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Polymer Science in Austria:
Universities in Vienna

Josef Schurz® and Otto Vogl®

“lnstitute of Physical Chemistry, University of Graz, A-8010 Graz, Austria
*Polytechnic University, Six MetroTech Center, Brooklyn, NY 11201, USA

in cooperation with Oskar F. Olaj, Gerhard Greber and Werner Praznik

UNIVERSITY OF VIENNA

The Univessity of Visnna, the “Alma Mater Rudolphina, ™ has
abowt 60,000 students and 8 faculties: Catholic Theological Faculty,
Protestant Theological Faculty, Faculty of Law, Faculty of Social
and Economic Science, Faculty of Medicine, Faculty of Basic and
Integrative Science, Faculty of Philosophy, Facolty of Formal and
Natural Sciénces.

From over 2000 universities in the world, the University of
Vienna is considered the 1 Tith oldest university. It was foanded in
1365 by Duke Rudoll TV. In the 15ih cenmury it had abous 1,000
students and was one of the leading universities in Europe. During
the ceniumies it had its ups and downs, reflecting the genernl struggle
Otto VYogl betwoen church and stale. In the lest two centurics, il has developed
strong affiliations in philosophy and medicine,

Vienna has eight universities: the University of Vienma, the
Technical University of Vicnna, the University of Economy of
Vienna, the University of Yeterinary Madicine, the University of
Agriculmre (Universitaet fuer Bodenkulr), the Academy of Ams,
the University of Applied Arts and the University of Music and
Applied Ar.

Vienna with Minerite Church and City Hall. University of Vienna, main building.
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The firg building of the Chemical Instile was built in 1872;
subsequently, the new maim building of the Uiniversity, situated on
the Ringstrasse of Vienna, was constructed in 1884, In 1915, anew
complex ol Institutes, including chemistry, physics wisd mathematics,
was built on the Wachringerstrasse. It remains the home of
chemisiry, physics and mathematics al the University,

Since | 365, almosi | million students have anended the University
and some 180,00 have received academac degrees. More than
5000 scholars have been prolessors al the Univeraiy.

The Institute of Physical Chemistry (Oskar F. Olaj)

Chemical Institute, University of Vienna.

Polymer research has had a long iradition 4t the Universaty of
Vieana. It began in 1932, when Herman Mark was appointed
Professor at the Universary of Viens and became the head of the so-
called . Chemical University Laboratory. During Mark's teaching
persoed at the University, fundamemal work was carmied out on Mee
radical polymerization. rubber elasticity and on & number of other
projects which became part of the reputation that we associate with
polvmer science af the University of Vienna.

Mark surrounded himself with a number of young. talented and
highly compelem scientists. Among them were Franz Patat, who
became Professor ot the University of Innsbeuck and lkater st the
Technical Universities of Hannover and Munich. Patat plaved a
significant role in the developmem of coordination insenion
polymenzaton, Ciio Kratky, another of Mark s assistants, became
Professor ul the University of Prague and at the University of Groz:
T ws i inventor of X-ray small-angle scattering. Other scicntists
ol the Mark school were Einich, Guth, Simha and Broda.

Johann Wollgang Breitenbach remauned at the University of
Vienna znd eventually was appointed 1o the choir of phvsical
chemistry that Herman Mark formerly occupied. He expanded
reaching and research in polymer chemistry and held the chair for
more than ihree decades. Among the numenousiopics that he and his
group investigated were the Kinetics of free-radical polyinerization,
especially clain wansfer reactivns, spontancous polymerization,
inhibition of polymerization, popeormn  (nhomogencous)

Strudelhofstiege.

polymenizanon and copolvmérization. electrommbaied poly-
e rization, phiase-separation siedies of polvaer solutions, polvimer
Iractionation, light scattering and osmometry of polymer solutions.
Afmoss 300 seientific commmmicaiiong are witness to s prolife
epoch al the Institege of Physical Chemistry,

In the sixties, the L. Chemical University Laboratory of the
Liniversity of Yienna (a1 that time already named the 1. Chemical
Institure) was divided o an lnstitute of Inorganic Chemistry and
the [nstiuie of Physical Chemistry. Palymer Chemisory, because of
the physicochemical character of rescarch work done under
Breiienbach. remained s the Instliwe of Physical Chemisory.

In 1977, Oskar Friedrich Olaj was appointed Prafessor of
Chemical Physics nnd succeeded Breitenbach. He was also elected
head of the insttue, a position wihich he held until 1984, New
professorships were created ar the Institute of Phvsical Chemisiry
amad Olaj 15 mow ane of the four (full) Professors of the Institute

Olay had orginally started us a kinelicist with a thesis on
mialtifursctional chain-transfer agems {carbon tetrabromede and
hydrogen sulfide) for radical polymerization under Breilenbach.
Fora namber of vears, he worked on electroinitined free redical and
ionic polymerization and also on several 1opics of free radical
polymerization. He investigated the spomancous, thermal initiation
of stvrene and G-chlorostyrene polvmenzalon

In 1971, Olajexiended his interest to sitisiical thermodynamics
af polvmer systems, studied by computer { Monte Carlo)simulation.
These 1w peneral 1opics. comtputer simmutation of polymer svslems
on the one hand and polvmerization Kinetics on the other hand sull
are the main fields of polymer research at the institute. In the
[ollowing sections, some actuil topics of the work that is being done
under the direction of CLF. Olaj will be deacribed.

Compurer simularion aof polyeer systera | Gerhard Zifferer ). This
work deals with single-chain propemics—the evaluation of
macroscopic (globall and microscopic (local conformations)
properties as a function of solvent quality, chain-pair properties

Vol 18, No. 6, POLYMER NEWS 183



Centers of Polymer Research

such as pair-distribution function and chain dimensions as a
function of chain-scparation and concentration, again alsounder the
influence of the solvent quality,

Quite recently, these studics have been extended 10 the
investigation of the behavior of chains close to a hand wall.
Simudation of dense polymer systems is also being investigated.
Remarkable progress was made when new quasi-kKinetic relacmion
mechanisms were introduced which were no longer bound o the
presence of vacancics. The most cutstanding result gained by this
method was the confirmation of Flory s theorem (chaiin dimensions
in bulk arc equal to those in the unperturbed steh This procedure
s now been successfullv extended to phase-separation phenomena
between two polymers of limitad compatibalaty, Yo the simulation of
the inferface between twosuch polymers and 1o the evaluation o the
conceniration profile and the chain-size distribution across the
interface. Another project involves the propertios of a2 single
polymer chain (type A) embedded into a matrix consisting of a
thermodynamically different polymer (1vpe B) and of a solvent.

Kinetic investigations of free radical polymerizations with the
objective of determining individual rare constenty (Irene Schaoell-
Bitai). Raté measurcments in stationsry state polymenization or
measurements of the degrees of polymernization, when the polymer
is formed. invariably pave the rate constan! of propagation k_and
the rate comatant of bimolecolar termination & in the combinatson
k /& with no chance of weparating these wo contributing factors.

ssolution into the components of the ratio usually was made by
resarting o pscudostationary ratc measurements (e, under
discoatinwous, however periodic mitiation, &.g. the rolating secior
method) which yiclded k_and k, by obtaining the ratio k&,
Not only was this method successfully applicd to hoimo-

Vienna, St. Stephens Cathedral.

polyvmerzion (e.g. of vyrene, stveene-derivalives, methacrylaies,
acrylates, eic. ) but it could alxo be adopted for the kinetic analysis
of copolymerization reactions (styrene-methy] methacryiate, styrene-
methy] acrylate); k and k could be obtained ax a (unction of the
monomer foed compositions. The surprising conclusion was that
the well sccepted Mayo's terminal model was found not to apply
here for k. Efforts are now underway to further develop new
meihods of pleudostationary polymernizabion, o apply them o
mawponiers which have hitherto escaped the determination ol k and
k. and o apply them (o terpalymerization.

Theory and simulation of polymerization procecses (Gerhand
Zilferer). A third important rescarch area which is being investigated
with Associate Prodessor Ziffererinvolves the theoretical description
of various polymenzation procosses and the evaluation of the chain-
length distributions of the resulting polymers. This field & in part
connected with the problems raised in polymerizations in the
prendostationary state where closed solutions of the differential
equation systems could be worked out only in the simplest cates
{pulsed laser initiation and rolating scction initiatiofn).

Inorder 1o overcome these shorcomings, a versatile method has
been developed which directly simalates the development of the
prevdostationary state and fimally yields the numenical solution
after a few steps of the time-profile of the radicul concentration.
This profile then serves as the basis of calculating the average rate
of polymerization and the chain-length distributions. The surprising
result is that fully arbitrary periodic initiation profiles coald be used
for the extablishment of pseudostationary conditions, suitabic for
the evaluation of tr and K along the lines described before,

Excitation energy tramsport and energy frangfer. Another
independent branch of research ender the leadership of Associate
Professor Harald F, Kaaffmann is concermad with the elucidation of
the nature of optical excitaions in aromatic polvmers by
photophysical methods, in particulsr by time-resolved fluoncscence.

Schonbrunn Castie, Vienna.



This 1echnigque has not only developed into a powerful tool of
probing transient excited-stale events, but it is also very helpful in
the phenomenalogical detection of nelaxation processes, iypically
on sub-nanosccond and nanosccond time scales. In addition,
iransient Muorescent studies hove provided evidence for the presence
of excitation epcrgy transport {EET) and dincct encrgy transfer
(ET). Thus, at least in peinciple, information on both static and
dynamic polymer propertics is acoesuble.

The main focus of this work was concerned with aromatic
polvamides, Unfomunately, even homapolymers reprosented such
2 highly complicated system that it was impossible 10 provide a
quantitative translation of Muonescence data inospecific parameters
of polymer structare on a microscopic molecular level, mainly
because of the deficiencics of the theoretical baxis available.

Curmrent ¢fforts in the group. thenefore. concentrate of compaier
simulation experiments which are helpful in bridging the gap
between the microscopic treatment of the polymer-inherent EET-
many body problem on the one side. and the ensemble averaged
fuorescence-observables on the other. Both the synthesis of polymer
fleorescende data via the Monte Carlo—master equation rootines
and the analysis of such data (reconstraction of distributions ) with
the helpof unbirsed regularizaion provided an impoctanst tec haique
af probing different conformational topologies and photophysical
situations inthese polymers. Accondingly, they make aconsiderable
impact in the imerprecation of polymer Nuorescence in a real data
experiment,

Woedd research. Austria is a very important wood prodocing
country. Consequently, tewcarch on cellulose and on the other
imponant wood component. ligning, has 2 long tradition in Awsria.
In the mbddle 19304, Professor Anton von Wiacek stared his
rescarch on lignin and other wood components. He identified
pyrogallol derivatives in hard wood and also stamed to exploee the
pessible use of lignin products as components for synthetic resins.
His coworker, Karl Kratrl, continucd and greatly cxpanded the
work on lignin and studied the acid. alkaline and oxidative
degradation of lignin, Other substances present in wood were also
investigated such as tallodl, natural resins and terpenes, At the
present, no further work is being done in Vienna on this ot
important rengwable resource—wood.

Technical University of Vienna

The Technaical University received ils present mune in 1975,
Ower & periad of almaoss 300 years il underwens many evolutionary
changes. The first instination, which became one of the predecessans
of the Technical University of Vienna, the “Engineering Academy,”
was foended in 1717 In actuality, Prince Eugen, who deliversd
Western Europe from the threat of the Onoman aggreision, proposed
the creation of (wo engineering schools, one in Vienna and oot in
Praguc: the education in thest instituthons was mainly aimed at

The direct toot of the Technical University of Vienna can be
found in the *Polytechnical Instinate™ which was the successor of
the Engincering Academy. The Polvtechnic Instituie was opencd in
1815 and was one of the oldest of its kind, the others being in Pars
and Prague,

The Palvtechiical Institate had 2 technical and a commercial
department as well 25 a preparatony high school. In 1363, an
extensive reorpanization of the Imstitute wis underaken. the
commercial depariment was eliminated and the Institule was

Vienna Opera.

renamed Technical College for Advanced Technology. In 1901,
this Technical Colle pe for Advanced Technology of Vieana obtained
the right to graduate their candidates with a degree of doctor of
engineering and the first doctor of technical science graduated in
1902,

Teaching and rescarch in macromolecular science is carried oal

inthe depanment for Chemical Techaology of Organic Compounds.

The Institule of Chemical Technology of Organic
Compounds [Gerhard Greber).

G. Greber

H. Gruber

When the Polytechnical Institute of Vienna was created. two
tesching chairs were established for technical chemistry, one for
“Common Teckaical Chemistry™ and the other one for ~“Special
Technical Chemisiry.” In 1866, the Tatter was chanped into what we
knovw todday as the “Institute for Chemical Technology of Organic
Substances.™

Polymer research and education a2 the Technical University
started in 1976, when Gerhard Greber was appoanted Director of the
Institute of Chemical Technobogy of (v panic Materials, The research
sctivities were oficnted predominantly loaand preparative polymer
chemistry. Since 1980, the work has been camied oul in clise
cooperation with Associate Professor Hans Gruber, The research
activities cover a broad range of topics on both synthetic aml natusal
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polymers. :
Iigh-remperature Resismant Polymers research is camiod outon
high temperature resistance and good processibility. Block
copolymers are alio being prepared. By varying the chemical
composition of the blocks and block length a variety of new
products with "ailor made™ propentics. ¢.g- different glass lransition
temperatures and thermostabilities up to 450 C, could be obtuined
which were also soluble and fusibic. Block copolymers with good
processibility and with thermoatabilities of more than 500 C could
b obtained by the utilization of aromatic dizmines with sulfide and
sulfone groups as structural efements for the polymer blocks.
Crosslinked polvmers. New crosslinked hydpophilic gels on the

Belvedere Castie, Vienna.

basis of glucose- and sucrose methacrylates have been synihesized.
The degree of crosslinking was determined by the ratio of mono- o
polyfunctional esters in the monomer mixture. The gels were found
uselul as e carriers, t5 or reactive groups could be
fined by esterification or ctherification of the free HO- groups of the
carricr. Specific examples are: mixtures of mono- and polyfurctional
methacrylic esters of sucrose which were prepared by
transeaterification of suctose with methyl methacrylate. Radical
polymerization of the monomer mixmures yielded i
hydrophilic gels swellable in water or in palar organic solvents.
Thcyhm‘tpﬂfmi_llm:.upd}mﬂ:chﬁm?wpum
with catalytic activities; Ruthenium-bipyridyl complexes suitable
for photochemical reactions; Girard-P and Girand-T reagents to
detect andior remove aldshydes and ketones.

Polymeric canalysis as enzyme models. Polymer models
mimicking the active siteof the enzyme t-Chymotrypsin with spacer
groups have been synthesized. The sctivity of the enzyme models
was found to be 25 times higher than other known models and the
activity could be maitained for months without substantial decrese.
The native enzyme e-Chymotrypain still exhibits an activity eight
times higher than the new polymer bound enzyme model.

Polymers for medical iwees, Work in the department deals with
the improvement of the tissue compatibility of silicone pubbers.

Palvmer additives. This type of research involves the study of
movel additives with low volatility, good compatibility with organic
materials and stability against migration. The additives that were

186 POLYMER NEWS, Vol. 18, No. 6

studied were: telechelic antioxidants, light stabilizers and optical
brightcners for polyolefins bascd on polyethylenc oligomens with
covalently bound additive end groups; thermal stabilizers for PYC
based on organotin compounds with highly chlerinated aliphatic
groups; modified silicas have been synthesized by the reaction of
silica with methyldichlorosilane and subsequent hydrosilylation
TCAcinns.

Photainitiorors. New photoinitiaslors with reactive groups (6.8,
hydroxy-, amino- cpoxy-groups) or polymerizable groups on the
basis of hydroxyalkylbenzophenones have been synthesized.
Polymeric photoimitistors with “tailor made™ propeities coald be
obtained by radical polymenization of the polymenzable initiators
of by copolymerization with vinyl monomers.

Namwral polymers. A ncw process for the preparation of
regencrated ccllulosic fibers has been developed by silylntion of
cellulose with wimethylchlorosilane and subsequent hydrolytic
cleavage of the trimethylsilyi-cellulose.

Natural raw materfals. Research projects on natural renewable
materials deal mainty with the preparation of new sucrose derivatives.
Without changing the basic stracture of sucrose, a number of new
sucrosc cthers and esters containing functional groups have been
synthesized. These derivatives are not single. well defined
compounds, but rather mixtures of isomers with various degrees of
substitution. Examples are: sucrose methacrylates; sucrose
derivatives with primary amide groups of N-methylolated amide
groups a5 condendalion components for urca- melamine- and
phenolic resins. The propertics of these sucrose- -ambdocthyl ethers
and of the amino- or phenolic resing prepared therefrom could be
varbed by sultable incri substituents 1o be either hydrophilic or
hydrophobic; polyfenctional sucrose derivatives with aromatic
aride groups as photoactive curing agents for the preparation of
photo-resisis with good adhesion 1o metallic sarfaces; sucrose
derivatives with primary aming groups and their fnaty acid amides
with surface active properties—these compounds act as deiergenis
with higher hydrolytic sability than the known sucrosc [ally acid
exters; water soluble sucrose derivatives with biologically active
groaps, e.g. esters of sucrose with acetylsalicylic acid.

Telechelics. Tebechelics with hydroxy, amino or carboxyl end
groups have been synthesized by anionic polymerization of styrens
or butadiene and by termination with suitable functional reagenis.
Radical polymerization with functional initiators are also being
studiad.

ard  polysilotencs.

Silanes
f imidie or aride groups bonded by hydrobytically stable
5i-C bonds are being modified by hydrodilylation reactions of
hydrogen silanes. These polymers are then converted to functicnal
polysiloxanes flor their potential use at photoresiyt materials.

Photocroxalinkable allyd resins, New photoresists with
dimethylmaleimide or azide proups have been prepared by
condensation polymerizationof polyfunciional aloohols with suitsble
functional phthalic anhydride derivatives.

Graft copolymers. Fiber forming graft copolymers based on
cellulone or cellulose acetate were synthesized by chain ransfer
polymerization using thiol group containing cellulose derivatives
25 comonomens for styrene, methyl methacrylae, acrylonitrile and
hydraxyethyl methacrylate copolymerizations.

Teaching ar the Institte. Aboot 50 M.S. and 40 Ph.D. students
have gradunted in polymer chemisiry from the Institule sinee 1976,
The following courses are available at the Institute: “Introduction 1o
Chemical Tochnology of Organic Maberials; ™ Chémical Technology



of Qrganic Materials ™~ Chemical Technology of Organic Materials
for Chemical Engineers™ and a laboratory coune “Chemical
Technology of Organic Materinls:™ a seminar is being presented by
experts from the chemical industry,

UNIVERSITAET FUER BODENKULTUR

The Universitact foer Bodenkultor, the "Alma Mater Vindis.™
wad founded in 1872, It now has 7300 students, 260 professors and
assastants, The scentific rescarch programs are concerned with
agricultural, forest-technological and biotechnological subjects.
All the polymer related rescarch is being carmied out in the [nstitute
of Chemistry, which is headed by Professor Leopald 1 Maerz.

Institute for Chemistry (Wermer Praznik)

The work in the Instituie of Chemistry is concerned with the
optimal utilization of renewable biological raw materials combined
with the maximum preservation of coological circles. This approach
i comiidered one of the mist important ks of bioscience.

Extensive basic research and increased development is being
camied oul for the application in biotechmology, Biopolymer
rescarch is being done by three working groups. the most important
rescarch group in carbohydrate rescarch is headed by Woemer
Prarnik

Two olher groups are engaged in rescarch of glycoconjugate.
The group of L.1. Maerz is concerned with the characterization of
:nmph:l. enrbohydrates and the investigation of their interactions
with bislogical systems—bactcnia, plants, animals and man,
Glyeoproteins from insects wre being investgated with major
emphatis on the structure and biosynthesis of their carbohydraie
side chains. It is expected thal immusegenicily of antigenicity could
be created, when aglvooprotcin is administered to mammalian

W. Praznik

OIEANISMS,

Organie svathesis of complex C- and polvsaccharides is the
main objective of the work being done in the group of P, Kosma
Their interest is focused on a specific lipopolysaccharide (LPS) of
a gram-negative bacteria, also known as endotoxkn. The various
segments of this complex compound are associated with distinct
Hological effects. The objective here is to syathesize an arificial,
xzcologically barmless immunogen. This work wies extensively
NMR spectroscopy, studies of molecular conformations and
molecular modeling.

The group of W, Praznik is working on polysacchanides from
rencwable plant raw matenals, especially those which are of indenesi
for biotechaological wtilization.

Siarting with the general interest in potmto starch, funher
rescarch into the domain of starch led 10 the scparation of potato
starch into different molecular weight fractions, Separation of
amylose and anylopectin was possible by chemical complexing
techniques and by means of size exclusion chromatography.

High molecubar linear glocans Bive boen produced by the
catalviic action of phosphorviase utilizing malio-oligomens and
Elucose- | -phosphate (this work is being done in cooperation with
B. Plannemueller, Freiburg/Germany).

The isolation and characicrication of fructans front various
plarits i also a significant part of ihe research effons of this group:
of special interest are the components of Jerusalem anichoke and
chicary. These plants contain a high percentage of water soluble
linear polysaccharides. fructans known as inulins, which could be
utilized for the production of high class fructose molasses, One of
these fructans, sinistsin, has a branched strocture and is a water
soluble fructan: it is now used in medical applications for a renal
clearanee test,

A close cooperation with the Instingte for Physical Chemistry of
the University Graz (1. Scharz. O, Glatter. A, Huber) has existed for
several years in the field of biopolymer characicriestion. A chear
corrclation between molecolar polymer charscicristics and
macTodsope matenal roperties seems o oxit. Such parameters
prowiske bawic information for sucoessiul biotechnofogical utilization
(eooperation with K.D. Klube and E. Berghofer of the Institute for
Nutrition Technology. Austria; with R.H.F. Beck of Cerestar,
Belgium; and with R. Wutks of Lagvosan, Austria). Cooperation in
the agronomy of polysiccharide containing plants exists now with
teams working en plant breeding (P, Ruckenbawer) and on plant
phyvsiology(G. Sojaofthe Research Centerof Seibersdort, Austria).

The study of the structure of wood it an additonal ficld of the
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researchof this group. Investhgations ane focirsed o the carbobivdrate
matrin of wodd as a function of storage andfor drying. Wiork is also
being done on the behavior of the individual types of wood under the
normal conditions of drying. Glycoconjugates (glycolipids,
glveoprodeins, proteoglyeans) occur in all pro and epcaryotic
organmms, in soluble form as well as associated 1o oell surfaces, The
phwsicochemical properties of the carbohydrate modeties lead to
charactenstic and often essential mteractions in vivo and in vitro
Many of them are being ivestipated o recopnition phenomena,
among them infections invasion of thswves or such fundamentl
processes like contact inhibition or metastasis,

AUSTRIAN ACADEMY OF SCIENCES

The Austrian Academy of SCENces is an Organization CoRsIsung
of almost five hundred scholars 23 members. It ha two divisions,
the mathematical-scientific division and the philosophical -historical
diviston. The Academy has 115 full members and ix puided by a
directorate of four. The presdent of the Awinan Academy of
Sciences is Wemer Welzig: Onto Hittmair is Vice President, Karl
Schlocgl is General Secretary and Walter Scib is the Secretary.

Ascarly ax 1713, the famous mathematician and founder of the

Prunaian Academy. Lewbaite. sugpestod the foundation of an academy
in Vienna, but it was oot until 1847 that it was formally created. In
1857, the Academy moved into the main building of the old
university, Over the years, the objective of the Academy was
redefined and it ultimately bocame the leading research institation
of Austria. Many pew institutes were creatad and the cooperation
with international organizations was initiated andfor organired.

In the mathematic-scientific division, many of the rescarch
activitics are concentrated in institutes. The main cmphasis is in
physical. biological, medicinal and ecological schenocs. Onc instituse,
the Institute of Solid States. ix investigating the propertics of
techmical materials using physical methods. panticelarly plastic
deformation, fracture behavios, recrystallization and surface
behavior.

Another institute is involved in the study of biologically active
proteins, gene regulations, gene tranafer and the molecular basis of
muscle and ccll movement. The focus of new activities is the
interdisciplinany cooperation of lechnical, natural and woeial seiences
with a special emphasis on the development of new rechnologics
and their effect on society.
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