MRS —

The Materials Research Society of Japan

4 BIFERHS « FiT VRO L

R
Ji

il

=S

1992, 12.10-11 JIFHK S P,

The Materials Research Socilety of Japan




SRA M FRAER - FHir R A

FEERONBN—RH 5 VILTE T TERT 5 L FHE
BIVHERERFL LA EHHNITOTIEETEN,
SURIY) LR THEREARE TE BT IR—T 4 Y7 X
ELTENILNHBTETT.

HAE<MR S

The Materials Research Society of Japan

BHE JIETEERIRF3-2—-1 E304
BRettr /{1 2ae— BN

TEL044—-819-2001 FAX044—-819—-2009



fr— (1)

75 X< {bFEDOBRK & 3k

RREMARY BHA ik



fFr— (2)

5% - BB TV MEH

BE¥Y -a—=v7 HEEVF— Z=ZH =

BiE HiLWHBEO—DE LT, & EHE N 7V y FMEXEBZA, €73
v I OB EHEMER EKEEXLZYE FERV—08HE SGREHOHIE
bER ENPF/FEIATN S,

ENSLTLAOBEREICE&B I S—2 T5AFv 7 0BUERPREEEOFA L
LA AEHBENEAVSOSNTWAERHF LN 7Yy REFERIEID &I 7 0% p
mMMPSDFLULRIVTONA, TV RTHY, F0EHF /) aAVRIy heFiThsdZ
YL 5B, BHFROBEHR_BLOIT Ly R Taoy s L dREmEeEBEBL T
2. TDHIE. HIAREITIVIAE DL BT IVE 2T VEBBETE R
SEF7NaAXFYR, AL xXIESI(OR)BEEMASBRBEERS ST TRRIEHSi02% D
R BHELEUOFEEFET 3, E#EOTXIWVIEZIAEELRDO T, BEZANNVT OERE
BEANIEBRBFEEBDELEDN, FBRIVNGFETIEERERZE T ICBE AN TV v
REZ# 2 DL B2 N8TES, B PS, YVa—UHHO—HTLI ERIENT
WBHEDHLIILENSA TV RHHD—HTH2., ZnsDHBIZYEYRDZ &2
SER. MR BEEIC Lo TEENRKE BT S,

N Ty R 2 REL9ET 3., (1) @BE7NVax Y R2RYUST—BW (I
LA LBHER) PTYNMTFVRBIZEVBIEDCEHR TSI 2D0E. (ii) Y1 FEon &
ILREREHBEBERENTREALES, R-SI(OR)sDEH >N T YUY bEI)T—% B
—LEEREPO—HBIZAVWDIZDIDEEH D, BERSSIZRIIT—NITLLTS A
FyInEn I Y ELEOHLEE, RV —FAE2RFVIT—DREDBZWITFHD—
BIZSi(OR)FE ARV ZHEALT, EHERL L OHEEERA*ED IOV, RIEFHE
FORXBIMH B, RWERA VIS —TRITEIV IR DIIRBEE RS, TLD
BEWHMESE X NI YRBEERNH Y 2 2 550 ~ 60 F Tld I L DR
PHFLTWS, TI3AFVIRNA Ty REBETIE., —HICEERS DD 2R
BBHTILXF Y TNV R T4 VLANEBESRATWS, FUS I RBEETIEEREEREEN
MBEROODPMIZEHTH 2. BUEPZ W ZILIa— VDL LRBNKERESLD S
EH X AZAL(OIPT) s S AR T A7 NI FOHEMBI W, NA T Uy KEI v —% A
WARMBITIRBELZZ 7IVFIVET HEHBYNVITVEBEDOZAT S 28D 5 =
EEFEReLADDE, RPIZZRFY, 7704 VR EEEURIGEELZAL T,
MEH BT AR EZ KR EZTECAAFEREELETEN NS TV y KR EBH B, 7o
FUNVEHPORIIEBAE PG ATAIRBBREENA TS, ZoOFATIEBRONIZ L 2K
ERRTNHG 2 A B & ANk B,

B - BN 7V v K##H3. Ceramer(Ceramic + Polymer; Wilkes), Ormocer
(Organic Modified Ceramics; Schmidt), Glastics (Glass + Plastics; Mita)7Z &
EBHMIENT WS, FERALHBTHEI2BEHEL LY, WHEIWAIREALFZ AN
2HIKFENDITFTH 5.




BLYRY7L a7V 7V —HERRE L ME <£H: 7F709>

Fx7 UER—  (BORKFAEERRIAFIR)
ER—  (RFERIT R M PRS0 )
ENELL (OISR

128108 ()

13:00 Flwwiray EE (FEBE— (BALEH
13:00  (1)(38) SRHEEEE L BIEE# A WEHT (BREERT)
13:35  (2)(13) hERBRR{UAE BATh” (BHtALH)
14:10  (Q)(EB) VUTA ZNERHRE L2eF &HS— (SHEH)
14:45  (4) HEFHETINS 4 R 4 AN —DIKEAETR
A (LT AHM) | WS, &Edr . SHE5.

15:00 = e, T A s 2

15:30 #|2twizr JER FHNEWL (TXIHH

15:30 (9)(3B) HENWETIXF VI A TheEEE (B

16:05  (6) PERA A — LR & RAEDRER ) v —&ROFHAHADORF
DER (FFEAT) ( #E i | THRE. Si5E

16:25  (7)(38) FESAER LRI SR8 fE%EE (BEAT)

17:00  (8)(38) BEEERTEREFHOME AAFFEK (NKK)

18:00 PLSSEES <&3p: " TIVKSP 2F7x—I5L>



I— (1)

ENGINEERING TO THE CENTURY OF GLOBAL ENVIRONMENT

Kohei URANO

Lab. of Safety and Environmental Engineering,
Yokohama National University

156, Tokiwadai, Hodogaya-ku, Yokohama, 240 Japan

1. Present Status of Global Environment and Japan

Present status of global environment problems such as the
global warming, the destruction of stratospheric ozone layer, the
acidic rain, the ocean pollution,'the destruction of tropical
forest, and the extermination of species are introduced at first.
Next, present status of Japan such as imports of resources,
effluent of pollutants, and life style are characterized. Further,
energy consumption in each country is discussed in the relation

with the gross domestic product (GDP).

2. Direction of Engineering to The New Century

Many problems of conventional engineering in the open system
are cleared, and the new engineering in the closed system in
which production and consumption of materials. and energy are
balanced is proposed. ft is discussed that the topical new
technologies do not also contribute to human welfare and global
environment, and the composite engineering which needs little
materials and fuel energy should be developed. Further, necessary
of new materials and products which have long life and could be

recycled is discussed also.

References
Kohei Urano "Minnano Chikyu" Ohm Co.(1992)
Masaaki Naito "Ecotopia" Nikkan Kogyo Sinbun-sha(1992)
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GREEN MATERIALS combustion L2

FOR CONSERVATION OF THE GLOBAL ATMOSPHERE

Koji Hashimoto
Institute for Materials Research, Tohoku University

Prosperity in the 21st century requires prevention of concentration increase of the greenhouse gases
and saving the ozone layer. Accordingly, gases formed by fossil fuel combustion such as CO, inducing the
greenhouse effect, NO, inducing the greenhouse effect, destructing the ozone layer and harming vegetation,
and SO, harming vegetation must be disposed, and chlorofluorocarbons (CFCs) inducing the ozone destruction
and greenhouse effect must be converted to safety materials. From this point of view, Green Materials
Research Project for related materials design has been planned by about thirty university professors and is
being studied by them and their colleagues.

1. CO, Recycle

According to the 4th general session of IPCC held in 1990, 60% of CO, emissions should be decreased
immediately in order to avoid further increase in the greenhouse gases. It is, however, almost impossible to
stop the increase in CO, emissions with economic developments. The effort to use low carbon fuels such as
LNG is not an essential solution. The increasing rate of CO, emissions is also too fast to rely on vegetation.
Consequently, we have to recover CO, at fuel burning plants. However, CO, has no place to go. Proposals
such as throwing it away in deep ocean or empty oil wells have been made. In 1986, however, 1746 people
and more than 80,000 domestic animals were killed by CO, bubbled from caldera Lake Nyos, Cameroun. In
this manner, CO, even naturally contained in magma is quite dangerous, and hence the above proposals do not
give security and are only a temporary solution. Consequently, recovered CO, must be recycled.

Our proposal of CO, recycle provides a solution of the world energy problem as well as that of the
atmospheric problem. Solar cell operation with 10 % efficiency for 8 h/day at only less than 1 % of main
desert areas of the earth can generate the energy corresponding to that emitted by 6,000 Mt/year of carbon
burnt in the whole world. It is, however, impossible to supply electricity over 1,000 km and hence we need
another energy carrier. Electrolysis of seawater by the electricity generated by the above solar cell on the
deserts can produce hydrogen. Hydrogenis clean but has various disadvantages, such as low energy content
as fuel for high speed vehicles, large energy consumption for liquefaction, and low energy content per volume
to be carried by liquid hydrogen tankers. On the contrary, H, thus generated can produce CH, by using solar
heat at the deserts by the reaction with CO, transported by tankers and pipelines to the deserts after recovery
and liquefaction, and CH, thus produced can be liquefied and transported by the pipelines and tankers to fuel
burning plants. This is an ideal CO, recycle and requires research and development for the following 4
subjects: (1) recovery and liquefaction of CO, at large scale fuel burning plants, (2) liquid CO, tanker
composed of pressure vessels, (3) large scale production of hydrogen by electrolysis of seawater, (4) production
of CH, by the catalytic reaction of CO, and H,. Materials design is necessary to provide safe and reliable
operation of the CO, absorption plant using alkanolamine. Materials for liquid CO, tanker are new subject to
be studied. The most difficult is the anode for electrolysis of seawater. Because of large scale electrolysis,
the anode is not allowed to use any precious metals and must be able to produce efficiently oxygen without
chlorine evolution. Because of large scale production, the catalytic reaction must be very fast and hence CH,
formation is only the method to be usable. Various novel materials for these four subjects are being studied.
2. Decomposition of NO,

The NO, problem is almost solved in gasoline engines due to careful control of combustion conditions,
although precious metal catalysts are required. By contrast, the problem is serious in diesel engines since
excess oxygen is necessary for combustion. Studies are going on to decompose catalytically it into CO, and
N, by the reaction with particulates contained in flue gases. On the other hand, NO, is formed at temperatures
higher than 1000°C, but is unstable at lower temperatures. Accordingly, direct decomposition into O, and N,
is thermodynamically feasible at the lower temperatures. However, NO, is a strong oxidant and the catalyst is
being designed by skilled usage of strong oxygen-donating property of NO,.

3. Recovery of SO,

SO, harms life. In addition, it causes corrosion of CO, recovery plants and acts as poison for catalytic
conversion of CO, to CH, and catalytic decomposition of NO, to O, and N,. Flue gas desulfurization plants
are often seriously corroded during a wet and dry cycle, and hence corrosion-resistant novel materials are
required.
4.qDecomposition of Chlorofluorocarbons (CFCs)

Since a leakage of stored CFCs leads to destruction of the ozone layer, CFCs produced so far must be
converted to safety and usable substances. Various procedures have been proposed. First of all, CFCs must
be decomposed not into chlorine-containing organic compounds but into inorganic substances, and decomposition
of useless CFCs must be done by minimum energy consumption. The simplest, easiest and cheapest method
for decomposition of CFCs is the catalytic reaction with H,0 to form CO,, HCIl and HF. However, because
the reaction products are quite corrosive, the catalyst and reactor materials are seriously corroded mostly by
oxyhalogenation. Highly active and durable catalysts and corrosion-resistant materials are being studied.
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Alloy Design Concepts for Recycling

(YD ZERIRELESES)

Ei-ichi Furubayashi (™ &—)
National Research Institute for Metals

Materials science system has been so constructed that the al loys get ultimate
properties during in use, by means of many and much amount of elements addition.
However, such a way of alloy design will soon encounter difficulty in view of
recycling. Inremelting process of the scrap, removal of such elements is generally
difficult. Therefore, new alloy design concepts will be necessary to reduce the
alloying elements.

Two extreme concepts will be worthy to mention, i.e.,

1) to reduce the alloying elements to minimumize, in spite of keeping the
proposed materials performance to be high (this will hereafter be called Minimum
Alloying; MA), and,

2) to construct new microstructures which would be insensitive to the
impurities or unexpected alloying elements arising from recycling (cal led Element
Insensitive Alloying; EIA).

The materials properties come essentially from the microstructures which are
developed as a result of the alloy contents and/or of processings. This will
suggest the a possibility of MA to construct the same microstructures with much
less al loying elements. Thermomechanical processing will meet the requirement for -
this concept. Actually, heavily cold drawn wires of highest strength low alloy
steels have been developed recently by Kobe Steel Co. The possibility of reducing
the alloying elements in alloy steels have also been suggested from the NRIM creep
deta sheets, where the high temperature creep strength at very long time around
100, 000 hrs depend only on the minimum amount of Mo and C.

The structure-sensitivity, or dislocation structures associated with phase
transformation, has been used as the most general principle in designing the alloys.

In the EIA design, such critical phase control will not be used, but short range
ordering or clustering of atoms in solid solutions will be more important subject of
study. Alloy design techniques developed in NRIM are improved to apply to the SIA
design.

Reducing the grain sizes is one of the most effective ways of EIA having large
grain boundary area and low impurity densities on the boundaries. This structure is
known to be effective in reducing the cracking of manymetals in hot rolling in
production and in use, too. Refining the grains on solidification by means of oxide
inclusions has been scheduled.

Relating examples for similar concepts in view of the present statusand future
prospects will be described.

% This content is based on the discussion at the "ECOMATERIALS Committee™ (conducted
by Prof. R. Yamamoto, University of Tokyo) in the Raremetals Forum.
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Preparation and Characterization of Hydroxyapatite Whiskers

by Hydrothermal Method

Hiroyuki SUDA, Nobuyuki ASAOKA and Masahiro YOSHIMURA,
Research Laboratory of Engineering Materials, Tokyo Institute of
Technology, 4259 Nagatsuta,Midori,Yokohama, 227 Japan.

Hydroxyapatite(; HAp) whiskers were prepared by hggrothggmal
treatment of the startin§+materials containing Ca ,PO4 and
complexing agents for Ca such as citric acid.

1) Preparation in calcium phosphate slurry - citric acid system

Hydrothermal treatment(200° C, 2MPa, >lhour) of 500ml calcium
phosphate slurry containing wet chemically prepared HAp, beta-TCP,
alpha-TCP or monetite(CaHPO,) with citric acid enabled us to
synthesize the HAp whiskers with 20-30 micron length and 0.1-1
micron width. Adequate conditions for preparation of HAp whiskers
are limited ; short duration or high quantity of citric acid gave
monetite rather than HAp. The other complexing agents such as
EDTA or lactic acid also yielded HAp whiskers.

2)Preparation in the Ca(OH)Z:E3£Q4—citric acid system

A clear solution with pH of 3-4 which was prepared by adding
predetermined amounts of 85wt% H,PO,, citric acid and Ca(OH)
into a beaker in this order was Treated under the hydrothermal
conditions of 100-220"C, 0-20h and 1-3MPa. Various factors are
affecting the formation of HAp whiskers. HAp preferentially
foEQed under the conditions of lower concentrations of

Ca”™ (g£0.2M) and Ca/P molar ratio(g1.67), limited citric acid/Ca
molar ratio (1.2-1.31), higher temperature(>180°C), longer
duration(>2.75h at 200" C, 21h at 220°C) and restricted final pH
(3.4-3.8).

3) Characterization; microscopic and thermal properties of HAp
whiskers

According to TEM observation,the HAp whiskers were revealed to be
single-crystals which elongated along crystallographic c-axis.
Firing the HAp whiskers at 800°'C in air gave rise to
decomposition of the HAp into beta TCP. The HAp whiskers are
slightly Ca deficient(Ca/P=1.63 from chemical analysis). Lattice
parameters and infra-red spectra of the HAp whiskers with firing
temperatures are also discussed.
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Environmentally Degradable Bioplastics

Yoshiharu Doi

Polymer Chemistry Laboratory, RIKEN (The
Institute of Physical and Chemical Research)

Hirosawa, Wako-shi, Saitama 351-01, Japan

Abstract:

A variety of microorganisms produce and accumulate a polyester in
their cells as an energy source. The microbial polyester is a
thermoplastic with biodegradable and biocompatible properties. Under
optimal fermentation conditions, a microorganism produces a large amount
of polyster at a high efficiency from alkanoic acids and alcohols. The
content of polyester in dried cells increases up to 80 wt% .

Recently, we have found that a new copolyester of 3-hydroxybutyrate
(3HB) and 4-hydroxybutyrate (4HB) is produced by Alcaligenes eutrophus

from various carbon sources of 4-hydroxybutyric acid, 1,4-butanediol,
and butyrolactone. The composition of copolyesters varies from 0 to 100
mol-% 4HB units, depending on both fermentation <conditions and carbon
sources supplied. The physical and mechamical properties of P(3HB-co-
4HB) are strongly dependent upon the copolymer compositions. The
crystallinity of copolyester decreases with the 4HB fraction, and the
strain of copolyester film increases from 5 to 444% at 16 mol% 4HB. .
The copolyesters of over 40 mol% 4HB exhibit the mechanical properties
of an elastic rubber. These copolyesters behve as thermoplastics with a
melting point of 150-180°C and can be processed into transparent film
and strong fiber by conventinal extrusion and moulding squipment.

The products of P(3HB-co-4HB) copolyesters are biodegradable in
soil and activated sludge. The copolyester films were degraded after 6
weeks at 20-25°C in soil. Some microorganisms excrete extracellular
depolymerases to degrade environmental polyesters into non-toxic
monomers and utilize the decomposed commpounds as nutrients. These
microbial copolyesters have attracted much attention as environmentally
degradable bioplastics for a wide range of agricultural,marine, and

medical applications.
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Novel catalyst systems for the synthesis of biodegredable
copolymer of CO: and epoxide

Takenari Watanabe, Takeshi Morita, Yasuhiko Yoshida and Hideomi Koimuma*

Department of Applied Chemistry, Faculty of engineering, Toyo University
Research laboratory of Engineering Materials, Tokyo Institute of Technology*

The copolymerization of carbon dioxide and epoxide using an organometallic catalyst gives a
biodegradable high molecular weight aliphatic polycarbonate. Among the catalyst system so far
examined, the most effective one was an equimolar reaction mixture of diethylzinc and water or
primary amine. In this study, reaction mixtures of diethylzinc and metal hydroxides were found
to be novel and more active catalyst systems than the previously known systems for the
copolymerization of carbon dioxide and epoxide. The most effective catalyst system, diethylzinc-
zinc hydroxide (1:3) was prepared by mixing a dioxane solution at 100C, for 24 hr under
carbon dioxide pressure ( 50 atm ). Without the aging treatment under carbon dioxide pressure,
the reaction mixture did not work as a catalyst.- Further reaction mixture of diethylzinc and
various metal hydroxides, such as magnesium hydroxide and chromium (II) hydroxide, and
copper (II) chloride dihydmate were active as the catalyst ( Table ). GPC chromatogram of the
copolymers obtained with these catalyst system appeared at the lower molecular weight side than
that obtained with Et:Zn/H.O.

Table . Copolymerization of CO, and PO by the catalyst systems®

Run Catalyst systsm Yield (g)® fco, (%) .
1 EtZn-H,0 (1:1) 0.38 48

2 EtZn-H,0 (1:1}CO,(aged) 3.1 49

3 Et,Zn-Zn(OH), (1:3)* trace -

4 EtZn-Zn(OH), (1:3)-CO,{aged) 4.6 48

5 E,Zn-Mg(OH),(1:5)-CO,(aged) 0.99 49

6 Et,Zn-Cr(OH),(1:4/3)-CO,(aged) 3.1 49

7 EtZn-CuCl, - 2H,0(1:1/4)-CO,{aged) 1.6 49

a) Catalyst preparation ; 100T, CO, {SOstm) aged, 24hr,
Et,Zn (0.0073mol), Dioxans (19.3mi)
‘b) Copoiymerlzation condition ; PO (10.2ml), CO, (S0atm), 40T, 44hr.
Methanol Insolubla‘ part.
c) Contant of oxycarbonyl unit In the copolymer.

d) Wlithout CO..

1) T. Morita, Y Yoshida, Polymer Preprints, Japan, Vol.4l, No.2, 475 (1992)
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Ecological Materials for Automobile

CHIAKI OUCHI
The Materials and Processing Research Center, NKK Corp.
Kawasaki-ku, Kawasaki, Japan

ABSTRACT

The enviromental problems associated to the automotive industry are the
warm up of the earth and acid rain due to exhaust gas, destruction of ozonic
layer, and the large amout of shred dust from scrapped vehicle. For the
reduction of the amount of exhaust gas or CO, gas, weight saving of the
vehicle is the most effective as well as the improvement of engine efficiency.
Therefore, a wide variety type of high strength steels with cold formability
has been devoloped and adopted. The ultra-high strength steel up to 1500
N/mm” tends to be used in such a part as side-impact bar of door. Cold-rolled,
extruded and forged aluminum alloys are also materialized as a body pannel
or other structural parts in place of steel. Development of aluminum alloy
cold rolled sheet with high formability is extensively in progess in both steel
and aluminum industries.

The R&D becomes more active to apply the advanced light weight metals
and alloys to engine parts such as connecting rod , valves or spring. These
metals are magnesium, titanium, rapidely solidified aluminum alloy, aluminum
matrix composite and titanium aluminide. Successful applications of these
materials to motor car may depend on cost reduction in both materials and
processings .

Automotive industry makes every effort to develop the vehicles ultilizing
new energy in place of gasoline engine as "the most soft vehicle to
environment". Development of new materials with high performance and lower

cost 1s also required to these new vehicles.
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Optical Properties of Low-Dimensional Semiconductors

Nobuo Matsumoto
NTT Basic Research Laboratories
Musashino-shi, Tokyo 180

Some forms of silicon, such as porous silicon, micro-crystalline silicon and
amorphous silicon, emit visible light efficiently. This contrasts with the behavior
of bulk crystalline silicon, whose indirect gap results in very low efficiency
near-infrared luminescence. The origin of these dramatic differences in emission
wavelength and efficiency is a very controversial issue. This paper presents a
systematic view for silicon backbone materials and discusses the structure
- dependence of their bandgap energies and luminescent efficiencies on the basis
of theoretical and experimental results.

Figure 1 summarizes the dimensional hierarchy of silicon backbone
materials. The upper route shows the systematic variation from disilane (0-dim.)
to crystalline silicon (3-dim.) through a planar polymer (2-dim.). Oligomers
have network dimensions between zero and one. Ladder polymers and
superlattices also have intermediate dimensions. The lower route corresponds
to the cluster structures with network dimensions between zero and three. The
center route shows disordered materials. The network structure of polysilane
alloy corresponds to that of cross-linked polymers, so the effective dimension
is near unity. On the other hand, the network structure of hydrogenated
amorphous silicons (a-Si:H), which includes many terminal hydrogen atoms,
topologically resembles that of crystalline silicon. An increase in the silicon
network dimension results in a decrease in the energy gap. This systematic
variation originates from the quantum size effect.

According to theoretical considerations, polysilane with the trans conformation
has a direct allowed type band structure. A two dimensional network polymer
has a band structure intermediate between indirect and direct. The electronic
structures of silicon clusters strongly depend on the cluster structure. On the
other hand, disordered materials have localized tail states which become the
origin of luminescence.

Disordered materials in the center route could be formed by the plasma
decomposition of silane or disilane gas. The effective network dimensions
depend on the hydrogen content, which can be controlled through the plasma
power, gas pressure, substrate temperature and so on. The materials in the
upper and lower route were synthesized chemically. Polysilanes were prepared
by a Wurtz-type reaction from organodichlorosilanes using molten sodium as
a catalyst. Two-Dimensional polymers were synthesized from
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organotrichlorosilanes with slim organic pendants, such as hexyl, iso-butyl,
cyclohexyl and so on. Cubic clusters were obtained from organotrichrolosilane
with a bulky pendant of tert-butyl.

Figure 2 shows the photoluminescence spectra for silicon backbone
materials. One of the most striking features is that almost all silicon backbone
materials except for crystalline silicon can emit light. The wide wavelength
region between ultra-violet and infrared can be covered just by using various
forms of silicon networks. The peak wavelength dependence on the network
dimensions in Fig. 2 is consistent with the hierarchy in any route of Fig. 1.

Poysilane Planar Polymer
(34cV)
Oligosilane 3 (72.5eV)
Polysilane Alloy ’
Hydrogenated

Crystalline Silicon

Disilane

(6.5eV)

A AT ~—
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Fig. 1 Dimensional Hierarchy of Si Backbone Materials
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Fig. 2 Luminescence Spectra of Si Backbone Materials



= '02)

OPTICAL MEMORY with LANGMUIR-BLODGETT (LB) FILMS

Masamichi Fujihira, Hirosato Monobe, and Hiroshi Muramatsu
Department of Biomolecular Engineering, Tokyo Institute of Technology,
4259 Nagatsuta, Midori-ku, Yokohama 227, Japan

In the course of our study of the characterization of LB films containing pyrene-substituted
fatty acid (10-(1-pyrene)decanoic acid, PDA) by fluorescence microscopy [1] and by Penninﬁ
ionization spectroscopy [2], we discovered a drastic decrease in the fluorescence intensity wit
time under UV illumination, especially under an oxygen-containing atmosphere. A clear contrast
in the excimer intensity between the virgin area and the area which had experienced UV exposure
can be seen in a fluorescence micrograph shown in Fig. 3A in Ref.1. In order to clarify the
mechanism of this fluorescence quenching, the photochemical reaction of mixed LB films of
PDA with arachidic acid (AA), in the presence of oxygen was studied [3]. Besides the decrease
in the excimer fluorescence intensity, a much slower decrease in UV-visible absorbance of the
pyrene moieties was observed with an increase in the UV irradiation time. The UV irradiated LB
films revealed a new visible broad band in the wavelength region longer than 365 nm and new
infrared absorption peaks, which are attributed to introduction of carbonyl groups by
photooxidation. The much higher rate in the decrease in the fluorescence intensity than that in the
UV-visible absorbance of the pyrene moieties can be ascribable to the energy transfer quenching
of the photoexcited pyrene moieties by the above described photooxidative products. Energy
transfer quenching of the Forster type was confirmed by examining the dependence of the
fluorescence quenching on the spacer thickness between the monolayers of the pyrene moieties
and the photo-products in the heterogeneous LB films.

The highly efficient lateral quenching in terms of energy transfer by the photoproduct is the
reason for the rapid drcresase in the fluorescence intensity. This quenching can be regarded as a
chemical amplification reaction and can be applied to a very sensitive photo-responsive memory.
If we can prepare pure pyrene LB films, the sensitivity will be increased further. In order to
stabilize monolayers consisting of pyrene-substituted fatty acids, we synthesized a new type of
pyrene derivatives which has a pyrene moiety in the middle of the alkyl chain of the fatty acids,
re. CH, . ,Py(CH,)  ,COOH (HPDA: n=6, m = 10 and DPHA :n =10, m =6) [4]. These
compounds were synthesized by performing twice a Friedel-Craft acylation followed by
reduction of the resulting carbonyl intermediates [5,6]. As expected, mixtures of position
isomers of dialkylated pyrenes were obtained, i.e. 1,3-, 1,6-, and 1,8-position isomers. HPDA
and DPHA had lower melting points, 50 - 60 °C and 85 - 93 °C, respectively [7], than that of
PDA 113-114 °C [6]. Lowering of the melting points due to the mixture of the position isomers
impeaded crystal formation and thus increased the stability of the monolayers without fatty acids.
By the use of polyion complexation with polyallylamine (PAA), the stability of the LB films of
HPDA or DPHA was further improved [4].

High homogeneity in the LB film plane and hi[gh resolution of the photooxidatively
quenched were confirmed by fluorescence microscopy. The homogeneity and high sensitivity of
the LB film may allow us to record with a light source with dimensions less than the
wavelength of light by the use of a near-field optical probe [&,9]. Writing and reading with this
probe are now under investigation.
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Determination of second molecular hyperporalizability y of

helicene by degenerate four-wave mixing method

Toshio Fukumi, Toru Sakaguchi, and Masaru Miya
Government Industrial Research Institute at Osaka

1-8-31 Midorigaoka, Ikeda-city, Osaka 563, Japan

Second molecular hyperpolarizabilities of a series of thiahetero[N]
helicenes(N=3,5,7) and their methyl derivatives were determined by
degenerate four-wave mixing method. ys were calculated from the
measured bulk susceptibility %(3) of benzene solution. It was found that the
Y increases by about one order with the addition of one benzothiophene
skeleton. The largest value of y was about hundred times larger than that of
carbon disulfide. The comparison of the optical absorption spectra of
before and after measurement indicated that two photon absorption induced

chemical process was involved.
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New Photon-Gated Photochemical Hole Burning Material Systems

Noriyuki Kishii, Katsuya Shirai, Shin-ichiro Tamura,
Nobutoshi Asai, Takashi Iwamura, and Jun'etsu Seto
Sony Corporation Research Center, 174 Fujitsuka-cho, Hodogaya-ku, Yokohama 240

Photochemical Hole Burning(PHB) has a potential capability to store data with an ultra-high
optical recording density. However, the high recording density is only realized when the size of
the PHB recording spot is the same as that for conventional systems such as compact disks. If the
size of the spot become small, the depelopement of material systems that enable a high efficiency
recording as well as non-destructive recording becomes an avoidable problem to be solved.
Photon-gated PHB is one of the way to solve this problem.

We studied new photon-gated PHB systems, and found two types of new material system.
Photochemical hole burning experiments were performed using a standing-wave single mode dye
laser (wavelength selective light) and an argon ion laser (gating light). Hole measurements were
performed by using a Fourier transfer spectrophotometer. Fig 1 shows the results of the PHB
using Zinc tetraphenylporphine/1-bromoadamantane/PMMA system, and Fig 2 shows that using
Zinc tctrakis(4-(2—boromoethylcarboxyphenyl)porphiﬁe)/PMMA system respectively. For each
systems, hole is scarcely formed without gating light. We found that photochemical hole is
produced by the stepwized two photon excitation.

This work was performed under the management of Japan High Polymer Center (JHPC) as a
part of the Research and Development Project of Basic Technology for Future Industries supported
by New Energy and industrial Technology Developement Organization (NEDO).
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Ferroelectric Liquid Crystalline Molecular Complexes
Built through Intermolecular Hydrogen Bonding

Takashi Kato, Toshiyuki Uryu, Hideyuki KiharaT, Akira Fujishima®, Seiji Ujiie T,
Kazuyoshi TimuraT, Uday Kumar$, and Jean M. J. Fréchet$.

Institute of Industrial Science, The University of Tokyo, Minato-ku, Tokyo 106, Japan
lDepartmcnt of Synthetic Chemistry, The University of Tokyo, Bunkyo-ku, Tokyo 113, Japan
TTDepartment of Chemistry, Science University of Tokyo, Shinjuku-ku, Tokyo 162, Japan

§Department of Chemistry, Cornell University, Ithaca, New York 14853-1301, U.S.A.

Hydrogen bonding is a key interaction for molecular self-assembly in nature. The use of
hydrogen bonds has great potential for functional materials.

Recently, we found that mesogenic structures could be obtained by self-assembly of
carboxylic acid and pyridine fragments through the formation of intermolecular hydrogen
bonds.1-9) A molecular complex with a well-defined structure and significant thermal
stability is achieved through the intermolecular hydrogen bonding.

The objective of the present study is to build ferroelectric liquid crystalline complexes
through self-assembly of polysiloxanes containing a benzoic acid moiety in the side chain
and stilbazoles with a chiral terminal group through the intermolecular hydrogen bonding.
The polymeric complexes exhibit stable chiral smectic C (Sc*) phases. For example,
polymeric complex 1 with n=5 melts at 90 °C and shows a Sc* phase up to 130 °C. A
subsequent smectic A phase is observed between 130 and 162 °C. Ferroelectricity has been
observed for the complex 1 in the Sc* phase. The value of spontaneous polarization of 1 at
120 °Cis 21 nC/cm2. Low-molecular-weight ferroelectric liquid crystalline complexes
have also prepared from alkoxybenzoic acids and chiral stilbazoles. The present results

show that the hydrogen-bonded liquid crystalline materials have potential for advanced

technologies.
Intermolecular H-Bond
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1) T. Kato and J. M. J. Fréchet, J. Am. Chem. Soc., 111, 8533 (1989).

2) T. Kato and J. M. J. Fréchet, Macromolecules, 22, 3818 (1989).

3) U. Kumar, T. Kato, and J. M. J. Fréchet, J. Am. Chem. Soc., 114, 6630 (1992)
4) T. Kato et al. Chem. Lett., 1992, 265; 1990, 919; 1990, 2003.

5) T. Kato et al., Macromolecules, in press.
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NOVEL ELECTRO-OPTICAL EFECTS OF SELF-SUPPORTED LIQUID
CRYSTALLINE COMPOSITE SYSTEMS

Tisato Kajiyama
Department of Chemical Science and Technology, Kyushu University
6-10-1 Hakozaki, Higashi-ku Fukuoka 812, Japan

1. Electro-optical Properties of Phase Separated Polymer/LC Composeites

Structural characteristics of the LC domain in the polymer/LC composite film
such as shape or size of LC domain were controlled by the types of LC and polymer used,
the concentration of solution, the casting solvent, the rate of solvent-evaporation,
preparing temperature, etc.  To induce strong visible light scattering, the composite film
is required to have many optical heterogeneities of which dimensions are comparable to
the wavelength of the visible light (1 um or less). The optical heterogeneities of the
polymer/LC composite film are caused by not only the phase-separated structure
composed of polymer and LC but also, a distortion of LC directors in an LC domain. The
composite film consisting of PMMA and E44 formed the suitable microstructures for electro-
optical effects.

The composite film in an LC state is remarkably turbid due to its strong light scattering in
the case of an off-a.c. electric field. On the other hand, the composite film in an isotropic
state becomes highly transparent in spite of an off-a.c. electric field. These results indicate
that a nematic director plays an important role for light scattering of the composite system.
A turbid state of the composite film becomes a transparent one with a response time of ~
ms upon application of an a.c. electric field. Nematic directors well orient along the direction
of an applied electric field due to positive dielectric anisotropy of LC molecules. Therefore,
in the case of an off-a.c. electric field, it is reasonable to consider that the polymer-LC
interfacial interaction may induce a random orientation or vigorous spatial distortion of
nematic directors with various curvatures. The dimension of the spatial fluctuation of
nematic directors must be fairly comparable or larger to the wavelength of visible light
because of its strong light scattering. In addition, a mismatch in refractive indices between
the polymer matrix and the LC domain relates to light scattering of the composite film
because this causes the optical heterogeneity. In the absence of an a.c. electric field, the
difference between the refractive index of the polymer and the spatial average refractive
index in the LC domain is important to decide light scattering intensity.
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2. Bistable Electro-optical Switching of Miscible (Liquid Crystalline Polymer: LCP)/LC
Composite System

LC is miscible over a whole range of LCP concentrations in isotropic and mesomorphic
states. The composite system formed a smectic phase in an LCP weight fraction range
above 50%. Reversible and bistable electro-optical effects based on light scattering were
recognized for a smectic phase of the binary composite composed of LCP and LC. A light
scattering state appeared in the case of application of an a.c. electric field below a
threshold frequency (fc) . Furthermore, application of an a.c.field above fc made the
transmission light intensity increased. Such phenomena were induced in conjunction with
the two types of effcts : one is an electric field effect based on the dielectric anisotropy(Ae)
of the mesogenic side chain group and the other is an electric current effect based on the
electro- hydrodynamic motion of the main chain. Since application of a low-frequency
electric field may induce an ionic current, it is reasonable to consider that an induced
turbulent flow of the main chain caused by an ionic current collapsed a fairly well organized
smectic layer into many small fragments, resulting in an increase in light scattering and
also, a decrease in transmittance up to 5%. Since a high-frequency field does not induce
an ionic current, large-scale homeotropic alignment of the smectic layer is easily formed by
dielectric characteristics, increasing the transmittance up to 94% owing to a remarkable
reduction of director flucuations and / or optical boundaries. Each turbid and transparent
state can be memorized after removal of an electric field due to the mechanical strength of
the smectic layer structure.

3. Rewritable Optical Storage Effect for LCP/LC/(Photo-responsive Molecule:PM) Ternary
Composite System

The threshold frequency, fc is defined as the critical frequency at which the electro-
optical characteristics of the LCP/LC composite system change from a transparent state to a
turbid one when the frequency of an imposed a.c. electric field is gradually decreased. |f
the magnitude of fc can be reversibly changed to fcs by an external stimulation such as
photoirradiation, a rewritable optical storage effect for the composite system must be
realized. Then, the rewritable optical storage by light irradiation to the
LCP/LC(50CB)/PM(9Az9) ternary composite system has been investigated. In the case of
the LCP/LC/PM (55/36/9 w/w/w) ternary composite system, the magnitude of fc increased
upon irradiation with ultraviolet light (UV) and reverted to the original state upon irradiation
with visible light (VIS). These results indicate that the transparent and turbid states can be
switched by photoirradiation of VIS and UV , in the case of application of an a.c. electric
field with the frequency (fp) between fc and fcs.  Thus, the LCP/CL/PM ternary composite
system is promised as a novel light-addressed optical information storage film.
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PASSIVE TYPE DISPLAY MATERIALS
by Nobuyoshi BABA
Faculty of Technology, Tokyo Metropolitan University,
Tokyo 192-03 Japan

Passive type display covers 1) 1ligquid crystal display, 2)
electrochromic display, and 3) electrophoretic imaging display.
Among them the liquid crystal display has been highly developed
and commonly used in our daily life.

On the other hand, the electrochromic and electrophoretic imag-
ing displays are, owing to the relatively slow response time,
short lifetime, or high cost performance, not popularly used yet.

The liquid crystal display has normally no memory effect. In
other words, Images appeared on the display surface disappears as
soon as the applied voltage has beén removed. Therefore it is
nescessary to hold the applied voltage so far as to maitain the
images on the display surface.

The electrochromic or electrophoretic imaging display has, on
the other hand, normally memory effect. Once the image has been
formed on the display surface, the image remains unchanged even
if the applied voltage had been removed. This effect is charac-
teristic of the electrochromic and electrophoretic imaging dis-
plays and never seen in the liguid crystal display.

Here we describe the recent development of the electrochromic

and electrophoretic imaging displays briefly.

1.Electrochromic display(ECD)

All solid type electrochromic device has been developed for the
purpose of variable reflectance mirror and variable transmittance
glass(smart windows). The device composes of WO;3 working elec-
trode,Ta205 solid state electrolyte, and IrOx counter electrode.
Ir0, layer can be replaced by the other materials, such as
NiO(OH), prussian blue or poly-aniline.

In table 1 the electrochromic materials reported in literatures

are summarized.



o— (10) .

2.Electrophoretic imaging display(EPID)

The EPID materials are less investigated than the ECD materi-
als. The colloidal TiO, powder is a well-known EPID material. It
is suspended in an organic solvent with surface active agent. The
solvent is colored with a dye. Since TiO2 is a white pigment,

electrophoretic deposition of Ti02 makes white images on the

display surface, which is normally seen colored by dissolved dye.
Thus the electrophoretic imaging display works well. The most

important problem is how to inhibit the sedimentation of TiO, in

the display module.

Table 1 Electrochromic Materials reported in Literatures

. Color Change
Material ol ditfon-Redustion Author (s) Method
W03 Colorless|Blue S.K. Deb Vacuum evaporation
MoOz Colorless|Blue S. SATO Vacuum evaporation
Nb20s Colorless|Blue B. Reichmann Sputterring
Vz0s Yellow |Green Y. KOUDA, T. YOSHINO | Colloid
Ti02 Colorless|Blue E. INOUE, H. OKADO | Colloid
NiOOH Brown |Colorless| D.Tench Electrodeposition
CoOOH Brown |Colorless| D.Tench Electrodeposition
MnO2 Brown Colorless| T.YOSHINO Electrodeposition
Rhz03 Yellow Darkgreen| S.Gottesfeld Sputterring
Ir00H Dark blue [Colorless| S.Gottesfeld, Electrodeposition
Cuzx0 Reddish  |Colorless| T.YOSHINO Electrodeposition
Prussian blue Blue Colorless| K. ITAYA Electrodeposition
Oxalatotungsta—| Colorless| Blue H. TADA Chemical deposition
te complex
Ln-diphthalocya Multicoloring M. YAMANA Vacuum evaporation
nine complexes H. YAMAMOTO or LB Process
ZrNC1 Black Yellow K. YAMANAKA Single crystal
~ InN Dark Yellow 0. TAKAI RF-Ion plating
SnNx Dark Brown 0. TAKAI RF-Ion plating

The beehive structure is one of the solution.



= {11

Solid proton conductor derived from peroxo-
polytantalic acid and its application for EC device

Y. Sone, A. Kishimoto and T. Kudo

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

Fast proton conductors, especially in a thin film form, attract much attention
because of their applicability to a sensor, fuel cell, electrochromic device, etc.. In our
recent work, we found that the thin film of Ta205°nH20, a candidate of a room
temperature proton conductor, can be fabricated by spin coating of the peroxo-
polytantalate solution, which was formed by the reaction of Ta(OC2HS)s with
H2072(aqueous solution)[1]. We have also reported the results of XRD structural
analysis performed with thus obtained amorphous Ta205°nH20(2].

In this study, we report some basic characteristics regarding proton conductivity
of these Tap05°nHZ0 films. In addition, we demonstrate the feasibility of a solid state
electrochromic device constructed using such a coated film laminated with W03 and
Ir02. ‘

Electrical conductivity of this sample was measured with a.c. impedance method,
revealing that both temperature and humidity dependences of ionic conductivity (c.a.
4.0x10-5 Scm-1 at 20 °C) were quite small. Furthermore, all solid state ECD prototype
was fabricated by combining this film electrolyte with electrochromic film (:tungsten
oxyhydrate film dcrivcd'from peroxo-polytugstic acid and iridium oxide sputtering film).
Electrochromic characteristics of this all solid state device were favorable and comparable
to those of conventional system using liquid electrolyte.

20
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Photoelectric Properties of Furnace and Laser Annealed Amorphous SiliconThin Films

A.Takano, S.Hayashi’, M.Kawasaki and H.Koinuma

The Res. Lab. Eng. Mat., Tokyo Institute of Technology,
Nagatsuta 4259, Midori-ku, Yokohama 227, Japan

*Semiconductor Energy Laboratory,
Hase 398, Atsugi 243, Japan

Amorphous silicon thin film transistors (TFTs) have been extensively investigated for
such applications to, image sensors and active—matrix liquid crystal displays (LCDs).
High mobility is one of the most important properties required for TFT material.

In this study, amorphous silicon thin films were deposited on quartz glass substrate by
conventional film deposition techniques such as low pressure chemical vapor deposition
(LPCVD) and sputtering. The deposited amorphous silicon films were annealed in a
furnace or by the irradiation of excimer laser (248nm, KrF) beam to have high
mobilities. The laser annealed CVD film achieved a mobility as high as 329cm?/VS (at
V=1V, V=8V). ' S LA S e
Figure 1 shows the Raman spectra of CVD

600°C

films furnace annealed at 600°C for various
periods. The 480cm™! broad peak due to
amorphous Si TO mode decreased with the
increase of annealing time, whereas the
521cm™! peak due to crystal silicon increased
gradually with the annealing time. The

relationship between absorption spectra of . W
these films measured by photothermal ’\JJ“‘/\IMVM\W
deflection spectroscopy (PDS) and W’J

ultraviolet—-visual spectra show the change WMW

Intensity (arb. units)
S

from indirect transition type to direct m.
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Fig.1 Raman spectra of furnace
annealed films



o- (13)

DIRECTED BEAM EMITTING DIODE
BASED ON ORGANIC ELECTROLUMINESCENCE

Masahiro Hiramoto, Jun-ichi Tani, and Masaaki Yokoyama
Chemical Process Engineering, Faculty of Engineering, Osaka University,
Yamadaoka, Suita, Osaka 565, Japan

Since Tang and VanSlyke's work on a charge injection type organic electroluminescent
(EL) diode emitting bright green light,1) many studies have been made extensively aiming at an
application to the flat panel display devices in which EL is emitted from film surface through an
ITO glass substrate. In the present study, we have attempted to fabricate a new type of EL
device in that the organic layer is sandwiched between two metal layers acting as the charge
injecting electrodes and mirrors. We have succeeded in demonstrating the narrow-beamed blue
green EL output from the film edge of the organic EL diode.

The device structure is depicted in Fig. 1. Alg3 and PDA were used as the organic emitter
and hole transport compound, respectively. When the negative voltage was applied to the electron
injecting electrode (Mg/Ag), the intense and narrow-beamed green output light was observed from
the film edge. Figure 2 shows EL spectra from film edge of the present device (solid curves) and
from film surface of the conventional EL diode (broken curve). Interestingly, the film edge output
showed much sharper spectrum than surface output. Moreover, the peak position depended on the
thickness of the organic layer (D). EL intensity per unit area from the film edge of the present
device was about 100 times larger than that from the film surface of a conventional EL diode due
to the light confinement between two metal layers. The fabrication of the optical cavity similar to
diode lasers is considered to be important to obtain more intense output.
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D=350 nm _ .\D=160 B
+. Output
4 ', tnrough 1TO
’ g }'/
g ", Fiim edge
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Light Intensity / arb.units
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Fig. 2 Output-light spectra.

Fig. 1 Device structure.
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PHOTO AND ELECTRON BEAM RESISTS
Saburo Nonogaki
Central Reseach Laboratory, Hitachi, Ltd.
Kokubunji, Tokyo 185, Japan

The resist materials used in the microfabrication of semiconductor devices
are reviewed in this talk.
The requirements for these resists are high sensitivity to the exposing

radiation, high resolution capability, and good resistance to dry etching.

Positive-Working Photoresists

Most of positive-working photoresists are composed of novolac resin and
naphthoquinonediazide. Upon exposure to light, the latter component which is
not alkali-soluble changes into alkali-soluble indenecarboxylic acid. This
change increases the solubility of the resist in an aqueous alkaline solution to
give positive-tone images when resist films are exposed to light patternwise
and then developed with an aqueous alkaline solution.

Positive-working photoresists satisfy all the requirements described above.
Therefore, they are exclusively wused in g-line or i-line reduction printing
where the wavelength of the light used is 0.436 #m or 0.365xm, respectively.
The lithographic performance of this type of resist has been improved almost
completely. For example, one of the resists developed by Japan Synthetic Rubber
Co.? shows a resolution of 0.35xm with well profiled resist patterns printed
by an i-line printer with an NA of 0.50.

In deep uv region (wavelength < 0.3 #m), the resists described above are not
suited for the lithography because of their strong light absorption. Instead of

2) - 4)

them, chemically amplified positive-working photoresists composed of less

light-absorbing materials are used in this wavelength region.

Negative-Working Photoresists

There are many kinds of negative-working photoresists. However, the resist
composed of cyclized polyisoprene and aromatic bisazide is mainly used as a
negative photoresist in semiconductor devise fabrication. In this resist system,
bisazide acts as a photo-crosslinking agent to give negative-tone images when
resist films are exposed to light patternwise and then developed with an organic
solvent such as xylene. The resist is very much suited for contact printing
because its film is not damaged by contact with a glass-plate-based optical mask.
Its resolution capability, however, is lower than that of positive-working

photoresists mainly because of its swelling in the developer.
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Negative-working photoresists composed of alkali-soluble phenolic resin and
aromatic azide®>~*’ as well as chemically amplified negative-working photo-

resists?’"*?do not swell. Therefore, they have high resolution capability.

Positive—Working Electron Beam Resists

Since Haller et al.”’

reported that radiation-degradating polymers such as
poly(methyl methacrylate) can be used as positive-working electron beam resists,
many kinds of resists have been developed on the basis of their idea. And some
of them are now commercially available. For example, poly(2,2,2-trifluoroethyl
a-chloroacrylate)® is available from Toray Co. under the trade name of EBR-9°.
And novolac-poly(2-methylpentene-1 sulfone) system*®? is available from Hitachi
Chemical Co. under the trade name of RE-5000P. Both resists have high resolution

capability, and the latter has a good dry-etching resistance.

Negative-Working Electron Beam Resists

Radiation-crosslinking polymers such as poly(glycidyl methacrylate) can be
used as negative-working electron beam resists, and some of them are now commer-
cially available. For example, poly(glycidyl methacrylate)!®? is available from
Tokyo Ohka Kogyo Co. under the trade name of OEBR-100.

Chemically amplified negative-working electron beam resists are available
from Shipley Co. One of them named SAL 605 has a sensitivity of about 1.5 xC/cm?

to 20-keV electrons and a resolution capability up to 0.1 zm'?2)
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PLASMA DEVELOPABLE PHOTORESISTS BASED ON SURFACE MODIFICATION

Masamitsu Shirai and Masahiro Tsunooka

Department of Applied Chemistry, College of Engineering,

University of Osaka Prefecture, Sakai, Osaka 593, Japan

In the microlithographic process the use of deep UV light to provide higher
resolution causes new problems due to decreased depth of focus and increased
substrate reflectance. Top surface imaging resist systems are expected to
reduce or eliminate these difficulties. In this paper we report a new surface
imaging system wusing the photoinduced acid-catalyzed SiO, formation at the
polymer surface by chemical vapor deposition as shown in Scheme 1. This
system gives a negative tone image by oxygen plasma etching.

Upon irradiation with UV light the surface of the polymers having imino
sulfonate wunits becomes hydrophilic because of the formation of sulfonic acid
according to eq. 1. Water sorption from the atmosphere occurs at the top
surface of the irradiated films. When the irradiated surface is exposed to
the vapor of alkoxysilanes at 30°C, a silicon oxide network is formed at the
near surface of the polymers. No silicon oxide network is formed at
unirradiated areas because the photochemically formed sulfonic acid units are
necessary for the silicon oxide formation by hydrolysis and subsequent
polycondensation reactions of alkoxysilanes (eq. 2). The rate of silicon oxide
formation at the irradiated surface of the polymers was strongly dependent on
the water sorption ability of the polymers, the number of the photochemically
formed acid units and the concentration of alkoxysilanes in the vapor phase.
The polymer films obtained after UV irradiation and subsequent exposure to the

vapor of alkoxysilanes showed a good etch resistance to oxygen plasma.
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Reaction Mechanisms of
Chemically-Amplified Electron Beam and X-Ray Resists

Takahiro Kozawa, Yoichi Yoshida, Mitsuru Uesaka and Seiichi Tagawa*

Nuclear Engineering Research Laboratory, Faculty of Engineering, University of Tokyo,
Ibaraki 319-11, Japan

*Research Center for Nuclear Science and Technology, University of Tokyo, Ibaraki 319-11, Japan

1 Introduction
The use of chemically-amplified resists is one of the most advanced technologies in electron
beam(EB) lithography and X-ray lithography. Many papers have been reported on their developments,
post exposure bake effects, time delay effects and so on!). However, the radiation-induced reaction
mechanisms such as a process of acid generation in chemically-amplified EB and X-ray resists have
not been yet made clear. For the improvement of the sensitivity and the stability, it is important to
elucidate the reaction mechanisms. In this paper, the radiation-induced reactions in chemically-
amplified resists was studied by means of the picosecond and nanosecond pulse radiolyses.
2 Results and Discussion

The reactivities of onium salts with cations and electrons were investigated in THF solutions
and CH,Cl, solutions, respectively. In THF, the onium salts react with solvated electrons efficiently.
The rate constant of ¢;SPF4 is 1.1x10!'M-!s'!. On the other hand, the onium salts do not react with
radical cations in CH,Cl, solutions?),

The effects of the onium salts on the protonation in m-cresol solutions, which are model
compounds of cresol novolak, were investigated by using pyrene as a model compound of crosslinker
or dissolution inhibitor. Figure 1 shows the time-dependent behavior of the protonated pyrene in the
2mM solution of pyrene in m-cresol. The protonated pyrene should be formed by the reaction of pyrene
with the protonated m-cresol. The yield and formation-time increase by adding the onium salts. On the
basis of the results of the solutions, the reaction mechanisms for a typical practical system, which is
composed of phonolic resin, acid generator and crosslinker (or dissolution inhibitor), is estimated as
Fig.2. The onium salts scavenge electrons and promote the generation of proton adducts in the
chemically-amplified resists. Most of Brgnsted acid is formed from proton adducts of the base polymer.
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Fig.1 The time-dependent behavior of protonated pyrene
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Fig.2. Reaction mechanisms of chemically amplified EB and X-ray resists3
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PYRIMIDINE POLYMERS FOR ELECTRON-BEAM RESISTS

YOSHIAKI INAKI,
Hideki Horito, Nobuo Matsumura, and Kiichi Takemoto
Department of Applied Fine Chemistry, Faculty of Engineering,
Osaka University, Suita, Osaka 565, Japan

Pyrimidine related polymers were prepared and used as EB positive resists. Poly-
mers containing photodimers of pyrimidine bases such as uracil and thymine were
found to undergo splitting reaction by exposure of electron-beam (Scheme 1). Itis ap-

plicable to EB positive resists. T v Mo

Polyethers containing pyrimidine were J\ /k y Y
evaluated as chemical amplification electron ‘{'g CHiCH,  ChyCHy- i ~H-CH,CH,CH;~ ”'):
beam resist (Scheme 2). Figure 1 shows rela- l .
tive film thickness after development against
exposed energy for the polyether containing A
acid generator (10 wt% triphenylsulfonium tri- oy rf’ko H H
flate), after development by 0.1% triethylammo- _—E-CH’éH’ PRy f [ A=

nium hydroxide aqueous solution. Sensitivity scheme 1
of this polymer as EB resist was about 7 pC/

cm?.
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CHEMICAL REACTION ALIGNMENT
New Concept for Contlor of Molecular Orientation

Kenji SANO, Shigeru MACHIDA, Hideyuki SASAKI, Masahiko YOSHIKI
Kazuyuki SUNOHARA, Yasushi KAWATA, Hiroshi YOSHIDA and Yasushi MORI
Research and Development Center, Toshiba Corporation,
1-Komukai Toshiba-cho, Saiwai-ku, Kawasaki 210

Control of molecular orientation is the most important problem to develop a concealed charaacr of
organic molecule, especially for materials of nonlinear optics?). We are proposing a new concept??;
Chemical Reaction Alignment(CRA) for this purpose. Distinctive feature of ideal CRA method is to use
a rigid molecule which has functional groups at both ends of the molecule, vide infra. The molecule
should have desired function. Reaction of this molecule to planc surface will make the molecule stand
on the surface perpendicularly. This molecular orientation can be interpreted as achieved by chemical
reaction, not by self assembled character of the molecule. The difference between CRA and Self Assembly
method is self standing character of CRA molecule on the surface in low surface coverage. We present
basic results for this new concept by using lithocholic acid® and PBLG?) as model molecules.

functional groups
(reactive & should be plural)
O . @) QO
. <— CRA
molecule
()Cw (rigid
* i 1)
000 1 ljw-f{‘”'“"
covalent
bond
OO0
| I I I e I | e
Substrate
Concept of Chemical Reictlpn Alignment
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Figure 1 Principle of photochemical flip of FLC.
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Information Storage of Polymer / (Liquid Crystal) Composite Systems

*Satoshi TANIOKA, Hirotsugu KIKUCHI, Tisato KAJIYAMA
Department of Chemical Science and Technology,
Faculty of Engineering, Kyushu University,
Higashi-ku, Fukuoka 812, Japan
*Chisso Corporation,

Chiyoda-ku, Tokyo 100, Japan
Phone: +81-92-641-1101(Ex5602) Fax: +81-92-651-5606

1. Thermo-optical Effect of Polymer / (Liquid Crystal : LC) Composite Films

Poly ( methyl methacrylate ) (PMMA) / nematic LC (GR-63, the product of Chisso
Co.) composite films prepared by a solvent-casting method were heated in a water
bath (323-369K) and all the samples were cooled in an iced water bath (273K). Upon
heat treatment over the nematic-isotropic phase transition temperature (TNiI), the
composite film was changed from an initial turbid state to a transparent state. When the
composite film was heated above TNi, the dispersed spherical LC droplets were formed in
the polymer matrix and the size of LC droplets were smaller than the wavelength of
visible light, resulting in a miscible aggregation between polymer and LC above TniI.
Organic dye of azo derivative which exhibits the strong absorption at wavelength of the
neighborhood of 530nm was dissolved into the PMMA / GR-63 composite film. A point of
the film was irradiated by the second harmonics of a pulse Nd-YAG laser beam (532nm)
through a photo mask. Since the laser energy absorbed in the composite film was
converted into heat, a laser irradiated part was selectively changed to a transparent state. A
heat-mode laser recording was accomplished for the polymer / LC composite system for
the first time.

2. Optical Writing Functions of (Liquid Crystalline Polymer) / (Photoresponsive Liquid
Crystal / (Low Molecular Weight Liquid Crystal) Ternary Composite System

In the case of the Liquid Crystalline Polymer (LCP) / LC system in an induced smectic
phase, the threshold frequency fc is observed as the critical frequency at which the
composite changes from transparent to turbid when the frequency of an imposed a. c.
electric field is decreased. The magnitude of fc can be reversibly varied by the trans-cis
photoisomerization of the mixing photoisomerizable molecule. The LCP (PS6EM) /
photoisomerizable molecule (MPABB) / LC (50CB) composites were sandwiched between
two ITO-coated transparent glass electrodes. The magnitude of fc increased from 0.025 Hz
to 1 Hz with UV light irradiation, and the magnitude of fc reverted to an original one with VIS
light irradiation. A UV-irradiated transparent part was changed into a turbid state under the
application of 3.75 MVrms / m of 0.1 Hz at 344 K, and the UV-irradiated turbid part
remained unchanged, even if both electric field and photoirradiation were removed.
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NON-LINEAR PHOTOISOMERIZATION OF MACROCYCLIC AZOBENZENE
DERIVATIVES AND ITS APPLICATION TO AN OPTICAL MEMORY

Nobuyuki Tamaoki and Tsuguo Yamaoka*.
Research Institute for Polymers and Textiles, 1-1-4 Higashi, Tsukuba 305, Japan.
* Faculty of Engineering, Chiba University, 1-33 Yayoi-cho, Inage, Chiba 263, Japan.

There have been many studies with the aim of applying photochromism to optical memories.
However, these attempts have encountered various problems. A general and fundamental problem is
that memories are destroyed by photoreactions during "read-out" processes. Although some systems
have been proposed to overcome this problem, the most promising idea is to synthesize photochromic
compounds that show light-intensity dependent photoisomerization. If the efficiency of the
photoisomerization of such photochromic compounds is much higher as the intensity of light becomes
higher, recording memories is accomplished under high intensity light and reading memories under low
intensity light without any destruction of memories.

A new mechanism of light-intensity dependent photoisomerization is provided based on a two photon
isomerization from the trans-trans-macrocyclic azobenzene dimers (MAD) to the cis-cis-MAD through
the strained trans-cis-MAD that is thermally unstable and easily isomerizes to the frans-trans MAD.

Two kinds of MAD with short bridges (X), 1 and 2, were synthesized to demonstrate the new
mechanism. Upon irradiation of 366 nm }ight, both of them in solvent isomerized from the trans-trans
isomer to the cis-cis isomer more efficiently under higher intensity light. Compound 1 showed a
similar phenomenon of isomerization also in a polycarbonate film. A non-destructive read-out property
was demonstrated by using 20 pW cm2 of 366 nm light for read-out and 5 mW cm-2 for writing.
Recorded memories were non-destructively read out by using 1, in contrast with the case using the
acyclic azobenzene derivative 3 as a photochromic compound where memories were destroyed during

the read-out process.

Photochromism of Macrocyclic Azobenzene Dimers
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Principal factors for limiting the recording density of
photochemical hole-burning memory

Norio Murase, and *Kazuyuki Horie

Central Research Laboratory, Hitachi Ltd. Kokubunji, Tokyo 185
*Dept. of Reaction Chemistry, Faculty of Engineering, University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113

A hole formed by the photochemical hole-burning (PHB) technique can be filled by laser
irradiation with different wavelengths without changing its width . This phenomenon is called
laser-induced hole-filling (LIHF). This prevents multiple hole-formation with sufficient hole
depth. Therefore, the attainable recording density of current PHB materials is not so high. It
has been concluded that the most important research target for PHB memory is to clarify the
origin of LIHF.1.2

The extent of LIHF was quantitatively analyzed at 4.2 K, 15 K, and 20 K. The sample
measured was sulfonated tetraphenyl porphine (TPPS) doped into polyvinyl alcohol (PVA).3
The observed extent of LIHF closely follows the cage model: the dye TPPS in PVA is
confined to a one-dimensional rigid square well potential = 0.40 A long (see Figure, below).4
The energy of TPPS is thermally distributed in the well. This means that the frequency
domain for optical storage is faded by temperatures. This results from the requirement of the
second law of thermodynamics. This situation corresponds to the fact that the recording
density of current optical memory is determined by the diffraction limit, necessitated by the
uncertainty principle.

Whether the degree of this thermal fade can be reduced while maintaining a sufficient

inhomogeneous width is the most important subject in terms of applications.
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Figure. Hole-filling extent v, as a function of the wavelength difference from the burning
wavelength of 642.0 nm at (a) 4.2 K, (b) 15 K, (c) 20 K. Dots show the observed data. The
solid curve is the optimized results for the cage model.

1) N. Murase, et al., J. Opt. Soc. Am. B 9, 998(1992). 2) N. Murase, et al., Nippon Kagaku Kaishi, No.
10, 1117(1992). 3) N. Murase, et al., submitted to Chem. Phys. Lett. 4) N. Murase, ef al., submitted to
Appl. Phys. Lett.
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Fole Burning by Two-Photon Sensitization
of Polymers Bearing O-Acyloximino Groups etc.

Osamu Kyono!, Shinjiro Machida', ‘Takashi Yamashita?, Kazuyuki Horie!, and Masahiro Tsunooka?

'Faculty of Engineering, University of Tokyo, Tokyo 113, Japan
?Research Center for Advanced Science and Techinology, University of Tokyo, Tokyo 153, Japan
JTaculty of Engineening, University of Osaka Prefecture, Sakai City, Osaka, Japan

Photochemical hole buming (PHB) is expected both as a new technique for high resolution spec-
troscopy at low temperatures and for application to a frequency-domain optical storage. But it has some
problems, one of which is the destructive read-out. PHB by two-color excitation is expected to solve this
- problem.

" Two-color sensitization PHB of zinc-tetratolyltetrabenzoporphine (4n'I'TBP)/glycidyl azide polymer
| (GAP) has been found out in our group. HHere we have burnt holes in various photorcactive polymer

: systems.

We used the samples of ZnTTBP/Acryloyl Acetophenone Oxime - Methyl Methacrylate co-polymer

- (AAPO-MMA), ZnTTBP/ Arylazido polymer, ZnTTBP/Dimethyl glyoxime - hexamethylene diisocyanate
co-polymer (DMGO-HMDI), and ZnTTBP/Norbornadiene, PMMA at 20K. The two-color irradiation

was carried out with Ar-laser and dye-laser, and one-color irradiation was undergone with dye-laser only.

The holes by two-color irradiation are deeper than those by one-color irradiation. The gating ratio
for ZnTTBP/AAPO-MMA is approximatc‘ly 90. Cyclic anealing expeniment showed that the two-color
~ holes and one-color holes had a samne thermal stability. Power dependence of one-color hole formation
suggested that one-color hole was not formed by one-photon mechanism. Thus, we concluded that the

photochemical reaction by one-color irradiation occur through one-color two-photon mechanism.
" The relatively large hole formation in the case of one-color irradiation is probably due to the lower

~ energy of the excited triplet state of the reactive groups.
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thesis of Solar Energy Storage-Exchange Polymers by Addition
ction of the Polymer Containing Pendant Epoxide Group with

bornadiene Carboxylic Acid Chlorides and Photochemical Reaction
he Resulting Polymers

spuhiko Kishi, Atsushi Kamevama., Tadatomi Nishikubg

_'rtment of Applied Chemistry, Faculty of Engineering, Kanagawa
versity, Rokkakubashi, Kanagawa-ku, Yokohama 221, JAPAN

Y WORDS : Norbornadiene / Quadricyclane / Photochemical Valence
merization / Tetraphenylporphyrinate Cobalt (II)

ie photoresponsive polymers bearing norbornadiene(NBD) moieties were
thesized without any insoluble gel production by the addition reaction of
y(glycidyl methacrylate) [P(GMA-MMA)] with NBD carboxyhc acid
orides (PCNBC) (Scheme 1).

CH3 CH3
—-(-—CHz—i:——}——(—MMA-)— TBAB ‘(‘CHz—C'—')—(-MMA-)—
i cico ST g
OCH,~CH-CH, \  80°C, 12h CHz—gHCH2CI
~ in DMAc 24
R—@—NHoc geo
P(GMA-MMA) PCNBC \

R—@—Nnoc
Scheme 1

le photochemical reactions of the polymers thus obtained were evaluated.in
film state and in the dichloromethane solution. The photochemical valence
merization of NBD moieties proceeded quantitatively to produce the
responding quadricyclane(QC) groups at 15 min irradiation with UV-light in
film state. Furthermore, it was found that the rate of the photoisomerizatior
the pendant NBD moieties and the photochemical reversion of the resulting

> groups were strongly affected by the wavelength of the exposure light. The
ersion tetraphenylporphyrinate Cobalt (II) (Co-TPP) as a catalyst. The
jersion proceeded very smoothly. The observed rate constant plotted against

¢ catalyst concentration showed a straight line. Therefore, the rate of

yersion of the QC groups was proportional to the product of both

icentration of the QC groups in the polymer and Co-TPP (Scheme 2).
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Fluorescence Studies of Volume Phase Transition of
Poly(acrylamide) Gels with Dansyl Groups

Yoshikazu Suzaki, Yuxin Hu,™ Kazuyuki Horie, and Hideharu Ushiki o
Faculry of Engineering, University of Tokyo, Japan
*Chemistry Department, Jilin Universiry, China
**Tokyo University of Agriculture and Technology, Japan

Poly(acrylamide), PAAm, gels having ionizable groups are known to
undergo the reversible discontinuous phase transition between swollen
and collapsed states when the external conditions such as  solvent
composition (acetone-water mixture), pH, temperature, ionic composition
and electric field are varied. '

Most of the previous works on the volume phase transition of
polymer gels have been focused on macroscopic properties. The
fluorescence technique is useful for studying the micro-environment of
polymer networks during the phase transition.

PAAm gels chemically labeled with dansyl groups were prepared.!)
The degree of swelling of PAAm gels, V/Vq, (where the V is the volume
after equilibrium swelling and the Vg is the one at the time of
preparation, respectively) was measured as a function of acetone content,
Figure 1 shows that the phase transition occurs at 60% acetone content.
Fluorescence spectra, anisotropy ratio, and lifetime of the dansyl probe
in PAAm gels were measured from the view point of polymer chain
dynamics. The fluorescence anisotropy ratio shows a minimum at 60%
acetone content, which suggest that rotational mobility of dansyl probe in
PAAm gel 1s enhanced at the point of phase transition (Figure 2).

1) Y.Hu, K.Horie, H.Ushiki, Macromolecules, 25, in press.
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MECHANISM OF PHOTO-INDUCED PROTON TRANSFER IN
BACTERIORHODOPSIN: A COMPUTER STUDY.

Osamu Oshida, Tamio Yasukawa,

Hidemi Okazaki*, Chia-Wun Chang* and Toshihiro Akaike*
Division of Chemical and Biological Science and Technology
Faculty of Technology
Tokyo University of Agriculture and Technology,
Nakamachi, Koganei, Tokyo 184, Japan
* Kanagawa Academy of Science and Technology
Takatsu-ku, Kawasaki, Kanagawa 213, Japan

Bacteriorhodopsin(bR), the only protein of the purple membrane from Halobacterium halo-
bium, is a light-driven proton pump of the simplest known membrane transport system. The
retinal chromophore is linked by a Schiff base to Lys-216 of G-helics of seven membrane-bound
helices. Upon absorption of 568nm light, the retinal moiety is converted from the all-trans
form of the light-adapted ground state into J and then into K on a 3ps time scale and into L
state with the life time of ~ 2us V). Low temperature resonance Raman spectroscopy indicates
‘that the K intermediate is a highly distorted 13-cis retinal isomer, and steric interactions relax
in the K—L transition producing a more planar 13-cis protonated Schiff base chromophore?.
Further, FTIR spectroscopy suggests that Asp-85 accepts the proton from the Schiff base and
is protonated in the following L—M-step on a 50us time scale®). Hence,we have attempted to
discuss the physico-chemical meaning of the trans—-cis isomerization of retinal and the choice
of Asp-85 as a proton acceptor in the L—M transfer process.

Although three dimensional structure of bR with all trans retinal was determined by Hen-
derson et al.¥), the structure of 13-cis species has not been determined. Hence, we generated
this structure by simulated annealing technique employing molecular dymamics program DIS-
COVER. The electrostatic potential field is expected to play an important role in the proton
transfer processes in bR, since proton is positively charged. We calculated electrostatic field
in bR by a finite difference method®, employing program DelPhi with e(innerprotein) = 8§
and c(outerprotein) = 80. Total electrostatic energy calculated by E., = Y qidi was
2930kcal/mol for 13-cis species, where g¢; denotes charges on respective atoms and ¢; po-
tential field intensities at respective atomic sites. E., after proton was transfered from Schiff
base to Asp-85 and Asp-212 were calculated to be 2815 and 2942 kcal/mol, respectively.

These results and free energy energy changes calculated by perturbation technique indicate
that pKa of 13-cis retinal is largely reduced relative to all-trans species, and that Asp-85 is

more favorable as a proton acceptor than Asp-212.

1) J.W.Petrich et al., Chem.Phys.Lett., 137, 369(1987)
2) S.P.A.Fodor et al., Pro.NAS.USA, 85, 2186(1988)
3) L.Eisenstein et al.,J.Am.Chem.Soc.,109, 6860(1987)
4) R.Henderson et al., J.Mol.Biol.,213, 899(1990)

5) M.Gilson et al., J.Mol.Biol.,183, 503(1985)




IMMUNOLOGICAL DETECTION OF ANTI-HUMAN
IMMUNODEFICIENCY VIRUS ANTIBODY BY USING OPTICAL
FIBER SENSOR

Ayako Onodal), Miyuki Kakinumal), Yasue Ogunil), Noriko
Kashiwazakil), Chikako Takahashil), Akiko Kaneko?), Tadao
Fujiel), Nobuharu Takai?), Toshiyuki Hirai2), Ichiro Sakuma3),
Yasuhiro Fukui3), Yoshihiko Kanchiku4
and Yoshihiro Kumagai>),

DKyoritsu College of Pharmacy,Tokyo,DInstitute of Industrial
Science, University of Tokyo, Tokyo, 3)Tokyo Denki
University, Tokyo, 9YMitsubishi Rayon,
and S)Biomaterial Research Institute, 1 Taya-cho, Sakae-ku,
Yokohama 244, Japan

We reported the measurement of antigen-antibody interaction by
using the optical fibers in this symposium 2 years ago (the abstract
# B-9; Immunological detection system by using optical fiber
sensor, 1990). In order to apply to the surveillance of Acquired
Immuno Deficiency Syndrome(AIDS), we tested the interaction
between anti-envelope(V3 of Human Immunodeficiency Virus;
HIV) monoclonal antibody and the genetically engineered
immunoglobulin which has the V3 sequence in the hypervariable
regions. This system enables us to measure the anti-HIV antibody
without using virus and/or purified components of virions of HIV.
In addition, our system would be suitable for the measurement of a
number of specimens if combined to the photoswitches with
multiple optical fibers.

BEP-110
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SECOND HARMONIC GENERATION OF A NEW TRAIAZINE COMPOUND:
NONLINEAR OPTICAL PROPERTIES AND CRYSTALLINE STRUCTURE
Tatsuo KAWARA,' Wen-Bing KANG,' Mieko SHIMIZU,' Hisamoto YONEHARA!
Chyongjin PAC' and Hiroshi MAKI?

'Kawamura Institute of Chemical Research, 631 Sakado, Sakura-Shi, Chiba 285, Japan
Dainippon Ink and Chemicals, Inc., Central Research Labolatories, 631 Sakado,
Sakura-Shi, Chiba 285, Japan

Recently organic nonlinear optical materials have attracted much attention owing to their
large nonlinearities. During the course of our investigation on nonlinear organic materials,
we have found that some triazine derivatives containing the p-nitroanilino group possess
large nonlinear activities. We wish to report the second-harmonic generation (SHG) proper-
ties of 4,6-diphenyl-2-(4-nitroanilino)-1,3,5-triazine (1) that largely depend on recrystal-
lization conditions.

Compound (1) was prepared according to eq.1, and the SH intensities of crystal (1) were
measured by a powder SHG method. When 1 was recrystallized from N,N-dimethylform-
amide (DMF) or N-methylpyrrolidone (NMP), the crystalline sample (1A) was inactive in
SHG; the SH intensity was only 0.1-0.5 times that of urea (standard). In contrast, a sample
(1B) obtained by recrystallization from toluene revealed a remarkably high SH susceptibility,
being 100 times higher in SHG than urea. X-ray crystallographic analysis of 1A demonstrat-
ed that a solvent molecule (DMF) was incorporated in the crystal in a 1:1 ratio and that the
crystalline structure belongs to a monoclinic crystal system of space group P2,/n;i.e. this
crystalline structure is centrosymmetric. This result well accords the lack of SHG of 1A.
It can, therefore, be predicted that SHG-active 1B should be noncentrosymmetric in the
crystalline structure. It was indeed found that 1B shows X-ray powder diffraction patterns
completely different from those of 1A. We are now intending to achieve the growth of a
single crystal of 1B for the crystalline structure determination.

DMF or NMP
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SHG coherent interferometry disclosing the orientation of the submerged
hemicyanine layer in an Langmuir-Blodgett multilayer structure

0. Sato, R. Baba, K. Hashimoto and A. Fujishima

Department of Synthetic Chemistry, Faculty of Engineering,
The University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113, Japan

Second harmonic generation coherent interferometry (SHG-CI) was first applied to
the structural study of multilayered LB films. Two kinds of LB multilayers
were prepared by installing a hemicyanine monolayer among the layers of stearic acid
by way of either Y-type (sample A) or Z-type (sample B) deposition process, and
those films were investigated by the SHG-CI method in terms of the molecular
orientation of the submerged hemicyanine layer. Figure 1 depicts those SH-fringe
patterns obtained for the two kinds of LB samples A and B. along with the reference
one prepared above. - The complete inversion of the fringe patterns observed between
samples A and B implies that the molecular axes of the hemicyanine films were
different in the pointing direction between those samples, since both of the two
samples employed a common film of hemicyanine with the same orientation as the phase
standard on one face of each sample. Comparing these patterns with that of the
reference sample, the angles which gave the maximum and the minimum of the SH-fringe
pattern of sample B appeared in good accordance with those for the reference LB
sample. On the other hand, the fringe pattern of sample A was completely inverted
against that of the reference in the present study. From these it can be deduced
that the alignments of ‘the molecular structure of theé hemicyanine in sample A and
sample B were Jjust what schematically illustrated in Fig. 2. That 1is, the
hydrophobic side of the hemicyanine layer in sample A is supposed to have faced
toward the initially deposited stearic acid films, while in sample B the hemicyanine
layer was deposited with its hydrophilic side toward the underlying stearic acid.
Hence it was demonstrated that the structure of the submerged hemicyanine layer
varied in type depending on the deposition processes.
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Figure 1. SHG interferograms of sample A (dashed line). sample B Figure 2. Schematic illustration of the layered structures for both sam-
(das'h—t‘iot line), and the reference sample (solid line), as a function of ples A and B, as well as the reference sample employed: (a) hemicyanine,
the incident angle for plane-polarized pump light. (b) arachidic acid, and (c) stearic acid.
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Third Order Nonlinear Optical Properties of Aromatic Polyisoimides

S. Morino, K. Horie, *T. Yamashita, **T. Wada, **H. Sasabe
Department of Reaction Chemistry, Faculty of Engineering,
The University of Tokyo, Tokyo 153, Japan
*Research Center for Advanced Science and Technology, The University of Tokyo
**Frontier Research Program, RIKEN (The Institute of Physical and Chemical Research)
Hirosawa 2-1, Wako, Saitama 351-01, Japan

Many organic nonlinear optical materials have been investigated for decade. Organic materials
have the advantages of large third order susceptibility, rapid responsibility, processability, and high
damage threshold nature. Polyisoimides are the isomer of polyimides, which have a long conjugation
through diamines and dianhydrides. Polyisoimides are expected as nonlinear optical materials taking
advantage of these features.

Chemical structures and the wavelength of absorption maxima (A, ) of polyisoimides are
shown in Table. The % were determined by Maker Fringe method. The fundamental wavelength is
1.907um. The A for PiI(PMDA/PDA) is the longest. The A, depends on the number of
conjugated sw-electrons, which are ristricted by the existence of methylene chain of DEDPM, steric
hindrance in BTDA moiety. The % increses as A, shifted to longer wavelengths, showing that the
enhancement of % is due to the delocalization of wt-electrons.

Fig.1. shows the contents of PII(PMDA/PDA) being heated stepwise with the interval of 50°
from 50°C to 200°C for 2 hours in vacuum, and finally at 400°C for an hour. PII(PMDA/PDA) is
relatively stable up to 150°C, but it isomerized to PI(PMDA/PDA) faster above this temperature and
completely isomerized at 400°C. '

The % for Pil(PMDA/PDA) with various isoimide contents are shown in Fig.2. x® values
decrease with the decrease in isoimide contents linearly. It shows that the density of isoimide

contributes to ¥ strongly.
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DARK AND PHOTOCONDUCTIVITY BEHAVIOR OF C,, TUNNEL

DIODE SANDWICHED WITH METAL ELECTRODE.

Hisatomo YONEHARA, and Chyongjin PAC,
Synthetic Chemistry Division, Kawamura Institute of Chemical Research, 631 Sakado,
Sakura, Chiba 285, Japan

The discovery of convenient methods for large-scale preparation of fullerenes
Ceo and C,, has stimulated studies on electrical and photoconductive properties of
Ceor70 SOlid films. Solvent-cast films of Cg, on noble-metal electrodes were found to
show a photovoltaic response typical of n-type semiconductors in liquid junction cells.
In accord with this, dark currents of Cg,,,-mixture films sandwiched between Al or Au
electrodes show a linear correlation with applied voltages at <2 V. Although
photocurrents occur upon illumination of Cgy -, films,? the quantum yields (¢) of
photocurrent at 650 nm of sandwich cells is only 102% virtually independent of
whether the electrode is Al or Au.?

We have found that photoconductive behavior of Cg, sandwich cells depend on
the front electrode as well as on an atmosphere under which the cells were kept.?
Sandwich cells of C, thin film with a front Al electrode reveal rectifying effects and
large photocurrents (¢ < 54%) after storage of the Al/Cg, film under air. The
relationship between photocurrent (Jph) and incident light intensity (P, ) changes from
Jop o= (P) 0% at Py < 3x107 W/em® to Jy, e (P,)*%%#9%% at higher P, suggesting
that the photocurrent is controlled by the interaction of excitons with impurity sites at
surface and near-surface of Cg, in the absence and presence of bimolecular
recombination depending on P;,. By contrast, cells with freshly prepared Al/Cg, solid
films and with an Au or ITO front electrode show little or no rectifying effect but only
low photocurrents (¢ < 1.7%). The large differences in electronic prcperties of these
sandwiched cells arise mainly from formation of a thin AlO, insulator layer.

Another interesting finding is that the Al/Cy/Au sandwich cells showed the
behavior characteristic of an MIS tunnel diode at the reversed bias after annealing the
cells under air. Details will be presented at the conference site.

1) N. Minami, Chem. Lett. 1791 (1991).

2) J. Mort, K. Okumura, M. Machonkin, R. Ziolo, Chem. Phys. Lett. 186, 281 (1991).
3) H. Yonehara and C. Pac, Appl. Phys. Lett. 61(5), 575 (1992).
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Photochemical reduction.of carborn dioxicide

by using ’I‘iO2 powders

A. Muramatsu, K. Ohkawa, K. Hashimoto and A. Fujishima

Department of Synthetic Chemistry
Faculty of Engineering,
The University “of Tokylo,
Hongo, Bunkyo—ku, Tokyo 113, Japan

Carbon dioxide is one of the gases which-causes
the greenhouse effect. Photochemical reduction of
carbon dioxide by using semiconductors, such as TiO2,
has an advantage over other CO2 reduction techniques
in that solar, .energy can be utilized for this process.

Here we report a new catalyst, namely TiOZ/Pd/Cu. for

CO2 reduction. Pd was deposited on the surface of
Ti02 by photo—irradiation (A>360nm), and Cu was fixed
t o TiOz/Pd by electroless plating. In the case of

TiOz/Pd/Cu, the major components formed during CO2

reductiom were CH4 and C2H4: while, H2 and CH4 were

formed using TiOz/Pd. The deposition of Cu caused a
decrease in the evolution and/or increase 1in C2H

production. Comparing the abilities of TiOZ/Pd t o
TiOz/Pd/Cu. the latter is more appealing because it
reduced CO2 to'lla ‘more usefuall compounid, C2H4.

Reference

Z. Goren, I.Williner. et al J. phys. chem , 94, 3784 (1990)
K. Ohkawa, K. Hashimoto, A. Fujisima et al

J. Electrochem. Soc., i1 press
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Ion Transport at the Interface between Ion conducting
Polymer and WOs3.nH20 EC Layer Produced by
Peroxo-polytungstic Acid Method

Y.Li, A.Kishmoto, Y. Aikawa, T.Kudo,
M. Kono*, S. Mori*, and M. Watanabe**
(Univ. Tokyo, *Daiichi Kogyo Seiyaku, **Yokohama National Univ. )

Electrochromic device (ECD) attracts great interest because of the
applicability to display devices and smart window,etc. We found that the
WO3-nH20 layer prepared by spin-coating method using peroxo-polytungstic
acid (W-IPA) showed excellent ECD characteristic. We here constructed all
solid state ECD using a solid electrolyte layer of LiBF4 doped P(EO/PO)
[ethylene oxide and propylene oxide random copolymer triol ] as the ion-
conducting polymer.

The transition current response of the cell to a step constant voltage was
recorded. The currents do not show the Cottrell curve, because the resistance
of P(EO/PO) layer and the interface resistance between P(EO/PO) layer and
electrodes can not be neglected. For this case the transition currents (I) may
follow the equation : :

, I=lo /[ (t/t12)12 + 1]
in which tj is the half-value period related to the diffusion coefficient of
lithium ions in the WO3 layer, the thickness of WO3, and E-x curve (Fig.1).
The experimental current in the short period shows good linearity against t1/2
(Fig. 2). It shows that the coloration process of this all solid state ECD is
controlled by diffusion of the lithium ions in the WO3 layer with the diffusion
coefficient of 5X10-12 cm2/sec.

3.6 : 1
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Organic Electroluminescent Properties of Tetrastyrylpyrazine Derivatives

Masao Nohara*, Yutaka Ohashi**, and Masaki Hasegawa***

* Department of Synthetic Chemistry, Faculty of Engineering, The University of Tokyo
** Central Research Institute, Mitsui Toatsu Chemicals, Inc.
***Department of Materials Science and Technology, Faculty of Engineering,
Toin University of Yokohama

A series of 2,5-Distyrylpyrazine derivatives is one of the most famous monomer groups for
the four-center type photopolymerization which proceeds by repeating [2+2] photocyclo-
dimerization in the crystalline state.] On the other hand, it has been found that thin layers of
several photostable 2,5-DSP derivatives showed a striking electroluminescent behavior in
junction with a hole transport layer. For example, 2,5-bis[2-(1-naphthyl)vinyl]pyrazine
(BNVP) was photostable and showed a strong fluorescent and a striking EL behavior (932
cd/m2 at213 mA/cmz).2

Recently We have extended this study of electroluminescent 2,5-DSP derivatives into the
tetrastyrylpyrazine derivatives (TetraSP). As a result, we found a new series of electro-
luminescent TetraSP derivatives, which shows strong electroluminescence under the forward dc
bias. '

TetraSP derivatives were conveniently prepared from 2,3,5,6-tetramethylpyrazine and a
large excess amounts of the correspo‘nding aromatic aldehyde in the presence of benzoic or
butyric anhydride.

The EL cell with a three layer structure was indium-tin-oxide (ITO) /hole transport
layer/emitting layer/electron transport layer/Mg. For the hole and electron transport materials,
N,N'-diphenyl-N,N'-(3-methylphenyl)-1,1'-biphenyl-4,4'-diamine (TPD) and 8-hydroxy-
quinoline aluminum (Alq3) were used, respectively.

Light emission was observed on these compounds under the forward dc bias with the
positive voltage on the ITO electrode. The EL cell composed by 2,3,5,6-tetrakis[2-(4-
methylphenyl)vinyl]pyrazine (TMPVP) emitted green yellow luminance. By the measurement
of the current-luminance(I-L) characteristics, the luminance was found to be proportional to I in
2. The luminance and the current increased to 4069cd/m2
and 151mA/cm2, respectively with increasing applied voltage up to 28V.  The luminous

the current range above 0.1mA/cm

efficiency was estimated to be 0.7 Im/W at the luminance of 100 cd/mz.
All other TetraSP derivatives, prepared in the present study, were photostable and showed
high bright level of electroluminescence under the same experimental conditions.
TetraSP derivatives was found to be useful as novel emitting materials for the
electroluminescent devices.
References
1. Hasegawa, M. Comprehensive Polymer Science, Vol. 5, Allen, G. Ed.,Pergamon Press.
1989, pp. 217-232.
2. a) Nohara et.al, Chem. Lett. 1990, 189. b) Nohara et.al, The 1989 International Chemical
Congress of Pacific Basin Societies : Physical Chemistry 194, Honolulu, Hawaii, U.S.A.
(1989).
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Perparation of Molecular Films of Polysilanes
by the Langmuir-Blodgett Technique

T. Seki, T. Tamaki, and K. Ueno
Research Institute for Polymers and Textiles,
1-1-4 Higashi, Tsukuba, Ibaraki 305, Japan

Recently much attention has been directed towards soluble linearpolysilanes due to their

unique photosensitive properties attributed to the delocalized o-electron of the Si backbone.
To date, evaluation of these properties has been pursued with bulk materials. It is hence of
particular importance to -conduct an LB study with polysilanes that offers molecularly arranged
ultra-thin films both from scientific and technological standpoints. Difficulty in direct introduc—
tion of hydrophilic moiety in the polymers by the Wurtz-type coupling seems to have prevented
LB works of polysilanes. Quite recently a pioneering LB study has been reported by Embs et
al.! using polysilanes with substituents involving aromatic ether linkage. For amphiphilic polysi-
lanes, two Japanese group have succeeded in preparation of polysilanes well-suited for LB
experiments: Hayase's group? and we® have started LB work using polysilanes having a
phenol and an ammonium moiety, respectively, in the organic substituent. We wish to present
erein our preliminary results on fabrication of LB films of ammonium-type polysilane amphi-
philes and their UV absorption properties.

Scheme 1 indicates the synthetic'route for the polysilane derivative in this work. The

amphiphilc polysilane formed a stable monolayer at the air/water interface. The monolayer
could be transferred by the conventional vertical dipping method at good transfer ratios. The
absorption band of the Si backbone around 300 nm of the LB monolayers exhibited clear blue
shifts as the area per Si unit was decreased. The apparent spectral shift should be attributed

to conformational changes of the backbone from an expanded stat to a more condensed state
at the air/water interface.

. CH,CI ; C|23
e CHzN~CH,3=CH
N~{CH,}5CH, | w
CICH,0CH, t‘:n, CHy P
CH /5nCl,
s Bt M v e
i {-si I
o R S 1 (M=2)
3 CH, ClH
? 2 (m=0)
Scheme 1, Syntheses of amphiphilic polysilanes
References

1) F. W. Embs et al., Macromolecules, 24, 5068 (1991). 2) S. Hayase et al., Polym. Prep.,
ACS, 33, 1105 (1992). 3) T. Seki et al., Macromolecules, 25, 3825 (1992).
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ELECTRONIC PROPERTIES OF SILICON CONJUGATED POLYMERS
AND RADIATION EFFECTS

Shuhei Seki, Seiichi Tagawa', Hiromi Shibata’,
Youichi Yoshida and Kenkichi Ishigure
Department of Nuclear Engineering, Faculty of Engineering, University of Tokyo,
7-3-1 Hongo, Bunkyo-ku, Tokyo 113, JAPAN
* Research Center for Nuclear Science and Technology, University of Tokyo,

2-22 Sirakata—Shirane, Tokai—mura, Ibaraki 319-11, JAPAN

To date, polysilane derivatives have been attached interest because of their curious
characteristics of high photoconductivity and high charge carrier mobility, and these
polysilane's characteristics are great advantage for application for engineering materials.
Generally, when polysilane derivatives are irradiated by several kinds of radiation sources or
exposed to lights, the polymer molecules are excited and electrons in the valence band are
transferred to conduction band, then, polymer backbone become electric conductive.
Therefore, hole carrier mobility of polysilanes can be measured with the method of time—-of-
flight, and the hole carrier mobility showed very high in comparison with the conventional
photoconductor, PVK.

Further it is considered that positive carrier are correlated to phonons in the polymer
backbone, and generate electron—phonon correlation, which is polarons. It is very significant
to investigate the characteristics of these polarons for understanding to the mechanism charge
carrier transport. Polysilane derivatives are basically one dimensional polymers, therefore, if
several number of polarons simultaneously generated on one polymer backbone, the
correlation between polarons can be occurred. In the present study, effects of such correlation
between polarons will be also described from the view point of UV — IR absorption spectral’

changes.
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Fluorescence Spectra and Dynamics of Poly(naphthylmethylsilane)s

Kasumi Takeuchi, Toshinori Torii, Kazuyuki Horie, *Takashi Yamashita
and Akio Makishima
Faculty of Engineering, The University of Tokyo, Tokyo 153, Japan
*Research Center for Advanced Science and Technology, The University of Tokyo

Polysilanes containing naphthyl groups and their model compounds were synthesized.!) Their
rescence spectra and the fluorescrnce decay profiles were measured in order to investigate the dynamic
racteristics of polysilane chains.

Figure 1 shows absorption and fluorescence spectra of 1,3-di-1-naphthylhexamethyltrisilane (INTSi)
yclohexane solution. An emission with maxima at 330 nm and 340 nm was observed when the sample
jexcited at 270 nm, which is attributed to the monomer emission of naphthyl group. Another emission
ind 400 nm was observed when it was excited at 250 nm. Fluorescence lifetimes of 1NTSi monitored at
ous wavelengths are shown in Table 1. The fluorescence decays double-exponentially with lifetime
ponents of 35 ns and 6 ns. The lifetime of excited naphthyl monomer group was determined as 35 ns

\
‘

use the fluorescence yield increased at the shorter wavelength region. The decay with the shorter lifetime
)ns) is due to the emission from the o-conjugation of Si-Sibond. Fluorescence decay with the lifetime of

1 was also observed around 400 nm, which
P."-e P.l’.e Me
Me—ss-§s-§i-Me

e

attributed to the intramolecular excimer
INTSi

escence formed by the rotation of naphthyl _
monitored a1 340 nm

ips around the Si-Si bond during their excited

es. Comparing the lifetime of 1-
hthyltrimethylsilane (1NSi) with that of

gjomer fluorescence of 1NTSi, the excimer

exciation a1 250 nm

excitatior. a1 270 em

monitored at 450 nm
¢

Absorption (a.u.) / Emission Intensity (a.u.)

tion rate by the rotation of naphthyl groups

200 300 <20 500

nd silane chain was obtained as 1.3 x 107 SleviSirihilict

. . Ficure ]  Absorption (......) and Fluorescence () Spectra of
This value is rather small compared to that of ENTSi in Cyclohexane Sofution
di-2-naphthylpentane
: L - _Table | Fluorescence Decay Profiles of I-Naphthylsilane Derivatives
emo), though the Si-Si Compound ey hwod N o Y ~ e
i length is longer than that 330 1.49 337 88.0 1.49 46 120
B, snopesting the 360 0.70 353 71.9 1.93 5.0 28.1
)? » SUgg g : 380 10 35.1 56.7 55.8 48 43.3
C int,eractlon of methyl ' ) 400 33.4 36.6 57.7 159 5.6 423
_ . . 270 420 36.6 36.6 59.0 155 58 41
Ips and/or o-conjugating INTSi 450 513 353 47.1 30.1 6.0 52.9
acter of Si-Si bond. 500 0.82 352 411 6.65 6.2 58.9
E : B 520 3.02 371 37.6 29.7 6.3 62.4
) .Takeuchi, T. TOTU, 330 9.25 36.6 88.4 7.34 6.0 11.6
amashita and K. Horie, 250 420 7.25 31.3 36.0 597 6.1 64.0
520 3.44 34.3 16.9 99.5 58 83.1 .

ym. Prepr. Jpn., 42, 340 420 249 631 100
(1 992) INSI 270 330 6.06 63.3 100

1) excitation wavelength 2) monitoring wavelength
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PREPARATION AND PROPERTIES OF A NEW TYPE ORGANOPOLYSILANE

Hamao Watanabe, Minoru Abe, Katsumi Sonoda, Morihiko Uchida,

Kazufumi Ishi, Kazuya Hatayama, and Masanori Tage
Department of Materials Science, Faculty of Engineering,

Gunma University, Kiryu 376, Gunma, Japan

Linear polysilanes have recently been shown to have versatile properties useful
for functional materials in high-technology as photoresists, organic photoelectronic
materials, non-linear optical materials, etc. Polysilanes consisting of functional-
ized and/or network structures can be expected to show a variety of unique physical
and chemical properties-different from those of the linear polysilanes. However,
only few reports on such polysilanes have appeared so far.

We report the first simple method via redistribution reaction for preparing a
new type of organopolysilane having functionalized network systems by using methoxy-
methyldisilanes, such as (MeO)4MeZS1'2 and (MeO)3Me3SiZ] derived from chloromethyldi-
silanes, C]nMe6_n512.2 Simultaneously, in view of the effective utilization of
disilane resources formed as by-products in '"Direct Method" of methylchlorosilanes,
we were able to convert successfully the disilane fraction in the "pot-residue"
(C]nMe6_n512; bp 150-160°C) into more usable materials as described above. Thus, the
catalytic redistribution reactions of the disilanes were exothermic and proceeded

readily in a no-solvent system or in tetrahydrofuran :

Catalyst

(MeO)nMe6_n512 > Polymers

la: n=4 Catalyst, 2a: Solid (Powder)
1b: n=3 A: MeONa C: H2NL1 E: Na 2b: Fluid

Tc: n=4+3 B: ®BuOK  D: "BuLi 2c: "

The reactions using la and 1b (or 1c) afforded pale yellow solids (vav104) and
resinous fluids (Mw«v103), respectively, which were found to be soluble in toluene.
The characeterization of the polysilanes and the mechanistic pathwa_ys3 for their

formations will be discussed.

H. Watanabe, et al., J. Mater. Chem., 1, 483 (1991).

H. Watanabe, et al., J. Organometal. Chem., 128, 173 (1977).

3. H. Watanabe, et al., J. Chem. Soc., Chem. Commun., 534 (1977); H. Watanbe, et al.,
J. Organometal. Chem., 218, 27 (1981).
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NEW METHOD FOR PREPARING LINEAR POLYSILANES

Hamao Watanabe, minoru Abe, Kiyotaka Nagashima,
Shin Mitani, and Takeo Kojima
Department of Materials Science, Faculty of Engineering, Gunma University

Kiryu, Gunma 376, Japan

Linear polysilanes generally have been synthesized via Wurtz-type coupling
reactions of di-substituted dichlorosilanes with molten sodium metal in refluxing
toluene. The polysilanes thus obtained, however, are usually reported to show
a bimodal molecular-weight distribution and to result in only low yields after
work-up. Therefore, it is strongly desirable to find out a new procedure which
gives the polysilanes having a monomodal distribution in high yields. In the
present work, we have found along this line a new coupling method to make the
polysilanes with good reproducibility under mild conditions.

The new method for preparing the polysilanes consists of the addition of a
dichlorosilane to sodium dispersion 1in a- mixture of toluene and aprotic polar
solvents such as HMPA, DMF, etc., and heating at lower temperatures (40~ 60°C)
for an appropriate time of reaction (2~48 h). For example, after the reaction
using MePhS'iC]2 in a mixture of HMPA/to]qene (1/2, v/v) at 40°C for 3 h, the re-
sulting mixture afforded on work-up (THF—]PrOH fractional precipitation) the prod-
uct polysilane, 4MePhSi}h (Mw 28000; Mw/Mn 4.9; 35%). Similarly, other linear
polysilanes using MePrSiC12, MeHexSiC]Z. and Hex251C12 were obtained and the

results are summarized in Tables 1 and 2.

Table 1. Poly(methylphenyl- Table 2. Preparation of (RR’Si)na
silylene) RR’SiCl, Polysilane
Time (MePhS1) TR DGR wb WA v
(h) Mie? Mv/Mn  Y(Z) Me  Ph® 10 : 5 18000 3.8 59
12 24000 4.0 46 Me Pr 13 ¢« 2 2,000 3.2 32
9 24000 4.3 47 Me  Hex 13 ¢ 2 13000 3.1 34
6 25000 3.9 37 Hex Hex 13 5 2 24,000 2.3 62
3 28000 4.9 35 a)40°C; 20h. b)GPC method using polystyrene
2 23000 3.8 30 standards. c)Time, 48h.

In the present method, emphasis is placed upon the mild conditions, under
which the Wurtz couplings quite readily proceeded, in contrast to the usual method,
to give the polymers. The presence of the aprotic polar solvent (HMPA) apparently

plays an important role which will be discussed in the mechanistic point.
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Preparation of Third-order Nonlinear Material by Vapor Deposition Polymerization

Masataka Kubo, Seiki Kondo, and Shouji Iwatsuki
Department of Chemistry for Materials, Faculty of Engineering, Mie University

[2.2]Paracyclophane undergoes vapor-phase pyrolysis under reduced pressure to give 1,4-
quinodimethane which condenses and simultaneously polymerizes to give linear poly(phenylene-
ethylene) as a tough film. This polymerization technique referred to as a vapor deposition
polymerization provides an unique method for preparation of coating materials.

In this work vapor deposition polymerization of 1,9-dichloro[2.2]paracyclophane (1) and
1,2,9,10-tetrachloro[2.2]paracyclophane (2) was carried out to obtain poly(phenylene-
chloroethylene) (3) and poly(phenylene-1,2-dichloroethylene) (4) films, respectively. Further, their

conversions into m-conjugated polymers, poly(phenylene-vinylene) (PPV) and poly(phenylene-

xylylidene) (PPX), respectively, were investigated.

Cl '
O e, () = {Oroor}
@ Cl n -HCI i
Cl » PPV

3

heat or base
@CH CH7\L @C C—>
2HCI

Compound 1 was sublimed under 0.1 mmHg and was pyrolyzed at 450 °C. The pyrolyzed gas
underwent spontaneous polymerization to give 3 as a transparent colorless film in guantitative yield
when condensed on a glass surface at 0 °C. It was found that 3 was converted into PPV by the
thermal dehydrochlorination reaction under nitrogen at 300 °C.

Compound 2 gave a film of 4 in 20-30% yield by the vapor deposition polymerization.
Selective dehydrochlorination reaction did not take place when 4 was heated under nitrogen at 300
°C. However, dehydrochlorination reaction took place completely to give PPX at the surface of the

film when 4 was treated with tBuOK in tBuOH under reflux for 36 h

REkE: - (35 FUTF)
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Superplasticity in Metallic Materials

Kenji HIGASHI

College of Engineering, Department of Mechanical Engineering,
University of Osaka Prefecture, Sakai, Osaka 593, Japan

Abstract

Superplasticity is the ability of a polycrystalline material to exhibit, in a generally
isotropic manner, very high tensile elongations prior to failure, which is
proposed as a working definition for a phenomenon by T.G.Langdon and
J.Wadsworth. The highest elongations reported are 4850 % in a Pb-Sn eutectic
alloy, and greater than 5500 % for an aluminum bronze [Cu-10Al-4.5Fe-6Ni-2Mn;
by wt%], which can be superplastically deformed at 1073 K and 6.3 x 10-3 s-1,
Recently, a maximum elongation of more than 8000 % is recorded, as shown in
Figure 1, in a commercial aluminum bronze [Cu-10.5A1-5.2Fe-5Ni-1.7Mn] which
is deformed at a high strain rate of 4 x 10-2 s-1 at 1123 K. From the microstructural
aspect of the fact that almost superplastic materials contain fine grain sizes of
less than 10 pm, the most important requirement for superplastic flow is the
refinement of grain size in materials.

The phenomenological equation relates the superplastic strain rate to grain size,
flow stress and diffusion, is given as follows:

%zK(%) %)p (1)

where € is the strain rate, D is the diffusion coefficient, K is a constant that is
principally a function of the deformation mechanism, d is the grain size, b is the
Burgers vector, p is the grain size exponent, n is the stress exponent, ¢ is the
stress and E is the dynamic unrelaxed average Young's modulus. The knowl-
edge of parameters of n and p allows the elucidation of the rate-controlling mech-
anism. In general, n is nearly 2 for super plastic region when grain boundary"
sliding is dominate deformation mechanism and p often takes on values of 2-3,
which depends on the diffusion-controlled mechanism.

Very recently, superplasticity is found at very high strain rates of more than 1 s-1
[labeled as positive exponent superplasticity] in mechanically alloyed aluminum
alloys which consist of very fine grained structures of 500 nm. A mechanically
alloyed IN9021 alloy exhibited a maximum elongation of 1250 % at 50 s-1 at 823 K.
These mechanically alloyed aluminum alloys contain a large amount of very fine
oxide and carbide particles obtained by the mechanical alloying process. Due to
the pinning effect of these fine particles, a fine grain or subgrain structure with
near nano-scale is often obtained for superplastic deformaticn. The new genera-
tional superplasticity in metallic materials will be discussed in the present work.
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Figure 1;  Exceptional superplasticity in an aluminum bronze
pulled in tension at 1123 K to an elongation of 8000 %.



APPLICATION OF HYPEREUTECTOID STEEL FOR MANUFACTURE
OF HIGH STRENGTH STEEL WIRE

IKUO OCHIAI
Kimitsu R & D Lab., Nippon Steel Corporation
Kimitsu-1, Kimitsu City, 299-11, Japan

In order to extend the application of hypereutectoid
mass?%) from a limited sphere such as needles, tools, etc. to high strength
steel wire products such as tire cord, saw wire, spring wire, etc., the
relationship between the microstructure and mechanical properties of hyper-
eutectoid steel wire has been studied and then the optimum patenting condi-
tions to obtain the microstructure which has excellent drawability and a
high work hardening rate during drawing have been investigated. Based on
the results of the above basic research, higher strength steel wires with
small diameter have been manufactured on a production basis.

1) Provided that an appropriate cooling rate corresponding to the
content is secured,
can be prevented.
In the practical patenting temperature range, the cementite
thickness as well as the pearlite lamellar spacing decreases as
carbon content increases.

The work hardening rate during drawing and the delamination resistance
is enhanced through eliminating the upper bainite in pearlite.

The maximum strength of 0.04 mm wire manufactured from 0.96%-0.2%Cr
steel without delamination occurrence has reached to as high as 5.70
GPa.

steel (C20.90

carbon
the precipitation of thick proeutectoid cementite

2) plate

the
3)

4)

Table 1 Chemical composition of steel (mass%)
C Si Mn P S Cx Al
0.96:::0.2);- 0:30..0.005:. 0.003 .0.21 --0.001

6
\
O\ 0. 96C-0. 21Si-0. 30Mn
— o =0,21Cr
\O
f‘v\ o
&S 5
=
=
s |-
1
2 \
'z 4 >
& s \43
— N
N \$3
[ N
Eutectoid steel A \\3
(Piano wire) ®" .
3 ) frite Lo £y 0)
0.01 0.1 1
Photo. 1 SEM micrograph of 0.96%C- Diameter(mm)
0.2%Cr steel wire patented
at 575°C. Fig. 1 Tensile strength of hyper-

eutectoid steel wire.
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ENVIRONMENTAL EMBRITTLEMENT OF POLYSYNTHETICALLY TWINNED (PST) CRYSTALS OF BINARY
AND SOME TERNARY TiAl COMPOUNDS

H. Inui and M. Yamaguchi
Department of Metal Science and Technology, Kyoto University,
Sakyo-ku, Kyoto 606, Japan.

Environmental effects on the room-temperature tensile ductility of binary and
some ternary two-phase TiAl-based compounds have been investigated through tensile
.tests conducted in four different atmospheres at strain rates in the range of
2x107%- 1x10-' s~ !, using the so-called polysynthetically twinned (PST) crystals of
TiAl, in which only a single grain with the TiAl/TisAl lamellar structure is
contained. As shown in Fig. 1, while the vyield stress of the binary TiAl PST
crystals is insensitive to test environment, their ductility is sensitive to test
environment. It is higher when tested in vacuum or in dry air than in air or in
hydrogen gas. A tensile elongation as large as 56 % was observed when a binary TiAl
PST crystal, whose lamellar boundaries are inclined at 31° with respect to the
tensile axis, was tested in vacuum at the lowest strain rate. The environmental loss
in ductility decreases with increasing strain rate. The enviromental embrittlement
on the ductility of the binary TiAl PST crystals can be interpreted in terms of
hydrogen embrittlement.

The fracture mode of the binary TiAl PST crystals also depends on test
environment when tested at lower strain rates, as shown in Fig. 2. When the
environmental loss in ductility is large, that is when tested in in air or in
hydrogen gas at lower strain rates, the binary TiAl PST crystals fail by
cleavage-like mode with a habit plane parallel to the lamellar boundaries. Otherwise
fracture occurs across the lamellar boundaries.

The ternary TiAl PST crystals containing Mn, Cr or Mo exhibit higher ductility
than the binary TiAl PST crystals when they are tested in air, although the ternary
ones show lower ductility than the binary ones in vacuum. Fracture in such ternary
TiAl PST crystals occur across the lamellar boundaries regardless of test
environment. Thus, the addition of alloying elements such as Mn, Cr and Mo seem to
be effective in reducing the environmental loss in ductility of TiAl PST crystals.

The work is supported by Grant-in Aid from the Ministry and Education, Science
and Culture for Scientific Research on the Priority Area " Intermetallic Compounds”.
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Fracture Toughness of Ce0;-Containing Tetragonal
Zirconia Polycrystals(Ce-TZP)
M. Ashizuka, H. Hokazono (Kyushu Institute of Technology)

Y. Kubota (Tosoh Corporation, Tsukuba Laboratory.)

+ ) TERIMEAS Y v a =7 (Ce-TZP) D B i & 4 it
(MLILR)AEZERE., GOARRE. EY — - REUHERSZ

Tetragonal =zirconia polycrystals containing CeO,(Ce-TZP) have been of
considerable interest, because it was reported that they had large fracture
toughness above 20MPa - m!“2? and furthermore did not exhibit the degradation of
strength even by long period of thermal aging at 200° to 300°C wunlike
tetragonal zirconia polycrystals containing Y,05(Y-TZP). In this study,
fracture toughness of tetragonal zirconia polycrystals containing 12mol%Ce0,
was measured by a SEPB technique at room temperature to 300°C and was compared
with already reported values. Young’s modulus was measured by a flexural
reasonant vibration technique. Zirconia powder containing 12mol%CeO, prepared
by a coprecipitation method was pressed isostatically and sintered at 1500°
(Z12C-1 ) and 1600°C (Z12C-1II ) for 2 hours. Figure 1 shows the dependence of
fracture toughness to temperature. Kic of Z12C-1 and Z12C-II at room
temperature are 6.4 and 6.7MPa-m'”/2,respectively. That' '4s, Kie of Z12C-II
with a large grain size was larger than that of Z12C-1 with a small grain
size. Their fracture toughnesses decresed with increasing temperature.
Anyhow the high value as 20MPa - m!“2 was not obtained in this study. Fig.?2
shows the dependence of Young’s modulus to temperature. The effect of grain
size on Young’s modulus was not recognized. It was estimated from SEM-
observing fracture surface after measuring strength that the fracture modes in
Ce-TZP were the mixed ones of transgranular and intergranular fracture, and
the proportion of transgranular fracture mode in Z12C-II with a large grain

size was larger than that in Z12C-1 with a small grain size.
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Fig.1 Fracture toughness Kic Fig.2 Young’s modulus E



IMPROVEMENT OF THE MECHANICAL PROPERTIES OF
Mo,NiB, BORIDE BASE CERMET BY Cr ADDITION

Shinya Ozaki, Yuji Yamasaki, Masao Komai and Ken-ichi Takagi

Technical Research Laboratory, Toyo Kohan Co., Ltd.
1296 Higashitoyoi, Kudamatsu 744 Japan

High melting point, high hardness, and electrical conductivity are characteristics
of metal borides. In spite of these attributes, borides are latecomers on the scene and
application are limited. Quite a few boride base cermets was intensively studied in
the past. However, the mechanical properties of boride base cermets were not ac—
ceptable until recently, due to the formation of brittle third phases and poor wettabili—
ty between a boride phase and a metal binder.

A new type of Mo,NiB, complex boride base cermet developed by the authors
consists of a Mo,NiB, type ternary boride as a hard phase and a nickel base binder
alloyed with Cr, Mo and other elements, both of which are formed by a boride
forming reaction during liquid phase sintering. The new cermets have exhibited good

mechanical properties and excellent wear and corrosion resistance.

Mechanical properties of the new cermets were studied by using Ni-6wt%B-

58.6wt%Mo-xwt%Cr model cermets with five levels of Cr content from 0 to
20wt%. The maximum transverse rupture strength (TRS) of 2.3GPa and a hardness
of 87 R, is obtained at 10wt%Cr content. The structure of boride phase changes
from the orthorhombic M;B,(M:Metal) to the tetragonal M;B, and further to the
tetragonal MsB; with increasing Cr content. High TRS value at 10wt%Cr is attribut—
ed to the formation of the tetragonal M;B, boride, and absence of third phass.

It is concluded that adoption of the new sintering technique of boride forming
reaction sintering results in an ideal two phase structure of the new boride base
cermets. Moreover, Cr addition causes the structural change of the hard phase from
the orthorhombic to the tetragonal M;B, and improves the mechanical properties of

the cermets greatly.
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Preparation of Antibacterial Phosphoric Double Salt Contained Ag*
OlZen'ichi Yamada, Satoshi Takeuchi (SINTOKOGIO, LTD), Yoshihiro Kani(TAIHEI
CHEMICAL IND.CO.,LTD.)

(B2 ] FFE. FELBWIRKEDERALLERFEDERLEICLD . —FEHhlESH EN
FHLESL->TBY . 2ORARHPBESEINTWS, L. BECEET HFBRDIER

. FESE. REFREAVUTREEZEORESED D . Thicflbs L e L TEEHEEKICAGT
- (Bug/dw® ORETEELHEYREZ RS ) 2HFLLEBHEAY. 25RO TEN
o, FHINTWS, BELSEIAN 7L BHRRUTIVESZILZEE LY VBE
5 [(Ca,Zn,Al)10 (PO. )6 (OH)z ] A%, Ag* ZBDTEHEERICHEREFTL . POKFTAT 2%
BIBIELERHELLE2, ZZICERFE. A0 BHBEFIZOWTEHETS.

[958 ) Inig L7 ~BE/KE#ICCa(0H)2 . In0 BIXTFAI(OH)s 2FML TRIGE 7. 155
NRAFY—2FBICHH L THLLE=IINVIECAN . THRICTHBEESEZEn L T4865REIsA L
T VBBEEZARLL., Z0HKE - 8L . &%, BBELTHRELL.
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High-Temperature Stress Corrosion of Silicon Nitride Ceramics
in air

Yu.G. Gogotsi, G. Grathwokbl

Institut fuer Keramik im Maschinenbau, University of Karlsruhe,
D-W-7500 Karlsruhe 1, Germany

Silicon nitride ceramice show enhanced -oxidation rates
under load in air. This phenomenon was observed for porous and
dense ceramics with and without additives in a wide temperature
range (700-1450°C). Streasses cause an alteration of the amount
and tomposition of oxidation products, formation of pits and
cracks on stressed parts of specimeng, and changes o©of the
surface coloration and oxide scale morphology. Both tensile and
compressive stresses can affect the oxidation process. The
stress-enhanced oxidation of silicon nitride-basea ceramics is
often accompanied by a direct influence of the oxidation on the
material responce to mechanical stresses as, e.g. deformation,
cavitation and cracking. The stress-enhanced oxidation of
Si;Ny-based ceramics results in different behaviour and
mechanlisms depending on the temperature. Three different
stress-enhanced oxidation regimes can be identified: low
(700°C<T<1000°C), intermediate (1000°C<T<1300°C), and high
(1300°C<T<1450°C) temperature. This phenomenon is sinilar to
stress corrosion cormonly observed ' in metals and can be
interpreted as stress corrosion. in oxygen~containing
environments. Stress-affected diffusion at high temperatures’
and stress-sengitive chemical reactions at lower temperatures
seem to be the main reasons for the susceptibility of Si,N,
ceramics to s8gtress corrosion. The data obtained allow ¢to
conclude that high—temperéture stress corrosion offers an
impending danger for the Si,N,-based ceranmics.
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fiydorothernal Synthesis of carbonate-Containing Hydoroxyapatite Fhisker

OAyumu Shimoda", Hiroyuki Suda, Masatomo Yashima, Masato Kakihana, Yasurou Ikuma®, Masahiro
Yoshimura (*Kanagawa Inst. Tech., Tokyo Inst. tech.)
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Precise Determination of Lattice Parameters of Hf02-Y0; . s Solid Solutions
OTeruo HIROSE , Masatomo YASHIMA* , Masato KAKIHANA% , Yasuo SUZUKI and
Masahiro YOSHIMURA% (Meiji Univ., #Tokyo Inst. Tech.)
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TRYO, sMEDNM&ILIc adhidigin. 0 5 10
ci3MOLT—HLTET, EHRH mol% YOis
(i c /a) WP LA T oD
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A New Fluorite-type Solid Solution in the R-Ta-Zr-0 System (R=Rare Eearth)
OVYasushi Kobata®, Shin Kim, Masatomo Yashima,Masato Kakihana, Yasuro lkuma®.

Masahiro Yoshimura (Kanagawa Inst.Tech.”. Res.Lab.of Eng.Mater.,T.1.T)

() B2 RB3\|E. HELEBIAY (Yb203) L Tae0sDRICEBWTHE T80mol%Yb20s{TiFic
HERBEBAESEETALE2RBLTVWEY,, $ABEOHELD, Yb01.s& 210D K
BOWTLEWHRE CHEBEBEVBEET A2 EHBLLr>oT WS, LH» LYb01.s-Ta0z.5-2r02
DETHRICBF I2HLGHOERFERBBEALASHATVWE Y, I TAPWRTIR., MEE
BRUBRREI L DIT00°CIc B 5Yb01.5-Ta0z.5-2r0 R D HAH O LRI Z R L 7o
{EERAHE) Yba0s ({SEEAILF. M >99.99%) | Ta0s (ZHE&BILE, HME>99.99%) .
Ir02 (Y —. ME>99.9%) MIEXLDOSHAKPTA Y/ -V EMALBRARVERB®R %
CHELEGHIBHMEA L. COREGMEKXEZ—8WMEL THEBRIT~Vv» FELI1350CT
24 BREIBMHERICE o CHMERH LAEBEURE L200MPaTELFE 7 L 2% 1700°C T 28
RImE L CHREE S L, 33t/ YT — 242 —VHEEHVCEENELKEH
RETREBLT, ChHEBRBLANVIAREZERLLL, EXHOERMER x BEFICL-> T
BELIEFERORE ST - %o '

(ZEBRUEE) BRIABVBKETF AV PEEICB VT Ybo.sZre.s01.75, Ybe.75Tae.2501. 75 D
BTOWFh b HEH—HSEONBEONARVR2OLUAMOBFR E—K Lo YbO1.s-
Ta0z . s-2r0 B ABIICB I 2 HEHOERMABIBFig LICRT L D ICYb01.5-2r02Z TR
5Yb01.5-Tal0z.s —mRiCOLHDLEWVWEBHAIKEFEL TWi, . COHAEHEIIYDTa04ad 2
WRIEHAEFRDI0EfEFT B EBbh ot ANV PRETOHGHEHSIEWHEE TAHER L
720 Ybe.sZre.s01.75-Ybs.75Tas.2501.75s Mt RicE T 2 AV P AM O FEE EFig. 2iC
RY & DIcYbe.sZre.s01.7sD K » S Ybe.75Tae. 2501 . 7s DK T THEEN WML TW 1,
IDEMARGHOARER LR TFERRV IS CRETHRABOLE LRI L TV 5,
1)Y. Yokogavwa, M. Yoshimura,and S.Somiya,Solid State lonics, [28-30]1250(1988).
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" Solid Solutions, OKatsuya Ohtake, Masatomo Yashima, Haruo Arashi®*, Masato
Kakihana and Masahiro Yoshimura (Res.Lab.Eng.Mater., Tokyo Inst. Tech. #Res.
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Low Temperature Synthesis of PbTiOs Powders by Polymerized Complex Method.
O0samu Uchiyama®, Masato Kakihana, Masatomo Yashima, Yasuo Suzuki®, Masahiro Yoshimura

(Res. Lab. Eng. Materials, Tokyo Inst. Tech. ;Dep. Eng. Chem.Meiji Univ.®)

1. $$5 : $EEAER. EBR-4F RV A NVFE VvBEAE 7Y o - LRGP IC YRS L%
AINRMEET A EICED, HHOBHOESRBA A v, 5L ICHBEMLAHBEESE (=2
FMERIBIC X ) 2EK&E, ChzBNBET 2 LItk » CEMEBE, S9—#to+5 1,2 %8
FEE2bDTH b AETRBEBEDBRERL VIV - ¥ VETORKIREBIZICE T 5 &K 1B S
OARE—HHHOMBRZEZBRMCEIRICAKENFELBH 2" SR COAHEZEZM VT PbTi0: OE
BERALDTHET 3,

2. EBRAE T, F9=9LF 54V TaBlF+F (Ti(C3l10)s) ZxFL s Yya—n
-7 X VERAIRICIARR S ¥, IRICKEBESY (Pb(CH3C00)2 » 31120) ZARRE ¢ 2, & DK% NS i 5E
L. YT RFMEEHETEN T, EEBHOY VA28, ChZE & SIT 350°C CNESIRI YT
BonREORBAMEZDLD S IMPTHIE LK. 400°C 3\ id 500°C C 2h KT 5 C
LD BRBEBOMEER . CORHBOKEZLZ XRD ICL DI L, /-, HMEESEOHEH
THAXFLvryZYa—- ez vBAEASS B ENTREOHEICDWTb—2 A -9 —%
AOWTRIEEZB L - 7o

3. R : Figl KB, =F vy s YVa—n—sx vBRESTRHIEOERATEOEREZRL 720
CDEHIE, FYVZXAFVERIBREOLREEBICHEITLTWE EEZONS, £, ALK C
OEBAA Y (Pb,Ti ) DA-RZFLY I Ya——7x vERKHEDOINRBE T LISED LA
BRI NRY 22T MEBERICEZ > TW3EEXL SN %, INA T, NABEOM. BELKED
FETHEDOTRBAA YRBIFTH LTS FREDIRY— ML TCWEEEL SN S, F7:400°C
LS00°COBERKTIFONIIIERD XRD /89 — ~ ( Fig.2 ) L DACOBERTIE, 1 T7ELT 7 R
BE-ATWVWBHDD 500°C Tid PbTi0s AMKBFICRIEE M2 POOE—2 b RO FERMEOE L
IEB&ERD PbTi0s MIEME oo COLIREBTHOMEMMT PoTi0s NAKRTELI & b,
BOoNERTTSrVHAOERBA A VI — LB LTV b EEL LN S,

1) M.Kakihana et al.,Physica C173(1991)371.
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Fig.1. Viscosity of a 1:2 molar ratio of

citric acid:ethylene glycol solution as
a function of time at 140-145°C .

Fig.2. X-ray diffraction pattern of PbTiO..
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AREGFEREBTIAL FADCaTi0, fER
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Protective CaTiO3 Coating on TiAl by Hydrothermal Electrochemical Method,
OWataru URUSHIHARA, Masatomo YASHIMA, Masato KAKIHANA, Masahiro YOSHIMURA,
(Research Laboratory of Engineering Materials, Tokyo Institute of Technology)

(HM) BEASEMBEME L LTHBEIATVATIAIR., S§BIcBIT 2L %
EF 510, BARKXREULUEBRAONTWVWS, AR, KBLUBRE U KBBSLF
M L DTiIAMEICEEF 7 vEB{LYELSERIEETH 2L E2HELTETVWS D,
SEIZ., TIAlOEEMEBILHEOREZHNME LTTiAlLiCaTiosE2FR LD THE
T 5,
(EZBHE) B LFEERMEROTI-3TwtYAIDTIAITSH D, 10X 10X InmD K ¥ ic
oL, =2y —E#KICLD30000RAE L ETF & Lico KBMEBRUKBRBKILF
RLFE 1. 0.25~1.0NONaOH & B R DCa(0H) 2 & DBEKBEEH VW, A — b2 L —THE
fic T, BE200°C. EH#2. 0MPaT LA 2 1~ RHIANE L, A KBABILFEL
BTk, TINZBEB., PtERBIC L TEBREEIS~25nA/cn?0BRHZH Lico /. 4
Hraiko@BR®AE. LERORXBMERDOXRDAI. SEMBIEL2To7c, {FRIL K
DTIADOEBEMBILE~DOHEEZFARS-HIC, 300°C. AKPicTE R LEk{LER%E
T, BRILMBERAIE L, . BILBEOABMREOXRDOH. SEMEBEZ2IT-
o :
(EB) TiAM2 LICOREKBKDT T, 200C T2 /KBMEZ TS & CaTi0sz%
SUBOAERMBEDL S, LhLL, EBZE{L» S A2 LAERKRLCaTiOsREBTH D .
HEXRDTHHVWE—27 LB EP 70 —H. TiAlZ LRROBRESKAKSD T
20mA/cn?DBHZFH L T20CT1HEOKBMBI/ACFLEEZITH> &, BHS»ICCaTiols
EEOERBED SN, COMEBETIR. NaOHO LA KREBE (0.25~1.0N) itBWT
CaTiOaEMEMAER Lic A, 0.5~0. 15NOEEOBESI, AECTCREOSERENERK T
ZEMBSEMBEID Ao feo TLBUBOSEMBEICINE.,. BERE L mTH
5720 £1:Ti0ns Al203l X RDAHIC L - THR
REENE»L-T0 15 il non~:lozledlikl
CaTi03%2 a2 —F 4 ¥ 7 LTiAlO& bR LEk{L — o~ CaliOs coaled Tkl
EBik BBACMEE . LLATICHE L 7BaTios, e ali o
SrTiOs2 FNFha—F 4 7 LETiAl, 23 —7F
A YT LTOVWROWTIAIOER EH]ICFig. 1 IERT S
oD —5 4 7 bTiIAlOFEMEBILE D
BElicEs5LTWEN, CaTidg2a—F 4 7L
EBEN LI DEVWERMELEZRL o FICER
{bmilic kit BFELLRIELTWVWS,,
iE . CaTiOsf8 (¥ u m) HBaTiOs3®SrTi0sf#
(Enm) TWEWLHTHEI3EEILOSNS,
3L ORI RTED S EMBE I I NI, 0
CaTiOxD BB OWIRE T S TiODFERMBED

-

at 1173K

= v = BaTi0; coaled TiAl

/gm?

—
o

Weight gain

o
T

EBoTVWBEOMBS SN, LikH>TEDE Oxidation lime. 1 /h
O W L CaTi 0508 % A B & ¥ Mg AL Fig.1 Weight gain due to cyclic oxidation
ks knmEbEdddboiifiah s, of the TiAl specimens coated with CaTiOs,

1) kiB. \B. EIE. & : BRERF R E SrTiOs or BaTiOs and without the coating.
BLZE (1991.10).322
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Synthesis and Property of High Purity R-124 Superconductors.
OShigeru NISHIO, Masato KAKIHANA, Masatomo YASHIMA, Masahiro YOSHIMURA,

(Res. Lab. Eng. Hater., Tokyo [nst.Tech.)

Hiromasa MAZAKI, Hiroshi YASUOKA

(Dept.Hath. Phys., Natl. Def. Acad.)

80K7 5 2 DB {mE {AYBasCugl0x (x=8: LAFY-124&B8) REEAXRBEMN DL,
FTLEFABEZHF LR VEVWIRAT,. EREFNICRIBECEVWVEELER 52, &
i, TeMIREEALT W L, EENEE.EH»S. BEURAEBE S h L,
MEDPERFZEREFICEHARLY-123 (YBazCu3z07-x) D b, BEEICHTIEVAR
BEONIAEENS Z, FIlAIEE. CCTYY S ta2thoFLHE L CEERA S
CEBHENRE, AF VEROYIH. RUBBECREITHELRENICHEKT 3
CEDBHKkB EHMFEIH B,

L LZDAKRAKLEICHET, HiIcR=YUANOFLHETETR. EET TR b
tro, BEEBMEZERAWVT (0,-HIP Technique) T DS HRBRKETE 3 L~
CREZELTEBLT., AV EZRKBLEUHBTERYTDLDRATLWEEALE L,

SEIFARBBEEEAGEL0-HIPEHAL. FECHEOFEVR-124Y vy T L E2E
e Btk Lz, BAESELER. €B -7 vEBEKEzFL Y7 Y o
— W HhoNRBZEYT—ERNREIBBEERCLIVAEBERKREER T 2 H5E T,
KA THEB BRI L2 TR EREEOARICKRERBNEREST 2 &
EHEEhTWSE Y,

COMEEREKRT Z LI L TERMBR-124Y ¥y T VBB SN, Fig. 1,2
DobohrEI LAY RBERBENT, T ABCEEBRIFEFTICY v+ — 7
ThoBEZEHEEZEATWVWHE W, FDonsetBFERELZFHBAE» 5. Y. Er.
Ho. Dy®dJEic81.3K. 80.9K. 80.7K. TT.2kEHEBICREES N COHERIZ. Te
A YHBREOHBMARKICKE->-TTBTIEVWIRFEOHEELZIETE D LK - 12,
D tRFh, BrREAEVH—TRIEEOESVWHIIREB X EZEKRT 2 HE &
LT, EBIENTHBIEERERTHIDTH %,

ME 0-HIPLEZT - TEVWAHFHBHOBRICE RAEL £ 7,

1) # X M. Kakihana et al.,Physica C173(1991)377-380.

Fig.1 X-ray diffraction pattern of Ho-124
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Fig.2 Real and imaginary components of x vs. temperature
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Preparation of Superconducting Thick Film by In situ Reaction between Cu0
on Silver plate and Rapidly Quenched Bi-Sr-Ca-0 Film.

OK. Nozoe, M. Yashima, M. Kakihana, M. Yoshimura (Res.Lab.Eng.Mater, TIT)

(EE) BERAOMRZETHR.,. BEABLAERLORGA2FHLCBiIRBREER %
BT A7 ARD2VTRHLTVED, fAZERELTHVAEAIRE., M 0Ed
KERTH2HMoOBIbick » THRIEFAVPAERT 2D CRIGICHERBRILE OR % BE{L
THILENTER VW, TCTAMATR., BRECHEFROHF LD & LT, T EZEIK
ELTHERBLORBIRI - THBEREEBREER L, /. Do 5HMoBEEAL
ERBIERE-T, BEKBEOREBILFAOBORBLIL %2 R0 12,

[E8AHE) EE¥AEK (Big0s, SrC03, CaCl3)

%Bi-Sr-Cad ARk M2-1-1iIcE 3L HSIKBEASL

BIRICET T 50 cEXes v 7ERBE T 5 T

T—7 4 - VFERTRELMAL T 05 % (c;860"cc: 2:::2:235::25
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Hydrothermal Synthesis of PbTiOs Thin Film, /O Woo-Seok Cho, Masatomo
Yashima, Masato Kakihana,Masao Kumagai*(KTF*) and Masahiro Yoshimura
(T.1.T.)/Films of Pb-Ti double oxides have been prepared on Ti sub-
strate by hydrothermal method. Films of PbTiOs were synthesized from
KOH solution added Pb(OH)2 between 0.01-0.07M Pb(OH)2 and 0.1-2M
KOH. The PbTiOs grains grew from 0.3 to Sum in a <cubic form when
the concentration of KOH was increased from IM to 4M at 0.07M
Pb(OH)2. Also, a thick layer consisted of larger PbTiOs grains has a
tendency of peel out of the substrate.
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Improve on ionic conductivity of Tithium phosphate glass
(LiC1-Li20-P20s)

OMasaki Horiuchi, Tadanori Sei, Toshio Tuchiya

(Faculty of Industrial Science and Technology, Science univ. of Tokyo)
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Embrittlement of Aluminum Alloys Affected by Impurity Hydrogen
(CHiroshi Okada (Doctor’'s Course, Graduate School, The University of Tokyo),
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Mechanical Properties of Inorganic-Organic Hybrid Materials
K. Yagi, T. Yano, A. Yasumori, S. Shibata and M. Yamane (Tokyo Institute of Technology)

1. Introduction Optical glasses and transparent plastics such as PMMA are now widely
used as optical components; lens, optical memory disk and so on. Glasses are brittle and
plastics have poor thermal stability. Recently, by aiming at improving their insufficient
poroperties, sol-gel techniques have been proposed to be a proper tool for incorporating
organic components into inorganic matrix (1.

In this study, various composites are prepared by sol-gel method, and the effects of
incorporation of organic groups into SiO2 matrix on their mechanical and thermal properties
are investigated.

2. Experimental Composite samples were prepared using tetramethoxy silane(TMOS) as
a inorganic source and 3-glycidoxypropy! trimethoxysilane(GPS), bis-trimethoxysilylethyl-
benzene (TMEB)as organic sources. Structual formulae of these materials are shown in
Fig. 1. Samples were obtained by hydrolysis and P,

subsequent polycondensation using hydrochloric H’Co'j;'C‘EH:)"O'CHTC\H(')C/HZ

acid as catalyst. Gelation was carried out in an GPS((3glycidoxypropyltrimethoxysilane)

Teflon container at 60 °C. Samples for bending (CH30)3Si-(CH3):-@(CH;):-Si-(OCH_,)j

test are parallelepipedic bars of 3 x4 x 36 mm.  TMEBOis(rimethoxysilylethyhbenzene)

. . . Si(OCH;)
Stress-displacement relation of these composites ngos(l-;,:amemoxysi,ane,
were estimated by the 3-point bending test, and Fig.1 Structural formula of raw materials.

thermal stability was done by thermogravimetric analysis (TG).
3. Results and Discussion  The composites are highly transparent and open pores were
not detected by BET method. In Fig. 2, stresses of the samples are shown against
displacement by loading. The GPS composite and SiOz2 dry gel were fractured within the
elastic limit. The TMEB composite sample was, however, breaked after plastic flowing.
The higher improvement in mechanical strength for TMEB composite than GPS composite
is attributed to the different bond form and structual difference: one side connection to Si in
GPS, and both side connection to Si in TMEB. Moreover, TMEB involves the benzene
group with strong bonding energy.

TG curves for the composites are shown in Fig. 3. For comparison, the data of PMMA are
also plotted. The drastic decreases in weight for PMMA, GPS and TMEB composites

started at temperatures of 300 °C, 350 °C and 550 °C, respectively. Both of the benzene
group and the SiO2 part contribute to the good thermal stability of the TMEB composite.

100 =
100 — ~ » \.\
TMEB ® 80 ~

=80 s T T GPS
& 2 60 ' R
~ 60 & - \\ TMEB
£ GPS = $0 \
w o -

40 Y £ '

4 -~ &8 i \ PMMA
20 —17,, $i0, dry gel 5 " : : Y e e 4 |
0 AN ) | y | 0 100 200 300 400 500 600 700 800
0 1 2 3 Temperature (°C)

Displacement (mm) Fig. 3 TG traces of hybrid materials and PVMA.

Fig.2 Stress-displacement relation
of hybrid materials and SiO, dry gel.

Reference (1)H. Schmidt, J. Non-Cryst. Solids 112(1989)419.
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Optical Properties of Rare-eath-doped Fluoride Glasses
(Univ. of Tokyo, NIRIM*)OKohei Soga, Hiroyuki Inoue, Satoru Inoue* and Akio Makishima
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[£% 3CHK)1) S.Todoroki et al.: J. Non-Cryst. Solids, 136(1991)213.
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Synthesis and Optical Properties of TPPS-doped silica gels by Sol-Gel Process

(Univ. of Tokyo) O K.Kamitani, M.Uo, H.Inoue and A.Makishima
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FHHBEHEM BB VTR, XBESS>FORABOI Vo BENEETH S, TPPS k7 x b
FIANK—=LV A==V (PHB) BB 2T T ETHONAT VWD, KL 74V VREBYFO
—fETHHN, KEEF MY Y LOFEMCED, PHB FEOoREBTO V) HEFEEF~D Yy
HMRETEEE 3 b T3, LHL, TPPS EDOXKBHEDRLTZ 4 ) ViR (4 A VEE
DRKEVABPITCR-BEPERLEVI EROLhTWE2, 22T, XFRTWE, TPPS O
SEREBI T AAEIEF V) D LAOBERPRNTIZERXEN L L .

2 %5

TMOS (Tetramethoxysilane), 7K. A X J —LAZENLET 1:2:2 K2 L5, N4 7NL¥EH
TEREL. W2 HBEBAL =%, TPPS-Na(Tetraphenylporphinetetrasulfonic acid sodium
salt) EKEEILF MY D LADKBHEHRFETFL, 100l E—H—KHLBEL, ¥ ik, ER*1T-
e BEAL ERBOBRE, ¥R TRTNCOIEEBFTIToRk, TPPS EXKEIELF MY D AD
E* T2 THBOR RS VECOVWTHERNERT - .

3 #E

Free-base TPPS OB BEDOBRHEF TCOWRINARY b % Fig.l €HRT, RALT74 Y VHRD
HE4y Fik. 400-450nm £ 480-700nm 3 H &, FhFh Soret #. Q #H & MFiEh B RINE A
FEL, —BEOERC LD Soret HFOBFERMCE—IRB/hI3T ERAHMOLATVWED, 2
T, KEEEF MY D LADFEMBEMNERRZRAECDOWT TPPS-Na OB # &1L &€ T, Soret#
DARYT bNLVOELZTHRZ, Fig.2 WKEEILF b)Y LDFEMEA TMOS Imol R L T 10
-3, 10 2mol DRAB W DOWT, TPPS-Na O &% TMOS Imol WXL T, 107°H» 510°3F Tk &
BRBEOHEARI PLVTH D, WTHORBEENTD 390m BHEKZEBHFEOEY—-I D31
HLERDABAIE A, KEELF M) YV LDERNSVWVRABETREBENEBEREC-BAEDO L —
I Db ER)RBAEh T, _
<BF LD
1) fafnE HEEz, HERE, BELI7 I v I ABESFELHEBIETFHESLE. p. 218 (1992)
2) R. F. Pasternack, P. R. Huber, P. Boyd, G. Engasser, L. Francesconi, E. Gibbs,

P. Fasella, G. C. Venturo, and L. de C. Hinds, J. Am. Chem. Soc. 94 4511 (1972)

3) D. Dolphin, Ed., "The Porphyrins” (Academic Press, New York, 1978)
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Fig.1 Absorption spectrum of free- Fig.2 Excitation spectra of TPPS in silica gels
base TPPS in solution (a) NaOH/TMOS=10-3  (b) NaQH/TM0S=10-2
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e-layer structure OEXERFEEHSHICL LI ET E2HDTH %,
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HREHR. RBE2FEOEVECERELT, BRAEA2IT-7to BEZHK T TI0
0W0CTR¥BE. MBEHEVRLEERLDIKIVEFEETORMZE . BohcH I, 81X
SREFELC LD ERPOREZT>7to CORMENV Y PRIZSBRFZ LA, AviE
BB, 487 454 bPDENVEHAVWEF L -V o7 VY ELNREEEECMEL. 75 7
74 bb—g —THEHL, 1000°CT, 1IKERFLL. 2K, BREZ. BRAR IHERR
EfEEIC & D ERYOREIEZ AT » 7o

3. ERER
HERKBITBLLEAEYVOERITODVWTIR, x=125x=0. 55O FHFHOHMIC BV TCa,-xSr«
Cul, PR FRO{LEYMBEKR SN, x=0. 10K KB VTR, FHEDinfinite-layer st
ructure{fb BB ERE N FhALUADHKICDWTR, MEXXBEFEKCIZIBEENS T
Eldoto REBEARIKODWTTHEN, FERBRIBLWTR, ERELCBLVWIHFED
{t&YoBohix=1»5x=0.55. EARBBDESNx=0. 10MKICTEWT, 56Pa, 1000
CIhiEF B OKBETOEEMTEE2TH> itk vinfinite-layer structure 2 & 3 1FH &
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High Pressure Synthesis of SrCuO. type Infinite-layer structure compound.
Hiroshi IMAGAWA, Masami KANZAKI, Hiroyuki IKAWA, Osamu FUKUNAGA
Faculty of Engineering, Tokyo Institute of Technology, Tokyo 152

[1] T.Siegrist, S.M.Zahurak, D.W.Murphy & R.S.Roth :Nature, 334(1988), 231.
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Deposition of CYD diamond film on the ceramic substrates.

(OX.Qiao, 0.Fukunaga, N. Shinoda#*, K. Yui%*
Faculty of Engineering, Tokyo Insitute of Technology
Ogura Jewel Industry Co.,Ltd.
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Synthesis .and characterization of ZrTiO. syngle crystal from FZ
method / OS.Akiba, A.Saiki, M.Kanzaki, H.lkava, O0.Fukunaga(TIT)
/ The zoneleveling method was inavitable to crystalize mono-phase
ZrTiO. from the FZ-melt; a better partial composition of TiO,
balanced by Zr0. of the molten z6ne and feed rod were 53% and 70%
resectably. Single crystal grains 3mm in length were synthsized
parallel to the growing direction. llowvever, some cracks were found

in those grains.
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BAIBARIRODWVWTHL HFW, Snva=9 A28 0r7=20AaBREE 3
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Ir0. M THh D Lo WICEMDATIOBATSIXTIT -7 S, HIEOEENE S h.
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Brimnic T W, 0.TmmEBFLRKELALERIE S ok LhL., THhiTBBWT
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Synthesis of c¢cBN using lithium calcium boron nitride as a catalyst
HIROKAZU FUJIOKA, SATOSHI NAKANO, MASAMI KANZAKI,HIROYUKI IKAWA, OSAMU FUKUNAGA

Faculty of Engineering, Tokyo Institute of Technology, Meguro Tokyo 152
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Fracture Mechanisms of Carbon Fiber Reinforced Silicon Nitride Ceramic Composites
O Takayuki Suzuki, Mototsugu Sakai (Toyohashi University of Technology)

1. Introduction

Among numerous microfracture processes and mechanisms of fiber reinforced composites
with brittle matrix, it is emphasized that the first matrix cracking, the fiber bridging and
the fiber pullout processes are by far the most important for strengthening and toughening
composite materials. The most important study for fiber reinforced composite fracture is
in the separation and individual characterization of the respective microfracture processes

and mechanisms. The intent of this work is to address the microfracture mechanics and
mechanisms of carbon fiber reinforced silicon nitride ceramic composites.

2. Result and discussion

The influence of the radius of reinforcing fibers on the fracture toughness of C;/Si3Ny-
composites for first matrix cracking is shown in Fig.1 for experimental results with their
best-fitted solid lines. The fracture toughness is independent of the flaw depth, b, and pro-
gressively increases with the radius, R, of reinforcing fibers. The fracture toughness, K., for
first matrix cracking of a composite can be expressed with the following formula in terms of
the stress shielding coefficients for the interface debonding, (§5C)as, the elastic stress parti-
tion, (55C)el, and the matrix toughness, I ;m; K. = (SSC)as*(SSC)et- K. The broken line
in Fig.1 indicates the McCartney’s theoretical prediction for the toughness improvement due
to elastic stress partition. Reinforcing fibers with larger diameter enhance the matrix/fiber
interface debonding, resulting in effective crack-tip stress shielding and improved toughening.
A theoretical consideration has predicted the experimental linear relationship of the (55C)aqs
versus vV R.

The pullout energy, 7po, increases linearly with the increase in the mean square pullout
fiber length, < K;o >, as shown in Fig.2, and is then followed by a plateau at about 80kJ/m? (or
Ypo/Vy =230kJ/m?) when the mean square pullout fiber lengths < £2, >1/2 exceed 0.37mm.
This linear relationship between 7,, and < E;ﬁa > confirms the Sutcu’s theoretical prediction.
The slope of the linear relationship gives the interface sliding stress, 7, of 15.6MPa. The"
plateau behavior of 75, versus the < Zf,o > suggests a significant decrease of the interface
shear stress during the pulling-out process.

Numerical analyses of the effect of fiber bridging by the use of the boundary element
method (BEM) are also addressed in the poster presentation.
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flaw for first matrix cracking. pullout fiber length < £2, >.
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Effects of Heat Treatment on Environmental Degradation Characteristics of FRM
O Tatsuya Koesashi (Graduate School,Kogakuin University, Shinjuku-ku, Tokyo)
Yuji Kimura and Takayoshi Yagasaki (Dept. Chemical Engng. Kogakuin University,
Shinjuku-ku, Tokyo)
and
Akira Yamakawa (Tokai Carbon Co.,Ltd. Fuji Reserch Laboratory, Shizuoka)
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Synthesis of high-surface-area cerium oxide

ON.Okumura, Y. lkuma (Kanagawa Inst. Tech.)
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Magnetoresistance of Fe/Cu multilayers
T.Kanbe, M.Doi, and M.Matsui
Dept. of Materials Science and Engineering, Nagoya Univ.

It is known that the magnetoresistance (MR) effect of multilayers is very sensitive to
the structure (roughness of interface, artificial period, orientation etc.). We prepared Fe/Cu
multilayers by the IBS method under various deposition conditions to make clear the relation
between MR ratio and the structure.

The typical design of multilayers is Fe(504)/[Fe(10A) /Cu(15A)]5/Cu(504) grown on
MgO (001) substrate. And deposition condition is as follows; beam current(IB)=20 ~
50mA, beam voltage (Vg)=400 ~ 1000V, substrate temperature=50 ~ 350°C and argon
pressure=2.2 x 107* Torr. The structure of multilayers was investigated by X-ray diffraction
and the magnetic properties were measured by VSM. The MR ratio defined by A p /o m=18x0e
was measured by the conventional four terminal method and magnetic field was applied in
the plane of layers parallelly to the current.

We found that the MR ratio increases with increasing Iy and Vg. We got the maximum
value of MR ratio 12.9% at 4.2K, 12.3% at 77K, 5.3% at R.T at conditions, [3=50mA and
Vp=1000V. An antiferromagnetic coupling between Fe layers could be comfirmed by the
small residual magnetization and the shape of the hysteresis curve. On the other hand the
1st-order peak due to the artificial periodicity was observed for all samples in the X-ray
diffraction, while the higher-order peaks were obverved at only T¢=50°C. However, no peaks
were seen in the diffraction pattern for Tg> 250°C. The systematic relation between MR
ratio and artificial periodicity was not found. Figs.1 and 2 show the MR ratio as a function
of interplaner distance(d) estimated by Cu(200) and Fe(310) peaks, respectively. As seen in
the figures, the MR ratio increases with decreasing the distances, dsgo and d3;9. The decrease
of d values suggest that the residual tension in plane exists, which is consistent with the
fact that the interplaner distance of MgO(100) is larger than that of Fe(100). If the prefered
orientation of (001)plane of the buffer Fe layer exists, the tension in the directions of [100]
and [010] is resulted in the stabilization of the magnetic moment of Fe layer in the film plane
because the magnetostriction of Fe in [100] or [010] is positive. It seems that the MR ratio is
enhanced by the stable magnetic moment of Fe lied in plane.
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Ceramic Implant Materials For Hyperthermia
Y asunori Kawamoto, Toshifumi Shimizu,Masaaki Matsui
Dept. of Materials Science and Engin.,Faculty of Engin.,Nagoya Univ.

Implant heating method (hyperthermia) using magnetic materials have been used for cancer
treatment. Cancer tissue have less heat-resistant than normal one and it become necrotic above 43°C.
Fe-Pt alloy, which generates heat through eddy current loss, was investigated by Matsui et al. and it
has been clinically used. In this paper we studied ceramic materials which generates heat though
hysteresis loss. The overall purpose in the present study is to develope ceramic magnetic materials
which have a rather low Curie point, large hysteresis loss and biocompatibility.

We prepared ceramic materials ( (Mg0O), . (Fe,0;), and (CaFe,O,), ,(MgFe,O,), ) by calcining.
Heat generation of them were measured by oscillator which had f=230kHz and H=20~100 Oe.

Fig.1 shows the rise in temperature in an alternating magnetic field(H=50 Oe) as a function of
time, where the sample (about 0.1g) was packed in a Teflon tube and put in water. The
temperature of the sample was increased and saturated very soon. The saturation temperature (T's)
is depending on the balance of radiation and generation of heat. We estimated the heat generation
(Q) of the sample from the initial gradient of the curves in Fig. 1. We found that Ts and Q of these
samples are considerably greater than that of Fe,O, which has been used sometimes for the study of
hyperthermia. Next, the magnetic hysteresis loss (Wh) was measured to be compared with Q as
shown in Fig.2. It is clealy seen in Fig.2 that the heat of sample is generated by hysteresis loss. In
Table 1, the heat generation of the present samples (x=0.525, y=0.8) and Fe,O, are summarized.
The ceramic materials which have greater Q and lower Curie point than Fe,O, have been obtained

as seen in Table 1.
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Fig.1 Temperature increment of powdered samples

as a function of time.

Fig.2 Relation between hysteresis loss and heat generation.

Table 1 Q(W/cc) and Curie point(Tc) in alternating magnetic field(f=230 kHz)

H=20 Oe H=50 Oe H=100 Oe Tec (°C)
x=0.525 2.08 23.5 79.2 404
y=0.8 2.29 19.3 577 320
Fe,O, 0.1 1.92 14.8 568
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High-Temperature Deformation in TiC-Ni Base Cermets
OFKenichi Okuyama, Taketo Sakuma
( Department of Materials Science, The University of Tokyo )
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SUPERPLASTICITY IN GLASS-CONTAINING TETRAGONAL ZIRCONIA POLYCRYSTAL
O K. Kajihara and T. Sakuma
(Depertment of Materials Science, Faculty of Engineering, The Univ of Tokyo)
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Conductive,Dielectric and Elastic Properties of Composite Media
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CONDUCTIVE, DIELECTRIC AND ELASTIC PROPERTIES
OF COMPOSITE MEDIA

WILLIAM Y. HSU
Du Pont Central Research and Development
Experimental Station
P.0O.Box 80328
Wilmington, Delaware 19880-0328

Percolation theory is the study of physical properties of multi-
phasic or composite materials. In its 1957 original formation, the
central issue was how the occupied sites or bonds of a lattice evolved
from isolated clusters to a pervasive infinite network as a function
of the occupation probability of a site or bond. In early 1970, it was
recognized that the theory would be a good model for the study of
electrical conductivity in an insulator/conductor composite since the
occupied sites or bonds of the lattice could represent the conducting
phase and the unoccupied sites or bonds an insulating phase. Percola-
tion theory has since been generalized and applied to many types of
composite materials and physical properties.

We will review the salient features and principal results of the
percolation and related theories. The practical aspects of these
theories will be emphasized through the following examples: (1) ionic
transport and selectivity of perfluorinated ionomers, (2) conductive
and dielectric properties of carbon/polymer composites, (3) shear
modulas of block copolymers of styrene and butadiene, (4) tensile
properties of blends of ethylene-propylene rubber and amorphous
thermoplastic polyester, and (5) impact strength of rubber/nylon
blends. The critical role of morphology will be highlighted.
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POLYOXOMETALATES FOR MOLECULAR DEVICES

T. Yamase
Research Laboratory of Resources Utilization, Tokyo Institute of Technology, 4259 Nagatsuta,
Midori-ku, Yokohama, 227 Japan

Polyoxometalates, polynuclear early-transition-metal-oxygen anions, have their size of 10-50 A
and can be regarded as fragments of nonmolecular metal oxide lattices giving a wide distribution from
insulator to superconductor in their electronic properties. The polyoxometalates may be characterized by
six features; 1) electrochemical or photochemical reversible multi-electron redox reaction, 2) high
solubility in water and occasionally in organic solvents such as acetonitrile, dimethylformamide, and
dioxane, 3) co-ordination of a large amounts of water molecules, 4) easiness of the modifications of
anion size, structure, anion charge, and replacement of metal atoms by other metal atoms, 5) co-
ordination of a great variety of hetero atoms upto 75% of elements in the periodic table at well-defined
geometric sites in the lattice, and 6) capsulation of neutral molecule (acetonitrile) or ion (carbonate and
halide). The electrons injected into the polyoxometalates on the reduction is usually delocalized over the
MOg¢ octahedra in the lattice and the degree of the delocalization depends strongly on the configuration
of the M-O-M linkage. Since an electron propagation over a MOy octahedral lattice corresponds to the
behavior of a small polaron observed for nonmolecular infinite metal oxides. Therefore, the studies on
the physical properties of the structurally well-defined polyoxometalates provide a better understanding
of the electronic properties of nonmolecular metal oxide lattices at the molecular level. From this point of
view, the polyoxometalates corresponding to nonmolecular insulator, semiconductor, and metallic metal
oxides have been identified during the past decade. Figure shows our research fields aiming at the
establishment of the polyoxometalate-based molecular device system.
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First, we will outline the antitumor activity of [Mo7O2 4]6' against solid tumors that can be
elucidated by the redox reaction in/on the cell. Then, we will review the results of the photo-and electro-
luminescence, leading to the conclusion that the photochemical and photophysical investigations of the
polyoxometalates are powerful tools for the creation of the molecular device system.
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CONTROL OF ACIDITY AND PORE-OPENING
SIZE OF ZEOLITES

YUICHI MURAKAMI

Faculty of Engineering, Nagoya University
Furo-cho, Chigusa-ku, Nagoya, 464 Japan
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DEVELOPMENT OF POLYMER MEMBRANES WITH SILICON

T. Nakagawa
Department of Industrial Chemistry, Meiji University
Higashi-mita, Tama-ku, Kawasaki 214 Japn

Inorganic materials containing silicon are very famous in the
field of semiconductors. Here, polymer membranes containing silocon
as a form of trimethylsilyl groups will be introduced.

In recent years, considerable work was done on gas separation by
membranes. The most important properties of membranes used for gas
separation are gas permeability, separation factor and durability of
the membrane. The utility of polymeric membranes for separating a gas
mixture was known even in 19th century. However, due to the low gas
permeability, membrane separation technology was not wused as an
industrial scale in this field. Until a new polymer poly[l-(trimethyl
silyl)-1l-propyne], PMSP, was synthesized, polydimethylsiloxane, PDMS,
was highest gas permeable membrane. However,the gas permeability coef-
fcient of PMSP membrane is 10 ~ 50 times higher than that of PDMS.

1) Poly[l-(trimethylsilyl)-l-propyne] membrane.

The permeability coefficient of the membrane to gases and vapors
is highest of all polymer membranes. This polymer is glassy, but the
physical aging is unbelievably remarkable, that is the deterioration
of such high gas permeabilities is remarkable. In order to stabilize
this phenomena, the control of Langmuir domain is required, for which
the modifications of preparing copolymers of trimethylsilyl propyne
with the other acetylene derivative, the £filling of polydimethyl-
siloxane in PMSP membrane and blending of PMSP with the other polymer
were investigated. In any way, trimethyl silyl group as a side chain
gives very unique properties to polymer membrane.

2) Vinyl polymer membranes containing trimethyl silyl group.

Another kinds of polymeric membranes having trimethylsilyl groups
are synthesized: copolymers of 3-methacryl oxypropyl-tris(trimethyl
siloxy) silane,SiMA, with methyl methacrylate,MMA, and trimethylsilyl
methyl methacrylate, TMSMMA and a copolymer of SiMA with vinyl acetate,
VAc. The oxygen permeability of these copolymers was about two orders
of magnitude lower than that of PMSP membranes, but the trimethylsilyl
groups was considered to enlarge the intersegmental distances in these
copolymers. These copolymers will be used as the membrane materials
for oxygen enrichment for medical apparatuses and for contact lenses.
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SYNTHESIS AND CHIRAL RECOGNITION ABILITY
OF OPTICALLY ACTIVE ARTIFICIAL POLYMERS

K. Saigo, Y. Chen, T. Shiwaku, and M. Hasegawa

Department of Synthetic Chemistry, Faculty of Engineering,
The University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113, Japan

We describe here the synthesis and chiral recognition ability of the
optically active polyamides obtained by ring-opening polyaddition reaction of
optically active anti head-to-head coumarin dimer with diamines.

(-)-Anti head-to-head coumarin dimer (1) reacted very smoothly with
diamines to give the corresponding optically active polyamides with high
molecular weight. The high reactivity of (-)-1 is considered to arise from the
high strain in the six-four-six membered, fused ring system, which has been
accumulated during the photodimerization of coumarin.

Among the optically active polyamides we prepared, the polyamides,
derived from (-)-1 and 1,6-hexanediamine or 1,4-phenylenediamine, showed a
chiral recognition ability for racemates, when the polyamides were coated on
the surface of silica gel and used as chiral stationary phases for high-
performance liquid chromatographic analysis. On the basis of quantitative
study on the chiral recognition ability, it is concluded that the high ability of
the former is attributed to the difference in stability between the
diastereomeric complexes formed by the simultaneous interactions with the
racemates, whereas the ability of the latter is attributable to the difference
arose from not only simultaneous interactions but also the ordered
conformation of the polyamide in the film state.

In order to elucidate the role of the 1,6-hexanediamine residue in chiral
recognition in detail, a series of homologous polyamides were synthesized
from (-)-1 and o,m-alkanediamines by ring-opening polyaddition reaction.
Their chiral recognition ability was found to be highly dependent on the
methylene number in the diamine components; the polyamides, consisting of a
diamine with an even methylene number, showed a sufficient chiral
recognition ability, while the polyamides with an odd methylene number did
not at all. This odd-even discrimination in chiral recognition was in good
agreement with the crystallizability of the polyamides; i.e., only crystallizable
polyamides showed a chiral recognition ability. The chiral recognition ability
was also closely related to the degree of crystallinity and to the superstructure
of the polyamides. The degree of crystallinity of the polyamides coated on the
surface of silica gel was significantly influenced by the poor solvent for
washing and the quantity of a residual coating solvent.
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Self-mending Type Oxidation Protection of C/C Composite

OFEiichi YASUDA, Sei-Min PARK, Yasuhiro TANABE, Takashi AKATSU
and *Masaki OKADA

Research Laboratory of Engineering Materials-Tokyo Institute of Technology
*TOYO TANSO Co., Ltd.

ABSTRACT: New type of oxidation protection of C/C composite is proposed in
this paper. It is that oxidation protection layer which originates from
inside of the matrix and forms in the process of oxidation on the surface
of the composite in itself. In order to surround C/C composite by oxide
layer during oxidation process, seeds of protection layer dispersed in the
matrix were considered to be effective. As oxides of those seeds should
have low vapor pressure at high temperature, fine powders of SiC, SiOz, Ta,
TaC, Tag05 and TiOp were selected as additives. As the first step to apply
this method to C/C composite, we focused on the resin-derived carbon. Each
additives was mixed with furan resin by ball-milling. Furan resins with
additives were hardened at 100 C, carbonized at 1000° C and graphitized at
2600° C in flowing argon. These samples were oxidized at 850" C for 1 hour
in air flow(200ml/min). In the case of all additives, graphitized samples
showed lower weight loss by oxidation than carbonized ones. It seems to be
due to the decrease of defects by graphitization. Oxide layer formed on
the surfaces of all samples as shown in Fig.l. However, densified oxide
layer cannot be observed. The most effective additives for oxidation
protection were Ta-compounds. Two reasons can be considered for the
superiority of Ta-compounds against oxidation inhibition. The first one is
that small difference in thermal expansion coefficient between carbon and
Tag05 can make oxide layers from Ta-compounds more stable than any
others. The second one is that densification of graphite can be promoted
by liquid phase of Tag05. The effect of oxidation protection of C/C
composite with 1% of Tag05 was greater than that of C/C composites without
additives, however it was smaller than that of resin-derived carbon with
Ta205(Tab1e.l) because of high porosity of C/C composite.

ITi0, HTT 1000°C

Table 1. Weight loss(%) of Tap0s Addition
after oxidation at 850°C for lhour

- .- i Tas05 Heat Treatment Temperature (°C)
oxide layer Addition
i 1000°C 2600°C
carbon body S Neat Resin Td. 2 33. 7
'- -- Resin + 1% 37 1 2. 10
— Resin + 5% 4 3. o} 8. 0
Fig.l Cross section of protective
. C/C(None) 100. 0 90. 1
oxide la \ '
1 yer formed after C/C + 1% 100. 0 22 5
oxidation
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SIDE-CHAIN LIQUID CRYSTALLINE POLYMERS CONTAINING SILOXANE SPACER
Y. Nagase, Y. Takamura and E. Akiyama

Sagami Chemical Research Center,
Nishi-Ohnuma, Sagamihara, Kanagawa 229, Japan

In order to obtain the mesophases of liquid crystalline polymers (LCPs), the
introduction of flexible spacer groups between the polymer main chain and the
mesogenic side chain is necessary to decouple the motions of the backbone com-
ponent from those of the anisotropically oriented mesogenic group. In this
paper, the synthesis and mesomorphic properties of the side-chain liquid crys-
talline polymers containing very flexible siloxane bond in the spacer unit will
be discussed. The chemical structures of obtained polymers are shown below.

Mesogen = {0)»c00Or X (a),
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1 (p=3o0r4 X = CN, OCH3 , 0C4Hg , 0C8H17, 0> .

The introduction of siloxane bond resulted in the great decrease of glass
transition temperature (Tg) of the polymers, in which the main chain consisted
of polymethacrylate. This is due to the high flexibility of the siloxane bond.
Polymers containing linear triphenylene groups (b and c¢) as the mesogens
showed stable smectic phase with wide temperature range. Highly ordered smec-
tic phase was also observed for the mesogens containing alkoxyl group as a
terminal group. However, the introductions of a and d units induced no
mesophase. Thus, a linear large mesogen seems to be necessary to obtain the
mesophase of such LCPs, because the bulky siloxane group disturbes the liquid-
crystalline order.

On the other hand, nematic phase was observed over room temperature, in
the case of copolymers containing diphenylene (a) and triphenylene (b)

mesogens. The chemical structure of the copolymers are shown below. The
isotropic transition temperature (Ti) decreased with the increase of diphenylene
mesogenic component, as shown in Fig. 1. Therefore, it is suggested that Ti

depends on the structure of mesogenic group, while Tg is affected with the
chemical structure of backbone and spacer components. Similar tendency was
observed for the copolymers which consisted of linear triphenylene-type
mesogen (a) and laterally attached mesogen (d).

© ool
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-(CHQC)—(CHQC)— £ Ti 2a

§=0 oy e Mo =
[I;:O O{CHz)gﬁéoaé{CH2)§0©Coo@Y 2 100 b
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e
9a; x =y = ON ‘?%080.910
et 020 40 60 80 100
2bi x =y = OC4H9 Comonomer Content (mol%)
2c; x = 07, ¥y = 0C4Hg Fig.1 Effect of comonomer content

on the thermal transitions
of copolymers g\qwg\g.
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CHARACTERIZATION OF SUBSTITUTED POLYACETYLENE MEMBRANES
AND THEIR PERVAPORATION OF ALCOHOL-WATER MIXTURES

T. NAKAGAWA, T. YOSHIDA and A. HIGUCHI

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

Poly[l-(trimethylsilyl)-1-propyne], PMSP, membrane has been known to
have most permeable properties for not only gases, but also vapors. In
the case of pervaporation for water-alcohol mixture, PMSP membranes is
one of two high permeable membranes, PMSP and polydimethylsiloxane,
PDMS, which have alcohol permselective properties. However, the mecha-
nism of permselectivity for alcohol is uncertain.The objective of this
paper is to make it <clear that how substituents on polyacetylene
backbone chains influence membrane morphorogy and the permselectivity
for alcohol and/or water in pervaporation. Membranes of PMSP, poly
(phenyl propyne),PPP,and copolymer of l-trimethylsilyl-1l-propyne, TMSP,
and phenyl propyne, PP,were prepared and the pervaporation behavior was
investigated. Among polyacetylene derivatives, poly(phenyl acetylene),
PPA, was difficult to form a membrane.

Characterization of polymers were carried out by 'H NMR spectra.
'H NMR spectra of PPA are different by the different catalyst of
polymerization: NMR spectra of PPA polymerized in methanol with Rh
complex as a catalyst show sharp peaks which indicates a stereo-
chemically regular cis-transoidal structure. On the contrary, the
spectra of PPA polymerized with WClg-Ph,Sn (1:1) in dioxane and PPP
showed a broad peak in the region of 6 and 8 ppm which indicates
a random structure. The 'H NMR spectra of PMSP, PPP and copoly(TMSP-
PP) showed same ones. As has been reported by one of the authors, PMSP
membrane has a large excess free volume. The sorption isotherm for
C;H; were analyzed and Cy,', b of PMSP, PPP and copoly(TMSP-PP) memb-
ranes, which are the saturation constant and hole affinity constant in
the dual sorption model, respectively. The C,' of PMSP, copoly(TMSP-PP)
(9:1) and PPP measured with C;Hs at 35°C were 50.1, 43.6 andl2.5,
respectively. These data suggest that the Langmuir domain in PMSP dec-
reased with increasing of the PP content in copoly(TMSP-PP) membranes.

Effect of the feed composition on the permeate composition of
water-ethanol solution for three membranes of substituted poly-
acetylene derivatives at 25°C was investigated. It is clearly demon-
strated that the ethanol permselective property. PPP membrane permea-
ted water more than ethanol. However, copoly(TMSP-PP) (6:4) membrane
showed no separation property until 50 % ethanol concentration. In the
case of copoly(TMSP-PP) (9:1), the membrane is ethanol permselective.
The results were explained by the solution-diffusion mechanism.



Synthesis and Solute Permeability of Polymeric Membranes having
saccharide in Side Chain [V ] .Polymeric Membranes having Difference
between D-glucose and L-glucose Permeabilities.

Tsutomu Nakagawa, Yoshihide Nin, and Akon Higuchi

Department of Industrial Chemistry, School of Science and

Technology Meiji University, Kanagawa 214, Japan
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The objective of the present investigation is to synthesize new
polymeric membranes having saccharide in side chains and to clarify the
effect of the saccharide on the solute permeability. In our series of
the study, chloromethylated polysulfone (CM-PSF), poly(chloromethylated
styrene) (P-CM-St), poly(methyl methacrylate) (PMMA), poly-v -methyl-L-
glutamate (PMLG) as synthetic polymers and an equal mixture of a -D-2-
deoxy-2-amino-glucopyranosyl-(1"—6)-D-solbitol and mannitol (AGP) as
saccharide were used, respectively. Relationships between permeability
and molecular weights of anticarcinogenic materials were examined
(Fig.?2). Anticarcinogenic materials such as 5-Fluorouracil (5-FU), 1-
(tetrahydro-2-furanyl)-5-fluorouracil (FT-207) and 5-Fluorouridine (FUR)
were used as solutes(Fig.1). CM-PSF+AGP membrane, the

all membranes showed the highest permeability to FUR. The reason of the

Except for the

high permeability to FUR is considered to depend on interactions between
both saccharide groups combined in AGP and FUR. To clarify this specific
interactions, dependences of saccharides permeability coefficients on
upstream concentration were examined. PMMA+AGP membrane (Fig.3) and CE-
PMLG+AGP membrane showed the highest permeability of D-glucose, although
the CM-PSF+AGP membrane and P-CM-St+AGP membrane showed less permeable.
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OPTICAL RESOLUTION OF AMINO ACIDS BY ULTRA-
FILTRATION THROUGH AFFINITY MEMBRANES

A. Higuchi, T. Horiuchi, Y. Ishida and T. Nakagawa

Department of Industrial Chemistry, School of Science
and Technology, Meiji University, Higashi-mita, Tama-ku,
Kawasaki, Kanagawa 214, Japan

Serum albumin is known to have a high affinity binding site for L—tryPtophan.
Its binding constant is reported to be 4.4x10* M by Kragh-Hansen', and is
reported that weakly bound D-tryptophan displaces L-tryptophan. This evidence
prompted us to think that optical resolution of tryptophan might be possible
from the ultrafiltration of racemic amino acids solution through immobilized
serum albumin membranes by using the binding site of bovine serum albumin
(BSA) to L-isomer. In this study ultrafiltration experiments for the separation
of racemic tryptophan or phenylalanine were performed in a solution system
containing BSA and by using immobilized BSA membranes’.

Polysulfone ultrafiltration membrane (cut-off of MW.=50,000) was selected
as the base membrane for the separation of racemic amino acids. The membranes
were immersed in 5% glutaraldehyde solution and subsequently immersed in
aqueous BSA solution (200g/L) at 4°C for the preparation of cross-linked BSA
membranes. 100 ml of BSA solution (200g/L) was ultrafiltered through the
membranes for the preparation of adsorbed BSA membranes.

The preliminary experiments of optical resolution of tryptophan were
performed in a solution system. The feed solution containing 0.60 mM BSA
and 0.049 mM racemic tryptophan was ultrafilterd from 100 ml to 10 ml, 90
ml buffer of pH 3.0 was added in the cell and
ultrafiltered. GPC curves of initial feed, per-
meate at pH 7.0 and permeate at pH 3.0 are
shown in Fig. 1. Only small peak of L-trypto-
phan is observed in the permeate. It is found that
D-tryptophan preferentially exists in the per-
meate at pH 7.0 due to the binding of BSA and L-
tryptophan. L-tryptophan is, on the contrary,
found to exist in the permeate at pH 3.0 pre-
ferentially. This is caused by the ejection of L-

D-tryp.

L-tryp.

(a) Feed

(b)
Permeate pH=7

(c) Permeate

pH=7

Intensity

tryptophan from BSA binding site due to the pH=3
conformational change of BSA at pH 3.0. il

Separation experiments of racemic tryptophan s Ti”’ : sl
and racemic phenylalanine was also performed memn-

. : .qs ig. 1 GPC curves for initial feed (a),
by using immobilized BSA membranes. permeate at pH=7 (b) and permeate
1. U. Kragh-Hansen, Biochem. J. 273, 641 at pH=3 (c) solutions through poly-

(1991). sulfone membrane. Initial feed solu-
: . : tion is 0.6 i
2. A. Higuchi, Y. Ishida and T. Nakagawa, t'f;;"spha:M SRR B

Desalination, 90, 127 (1992).
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Preparation and Permeation Properties of Plasma-Grafted Membranes

from N-isopropylacrylamide with Acrylic Acid or Methacrylic Acid

Toshihiro Hirotsu
Research Institute for Polymers and Textiles,

1-1-4, Higashi, Tsukuba, Ibaraki 305, Japan
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NEW POLYMERIC TRANSDERMAL PENETRATION ENHANCER
T. Aoyagi, T. Akimoto and Y. Nagase

Sagami Chemical Research Center, 4-4-1, Nishi-Ohnuma,
Sagamihara, Kanagawa 229, Japan

Transdermal drug delivery (T.D.D.) has attracted much attention as a novel way of drug
administration. To fabricate the T.D.D. system, certain enhancing mode is necessary because of the
impermeability of the substances through the skin. The usage of penetration enhancer is one of the
convenient methods. However, the existing penetration enhancers themselves are liable to permeate
into the skin and cause the toxicity and irritation. In this study, polymeric penetration enhancers
were prepared and evaluated. The polymeric enhancers themselves permeate with difficulty because
of their bulkiness and are expected to be non-irritation and non-toxicity to the skin.

Some kinds of polymeric penetration enhancers, such as benzalkonium chloride-type polymer and
polydimethylsiloxanes (PDMSs) containing cationic, anionic and nonionic polar group at the chain
ends, were prepared. Fig. 1 shows the structures of some polymeric enhancers. Their penetration
enhancing activities were evaluated by means of in vitro drug permeation experiment. Fig.2 shows
the permeation profiles of model drug, indomethacin (anti-inflammatory drug) through the skin using
MePy-PDMS as the enhancer.  Addition of the polymers enhanced the drug permeation and the
enhancing activities increased with increase of the average degree of polymerization. It was revealed
from the detailed analysis of the permeation profile that the permeation and partition coefficients
increased in parallel, while the diffusion coefficients were unchanged. On the other polymers, the
same results were obtained as that of MePy-PDMS. These polymeric enhancers are expected to be
excellent drug penetration enhancers without heavy damage to the skin.

{CH,CHy
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Fig. 2 Permeation profiles of indomethacin
PDMS-Py using MePy-PDMS as enhancer.

Fig.1 Structures of Polymeric enhancers
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SYNTHESIS AND CIHARACTERIZATION OF Cu?* ION SELECTIVE CHELATE RESIN

Kiyoshi Saito, Jun Tamura, Tomonori Takata, and Masaki Hasegawa

Department of Materials Science and Technology,
Faculty of Engineering, Toin University of Yokohama,
Midori-ku, Yokohama, Kanagawa 225, Japan

Recently, it have been interested in development of chelate
resin having a high selectivity for particular metal ion.
Previously, we have studied on develop of the carrier for
selective transportation of Cu2+ ion through the liquid membrane.
It was reported that 2,6-bis(8-quinolyl amino carbonyl)-pyridine
(1) was highly selective cu?* carrier in the transition metal
ionl), and the minimum essential structure for selective uptake of
Cu2+ ion was having four nitrogen atoms as configuration of 1. In
this study, we wish to report on synthesis of 1 containing
copolymer and its function as Cu2+ ion selective chelate resin.
Scheme 1 shows Synthetic route of pyridine diamide derivative as
chelate monomer (QVP). QVP could be prepared in good yield.
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l Scheme 1. N- Quino_lyl N' —(p vinylbenzyl)-
2.S—blis;—ca_rtga_l_noylpyridiue(QVP)

)

Radical copolymerization with
QVP, styrene (St), and divinyl-
benzene (DVB) gave porous copoly-
mer copoly(QVP,St,DVB) 1in 87%
yield. Figure 1 shows the plots
of Cu?* and Ni?* amounts (%)
adsorbed from aqueous solution
onto copoly(QVP,St,DVB) vs. pH in
the aqueous solution. The copoly-
(QVP,St,DVB) can selectively
adsorb Cu?* (100% at pH 6 ). The Al e 4 Fillal DY
carrier having the functional 1 2 3 4 5 6 pH
cgpabillty a5 selegtive, trang- 7 Torosaeads Gl (89w nin (A) sk
portatigqn of metal 1on COMCALI g i e abiar s oot iimmel enndzinmct ool oy
the "easy uptake and easy release" structure in the same
molecule. Therefore, introduction of that structure into polymer
expands possibility of development a selective chelate resin.
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Fig. l.
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Amount of metal ion adsrped/%

1) K.Saito and K.Hiratani,59th National Meeting of the Chemical
Society of Japan,Yokohama, Abstr.,II1,1886(1990).
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PREPARATION AND PROPERTIES OF POLYESTER DERIVED FROM LIGNIN

Motomi Noguchi, Kiyoshi Saito and Masaki Hasegawa

Department of Materials Science and Technology,
Faculty of Engineering, Toin University of Yokohama,

Midori-ku, Yokohama, Kanagawa 225, Japan

Utilization of 1lignin is worthwhile and an attractive
subject from the viewpoints of efficient use of natural products
and of preservation of ecological environment. In previous papers
it has been reported that 6(or7)-Carbethoxy-2-hydroxymethyl-1,4-
benzodioxane(l),that was derived from lignin, polymerized into.a

1'2). In present

high molecular weight of spinnable polyester
work we study of preparation and properties of the same polyester
in a further detail.

The polyester is prepared in following steps starting from

lignin-sufate.

OH OH (0)
OMe OH I~NC
Lignin —_— —_—
NaOH
CHO COOEt
Vanillin Ethylprotocatechuate
= o
EtOoc_{EZ]: :r”\oH —_— CO‘{EZ][ :r/\o
~"o ~EtOH N0 .
1

1l polymerizes into corresponding polyester at an elevated
temperature under the vacuum. In the reaction of ethyl
protocatechuate with epichlorohydrin, the molar ratios of two
isomers (1) thus obtained, should be greatly influenced by the
reaction temperature because the structure of isomers 1is
determined by which phenol group in the ester is subjected to
first nucleophilic attack of the carbon in epichlorohydrin. Two
isomers of 1 are readily separated into each pure isomer by
conventional silica-gel chromatography. Properties of the
polyester is correlated with the isomer ratio in the monomer, (1).

Optical resolution of each isomer of 1 is also attempted.

1) L.H.Bock and J.K.Anderson, J.Polym.Sci.,1958,28,121.
2) M.Hasegawa,Iho-Seni Kogyo Shikenjo, 1958,46,1.
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I2-plasma treatment of polymer surface.

Daigo Kawabata, Chihiro Funakoshi, Motoi Fujishima, Yasuhiko Yoshida,
Tadataka Yamashita, Kunihiro Kashiwagi and Kanto Higashikata*
Department of Applied Chemistry, Faculty of Engineering, Toyo University
C.ITOH FINE CHEMICAL CO LTD*.

Recently, the study of plasma treatment of polymer has led to the development in the high
functionality of the films. Plasma treatment of polymer by fluoro compounds such as
tetrafluoromethane or fluorine is known to give the water repellent property to the polymer
surface. However, plasma treatment by Iodine () has not been reported. In his paper, the
I>-plasma treatment of polymer surface was carried out to obtain organic material bonding
Iodine. The purpose of the present work is to prepare the L-plasma treated polymer material,
and to investigate the effect ofiodine to water repellent property.

As shown in Figure 1, the plasma reactor tube was made of a pyrex glass, 5 cm in
diameter and 40 cm in length, which was fitted with a L inlet, the pressure gauge and the
vacuum system. The voltage was elevated by using a neon transformer and the plasma was
maintained by an ac discharge at 50 Hz. The L-plasma treated polyethylene (PE) were
analyzed by FT-IR, ESCA and contact-angle measurement.

From the result of ESCA of I,-plasma treated PE, it becomes apparent that iodine bonds
to PE. Also, the contents of iodine bonding to PE increased by the exposure to I. vapor
after I>-plasma treatment. The study of effect of iodine contents to water repellent property
of the I-plasma treated thin films is in progress. .

Voltage
@: Slidac S — To Vacuum
502 _‘ 1 —
=
3
o
8
\_ >
‘«
3 [Fe—— ]
\ ﬁ :
(= Se——— |
g Substrate g
T T g40 Binding energy (eV) 610
Monomer (Ar]
AZPE *
B: 13-Plasuma (3.6kV, 1h)
C: I-Plasuma (3.6kV, th) + I-Vapor (1h)
Fig.1. Plasma apparatus. Fig.2. ESCA spectrum of I>- plasma

treated polyethylene.

1)K.Kashiwagi, Y.Yoshida, Y.Murayama, Jpn.J.Appl.Phys.,1991,1803.
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SYNTHESIS OF ORGANIC-INORGANIC POLYMER HYBRIDS
Y. Chujo, S. Kure, H. Matsuki and T. Saegusa

Department of Synthetic Chemistry, Faculty of Engineering,
Kyoto University, Yoshida, Sakyo-ku, Kyoto 606-01, Japan

We describe here organic-inorganic polymer hybrids by means
of sol-gel method.!) The incorporation of organic polymers at the
level of molecular dispersion into metal oxide matrix was accomplished
by the hydrolysis-condensation of tetraalkoxysilane in the presence of
appropriate amide-group repeating organic polymers such as poly-
oxazoline, poly(N-vinylpyrrolidone) and poly(N,N-dimethylacrylamide)

(Scheme 1, Step 1).
\S103 \\\'X
NI
DI

The obtained organic-inorganic polymer hybrids were homo-

M ¢
Si(OEt),

geneous and transparent glassy materials in a wide range of the
contents of organic polymers. The homogeneity of the hybrid may be
due to the molecular dispersion of organic polymer in the silica gel
matrix, which is ascribed to the hydrogen-bonding formation between
the polymer amide group and the residual silanol group of silica gel.
The hydrogen-bond was actually supported by FT-IR spectra of
hybrids.

Organic-inorganic polymer hybrids having chemical bonds at the
ends of organic polymer segments were also prepared by using the
similar sol-gel procedure starting from polyoxazoline silane coupling
agents, which were successfully prepared by ring-opening poly-
merization of 2-oxazolines. The water- or organic solvents-adsorption
properties of these hybrids showed hydrophilic or amphiphilic
modification of the silica gel.

The polymer hybrids prepared here are expected to show the
intermediate properties between plastics and glasses (ceramics).
Transition metal salts, which are known to have good interaction with
amide groups in polyoxazoline can be well dispersed in the hybrids.

Another interesting material is highly porous silica gel having
controlled size of pores, which is prepared by the pyrolysis of the
hybrid at a temperature far below the fusing point of silica gel
(Scheme 1, Step 2).

Scheme 1

Polymex\\x Step 2
Polymer& L——:>

1) Y. Chujo, et al., Makromol. Chem., Macromol. Symp., 42/43, 303 (1991)
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PREPARATION AND PROPERTIES OF POLYESTERS CONTAINING
SPIROACETAL RINGS IN THE MAIN CHAIN

J. Kawakami, K. Nishiyama, Y. Saegusa, and S. Nakamura
Department of Applied Chemistry, Faculty of Engineering,

Kanagawa University, Kanagawa-ku, Yokohama 221, JAPAN

Polymers with spiroacetal rings in their backbone
possess excellent properties such as high solubility,
dyeability and adhesive property. In this study, a series
of polyesters containing spiroacetal rings in the main chain
were prepared by partly or completely replacing terephthalic
acid moiety with 2,4,8,10-tetraoxaspiro [5,5)] undecane
dipropanic acid (CaTU) moiety in polyethylene terephthalate
and their properties were also studied in detail.

Polyesters were prepared by melt polycondensation of
dimethyl ester of CaTU and that of terephthalic acid with
ethylene glycol using calcium acetate or antimony trioxide
as catalyst.

The Tg of polymers showed a maximum of 90°C at a
spiroacetal-ring content of 10 mol%, and the Tm decreased
monotonously with spirocacetal-ring content from 252°C for
polyethylene terephthalate to 70°C for polyester from CaTU.
No melting temperature was observed for polymers with high
spiroacetal-ring content.

A 5% and a 10% loss temperatures was slightly decreased
with the increase in spiroacetal-ring content.

Polyethylene terephthalate is only soluble in phenolic
solvents. However, the copolyesters with high spiroacetal-
ring content were soluble in aprotic polar solventz such as
DMAc, DMF and NMP and chlorinated hydrocarbon solvents such
as 1,1,2-trichloroethane and 1,1,2,2-tetrachloroethane.

The stress-strain curves were recorded for the solvent-
cast films. The initial modulus decreased gradually with
increasing spiroacetal-ring content. The elongation at
break was low and almost constant up to a spiroacetal-ring
content of 25mol% and then increased abruptly to 935% for
polyester from CaTU.
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CURING OF EPOXY RESINS WITH ACTIVE ESTERS
AND PROPERTIES OF CURED RESINS

Masao Arima, Shigeo Nakamura and Tadatomi Nishikubo

Department of Applied Chemistry, Faculty of Engineering, Kanagawa

University. Kanagawa-ku, Yokohama 221, JAPAN

Active esters with three or more ester groups can be used for
epoxy curing and no free hydroxyl group is left in the cured
resins. The glass transition temperature and thermal stability
were lower than those cured with conventional curing agents.

We examined the network structure of epoxy resins cured with
active esters by measuring the dynamic mechanical properties of
cured resins and comparing with those of the epoxy resins cured
with multifunctional phenols which leave hydroxy groups after
curing.

Bisphenol A diglycidyl ether (DGEBA) was used as epoxy pre-
polymer and 1,3,5-triacetoxybenzene (TAB) and 1,3,5-trihydroxy-
benzene (THB) as curing agents. The film specimens were cured at
150 C for 3h by varying the stoichiometric ratio of THB to TBA
using tetrabutylphosphonium bromide as catalyst.

The o -dispersion (Ta) shifts to higher temperature and the
value of E' in the rubbery region increases with increasing ratio
of THB to TAB. A B-dispersion was observed at about 50°C for all
specimens. The crosslink density (p) and molecular weight between
crosslinks (Mc) were calculated from the viscoelastic data using
the equation of state of rubber elasticity.

The following results were obtained:

1) The E' is decreased by the internal plasticizaticn due to ester
side groups with increasing TAB in the curing agent.

2) The hydroxy groups from THB induce the association of re-
sulting crosslinked polymers, whereas the ester groups from
TAB disturb the association due to their steric hindrance.

3) Tg is decreased as the combined effect of the internal

plasticization.



NPp—13

PREPARATION AND CHARACTERIZATION OF
FLUORINE-CONTAINING AROMATIC POLYFORMALS

Y. Suzuki, M. Kuriki, Y. Saegusa, and S. Nakamura
Department of Applied Chemistry, Faculty of Engineering,
Kanagawa University, Yokohama 221, JAPAN

We have reported the preparation and characterization
of several fluorine-containing condensation polymers, such
as polycarbonates, azomethines and polyketones. They show
improved solubility, thermal and thermooxidative stability
and water repellency by the introduction of fluorine atoms.

In this study, novel fluorine-containing aromatic
polyformal and copolyformals were prepared by the reaction
of 2,2-bis(4-hydroxyphenyl)-1,1,1,3,3,3-hexafluoropropane
(bisphenol AF) and/or 2,2-bis(4-hydroxyphenyl)-propane
(bisphenol A) with dichloromethane, and their properties
were studied. Aromatic polyformals are expected to have
outstanding mechanical properties, because their structures
are similar to polycarbonates.

Polyformal and copolyformals with high reduced vis-
cosity were prepared by reacting bisphenol AF and/or bis-
phenol A with dichloromethane in NMP in the presence of
potassium hydroxide.

The 5% and 10% weight-loss temperatures were lowered
with increasing fluorine content. The Tg of copolymers in-
creased monotonically from 89 C for bisphenol A-based
polyformal to 127 C for bisphenol AF-based polyformal. Con-
tact angles were increased by introducing 25mol% of bis-
phenol AF and then became almost constant.

Bisphenol A-based polyformal was only soluble in NMP,
dichloromethane, chloroform and THF. All the fluorine-
containing polymers became soluble in a wide variety of sol-
vents including aprotic polar solvents such as DMF, DMAc and
HMPA, aromatic solvents such as benzene and toluene, and
acetone, ethyl acetate, tetrachloromethane, chlorobenzene

and m-cresol.
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EVALUATION OF MECHANICAL PROPERTIES OF SANDWITCH TYPE LAMINATED PLATE
COMPOSITE BY ANALYSIS OF INITIAL STAGE CYCLIC TENSILE TEST
S.Tsunakawa%*, S. Gokano*, S.Inose%, S.Akimoto%, K.Ichikawa%x
¥Touin University of Yokohama, Engineering Department

Kurogane-chou 1614, Midori-ku, Yokohama, Japan
¥¥ALPOLIC Co.,Research and Development Division,

Sendagaya 4-2-12, Shibuya-ku, Tokyo, Japén

In the deformation behavior of laminated plate composite, the rela-
tionships between the residual strain and the elastic strain elucidated
by analysis of the initial stage of strain controlled cyclic tensile
tests, provides us with the important imformations on its mechanical
properties. The deformation behavior of 1100 -H24 aluminum alloy thin
sheet, used as the surfaces of the composite, was studied by this test
in detail. From 7X 1072 to 21X 1073 strain, the constant amount (3X1073)
of elastic strain was observed accompanied with the dominant residual
strain. For example, in the cyclic test controlled under the 15.4X 1073
strain at the maximum position, the aluminum test piece was deformed
with 12.3X 103 plastic and 3.1X 1073 elastic strain. The yield point of
the sheet was obtained by the single tensile test at the loaded strain
of 6.2X10°3

This analysis and the single tensile tests were carried out on the
composite and the raw materials, 1100 -H24 aluminum sheets and the poly-
ethylene sheet as an inside core. And in the composite increased elastic
strain was observed at the same testing conditions. The calculated ten-
sile strength and modulus of elasticity from the rule of mixture were
higher than observed values at small strain, but over the yield point,
they were in good agreement. It was also observed that the fracture

strain of laminated aluminum sheet was markedly increased by lamination.
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FABRICATION OF CERAMIC SUPERLATTICES BY LASER MBE
FOR DEVELOPMENT OF QUANTUM-FUNCTIONAL CERAMICS

M. YOSHIMOTO, H. OHKUBO, N. KANDA AND H. KOINUMA

The Research Laboratory of Engineering Materials,
Tokyo Institute of Technology,
Nagatsuta 4259, Midori—-ku, Yokohama 227, Japan

We report here the atomic-scale control of perovskite oxide film growth by
means of laser MBE, i.e. pulsed laser deposition in ultra-high vacuum (10-*Torr).
Possible ceramic quantum structures were made from lattice-matched cubic
perovskite oxides with each layer thickness regulated on an atomic scale.

In the laser MBE system shown in Fig.1, sintered targets of various perovskite
oxides were ablated by pulsed ArF excimer laser beam to deposit films on
SrTiO,(100) substrate. Optimizing the growth conditions such as substrate cleaning
free from carbon contamination, laser energy fluence, substrate temperature,
deposition rate , and oxygen pressure, we could observe the intensity oscillation in
the reflection high energy electron diffraction (RHEED) persisting more than 70
periods during the homoepitaxial growth of SrTiO,, as shown in Fig.2. The
oscillation period of oscillation corresponded well with the thickness of a-axis length,
indicating that a unit cell layer-by-layer growth prevailed. Thus, in sifu monitoring
of RHEED oscillation enables us to control the film thickness by a unit cell length.

Heteroepitaxial superlattices composed of lattice matched perovskite layers were
fabricated by counting the number of the RHEED oscillation. The (SrTiO;: 1 unit
/SrVO, : 2 units ), superlattice thus prepared showed an anomalous conducting
behavior, i.e. metal-to—semiconductor transition at about 100K in spite of simple
metallic behavior of each perovskite film at temperatures between 5K and 300K.

istart

AF excimer labseearm ; /\/\/\/\N\A’\N\/\/\/\/\/\ 500s
ﬂ lens S »\/\/\/\,\W
aMs Ta heater WRdoH -
VIR CED camrs substrate! X RRHEED gun = SrTiO; on
e = e SrTi0,(100)
image Sheen Bz ch (010)azimuth °
processor ) gt = 1§ S0 1000's
i’ VWVWV\ANV\A/\MAN\MAN\/L,V
eryopump . @) —
[I] vanallz(gk valve E 1000s 's0s
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Fig.1. Laser MBE system Fig.2. RHEED intensity oscillation during

homoepitaxial growth of SrTiO,
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SYNTHESIS OF DIAMOND THIN FILMS FROM SOLID GEL.

Noako Imai, Takahiro Chigira, Motoi Fujishima, Yasuhiko Yoshida,
Tadataka Yamashita and Hideomi Koinuma*

Department of Applied Chemistry, Faculty of Engineering, Toyo University
Research Laboratory of Engineering Materials, Tokyo Institute of Technology*

Diamond thin films were synthesized by the hot filament CVD method by using various
alcohol-gels as carbon source. Diamond synthesis at low pressure has been carried out by
using hydrocarbon and alcohol as carbon sources in the stream of hydrogen gas. Under such
specific conditions as microgravity and closed space, solid sources can be more conveniently
used for material synthesis. In this paper, we report on diamond thin film synthesis using
various solid alcohol-gels as novel carbon source by the hot-filament CVD method.

A schematic diagram of the apparatus used for diamond synthesis is shown in Fig.l. In
place of hydrogen gas, we can use a solid hydrogen source, i.e., hydrogen-storing alloy.
The distance between the substrate and the tungsten filament is 1 mm. Silicon wafers, which
were polished by diamond powder, were used as the substrate. The total flow rate of
bypassed (No.1 route) and alcohol carrying (No.2 route) H. gas was controlled at 20 sccm by
mass flow controllers. The glass flask of solid alcohol-gel is placed in the temperature
controlled bath at a prescribed temperature. Diamond deposition was carried out for 1 hour at
a filament temperature of 2000-2200°C, which was measured by an optical pyrdmeter. The
deposits were characterized by X-ray diffraction analysis and Roman spectroscopy. The
morphology and surface structure of diamond particles were observed by scanning electron
microscope (SEM).

An SEM photograph of a diamond particle obtained from a solid n-propanol gel at 0°C is
shown in Fig.2. The diamond particle is about 1z m in diameter and has a {111} face.
Also, {220} face was observed in the SEM photographs of diamond particle obtained at a

longer deposition time. The size of diamond particle depended on the bath temperature of
solid alcohol-gel.

Fig.1. Hot-filament CVD apparatus.

Fig.2. SEM of diamond crystal.
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