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EFFECT OF RESIDUAL CHLORINE GROUPS ON THE HYDROLYTIC
D’EGRADA:TION OF POLY[DI(CARBOXYLATOPHENOXY)'PHQSPHAZ’ENE]

" Alexander K. Andrianov,1Jonathan Mulsman 1 Lendon G. Payne, 1 Karyn B. V:sscher2
. and Harry R. Allcock2.
1 Vlrus Research lnstltute 61 Moulton St. Cambridge, Massachusetts 02138
2 Department of Chemistry, The Pennsylvanla State University, University Park,
Pennsylvania, 16802

Poly[d1(carboxylatophenoxy)phosphazene] (PCPP) appears to be of parucular
interest as a carrier in protein and cell microencapsulation because of its gelation properties
and biocompatibility. Recently we have studied degradation properties of PCPP formed
ionotropic gels. In this paper we investigated the effect of residual hydrolytically labile
chlorine groups attached to the phosphazene backbone on the hydrolysis of PCPP in
aqueous solutions. Chloro-containing derivatives of PCPP were synthesized by partial and
controlled modification of poly(dichlorophosphazene) with sodium salt of
propylhydroxybenzoate followed by hydrolysis of the propyl ester groups to yield
carboxyhc acid functions. The hydrolytic decomposition of these polymers was examined
in PBS buffered aqueous solutions (pH 7.4, 379C and 55°C). During these experiments
the molecular weights of polyphosphazenes and the release of hydroxybenzoic acid were
measured by aqueous size-exclusion HPLC. It was found that the degradation rates were
temperature and pH dependent and were significantly higher for the polymer samples with
higher content of hydrolytically labile chlorine atoms. For most polyphosphazenes studied
the degradation profiles have a fast initial phase, followed by a phase with slower polymer
breakdown, that can, apparently indicate the existence of different types of decomposition
mechanisms in the reaction system. The results demonstrate that the degradation properties
of PCPP can be controlled by incorporation of hydrolysis sensitive chlorine atoms as the
pendant groups in the polymer structure.
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Recycling of High Perfofm,anéz,é-Engineérihg Resins

Dr. Michel Bitritto
Business Manager, Resource Recovery/Recycle
~ Hoechst Célanese Corp.
Advanced Material Group
26 Main Street
Chatham, NJ 07928

N

Depending on your perspective, plastics recycling is either a pain in the neck or a golden
opportunity, a drain on resources or a profit center. Whatever your outlook, one thing is certain;

it is a fact of life. o

-Choosing a recycling rkiethod,} and making it work ‘teéhnicavll‘y_ and ,ébcéno;ff;ifcyallsf can bean
overwhelming task. This paper will offer some insights into the trade-offs, costs, and benefits

involved in both chemical or thermal depolymerization to form "new": starting-

direct reuse in which scrap is remelted for molding or extrusion processes. =&
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Synthesis, Characterization and Eval'u'g'tion' of Fiigh Molecular Weight
poly(ethylene 2,&naphthalate-cnﬂ,&-bjbc'n_zoate)

© Eui Won Choe and John Flint,
Robert L. Mitchell Technical Center,

m.at.eri@I;S;:japd

Hoechst Celanese Corporation, Summit, N.I 07901, US.A. . .

The series of pofy (alkylese 2,6-naphthalate-co-4,4-bibenzoetc) was synthesized snd
characterized in terms of optical, thermal and mechanical properties. Poly(ethylene 2;

naphthalate-co4,4"bibenzoate) showed the most promising characteristics as improved: = . .-

industrial fiber and film products. The following properties were evaluated: modulus

retention 4s.3 function of temperature to 150°C, Tg, resistance to UV, hydrolysis, horalr -
shrinkage, and crystallinity. The following will be described: theselecuonof polymer T
composition, two stage synthetic routes, single stage direct fiber spinnifig and tape -
processing; fiber/ §lm properties, modulus tetention as a function of temperature. The.
typical fiber properties of poly(ethylene 2,6-naphthalate-co-4,4*-bibenzoate) are TEM = .. .

-1 gp/¢-8%/300-400 gpd.
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RECENT ADVANCES IN POLY(ETHER AMIDE) TRIBLOCK AND
: 'STAR BLOCK COPOLYMERS

R. J. Clark; C.- S. Henkee

'Huntsman Corporation
P. O. BOX 15730
Austln, TX 78761

Triblock, three-arm and four-arm poly(ether amide) block
copolymers have been synthesized and characterized. The block
copolymers were prepared by reacting di-, tri- and tetra-
functional polyether amines with caprolactam in water at elevated
temperatures. The effects of incorporating poly(ethylene glycol)
versus poly(propylene glycol) based midblocks are examined. The
“water absorptlon of these block copolymers can be tailored to
decrease or .increase the rate and amount of water absorbed
relative to polycaprolactam. These poly(ether amide) block
copolymers have unique melt rheologies due to the nature of the
. star polymer configuration. The star polymers exhibit shear
“thinning melt behavior. These poly(ether amide) block copolymers
“have significantly better impact performance than
Jipolyecaprolactam. When low levels of poly(propylene glycol)
midblocks are incorporated into the copolymer, the flexural ,
modulus increases. This effect is most pronounced with the star
block copolymers.
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Polymers for Solar Energy Devices
A.W. Czanderna, G. Jorgensén, and F.J. Pern

National Renewable Energy Laboratory
1617 Cole Boulevard
- Golden, CO 80401»

ABSTRACT

The functonal role of polymeric matendls, which have 2 wide range of applications in solar
energy conversion systems, will be summarized. The specific polymers discussed are used
for metallized reflectors, photovoltaic (PV) encapsulants, electrochromic (EC) devices, and
desiccant materials, The general properties of polymers needed for solar energy devices
listed will be degradation mechanisms of polymers in a solar terrestrial environment and the -
concomitant ‘detrimental impact on performance will be summarized. For outdoor service
environments, all polymeric materials share a number of durability requirements, which may
include thermal -and/or ultraviolet stability, maintenance of optical transparency,
impermeability to moisture and. gases, and resistance to adhesion failures. Metallized,
flexible polymeric film teflectors can be used in solar applications or for conversion to
electrical power. . Transparent elastic polymers such as ethylene vinyl acetate (EVA) have -
been used as enw;' uldnt materiads for PV modules. - Developmental EC devices for building *
applications. consist of a multilayer stack of thin films (mcludmg ‘polymers) mounted onto a
suitable substrate. The potential use of cationic and anionic polymers as desiccants in -
cooling systems that can be regenerated at temperatures below 353 K is summarized.. -
Problems, research needs, and future prospects for polymeric materials used in solar energy
systems are identified and discussed.
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PROPARGYL THERMOSETS, COATINGS, AND FIBERS
Stoil K. Dirlikov, '
MEZA Polymers, Inc., 2430 Draper Ave., Ypsilanti, MI 48197

Propargyl phemistry is very attractive for preparation of
thermosets, coatings, and fibers. Dipropargyl bisphenocl A:

- HC=CCH,0 -@— C(CH,;) 2@ OCH,C=CH

forms thermosets with superior properties. Its linear polymer:

H—t— CECCHZO@- C (CH,) ZQOCHZCEC ——H

forms radiation curable COatiﬁgs with excellent properties.
Poly (dipropargyl terephthalate) is a candidate for thermosetting

fibers:
H —— C=CCH,00C ':COOCHZCEC —>—— H

Acetylene terminated resins that cure with amines, alcohol,
organic acids, etc. without catalyst at room temperature will
presented and discussed as well. ,
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Poly (Methyl Acrylate)-Grafted Starch and Flour.
Preparation and Properties

. George F. Fanta
Plant Polymer Research
National Center for Agricultural Utilization Research
Agricultural Research Service
U.S. Department of Agriculture
Peoria, ILi 61604, U.S.A.

Use of agriculturally derived products such as starch as extenders and
replacements for synthetic polymers reduces our dependence on
petrochemical-derived polymers. Also, starch is biodegradable, leading to
environmental breakdown of the material. Graft polymerization is an
excellent method for preparing starch-polymer composites. In the course
of our research, the properties of starch-g-poly(methyl acrylate)
(PMA) have been especially interesting and have caused us to consider the
commercial potential of these polymers. Starch graft copolymers
containing about 50-60% PMA can be extruded into tough, flexible
plastics. Since, in the absence of moisture, the rigid starch matrix
inhibits the melting of these graft copolymers, plastic formaticn takes
place by the fusion of heat-softened granules of grafted starch in the
high pressure zone of the extruder die. ' The starch portion of these
composites is susceptible to fungal attack. If graft copolymers are
prepared from starch in water solution, these graft copolymers can be
processed into continuous films by extrusion blowing, provided that water
is added as a plasticizer. An interesting property of these extrusion
blown films is their ability to shrink at room temperature when exposed to
~high relative humidities. Foamed products, useful as loose fill packing
materials, can also be prepared from PMA-grafted starch by extrusion.
These foams are highly resilient and have a low bulk density. Moreover,
foams disintegrate rapidly when placed in water, since they are composed
largely of starch. If cereal flour is substituted for starch in the graft
polymerization process, the reaction product contains higher levels of
ungrafted homopolymer, and extruded plastics tend to be softer and more
flexible. Continucus films can be obtained from PMA-grafted flour by
extrusion blowing; however, in contrast to starch, it is not necessary to
dissolve the flour prior to graft polymerization. The percent shrinkage
of flour-based films at high umidity is less than that observed for
analogous films prepared from starch.
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Title: Polyurea and PolyurethanelPolyurea Cast Elastomers Based on 4 A
Dicyclohexylmethane Diisocyanate

Authors: K. W. Haider; R. L. Adkins; P. H. Markusch; J. W. Rosthauser; W. E.
Slack; Miles, Inc., Polyurethane Research New Martmsvx]le,WV 26155

DESMODUR W (a commercial isomer mixture of 4,4’ -d1cylohexy1methane :
diisocyanate) was combined with either amino or hydroxy functional polyethers
and chain extended with diethyl toluenediamine to form polyurea and
polyurethane/polyurea hybrid cast elastomers. The polyurea systems were
prepared in a “one-shot” process by carefully selecting Amine Terminated
Polyethers (ATPEs) with appropriate reactivity toward the aliphatic dnsocyanate
The polyurethane/polyurea hybrids were synthesized by the “prepolymer process”,
in which polyurethane prepolymers were subsequently chain extended with the
aromatic diamine. Both types of polymers had dramatically higher softening
points and improved elastomeric behavior than the corresponding polyurethanes
containing no urea linkages.
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THERMALLY STABLE THREE-DIMENSIONAL POLYMER SYSTEMS 2.
SYNTHESIS AND CHARACTERIZATION OF STAR-LIKE
POLYBENZOBISTHIAZOLE

Issifu I. Harruna, Melody L. Bray, and Kofi B. Bota
Department of Chemistry, and High Performance Polymers and Ceramics Center,
Clark Atlanta University, Atlanta, Ga. 30314 USA

and Malcolm B. Polk
School of Textile and Fiber Engineering, Georgia Institute of Technology, Atlanta, Ga.
30332 USA

Although the tensile properties of heterocyclic double stranded liquid crystalline polymer
fibers and films are extraordinary, the compressive properties are mediocre. Significant
improvements in the compressive strengths of liquid crystalline fibers and films can be
achieved by the preparation of three-dimensional systems capable of secondary bonding
interactions or cross linking. To this end, we studied the effects of molecular orientation
on the transverse mechanical properties of polybenzobisthiazole by preparing poly(2,6-
benzobisthiazole) and reacting it with 2,6-diamino-9,9-bis(4-aminophenyl), I, to give a
thermally stable three-dimensional polymer.
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NITROXIDE MEDIATED FREE RADICAL POLYMERIZATION OF STYRENE - ABSENCE OF

THE GEL EFFECT, Michael K. Georges, Marko Saban, Richard P. N. Veregin, Gordon K.

[ Hamer, Peter M. Kazmaier, Xerox Research Centre of Canada, 2660 Speakman Drive
Mississauga, Ontario, Canada, L5K 2L1 :

We recently introduced the use of nitroxide stable free radicals to mediate free
radical polymerizations for the production of narrow polydispersity resins. These
polymerizations are initiated at temperatures such that the initiator half-life is a few
minutes or less, allowing almost simultaneous chain initiation.  Narrow
polydispersity resins result, in part, because irreversible termination by coupling, is
suppressed. This work suggested that since initiation and termination are
controlled, stable free radical moderated polymerizations should not exhibit a gel
effect, rendering them safer to perform than a conventional free radical
polymerization process. This hypothesis has been confirmed. The role of the
mechanism of this reaction in eliminating the gel effect will be discussed along with
examples which demonstrate the absence of t?xe gel effect in the living free radical
polymerization. o

N Poster 11

SYNTHESIS AND SPECTROSCOPY OF NOVEL SIDE-CHAIN POLYME
- RS FOR.
. ELEC:I'RONIC; AND PHOTONIC APPLICATIONS. Rajive K. Khanna, Department of Chemistry
and Biochemistry, University of Southern Mississippi, Hattiesburg, MS 39406-5043.

_ Conjugated polymers have received considerable attention recently due to their interesting
glectncal and nox}-]inear optical properties. However, "rod-like" main-chain conjugated polymers are
insoluble, have high melting points, and are not amenable to conventional plastic processing technologies
We hav_e recently prepared several polymethacrylates and vinyl polymers with a variety of pendent .
polyphenyls .and poly(thiophene)s. These polymers are soluble in common organic solvents and could
find apphcatxon§ in.fast optical shutters, microelectronic devices and electroluminescent (EL) devices.
For example, thin films c?f poly(vinylterphenyl) (T) and poly(5-vinylterthiophene) (IT) display strong
photolymmescence (PL) in the blue and blue-green regions, respectively. Since the PL and EL emissions
in conjugafed polymers both arise from the same singlet excited state, we anticipate T and II to show
electroluminescence in the blue and blue-green regions, respectively. The synthesis; optical properties
and cross-linking reactions of these novel materials will be discussed. RN ,
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POLYCARBONATE / POLYARYLETHER BLOCK COPOLYMERS AND
COMPATIBILIZED BLENDS BY REACTIVE PROCESSING

Robert J. Kumpf, Richard Archey, Wolfgang Kaufhold, A. Donald
Meltzer, Harald Pielartzik
Miles Inc., Pittsburgh, PA 15205

Engineering thermoplastics are” typically prepared using using classic
polymerization techniques such as melt condensation. interfacial
polymerization, and suspension polymenzahon Qur approach has
been to prepare block copolymers by reactive processing - a "dry-side"
process.  There are a number of incentives to consider reactive
processing over conventional “wet-side" synthesis: the cost of
developing -entirely new engineering resins; familiarity with the
properties and processing attributes of the base resin; shortened product
development cycles; and tailored physical properties. This poster will
describe reactive processing routes to polycarbonate/polyarylether block
copolymers and use of these block copolymers as compatibilizers in .
binary blends.
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SELF-ASSEMBLY IN THERMOCHROMIC POLYTHIOPHENE DERIVATIVES

Mario Leclerc

- Department of Chemistry, University of Montreal, Montreal, (Quebec), Canada, H3C 3J7

-~ Conjugated polymers have received great attention due to their unusual electrical and

- optical properties. For instance, some polythiophene derivatives have revealed interesting
thermochromic, solvatochromic and piezochromic properties which could lead to the

. development of novel optical devices. In order to shed some light on the driving force of
- - these optical effects, various fluorinated, alkoxy and alkyl-substituted oligothiophenes and
- polythiophenes have been synthesized and characterized.  Different morphologies
(monolayers, semi-crystaline and amorphous materials) have been also investigated. All
these studies seem to indicate that these optical effects are related to a self-assembly of the

substituents inducing a twisting of the conjugated backbone.
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Surtace Activity and Its Determination in Complex Polymers of Forest Products.
John J. Meister, Meng-jiu Chen, Fu-Fong Chang, Anita Aranha, Department of
Chemistry, UNIV. OF DETROIT MERCY, PO BOX 19900, DETROIT Ml 48219-
0900

Graft copolymers of lignin, made by free radical graft copolymerization of 1-
phenylethene on lignin, increased the contact angle of water on birch wood
(Betula papyrifera ) and decreased the critical surface tension of the wood when
coated onto the wood surface from an N,N-dimethylformamide solution. The
coating of copolymer changed the wood from hydrophilic (~50°) to hydrophobic
(110°). SR
The most pronounced change in contact angle was produced by benzene-
soluble extracts of the reaction product. These extracts contained lignin with long
poly(1-phenylethylene) sidechains and pure poly(1-phenylethylene). They
produced surfaces with the numerically highest contact angles with water and
changed the wetting behavior of the surface more than physical mixtures of Ilgmn
and poly(1-phenylethylene) or either of the pure polymers. = Surface activity

could be measured by contact angle measurements, critical surface tension
measurements, emulsion formation, extraction behavior, surface excess
measurements, and lap ‘shear tensile strength measurements.

Surface properties can also be changed by grafting directly on wood
pulps, chips, fiber, bark, or any other plant product. By initiation with calcium =~
chloride and hydrogen peroxide in a stirred reaction, a thermoplastic sidechain -
of poly(1 phenylethylene) or poly(1-(1-oxo0-2-oxypropyl)ethylene) can be grafted
onto the lignin of wood via free radical polymenzatlon

Grafting results in permanent weight gains that correlate with the changes
in physical properties that would be expected from the inclusion of poly(1-
phenylethylene) or poly(1-(1-oxo-2-oxypropyl)ethylene) into the wood. These
property changes are loss of hydrophilicity, loss of polar solvent wetting,
development of hydrophabicity, development of a glass transition temperature,
and development of thermoformability. ‘
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Sunil S.Parikh
Monsanto Chemical Company

Lev Zlatkevich
Custom Scientific Instruments

Comparative Study of Various Stabilizers in Mass Poiymerization .
and Emulsion ABS By The Chemiluminescence Technique

ABS emulsion and ionic mass polymerization products differ ,
significantly in purity and microstructure of butadiene unit.The presence
of surfactants and-high concentration of more susceptible to ox1datlon o
1,4 butadiene units contribute to inferior stability (durability) of
emulsion resins. In the present study the major thermal oxidative
parameters such as induction period,oxidation rate constant and
durability were evaluated by means of the chemiluminescence
technique for individual ionic and emulsion products as well as for
resins protected by various stabilizers {phenolic antioxidants - Irganox
1076 and Sfanto'nox R; UV absorber - Tinuvin 328; Hals - Tinuvin 770).

The introduction of phenolic antioxidants to ionic products rmproves
durability mostly by dimin shing the oxidation rate constant, and
Santonox R was found to be superior to Irganox 1076 in this respect.In
emulsion resins phenolic antioxidants affect both the induction period
and the oxidation rate constant values.The improvement in durability is
reached by the increase in the former and the decrease in the latter
parameters and again Santonox R performs more efficiently than
Irganox 1076.The introduction of UV stabilizers by themselves has no
influence on durability in either ionic or emulsion resins. Both Irganox
1076 and Santonox R were found to be more efficient in combination
with Tinuvin 328 than Tinuvin 770, while durability of ( Tinuvin 328 +
Tinuvin 770 + antioxidant) compositions was intermediate to that for
(Tinuvin 328 + antioxidant) and (Tinuvin 770 + antioxidant) blends.
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PHOTOCATIONIC POLYMERIZATION OF VINYL CYCLIC ACETALS BY VISIBLE
LIGHT. BenjaminB. Reed!; Joseph M. Antonucci2, and Jeffery W. Stansbury2 (lAmerican
Dental Association Health Foundation, PRC; 2NIST, Gaithersburg, MD, USA).

Dental composites with excessive polymerization shrinkage have undesirable characteristics such as
microleakage, accelerated degradation, and reduced wear resistance. A remedy for these deficiencies lies in
the use of ring-opening monomers, which polymerize with less volume reduction than noncyclic vinyl
monomers of comparable size. The monomers 4-methylene-2-phenyl-1,3-dioxane (4MPD), and 2,2’-(1,3-
phenylene)bis-4-methylene-1,3-dioxane (IPMD) were synthesized and characterized. Analyses of homo- and
copolymers-(with vinyl comonomers) under free radical conditions indicated that the monomers underwent
minimal ring-opening polymerization. In this. study, we investigated the polymerization behavior of the
monomers with a diaryl iodonium salt as a photocationic initiator. ‘Activation of the monomers for visible
light polymerization was achieved with the use of anthracene sensitizers.. When irradiated for 1-2 minutes
with a visible light source, both 4MPD and IPMD, activated with both the iodonium salt and the sensitizers,
polymerized to clear films. It is expected that low-shrinking composites can be formulated with these and
similar vinyl cyclic acetal monomers by use of these visible light activated cationic initiators.
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Regnocontrolled Synthesxs of Poly(&ﬂkylthlophenes) Mediated by Rieke Zinc,

Thelr Characterization and Solld-State Propertles
, Tian-An Chen, Xiaoming Wu, and Reuben D. Rieke*

' "Dekpa"rtment’_ of Chemistry, University of Nebraska-Lincoln

' Lincoln, Nebraska 68588-0304
Abstract

A systematically regiocontrolled synthesis of poly(3-alkylthiophenes) (P3AT) mediated
by Rieke zinc is reported. Rieke zinc undergoes oxidative addition to 2,5-Dibromo-3-alkylthiophene
or 2-bromo-5-iodo-3-alkylthiophene regioselectively to afford 2-brom9-5-(brornozincio)—3-
alkylthiophene . or 2-bromo-5-(iodozincio)-3-alkylthiophene.  The intermediates - can be
polymerized catalytically to a series of regiospecific poly(3-alkylthiophenes) using different catalysts.
The regioregularity of the polymer chain is solely controlled by the structure of the catalyst. An
almost completely regioregular head-to-taii (HT) P3AT _ s obtained by using Ni(DPPE)Cl,. Use
of PA(DPPE)CI, leads to a reduction in the regioregularify (70:30. HT:HH), while using Ni(PPh;),
also leads to a much reduced regioregular P3AT (65:35, HT:HH). A totally regiorandom (50:50,
head-to-tail-head-to-head) P3AT * - is afforded by using Pd(PPh;),. The poly(3-butylthiophene)
is a2 97% HT regioregular polymer. Other poly(3-alkylthiophenes) (#lkyl = hexyl; octyl ,
decyl,  dodecyl, andtetradecyl are regioregular P3ATS with the HT linkage larger than

98.5% based on NMR analysis.
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Segmental Orlentatlonal Order In_ Microphase-Separated
o Block Copolymers via Deuterum NMR =~

J.L. Hutchison and E,T. Samulski

Department of Chiamistry
University of North Carolina at Chapel Hill

- We estimate the degree of segmental crientational order in a lamellar, - -

' miecrophase-separatad, triblock copolymer consisting of poly(styrene)-poly(isopreng)-
~poly(styrene). Deutetium NMR of the alkane probe, hexane-d,,, a preferential sotvent -
for the isoprene block shows residual quadrupolar Interactions—an-indication of
. orientational order. The measurad probe orientational order parameter (~ 103 in the
- {swollen) Isoprene block suggests that it is faasible to examine spacifically labeled

- chalns in microphase-separated block copolymers. Such measurements could yleld a.
- microscopic measure of ¢chain stretching as a function of label position along the- =

- ~chain’s contour lsngth In a varisty of topologies with different curvatures.”
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~

Control of Block Copolymer Morphology through Tailored Monomer
Sequencing

‘Jonathan H. Laurer,” Richard J. Spontak,* Steven D. Smith,
Arman Ashraft and Jon Samseth?

*Department of Materials Science & Engineering, North Carolina State University, Raleigh, NC 27695, USA
tCorporate Research Division, The Procter & Gamble Company, Cincinnati, OH 45239, USA
*Depanmqqt of Physics, Institute for Energy Technology, Kjeller, Norway

Most phase studies of AB diblock and ABA triblock copolymers have traditionally targeted
materials in which the chemically dissimilar blocks each consist of a single monomer species (A or
B). If A and B are held constant, the thermodynamic incompatibility (xN) at constant composition
can most easily be controlled by varying either temperature (which affects yx, since x~1/T),
molecular weight (M, which is related to N) or both simultaneously. Another route by which to
alter xN for a particular application, or as a means-to access/explore specific morphologies, is
through tailored monomer sequencing. In the present work, the phase behavior of an (A/B)-b-
(A/B)" random block copolymer (RBC) and a series of A(A/B)B triblock copolymers, each
composed of styrene (S) and isoprene (I) monomers, has been investigated in which random (A/B)
blocks have been successfully synthesized in the presence of a sec-butyllithium/potassium alkoxide
co-catalyst.. The RBC, with M=80kDa and blocks which consist of 75/25 and 50/50 (wt%) S/1, is
disordered at ambient temperature. Blends of this.copolymer with three polystyrene homopolymers
(hS) of varying M [15sM(kDa)<120] reveal that the RBC exhibits both repulsive and attractive
interactions with hS.- At low Mpg, RBC-rich blends are comprised of hS aggregates which appear
as loosely connected channels. As Mpg is increased, these aggregates become continuous,
entrapping RBC molecules which self-assemble into nanodispersions measuring tens of
nanometers in diameter. These nanodispersions, which are reminiscent of, but not identical to,
conventional block copolymer micelles, are also observed in macrophase-separated hS-rich blends.
All of the symmetric A(A/B)B copolymers, on the other hand, are ordered, exhibiting lamellae at
ambient temperature. In this series, the weight fraction of A/B midblock (wap) is varied from 0.0
to 0.4. As wap is increased, the microdomain long period decreases, leading to a corresponding
decrease in  for the copolymer. While hS blends with the parent diblock exhibit expected inter-
mediate morphologies (cylinders and micelles), those containing an A(A/B)B copolymer with
wa/B=0.4 do not. Instead, catenoidal and ribbon-like morphologies are observed.
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Conformational Behavior of Polymer Loops: Monte Carlo and Bond

Fluctuation Simulations
Ronald L. Jones and Richard J. Spontak |
Department of Materials Science & Engineering, NQr_th Carolina State Umversxty, rRaleigh,‘ NC 27695, USA

Although significant efforts have focused on polymer chains grafted at one end to an impenetrable
surface, relatively little has been reported regarding the conformational behavior of polymer loops.
Polymer loops constitute an important consideration in understanding the properties of both
homopolymer chains possessing two functionalized end groups ("sticky feet") and linear
multiblock copolymers (triblock and higher order) consisting of double-anchored midblocks. In
these cases, polymer loops have often been represented as two single-grafted chains of half
molecular weight. The purpose of this work is to ascertain the validity-of this common assumption
by elucidating the conformational behavior of polymer loops with Monte Carlo and Bond
Fluctuation simulations. For isolated chains in the limit of low surface coverage, on-lattice Monte
Carlo simulations have been performed for single-grafted and looped chains.in two and three
dimensions, with and without volume exclusion. The simulations reveal that looped chains reside
closer to the surface than do single-grafted chains of identical chain length (N). In fact, the end-to-
end distance, which scales as NV, decreases systematically in the following order of the number of
grafted sites: 1, 0 and 2. Variation in v is found to be insignificant. At higher polymer surface
coverage, the Bond Fluctuation model is employed to correlate segmental density distributions with
surface density and chain length. Distributions obtained with this-approach compare favorably
with those from Monte Carlo simulations in the limiting case of low surface coverage. The bond
fluctuation model also permits estimation of the time required to reach equilibrium after the initial
conformation is generated. These results are further compared to self-consistent field calculations
for a condensed phase (i.e., a lamellar triblock copolymer) consisting of looped chains.
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CYCLOPOLYMERS DERIVED FROM HIGHLY FLUORINATED MONOMERS AND MULTI-
FUNCTIONAL OLIGOMERS. J.W. Stansbury and G. Scott, NIST, Gaithersburg, MD 20899

Fluoropolymers are favored for harsh environment applications due to their hydrophobicity,
chemical resistance and thermal stability. Unique refractive index and coefficient of friction
properties further expand the utility of these. materials. -In this investigation, novel highly-
fluorinated cyclopolymerizable monomers. and. oligomers were prepared through an amine-
catalyzed reaction using fluorine-containing acrylates or diacrylates with paraformaldehyde.
Appropriate fluorine placement allows efficient formation of the 1,6-diene ether linkage necessary
for effective cyclopolymerization. Free radical solution polymerization of a 1,6-diene monomer
(56% F) resulted in precipitation of a completely cyclized polymer which was soluble only in Freon-
type solvents. In an alternate approach, the formaldehyde/amine reaction was applied to
fluorinated diacrylates to provide cyclopolymerizable oligomers (40 to 50% F) with multiple 1,6-
diene linkages situated along the prepolymer backbones. Introduction of fluorine reduces the
viscosity of the oligomers relative to hydrocarbon analogs. Polymerization of these fluorinated

oligomers provides crosslinked fluoropolymers which. may be useful ‘as low surface -energy

coatings. or as stable matrix materials. -
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| 'Model Studles on the Mechamsm of Polymer Stabilization by
Hindered Amine nght Stablhzers (HALS)

E. N. Step and N. J. Turro
: Department of Chemistry, Columbia Unzverstty, New York, NY 10027
M. E. Gande and P. P. Klemchuk £
CIBA Additives, Ardsley, NY 10502

> Hmdered Amme Lwht Stab111zers (HALS) are known to be efﬁcxent inhibitors of po]ymer

" photooxidation. Chem1ca1 scavenging of alkyl macroradicals by nitroxides and peroxy:

B :‘macroradlcals by aminoethers is considered to be the most 1mportant process in the | '
@ ‘mechanism of polymer stabilization by HALS. Although the mechanism and kinetics of thc ‘
| ;_former reacuon are studled in detail, the latter reactlon is only known to reoenerate

~ +mitroxide: A-detailed i investigation of the reaction of peroxy radicals with aminoethers. by
dlfferent techmques in model systems will be presented A mechanism for the efﬁcxent

i, productxon of hltromde from HALS W1th peroxy radicals is proposed
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A MOLECULAR MODELING STUDY OF HETALLOCENE CATALYZED POLYMERIZATION

" REACTIONS.

 P. S. SUBRAMANIAN , K. J. CHOU
TEXACO RESEARCH CENTER
* P. 0. BOX 509
BEACON, NY 12508

ABSTRACT

' Ziegler-Natta catalysts ‘are used in the synthes:.s Cof
‘stereospecn.flc polymers. The nature of the monomer and catalyst is

" “known-to determine the tacticity of the polymer formed. Molecular-

~modeling techniques have been used to predict the tacticity of the

polymer formed when using these Ziegler-Natta catalyst. This studyi*’”f

includes various Ziegler-Natta catalysts in the polymerlzatlon of
propylene. In each case predicted tacticity is compared with
experimental data. Results of the calculations for monomers other
than propylene will also be presented.
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Epoxy-Based Thermoplastics: A New Family of High-Barrier Resins.

J. E. White (Speaker), H. C. Silvis, M. N. Mang, J A. Schomaker D. J. Brennan, S. L.
Kram, A. P. Haag and C. N. Brown

Central Research and Ievelopment Laboratones
The Dow Chemical Company
Midland, Michigan, 48674 |

A new family of epoxy-based thermoplastics (1), formed by stoichiometrically balanced
polymerizations of diglycidyl ethers with dinucleophilic monomers, combines
engineering mechanical performance and good processing characteristics with
excellent barrier to oxygen, carbon dioxide and moisture. Polymers 1, many of which

are amorphous (Tg = 65 to 161 OC) and transparent, show break: strengths of up to

- 8800 psi (11- 60-% elongation) and moduli of 350 490,000 psi, properties that are

often accompanied by remarkably low color (YI'= 2.1). Crystalline variations of 1
generally are opaque, but share many of the mechamcal characteristics of the
amorphous resins, including exceptional impact resistance reflected. by notched lzod
values ranging from 18 - 29 ft- Ib/in. These new thermoplastlcs exhibit oxygen
transmission rates as low as 0.04 - 1.50 cc-mil/100 in2-atm-day (60 % RH) and can be
fabricated by a variety of conventional processes, including cast-film -extrusion- and

coextrusion, thermoforming, extrusion blow molding, blown film extrusion, and

rotomolding. In addition to details about the synthesis and fabrication-of polymers 1,
structural effects on the thermal and barner properties of the polymers will be ‘
described.

o OH oH
?>\/0—Ar—o\/<? + HXH - (o\)\/x\)\,o-m}
n
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—PRODUCTION‘OF-BACTERIAL POLYESTERS
CONTAINING CYCLOALKYL GROUPS

Marianela Andajar*, Maria A. Aponte® and Eduardo Schroder2
*Deparment of Chemlstry \ :
?Department of Agronomy and Soils
University of Puerto Rico, Mavyagiiez Campus
Mayaguez, PR 00681

The quest for new biodegradable polyesters of oacterlal
origin has led to a study of the capability of Pseudomonas
olevorans to produce cycloalkyl substituted polymeric units.

- Thus, growth experiments using homologous c¢ycloalkylalkanoic
acids as. carbon sources have been carried out in which .
different ratios of the acids to nonanoic acid were used.

) The work™ carrled out up to now suggests that a new

’ polymer contalnlng cycloalkyl units has been isolated when P
oleovorans is grown with either pure or 80% 5- cyclohexyl—
valeric acid, using nonanoic acid as a co-feed. This is

" opposed to the'case.Where the shorter chain acids: 4-cyclo=
hexylbutyric, 3=-cyclohexylpropionic and cyclohexylacetic acid

-~ were-used as the unusual carbon sources. In ‘these, the -
cyclohexyl ring is progressively closer to the carboxyl ;
.group and apparently affects the assimilation of these carbon
sources. This effect provides information on the type of
specificity of the polymerase system in this microorganism.
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Starch-Based Extruded Plastic films and their Biodegradable properties. -
K. Arévalo-Nifio, C. F. Sandoval and L. J. Galan, S. H. Imam!, S. H. Gordon! and"*
R. V. Greene!. Depto. de Microbiologia e Inmunologia, Facultad de Ciencias Biologicas,
Universidad Autonoma de Nuevo Le6n, Apdo. Postal 2790, San Nicolas de los Garza, N.L.
México and 1Biopolymer Research Unit, National Center for Agncultura] Utilization Research,
Agricultural Research Service, U.S. Department of Agrxculture Peoria, Illinois 61604 USA.

Plastic formulations containing up to 40% starch were prepared and blown into thin
films using extrusion methods. Extruded films were evaluated for their biodegradability by
exposing them to a consortium of starch degrading bacteria in the laboratory for 45 days and in
the "La Silla" river located in Monterrey, N.L. Mexico for up.to-60 days. Biodegradability was
assessed by measuring changes in weight loss and chemical composition of the films using
Fourier transform infrared (FTIR) spectroscopy. While little or no degradation was apparent in
control films made up of 100% low density polyethylene (LDPE) or 100% poly-(cthylene-co-
acrylic acid) (EAA), most of the starch was depleted in starch-containing films exposed in the
‘river. Starch degradatxon in films exposed to amylolytic bacteria in the laboratory was relatively
slower, Also, increasing the amount of EAA from 25% to 50% substantxally reduced starch
depletion in these films.
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Light scattering studies of association in solutions of poly(n-dodecyl thiophene)

S. Yue and G. C. Berry -
Department of Chemistry
Carnegie Mellon University
Pittsburgh, PA

Static and dynamic light scattering studies have been carried outondilute
solutions of poly(n-dodecy! thiophene) over a range of temperatures for which
the solutions exhibit reversible thermochromism. The light scattering behavior.
reveals a supramolecular structure at a all temperatures. Coincident with the
thermochromic effect on cooling, the supramolecular structure showsan =~
increase in orientational order among the chains through enhanced depolarized
static scattering. Slow changes in the supramolecular structure on annealing at
low temperature result in some irreversible changes in its size and molecular
weight, though the thermochromism remains. The behavior is attributed:to
thermodynamic effects acting in'the moderately concentrated solution .=~~~
comprising the domain of a supramolecular structure. In this model, the
decrease in temperature is accompanied by poorer solvent conditions (e.g.,
increased Flory interaction parameter ) causing a transition to an ordered state,
and extended chain conformations. The latter give rise to the thermochromism.
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Structure/Reactivity Relationships for High Performarice Polyamides: Kinetics of the
Reactions of N,N'-dihexylphthalamides in the Presence of Added Copper Iodide and Water

J
g

L1ndaJ Broadbclt1 Michael T. Klein*, Barry D. Deant and Stephen M. Andrewsi2
. Department of Chemical Engmeenng
University of Delaware
Newark, DE 19716
and

“#Amoco Performance Products, Inc.
' Alpharetta, GA 30202 -

. An experirnent_ai ’s,tudy to determine fhe effect of copper. (I)'iodide and water on the
rate and pfodﬁét distribution of aliphatic-aromatic polyamide degradation was carried out by
using N,N'-dihexylterephthalamide (DHT) and N,N ‘-dihexylisophthalamide (DHI) as
models of the amide functionality. DHT was reacted in an inert argon atmosphere at 350°C
in the presence of Cul added in amounts ranging from 0-5% by weight. The rate of
disappearance of DHT was enhanced by a factor of three with the addition of 0.5% Cul..
Increases to 5 wt% did not change the disappearance kinetics further. Comparison of the
behavior of DHT and DHI revealed that changes in rate of disappearance and product yields
were dependent on the relative positions of the amide substituents. Reaction of DHI was"
enhanced more significantly at a given Cul loading. The rate of disappearance of DHI and
DHT and the selectivity to N-hexylbenzamide increased with the additinn of watexi'ijn
,loadmgs rangmg from 0. 148 M to O 193 M. The reactmty of DHI was more greatly -
enhanced at a g1ven water loading. These differences were attributed to electromc effects |

as evaluated by dlfferences in atomic parUal charges, and physxcal effects.

Present Addrcsses '
Department of Chemical: Engmeenng, Northwestern: Umversxty. 2145 Sheridan'Rd., Evanston, IL 60208 ~
2 Ciba-Geigy Corporation, 444 Saw Mill River Road, Ardsley, NY 10502-2699
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WETTING BEHAVIOR QF DIFFERENT FIBER GLASS SURFACES
Balbhadra Das
Donald E. McWilliams
James W, Kasunic

PPG Industries
Fiber Glass Research Center

P. 0. Box 2844 _
“Pittsburgh, PA .  15230-2844

'ABSTRAGT

In dealing with the fiber glass composite interfaces in this presentation,

the general nature of fibexr glass surfaces will be discussed It wzll be .

shown that the spreadLng and wettlng behav1or of different szlanes (coupllng

‘agents) on fiber glass surfaces with two glass aompositions~ﬁ9ra different.

It will be sbown,vfor example, that hydrolyzed,gamma-aanopro@ylfnrﬁhyéroxxp;7V;1

_ s;lane, gamma-methacryloxy propyl silane and the gamma glycldoxy propyl
silanes wet the 1201 fiber glass surface better than the E flber glass
Based on the glass compositional dlfferences it is speculated that the
superior wetting characteristics of 1201 glass is probably due to preserice

of more Si-OH groups on 1201 glass surface than E glass.

Furcher, it will be demcnstratad chac fibers with dlfferent composztxons not

only show different surface energies buc alsc 1nteracted with the same

chemical (silane) differemtly. In addition, it will be demonstrated by a -* -

selected few examples that glass fibers with different compositions. show. ...
slightly different wettabilities towards styrene even when they are pre-

coated with the same silane,

ERE
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Nonlinear Optical Materials.
Investlgatlons in Thermal Crosslmkmg of Chromophore Polymer Conjugates.

Eric T. Crumpler, and Tobin J. Marks*
Department of Chemistry and The Materials Research Center
Northwestern Uni‘versity; Evanston, IL 60208-3113

Weiping Lin, Paul M. Lundqulst and George K. Wong
Department of Physics and Astronomy and The Materials Research Center
Northwestern Umversny,‘_tE‘vanston, IL 60208-3113

Abstract .
Sim‘rxlfarleenl‘xsﬁpbolliné and erosislirrking studies‘ ef poly(p-hydrexysryrenej [ISHS]Mf‘u‘nctionelized with
| ($)-(+)-N-[p-(4-nitrostyryl)phenyl]prolinol [NSP] as a covalently attached side chain has been carried out.
The observation ‘of %® values as highas 2.01 x 107 esu (83 pm/V) measured at ho = 1.17 eV (decay @
25°C) for uncrosslinked systems z_mdv A values as high as 8.51 x 10 esu (35 ’pm/V ) measured at ho = 1.17
eV (decay @100 °C)for croeslinked systems wes bakc}.xieved. Thermal stabilities of > 90% retention of the
original signal for more than 1560 hours at 100 °C, in crosslinked systems, was observed . In addition,
thermal analysis investigations' via differiential scanning calorimetry (DSC) revealed Tg =255 °C (for
epoxy crosslmked system) Fmally, linear and nonlinear frequency response dependence is evaluated in
the uitravrolet to near mfrared ranges viaan optxcal parametnc amphﬁer (OPA) which provrdes atunable
laser source_‘.;rovier a range of 200 nm to 800 nm. This methed has provided an analytical tool for the

evalulation’of tesonance effects and device appropriateness. -

*To whom correspondence should be addressed at Department of Chemistry, Northwestern University,
Evanston, IL 60208-3113. Telephone (708) 491-5658. FAX (708) 491-2990

)
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Effect of Hydrophobized Polysaccharides on Carrot Protoplasts as
Artificial Cell Wall “ -

Guo Z.-I.1, Akiyoshi, K.2, 2, and Sunamoto, J.1.2 ‘ o
1Supermolecules Project (JRDC), Kelhanna Plaza, 1.-7 Saikge.qho,
_Soraku-gun, Kyoto 619; : ‘ :

~ 2Div. of Synth. Chem. & Biol. Chem., Graduate School -of Eng Kyoto:.::.,,;
Univ., - Sakyo-ku, Yoshida Hommachl, Kyoto 606, Japan

Protopla«sts are widely used in the ‘field ofKFbiQtééhrjolgogy‘ such as

breeding and fusogenetics. However, there are ‘seyp'r‘,al ‘pr‘obllemisl..t

in  handling protoplasts ‘for = example ’]ow “cell v1ab111ty,
fusogenecity, or‘»regencration of the cell wall. To overcome: these
problems, we tried coating the plasma membrane of Protoplastsf.j

with a hydrophobized polysaccharlde, such as cholesterol bearmgf{

‘ _pullulan (CHP) ‘and cholesterol bearmg xyloglucan phosphate*ﬂ-‘-
| (CHXP) CHP or CHXP-coated carrot protoplasts showed hlgha;.é

resistance to the lysis 1nduced by «1onophore A23187. Our. present' "
trial is the first one of mod1f1cat10n intact plant protoplast w1th‘_*"

the hydrophoblzed polysaccharlde as an artlflclal wall
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Surface &haracterlzatlon of Copolymers Using X-Ray Photoelectron Spectroscopy and

‘oo~ Time-of-Flight Secondary Ion Mass Spectrometry

CM. Kasszs, K Steehler, D.E. Betts, Z. Guan, A. M. Belu, M.O. Hunt, Jr., J. M. DeSimone*, and R.W. Lmton*
Depayrtment of Chemistry, University of North Carolina-Chapel Hill, Chapel Hill, NC 27599-3290

M. Arnold and B.D. Freeman, Department of Chemical Ehgmeermg, North Carolma State Umvers:iy Raleigh,
NC 27695-7905 ;

|

"T}iféug’h collaborative efforts between the polymer synthesis group of Professor
DeSimone and the surface analysis group of Professor Linton, novel copolyméfs have been
successfully| synthesized .and characterized. The capability to molecularly: engmeer heterophase
structures has resulted in a variety of materials. with technological promise. Copolymers
consisting df fluorocarbon and hydrocarbon blocks have been prepared in supercritical carbon
dioxide for‘potentxal use as selectively permeable membrane materials for pervaporation and
reverse osmosis applications.. Due to the low surface energy of the fluorinated component,
presence of|this block on the surface is anticipated to minimize biofouling, a severe limitation to
present-day ' membranes. Transport of eithér water or solutes will be regulated by the
hydrocarbon block depending on whether it is hydrophilic or lipophilic in nature, respectively.
Efforts were initiated to characterize such materials by investigating the fluorinated
homopolym rs: -1,1°-dihydrooctylacrylate (p-FOA); 1,1’-dihydrooctylmethacrylate (p-FOMA);
-tetrahydroperﬂuorooctylacrylate (p-TAN). Surface studies were conducted on thick
polymer ﬁl‘ s, ‘spun cast from solution on to a metal substrate, and examined by angle-dependent
X-Ray pho oelectron spectroscopy (ADXPS).. This technique allows nondestructive depth
profiling of the upper 100A of the material prov1dmg both elemental composition and chemical
state information. Surface segregation of the fluorinated component is monitored as.a function of
depth. Studies also are underway to examine the surface of p-FOMA deposited on a polymer
support, as Well as block copolymers of FOA and polystyrene in various molar ratios. In addition
to using ADXPS, these block copolymers have been examined as thick films by time-of flight
static secondary ‘ion mass spectrometry (TOF-SIMS). Because this technique is even more
surface sensitive than ADXPS, a higher enrichment of the FOA block on the surface is observed
by examining ratios of characteristic low mass fragment peaks correspondmg to FOA and
polystyrene. Furthermore, the TOF-SIMS data suggest the existence of regular domains within
these materials.

Block copolymers have also found use as emulsifying agents to increase the compatibility
of components in polymer blends by increasing the overall interfacial adhesion. Such polymers
have been synthesized by the DeSimone group based on the living anionic polymerization of
styrene involving termination with a variety of endgroups. Since these materials can be
synthesized such that their molecular weight, polydispersity, type of endgroup and extent of
endgroup incorporation can be controlled, they serve as an excellent means to evaluate the
analytical capabilities of TOF-SIMS. Samples, which are in the few thousand kiloDalton range,
are prepared as monolayer films on silver substrates. The TOF-SIMS technique allows desorption
and ionization of intact oligomeric species from which molecular weight and structural
information can be determined with high precision. Because these materials have controlled
compositions, this provides a means by which SIMS quantitative capabilities can be assessed, such
as the extent of endgroup incorporation. Besides monolayer films, thick polymer films which
utilize silver overlayers to facilitate ionization of intact oligomers have also been examined.
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Characterlzahon of Molecular Parameters of High Molecular Weloht
- PEO- Water System by Lwht Scattermc B

: Sanjay Kalhan and Esin Gulari-
Department of Chemical and Materials Science Engmeermg
Wayne State Umverszzy Detroit, MI 48202 B

ABSTRACT |
Molecular parameters: of hxgh molecular welght polyethylene oxlde(polyox) in water - at "
25 °C have been evaluated in the 1nterrned1ete ng regxon, by static and dyn{tmxe light
scattering. The polymer- solvent interactions ( due to.hydrogeh ;be‘n‘d‘lng)k i_‘ntteddf:ee,
non-linear curvature (second order angular dependence of the scattered intensity) “in the
conventional Zimm plot . Therefore, M, and R, are computed by linear extrapolation
from Berry's plot. In the dynamic light scattering analysis, a third order cumulants fit is -
applied to the measured intensity correlation function at various combmatlons of -
scattering vector q and polymer concentration c. The intrinsic diffusion coefﬁcxents (DTO)
for different polyox grades have been calculated by lmearly extrapolatmg the measured B
translational diffusion coefficient D t0 c=50 and 050 . It was found that water actsas a
good solvent (p~1.60) over most of the high molecular weight range investigated (M, =
1.84 - 6.80 X 105) . The static (Rg) and dynamic (Rh) coil sizes scale in an almost
identical fashion with the molecular wexght RgxM,, 0 28 Rh « M,, 026 ) The ﬁrst
relaxation time of the polymer coils i is computed by analyzmg the dommant dlffuswe peak

of the measured time autocorrelatlon function of vanous samples
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Biodeterioration of Starch-Poly—(B-Hydroxybutyrate-Co-Valerate)
Composites in Municipal Activated Sludge. S.H. Imam, S.H. Gordon, R.L.

Shogren, and R.V. Greene. Blopolymer and Plant Polymer Research Units,
National Center for Agncultural Utilization Research, ‘Agriculture Research Service, United
States Department of griculture, Peoria, Illinois 61604.

Injection molded composites. were, prepared by blending PHBV with native cornstarch
(30% and 50%).and with cornstarch precoated with PEO as a binding agent. These composites
were evaluated for their bxodegradablhty in mumcxpal activated sludge by measuring changes in
their physical and chemical properties over a period of 35 days. All composites lost weight
ranging from 45% to 78% within 35 days. Interestingly, the extent and rate of weight loss was
quite similar in PHBV composites with no starch, with 30% starch and with 50% starch.
Weight loss was slowest in PHBV blends prepared with PEO coated starch. For all samples,
the weight loss was accompanied by a rapid deterioration in tensile strength and % elongation.
The ‘deterioration of these mechanical properties exhibited a relative rate of PHBV > starch-
PHBV > PEO coated starch-PHBV. Starch and PHBV changes were quantified by FTIR
spectroscopy which revealed a rapid depletion of both starch and PHBV from these composite -
blends. Furthermore, increasing the starch content resulted in increased weight loss in starch-
PHBV composites due mainly to rapxd starch degradation, while the PHBV content in the
blends became less susceptible to hydrolytic enzymes. : :
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Title : Amperometric Vitamin Ky Sensors Using a Polymeric Dye Compound
asa Medlator

lakahxko Kaku* leoko L Karan and Yoshlyula Okamoto
Department of Chemistry and Hermann Mark Polymer Research Institute,
Polytechnic University, Six Metrotech Center, Brooklyn, NY 11201

Abstract thamm K is essential for blood clottmg, 1ts deﬁclency will result

in ‘a condition of hypoprothrombinemia which can cause hemorrhages

thruughout the body. It is administered o heart putiemts using anticoagulant
drugs to raise the prothrombin level. Although vitamin X can be synthesized

by bacteria in the colon, large amounts or prolonged use of antibiotics
destroy these bacteria and result in vitamin deficiency. Therefore detection of
vitamin K level in blood is of great interest. In this study we have

constructed carbon paste electrodes with NAD and poly(methyl

methacrylate) bound Toluidine Blue O (TBO-PMMA) and then tested their

efficiency as electron transfer relay systems as precursor to amperometric

vitamin K sensors. Constant applied potential measurements showed that

TBO-PMMA relay systems efficiency mediated electron transfer from NAD

to a conventional carbon paste electrode. Electrodes containing these relay

systcms and NAD rospond rapidly to low vitamin K; concentrations and

reach steady state current Tesponse less than 1 min.

v
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APPLICATIONS OF POLYPYRROLE -COATED TEXTILES
Hans H. Kuhn and Andrew D. Child
Milliken Research Corporation
Spartanburg, SC 29304

Polypyrrole coated textlles can be produced by a techmcally fea31b1e process coatmg each
single fiber in a textile compos1te with a smooth coherent Iayer of the electncally ‘conductive

polymer. Apphcatlons of these polypyrrole coated textiles in mllltary ‘and civilian fields are

presented.
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EFFECT OF CROSSLINKING ON DYNAMIC MECHANICAL PROPERTIES

John D. Lee, Gilbert F. Lee, and Bruce Hartmann

The effect of crosslinkin§~tnat triol concentration in a mostly
diol chain extender has on dynamic mechanical properties, as well
as the glass transztlon temperature (T ) and meltlng p01nt (T,)

of some polyurethanes was studled A poly(tetramethylene ether)
glycol of nomlnal molecular welght 2000 was reacted w1th 4,4"-
diphenylmethane dllsocyanate to form a prepolymer. The
prepolymer was then chaln extended with a mixture of 1,4-
butanediol and 2,2-dimethyl-1,3-propanediocl to form the base
polyurethane. This base material has high dynamic mechanical
damping due to the steric effect of pendant groups in the chain
extender. In order to study the effect of crosslinking, a triol
known as 2-ethyl-2(hydroxymethyl)-1,3-propanediol was introduced
in the chain extender. By varying the triol concentration in the
chain extender, the crosslink density of the polymer was varied
in a known, controllable manner. Differential scanning
calorimetry (DSC) was used to determine the T, and T, of the soft
and hard phases. The effect of crosslinking on the dynamic shear
modulus and damping factor of these polyurethanes was determined
by a resonance technique. The data was shifted using the time-
temperature superposition principle to obtain master curves of
modulus and damping factor versus frequency. As the
concentration of the triol was increased, the crosslink density
of the material also increased and hence a higher modulus and

lower damping factor is observed.
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echamcal Properties and Degradation Behavior of Polyglycohc Acxd Flber '
‘Nonwoven Scaffolds for Tissue Engineering -

Peter X. Ma and Robert S. Langer |

Massachusetts Institute of Technology
Cambridge, MA

Polyglycolic acid (PGA), a biodegradable polyester, has been processed into

flbrous nonwoven scaffolds for enomccrmg vanous new tmuca The thlcknesq

mechamcal properttcs and degradanon bchavwr wcre sLudxed over ume in vztro PGA -

- scaffolds without cells mamtamed their shape and dimensions dunng the flrst 2 weeks in

culture at 37°C. They collapsed betwcen 2 and 3 weeks. The compressive modulus and -
aggregate modulus did not change sigyniﬁéanlly dﬁring the first week, and decreased ca.
50% during the second week. The permcabiﬁty. increased ca.726-fold during the first 2
weeks. The mass was monitored over 9 weeks in in vitro culture. During the first 3 days,
the mass increased around 5% duc to hydratlon and/or adeorptwn After 9 Weeks. the
- mas% of the scafl I'old% decreased lo ncarly 13% of thc ongmal mass PGA-chondrocyle
constructs have also been studied in vitro. They maintained the shape of the scalfolds
during culture. After being cultured for 12 wecks, their compressive modulus becande

hlghcr than that of normal carulage Thelr permeabxhty and aggrcgate modulus also §

‘ reached the same orders of magnnude as those of normal carulage Thcsc atudxes_

demonstrate that PGA fibrous nonwoven scaffolds can be used to.regenerate:.

mechanically functional new cartilage tissue in vitro.
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“Modeling ofwthe Collapse Transxt!on via Dlssmatwe Particle
Dynamics.”

Y. Kong , C. W. Manke , and W. G. Madden

. Wayne State Umversxty
Department of Chemical Engineering and Materials. Scxence
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~ 29Si and 13C Solid-State NMR Studies of Structural Evolution
of SiCN Ceramics from Silazane/Silylamine Precursors

Ke Feng and Yitbarek H. Mariam’®
Department of Chemistry and Center for Theoretical Studies of Physical Systems
Clark Atlanta University, Atlanta, GA 30314 -

‘ Sllazane/sﬂylamme precursors (I~III) have been prepared from reactlons between
CHZ—-CH81(CH3)C12 (Silane) and ethylenediamine (EDA) with R (Silane to EDA ratio) = 1:1
(D, 1:2 (IT), 1:0.4 (III). These precursors were found to have various combinations of linear
and cyclic structures as shown below (R =1 case):

s/ A >-£ NI~
i— i— NH
I W\Sl/ X |§
XN = n

- Precursor-to-ceramic conversion processes of these three systems have been -
1nvest1gated by sohd state NMR (7-981 and 13C), IR, and elemental analysis using samples
heat-treated at various temperatures (200 -900 °C). From the spectra obtained, the structural
evolution‘of the precursors to a silicon carbonitride (SiCN) phase constituting primarily
SiN,C,, SiHN,C and SiN;C has been observed. ‘A major portion of these mixed
tetrahedrons are observed to eventually convert to SiN, tetrahedra, i.e. SizN, (in the cases of
I and II) A free carbon phase ( 2, graphitic and/or turbostratic) as well as a phase in
which the amorphous C sp2 Carbon may be directly bonded to Si and N may also be present.
The simulations of the experimental 2Si NMR spectra show the compositional changes as
the environments of the silicon and carbon atoms change due to chemical transformation.
Based on the line width at half-height data (3°Si NMR), the materials are amorphous. The

. results to date can be summarized as follows: the Si-N bonds seem to be, by and large, stable
during the pyrolysis of the precursor under N,; during the pyrolysis, mixed tetrahedrons
SiN,CyH, (where x +y +z = 4 and z < 1) are present (for samples at 700-900 OC), and tI}ie ;
general stepwise conversion process can be summarized as:

SiN 2C2 ‘ SiN,Cy
SitN1 07C4.03 562 — SIHN,C + SiN;Ch +C; — { SINSC b +C, +8iC (D
elemental composition SiNyg SiNg
at 400 °C forR =1 : .

where C, and C, are free carbon bhases (Csp2); two types of Cg;2 phases are observed, as well
as probably a SiC phase; the structural evolution and distribution of the free carbon phase
(Cyp2) is uncertain at this time. } ' ' ‘
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Physical and Spectroscopic Evidence of Degradation in Grafted
Thermoplastics
O. Milstein! , R. Gersonde?, A. Huttermann', R. Frund?, H. J. Feine', H. D.

Ludermann?, M-J. Chen', J. J. Meister?

1) Forstbotanisches Institut der Umversxtat Gomngen 3400 Gottmgen Federal
Regubhc of
ermany
2) Department of Chemistry, Umversuty of. Detrout Mercy P..O. Box 19900, Detroit Mi
48219-0900, USA

The degradation of Iignin-(1-phenylethylene) or lignin-poly(1-(1-oxo-2-
oxypropyl)ethylene) graft copolymers (lignin-styrene or lignin-
methyimethacrylate graft copolymers) by white rot basidiomycete fungi was
followed by ‘monitoring aromatic absorption bands by Foutier transform
infrared (FTIR) spectroscopy and nuclear magnetic resonance (NMR)
spectroscopy. The FTIR of the graft copolymers shows a series of

characteristic absorbance peaks from multisubstituted aromatic rings and a

strong poly(1 phenylethylene) (polystyrene) absorbance peak from

monosubstituted aromatic rings. Subtraction of copolymer spectra taken

before incubation from spectra taken after 50 days of incubation with the four
tested fungi shows the loss of functional groups from the copolymer. NMR - =
spectra also show reduction of aromatic ring resonances from the copolymer
and incorporation of peaks from fungi as a result of incubation with fungi. The -
biodegradation tests were run on lignin- (1-phenylethylene) graft copolymers
which contained 10.3, 32.2 and 50.4% of lignin. The polymer samples were
incubated with the white rot fungi Pleurotus ostreatus, Phanerochaete
chrysosporium, and Trametes versicolor, and the brown:rot fungus

Gleophyllum trabeum. White rot fungi degraded the plastic samplesatarate

that increased with increasing lignin content in the copolymer sample. - “Both
poly(1-phenylethylene) and lignin’ components of the copolymer were readlly

degraded. Observation by scanning electron microscopy (SEM) of mcubated SRS

copolymers showed a deterioration of the plastic surface. The brown rot:

fungus did not affect any of these plastics, nor did any of the fungi degrade

pure poly(1-phenylethylene). Similar results but a slower degradation rate

were found for Ilgmn poly(1 (1-oxo-2-oxypropyl)ethylene) graft copolymers, f
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Deuterlum NMR. Studles of Water in Orlented Nylon & Fibers
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Deuterium NMR is used to proba amorphous domains in hydrated nylon-6 = - =
fibars. The results Indicate that D,0 absorbed by the nylon fibers resides in at least
two different amorphous regions-—one of which is oriented.” This residual origntational’
order found in part of the amorphous domains Increasss lineatly with an Increasein = -

draw ratlo of the fibers. Broadline deuterium NMR spectra also show evidence of N-D- -

exchange onto the polymer backbone.
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M-icrodohiain,‘Characteristics ‘of ‘Linear and Cyclic Diblock
e - Copolymer Blends ‘ Y
Lisaleigh Kane,* Richard J. Spontak.* Steven D, Smith,t v
Michael M. Satkowskit and Arman Ashraft o
*Department of Materials Science & Engineering, North Carolina State University, Raleigh, NC 27695, USA
TCoxpdta‘fz; Research Division, The Procter & Gamble Company, Cincinnati, OH 45239, USA - -

Control of diblock copolymer morphology and incompatibility through blending (i.e., "physical

synthesis") constitutes an attractive alternative to synthesizing customized materials. To design

materials for specific applications based upon this approach, an improved understanding of intra-

microdomain mixing is required. In this work, self-consistent field (SCF) formalisms are proposed-
for blends composed of either two linear diblock copolymers which differ in molecular weight or.
two.diblock copolymers, one linear and the other cyclic, which possess comparable molecular -

weights. The formalism addressing the linear diblock copolymer blend is capable of explicitly
relating the microdomain period of the blend to that of the high-molecular-weight component
through the function ¥ which, at equilibrium, depends on blend composition (x), molecular-
weight ratio (¢) and block packing (T'). The packing factor I" also constitutes an important
consideration in the conformational behavior of bidisperse mixtures of polymers grafted onto an
impenetrable surface. Predictions from this treatment are found to be in favorable quantitative
agreement with small-angle x-ray scattering (SAXS) data obtained from a series of binary blends
composed of symmetric (50/50 wt%) poly(styrene-b-isoprene) (SI) diblock copolymers ranging in
molecular weight from 8K-8K to 80K-80K. In addition, blend conditions (¢ and x) resulting in
the formation of nonlamellar morphologies or macrophase separation are also reported. The
complementary theoretical formalism for Linear/cyclic diblock copolymer blends allows for the
cyclic copolymer to adopt conformations ranging from a hairpin (stretched away from the
interphase; x=0.5) to a train (lying along the interphase; x=0.0), where x is one-half of the fraction
of monomers lying along the lamellar normal, Predictions for neat cyclic copolymers, with
varying «, and for linear/cyclic diblock blends, with varying x and x, are presented to illustrate the
effect of block looping on microdomain characteristics and free energy.
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Evidence of Interfacial Anchoring in Polymer-Dispersed Liquid
' Crystals

Suresh C.. Roy,* Richard J Sontak,*and Paul S Drzalc’r

*Department of Materials Science & Engineering, North Carolina State University, Raleigh, NC 27695, USA
TCorporate Technology Division, Raychem Corporation, Menlo Park, CA 94025, USA

Polymer-dispersed liquid crystals (PDLCs) constitute an emerging class of electro-optical devices
which show promise in numerous commercial applications. One type of PDLC consists of nematic
small-molecule liquid crystals emulsified in a glassy polymer matrix.. Under an applied voltage,
the nematic molecular directors in each LC domain align, thereby inducing transparency. An issue
that has received little attention is the possibility of interaction between the LC molecules and the
matrix, which could result in residual (and undesirable) opacity, as well as a need for higher
applied voltages. In this work, the thermal and morphological properties of thin and bulk PDLC
films composed of E7 LC and polyvinyl alcohol (PVA) have been investigated-as functions of LC
concentration (o) and processing. Differential scanning calorimetry reveals that (i).the PVA Tg
increases substantially with ep ¢ and (ii) the specific heat of the LC nematic—isotropic-transition
decreases with-decreasing op.c. Similar behavior is observed on both first and second.runs with a
high degree-of reproducibility. These data are interpreted to terms of PVA molecules strongly
interacting with, possibly adsorbing to, the dispersed LC domains, which measure about 2{um in
diameter. Complementary polarized light microscopy (PLM) and freeze-fracture transmission
electron microscopy (FF/TEM) have also been condicted to ¢lucidate changes in LC domain
morphology which occur upon increasing of ¢ and temperature. As o ¢ isincreased, the domains
are forced to pack tightly, forcing adsorbed PVA molecules to reside solely between neighboring
domains. A four-region conceptual model is proposed to explain these thermal and morphological
findings. e g R e
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With the increased use of composite materials- it has bqui;ne incfeasingly.importlﬁﬁt to...peffonm ”
~analysis that quantifies the amount of orientation. In polymers fibets and films the brféhtétiou is .
used to. predict the physical properties, such. as strength. To determine the orientation 1t1s ﬁrSt ,

‘ecessary to collect a pole figure on a specific reflection. With.the convenfibnalpoivder o
di}ffrgc‘tqmcter:_ equipped with an Eulerian cradle, the data collection procedu-fe often: takes A.Qfew. :
hours. This is because separate background measurements must be made at posﬁionséawﬁy—éﬁiﬁ =
the peak. Also, the intensity from these samples is usually'weak, an'c'l,‘this,increas;srthe' data. ...
collection time to improve counting statistics. R S

Using an area detector improves the data collection time significantly, since the background
experiments are performed simultaneously. We can collect the entire pole figure on both bolym.éf
fibers and films in less than one hour using a series of *frames.*. The pole ﬁgurclsdetermmed by
integrating over 20 regions in each frame.. For fibers the rules d'evelopékd‘l‘)y Stein are used Et;o’ y
calculate the Hermans orientation factors. For films, the rules are ,,géheralizéd to make them more -
suitable for biaxial orientation, and the ;W’lﬁtCQSpruiell biaxial oficnta¥ibn '\f"éctoib"sv arc,réborfé&.\
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The Fluorescence Probe Technology as a Useful Tool for
Momtorlng the Curing Process of Different Epoxies

" Bernd Strehmelt, Veronika Strehmel2, Malek Jones?
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;s Substltuted dlalkylammo st:lbazollum salts and cyamne dyes were apphed} ,
o study the thermal curing process of different epoxies in the presence of an.
“aromatic -amine.” The "goal of this' work was to understand changes in . the .

o m!croscoprc environment during the curing process. These probes possess the

f’advantage that they are chemically inert in the matrices investigated. Furthermore,

L itis well known that these compounds can form a Twisted Intramolecular Chargef‘ '

.. _Transfer (TICT). The rate constant for this process is strongly influenced by the

: ..vsurroundmgs .and it can be quantlfled by fluorescence lifetime measurements‘

~(smg|e photon countmg) to get information about both moblhty and free volume.

Flrst the fluorescence behavnor was mvestlgated in the nonreacted matenals -

at different temperatures (viscosities). It was found that hydrogen bonding

interactions strongly influence the emission behavior for both kinds of probes. The

results obtained agree with the so-called microviscosity theory by Gierer and Wirtz.
Furthermore, these TICT-probes can:also detect the glass transition temperature of
different materials, and they show also a relaxation in the glassy state. Additionally,
these TICT-probes can detect changes of both the o and the 8- relaxation process.

As epoxies we used bisphenol” A dlglymdylether diglycidylaniline and
epoxies based on different bisphenol A novolacs with different molecular weights.
We investigated the reaction of the epoxies with diaminodiphenylmetnane (DDM).
The novolac epoxies were characterized with different analytical standard
procedures. Both methods torque measurements and fluorescence probe
technology indicated that the functionality strongly influences the network formation
process. A correlation was found between the time of gelation and the molecular
weight of the novolac investigated. The times of gelation determined by the probe
technology are comparable ‘with torque measurements. Also, it was found that
changes during-the network formation process can be monitored more sensitively
by these ‘kinds of probes in- ‘comparison to torque measurements and other
methods described in literature.

Furthermore, differences were observed in the network formation process of
bifunctional epoxies ‘and higher functional novolac ‘epoxies. For this purpose, good
accordance was found in comparison with other methods. As a result of these
experiments, one can say that these kinds of fluorescence probes monitor sensmve
changes in the mobility and the size of the free volume of the matrix mvestlgated
The fluorescence probe’ technology is a good analytlcal method to understand the
curing process in the microscopic region.

i
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' NEW_CONSIDERATIONS IN THE STUDY OF THE POLYMER-

INDUCED MODIFICATION OF SOLVENT IN DILUTE POLYMER =

SOLUTIONS. C.C. White and J.L. Schrag, Department of Chemistry and Rheology
Research Center, University of Wisconsin-Madison. Measurements of the frequency

dependence of the linear viscoelastic properties of polymer solutions show that the -
real part n' of the complex viscosity coefficient N* (1*=1"-in") exhibits a high =
frequency, frequency independent, plateau denoted as 1'eo. Theoretical calculations -

suggested that local chain motions produce an 1'ss >15; however predicted values

were much smaller than what was observed for polystyrene/Aroclor solutions. ‘Later
studies(Stokich, Landry, Man, Merchak) showed that the dominant contribution to. "

N'so came from the solvent itself; the presence of the polymer results in a modification

of solvent properties near chains producing either a increase or decrease iMoo, ¢

depending on the polymer/solvent system and the temperature. Instrumental

frequency limitations were such that only a few-polymer/solvent systems could be =
studied. More recently, the Stokich-Radtke high frequency torsional rod instrument. -

has enabled precise direct high frequency viscoelastic measurements allowing the
study of other polymer/solvent systems especially those employing low viscosity
solvents. The instrumental details and directly measured high frequency data for

several polymer/solvent systems will be presented. This data will then be employed ,

with the results from other researchers to develop an understanding of the frequency
independent contribution to flow behavior by the presence of the macromolecule. -
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Phase Transitions and Melt Diffusion of Liquid Crystallme Polymers

Studled}b" '*Advanced Electron Spm Resonance Techmques
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Department of Materrals Science and Engmeermg, Comell University,
Ithaca, NY 14853 1501

A broad Varlety of modern electron spin resonance’ (ESR) techniques have
been applied to study the molecular dynamics of liquid crystalline (LC)
polymers. These techniques include dynamic imaging of diffusion by ESR
(DID-ESR) to measure translational diffusion coefficients of LC polymer
melts, far-infrared ESR (FIR-ESR) and Fourier transform ESR (FT-ESR) to
study polymer molecular conformations and spin relaxation mechanisms, as
well as conventional X-band CW-ESR to investigate rotational correlation
times, molecular ordering, and activation energies, at various temperatures.
A model system of semi-rigid main-chain liquid crystalline poly(ether) of
.various molecular weights was intensively studied by utilizing nitroxide free
radical as both a spin probe and a spin label. The combination of the
precision of microscopic techniques with the long-time scales (for Fickian
diffusion) of the mass transport techniques, provides a better understanding

of the role of molecular structure and dynamics in polymer liquid crystalline

phase transitions.



