expected to enhance the Seebeck
coefficient, leading to an increase in the figure-of-
The scattering may occur in the SiGe/Si
composite alloy schematically shown in Fig.1, where

merit?.

the Si grain boundary may act as a barrier for holes.
We tried to prepare the SiGe/Si composite alloys and
investigated their thermoelectric properties.

Experimental

The raw SiggGeg:0.2 at%B powder was treated
in an rf plasma of SiHy/Ar for 60~180 min to be
coated with Si thin layers. The Si-coated powder was
sintered by the spark plasma sintering, resulting in
preparation of SiGe/Si composite alloys. Untreated
SiGe powder was also sintered for comparison. The
Seebeck coefficient was measured at 300~800 K.

Results

The SiH4-plasma-treated SiGe alloys had larger
Seebeck coefficients than untreated ones. The longer
plasma treatment time brought a larger increase in
the Seebeck coefficient. Figure 2 shows the temper-
ature dependence of the Seebeck coefficient for 180
min-treated and untreated SiGe alloys. An increase
of about 20 uV K~! is observed in the whole temper-
ature region. This result suggests that the potential
barrier scattering occurs in the plasma-treated alloys.

AE'
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Si

Ey

Grain boundaries(Si) Grains(SiGe)
T

SiGe Si SiGe 0

I L

(b)

Fig.1. Schematic diagrams of (a)the microstruc-
ture and (b)the valence band edge for SiGe/Si

composite alloy.
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MICROSTRUCTURE AND PROPERTIES OF SisNs CERAMICS
INCORPORATING NANO-MICRON ORDER Fe COMPOUNDS
*Takene Hirai and Hideki Kita
Isuzu Ceramics Research Institute Co. Ltd., Fujisawa, Japan.
Toshihiro Murao
Synergy Ceramics Research Laboratory, Fine Ceramics Research Association,
Nagoya, Japan.

Introduction

Reducing the friction loss is one of the key issue to improve the engine’s fuel
consumption. SisN4 ceramics is most promising material for reducing the friction loss
because it has the properties, such as high strength, high Young’s modulus and favorable
scuff and seizure resistance. In order to put SisN4 ceramics to practical use, it has been
required to improve its properties by adding function, such as oil adsorption ability.
Previously, we found that Fe3sO4 added SisN4 provided better oil adsorption ability and
lower coefficient of friction under mixed lubricating condition compared to conventional
SisN4 ceramics. In this study, we have tried to control the shape and the size of oil
adsorption phase aiming to improve the strength and the frictional properties of FesO4

added SisN4 mentioned above.

Experimental Procedures

Fe304 added SisN4 calcined bodies were prepared by heating green body of powder
mixtures of SisN4, Y203, Al203 and Fe3O4 at 1300°C under a nitrogen pressure. They
were infiltrated into Fe isopropoxide solution, dried and sintered at 1850°C under a
nitrogen pressure. Sintered bodies were ground, polished and evaluated following
method. SEM, TEM, EPMA, EDS and XRD were used for morphology characterization
and phase identification. And measurement of the 4-point bending strength and the

friction coefficient were carried out.

Results

SisN4 sintered body having surface layer where iron compounds phase with less
than 1 um and that with 5 to 10 um were coexisted was successfully obtained. The 4-
point bending strength was 1190 MPa for the SisNs applied the infiltration process.
This result shows a increase in strength to that of the conventional SisNs, which has the
strength of 900 MPa. And the friction coefficient of the SisN4 applied the infiltration
process was lower than that of conventional SisN4 in the mixture lubrication region to

boundary lubrication region.

Research promoted by AIST, MITI, Japan under the Synergy Ceramics Project of ISTF
program. Under this program, part of the work has been supported by NEDO.
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Control of thi iiEbokersia f Mn-Zn Ferri

K.Ono, Y.Matsuo, and M.Ishikura
FDK CORPORATION, 2281 Washizu, Kosai, Shizuoka 431-04, Japan

Introduction

Recently, the demand for more compact, lighter, thinner and higher-performing
electronic components has increased in line with the downsizing of electronic
equipment. In order to miniaturize ferrite cores for communication pulse
transformers, Mn-Zn ferrites with a higher initial permeability are required. There
are some important factors that need to be considered in order to obtain high-
permeability ferrite[1]-[3]. In the present experiments, we studied the control of the

microstructure of Mn-Zn ferrite by MoO; addition and sintering parameters[4].

Experimental procedure

The ferrite powders were prepared by the regular wet process. These powders
were mixed with a prescribed amount of MoO; powder. The mixtures were formed
into toroidal-shaped samples. These samples were sintered under set conditions at
1,380°C. The permeability of the sintered samples was measured, using an
HP4194A impedance analyzer. Their microstructures were observed by optical
microscope and SEM. Their density was determined by the Archimedean method,
and porosity was determined by comparison with the theoretical X-ray density.

Results

It was found that MoO; addition could expand the diameters of crystalline grains,
it could also promote porosity, thereby impeding grain growth. When the amount of
MoO,; was increased, the grain diameter expanded, peaked, and then gradually
declined under the influence of porosity. The sintering parameters which are
sintering time, heating rate and oxygen partial pressure, also influenced the
microstructure of ferrite. We set each parameter to an appropriate value. As a result,
we obtained high-initial-permeability Mn-Zn ferrite, .= 24,400.

References

[1] R.Morineau: Phys. Stat. Sol., (a)38, 559(1976)

[2] I.Lin, R.K.Mishra, G.Thomas: IEEE Trans. Magn., 22, 175(1986)

[3] K.Yasuhara, K.Horino, T.Nomura, T.Sano: J.Magn. Soc. Jpn., 19, 417(1995)
[4] Y.Matsuo, K.Ono, M.Ishikura: IEEE Trans. Magn., 33, 3751(1997)
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Effects of Particle Size of MoO; Additives
on Manganese Zinc Ferrites

Y. Matsuo, K. Ono, M. Ishikura, I. Sasaki
FDK CORPORATION, 2281, Washizu, Kosai-shi, Shizuoka 431-04, Japan

Introduction

We examined the effect of added MoOs; on initial permeability and other material
characteristics in order to develop Mn-Zn ferrites with a high permeability”. As a result, Mn-Zn
ferrites with high initial permeabilities of more than 24000 have been developed in recent years®.
Ferrites with these high initial permeabilities are used to miniaturize ferrite cores for
communication pulse transformers.

In this study we have studied the effect of added MoOs on initial permeability and
simultaneously, have investigated the relationship between the particle size of MoO3 addition
and physical properties.

Experimental procedure and Results

Mn-Zn ferrite sintered ceramics were prepared by the usual ceramic process”. The starting raw
materials of Fe;O3, MnO, ZnO were weighed and mixed in a ball mill for 5 hours. After drying,
the mixture was calcined at 750°C in the atmosphere for 2 hours and then pulverized in a ball
mill for 7 hours. This dried powder was mixed with a prescribed amount of MoO; powder

((a):commercial grade/ particle size is under 10 £ m, (b):wet pulverization in a planetary mill,
(c):ultra fine powder/ particle size is about 10~20nm) . Then this mixture was granulated using
PVA and formed into a toroidal shape under a uniaxial pressure of 3 ton/cm?. The samples were
sintered at 1380°C. Afterwards the sintered samples were wound with 10 turns of Cu wire and
the permeability of the samples was measured using an HP4194A impedance analyzer. Their
microstructures were observed microscopically by SEM. Their density was determined by the
Archimedean method, and porosity was determined by comparison with the theoretical X-ray
density.

~ Fig.1 shows the initial permeability of each 24000 P=5mrT>
sample in relation to the amount of MoOs. Init- = 6
ially, we predicted that the initial permeability =

: A . ) = 22000

would increase by decreasing the particle size P Q
of MoO3 , however the initial permeability of =
sample(c) was lower than samples(a) and (b) 220000 .
in each quantity of MoOs. It is thus guessed =
that the MoOs volatilization from the core sur- s 7 |
face is more act.ivc bclgw thf: maximum temp- 18003 02 0. 04 0. 06 0. 08
erature due to fine particle size. A quantity of Mo03 (wt%)

Fig.1 Dependence of i on MoOs.

[1] Y.Matsuo, K.Ono, M.Ishikura: IEEE Trans. Magn., 33, 3751(1997)
[2] K.Ono, Y.Matsuo, M.Ishikura: Digests of the 21st Annual Conference on Magnetics
in Japan 2pG12(1997)
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Evaluation of Ferrite Plated Thin Films by Méssbauer Spectroscopy
F. Shirasaki, Y. Kitamoto, S. Kantake, S. Takaya, and M. Abe
Tokyo Institute of Technology

Moéssbauer spectroscopy gives us magnetic and microstructural information, such as magnetic
anisotropy, existence of non-magnetic phase, and etc.

We investigated the magnetic properties of spinel ferrite films prepared by the ferrite-plating
method. The ferrite-plating can facilitate to deposit the ferrite films at low temperature below
100°C in aqueous solutions. Ni-, NiZn-, Co-ferrite films were prepared by the spin-spray ferrite-
plating method on glass substrates. The Mdssbauer spectra of them were obtained by Conversion
Electron Mdssbauer Spectroscopy using Co’’ source at room temperature.

Ni-, NiZn-, and Co-ferrite films have two resolved spectra, which are generally identified as
one due to the Fe*'in Asite, and the other due to the Fe>**in B site; beside, both sites is splitted
six-line spectrum by Zeeman effect. The ratio of the peaks for a randomly oriented films is
3:2:1:1:2:3. In the case of perpendicular anisotropic films, the ratio of the peaks should be
3:0:1:1:0:3, and it should be 3:4:1:1:4:3 in the case of parallel anisotropy ones. The spectrum of
Ni-, and NiZn-ferrite films is very similar to the parallel anisotropic films as shown in Fig.1. The
spectra of Co-ferrite films are very similar to the perpendicular anisotropic films as shown in
Fig.2. We calculated Mossbauer parameters of measured spectrum by Mdssbauer fitting program.
In the case of Ni-ferrite films, the quadrupole splitting of A site was —0.0116 mm/s, and B site was
0.0565 mm/s. The isomer shift of A site was 0.1722 mm/s, and B site was 0.5436 mm/s. The
magnetic hyperfine field of A site was 49.29 Tesla and B site was 46.19 Tesla.
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Fig.1 Mgssbauer spectrum of Ni-ferrite films. Fig.2 Mossbauer spectrum of Co-ferrite films.
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