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Conference Report

ICRIS ’96: Controlled Organization and
Molecular Dynamics of Polymers, Uji,

Kyoto, Japan

Masaki Tsuji* and Otto Vogl™

*Institute for Chemical Research, Kyoto University, Uji, Kyoto-Fu 611, Japan; "Monbusho Professor,
Kyoto Instilute of Technology, Matsugasaki, Sakyo-ku, Kyolo 606, Japan

Masaki Tsuji Otto Vogl

The firit International Symposium organtzed by the Institute
for Chemical Rescarch of Kyow University was beld in Uj,
Kyoto, Japan from Movember 7 to November 8, 1996. Uji is
about 15 km south of Kyoio, it is famous for the production of
Uji-cha, green ten of the highest quality, Ui was also famous as
s resont of the Fujiwara clan, which held the real political power
in the Heian period of Japan, about one thousand years ago

The Conference in Uji was supporied by Monbusho, the
Ministry of Education, Scicoce, Sporis and Culture. The
Symposium was organized by an organizing commitiee, charred
by Professor Takeaki Miyamoto.

The special parpose of this Symposium was to belp celebrte
the 70th anniversary of the foundation of the Institute. The
me2tmng constted of 16 invited papers and 21 papers which were
presented in poster form.

The [ntitute for Chemical Research off Kyoto University was
initially extablished in 1915 as a Special Instiute of Chemisiny, a
satellite facility of the College of Science of Kyoto University
{presently Faculty of Scaénce. Kyoto University) to explone and
manafactune medical drugs which were imponant during the first
warld war,

Based a1 this facilaty, the Institute for Chemical Rescarch,
Kyoeo University was formally established 1o 1926, 10 underake
fundamental studies and their application to particular ficlds of
chemistry. The Campus of the Institute for Chemical Rescarch
WAL milull}' locaied 1n Takatsuki, bui moved later (o I.‘ji. ifs
prescat location,

Hiroshi Inagaki

The Institote was reorganized in 1992, and now consists of 9
divisions and 2 satellise facilities. Each division, on the average,
is made up of 3 laboratorics, headed by a foll professor. I all,
there are 31 laboralonies, incloding 3 laboratories for puest
professors. The on-going rescarch embraces a broad range of
topics in chemistry: auclear chemisiry, and physics, physical
chemistry, surface chemistry, organic and inorganic chemisiry,
polymer chemisiry, bio-organic chemistry, protein and enzyme
chemistry, molecular l1||.1|-|:l*'_!. and homan ECNOME sCHEALC.
Cumrently there are approximately 110 full-time scademic stafl
members of the Institute, 300 graduste sdents, and 30 visitng
scientists working at the Instituie

The 31 laboratonies of the Inatitote for Chemical Research,
Kyoto University can be grouped into several fields of chemical
scicnces and cach group has a high level of actvity and also has
the proper size for cooperative work which is highly encouraged
and is fupctioning successiully

This first Symposium was organized by the polymer nesearch
group under the litle “Controlfed Organization and Molecular
Ihynamics of Polyeers™ which was thought 1o represent besa the
thinking of the polymer community af the Insthute, Over 130
scienfists participaied in the Symposium with several nvited
speakers from abooasd
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Conference Report

Main Bullding of ICR
The conference was opensd by Teruya Shinjo, the Director of
the Instiute, who outlined the objective of the Institute and the
purpose of the Symposium. The mecting then reconvened for the
scientific sessions with the invited speakers presenting their
work and emphasizing the interrelationship between their
interests and the interests of individual members of the Tnstinte.

The following Invited Lectures were preseated at the
Sympasion:

H. W. Spiess, Mainz, Germany, Multidimensional Solid Stare
NMR Smdics of Molecular Dnanics

Multidimensional solid state XMR viehds unique information
about the complex dynamics of polymers. By two dimensional
(230 NMR, c.g. of "H or "'C, mtational and conformational
dynamics can be moniiored in real time. Moreover, the geomeiry
of rotationzl motions was elucidated free of model assumptions,
This formation s equivalent o il of quasielastic, incoherent
peutron scattering, albeit in orientational mrcher than reciprocal
space.

Morcover, with ID- and 4D-technigees, memory effects
concerning the oriemiation and the rate can be studied by
probing higher order avtocormelation functions involving selected
groups along the chain. Even more desirable is information about
the chain motion by probing dynamic order parameters for the
carbonr-carbon bond directions along the macromolecular chain.
These are Bow sccessible feom meaurements of residusl] dipole-
dipole couplings between |H bonded 1o adjacent carbon atoms
by 2D exchange NMR 2nd the newly developed technique of
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high-resolotion solid state multiple quaniam NMR spectroscopy.
The different aspects introduced above were demonstrated by
studies of the slow chain dynamics of polymers a1 the glass-
transition.

U, Buchenau, Jilich, Germany, Picotecond Dhnamics af
Polymers

The picosecond dynamics of disordered matter, although
extensively studicd, is still poorly understosod. There is muoch
more low frequency motion than in the comesponding crystalline
substances. This is not only true at low temperatures, where
glasses exhibit tunneling siates and localized low frequency
vibrations coexist with the sound waves, bui also ai the glass
tramsition temperature. where the undercooled liquid “frezes in”™
1o form & glass,

The appropriate tool for the study of this problem is inclustic
peutron scaltering. Polymers are oflen pood glais formers and
allow the switching from coberent to incoherent swalicnag on the
same subatance by using protoaated and desterated samples. [n
the paper, neulron scatiering studies in the picosccond dynamics
in polymers were neviewed.

T. Kanaya, Uji, Kyolo, Japan, Local Dynamics of
Amterphouy Polvmers

Dynamics of amorphous polymers have been extensively
stodied using vanious Kinds of techaiques, such o8 mechanical
relaxation, dielectric relavarion, NMR spectroscopy. dynamic
light scanenng, quaskclacic neviron scaticring and (luorescence
depolarization, Recently much interest is focused on dynamics
near the glass transition which is mainly governed by the
intermolecular cooperativity, On the other hand, far above the
glass ransition temperatiire, the dynaimacs of a polymer chain
not much affecicd by the infermolecular intcractions, but by the
intramolecular interactions. At those higher lempetatures,
elementary processcs for conformational transitions arc
dominated by the intramolecular connectivity in a polymer chain,
The main mechanism of the elementary process has been
examined by quasiclastic meutron scatiering measuremenits in a
tire range of 4 % 107" to = 4 % 107" seconds,

Y. Tsunashima. Liji. Kyoto, Japan: Dhnamvicy and Strsctunes
off Palvimers [n Selution

The dynamics of polymers in dilute wolotion s being now
understood in more detail by wsing advanced methods of
dynamic light scatering, For flexible linsar homopalymers. the
scattering is mamly due 1o the concentration fluctuations of the
polymers whose segments undergo thermal motions. The
diffusion coclficicnt. its first and second conceniration-
dependent coelficienis, the internal motions, and the first
cumulant give a revised enderstanding of the hvdrodynamic
interactions of the polvmer chain,

For flexible AB-diblock copolymers, the scattening doc o the
A-B composition Muctuations take place in addition to the
scamering due o the concentration fluciiations. When the
polymers are dissolved in good solvents. the composition
flactuations are dominant in the single chain and emcrpe as the
shift of the center of mass the A subchain, relative o that of the
B sabchain ithe interdiffusion) andfor as 1he Wwdrodvaamic
heterocontacts between A ond B subchain elements {the
enhanced intermal mastions), These intermal mations imeract with
the diffuston motion and retand the diffusion of an entire polymer
mokecule.

J. A. Kornficld. Pasadena, CA, USA. Dynamics of Block
Copolviner Nanostiruciures



Julia A. Kornfield Zhi-Quan Shen

Nanostructured block copolymers have potentizl applications in
emerging technologies as well as in coaventional lields, such as
nowel scparation membranes, biomedical maierials, optical devices
and microclectronics. Recent discoverics of an amay of fascinating
marphologies in ABC triblocks motivated the study of their
dynamics and flow alignment behavior since it may provide routes
to functional panostrelures that are inacoessible a block
copolymer containing just two types of blocks. Like diblock
copalymers, the form and size of the nanostruciures of ABC
tnblock is amenable o mtional control, and their local strocture
«cam be glohally aligned using applied ficlds. especially flow,

Much of the previous work on flow induced alignment
hehavior has focused on A-B diblocks and A-B-A iniblocks, the
Latter exhibiting charactenstic alignment dus to loop and bridge
conformations of the polymer chains at the interfaces.
Mo study has examined the alignment of A-B-A triblocks: distinct
behavier from the A-B and A-B-A sydems can be expected. For
example in o three-microphase ordered A-B-C iniblock, only
bridpes exist, but no loops. To better understand the dynamics
and alignment of A-B-C inblock terpolymens the author focused
on model copolymers. The kinetics of Mow-indiced alignment
was examined with rhec-optical methods, and the nanostreciunes
and global onientation were detectod by TEM and SAXS.

H. Watanabe, Uji, Kyoto, Japan, Dynamics and Strachire of
Triblock Copolymer Sy iteny

Styrene-butadicne-styrene triblock copolymers. tvpical
thermoplastic elastomers, often exhibil rubbery, plastic, and
viscoars behavior af low, intermediate and high temperatures, The
rubbery response has been attributed to a network of glascy
discrete styrene domains bridged by the middle diene blocks,
while the viscous response was attributed 1o o disordered
structure of the constituent blocks. The plastic behavior has been
sitributed 1o soft domain strectures.

These conventional molecular pictures suggest that the
rhealogy of triblock co- and terpolymers 15 governed by the
motional freedom for the middle block ends. The validity of
these models has been examined by studyving the rheological and
diclectric behavior of these tmblock copolymers o selective
solvents for the middie block.

M. Doi. Nagoya. Japan, Dhmamicy of Volume Transition in

Certain kinds of polymer gels immersed in o solvent exhibit a
discontinvous change of equilibrium volume when external
conditions such as (emperature or solvent composition are
changed continuously. This change is known to be a first onder
phase ranstion and is calléd the volume transition. In the carly

investigations, the volume transition wos interpreted in analogy
with the gas-liguid transition of stmple flusds,

However, recent studies indicate that such an analogy is
incorrect. This is demonstrated by two experimental observa-
tons: a.) Hysteresis: the threshold temperature at which the
collapsed phase of the gel transforms to the collapsed phase. b
Anomolous dynamics: in the swelling procéss there is an
incubation period dunng which the whole gel is swollen only
slighaly. followed by the process of large volume change,

The author has solved the complete equation for the swelling
dynamics and showed that the phenbmens an: the realts of the
cltic effect.

J. 8. Higgins, London, UK, The
Effece aof Flow on Binary Polymer
Blends

The technological importance of
polvmer blends has long becn recog-
niped by polymer scientiste. By mixing
o or mone polymenc species il may be
possible to produce mew materials with
desimable Fﬂpcﬂm possessed by peither
of the constituent polymers
While blending technology relies un
polymer-polymer compatibility, total
mikscthility in & thermodynamic sense is
often not the aim. Nevertheless, the ther-
modvnamics of mixing are crocial in
undersianding the miscibility of palymers.

It has recently become evident that another factor in the
processing conditions can affect the phaxe separation—iis
theological history. This surprising interaction of rheology and
thermodvnambes has been explored both experimentally and
thearetically. It was found that the phase boundary can be either
lowered or paised by different shear rates or more gencrally that
the islands of immidscibility can appear separated from the main
spinodal curve.

D. G. Gray, Montreal, Canada, Comtrolled Organization of
Chirel Structures in Cellilose and Cellulose Derivatives

Cellubosie 1 the most abundant polymer. it is indispensable o
a rencwable nesource whose molocular structure is the basis of
the useful mechanical, physical =nd chemical properties of wood,
paper and a wide range of cellulose derivatives.

The main cellulose backbone has o chiral, relatively stiff
structure, and therefore, cellulowe and it derivatives muy form
chiral nematic (cholesteric) phases. both in solution (lyetrogic
liquid crystals) and in the absence of solvent (thermotropic liguid
crystls) Such phases are characterizad by pitch and handedness
of the helicoidal arranpement of chain sepments.

Chiral nematic phase s¢paration was alio observed for
colloidal supemdons of cellulose rodlike crystallites. For thewe
“chiral colloid erystal”, the pitch may be controlled by changing
the ionic strength, and the arientation of the chiral nematic
direction may be controfled by application of a magnetic field.

K. Shimamura, Okayama, Japan. Rigid Polvmer Croatals

Since the discovery of the polycthylene single crystal, chain
folding has been recognized as one general form of confor-
mation in crysialling polymers. Recent objectives in polymer
synibesis have produced polymers with fgid structures. These
Tiepuiid erystalling polymers exhibited high modulus and strength
in film and fiber form. Some of these polymers are crystallizable
bt are too rigid to form folded chain crystals.

Julia Higgins
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Omne of the fabrication techniques to form crystalline
sturctures of polyip-phenylene benubisthiarole) is dissolving the
polymer in cone. sulfaric acid at about [00°C and quenching it to
O'C o form Rbnllar crvtals or by sothcrmal orystalboation (o
form rodlike crystali: Reorganization of the rigid polymer chains
im the rod crystals was achieved by anncaling to 450°C.

L Amdo, Tokyo, Japan, Structure of Folvpeptides in the Solid
Stute s Stadied by High-Resolation NMR Spectroseop
The structural investigation of peptides, proteins, and other
beopolymers in the solid date i being pursoed increaingly by
means of high-resolution solid state NMR. Most of the biopoly-
mers. consisd of repeating sequences of peptide bonds with 20
different of substituents at the d-carbon atom. The see-
ondary structurcs of these bi are clasifiod as a-belin,
erhelin, and others, by mesnd of a st of dibedral angles.

In solution. the NMR chemical shifts of biopolymers with

intermal rotations are often the average valves for all internal
rotations because of rapid interconversion by rotation about
peptide bonds. In the solid state, however, chemical shifts are
afien characteniuic of specific conformutions of highly restricied
‘olation about the p.-pude bonds, The NMR chemical shift is
Wfected by a change in the electronic siate arising from the
sonformational change. NMR chemical shifts in the solid state,
herefore, provide useful information about the electronic stale
nd conformation of a biopolymer with a lved structone. Salid
aute "'C. "N, and "0 NMR spectroscopy have been found 1o be
suremely useful 1 stedy the details of the stractunes of proteins
od :

M. Tauji, Up, Kyoto, Japan, Fime Structures in Crvstalline
*alymer Solidy Studied by Hiph-Resslution TEM

S¢anning probe technigues such as scanning tunneling
picroscopy and atomic foroe michmeopy ane now routinely wwd
o the field of material science to clanify atomic and mobecular-
cale surface structurcs. These techmigocs arc, however not
dequate for investigation of inbermal structures such as laftice
cficcis in the crystallites, unless such structures come out
wrecily on the specimen surfaces andlor affect the surface
tructures (o be detoctable by these techmgues.,

To study the intemal stroctures of crystallites. high-resolution
bservation by tramsmision clectron microscopy (TEM) is the
wout appropriate technique. It has been used 1o study wltra-fine
pructures in crystalline polymer solids.

The following crystalline specimens were wied 1o
emonstrate the utility of high-resolution TEM: 1.) uniaxially
ricoted thin films of Mexible-chain polymers such a wotactic
olysiyrene. polyiaryl-ether-ether-Ketone), polyethylens and
oly{d-methyl-1-pentene): 2.} whiskers of poly{p-

9% POLYMER NEWS. Vol. 22, No. 8

hydroxybenroate) which are cxtended chain ¢rystals, For some
of the specimens which arc vulnerable o electron imadiation a1
room temperature, the high-resolution images were taken at 4.2
K by ervogenic TEM.

K. Tashire. Osaka. Japan. Structural Changes in the
Tiothermal Crostallization of Polyethylene as Viewed from the
Melecular Level

Crystallization phenomena of the blend of deuterated high-
density polyethylene with regular polyethylene with varnioos
degrees of ctind branching were investigated. Depending on the
depree of branching as well as the [VH ratio the cocrystallization
and phase separation were observed The origin of these
phenomena was studicd both from the thermodyoamic as well as
from the kinetic point of view, and also was studied by
traditional thermal analysis as well as by lime-resolved FT-IR
and smiall-angle X-rav scatlenng measurements dufing the
imothermal erystallization process, v was concluded thay
coervatallization occurs for the polymers characterized by a
similar crystalitztion rate.

E. L. Thomas, Cambridge. MA, USA. Control of Interface
Srructure in Block Copolvmer Sxisemy

The classical phases of Mook copolymers are the lamellar,
cylindrical and spherical microdomain structures. The interisce
between the domanns in cach of these classical structures is of
constant curvalure, In recent years 3 number of novel
microdomain structunes bave boen discovered, These include the
doubls duzmond, double gyrosd sid lamellar-catenond sthactuncs,
in AB diblocks. For these structures the partitioning surfaces,
called the intermaterial dividing surface is well approximated by
surfaces of comstant mean Curvatee.

ABC mibleck copalymers also exhibit other novel stnactunes,
in¢cluding vanious cylinder and cylinder phases av well as the
highly unusual “knitting pattiern” mosphology. In conain cases
the inermatenial dividing surface ic a highly non constant mean
curvatore. Synthesis of block copolvmens where one of the
blocks is liquid crystalline also affords ihe possibility of new
microdomain structunes. In the instance of a hiqud crystalline
block, dan additional feature of the momphology s the prefemed
oricniation of the mesogenic wnits with respeet (o the
intermaterial dividing surface.

The most recent development is the modification of these
unusual structunes where the usual composition microdomain
structore relationship of flexible cotl copolymers was. modified
by chain architecture, block sequence distnbation or by the
peesence of 3 liquid erystalline block.

E. T. Kang. Singapore. Surface Stricturey g Dhvamics of
Farnecrionalized Electroactive Polymers

Surface modification of polymers via molecular design is one
nl'lh-m venatile meass of eaipofating pew fochomalities o

existing polymers. The surface modification and fonctionaliration
M some conjugated conductive polymern were explored. The
conducting polvmens were polvanihine and polypyrmole for the
daclectric polvmers, while poly was the ROBO0G-
ducting poalymer. The new fanctionalitics incorporated as & nesult
of surface modification include surface conductivitics, surface
biological activities, and enhanced adheshon charctensics.

8. Miyata, Tokyo, Japan, Functional Polvmers with
Controlled Refractive lndices for Phase-Maltched Second
Harmonic Generation and Ketardatior Fifse Applications

Two applications of functional polymers with controlled
refractive indices wore carcfully studied for: a.) bulk phase-



matched second harmonis generation, and b, ) retasdation’ in film
applications. The bulk phase.matched second hormonic genera:-
tion was realized in o stretched polymer where the polymer
contains orea linkages in the main chain, The wrea polymier was
synthesized from 4, 4°-diphenylmethans disocyanatz and 4.4°
methylene bis(eyclohexylamine). The spin coated film has an
initial positive birefringence. Drawing increased the birefrin-
gence, xnd the film can be used for phase maiching just as in
hiaxial single crystals,

A similar method of the controlled refractive indices of
polvmer was alvo used for other types of films, A seoies of sibe-
chain functionalized polymers pxing p-nitrophenylcarhamare
were imbedded into a phenoxy resin backbone. Poling and
drawing can control both the in-plane and out-of-planc
birefringence nding the functionalized side chain polymer with
Targe dipole moment and lincar molecular polanzibility.

At the Poster Session

The following poster presentations were presenicd by
members of the Institute for Chemical Resenrch, 10 4 consider-
ahle extent in cooperation with other laboratories world-wide.

T. Kobayashi, 5. lsods, H. Kurata and 5. Moriguchi,
Elemental and Chemical Mappings of Eleciron Energy-Loss
Spectroscopy

T. Opawa. 5. Hashimoto, K. Kuwamato, 5. Moriguchi, 5,
Isoda and T. Kobayashi, Stnscture Analysis of Thin Crystals by
Electron Crystallography

8. Isodn, 5. Irie and T. Kohayashi, The First Layer in
Epitaxy of Organic Molecules; Point-on-line Comcidence

M. Tosakas, M. Tsuji and 5. Kohjiya, Quantfication of
Stacking Faults in Syndiotactic Polystyrene Single Crystals

K. Urayamu and 5. Kehjiva, Ultra-hizh Extensibility of De-
swollen Polydimethyisiloxane Networks in Supercoiled State

%, Murakami, K. Shimanuwra and 5. Kohjfiva, Deformation
Morphology of Extroded and Blown Palyethylene Films

K. Osaki, Molecular Rheology. oops!

H. Watanabe, Moleculyr Rheology of Suspensions

T. Inoue, Molecular Rheology of Clasay Polymers

K. Kaji, M. Imai, G. Matsuba, T. Kanaya and K. Nishida,
Strucrure Formation of Pelymers During the Induction Period of
Cryaallization—Crvaal Mucleation Process—

H. Takeshita, ¥, Nishikoji, T. Kanaya, K. Kaji and K.
Nizhida. Structure and s Formation Process of Polymer Gels

K. Nishida, K. Kaji. K. Kiriyama, T. Kanaya, H.
Urakawa, J. 5. Higgins and L. {.nhrr:n Salt can Control
Electroststie Structiene in Polyvelactrolyte Solutions.

T. Kanayva, M. ,\Iljahua. T. Kawaguchi and K. Kaji,
Dynamics of Amorphous Polymers near the Glass Tranxition
Temperatare

F. Hardi, H. Kajl. H. [shida, K. Kawabara and k. Masuda,
Structane and Dynamdes of Polyimers in the Different States =
Studied by Sohd Siate NMR Spectmoscopy

H. Kaji. ¥, Shen, T, Tal, and F. Horil, Solid Stste ''C NMR
Amalvses of the Medium-Frequency Molecular Motion of Sobid
Polymers

Y. Tsunashima, Polymer Chain Dynamics in Bilutg Solution
umeler Coustte Flow

A. Hirai, F. Horii, M. Tsuji, J. Sugivama and H.
Yamamaoto, 's Site Formation of Organized Stroctiures of
Bactenial Cellulose

T. Mivamoto, T. Fukuda, Y. Tsuji. M. Minoda and N.
Donkai, Controlling Moleculas/Material Structares for New
High-Performance Polvmeric Materials

T. Fukuda, Y. Tsuji and T. Mivamoto, Application of
Mitroxide-Controlled Free Radicsl Polymernization

Y. Tsuji. M. Minoda. T. Fukoda and T. Mivamaotse,
Synthesis and Interfacial Propentics of Amphiphilic Block
Copolymers with Pendant Glocoss Rexiduoes

T. Kokubo, F. Mivaji, M. Minoda and T. Mivamoto,
Apatite Formation on Organic Polymers

At the Banquet

Tsunehisa Kimura Derek G. Gray Takeaki Miyamoto

The poster session and the banguet wene beld at the Kyolo
Duigo Plara Holel at nearby Rolagjizo, The participants found the
Symposium most stimulating. Many new and some rather

sibvanced ideas were presented and invited exiengive discussions.

The participanis are looking forwand 1o the nesi conference,
organized by the Institote of Chemical Rescarch. Kyolo
Unaversity, which we understand. is snticipated in 2-3 years time,
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