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Conference Reports

“Macromolecules 86
An International Conference
on Functional Polymers

and Biopolymers

Geoffrey C. Eastmond® and Otto Vogl®

a5L. John's and Trinity Colleges
University of Oxford, Oxlord, U.K.

Bpalytechnic University, Brookiyn, N.Y.

The MACRO GROUP UK, a joint association of the Royal
Saclety of Chemistry and the Society of Chemical Industry
in the UK, sponsored an international conference on "Fune-
tional Polymers and Biopolymers at the University of Oxford,
This conference, “Macromolecules 86, was held at St. Johns
and Trinity Colleges of Oxford University from September
15 to 18, 1986, It was organized under the chairmanship of
Profissor B. Eplon (Wolverhampton Palytechnic, UK) with
his pssociate coordinaors, Dr. R. Mortier (Castrol Hesearch,
UE), Dr. A. C. Finch (Pentafin Associates, UK}, and Dr.
&. M. Hoare (Boots Company FLC, UK). The organization of
this meeting was alio amisted by Jane C, Vogl, the busiress
office manager of the Divislon of Polymer Chemistry, Inc.,
ACS, of the United States.

The Sympostum conshited of two Plenary Lectunes and 60
papers, of which 30 were Polymer oriented and 20 were con-
cerned with Blopolymer subjects. In addition, 30 posten,
equatly divided betwevn polymers and blopalymers, wern
presented,

Over 300 participants, of whom 40% were from the UK,
H% from continental Europe, and 13% from the USA,
sceepled the organizers’ invitation to discuss problems of
great current interest in polymer sclence from amongst the
general subjects selected by the onganizing committee; the
two subtitles, especially, represent toples at the forefront of
present developments in polymer sclence.

Many of the participanis were housed at 51 John's, Trinity,
and Pembroke Colleges of Oxford University. The weather
during the sccond week of September was excellent; the loca-
tion and general atmosphere were most suitable for this
symposium, The plenary lectures and a considerable mumber
of the major leclures were held at the University Museum,
surrounded by birds, dinossurs, and unusual archacological
artifacts. Other parts of the sympotium were held in the lee-
ture rooms of the Depariment of Earth Sclences and at the
Rhodes House.

On Monday evening, before the beginning of the conference,
the participants met after dinner at the College for a recep-
tion in order to get acquainted with one another. On Tuesday
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evening a recital was held at the Concert Hall at the Univer-
sity of Oxford, and on Wednesday evening the publishers of
Butterworth Scientific, [ad. invited the participants to a
wine and cheese mception at the University Maseum,

The highlight of the meeting was the banquet on Thursday
evening nt which Dr. Geoffrey Eastmond of the University of
Liverpool, Chalrman of the Macro Group UK, presented his
views an the development of Polymer Science in Britain and
on future development of science in generl. In proposing the
toast to the oversens visitors he expressed delight at the variely
of polymer chomistry offered at the conference but concern
that expertise in the fundamentals of polymer chemistey is
not being sustained in the UK: Profesors Frechet {Univer-
dty of Ottawa, Canada) and Challa (University of Groningen,
The Netherlands) responded Lo the toast,

Technical setsions opened on Tuesday afier an introduwe-
thon by Dr. Esstmond. In his opening lecture, Otte Vogl of
thi Polytechnke Univerity, Brooklyn, NY, diseusted “Hecent
Developments in Functional Polymers." He pointed dut that
over the last few decades Polymer Science and Engineering
has undergone freguent changes of smphasis since it evolved
as a separate branch of science. He drew attentlon to the con.
tinuing vigorows growths of polymer science and of polymer
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University College, Oxford

development and utilization. These growths are a result of
the increasing use of commadity plastic materials and, more
importantly, of the recent thrust in sophisticated polymeric
materials,

Many highly sophisticated polymens are [unctional poly-
mers, whose effectiveness and, consequently, utilizatlon are
based not only on macromolecular properties but also, sig-
nificantly or entirely, on functional groups. Tailor-making
polymers of high effective funclionality requires more than
the incorporation of functionality alone. Often it is necessary
to introduce flexible spacer groups into the main or dde
chain of polymers to facilitate fabrication. Interactions
between polymer selence and life sciences have become more
important, and more recently. in microelectronic and space
applications, there i o need of polymeric materials with
properties that are in the interface of polymers and ceramic
materials.

R. B. Merrifteld of Rockefefer University, New York, pre-
sented his talk on “The Solid Phate Approach to the Chemi-
cal Synthesis of Blophysics.” Contlnued advinces in under-
standing of the role of biopolymers in living systems have
inereased the demand for these materials, Chemical synthesis
of natural materials can be achieved by classical solution
methods or by the solid phase techniques which have been
developed for use in peptide and protein synthesls. Much of
the peptide chemistry needed for solid siate synthesis wis
adapted and modified from reactions developed originally
for elassical methods. Very large numbers of small peptides
have now been synthesized by this technlque. Peplides with
from 50 to 80 a-amino pcid monomer units in the chain have
glso been prepared in high purity and in satisfactory vields.
Another method for solid state synthesls is playing an impor-
tant role in the preparation of oligonucleotides, depsipeptides,
and some oligosaccharides, which have however been pre-
pared only with some difficully.

“Terminal Functional Polvolefins by a Novel Cationic
Living Polymoerization™ was described by J. P. Kennedy of
the University of Akron, Akron, OH. He had discovered
recently that certain complexes of arganic acids and Lewks
acids efficiently induce the living polymerization of iso-
butylene and its copolymerization with Hoprene at Fela.
tively high temperatures. This is the fist example of & chain
transferless, terminationless polymerization and copoly.
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merization of isobutylene. The nature of the head and tail
groups of the polymers can be eontrolled by sultably chosen
initiators. Solvent and temperature effecls on conversions
have been investigated, and it is postulated that the living
polymerization of isobutylene by ester/boron tricholoride
complexes proceeds by a novel Lwo component group (rans-
for tvpe polvmerization mechanism, “Group Transfer Poly-
merization: Cantrol of Polymer Architecture by Silicon -Medi-
ated Processes™ was presented by D, Y, Sogah of the Du Pont
Co., Wilmington, DE; He deseribed the recently reported and
fundamentally new method of preparing scrylic polymers:
group transfer polymerization is catayzed Michael-type
addition of =ilyl kelene acetals (o ofunmturated esters,
nitriles, anc arboxamides. Very recenily, an extension of
the concept of the sequential aldol condensation reactions
was found and applications of the processes (o the synihesis
of polymers with well-defined structures were described.
“Functional Polvmers via Furan Chemistry ™ was presented
by A. Gandini of EFP, Saint Martin d’Heres, France. This
work on the wider investigation of the behavior of luran
monamers in polyvmerization and condensation processes
incloded free-radical, electrophilic. and nueleophilic reactions,
functionalization by oxidation, functionalizstion through the
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Diels-Alder reaction. and the photoeyeclo-additions of furan/
acrylic functions. **New Fluorinated Polysiloxanes and Poly-
syrenes” were di by D. Teymie of the College de
France, Parti, who reporled the syathetis of new fluodnated
slicones and polystyrenes. ooe of the main interests of
fluorinated polysiloxanes arlwes from their application in
high-performance coatings. The suthor described the synihesls
of new olefinic perfluoracthers and the subsequent hydro-
slylation by linear imethylhy drosiloxanes) containing
various proportions of SiH pendant groups; new fluorinated
styrene monomers have been prepared and thelr (ree-radical
pﬂh-mrnmhn ind copolymerization with siyrene was
. The “Syntheshs and Copolyvmerization of
Hrldinﬂhrhihm Macromen™ was  described by
G, Gordon Cameron (Univemity of Aberdecn, Scotland),
Macromolecular monomens have recelved much attention in
the last ten years and many new types of macromers have
been made, mainly with polymerizable olefin or vinyl groups.
The aulhors reported the synthesis of polyi{dimethylsloxane)
macromers of varlous chain length and their radical copoly-
merization with svrene and acrvlonitrile. G. Martinez (Plas-
ties Institute, Madrid, Spain) described the “Stereoselective
Substitution on PVC Using Phase Transfer Catalysts.” In the
substitutbon reaction on PVC with sodlum benzensthiolate in
tolution it was found that the reaction is stereosslective in
that only the liotactic and the heterotactic trisds ame reac-
tive, while the syndiotactic triads remakn dnmeactive sven 8l
high temperatures. The authon concluded that this reaction i
only pousible through the highly reactive isotactic dyeds, The
substitution markedly improved the thermal siability of the
PVC polymer in terms of degradation rate and discolomtion,
The use of “Functional Polymen to Model Elusto-
menc Networks™ was prosented by J, E. Mark {Unbvensity of
Cincinnati, Cincinnati, OH). He mentioned that it is now
possible to produce elastomeric networks of known wruciure
by endlinking functionally lerminated polymer chains, Such
networks are “model” networks in thal the highly specific
natute of the eadlinking proteis permita control of junetion
functionality, average network chain length, chain length
distribution, and numbers and lengths of danglingchain
Erregularities, . Greeo iInstitule of Technology and Rbeol-
ogy, Aveofilice, [taly) dibcussed “EPR Bulk Functionaliza-
tion: Kinetics and a Pomible Application of the Modified
Rubber.” Polyolelin lunclionalizastion was achleved by
attaching polar groups, such as esters of anhydrides, onto the
polymer backbones by 2 solution reaction. Some properties
of these materials and their wse for forther reactions were
studicd; malealed EPR epecially was investigated, J. de Abajo
{Plasties Institute, Madrid, Spain) presesited his work on
“Heactive Poly{diethyleneglycol terephihalate) Oligomen.”
The suthor has prepared oligomeric polyesters and then con-
wverted their termingl OH groops to other restlive groups
which were then cross-linked. Maleimide and nadimide bave
proved lo be very useful as end<apping functions in the
preparstion of highlemperature reactive oligomsrn and then
the maleimide-terminated materials were cured with Lertiary
butyiperbenzoate. Frank N. Jones (North Dakota State Uni-
vertily, Fargo, ND) presented his work on “Synthesis of
Dligorster Macromonomers having M/M< 1,1." He reported
on research in his group which is aimed at the synthesis of
moncdsperse telechelic —OH and —COOH functional sligo.
osters, The suthors reported a method (or synthesizing tele-
chelie oligoesters by treating diacids (or anhydrides) and sym-

metrical diols with dicyclohexylcarbodiimide. More recent-
ly, oligjomers were prepared with symmetrical diols in the
center and unsymmetrical diols to build up the polvmerchain,

Wednesday morning opened with a main lecture by N. be
iEyoto University, Kyolo, Japan) entitled “Ordering
Phenomena of lonic Polymer snd Blopolymer Solutes in
Dilute Solutions.” Years ago it was recognized, on the basis
of x.ray scatlering experiments, thal tobacco mosaic vires
particles wene distributed equidistantly in the wet and dry gel
states and In concentrated solutions, A similar conclusion
was subsequently reached for proteins. Hecent developments
dlow the approach to the studies &t much lower concentr-
tions of jonic polymers than earlier studiec. A tingle broad
diffraction peak, consistent with a distorted ordered struc-
tiire, when the molecular welght wai high snd the salt
conoeniration was low was achieved, It seems very clear from
the study of a variely of macrolons, including jonic blopoly.
mers, that they form ordered structines In dilule solution.
The structure is highly distorted and results from electro-
stalic [nteractiont between particles through intermediary
counterdons. Edward D. T. Atkins (Univemity of Bristol,
Bristol, U.K.) presented his work on “Chain Folding in
Polymers: Its Oceurrence and Importance in Synthetics and
Biopolymers.™ chain folding occurss in synthetlc

of the Chemistry and Applications of Bismaleimide Based
Resirns." He pointed oul thet polyimides have been known
for a long Ume; totally aromatic linear polyimides are now
wied as coatings. However, thermosetting imide resing cur-
rently being teated (or many applications are polyimides pre-
by polymerization of monomeric reactanis, acetylene-
terminated polyimides, and bimaleimides., The suthor
described particularly the lechnology that has been developed
in the areas of bismaleimides. Bis maleimide resins are
chtained from s variety of bismaleimide building blocks,
using several reactions: vinyl-type copolymerizations with
allyldype reactive diluents, Diels-Alder copolymerzation,

i

and Michael addition-type chain extonsions. The authors dis-
cussed, in particular, the Diels-Alder-type copolymerization
and -!M-I.yp-r chaln extension Lo give utrmﬂlahd poly-
men whose balance of properties, especially as filled compo-
sitions, bs desirable to open new felds for such materiab.
“Cross-Linkable Polyester-Imides™ was presented by J. G,
de la Campa (Plastics Institule, Madrid, Spain). His work
involved preparing polyeilers and polyesterimides with
pendant imide groups. Polymerss modified with maleimide,

drophihalimide, and nadimide pendani groups, when
heated, presented an exotherm corrmponding to the crows.
linking reaction through the double bonds. “New Aerylic-
Functional Olipomers and Their Industrial Applications™
wete discussed by W. R. Dunnavant {Ashland Chemical Co.,
Columbus, OH). Several different types of acrylic-functional
urethane snd ester-based oligomers have recenily been
developed and are finding use in the manufacture of metal
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castings and high performanee composites. The olipomers,
the processes in which they are used, and the industrial ad-
vantages of both the chemistries and fabrication process tech-
nologies involved were discussed, These materials, used in
foundry and composite applications, involve acrylate or
methacrylate functional urethane oligomers in the manufac-
turé of struclural fiberreinforced composites. For foundry
applications, funclional acrylic oligomers have polymerizable
carboncarbon double bonds; the compounds [nclude
acrylated esters and ether resing, vinyl eiter resins, and a
numbﬂnl‘tmnﬂills produced acryliccapped, isocyanate
terminated prepolyma

'Gnhﬂnifcqlum:lllm of Synthetic Polymers,” presented
by P. ). Lemstra (University of Eindhoven, The Neiherdands),
invedved the study of chemical crosslinking performed during
or after polymerization which mesults in the formation of
nonreversible permanant polymer networks, Thermoreversible
geli were oblained when the crosslinks were of a physical
nature. In some cases of synthetic polymers, processing in
the melt k& not feasible due to thermal degradation, while
solution processing Is not desimble. Interesting thermore-
veriible gels which are formed on subsequent cooling and for
coagulation are quite Interesting; processing for membranes
and gel spinning for polyethylene have been successful and
have given new and unusual structures,

Liquid erystalline polymers have become of great intorest
in recent vears, and H. J. Coles (University of Manchester,
UK.) described “The Liquid Crystalline Behavior of Side-
Chaln Polymer Liquid Cryitals in Low Molar Mass Mesogens,”
Low molecular weight liquid crystalline compounds had an
important impact on the nonemissive electro-optic display
industry over the last decade because such displays wis low
operating voltages and are essentially nonconducting; their
very low power requiremints led to their widespread use in
calculators, watch and computer graphic displays. A particular
material suitable for a specific application is normally choten
because of its thermal, elastic, viacous, dielectric, and refrac-
tive index properties. For any application, the material used
will normally be a mixture of several low molecular weight
compounds choten to make a compromise of the various
properties. The author uied 4 -cyano-4 - pentyl-biphenyl and
connected it via a spacer group to a pol having
approximately 50 siloxane units, The “Synthesis and Proper-
thes of Liquid Crystalline Elastomen™ was described by F, J.
Davis (University of Reading, U.K.). His group used polymer
systems similar (o those described by Coles. The potential of
such materials for these various applications depends on Lhe
combination of the properties of monomeric liguid erystal.
line materials with those of macromolecular structure. The
properties of monomeric crystalline materials are well
defined. Polymeric gystems show a number of additional
properties, One of their advantages s the ability to form
elastomers and consequenlly materials with various degrees
of cromlinking. Acryvlate monomers where the mesogen is
connected to the polymerizable unit by means of a Nexible
spacer group were alio synthesized. Homopolymer and
structures with low crosslink dentity showed marked bire-
fringence and textures typical of a nematic lguid crystalline
phase. In highly cromlinked samples (25%), no liquid crys-
talline phase was observed.

On the aftemoon of Wednesday, F. E. Karsz (University
of Massachuseits, Amhersi, MA) presented his lecture on
“Highly Conducting Polymes Based on  Poly{arylene
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Vinvlenes).” Palyphenylene vinylene is conveniently synthe-
sized via a precunor sul fonfum salt polyelectrolyte; the laller
¢an be thermally treated to vield polyphenylene vinylens in
film or fber form of substantial oricntations. When doped
with arsenic peatafuoride, matorials with conductivities of
2X 107 S em™ have been obtained. “Molecular Organiza-
tion of Electrochemically Prepared Conductive Polymer
Films™ was presented by G, R. Mitchell (University of
Reading, U.K.). He peinted out that a wide range of con-
ducting polymers based on helerocyclic rings can now be
produced by electrochemical deposition. He siudied particu-
larty pyrole/paoluene sulfonste films and investigated
their | ual characteristies and morphologies. The mate-
rali were investipated for thelr molecular mnisolropy: a
detailed x-ray study and other characterizations were made.
A number of unconjugated polymers are capable of forming
dlectro-conducting materfals on doping with eectron accep-
tors. B, Gordon LI (Pennsy lvania State University, University
Park, PA) has synthesized derivatives of poly(p-phenylene
pentadieneylene) and found thal “Prolon Abstractions. A
Mew Roule to Electrically Conductive Polymen™ can be
carried out with, for example, n-butyllithium. He found, in
preliminary exmin.ll]ou that conductivitles of up Lo 10%
S-em™ could be measy

The “Influence of Tn:tbcll.}' an the Initiation Mechanisms
of PVC Degradation” was presented by C. Mijangas (Plastics
Institute, Madrid, Spain). The nature of defect structures
such a3 polymer umaturation, branching, head-to-head struc-
tures, and structures obiained by autooxidation were thought
to be resporsible for thermal instability of PVC, even though
the content of the defect slructures is as low 2 from 0.2 to
25 per 1000 monomer units. “New Approach lo the
Mechanism of PVC Stabllization in Solution™ was discusted
by B. Ivan (Central Research Instilute of Chemistry,
Budapest, Hungary). The extent of free hydrogen chloride
evolution as a function of time for PVC solutions coniaining
several slabillzers (for example, lead stearate) showed that
contiderable induction periods of hydrogen chloride evolution
are observed as the stabilizer content is increased.,

The “Photechemistry and Energy Balance in Ultraviclet
Laser Ablation of Polymers™ was dizcustsd by R. Srinlvasan
{IBM Watson Research Center, Yorktown Heights, NY). Ina
strang absorber of UV radiation, phoboacoustic studies show
that ablstion begins long before all of the photons in one
pulse are absorbed In the polymer. A quantitative correlation
of the to UV laser mdistion of a polymer to iis
chemisiry, its UV absorption as well as to the pulse energy &
still a problem. Aftempts have been made to work out &
theary which can be tested experimentally. “New Polymers
for Microlithography, the Chemical Amplification Approach™
was given by Jean M. J. Frochel {Univemity of Ottawa,
Canada), New materials for applications as photoresists have
been vigorously investigated and have produced materials of
preally improved properties through neW coRcepls uﬂ::
polymers with pendant epoxy groups. The presently favor
approach is the amplification of photoinitiated chain or
catalytic resclions. Photoinitialion wat uied to inltiste chain
reaction or to gencrate a catalyst in localized areas within the
resist  ilm. ﬁe following problems were investigated:
{a) photolnduced changes in the physical properties of poly-
mers, (b) pholoinduced multiple molecular rearmngements,
(¢) photocatalyzed depolymerization or chain degradation
reactions. R. A. Pethrick (University of Stathciyde, Glasgow,
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Scotlend) presented his work on “Eleciron Beam Lithog-
mphy."” He concluded that polymers are used extensively for
the gensration of patterns for fabrication of semiconductor
circuits, Copolymers of methyl methacryiate and styrene
have shown either positive or negative behavior depending
upon the proportions of the two monomers present; various
derivatives of methyl methacrylate and styreme have been
investigated. The performance of any polvmer resist depends
critieally upon the salvent used to generate the pattern.

On Wednesday afiemoon, the part of “Synthesis and Char-
aelerizalion of Functional Polymers™ of the mesting “Macro-
molecules 86" was concluded with three important coniri-
butions. K. Simons (University of Manchester, U.K.) dis-
cussed “Electrically Induced Storape Effects in Smectie
Palysiloxnes-Controlled Optical Transmission,” Comblike or
side chain polymeric liquid crystals belong to a relatively new
class of thermotropic liquid erystalline compounds. Numerous
investigations have revealed nematic, smectic, and cholesteric
polymers with properties anslogous to their low molecular
weight counlerparts, with the added complicalion of & glas
transition at temperatures below the range of the mesophase
stability. This glissy phase was used to advantage by early
rescarchers, and clectrically or thermally induced optical
textures were durably stored below the plass transilion tem-
perature indicating the possible use of these materials for
data storage. The most widely studled malerials are paly-
siloxanes onto which mesogenic groups are attached wvia
flexible spacer groups.

“Ultra High Resolution Laser Addressed Liguid Polymer
Displays™ wis discussed by H. J, Coles (Univemity of Man-
chester, ULK.). He mentioned that a class of materials has
been recognized that exhibit intermediate and mobile struc-
fures (i.e., mesophases) between the crystalline (or glasy)

phase and the isctropie melt. Polymer mesophases have
recently been observed in the absence of solvents os a func-
tion of lemperature only. Such thermotropic mesophases are
very similar to those well known in low molecular weight
liguid crystalline materials. The fquid crystalline to Botropic
phase lransitions of the polymers have been studied by
optical microscopy and thermo-optical analysis. W. Driemeier
(University of Omunbruck, F.R.G.) presented his work on
“High Resolution Photorefractive Polymers for Integrated
Optics,” New photorefractive pelymers allow the easy fabri-
cation of passive eomponents for integrated optics by simple
flumination with ultraviolet light; no wel processing is needed.
The polymers are resctive acrylate systems with a high con-
tent of radical generating compounds. Planar optical wave-
guides are prepared by solution deposition or by spin coating
technigues; photorelractive properties are investigated holo-
graphbically. The mechanism of reflractive index chanfe can b
understood as a light-induced fixing of the high-index dopant
to the low-index polymer (photofixing). Additional cross-
linking hardens the film, providing for high resolution and
stability. “Photopalymerization in Ceramic Processing.” by
P. D. Calvert {University of Sussex, UKL}, showed that multi-
layer ceramics (ML) procesing s widely used in the produwc-
tion of capacitors and in packaging for large integrated circuits,
Efforts have been made to cxtond the type of processing
applicable to ceramic sheets by wsing photopolymerizable
binders in analogy to photolichographic processes used in
prinied circuit boards and integrated circuit manuifzcture.
Two types of processes are described. The first aims sl the
production of patlemns ln free-standing green tapes; the sec-
ond considers the production of thin ceramic Jayers on sili-
con inlegrated circuits.
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