Division of Polymer Chemistry (POLY)
Graphical Abstracts

Submitted for the 260th ACS National Virtual Meeting &
Exposition

August 17 - 20, 2020

Table of Contents [click on a session link to abstracts]
Session
General Topics: New Synthesis and Characterization of Polymers
Industrial Innovations in Polymer Science
Nuclear Magnetic Resonance of Materials
Entrepreneurial Polymer Chemistry: From the Lab to Start-Up
Circular Economy of Polymers
Silicon based Hybrid Materials for Today, Tomorrow and the Future
Additive Manufacturing: From Molecules to Marketplace
ACS Macro Letters/Biomacromolecules/Macromolecules Young Investigator Award
Industrial Polymer Scientist Award in honor of James Wang
DSM Graduate Student Award
Mark Scholars Award in honor of Luis Campos
POLY/PMSE Plenary Lecture & Awards Reception
Note: ACS does not own copyrights to the individual abstracts. For permission, please contact the author(s) of the abstract.

POLY 1: Supramacromolecular-based polymeric nanoparticles for drug
delivery
Ruihan Li, ruihan.li@wustl.edu, Xuesong Li, Jonathan Barnes. Chemistry,
Washington University, Saint Louis, Missouri, United States
Biocompatible and biodegradable polymeric nanoparticles are candidates for
non-toxic drug delivery. For some traditional drug delivery platforms, drug
molecules are covalently linked onto the polymer backbone, which may cause
inefficient drug release and different modes of drug action when released in
vitro/vivo. To overcome the problem, our group has developed a series of
norbornene-functionalized monomers, which can be converted to
macromolecules using ring-opening metathesis polymerization (ROMP) to
form a supra-macromolecular based drug delivery system. Each monomer
has its own function, such as increasing water solubility, destabilizing cell
membranes, precisely loading drugs, etc. In my presentation, I will discuss
two drug delivery platforms that our group is currently investigating. The first
platform consists of a linear block copolymer that can load three or more kinds
of hydrophobic drugs simultaneously. After crosslinking non-covalently, the
resulting water-soluble polymeric nanoparticles can destabilize cancer or
bacteria cell membranes and then sustainably release drugs. The second
platform is composed of a novel water-soluble star polymer that is
synthesized via a core-first approach by grafting from a γ-Cyclodextrin
multifunctional initiator core. This star polymer can work as a water-soluble
host for hydrophobic drugs, and can also form well-ordered, highly crystalline
solid-state materials. I will include in my presentation the syntheses and
characterization of these two platforms, and the corresponding drug release
kinetics and bio-efficacy.
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POLY 2: Use of high throughput methods in the development of
synthetic hair conditioning polymers
Thomas H. Kalantar1, kalantar@alum.mit.edu, Mladen Ladika1, Tatiana V.
Drovetskaya2, Adam L. Safir3, Steven Zong4, Xinnan Zhang5, Susan L.
Jordan6. (1) Herbert D. Doan R&D Center, The Dow Chemical Company,
Midland, Michigan, United States (2) BASF Corporation, Tarrytown, New
York, United States (3) Zymergen, Berkeley, California, United States (4)
Zymergen, Inc., Emeryville, California, United States (5) Relepsa, Inc.,
Redwood City, California, United States (6) Dupont Nutrition and Biosciences,
Wilmington, Delaware, United States
Cationic conditioning polymers have a role as aids for depositing benefit
agents such as silicone and are used in shampoo formulations to provide
improved combing properties, feel, and look. The objective of this work was to
develop high performance synthetic polymeric conditioning agents that exhibit
conditioning performance as good as, or better than, the current commercially
available polymers. We describe the application of high throughput methods
to identify high performance synthetic hair conditioning polymers through
employing a high throughput combinatorial method for polymer synthesis and
screening to prepare hundreds of cationic polymer candidates. Shampoo
formulations were then formulated with these polymers and hair tresses were
treated with these formulations and tested via a parallel automated wet
combing method. Three high performing polymer candidates were identified
for preparation on a larger scale and evaluated via a panel study. A (3acrylamidopropyl)trimethylammonium chloride (APTAC)–vinyl monomerbased cationic polymer is shown to exhibit hair conditioning efficiency equal to
or better than that of a benchmark high performance cellulose ether-based
polymer, Polyquaternium-67.

Silicone deposition onto hair from shampoo formulations containing conditioning
polymers.
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POLY 3: Electrochemical polymerization of microgels with and without
core-shell support
Nabila Yasmeen1, nyasmeen@ichf.edu.pl, Piyush Sharma1, Krzysztof
Noworyta1, Jakub Kalecki1, Wlodzimierz kutner1,2. (1) Institute of Physical
Chemistry ,Polish Academy of sciences, Warsaw, Poland (2) Department of
Physical Chemistry of Supramolecular Complexes, Cardinal Stefan Wyszynski
University, Warsaw, Poland, WARSAW, POLAND, Poland
Aqueous microgels, due to their biocompatibility, biodegradability, and stimuli
responsiveness to temperature, pH, ionic strength, and solvent composition,
have attracted attention as potential smart microdevices. In this study, a novel
and greener approach for the polymerization of three-dimensional cross-linked
macromolecular materials i.e., electrochemical bulk polymerization in an
aqueous system has been introduced. In an electrochemical approach, the
gelation is performed using the N-isopropyl acrylamide NIPAM, methacrylic
acid MAA main monomers and the N,N'-methylenebisacrylamide BIS crosslinking monomer at room temperature. Free radicals are generated by
adjusting the potential applied, thus initiating the chain growth in the absence
of any additives that can be harmful to future biomedical applications of the
resulting microgels. Moreover, the effort has been made to prepare microgel
electrochemically with and without core-shell support. The detailed
characterization for obtained aqueous microgel has been done by using
techniques such as using techniques, such as scanning electron microscopy
(SEM), Brunauer-Emmet-Teller (BET) surface analysis, Fourier Transform
Infrared Spectroscopy (FTIR), Thermogravimetric analysis (TGA), laser
diffraction microscopy (LDM), and Nuclear magnetic resonance spectroscopy
(NMR).
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POLY 4: Mimicking PANI using phenoxazine and carbazole based
polymer for biosensor applications
Mohammed N. Almtiri, mna149@msstate.edu, Colleen Scott. Chemistry,
Mississippi State University, Starkville, Mississippi, United States
Conjugated polymers, characterized by a backbone of alternating single and
double bonds, are effective conductors of electricity. Due to their beneficial
electrochemical and photophysical properties, conjugated polymers have
been used in artificial muscles, fabrication of electronic devices, solar energy
conversion, rechargeable batteries, and even biosensors. Our group has been
focusing on mimicking polyaniline, a conjugated polymer that has captured the
interest of the scientific community due to its electrochemical ability as a
conducting polymer that could replace usage of rare transition metals in
devices. Phenoxazine and carbazole were used as starting materials, both
excellent conductors suitable for biosensor applications due to their
conjugation of electrons. Phenoxazine and carbazole are conjugated,
polyaromatic, heterocyclic compounds that are commonly found in dyes,
naturally-occurring antibiotics, and anti-cancer agents. Our polymer was
synthesized as a step-growth polymerization with p-phenylenediamine as the
co-monomer via a Buchwald/Hartwig reaction. The electrochemical
measurement, such as cyclic voltammetry, shows high electrochemical
stability of emeraldine salt, which is a doped form of phenoxazine-based
polymer. Finally, we present the comparison of electrochemical properties and
morphology of polyphenoxazine doped film using a variety of dopants such as
Polystyrene sulfonic acid(PSS), trifluoroacetic acid (TFA), and
camphorsulfonic acid (CSA).
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POLY 5: Local dynamics of thermoresponsive polymers at cellulose nanocrystal
interfaces
Huyen Vu1, vu@mail.pse.umass.edu, Jeremiah Woodcock2, Ajay Krishnamurthy2, Jan Obrzut2,
Jeffrey Gilman2, Edward B. Coughlin1. (1) Polymer Science and Engineering, University of
Massachusetts Amherst, Amherst, Massachusetts, United States (2) NIST, Gaithersburg,
Maryland, United States
Self-assembled films of cellulose nanocrystals (CNCs) are ideal for advanced material
applications requiring high toughness as their helicoidal structure effectively dissipate impact
energy. However, the hydrophilic nature of CNCs and the layer of water surrounding them can
hinder interfacial adhesion between polymer-CNCs interfaces and the effectiveness of stress
transfer. Studying the role of water at these interfaces is vital to understanding how polymer
dynamics translate to macroscopic mechanical properties. By varying the humidity and
temperature, water content can be controlled to tune polymer mobility. In an aqueous solution,
poly(diethylene glycol methyl methacrylate) (PMEO2MA) has a lower critical solution
temperature of 26 oC where water molecules are excluded from the polymer above this critical
temperature. Fluorescence lifetime imaging microscopy (FLIM) was used to probe polymer
confinement and water exclusion at model polymer-CNCs interfaces. Incorporating a
rhodamine-based (RhB) dye as a water sensor into the polymer-CNCs matrices allows for the
study of fluorescence lifetimes. Nanocomposite films containing 5% to 100% weight percent of
PMEO2MARhB were prepared via controlled evaporation-induced self-assembly. The
PMEO2MARhB homopolymer had the longest lifetime compared to the lifetime of polymer–
CNCs nanocomposites due to CNCs hydrophilic nature. At high incorporation of polymer
loading, the fraction of confined polymers at the CNCs interface increases the fluorescence
lifetime. Observation of transient polymer dynamics was performed by exposing the
PMEO2MARhB-CNC composites to variation of relative humidity and temperature.
This was an effective demonstration of employing FLIM to probe interfacial phenomena at
submicron length scales. Furthermore, this study reveals critical understanding of polymerCNCs interfaces and the use of PMEO2MARhB as a protectant against water infiltration to
improve stress transfer.
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POLY 6: Protein induced conformational transition of smart material: A
perspective of protein-surface biomolecular interactions and complex formation
between PVCL and heme protein
Krishan Kumar, ks90859@gmail.com, Pannuru Venkatesu. Chemistry, University of
Delhi, Delhi, Delhi, India
Continuing efforts to develop stimuli-responsive polymers (SRPs) as novel smart
materials/biomaterials are anticipated to upgrade the quality life of humans. The details
of the molecular, physico chemical and biophysical interactions between SRPs and
proteins are not fully understood. Indeed, protein - polymer interactions play a major
role in a wide range of biomedical/biomaterial applications. In this regards, we studied
comparative effect of heme proteins such as cytochrome c (Cyt c), myoglobin (Mb) and
haemoglobin (Hb) on the phase behavior of poly(N-vinyl caprolactam) (PVCL) aqueous
solution and demonstrated various biomolecular interactions that are taking place
between polymer-protein complex with aid of various biophysical techniques. Absorption
spectroscopy, steady-state fluorescence spectroscopy, Fourier transform infrared
(FTIR) spectroscopy, dynamic light scattering (DLS) studies, laser Raman
spectroscopy, field emission scanning electron microscopy (FESEM), transmission
electron microscopy (TEM) were operated at room temperature to examine the changes
in absorbance, fluorescence intensity, molecular interactions, particle size,
agglomeration behavior and surface morphologies, respectively. Furthermore,
differential scanning calorimetry (DSC) studies were also performed to analyze
conformational changes, coil to globule transition and phase behavior in the presence of
proteins. With addition of heme proteins, the lower critical solution temperature (LCST)
of PVCL increases towards higher temperature. The significant variations obtained in
the phase transition temperature values, conformational changes and agglomeration
behavior clearly reflects the different molecular interplay induced in presence of
biological stimuli. The present study may help in designing smart biomaterials and
stimulate more novel concepts in polymer-protein interactions.

Effect of protein on thermal phase transition of PVCL
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POLY 7: Biodegradable porous microspheres by UV irradiation
Soo-Yong Park1, Taeyoon Kim2, Ildoo Chung1, idchung@pusan.ac.kr. (1) Polymer Sci
Eng, Pusan National University, Busan, Korea (the Republic of) (2) Center for Advanced
Specialty Chemicals, Korea Research Institute of Chemical Technology, Ulsan, Korea
(the Republic of)
Polycaprolactone (PCL), an aliphatic polyester endowed with semicrystallinity and
degradability, has been widely used as a scaffold in tissue engineering, drug delivery
systems, packaging and biomedical applications, due to its controlled biodegradability,
biocompatibility, and good physical properties. Porous biodegradable microspheres
were fabricated by successful RAFT polymerization of methyl vinyl ketone (MVK) onto
polycaprolactone (PCL) and polylactide (PLA), which was first synthesized by ring
opening polymerization of lactide followed by an oil/water emulsion-evaporation method,
then finally photodegradation of PMVK blocks by UV irradiation.
Macro-CTA (chain transfer agent) was synthesized by reacting carboxylic acid
terminated CTA, S-1-dodecyl-S’-(a,a’-dimethyl-a’’-acetic acid) trithiocarbonate (DDMAT)
with hydroxyl terminated polycaprolactone, which was then used for the synthesis of
triblock copolymer with methyl vinyl ketone (MVK). The synthesized block copolymers
were characterized by FT-IR, 1H NMR spectroscopies. Gel permeation chromatography
(GPC) was used to evaluate the molecular weight and molecular weight distribution and
monitored the photodegradability of the block copolymers.
The morphology of microspheres was spherical with smooth surfaces before UV
irradiation. However, those from PCL-PMVK and PCL-PLA-PMVK block copolymers
had rough surfaces and porous structures after UV irradiation due to the
photodegradation of PMVK blocks as a porous template. The porosity and shape of the
microspheres and shape of microspheres were dependent on the PMVK contents and
size of microspheres.
In summary, well-defined biodegradable PCL-PMVK triblock copolymers were
successfully synthesized by RAFT using PCL based macro-CTA. Linear increase in
molecular weight and narrow polydispersities of the triblock copolymers are clear
indications of a controlled polymerization mechanism. Porous microspheres were
fabricated by the O/W emulsion-evaporation method followed by the photodegradation
of PMVK blocks by UV irradiation. Our findings pave the way to novel methods for direct
templating fabrication of porous polymers by removing template blocks by UV light.
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POLY 8: Copolyelectrolytes: highlights on features controlling polymeric
materials behavior
Alina M. Alb, linocika12@live.com. Kemira Chemicals, Atlanta, Georgia,
United States
Water-soluble synthetic polyelectrolytes are of interest due to their multiple
applications in water purification, paper production, oil recovery, etc. Their
applicability is enhanced by the ability to control composition distribution,
charge density, and molecular weight.
The goals of this study are to assess the effects of the starting composition on
main physical properties and on the polyelectrolyte behavior for acrylamideacrylic acid copolymers and thus to better understand their impact on
performance in various applications.
Automated light scattering and viscosity-based measurements on
copolyelectrolyte solutions with different initial composition were made. The
effects of the ionic strength on main electrostatic and hydrodynamic
copolymer characteristic, in terms of polyelectrolyte behavior and chain
stiffness, were illustrated in the evolution of physical quantities such as
molecular weight, virial coefficients, coil size, and persistence length and
rationalized through electrostatic excluded volume effects.

Effects of composition and ionic strength on copolymer behavior
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POLY 9: Green sonochemical synthesis and characterization of polyelectrolyte
resins
Abhispa Sahu, asahu1@uncc.edu, Rabia Sheikh, Jordan C. Poler. Chemistry, UNC
Charlotte, Charlotte, North Carolina, United States
Atom transfer radical polymerization (ATRP) can be synergistically linked to
sonochemistry for initiation, chain growth & chain-end functionalization. This work
reports on sonochemically catalyzed ATRP (SONO-ATRP) synthesis of vinyl benzyl
trimethylammonium chloride (vbTMAC) polyelectrolyte in aqueous medium in absence
of any external initiator or reducing agent utilizing parts per million levels of catalyst,
achieving good control on polydispersity. Sonochemistry synergistically aids in high
functionalization density of polyelectrolyte on single-walled carbon nanotubes
formulating nanoscale resins for water purification. Kinetic plots indicated first order
kinetics with respect to monomer concentration in presence & absence of
sonochemistry. Apparent activation energy, activation enthalpy & activation entropy of
poly(vbTMAC) for radical propagation using Activator ReGenerated Electron Transfer
(ARGET) ATRP in aqueous medium calculated from Arrhenius & Eyring plots were
(+21.1 ± 1.42) kJ mol-1, (+18.3 ± 1.41) kJ mol-1 & (-249 ± 14) J mol-1 K-1, respectively. A
negative Arrhenius activation energy for poly(vbTMAC) using aqueous SONO-ATRP
(36 W cm-2, 20 kHz) was calculated to be (-8.0 ± 0.8) kJ mol -1. Well-controlled
poly(vbTMAC) strands were obtained having high monomer conversions (93%) at room
temperature using thin probe sonicator (144 W cm -2) in 4 hours as compared to 37
hours reflux conditions. These strands measured hydrodynamic radius (R h) of 11.1 ± 1.3
nm. Radius of gyration (Rg) measured from Size Exclusion Chromatography – Multi
Angle Light Scattering was 23.0 ± 0.1 nm. R g/Rh of 2.1 suggested prolate-ellipsoidal
shape of polymer in water. The polydispersity index was measured to be 1.5, confirming
that sonication does not result in the cutting of the long chain polymer strands formed
during SONO-ATRP. We will present novel synthesis & characterization of aqueous
SONO-ATRP assisted polyelectrolytes.
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POLY 10: Microwave-assisted reversible addition–fragmentation chain
transfer polymerization of cationic monomers in mixed aqueous
solvents
Jonathan D. Tran2, Sydney N. Mikulec1, smikulec@sandiego.edu, Oscar M.
Calzada2, Alexander N. Prossnitz3, Amanda F. Ennis2, William J. Sherwin2,
Alisson S. Magsumbol2, Alexandra Jameson2, Joan G. Schellinger2. (1)
Chemistry/Biochemistry , University of San Diego, Hartford, Wisconsin, United
States (2) Chemistry and Biochemistry, University of San Diego, San Diego,
California, United States (3) Bioengineering, University of Washington,
Seattle, Washington, United States
Cationic polymers are versatile and their properties can be used for various
biomedical purposes including gene delivery and antimicrobials. In this
project, we utilized microwave-assisted reversible addition-fragmentation
chain transfer (RAFT) polymerization to prepare cationic polymers composed
of N-(3-aminopropyl)methacrylamide hydrochloride (APMA) and N-[3(Dimethylamnio)propyl]methacrylamide (DMAPMA) monomers. The monomer
conversion rates of APMA and DMAPMA were 270% and 375% times higher,
respectively, than those polymerized under conventional heating conditions.
Polymerization kinetics were controlled and maintained over various monomer
feed ratios under the same polymerization conditions. In all cases, agreement
between theoretical and experimental molecular weights were observed and
controlled. Moreover, end group retention of the dithiocarbonate moiety during
homopolymerization was observed during the extension experiment and all
polymers showed narrow molecular weight distribution. Ultimately, these
methods will be utilized to prepare complex polymers containing amino acids,
such as lysine and arginine, which provide cationic character similar to that of
DMAPMA and APMA. This will allow us to synthesize biocompatible peptidebased polymers for various biomedical applications.
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POLY 11: Pre-and post-polymerization modification of ROMP-based
macromolecules
Christopher E. Hobbs, chobbs@shsu.edu. Department of Chemistry, Sam
Houston State University, Hunstville, Texas, United States
This talk will describe our recent and current efforts aimed at the utilization of
various organic transformations (i.e. nucleophilic substitutions, hetero DielsAlder, and click reactions) for the pre-and post-polymerization modification of
materials prepared using ring opnenig metathesis polymerization (ROMP)
under assorted experimental techniques (i.e. batch reactions, continuous flow,
and mechanical force).
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POLY 12: Progression to symmetric miktoarm stars from linear diblocks
through asymmetric simple grafts
Christian D. Steinmetz, csteinmetz@mail.pse.umass.edu, Rohit Gupta,
Edward B. Coughlin. Polymer Science and Engineering, University of
Massachusetts Amherst, Amherst, Massachusetts, United States
The role of polymer architecture on multiblock copolymer morphological
behavior is being studied both experimentally and computationally using a
series of well-defined PSN-(g-PI)-b-PSM grafted copolymers. A facile strategy
to synthesize a series of asymmetric simple graft copolymers with N M that lie
at discrete locations along the continuum between an A-B diblock and A 2B
mikto arm star copolymer architecture is reported. Using the single molecule
insertion technique, precise control over the position of the grafted single PI
arm along a PS backbone is achieved while maintaining low dispersities. A
series of graft copolymer architectures were synthesized, with τ values varying
between 0 (linear diblock) and 0.5 (symmetric A2B miktoarm star) in which τ is
the fractional distance along the PS backbone where the graft location is
defined following the notation of Olvera de la Cruz (Macromolecules 1986, 19,
2501-2508).
Investigations using Small Angle X-ray Scattering (SAXS) and Transmission
Electron Microscopy (TEM) reveal the transition between lamellae, cylindrical
and spherical morphologies with systematic variation of the τ value from 0 to
0.5 and the molecular asymmetry factor ε, comprised of both architectural and
conformational asymmetry values, changing from 0.9 - 1.1 to 2.2, highlighting
the importance of chain architecture on multiblock copolymer self-assembly.
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POLY 13: Synthesis and photocrosslinking of strained disulfides
Georg M. Scheutz1, gscheutz@chem.ufl.edu, Jonathan L. Rowell 1, S. T.
Ellison2, John B. Garrison1, Thomas E. Angelini2,3,4, Brent S. Sumerlin1. (1)
Department of Chemistry, University of Florida, Gainesville, Florida, United
States (2) Department of Material Sciences and Engineering, University of
Florida, Gainesville, Florida, United States (3) Department of Mechanical and
Aerospace Engineering, University of Florida, Gainesville, Florida, United
States (4) J. Crayton Pruitt Family Department of Biomedical Engineering,
University of Florida, Gainesville, Florida, United States
We report the synthesis of strained 1,2-dithiolanes and their application in
photomediated disulfide crosslinking for the generation of adaptable
hydrogels. Exploiting the intricate stereoelectronic properties of 1,2dithiolanes, amphiphilic polymer-cyclic disulfide conjugates formed freestanding adaptable hydrogels upon disulfide photolysis under long-wave UV
irradiation. Investigations into the gelation mechanism suggest the formation
of free thiols during light exposure accounting for the dynamic nature of the
gels. Furthermore, we successfully expanded this gelation strategy to green
light allowing for hydrogel formation open to air.

13

POLY 14: Synthesis and incorporation of a unimolecular catenane into
polymeric materials
Mark A. Nosiglia, mnosiglia@wustl.edu, Nathan D. Colley, Lei Li, Faheem
Amir, Sheila Tran, Gray Harlan, Christy Chang, Jonathan C.
Barnes. Chemistry, Washington University in St. Louis, St. Louis, Missouri,
United States
Catenanes are a class of mechanically interlocked molecules (MIMs)
comprised of molecular rings that are interlocked in a linear, branched, or
radial arrangement. Although they have always been interesting synthetic
targets, higher order linear catenanes have recently garnered more attention
for their potentially useful bulk physical properties. Due to the nature of the
interlocked rings, catenanes exhibit unique motions that give these structures
additional degrees of freedom; implying increased flexibility, and resilience in
polymeric materials−in which they are incorporated. Functional crosslinkers in
networks have been used to tune the physical properties of soft materials for
decades; however, the use of mechanically interlocked crosslinkers is limited,
especially those with catenaned architectures. In my presentation, I will
discuss the synthesis of a functionalized [2]catenate and its use as a
crosslinker in polymeric networks. The relationship between the mechanical
bond in the crosslinker and its effect on the bulk properties of the resulting
hydrogel will be reported. In addition thermoplastic elastomers were
synthesized from bulk condensation of the functionalized [2]catenane, as well
as the control macrocycle. These new polymers were characterized, and their
physical properties were assessed. This work aims to show enhanced
mechanical properties in polymeric materials constructed from topological
crosslinkers and monomers.
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POLY 15: Ring opening metathesis polymerization in water at
physiological conditions
Derek Church1, dcchurch14@gmail.com, Jonathan K. Pokorski2. (1)
Nanoengineering, University of California, San Diego, San Diego, California,
United States (2) NanoEngineering, UCSD, La Jolla, California, United States
Ring opening metathesis polymerization (ROMP) is an attractive living
polymerization for the synthesis of novel polynorbornene-biologic conjugates
via a graft-from approach. However, ROMP under aqueous conditions has
traditionally required low pH and elevated temperatures to achieve high
conversions, which could be detrimental to preserving the biological functions
of protein and cell conjugates. We have found that the addition of a chloride
source significantly improves the conversion of polymerizations in buffered
water solutions at room temperature and physiological pH. The role of chloride
concentration, pH, monomer concentration and monomer functional groups
will be discussed. Additionally, it will be demonstrated that this methodology
can be used to generate self-assembled nanostructures under physiological
conditions via ring opening metathesis polymerization induced self-assembly
(ROMPISA). Finally, we will show that this methodology can be applied to
generate an array of protein-polymer conjugates.
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POLY 16: Ring-opening metathesis polymerization of cyclopropenes:
from living polymerization to single addition and sequence control
Jessica Su1, jksu@stanford.edu, Benjamin R. Elling2,1, Yan Xia3. (1)
Chemistry, Stanford University, Stanford, California, United States (2)
Chemistry, Northwestern University, Evanston, Illinois, United States (3) MC
5080, Stanford University, Stanford, California, United States
In recent years, our group has established key design principles for diverse
functional 1,1-disubstituted cyclopropene (1,1-CPE) monomers for ringopening metathesis polymerization (ROMP) which can undergo living
polymerization or exclusive single addition and alternating ROMP. The distinct
reactivities stemmed from differences in sterics and/or chelation at the Ru
alkylidene from 1,1-CPE substituents after a single CPE ring-opening event.
To demonstrate the power and utility of unique 1,1-CPE single addition, we
have recently developed a strategy to precisely place discrete functionalities
and even short polymer arms via ring-opened CPEs at pre-determined
positions along a living ROMP polymer chain with accurate control over the
location and number incorporated. This advance in polymer chemistry opens
many exciting opportunities to manipulate functionalities along well-controlled
polymer chains for understanding the effects of their placement and sequence
on polymer behaviors, controlling polymer folding/assembly, as well as
synthesizing polymers with more complex nonlinear architectures with
precision.
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POLY 17: N-aryl linked spirocyclic polymers for the membrane
separation of complex hydrocarbon mixtures
Kirstie Thompson1, kthompson85@gatech.edu, Ronita Mathias2, Ryan P.
Lively2, M.G. Finn1. (1) Chemistry and Biochemistry, Georgia Institute of
Technology, Atlanta, Georgia, United States (2) Chemical and Biomolecular
Engineering, Georgia Institute of Technology, Atlanta, Georgia, United States
The fractionation of crude oil mixtures via distillation is a large-scale, energyintensive process. Membrane materials can avoid phase changes in such
mixtures and thereby reduce the energy intensity of these thermal
separations, a goal that has thus far been unaddressed by membrane
science. With this application in mind, we constructed contorted polymers by
the main-chain incorporation of a spirocyclic dihalide monomer using
Buchwald-Hartwig amination. Four examples involving different diamine
monomers were prepared using the same optimized procedure, providing
solution-processable polymers in good yields that allowed for the
straightforward fabrication of thin-film composite membranes. The resulting
glassy polymer membranes demonstrated nonthermal membrane
fractionation of light crude oil through a combination of class- and size-based
“sorting” of molecules. We observed an enrichment of molecules lighter than
170 Da corresponding to a carbon number of 12 or boiling point less than
200°C in the permeate. Additionally, these materials show greater resistance
to swelling in the presence of hydrocarbon penetrants and lower molecular
weight cut-off values than the well-studied polymer with highly interconnected
microporosity, PIM-1. Such scalable, selective membranes offer potential for
the hybridization of energy-efficient technology with conventional processes
like distillation.

Boiling point distribution of feed, permeate and retentate from new polymer membrane fractionation of
shale-based crude oil showing enrichemnt of lower molecular weight components. Picture of feed (left)
and permeate (right) from membrane fractionation of real shale-based light whole crude oil. Lighter color
permeate indicates rejection of high molecular weight color bodies in crude oil feed.
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POLY 18: Water adsorption in aromatic reverse osmosis polyamide
barrier layers observed by grazing incidence wide-angle X-ray scattering
Qinyi Fu1, Qinyi.Fu@stonybrook.edu, Nisha Verma1, Benjamin Ocko2,
Benjamin S. Hsiao1. (1) Department of Chemistry, Stony Brook University,
Stony Brook, New York, United States (2) National Synchrotron Light Source
II, Brookhaven National Lab, Upton, New York, United States
Reverse osmosis (RO) is the leading desalination technology, yet the details
of the molecular structure of the aromatic, polyamide (PA) barrier layers in
membranes have been elusive. To gain insight into the molecular structure of
barrier layers our group has been carrying out grazing incident wide angle Xray scattering (GIWAXS) studies on PA thin films. Under dry vacuum
conditions, our previous results showed that the GIWAXS profiles of typical
PA films can be described by two broad scattering peaks. This suggests the
existence of two different molecular packing motifs. With freestanding PA films
prepared at the oil/water interface, the total film thickness, measured with Xray reflectivity (XR), showed a reversible swelling of the film thickness by ~5%
when the relative humidity (RH) increased from 0 to 100%, similar to swelling
results (8%) reported for layer-by-layer PA films by other groups. To further
explore the inter-molecular structure of water adsorption in polyamide layers,
we have carried out GIWAXS measurements on freestanding PA films at
variable RH. It was found that the intensity of the first peak at ~1.60 Å -1 is
relatively insensitive to RH, whereas the intensity of the second peak at ~1.83
Å-1 increases monotonically with RH. At saturated humidity, the intensity
became 23% larger than that of the in dry sample. The peak position seem to
suggest this intensity increase results from water bound to the PA scaffold. In
contrast, bulk water has a scattering peak ~ 2.0 Å-1. Our results further
showed that the solvent treatment of freestanding PA films modified the
characteristics of water adsorption behavior. For instance, a freestanding PA
film rinsed either with benzyl alcohol (BA) or tetrahydrofuran both exhibited a
50% increase in the peak intensity at 1.83 Å-1, suggestive of extra water
adsorption.

GIWAXS scattering patterns of untreated polyamide barrier layers. a) circular average profiles obtained at
various RH, fitted by two Lorentzian profiles. b) Peak intensities change with RH.
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POLY 19: Fluorinated porous organic materials: design and application
in CO2 adsorption and separation
Zhenzhen Yang1, ZYANG17@utk.edu, Sheng Dai1, Ilja Popovs2. (1)
Department of Chemistry, University of Tennessee, Knoxville, Tennessee,
United States (2) Oak Ridge National Laboratory, Oak Ridge, Tennessee,
United States
Design and fabrication of functionalized porous organic polymers (POPs) for
the application in CO2 adsorption and separation has attracted much attention
from the scientific community. Physisorption based CO 2 capture using solidstate POPs stands out as a potential alternative to liquid- or solvent-based
capture techniques, due to their excellent chemical and thermal stability,
tunable porosity and the ability to impart CO2-philic functionalities for
increasing the CO2 capture performance. Nitrogen-rich covalent triazine
frameworks (CTFs), a subclass of POPs, are promising candidates for
CO2 capture. Our group has reported the synthesis of a series of tailor-made
extensively fluorinated CTFs derived materials, displaying high surface areas,
extensive ultra-micropores and exceptional CO2 adsorption capacities.
The CO2-philic properties of powdered fluorinated triazine frameworks make
them promising candidates for fabrication of porous CO2 separation
membranes. This is rarely reported due to lack of suitable synthetic
approaches. Based on the previous works of our group, fluorinated
membranes based on CTFs are prepared through a rational design of
aromatic nitrile monomers containing fluorine and ether groups via a sol-gel
polymerization process. The CO2 separation performance rises significantly
with the fluorine content in the membrane. With functionalized triazine units,
fluorine and ether groups, these carbon molecular sieve membranes obtained
after pyrolysis exhibit intrinsic ultra-micropores, high surface areas and
excellent thermal stability under air. Excellent CO2 permeability and
CO2/N2 selectivity surpassing the Robeson upper bound are achieved. Our
general design and synthesis protocol allow an easy access to fluorinated
porous membranes, thus significantly expanding the currently limited library of
CO2-philic and chemically stable membranes for highly efficient
CO2 separation.
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POLY 20: Photonic liquid crystal nanofiltration membrane based on
graphene oxide
Alice Lin1, clin42@calpoly.edu, Fangyou Xie1, Shanju Zhang2. (1)
Chemistry/Biochemistry, California Polytechnic University, San Luis Obispo,
San Luis Obispo, California, United States (2) Dept of Chemistry and
Biochemistry, California Polytechnic State University, San Luis Obispo,
California, United States
The exploration of structural colors in aqueous graphene oxide(GO) based
dispersions has increased rapidly over recent years. Structural coloration has
been demonstrated in many colloidal systems. As opposed to conventional
colloidal systems, color reflectance in aqueous graphene oxide (GO) based
dispersions is uncommon, considering GO’s high polydispersity and irregular
alignment in solution. One of the greatest challenges of the implementation of
GO into nanofiltration is its low flux rate. Herein, we report the investigation of
photonic liquid crystal based graphene oxide dispersions and the optimization
of structural colors on polyethersulfone membranes for potential application in
water treatment.By varying the GO concentration,the structure can be
orientationally ordered and that the wavelength of light being reflected by the
lyotropic liquid crystals can be controlled. Unique properties arise, resulting in
a novel photonic liquid filtration membrane based on GO for water purification.
Additionally, nanofiltration performances are evaluated. Our work provides a
novel approach towards the fabrication and optimization of structural colors in
GO for applications in water treatment membranes.
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POLY 21: Functional enyne reagents for modifying metathesis-derived
polymers
Tianqi Zhang1, tzhang364@gatech.edu, Liangbing Fu1, Will Gutekunst2. (1)
School of chemistry and biochemistry , Georgia Institute of Technology,
Atlanta, Georgia, United States (2) Georgia Tech, Atlanta, Georgia, United
States
Ring-opening metathesis polymerization (ROMP) has become a versatile
technique to synthesize well-defined polymers due to its high functional group
tolerance and reliability in complex settings, though controlling the chain-end
functionality and recycling the metal initiators still remain challenges.This
presentation will explore the application of functional enyne reagents to
overcome these challenges in ROMP. The key to all of these methods is a
terminal alkyne that rapidly reacts with the ruthenium alkylidene and serves as
a directing group to promote otherwise inefficient transfer reactions
intramolecularly. Using this general relay strategy, different enyne molecules
can be designed to give direct polymer-polymer coupling or to generate
functional initiators, enabling the functionalization of both ends of the
metathesis-derived polymer chain. The enyne derivatives are also capable of
recycling the ruthenium catalyst in pulsed-addition ring-opening metathesis
polymerization (PA-ROMP) to produce multiple functional chains from single
ruthenium initiator with low dispersities. The utility of ROMP for
macromolecular construction are widely expanded through these enyne
reagent designs and could find broad application in the design of functional
materials.
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POLY 22: Naturally-derived recyclable hydrogel based on sliding graft
copolymers
Ching Pang, chingpang@tamu.edu. Chemistry, Texas A&M University,
College Station, Texas, United States
Slide-ring materials, or so-called polyrotaxanes, are composed of a linear
polymer guest chain threaded into multiple cyclic molecular hosts forming a
mechanically interlocked molecular complex. The mobility of the host rings
along the polymer guest makes polyrotaxanes promising materials as
hydrogel comparing with energy-dissipating gels that are usually difficult to
recover to original state immediately in loading processes. Inspired by
previous studies, we anticipate developing a series of hydrogels based on
slide-ring materials with good water absorption and retention abilities. We
synthesized polyrotaxanes from poly(ethylene glycol) (PEG) with αcyclodextrins (α-CDs) threaded. Moreover, poly(glucose carbonate) (PGC)
were grafted from the hydroxyl groups on the cyclodextrin to afford a slidinggraft copolymer. The remaining alkyne groups on the side chains can be
further modified into more hydrophilic functional groups followed by
crosslinking reactions between chain ends of PGC grafts to form hydrogel as
shown in the figure. The resulting sliding graft copolymer network is expected
to contain the following features：
1. Ability to absorb large amount of water relative to its weight
2. High mechanical properties to help change its volume during water
absorption, and to retain its structure after absorbing water
3. Being environmental-friendly as constructed from renewable natural
products with built-in degradability.
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POLY 23: Elucidating effects of Ion entropy on the phase behavior of
charge-neutral diblock copolyelectrolytes via covalent charge
constraints
Bradley Grim1, bgrim@asu.edu, Matthew Green2. (1) Chemical Engineering,
Arizona State University, Chandler, Arizona, United States (2) Chemical
Engineering, Arizona State University, Tempe, Arizona, United States
Block copolyelectrolytes have attracted considerable attention for use in
varying ion-exchange applications, some of which benefit from "free" ions
while others benefit from all or part of the ions being covalently bound. In
either case, one block is endowed with the desired transport properties while
the other provides mechanical support. It has been shown that each block is
able to perform its task most effectively while segregated into ordered and
interconnected domains which often involves a competitive trade-off between
ionic conductivity and mechanical strength. Thus, it is of interest to understand
how ionic constraints affect the morphological ordering of phase separated
copolyelectrolytes. This work isolates the role of charge connectivity in a
highly controlled manner by probing systems between those containing
zwitterionic functionalities to those containing the "free" ion analogues,
effectively tuning ion entropy. This work focuses on creating design
parameters for phase separated, ion-exchange membranes while also
drawing comparisons between theoretical approaches developed to model
similar charged systems.
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POLY 24: Comonomer-based variation in the optical properties of
organically modified chalcogenide (ORMOCHALC) polymers
Darryl A. Boyd1, drboydthechemist@gmail.com, Vinh Q. Nguyen1, Frederic
H. Kung2, Jason D. Myers1, Colin C. Baker1, Woohong Kim1, Jasbinder S.
Sanghera1. (1) Optical Sciences, US Naval Research Laboratory, Fort
Washington, Maryland, United States (2) University Research Foundation,
Greenbelt, Maryland, United States
ORganically MOdified CHALCogenide (ORMOCHALC) polymers are a new
class of materials that are synthesized via the inverse vulcanization process.
Fabrication of ORMOCHALCs requires the heating of chalcogenide (e.g.
sulfur, selenium) comonomers along with compounds that contain available pi
electrons (e.g. polyvinyl compounds), with sulfur being the most common
chalcogen used due to its abundance. The chalcogenide portion of the
polymers serves as the polymer backbone, while the vinyl-containing portion
serves as the crosslinker. The molecular makeup of the crosslinker can have
a dramatic impact on the optical properties of the ORMOCHALC polymers,
including the polymer color, transmission and refractive index. This is true
even in the case of closely related molecular isomers. The impact of
crosslinker selection on the optical character of ORMOCHALC polymers is
presented herein.
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POLY 25: Incorporation of helical poly(methacrylamide)s into
supramolecular block copolymers
Ru Deng1, rd1999@nyu.edu, Margarita Milton1, Scott Pomarico1, Marcus
Weck2, marcus.weck@nyu.edu. (1) Chemistry, New York University, New
York, New York, United States (2) New York University, New York, New York,
United States
Supramolecular block copolymers containing distinct secondary structures
provide a platform to construct analogs to naturally occurring
biomacromolecules. We describe a new poly(methacrylamide) (PMAc) based
helical polymer with orthogonal supramolecular recognition units on chainends, prepared by combining reversible addition-fragmentation chain-transfer
(RAFT) polymerization and thiol-bromo “click” reaction. This heterotelechelic
helical polymer is functionalized with a pyridine and a barbiturate acid on
chain-ends, enabling supramolecular metal coordination and hydrogen
bonding. Together with coil-like poly(styrene) and helical poly(isocyanide)
polymers functionalized with corresponding supramolecular interaction
counterparts, the helical PMAc is assembled into a supramolecular triblock
copolymer with compartmentalized coil-helix-helix secondary structures. This
synthetic strategy adds a new possibility to the multiblock copolymers
featuring structural elements similar to those found in proteins and provides
the potential for developing new multifunctional polymeric structures.
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POLY 26: Influence of amide connectivity in self-assembling
[2.2]paracyclophanes
Will R. Henderson1, whenderson@ufl.edu, Ajeet Kumar1, Ronald K.
Castellano2. (1) University of Florida, Gainesville, Florida, United States (2)
Dept of Chemistry, University of Florida, Gainesville, Florida, United States
Supramolecular polymers formed by self-assembly of discotic aromatics
through a combination of hydrogen bonding and π–π interactions have been
extensively studied, but until now, all structure–property studies have focused
on manipulating the molecular recognition unit at the monomer level. By
covalently linking two otherwise independent self-assembling arenes, novel
stereochemical, conformational, and dipolar properties emerge. These
[n.n]paracyclophanes are a unique class of arenes in which molecular
information can be programmed at the dimer level. Here we present two
examples of [2.2]paracyclophanes equipped with amide hydrogen bonding
units which self-assemble to form homochiral 1-D supramolecular polymers
through a combination of double-helical transannular and intermolecular
amide hydrogen bonding. The monomers differ in the connectivity of their
amides (Car–C=O; C-centered [2.2]pCpTA vs. Car–N–C; Ncentered [2.2]pCpNTA), leading to changes in supramolecular structure and a
30-fold increase in elongation constant for [2.2]pCpNTA compared
to [2.2]pCpTA, despite the same number and type of intermolecular hydrogen
bonds. The assemblies remain present in the solid state and in solution, and
highlight the extent to which subtle changes in intermolecular π–π interactions
and hydrogen bond geometry can lead to different assembly thermodynamics.
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POLY 27: Synthesis, strain hardening, and photodegradation of highly
isotactic poly(propylene oxide)
Bryce M. Lipinski, bml225@cornell.edu, Geoffrey W. Coates. Cornell
University, Ithaca, New York, United States
Leakage and accumulation of highly stable commercial plastics has led to
substantial contamination of the environment. Highly isotactic poly(propylene
oxide) (iPPO) was investigated as a potential high-strength thermoplastic with
greater susceptibility toward degradation under ambient conditions. Using a
single catalyst, various stereoregular forms of iPPO including enantiopure,
enantioenriched, racemic, and stereoblock were synthesized. These materials
were found to possess similar ultimate tensile strengths (UTSs) via uniaxial
tensile elongation analysis (~75 MPa). Upon strain hardening, the UTS
of iPPO was comparable to that of nylon-6,6. In all forms of iPPO, a serrated
tensile response corresponding to stress oscillations was observed. While
investigating strain rate dependence, we observed that an increase in strain
rate results in the decay and disappearance of the serrated response.
Exposing iPPO to UVA light (365 nm) resulted in photolytic degradation.
Following 30 days of continuous exposure, the polymer Mn decreased by
75%, while samples not exposed to UVA light remained unchanged. Through
selective stabilization with antioxidant additives, we believe iPPO could be a
suitable replacement for nylon-6,6 in environmentally susceptible applications.
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POLY 28: Carbon nanohoop-containing polymers with sequencedependent properties
Ruth Maust2, ruth.maust@gmail.com, Penghao Li1, Brian Sun2, Ramesh
Jasti2. (1) Chemistry, Northwestern University, Evanston, Illinois, United
States (2) Chemistry and Biochemistry, University of Oregon, Eugene,
Oregon, United States
Synthetic polymers’ versatility and highly tunable properties make them
attractive for a wide range of applications. Our research seeks to develop new
monomeric units to expand the range of accessible properties in the next
generation of polymeric materials. Using multiple concurrent approaches, we
have successfully constructed polymers from cycloparaphenylenes (CPPs), a
unique family of structures made of benzene rings curved into size-controlled
“nanohoops.” CPPs as small molecules are known for their size-dependent
fluorescence emission, supramolecular interactions with fullerenes, and
resemblance to carbon nanotubes. When CPPs are incorporated into
polymers, not only can their distinctive molecular properties be preserved, but
emergent properties are also observed. For instance, we have demonstrated
that CPP homo- and co-polymers prepared via ring-opening metathesis
polymerization (Fig. 1) are well-soluble and possess tunable photophysical
and host-guest properties dependent on polymer sequence. These polyCPPs
can be thought of as a new type of carbon nanomaterials with a high degree
of control over the placement of functional groups, and work is ongoing to
deduce further structure-property relationships.

Figure 1. Polymers based on two different sizes of cycloparaphenylene (CPP) monomers were prepared.
Comparing (a) a blend of the two homopolymers with (b) block and (c) statistical copolymers shows that
the fluorescence emission and interaction of the polymers with fullerene C60 vary depending on the
arrangement of the two distinct CPP units.
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POLY 29: Ultrahigh-χ block copolymer materials with versatile etch selectivity for
sub-10 nm pattern transfer
Jian Sun1, jsun236@wisc.edu, Koei Azuma4, Youngwoo Choo2, Yekaterina
Rokhlenko3, Changyeon Lee7, Jonathan Dwyer6, Teruaki Hayakawa4, Chinedum O.
Osuji7, Padma Gopalan5. (1) Materials Science and Engineering, University of
Wisconsin-Madison, Madison, Wisconsin, United States (2) Yale University, New
Haven, Connecticut, United States (4) Organic and Polymeric Materials, Tokyo Institute
of Technology, Meguro-ku Tokyo, Japan (6) Chemical and biological engineering,
University of Wisconsin-Madison, Madison, Wisconsin, United States (7) University of
Pennsylvania, Philadelphia, Pennsylvania, United States
Studies of block copolymer (BCP) materials and their phase separation in bulk and thinfilm forms have exploded over the last decades, due to the wide range of accessible
morphologies (e.g. spheres, cylinders, gyroid, and lamellae) and sizes (5-200 nm) of
features. The phase separation of a BCP is governed by three factors which include the
relative volume fraction (f) of the blocks A and B (fA = 1 – fB), the degree of
polymerization (N), and the Flory-Huggins interaction parameter (χ). The basic BCP
self-assembly principles have enabled the BCP community to control the morphology as
well as to tune the domain size and have driven the community to target smaller sizes
by synthesizing BCPs with high interaction parameter. Accessing sub-5 nm feature size
is no longer a challenge utilizing BCP self-assembly. However, transferring the selfassembled BCP features to a substrate over a large area with high fidelity presents
additional challenges, especially at the 10 nm length scale. In this work, the highly polar,
functional and hydrophilic poly(3-hydroxystyrene) (P3HS) is incorporated with the acid
sensitive poly(dimethylsiloxane) (PDMS). A tetrahydroxydropyranyloxy protecting group
which requires mild deprotection condition is introduced to the system and hence PDMS
block remains intact after deprotection. We explore both P3HS/PDMS-based diblocks
and triblocks synthesized by sequential living anionic polymerization and atom transfer
radical polymerization, respectively. P3HS-b-PDMS shows well-ordered lamellae or
hexagonally packed cylinders with characteristic dimensions ranging from 7.4 to 17.7
nm. Mean-field theory analysis of the temperature-dependent correlation-hole scattering
derived from a disordered symmetric P3HS-b-PDMS gives χ(T) = 33.491/T + 0.3126,
which is more than 4-fold increase over PS-b-PDMS. Etching study indicates that the
etch contrast between P3HS and PDMS is 15:1 under oxygen plasma treatment.
Inorganic precursors such as trimethylaluminium can selectively penetrate into P3HS
domain which can be further converted into alumina mask for pattern transfer. These
new BCPs not only exhibit high interaction parameter to achieve sub-10 nm feature
size, but also present high etch contrast and versatile etch selectivity to facilitate the
pattern transfer.
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POLY 30: Photocontrolled synthesis of n-type pi-conjugated polymers
Alexandra J. Berl, aberl@berkeley.edu, Eliot F. Woods, Julia A.
Kalow. Department of Chemistry, Northwestern University, Evanston, Illinois,
United States
π-Conjugated polymers (CPs) are emerging as viable alternatives to inorganic
semiconductors in electronic applications in which weight and flexibility are
predominant concerns. Currently, CP research is hindered by a lack of
available reactions to produce well-defined polymers . Existing methods for
CP synthesis are dominated by step-growth polymerizations that rely on
transition metal catalysts, which do not allow for sequence or architecture
control of the final polymer. To overcome these obstacles, we have developed
a photocontrolled and transition metal-free CP synthesis that takes advantage
of an inherent property of conjugated materials: their ability to absorb visible
light. Due to the red-shifted absorption of CPs relative to their monomers,
irradiation with visible light selectively excites growing polymer chains and
enables a chain-growth polymerization. We have found that electron-deficient
Grignard monomers readily polymerize with visible light at room temperature,
producing electron-deficient (n-type) and donor-acceptor CPs. Promisingly,
different polymers display orthogonal reactivity based on the wavelength of
irradiation, allowing for selective chain extension to prepare block copolymers.
Our mechanistically distinct approach paves the way to polymer architectures
that are not possible through current methods.
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POLY 31: In situ monitoring of PISA morphologies
Julia Y. Rho1,3, jrho@chem.ufl.edu, Georg Scheutz2, Sebastien Perrier3,
Brent S. Sumerlin2. (1) Chemistry, University of Florida, Gainesville, Florida,
United States (2) Department of Chemistry, University of Florida, Gainesville,
Florida, United States (3) University of Warwick, Coventry, United Kingdom
Polymerisation-induced self-assembly (PISA) has been heralded as a facile
method to obtain block copolymer aggreates with defined morphologies.
However, the transitions between these morphologies have been difficult to
monitor directly during the polymerisation. Herein, we describe a
straightforward in situ method to monitor the evolution of nanostructure and
internal hydrophobicity during the PISA process using a pyrene fluorescent
probe. We were able to correlate morphological transitions with changes of
the pyrene emission and gain unprecedented insight into the evolution of core
hydrophobicity during PISA.
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POLY 32: Degradable polymers from thionolactone radical ring-opening
copolymerization
Ronald A. Smith1, ronald.a.smith@gatech.edu, Owen McAteer2, Mizhi Xu2,
Will Gutekunst2. (1) Chemistry and BioChemistry, Georgia Institute of
Technology, Atlanta, Georgia, United States (2) Georgia Institute of
Technology, Smyrna, Georgia, United States
Polymers synthesized via traditional radical techniques have resulted in the
creation of commonplace materials such as Styrofoam and Plexiglass. The
unreactive carbon-carbon backbone of these polymers leads to their robust
nature but also prohibits polymer degradation. To provide functionality into the
backbone of these polymers, a new class of radical ring-opening (rRO)
monomers containing a thionolactone has been developed. The radicophilic
nature of the thiocarbonyl group and modular design of the thionolactone
structure facilitates the tuning of monomer reactivity allowing for incorporation
of thioesters into common monomer families (styrene, acrylates, and
acrylamides). The resulting thioesters in the polymer backbone are stimuli
responsive and can be utilized in post-polymerization modifications. One
monomer, a seven-ringed thionolactone, has been identified to incorporate
evenly within acrylate copolymer. Therefore, only a small number of thioester
responsive units is required for full polymer degradation. Further investigation
into a second monomer derivative has resulted in the discovery of a six-ringed
thionolactone which is highly reactive with acrylamides. This reactivity has
been leveraged to make precision degradable junctions in acrylamide block
copolymers. Through further monomer design, a wide scope of thionolactone
monomers can be synthesized to match the desired reactivity with various
comonomers allowing for targeted comonomer incorporation and responsivity.
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POLY 33: Phosphonate-containing materials for rare-earth element
extraction
Michael D. Schulz, mdschulz@vt.edu, William R. Archer, Agustin Fiorito,
Sherrie L. Heinz-Kunert, Piper MacNicol, Samantha Winn. Chemistry, Virginia
Tech, Blacksburg, Virginia, United States
Rare-earth elements (REEs: La–Lu, Y, and Sc) are integral to modern
technology. As technological development continues, world demand for these
metals will increasingly outpace supply. Consequently, new and sustainable
sources are needed, as well as more efficient methods of extraction and
purification. Many waste streams—mining effluents, desalination brines, ewaste, and wastewater from semiconductor fabrication plants—contain high
concentrations of REEs, which could be extracted. Metal-chelating polymers
have great potential in REE extraction and separation applications due to their
relatively low cost and high affinity for target elements. While much research
has focused on the specific chelating ligands attached to polymers, however,
relatively little research has explored how the polymer architecture itself
affects metal binding. To investigate the interplay between polymer structure
and metal chelation, we used isothermal titration calorimetry to directly
measure the binding affinity (Ka), enthalpy changes (ΔH), and stoichiometry of
the interactions between a series of REEs in solution and polymers with
pendant phosphonate ligands. These measurements enabled us to
characterize the complete thermodynamic profile of these polymer-metal
interactions. We also used dynamic light scattering to investigate the effect of
metal ion identity and concentration of the aggregation behavior of these
polymers. Finally, we synthesized a crosslinked resin and evaluated its ability
to capture rare-earth elements from simulated mine drainage. These
experiments will inform future work on developing chelating polymers for rareearth element extraction.
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POLY 34: Synthesis and post-polymerization modifications of polymers
synthesized through iodo-ene/yne chemistry
Joseph Jaye, jaye4028@g.ucla.edu, Ellen M. Sletten. Chemistry and
Biochemistry, UCLA, Los Angeles, California, United States
Post-polymerization modifications offer an exceptional route to diverse
polymers through one common starting material. An essential component to
post-polymerization modifications is a robust chemical handle which allows
addition of multiple new functional groups. To expand on the ever-growing
library of polymers developed, new synthetic methods must be established
which generate polymers that incorporate unique chemical functionality
throughout the polymer which can be selectively modified. We have
developed a new polymerization method which utilizes the labile C-I bond of
diiodoperfluoroalkanes for a radical addition into dienes or diynes. Using a
mild initiator in an acetonitrile/water solution, semi-fluorinated polymers of
notable molecular weight can be synthesized. When a diene is used for
polymerization, alkyl iodide is incorporated into the polymer backbone which
can be eliminated or reduced, displaced with nucleophiles to provide click
handles, or photochemically cleaved to cross-link the polymer into a
fluoropolymer matrix. If a diyne is utilized for polymerization, vinyl iodide is
placed across the polymer which can be eliminated to form alkynes or crosscoupled via transition metals such as palladium, copper, or iron. These
methods can all be combined to provide a route to a library of polymers
through simple polymerizations and modifications, setting the stage for the
creation of novel advanced materials.
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POLY 35: Design of structurally and functionally tailorable, sophisticated
imidazolium ionenes for high-performance engineering applications
Kathryn E. O'Harra1, keoharra@crimson.ua.edu, Irshad Kammakakam1, Jason E.
Bara2. (1) Chemical and Biological Engineering, University of Alabama Tuscaloosa,
Tuscaloosa, Alabama, United States (2) Box 870203, University of Alabama,
Tuscaloosa, Alabama, United States
We have developed and expanded a class of high-performance (HP) ionenes, or
polymers containing ionic moieties directly along the main chain. These materials merge
structural elements associated with leading gas-separation membranes with
functionality utilized in HP-polymers. Many functional linkages (i.e. imide, amide, urea)
have been integrated within a collection of diverse bis(imidazole) or dihalide building
blocks. Systematic combinations of these monomers allow for polymerization via the
Menshutkin reaction, which result in ionenes with alternating or complex functionality.
These functional features are spaced by the incorporated ionic groups within the
backbone, specifically imidazolium cations paired with fluorinated anions. Through
manipulation of substituent position and monomer end groups utilizing established
chemistries, we have expanded the opportunities for incorporating, sequencing, and
spatially distributing functional groups. These robust ionenes exhibit good thermal and
mechanical properties, and are extremely tailorable based on the modular design and
synthetic methods which allow for innumerable potential derivatives. Thus, the
thermophysical properties of these materials are highly tunable based on methodical
combination of versatile building blocks. These polymeric materials exhibit additional
self-assembly and nanostructuring when impregnated with “free” imidazolium-based
ionic liquids (IL) or functional, ionic small molecules, which contribute another degree of
tunability and alter intramolecular interactions within the ionic framework. These HPionenes and composites are thoroughly characterized to develop structure-property
relationships and gain a better understanding of the coordination between polymer
chains and dispersed additives. The performance of these novel ionenes and
composites is tested in applications including separation membranes, fibers, and 3D
printing materials.
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POLY 36: Polyion complex aggregates prepared via polymerization
induced self-assembly using electrostatic interactions
Shin Yusa1, yusa@eng.u-hyogo.ac.jp, Yusuke Kinoshita1, Kazuhiko
Ishihara2. (1) Department of Applied Chemistry, University of Hyogo, Himeji,
Hyogo, Japan (2) Univ Tokyo Dept of MTRLS Engr, Tokyo, Japan
Polymerization-induced self-assembly (PISA) can form aggregates by
intermolecular interaction during the polymerization. Hydrophobic interactions
have been used as a driving force to perform PISA. In this study, we focused
on electrostatic interaction as a driving force to form polyion complex
aggregates via PISA. When cationic and anionic polyelectrolytes are mixed
stoichiometrically in water, the cationic and anionic units cannot interact with
1:1 ratio due to the steric hinderance and restriction of the chain conformation.
The monomer is less steric hindrance than the polymer chain. Therefore, it is
easy to access of the cationic monomers to anionic polymer chain. When the
polymer aggregates are formed by electrostatic interactions during the
polymerization, the cationic monomer polymerize close to the oppositely
anionic polymer chains. In this situation, the cationic monomer and anionic
unit in the polymer chain may interact with 1:1 ratio. We call this method to
prepare polymer aggregate during the polymerization as an “ePISA” method.
The oppositely charged polymers were prepared, and these polymers were
mixed in aqueous solution to prepare polyion complex (PIC) aggregates. This
method was called as a “Mixing” method. We have compared the PIC
aggregated formed from ePISA and Mixing.
The anionic homopolymer (PAMPS89) that does not involve the
polymerization. The cationic monomer (APTAC) was polymerized via
reversible addition-fragmentation chain transfer (RAFT) polymerization in the
presence of PAMPS89 in water from macro-chain transfer agent of PMPC20
as ePISA (Figure 1). PMPC20 was not interacted with PAMPS89 and APTAC,
because the charges were neutralized within the single polymer chain due to
betaine structure. As a result of ePISA (PMPC20-b-PAPTAC86/PAMPS89),
water-soluble PIC vesicles were formed. For comparison the anionic
homopolymer, PAMPS89 was mixed with the previously prepared cationic
diblock copolymer (PMPC20-b-PAPTAC90) in water to form PIC aggregates.
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POLY 37: Stress-dissipating polymers synthesized via the RAFT or
ROMP of bicyclic, mechanoresponsive monomers
Brandon Bowser2, brandon.bowser@duke.edu, Ching-Hsien Ho1, Stephen
Craig2. (1) Williams College, Williamstown, Massachusetts, United States (2)
Department of Chemistry, Duke University, Durham, North Carolina, United
States
Over the past decade, synthetic methods have been harnessed to make new
classes of stress-responsive polymers that translate macroscopic
deformations into tailored, molecular-level, covalent chemical responses along
the polymer main chain through the introduction of mechanically responsive
functional groups (mechanophores). The most common technique to date for
synthesizing mechanophore containing polymers has been controlled radical
polymerization (CRP) from a difunctional initiator. Although synthetically
useful, CRP has largely been limited to polymer systems where a single
mechanophore resides at or near the center of the mainchain, thereby limiting
the magnitude of the desired mechanochemical response. Inspired by the
recently demonstrated ability to polymerize cyclobutene carboxylates that are
fused to larger macrocycles via conventional free radical polymerization, in
this work we report the reversible addition-fragmentation chain transfer
(RAFT)-based random copolymerization of these monomers, leading to high
content of stored-length mechanophores along the polymer backbone that are
mechanically active. In addition, the kinetics and “controllability” of the
polymerization are monitored as a function of (co)monomer composition,
which we envision will be useful information for designing bulk polymer
networks that contain a tunable amount of these stored-length
mechanophores. We also present the ring-opening metathesis polymerization
(ROMP) of fused-ring monomers with a tunable “loop size”, which leads to
polymers with adjustable stored-length mechanophore content. We
characterize the mechanochemical reactivity of these polymers via singlemolecule force spectroscopy (SMFS), the data of which highlights the power
of these mechanophores for energy dissipation within overstretched polymers.
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POLY 38: Synthesis, characterization and application of functional sequencedefined non-natural polymers
Ruijiao Dong, drj021@163.com, Piers Gaffney, Rongjun Chen, Andrew G.
Livingston. Department of Chemical Engineering, Imperial College London, London,
United Kingdom
Natural macromolecules (e.g. nucleic acids and proteins) are exactly sequence-defined
polymers, whose specifically defined sequences of nucleotides or amino acids create
complexity and assure the structural and functional diversity required for living
organisms in nature. Particularly, precision sequence control is the most crucial method
used by nature for developing molecularly encoded self-replicators, which are the
essence of all of life forms. Unfortunately, most of these reported synthetic polymers are
often polydisperse and sequence-uncontrollable in nature, which significantly prevent
understanding of fundamental interactions between synthetic polymers and biological
systems.
Most recently, a number of synthesis approaches have been explored to make discrete
synthetic polymers with defined monomer sequence. Well-established solid-phase
synthesis enables the fabrication of sequence-defined polymers. Such method is quite
efficient for controlling dispersity and monomer sequences of synthetic polymers, but it
is greatly limited by low yields, high cost of the solid supports, inability to quantitatively
monitor the coupling progress and difficulties of scale up. In comparison, liquid-phase
synthesis has long been proposed to overcome these deficiencies, enabling facile and
efficient production of sequence-defined synthetic polymers at large scales.
Herein, we aim at creating a flexible and scalable liquid-phase synthesis platform
towards making precision sequence-defined polymers with DNA-mimicking information
storage and retrieval at the molecular level. A variety of functional sequence-defined
synthetic polymers with fully controlled molecular structures, monomer sequences and
specific functions have been acquired using this liquid-phase synthesis method. These
polymers will be readily endowed with diversified properties and functions via the siteselective modification approach, further showing great potential for widespread
applications in nanotechnology and pharmaceutical fields. When a specific stimulus is
applied, these exogenous or intrinsic properties and functions of these polymers can
also be effectively or even precisely regulated, thereby bringing promising site-specific
response into these polymers.
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POLY 39: Terpenoids, enzymes & microwaves: an efficient approach
paving the way towards the substitution of petroleum-based
(meth)acrylics?
Thibault Castagnet1,2, Sayrung Noppalit1,2, Jose Asua2, Laurent Billon1,
laurent.billon@univ-pau.fr. (1) IPREM UMR 5254, Pau University, Pau,
France (2) POLYMAT, San Sebastian, Spain
In an attempt to pave the way towards the substitution of petroleum-based
monomers for monomers from sustainable and renewable resources, we
investigated the synthesis of a portfolio of new (meth)acrylic monomers using
as raw materials, terpenoids from wood waste and citrus fruits. The synthetic
process is based on the enzymatic catalysis by a solvent-, metal-, amino- and
halogen- technique. The effect of employing microwaves in combination with
the enzyme was studied and this process yielded complete conversion and
then high purity monomers with a variety of structures that would allow them
to substitute many of the most commonly used petrochemical (meth)acrylic
monomers. These last ones were then polymerized by microwave-assisted
technique as a less-time consuming approach, to develop efficient
polymerization strategies for the synthesis of high molecular weight
(bio)macromolecules.
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POLY 40: Reactive nanopatterned surfaces driven by block copolymer
self-assembly: clickable platforms
Laurent Billon, laurent.billon@univ-pau.fr, Pierre Marcasuzaa, Coste
Mawélé. IPREM UMR 5254, Pau University, Pau, France
Herein, we report the functionalization of selective nano-domains driven by
the self-assembly of polystyrene-block-poly(vinyl benzyl chloride) PS-b-PVBC
copolymers synthesized by Nitroxide Mediated Polymerization. Insitu Nucleophilic substitution of the vinyl benzyl chloride VBC into a vinyl
benzyl azide VBN3 moiety is directly performed onto the films. Reactive nanopatterned clickable surfaces are then chemically bind to functional gold
nanoparticles, poly(N-isopropylacrylamide) (PNIPAM) with LCST or
CO2 responsive melamine. This approach will be demonstrated onto
continuous films but also onto a unique triple patterned honeycomb film.
Thorough X-ray Photoelectron Spectroscopy (XPS) analysis of the functional
film showed the evidence of the sequential grafting of nanoparticles and
PNIPAM. Temperature and CO2-driven reversible wettability will be also
reported in this work.
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POLY 41: Synthesis and characterization of model linear low-density
polyethylene copolymers towards quantitative structure-property
relationships
Sara V. Orski, sara.orski@nist.gov. Materials Science & Engineering, NIST,
Montgomery Village, Maryland, United States
Commercial polyolefins, which often involve mixtures and copolymers of
linear, short-chain branched, and long-chain branched macromolecules, can
be very challenging to characterize as species with similar hydrodynamic
sizes or solubility often co-elute in various chromatographic methods.
Quantifying the molar mass, chemical composition, and architectural
distributions within these materials is crucial for determining accurate
structure-property-performance relationships, especially for polyolefin-based
thermoplastic elastomers, which include block copolymers (BCP) of crystalline
and amorphous polyolefin segments. Model linear low-density polyethylene
(LLDPE) – polyethylene block copolymers were synthesized by ring-opening
metathesis polymerization (ROMP) of 1-alkyl-trans-cyclooctenes with
successive hydrogenation. The alkyl branch frequency and branch length
along the LLDPE block was fixed, while systematically varying the block
lengths of the LLDPE and HDPE blocks. While ROMP of 3-cis-cyclooctene
BCPs have been previously reported in the literature, 1 the use of the higher
ring strain trans monomer with alkyl substitution directly at the alkene permit
high target molar masses (≥ 100 kg/mol) and limit secondary metathesis that
would randomize the copolymer sequence during formation of the second
block. These polyalkenamer polymers were first analyzed by triple detector
exclusion chromatography (SEC) to characterize the molar mass distribution,
Mark-Houwink parameters, and radius of gyration (R g) of the first block and
resultant BCP. Upon subsequent hydrogenation, the polylefin BCPs were
analyzed with high-temperature SEC to determine the short chain branching
content across the molar mass distribution and compare changes in intrinsic
viscosity and Rg with variation of the block length.
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POLY 42: Formamide based monomers for highly functionalized
polymers
Ri Chen, rchen239@wisc.edu, Balamurugan Ayyakkalai, Gene A. Lee,
Padma Gopalan. Materials Science and Engineering, University of WisconsinMadison, Madison, Wisconsin, United States
Developing new polymer post functionalization methods is an essential part of
expanding the applications of polymers. Most of these polymer modification
reactions deal with introducing one functional group at a time and require
multiple steps to introduce complex functionalities. Multicomponent reactions
(MCRs) are widely used in organic chemistry to simplify the synthesis of
highly functionalized molecules and have great potential for expand the scope
of polymer functionalization. Yet its application in polymer functionalization is
hindered by the reactive and unpleasant nature of isocyanide group used. In
this work, we described a family of novel stable monomers that can be
converted to isocyanide readily in both monomer and polymer state and can
undergo MCRs using simple one-pot protocol. Block, random and
homopolymers of a formamide monomer with other comonomers were tested
for efficiency in MCRs. As a function of composition and architecture medium
to good conversions were achieved. Further experiments also prove the
protocol has a large substrate scope. This family of new monomers allow the
introduction of MCRs from organic chemistry onto the polymer postfunctionalization.
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POLY 43: Developing a series of divinylbenzene-co-N-vinylpyrrolidone
(DVB-co-NVP) polymeric sorbent for application as solid-phase
extraction (SPE) material to extract a wide range of analytes
Ishwor Karki, ikarki@email.sc.edu. Chemistry & Biochemistry , University of
South Carolina, Columbia, South Carolina, United States
Polymeric sorbents consisting of a balance of hydrophilic and hydrophobic
monomers have gained popularity in the field of separation science. Use of
these HLB (hydrophilic-lipophilic balance) polymers is in high demand due to
their versatility and ability to extract a range of analytes (polar – nonpolar)
directly from aqueous solution. Our aim is to synthesize a series of a
copolymer composed of divinylbenzene (DVB) (a lipophilic crosslinking
monomer) and N-vinylpyrrolidone (NVP) (a hydrophilic monomer) with a wide
range of monomer ratio and test their extraction efficiency for SPE
applications. Divinylbenzene-co-N-vinylpyrrolidone polymers with 100:0,
80:20, 70:30, 60:40, 50:50, 40:60 DVB/NVP monomer feed ratios were made
by monolith polymerization and their absorption efficiencies were assessed by
batch binding studies, using different analytes with varying polarities such as
adenosine (log Kow = -1.5), caffeine (log Kow = -0.07) and p-toluidine (log
Kow = 1.39). Interestingly the binding capacity was maximum for a polymer
with 70:30 DVB/NVP feed ratio with recovery as high as 90% and steadily
decreased for polymers having 60:40, 50:50, 40:60 DVB/NVP feed ratio. The
prepared series of polymer were also tested for the recovery of 35 different
analytes with log Kow value ranging from -1.78 to 4.98 from real human urine
which proves the usefulness of these polymeric sorbents in the real world
analytical application as well. Analytes such as morphine, gabapentin,
methamphetamine, fentanyl, buprenorphine, methadone, diazepam, etc.
bound to our polymer series and were recovered in yields as high as 95%.
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POLY 44: Towards a fast and efficient product development in
polyethylene: From conceptual design to commercial production
Francisco Perez, Francisco.PerezValencia@sabic.com. Technology and
Innovation, SABIC, Geleen, Netherlands
In the multimodal HDPE industry, a new grade involves many different
disciplines and challenges to overcome. From technological, marketing and
manufacturing perspectives. Only the technical development can take up
several years, mostly in product applications where critical tests can last for
thousands of hours. On top of that comes the lengthy, risky and costly scaleup process to the production plants and the commercial testing of the product.
Several steps have been already taking up by SABIC in order to address this
challenge. First, the development of broad and in-deep know-how of the
polymerization/catalyst – product microstructure – product performance
relationships in multimodal HDPE and its scale up to commercial units,
reflected in a fast and efficient experimental procedure for product
development. Second, the build-up of trust and application of this knowledge
within Technology/Manufacturing/Marketing/Business team groups involved in
each product development process, through communication, implementation
and validation of the know-how and tools developed.
Description of the experimental procedure and results from several examples,
amongst these a case example where a new product recipe was implemented
in a world scale multimodal HDPE unit with no previous experimentation done
in lab/pilot plant facilities, will be outlined and discussed.
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POLY 45: Amidyl radical-mediated C–H functionalization of commodity
polyolefins
Jill Williamson1, jillwill@ad.unc.edu, Frank A. Leibfarth1, Erik J.
Alexanian2. (1) Chemistry, The University of North Carolina at Chapel Hill,
Chapel Hill, North Carolina, United States (2) Campus box 3290, UNC Chapel
Hill, Chapel Hill, North Carolina, United States
Despite their ubiquity as commodity plastics, polyolefins are not incorporated
into higher value applications, such as adhesives or electronics, due to their
inherent lack of polarity. Post-polymerization modification of polyolefins takes
advantage of this high-volume, low-cost class of materials, but current
methods to install polarity result in chain scission events that have deleterious
effects on polymer properties. Through powerful amidyl radical reactive
intermediates furnished by thoughtfully designed reagents, polyolefins can be
upcycled to incorporate new polar functionality, such as xanthate,
trithiocarbonate, and dithiocarbamate groups, providing a versatile method for
the metal-free functionalization of branched polyolefins without coincident
chain scission. The xanthate group can be further transformed through
aminolysis to access a wide array of polar polyolefins. Ultimately, the insights
gained herein allow the functionalization of a variety of commercial
semicrystalline polyolefins under industrially relevant conditions, including the
functionalization of isotactic polypropylene on a decagram scale within a twinscrew extruder.
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POLY 46: Copolymerization of ethylene with butadiene, a success story
Christophe Boisson1, boisson@lcpp.cpe.fr, Vincent Monteil1, Franck
D'Agosto1, Lionel Perrin1, Emma Moreso2, François Jean-Baptiste dit
Dominique2, Julien Thuilliez2. (1) Institute of Chemistry, CNRS, Villeurbanne,
France (2) Michelin, Clermont-Ferrand, France
Polyolefins are the most important class of polymers which accounts for more
than 50% of the plastic production. This field is still growing and new
applications require novel or improved performances. An appropriate strategy
consists in incorporating functional group in polyolefin backbone. Since the
discovery of Ziegler-Natta catalysts, research efforts have been done on the
copolymerization of olefins with butadiene. The introduction of olefinic
unsaturations into the backbone of polyolefins is of interest for many
applications, including the production of vulcanizable elastomers for the tire
industry. However, as the two monomers polymerize according to different
mechanisms, only a very limited number of catalysts are liable to
copolymerize them successfully. While the insertion of butadiene is often
limited with most catalytic systems designed for olefin polymerization, we
showed that neodymium metallocene catalysts insert butadiene with good
efficiency. In the present paper, we will present the discovery of the first
catalysts for the copolymerization of ethylene and butadiene and the
subsequent screening of neodymium metallocene complexes leading to the
development of ethylene butadiene rubber (EBR). Theses copolymers feature
unprecedented cyclohexane rings in the polymer backbone. These
researches have been performed in the framework of a 30 years’ collaboration
between the C2P2 laboratory and the tire company Michelin. Based on these
successful interactions over the years, a joint laboratory ChemistLab
(C2P2/ICBMS/Michelin), has been recently launched. Its focus is on new
elastomers with original performances in order to address the challenge of
sustainable mobility.

Homogeneous catalysis for preparation of elastomers: mechanisms and synthesis
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POLY 47: Sustainable chemistry in polyolefin/alkane solvent system
Ying-Hua Fu1, yinghuafu95@tamu.edu, Thomas Malinski3, Yunuen AvilaMartinez4, Camila Perales1, David E. Bergbreiter2. (1) Chemistry, Texas A&M
University, College Station, Texas, United States (2) Texas AM Univ, College
Station, Texas, United States (3) Texas A&M University, Bryan, Texas, United
States (4) Chemistry, Texas A&M University, Bedford, Texas, United States
Solvents are most often the major component of chemical reactions. Indeed,
global solvent demand and cost are growing exponentially every year. Thus,
solvent waste and efficient solvent recycling are big environmental issues.
This paper discusses solvent systems based on oligomeric hydrocarbons,
poly(α-olefin)s (PAOs), whose low toxicity, low vapor pressure, low
flammability, and simple gravity-based separations and recyclability make
them promising as green alternative solvent systems.1–3 However, while PAOs
can serve useful as solvents in stoichiometric and catalytic reaction, they are
still alkanes with low polarity that sometimes are poor solvents for polar
substrates. Here two strategies for introducing polar moieties into nonpolar
media like PAOs will be discussed: hydrogen bond assisted solubilization of
poly(N-isopropylacrylamide) (PNIPAM)4 and end-group modification of
polyisobutylene (PIB) with hexamethylphosphoramide (HMPA). 5 The first case
will illustrate how a polar polymer can be dissolved in heptane using Hbonding cosolvents. This study further shows that this chemistry can be sued
with polymeric Rh(I) hydrogenation catalysts and that it is a feasible way to
recycle catalysts using a gravity based liquid/solid separation. Second, an
organocatalyst, a PIB-bound HMPA was used to catalyze allylation of different
aromatic aldehydes and reduction of α, β-unsaturated carbonyl compound in
PAOs. In this case, the catalyst and solvent is easily isolated from the organic
products by liquid/liquid separation. Finally, we have shown that the polarity of
PAO and a substrate can be markedly affected by even small amounts of
cosolvent...Studies using solvatochromatic dyes show that 0.2- 2.0 M
cosolvent creates microheterogeneity in otherwise miscible solvent mixtures.
Preliminarily studies further show that this microheterogeneity translates into
large rate changes in reactions.
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POLY 48: Polypropylene sequence block controls through modification
of ZN catalyst: fast analysis with CEF, DSC-SSA and GPC-IR
Sangyoung Shin1, Anthony_Shin@sk.com, Gilsu Kwak1, Sungjae Na1,
Hyeongmin Kim1, Joao B. Soares2. (1) Polymer Lab, SK Innovation , Daejeon,
Korea (the Republic of) (2) Chemical and Materials Engineering, University of
Alberta, Edmonton, Alberta, Canada
Polypropylene(PP) has been the second largest synthetic polymer in the
Industry, as its global consumption and capacity reached 76 and 85 million
tons in 2019. It might be due to the big advantage of PP polymer's properties,
providing the customer's satisfaction, such as better thermal stability,
outstanding chemical resistance, easy ductility controls through the rubber
blending and easier recycling, compared to other polyolefin products.
Recently, PP companies are highly active to overcome these commdity
concepts, focusing on the expended PP product windows such as the thin wall
injection molding applications, tougher and stiffer TPOs and the higher melt
strength of Form grades, and etc.
SKGC is the pioneering PP company in South Korea, providing the concepts
of the best High Crystalline PP, "BX" grades and advanced TPO, "BR" grades
in Asia, installed with two Spheripol Plants, 200 K ton size in each. Recently in
SK Innovation Center, PP resin has been studied more deeply and
understand the sequence block distribution in PP poymer chains, a sort of the
heterogeneous composition distribution of polymer chains. In this
presentation, Speaker will introduce the concept of the high performance PP
grades, supported by the fast analytical experiments, using CEF, DSC-SSA,
GPC-IR and 13C NMR, together with deconvolution analysis.
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POLY 49: Multivariate linear regression approach to predict the behavior
of olefin polymerization catalysts
Luigi Cavallo, luigi.cavallo@kaust.edu.sa. King Abdullah Univ of Science
Technology, Thuwal, Saudi Arabia
In this communication we present the application of combined multivariate
linear regression (MLR) approaches for rationalizing fundamental properties
characterizing the polymerization of olefins. Specifically, we discuss the ability
of these methods to predict the comonomer incorporation rate in the
copolymerization of ethene with 1-olefins and the molecular mass of
polypropylenes from the homopolymerization of propene. In the first case the
MLR model was trained to correlate the experimental incorporation rate of a
set of 19 group 4 catalysts, in the second case the experimental molecular
mass capability of a set of 40 group catalysts. In both cases the MLR analysis
was based on steric and electronic features of the dichloride catalyst
precursors. R-squared values greater than 0.80 were achieved in both cases,
despite the assembled databases include results obtained from different
laboratories.

Flow chart describing the development of a MLR approach for the screening of new
catalysts.
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POLY 50: Access to cyclic polyolefins on gram-scales via ring-expansion
polymerization
Zhihui Miao1, zhmiao@ufl.edu, Digvijayee Pal2, Weijia Niu2, Tomohiro Kubo2, Brent S.
Sumerlin2, Adam S. Veige3. (1) Chemistry, University of Florida, Gainesville, Florida,
United States (2) Department of Chemistry, University of Florida, Gainesville, Florida,
United States (3) University of Florida, Gainesville, Florida, United States
Cyclic polymers possess properties that are significantly different from their linear
analogs, such as higher densities, smaller hydrodynamic volumes, and higher glass
transition temperatures. Polyolefins are the leading and largest volume industrial
polymer, but access to their cyclic derivatives is synthetically limited. Typically, without a
catalyst, extremely dilute solutions are required to couple chain ends of a linear
macromolecule, thus ruling out large scale syntheses. Considering the inherent
synthetic challenge, access to commercially relevant cyclic polyolefins on gram-scales
with high efficiency continues to present challenges. A tungsten alkydiene catalyst is
capable of producing cyclic polyalkynes via ring-expansion polymerization (REP) with
extremely high efficiency. Polymerization of propyne with the tungsten catalyst and
subsequent hydrogenation (>99%) afforded atactic cyclic polypropylene (c-PP) for the
first time. The cyclic topology was confirmed by size exclusion chromatography,
viscometry, and rheology analysis. Importantly, c-PP exhibits a Tg of 17 °C while
reported linear atactic polypropylene has a Tg of -4 to -8 °C. Linear poly(4-methyl-1pentene) (PMP), another interesting polyolefin, is a commercial transparent
thermoplastic sold under the tradename TPXTM by Mitsui Chemicals. PMP possesses
high solid-state optical transparency, good chemical resistance, high thermal stability
and has applications in packaging materials and release membranes. Polymerizing 4methyl-1-pentyne with the tungsten alkylidyne catalyst and subsequent hydrogenation
(>99%) provided cyclic PMP on gram-scale. Atactic c-PMP also exhibits a higher Tg (39
°C) than the linear analog (29 °C). Similar to the linear analog, c-PMP exhibits high
transparency when processed as a thin film. A 15-gram scale cyclic polymerization was
also achieved with 1-pentyne. Subsequent hydrogenation yielded 10 g of cyclic poly(1pentene), one of the largest scales of cyclic polymer synthesis reported to date.
Measurements of initial rates during the polymerization of 1-pentyne reveals a catalyst
activity of 180,000,000 g/molcat/h. The successful synthesis of these cyclic polyolefins
marks a significant step toward the scalable production of commodity cyclic polymers.

Access to cyclic polyolefins
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POLY 51: Use of recyclable Brønsted acid catalysts in alternative alkane
solvents
Christopher Watson, cwats14@tamu.edu, Adrianna Keuchle, David E.
Bergbreiter. Texas A&M University, Bryan, Texas, United States
While heterogeneous polymer bound Brønsted acid catalysis has been of
regular interest, it is also advantageous to look at phase anchored
homogeneous catalysis. The use of acid catalysts for reactions such as
esterifications, acetalysis, and multicomponent reactions is well documented;
however these reactions often have the significant drawback of having small
ΔG values and thus needing to be driven by Le Chatelier’s Principle. This
causes either a waste of heat to boil off products or the use of excess starting
materials to drive the reaction. However, this work shows that with the use of
a proper phase anchor such as polyisobutylene (PIB) and a suitably acidic
end group such as a sulfonic acid, these reactions can be carried out in polyα-olefins (PAOs), which due to their very low polarity, will exclude the water
byproducts. This serves to drive the reactions without the need for
apparatuses such as Dean-Stark traps or the need for excess of reagents.
Additionally, this work demonstrates that the initial reaction rates in PAO are
comparable to those in traditional toluene solvent systems. This work shows
that even stoichiometric amounts of alcohol and acid can be driven to the
ester in excellent yields by the exclusion of water at moderate temperatures.
The significant nonpolar nature of these solvents also allow for simple
purifications of the product materials. This reaction coupled with either
extractions or distillation of the products allows for recyclability of not only the
acid catalyst, but also the solvent in excess of ten times, due to its near
nonexistent vapor pressure, which constitutes a significant reduction in the
waste materials and loss of solvent for these reactions. While this solvent
system does have the drawback of normal alkane solvent systems (namely
the issue of solubility of reagents) we have shown that it does also have
significant advantages that can outweigh many of its drawbacks.
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POLY 52: Structure-reactivity effects in halide-rebound polymerization of
twisted amides
Mizhi Xu1, mizhi.xu@gatech.edu, Liangbing Fu1, Krista Bullard2, Will
Gutekunst3. (1) Georgia Institute of Technology, Smyrna, Georgia, United
States (2) Georgia Institute of Technology, Atlanta, Georgia, United States (3)
Georgia Tech, Atlanta, Georgia, United States
Twisted amides are a special class of molecules that have distorted, nonplanar amide bonds as a result of the geometric constraints imposed by
bicyclic frameworks. The weakened resonance from C(O)-N bond rotation
leads to unusual reactivity in which the nitrogen becomes more nucleophilic
and the carbonyl group more electrophilic. Here, we demonstrate the utility of
twisted amides in materials science through the invention of a new living
polymerization of twisted amides termed “halide-rebound polymerization” or
HaRP. Initiated by alkyl iodides, the polymerization proceeds through
sequential nucleophilic substitution reactions and represents a unique case of
electrophilic polymerization containing isolable chain ends. The livingness of
the polymerization was confirmed through detailed kinetic studies and chain
extension experiments highlight the ability to make diblock polymers.
Furthermore, an assortment of twisted amide derivatives has been designed
with assistance from computational studies to improve the polymerization
behavior and study the underlying HaRP mechanism. Kinetic studies on these
monomers highlight a direct correlation between twisted amide reactivity and
the amide bond twist angle, and electronic modification of the twisted amide
framework can change the rate-limiting steps of propagation. Collectively, this
has led to a rational approach to design monomers for HaRP that are highly
tunable and display improved solubilities.
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POLY 53: Stretchable and fully degradable imine-based semiconductors for
transient electronics
Helen Tran1, hanahelent@gmail.com, Shayla Nikzad1, Jerika A. Chiong5, Vivian R.
Feig2, Kathy Liu3, Sara R. Ruth1, Zhenan Bao4. (1) Chemical Engineering, Stanford
University, Stanford, California, United States (2) Materials Science and Engineering,
Stanford University, Stanford, California, United States (3) Materials Science &
Engineering, Stanford University, Sandy, Utah, United States (4) Chemical Engr Dept
MC 5025, Stanford University, Stanford, California, United States (5) Chemistry,
Stanford University, Stanford, California, United States
Electronics that can be stretched like human skin and feature skin-inspired
functionalities are opening doors for remarkable opportunities in health and
environmental monitoring, next-generation consumer products, and sustainability.
Notably, degradability is an attractive attribute for applications on dynamic surfaces
where manual recovery would be prohibitively difficult and expensive. For example, fully
biodegradable electronics promise to accelerate the integration of electronics with
health by obviating the need for costly device recovery surgeries that also significantly
increase infection risk. Moreover, the environmentally critical problem of discarded
electronic waste would be relieved. A key component of such electronics is the
development of a stretchable and degradable transistor with electrical performance
independent of large mechanical stress. While numerous biodegradable insulators have
been demonstrated as suitable device substrates and dielectrics for stretchable
electronics, imparting biodegradability to electronically conducting and semiconducting
materials for stretchable electronics presents a particular challenge due to the inherent
resistance of most conductive chemistries to hydrolytic cleavage. Herein, we decouple
the design of stretchability and transience by harmonizing polymer physics principles
and molecular design in order to demonstrate for the first time a material that
simultaneously possesses three disparate attributes: semiconductivity, intrinsic
stretchability, and full degradability. We show that we can design acid-labile
semiconducting polymers to appropriately phase segregate within a biodegradable
elastomer, yielding semiconducting nanofibers which concurrently enable controlled
transience and strain-independent transistor mobilities. This fully degradable
semiconductor represents a promising advance towards developing multifunctional
materials for skin-inspired electronic devices that can address previously inaccessible
challenges and in turn create new technologies.
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POLY 54: Bilingual peptide nucleic acids: Encoding the languages of
nucleic acids and proteins in a single self-assembling biopolymer
Jennifer M. Heemstra, jen.heemstra@emory.edu. Department of Chemistry,
Emory University, Atlanta, Georgia, United States
Nature encodes information, structure, and function in two basic forms of
biopolymers: nucleic acids and proteins. Nucleotide sequences in DNA or
RNA encode both genetic information and complementary molecular
recognition properties, while amino acid sequences in peptides and proteins
convey complex information for structure and function. The robust and
adaptable performance of both of these biopolymer structures has been a
fundamental driving force for evolution on Earth and explains their continued
ubiquitous presence in Nature. Moreover, the straightforward design principles
and privileged physicochemical properties of both nucleic acids and proteins
position them as attractive materials to leverage and integrate in applications
beyond their canonical roles. Although Nature has evolved machinery to read
the nucleic acid code and translate it into amino acid code, the extant
biopolymers are restricted to encoding amino acid or nucleotide sequences
separately, limiting their potential applications in medicine and biotechnology.
Here we describe the design, synthesis, and stimuli-responsive assembly
behavior of a bilingual biopolymer that integrates both amino acid and
nucleobase sequences into a single peptide nucleic acid (PNA) scaffold to
enable tunable storage and retrieval of tertiary structural behavior and
programmable molecular recognition capabilities. Incorporation of a defined
sequence of amino acid side-chains along the PNA backbone yields
amphiphiles having a “protein code” that directs self-assembly into micellar
architectures in aqueous conditions. However, these amphiphiles also carry a
“nucleotide code” such that subsequent introduction of a complementary RNA
strand induces a sequence-specific disruption of assemblies through
hybridization. Together, these properties establish bilingual PNA as a powerful
biopolymer that combines two information systems to harness structural
responsiveness and sequence recognition. The PNA scaffold and our
synthetic system are highly generalizable, enabling fabrication of a wide array
of user-defined peptide and nucleotide sequence combinations for diverse
future biomedical and nanotechnology applications.
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POLY 55: PhotoATRP induced self-assembly enables one-pot synthesis
of functional, multi-responsive polymer nanoparticles
James F. Reuther, jfreuthe@ncsu.edu, Ali Shahrokhinia. Chemistry,
University of Massachusetts Lowell, Lowell, Massachusetts, United States
Polymerization induced self-assembly (PISA) methodologies have provided
facile, scalable routes to polymer nanostructures fabricated in situ directly
upon block copolymerization of insoluble polymer blocks from soluble
macroinitiators in selective solvents. PISA methods disproportionally utilize
reversible addition-fragmentation chain transfer (RAFT) polymerization
techniques for controlled growth of block copolymers with significantly less
examples focusing on atom transfer radical polymerization (ATRP) PISA
applications. Herein, we describe the first-ever combination of UV-light
mediated photoATRP and PISA providing a robust, one-pot method for
macroinitiator growth, PISA, core-crosslinking, and core/shell
functionalization. The resulting photoATRP-ISA process resulted in contolled
synthesis of various aggregated morphologies including nanospheres, wormlike micelles, compound nanospheres, and vesicles. Furthermore, we
demonstrated temporal control in the PISA process via modulating UV-light
output switching from active to dormant polymer chains on demand. The
introduction of cystamine-linked bis-methacrylamide (CBMA) crosslinkers with
hydrophobic glycidyl methacrylate (GMA) monomers during PISA offers a
direct, one-pot route to responsive, core-crosslinked nanostructures with
redox-cleavable disulfide containing crosslinks. The polyGMA epoxide
pendants provide a reactive handle for core-functionalization through ringopening reactions with functional amines. Additionally, successive ringopening of polyGMA pendant epoxides with hydroxide and dynamic
crosslinking with diboronic acids under basic aqueous conditions provided
multi-responsive, dual-crosslinked nanoparticles with tailorable cargo release
profiles through orthogonal triggering mechanisms.
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POLY 56: Stimuli-responsive polymer dispersants and viscosifiers
Elizabeth M. Glogowski, emglogowski@gmail.com. Materials Science &
Engineering, University of Wisconsin-Eau Claire, Eau Claire, Wisconsin,
United States
Stimuli-responsive polymers are polymers that dramatically change
properties, such as viscosity or interfacial activity, in response to a small
change in an external trigger including pH and temperature. Poly((2dimethylamino)ethyl methacrylate) or PDMAEMA is a dually-responsive
polymer that switches solubility, viscosity, and interfacial activity as a function
of pH and temperature. Controlling polymer structure, including block
architecture, allows for tuning of the stimuli-responsive properties for target
applications. PDMAEMA-containing copolymers were synthesized using
Activator Regenerated Electron Transfer Atom Transfer Radical
Polymerization (ARGET ATRP) to minimize the amount of copper catalyst
needed and to increase the oxygen tolerance of the polymerization. Diblock
and triblock PDMAEMA-containing copolymers with low dispersity and
controlled degree of polymerization were achieved using ARGET ATRP.
Solubility and self-assembly as a function of temperature, pH, polymer
concentration, and polymer composition were determined using UV-Vis
spectroscopy and dynamic light scattering. In addition, viscosity,
viscoelasticity, and interfacial tension were determined for the PDMAEMAcontaining copolymers. PDMAEMA-containing copolymers are being tested in
polymer dispersant and viscosifier applications.
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POLY 57: Synthesis of pH-sensitive hydrogels using gamma-irradiation
Moises R. Bustamante1, moises.bustamante1996@hotmail.com, Victor H
Pino-Ramos2, Sandra Hidalgo-Bonilla3, Emilio Bucio2. (1) Biomedical
Engineering Department, Yachay Tech University, Quito, Pichincha, Ecuador
(2) Radioquimica, Inistituto de Ciencias Nucleares, Mexico, Mexico, Mexico
(3) Quimica, Yachay Tech, Urcuqui, Imbabura, Ecuador
Hydrogel has potential biomedical application in tissue engineering, being
high biocompatible materials. Many polymeric systems have been studied,
with or without effects of drug delivery in the area treated. Agar is a
biocompatible polysaccharide depicted by hysteric behavior, and hydroxyl
group into its structure, which make it an ideal candidate for chemical
modification. Meanwhile, acrylic acid (AAc) is a highly reactive polymer, which
has the facility to retain antimicrobial agents as antibiotics and metallic
nanoparticles such as silver (AgNPs), cupper, among others. Additionally, it
presents a double bonds into its structure that can interact with itself forming
poly(acrylic acid) (PAAc). The present work describes the synthesis and
characterization of pH-responsive hydrogels highly cross-linked using γ-ray for
potential biomedical application. Polymeric material consisted of agar that was
dissolved in distilled water at 85 °C with fixed stirred; then it was mixed with
AAc at different concentrations. Finally the samples were simultaneously
irradiated with 60Co γ-sources with an activity of 63200 Ci at a dose rate of 7.2
kGy h-1, applying different doses. The stimuli-responsive hydrogel was
characterized by FTIR-ATR spectroscopy, thermogravimetric analysis (TGA),
differential scanning calorimetry (DSC), mechanical testing, and pH-sensitivity
studies. The results confirmed the presence of a new copolymer called
poly(Agar-co-AAc) in the polymeric matrix capable to interact with the water
and loading others compounds. Therefore, the poly(Agar-co-AAc) was loaded
either with AgNPs and ciprofloxacin and were subjected challenged against E.
coli and Methicillin-resistant Staphylococcus aureus (MRSA)exhibiting good
antimicrobial activity.
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POLY 58: Intrinsically microporous polymer: hierarchical
nanostructured porous electrodes for high performance supercapacitors
by nonsolvent-induced phase separation
Seungmin Lee1, sinimini2.sml@gmail.com, Sung-Kon Kim2,
skkim@jbnu.ac.kr, Byoung G. Kim3, Tae-Ho Kim4. (1) Chemical engineering,
Jeonbuk National University, Jeonju, Jeollabuk-do , Korea (the Republic of)
(2) Chemical Engineering, Jeonbuk National University, Jeonju, Jeollabuk-do ,
Korea (the Republic of) (3) Sch Chem Engineering Snu, Seoul, Korea (the
Republic of) (4) Korea Research Institute of Chemical Technology, Daejeon,
Korea (the Republic of)
To respond with the increasing need for high power and energy, required for
the promising next-generation applications ranging from portable electronics
and transportations, there are the rapid advances in the field of microporous
carbon materials as high performance electrodes for energy storage. Herein,
hierarchy-structured porous carbon with both considerable surface area and
high electrical conductivity is set by the solution casting of intrinsically
microporous precursor (polymer of intrinsic microporosity, PIM-1), that made
of non-solvent induced phase separation (NIPs) process and subsequent
carbonization, for use in supercapacitor electrodes. PIM-1 is a polymer with a
large fractional free-volume with a high intrinsic surface area (~2100 m2 g-1).
Hierarchical nanostructured porous electrodes show high electrical
conductivity (~150 S cm-1), high specific capacitances in three- or twoelectrode systems, and an outstanding specific energy. The PIM-1 that has
interconnection in three dimensions and ordered pore channel is important for
increasing supercapacitors performance. The important attributes of the
hierarchy porous structure are its ability to improve overall reaction kinetics
through pathways that was provided for efficient ion and electron
transportation and facilitate electrolyte infiltration into the electrode while
supercapacitor is charged/discharged.

Schematic illustration of the fabrication of cNPIM. The major steps of the process are: (i) casting of the
PIM-1 solution dissolved in DB and THF, (ii) immersion and precipitation of the solution in methanol
(nonsolvent), (iii) removal of the NPIM film from nonsolvent, and (iv) carbonization for 120 min at 1100
°C under a stream of H2/N2.
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POLY 59: Nanointerfacial regions enhanced by gel polymer electrolyteaccessible electrodes for high-performance flexible energy storages
joobee Shin, joobee94@gmail.com, Sung-Kon Kim, Eunseok
Song. Chemical Engineering, Jeonbuk National University, Jeon ju, Korea (the
Republic of)
For spatial-limited applications such as portable electronics and wearable
electronics, energy storage platforms require higher power densities, higher
levels of efficiency, lightness and flexibility. In terms of manufacturing and
safety for flexible energy storages, solid-state materials as both separator and
electrolyte are preferred instead of use of liquid electrolytes. Gel polymer
electrolytes (GPEs) can act as both separator and electrolytes without the
leakage of liquid electrolytes. However, there are challenges associated with
the wettability at the electrolyte/electrode interface and the ionic conductivity
of the polymer-based electrolytes.
Here, a good formation of the interface between electrode and GPEs is
significant for high-performance energy storages. We prepare synthesize solid
GPEs consisting of PEGMA and ETPTA with a lithium salt solution by UV
irradiation. Ionic conductivity and mechanical strength are changed by varying
the composition of PEGMA and ETPTA as well as the content of lithium salt
solution in the polymer. The GPEs with highly ion conductivity is impregnated
into carbon nanomaterials-based electrodes which can enhance electrolyteaccessible surface area of electrodes. The GPEs with large mechanical
stability can be used as both separator and electrolyte, providing flexible solidstate energy storage devices. This strategy holds significant promise as a
platform to design high-performance carbon nanomaterial-based electrodes
for energy storages.

Fabrication of Gel Electrolyte
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POLY 60: Hydrogel-coated polyurethane/urea porous shape memory
polymer foams
Emily Dalton1, daltoney@mail.uc.edu, Qinyuan Chai2, molly shaw3, Tucker J.
Mckenzie2, eric Mullins3, Neil Ayres2. (1) chemistry, univeristy of cincinnati,
Cincinnati, Ohio, United States (2) Department of Chemistry, The University of
Cinicinnati, Cincinnati, Ohio, United States (3) Cancer and Blood Diseases
Institute, Cincinnati Children's Hospital Medical Center, Cincinnati, Ohio,
United States
Shape memory polymers (SMP), a class of stimuli responsive polymers, show
great promise in designing biomedical devices because of their potential to
improve minimally invasive surgeries. Porous SMP’s manufactured as
synthetic vascular grafts have been proposed because porosity can aid in the
transfer of fluid and growth of vascular tissue. Although transfer of fluids
throughout the graft matrix ultimately enables growth of native tissue, this also
allows blood to leak through the pores. Pre-clotting the materials is necessary
to avoid blood loss. In this work, we proposed using hydrogels to pre-clot the
SMP. Hydrogels were synthesized from N-hydroxyethyl acrylamide and acrylic
acid and coated around a porous SMP produced from lactose functionalized
polyurea-urethanes. Here we demonstrate the shape memory properties of
the hydrogel-coated SMP composite through a series of shape memory
cycles. The properties were shown to be repeatable, with shape recovery
ratios observed at 100%. Additionally, we show the increased fluid uptake
capabilities of the hydrogel SMP composite. The polymers used in the crosslinked shape memory material were shown to be biocompatible using an in
vitro cell assay. The hydrogel-coated SMP composite maintained advantages
of hydrogel and SMP systems by enhancing fluid uptake without hindering
shape memory properties.
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POLY 61: Understanding interfacial adhesion through incorporation of
biopolymeric adhesives
Erik Alberts1, Erik.M.Alberts@USACE.army.mil, Ashvin Fernando 1, Travis
Thornell2, Ashlyn Koval1, Lee Moores1, Manoj Shukla1, Charles Weiss2. (1)
Environmental Laboratory, US Army Engineer Research & Development
Center, Vicksburg, Mississippi, United States (2) Geotechnical and Structures
Laboratory, US Army Engineer Research & Development Center, Vicksburg,
Mississippi, United States
The oceans are filled with many organisms that produce adhesives adapted
for marine environments, overcoming the challenges posed by forming strong
adhesive bonds in wet environments. A common motif observed in marine
adhesives is the presence of the post-translationally modified tyrosine,
dihydroxyphenylalanine (DOPA). This strong promotor of adhesion has been
most well described in the foot proteins of the blue mussel, Mytilus edulis.
While many synthetic mimics of mussel protein have been well described,
most applications have focused on the biomedical aspects of such adhesives.
We aim to focus our efforts on incorporating mussel-inspired adhesives for
building and construction materials, with an emphasis on concrete. As a wet
setting system, DOPA-functionalized polymers may help to strengthen the
bond between paste and aggregate, known as the interfacial transition zone
(ITZ). The ITZ is important from a structural materials perspective as it
represents the weakest point in concrete. In this work we have chosen
poly(acrylic acid) and polyethylenimine as preliminary targets for catechol
functionalization for their potential in scale-up and utilized computational
methods in aiding synthesis. Additionally we have performed preliminary
mechanical testing on aggregate substrates such as quartz, granite, and
limestone.
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POLY 62: Core size effect on conformation of multi-arm star polymers
Hui Li1, lih2@ornl.gov, Tianyu Li2, Kunlun Hong3. (1) Center for Nanophase
Materials Sciences, Oak Ridge National Laboratory, Knoxville, Tennessee,
United States (2) Materials Science and Engineering, University of
Tennessee, Knoxville, Knoxville, Tennessee, United States (3) Bldg 8610 MS
6494, Oak Ridge National Laboratory, Oak Ridge, Tennessee, United States
Star polymers can undergo transition from soft colloids to hard spheres,
depending on molecular weight, arm density, concentration and other
parameters. The excluded volume plays an important role in their dynamics.
In this study, a series of star polymers with different number and molecular
weight of arms, different core sizes, were synthesized through arm-first
method. The polymer arms (polylactide or polystyrene) bear one electron
donor chain ends can coordinate with transition metal ions and then form star
polymers. The core size was controlled by the shape and size of the electron
donor chain ends. Diffusion NMR and small-angle neutron scattering were
applied to study the solution behavior of these star polymers where the effect
of core size has been revealed.
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POLY 63: Thermal behavior of poly(ethyl methacrylate) adsorbed on
silica
Reza Azarfam, azarfam@okstate.edu, Frank D. Blum. Chemistry, Oklahoma
State University, Stillwater, Oklahoma, United States
The thermal properties of very small amounts of poly(ethyl methacrylate),
PEMA, adsorbed on high surface area silica (Cab-O-Sil) have been studied.
The mass of PEMA per surface area of silica varied from approximately 0.5 to
5 mg of polymer per m2 silica. Thermal gravimetric analysis was used to
determine the amounts of polymer adsorbed on silica. The changes in the
glass transition temperatures of the polymer using temperature-modulated
differential scanning calorimetry was studied. FTIR spectroscopy was used to
verify the presence of the bound carbonyl oxygens interacting with the silanol
groups of silica. The results were considered in terms of a two-state model,
composed of loosely and tightly-bound polymer. However, in contrast to some
other systems studied, PEMA did not show distinct “peaks” for the tightlybound polymer. The amount of tightly-bound PEMA adsorbed on silica was
determined based on a model that accounted for tightly-bound polymer as
“missing” due to its very broad glass transition range.

Schematic illustration of tightly-bound and loosely-bound PEMA adsorbed on silica.
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POLY 64: Tightly bound poly(vinyl pyrrolidone) in graphene oxide
nanocomposites
Ishan Niranga Jayalath, ijayala@okstate.edu, Frank D. Blum. Chemistry,
Oklahoma State University, Stillwater, Oklahoma, United States
Temperature modulated differential scanning calorimetry (TMDSC) and
Fourier transform infrared (FTIR) spectroscopy were used to study the
poly(vinyl pyrrolidone) (PVP) graphene oxide (GO) interphase in PVP/GO
nanocomposites. The FTIR spectra showed a hydrogen bonding interaction
between the polymer and the GO surface. TMDSC analysis was used to
determine the thermal behavior of PVP on the GO surface. Based on the
TMDSC results, a fraction of PVP tightly binds to the GO surface by hydrogen
bonding, and the remaining fraction loosely binds to the surface. The main
objective of this study was to estimate the tightly bound fraction of PVP on GO
by TMDSC analysis. However, the direct estimation of the tightly bound
fraction from TMDSC analysis suffers from a sensitivity limitation in this
system. Therefore, a model was developed to indirectly estimate the amount
of tightly bound PVP on the GO surface using TMDSC data.
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POLY 65: Increasing the long-range order of metallo-supramolecular
films
Alice M. Savage, alice.m.savage3@gmail.com. MSTB, U.S. Army Research
Lab, Belcamp, Maryland, United States
Self-assembly and morphology of supramolecular polymer films can be tuned
with the addition of an external small scale filler to promote long-range order
within the bulk polymer films. In order to tune the morphology of a family of
metallo-supramolecular polymer films, the addition of external additives to two
individual polymer systems resulted in the increase in long-range order from
10’s of nanometers to over 500 nanometers. These supramolecular films have
applications as optically healable films or coatings. In the first system, a series
of telechelic poly ( ethylene-co-butylene ) oligomers functionalized with 2,6bis(1′-methylbenzimidazolyl)pyridine (MeBIP) were supramolecularly
assembled with a zinc (II) salt. MeBIP-functionalized, ultra-small, gold
nanoparticles were incorporated into the assembly. In the second system, a
series of n-butyl acrylate-based copolymers containing 2 to 10 percent MeBIP
was synthesized using controlled radical techniques. Supramolecularly
crosslinking these linear prepolymers with the same Zn(ClO 4)2 salt, resulted in
free-standing networked films. Small amounts of unfunctionalized or unbound
MeBIP were added to these supramolecular assemblies. In both cases, the
external additive increased the long-range order of the supramolecular
polymer system by reinforcing the MeBIP-rich phase. Their subsequent
morphologies were monitored using small angle X-ray scattering (SAXS), high
angle annular dark field (HAADF) scanning transmission electron microscopy
(STEM), energy dispersive X-ray spectroscopy (EDS) and electron energy
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POLY 66: NMR diffusion studies of the toluene/CTAB/water system
Kristopher Keyes, kkeyes@okstate.edu, Frank D. Blum. Chemistry,
Oklahoma State University, Stillwater, Oklahoma, United States
Styrene/water/CTAB systems have been found to facilitate the decomposition
of azobisisobutyronitrile (AIBN) in concentrated emulsion gels. This allows
free radical polymerization of styrene to be carried out at room temperature.
To understand the system structure before polymerization begins, we have
replaced styrene with toluene. Diffusion constants of the system components
were measured by pulsed field gradient NMR. The structure of the system is
herein deduced from these diffusion measurements. An example of the
resulting structures in the styrene system is shown in the figure below.
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POLY 67: Synthesis, computer simulation and NMR study of new peptide dendrimers for
drug and gene delivery
Igor M. Neelov1, i.neelov@mail.ru, Oleg V. Shavykin2, Valeriy V. Bezrodnyi3, Sofia E.
Mikhtanyuk2, Irina I. Tarasenko4, Nadezhda N. Shaveleva5, Denis A. Markelov6. (1) Institute of
Bioengineering, ITMO University, St.Petersburg, Russian Federation (2) ITMO University,
St.Petersburg, Russian Federation (4) Institute of Macromolecular Compounds RAS,
St.Petersburg, Russian Federation (5) St.Petersburg State University, St.Petersburg, Russian
Federation
Dendrimers are regularly branched form single core macromolecules with spherical shape and a
well-defined structure (PCCP, 2016, 18, 24307; Polymer, 2017, 125, 292; Polymer, 2018, 146,
256; Pharmaceutics, 2018, 10, 129). Lysine dendrimers (Polym.Sci, Ser. C., 2013, 55, 154;
Dendrimers in Biomedical Applications, RSC, 2013, 99; PCCP 2015, 17, 3214; Langmuir, 2018,
34, 1613 ) and more general peptide dendrimers (Sci. Rep. 2018, 8, 8916; RSC Adv. 2019, 9,
18018; Molecules, 24, 2019, 2481) are good candidates for drug and gene delivery
(Bioorg.Chem., 2020, 95, 103504) as well as for many other biomedical applications due to their
high biocompatibility and low toxicity in comparison with other dendrimers. Size, anisotropy,
radial density distribution and orientational mobility of terminal, side and main chain dendrimer
groups are important characteristics for many specific applications.We present here synthesis,
characterization and molecular dynamics simulation of new lysine-based peptide dendrimers
with the same AlaLys core and 2GlyLys and 2LysLys repeating units. I.e. all these dendrimers
contain two linear spacers (2Gly or 2Lys) inserted between all pairs of neighboring branching
points of usual lysine dendrimer. We studied temperature dependences of equilibrium
characteristics and relaxation times of terminal, side and main chain groups in the temperature
range from 283 to 343 K. We have shown that size and density distribution almost do not
change with temperature. We calculated also temperature dependences of relaxation times and
spin-lattice relaxation time T1H of CH2 groups of all dendrimers and found that they are very
close to experimental results obtained by NMR.

Chemical structure of 2GlyLys dendrimer

Chemical structure of 2LysLys dendrimer
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POLY 68: Structure-activity relationship studies of antimicrobial
poly(guanylurea)s
Michelle Miranda1, mmira037@fiu.edu, Thirunavukkarasu Annamalai2, YukChing Tse-Dinh2, Joong Ho Moon3. (1) Chemistry, Florida International
University, Miami, Florida, United States (2) Department of Chemistry
Biochemistry, Florida International University, Miami, Florida, United States
(3) Chemistry Biochemistry Cp338a, Florida International University, Miami,
Florida, United States
Antimicrobial resistance-related illnesses pose great threat to public health.
Bacterial drug resistance is outpacing current progress in antibiotic
development. Traditional drug development heavily relies on small molecules
disrupting the biochemical processes in bacteria. Therefore, alternative
approaches are being explored to combat these drug-resistant pathogens.
Antimicrobial polymers disrupt the physical cell membrane integrity of bacteria
making it harder for bacteria to develop resistance. Herein, we introduce a
conceptually new class of antimicrobial polymers containing positively
charged guanylurea backbones for enhanced antimicrobial effects. The initial
structure−activity relationship studies demonstrate that poly(guanylurea
piperazine)s (PGU-Ps) exhibit excellent antimicrobial activity against different
types of bacteria with high selectivity. Further testing of PGUs with different
backbone structures showed that piperazine enhanced antimicrobial
properties against mycobacteria. Upon completion of the structure-activity
studies, we expect to develop biocompatible, specific, and selective
antimicrobial polymers to treat drug resistance bacteria.
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POLY 69: Guanylurea-functionalized ROMP polymers for the intracellular
delivery of proteins
alfonso barrios1, abarr159@fiu.edu, Joong Ho Moon2. (1) Florida
International University, Miami, Florida, United States (2) Chemistry
Biochemistry Cp338a, Florida International University, Miami, Florida, United
States
Proteins have great potential as human therapeutics; however, this potential is
largely limited by poor transduction across the cell membrane. There has
been much effort to develop nanomaterials that can facilitate the intracellular
delivery of therapeutic proteins. Cationic macromolecules have shown some
promise as delivery vessels, but poor in vivo properties, endosomal
entrapment, and poor cytosolic release remain as challenges. Herein, we
present a positive charge modulation technique that introduces functional
moieties at the guanidine group via guanylurea bond formation to enhance
protein encapsulation and intracellular delivery. This facile, one-step
modification technique allows the structure-activity relationship of positive
charge modulated ring opening metathesis polymerization (ROMP) polymers
to be studied. The extended hydrogen bonding by urea, relative
hydrophobicity, and spatial arrangement of functional moieties are studied in
regard to cell penetration, protein internalization, and in vivo biophysical
properties. This study provides an in depth understanding of cellular
interaction with cationic charge-modulated carriers and a straight-forward
approach to overcome the challenges presented by in vivo therapy.

Figure 1. Schematic representation of guanidine positive charge modulation by
incorporation of functional moieties
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POLY 70: Solution properties, chain flexibility, and glass transition
temperatures of poly(n-alkyl methacrylates): Effect of tacticity and side
chain length
Tianyu Li1, tli30@vols.utk.edu, Huiqun Wang2, Wei Lu2, Masashi Osa3, Hui
Li4, Jimmy W. Mays5, Kunlun Hong6. (1) Materials Science and Engineering,
University of Tennessee, Knoxville, Knoxville, Tennessee, United States (2)
Chemistry, University of Tennessee, Knoxville, Knoxville, Tennessee, United
States (3) Aichi University of Education, Kariya, Japan (4) Center for
Nanophase Materials Sciences, Oak Ridge National Laboratory, Knoxville,
Tennessee, United States (5) Univ of Tennessee, Knoxville, Tennessee,
United States (6) Bldg 8610 MS 6494, Oak Ridge National Laboratory, Oak
Ridge, Tennessee, United States
Poly(n-alkyl methacrylates) are important polymers which also attracted
considerable fundamental interest. The earlier experimental data of
poly(methyl methacrylate) (PMMA) in the literature suggested a concave
curve to fit the relationship between characteristic ratio and tacticities.
However, the rotational isomeric state (RIS) models cannot illustrate the
concave relationship. To explore the intriguing relationship between chain
flexibility and tacticity as well as Tg, poly(n-alkyl methacrylates) were
synthesized by free radical polymerization under different conditions, which
produced polymers with not only the broad distribution designed for intrinsic
viscosity measurements but also the control on tacticities. Detailed structural
information was analyzed with the touched-bead wormlike chain model to
calculate persistence length (q) and chain thickness (d b). Our results showed
that, Tgs of poly(n-alkyl methacrylates) with consistent tacticities decrease as
n increase, while chain stiffness increases at the same time. Furthermore, the
effect of tacticity plays a nontrivial role in these intriguing relationships. With
increasing of isotactic content, Tg of PMMA decreases but its characteristic
ratio increases linearly.

Characteristic ratios of PMMAs with varying tacticities
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POLY 71: Extrapolation of single chain extension from double-network
hysteresis
Zi Wang, zi.wang1@duke.edu. Chemistry, Duke University, Durham, North
Carolina, United States
Mechanical hysteresis of DN originates from first network fracture. The
hysteresis includes the fracture information of polymer strands in the first
network. Here, we aim to quantitatively correlate the bulk hysteresis properties
with single polymer strand mechanics which can be measured by atomic force
spectroscopy or by modeling. Specifically, we design the first network with
mechanophore loops, and we expect the release of stored length in single
chain extension can be quantitatively reflected in DN hysteresis which is
measured by cyclic load. This work demonstrates a robust quantitative
correlation between single molecule mechanics with bulk mechanics. In the
long run, we aim at engineering material behavior from precise molecular
design.

Our extraplation result of DN with mechanophore loops (blue curve) and without mechanophore loops
(black curve)
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POLY 72: Characterization of polysulfides and analysis of polysulfide
oxidation during inverse vulcanization
Kennalee Orme1, ormekenn@isu.edu, Courtney Jenkins2. (1) Chemistry,
Idaho State University, Rexburg, Idaho, United States (2) Chemistry, Ball
State University, Muncie, Indiana, United States
Sulfur chemistry has become popular partially due to the overabundance and
low cost of elemental sulfur. It is a byproduct of petroleum refinement, and
there has been a push to find ways to utilize this excess sulfur. Inverse
vulcanization is a solventless technique that is widely used to produce
polysulfides. However, there are also different variations of this technique,
with each one having a possible impact on the final polymer structure,
including molecular weight, solubility, and sulfur rank, which is the amount of
sulfur atoms incorporated into the polymer. Different inverse vulcanization
techniques were used to combine divinylbenzene (DVB) and elemental sulfur
to prepare poly(S-DVB). Polymers were analyzed using 1H NMR, GPC, ATRIR, and DSC. The disulfide bonds within the polysulfides can be both oxidized
by contact with air or oxidizing agents, as well as being reduced to thiols
through the addition of reducing agents. An assessment of literature suggests
that there has been no significant research done examining whether the
presence of oxygen during synthesis results in oxygen being incorporated into
the polysulfide itself. There is reason to suspect that there are sulfones
present in polysulfide that is exposed to oxygen during synthesis. It is possible
that the presence or absence of oxygen has an impact on the properties of the
polysulfide, which may influence how inverse vulcanization techniques are
conducted in the future.This study explores the possibility of sulfones existing
in polysulfides due to exposure to oxygen during and after synthesis and its
implications. Poly(S-DVB) was prepared using inverse vulcanization under
nitrogen and characterized using 1H NMR, GPC, ATR-IR and DSC.

Inverse vulcanization reaction of elemental sulfur and divinyl benzene.
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POLY 73: ReaxFF molecular dynamics study of Kevlar/Nomex synthesis
in nanotube - composite materials
Behzad Damirchi1, bvd5238@psu.edu, Adri C. Van Duin2. (1) Mechanical
ENgineering, Pennsylvania State University, State College, Pennsylvania,
United States (2) Penn State, State College, Pennsylvania, United States
Nomex is a flame-resistant meta-aramid material which is related to nylon. It
has an aromatic backbone, thus is it more rigid and more durable in compare
to nylon. Kevlar has a similar structure, but it is a para aramid. Nome has less
strength than Kevlar, however, as a polymer material, it exhibits excellent
thermal, chemical and radiation resistance. The current project is an
investigation on Nomex/Kevlar synthesis by polymerization of Phenylene
diamine and Isophthaloyl chloride molecules using the ReaxFF reactive force
field in vicinity of a circular carbon nanotube. The ReaxFF reactive force field
can provide detailed information of these interactions since it can be used to
simulate chemical reactions. During the chemical reaction, hydrochloric acid is
generated and monomers bind to each other and build heavier polymer
molecules. Based on our DFT calculations, we found an energy barrier of 23
kcal/mol and reaction energy of -9 kcal/mol for this polymerization process
and we optimized the force field parameters for this reaction. Using the
optimized force field we studied the polymerization of meta- and parastructures of the aforementioned monomers leading to generation of Nomex
and Kevlar polymers in vicinity of circular carbon nanotube. The results
demonstrated that the Nomex has better alignment with the nanotube surface
compared to the Kevlar, which has a stiffer backbone. We investigated these
polymerization systems with Cyclohexanone molecules acting as organic
solvent.

Carbon nanotube dipped inside the Cyclohexanone (pink). Phenylene diamine and
Isophtaloyl chloride monomers are colored as blue and red, respectively.
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POLY 74: Surfactant-assisted interfacial polymerization: High permeance
reverse osmosis membranes
Nisha Verma1, nisha.verma@stonybrook.edu, Lexin Chen1, Qinyi Fu1, Benjamin S.
Hsiao1, Benjamin Ocko2. (1) Stony Brook University, Stony Brook, New York, United
States (2) Bldg 510b, Brookhaven National Lab, Upton, New York, United States
Reverse osmosis (RO) desalination is an effective solution to the global scarcity of
freshwater. At the core of RO operation is the thin-film composite (TFC) membrane,
which contains a polyamide (PA) barrier layer responsible for the filtration
performance. The focus of the study was on determining the effect of three cationic
surfactants on performance of the TFC membrane, viz., 1-ethyl-, 1-butyl- and 1octyl-3-methyl-imidazolium chlorides, each having different aliphatic chain lengths.
The surfactants were incorporated in aqueous phase with the as-dissolved metaphenylene diamine (MPD) and reacted with trimesoyl chloride (TMC) via interfacial
polymerization. It was asserted an optimal surfactant concentration below the critical
micelle concentration (CMC) level should be used to avoid micelle formation.
Dynamic light scattering measurements were used to determine the CMC levels of
the surfactants. Filtration performance was correlated with the structural data of the
material, generated using the grazing incident wide angle x-rays (GIWAXS)
technique. The surfactant with the shortest aliphatic chain exhibited lowest q (Å -1)
values. The low q values attributed to the perpendicular arrangement of the PA
motifs were responsible for the high NaCl rejection rate. The surfactants with a long
hydrophobic carbon chain exhibited low rejection rate and high q values (~1.65 Å -1)
only. The data indicated essential information on the structure of the cross-linked PA
chains, with the differences in the filtration performance associated with the pi-pi
packing configurations (parallel and perpendicular offset of aromatic rings). It was
hypothesized that the spherical orientation of the hydrophilic surfactant heads may
alter the spatial bonding arrangements of the monomers in solution. Moreover, at a
high concentration the surfactant molecules align along the interface tightly,
reducing the likelihood of the MPD molecules crossing the interface to react with
TMC. Such decrease in transport of MPD at increasing surfactant concentrations
was attributed to decrease in salt rejection.

A schematic representation of preparation for free-standing polyamide film via interfacial polymerization
incorporating surfactants in the aqueous phase
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POLY 75: Green synthesis of conducting polymers uisng CaO 2/HCl
oxidant system
Lekha Papammagari2, Sanjeev K. Manohar1,
sanjeev_manohar@uml.edu. (1) Chemical Engineering, UMASS at Lowell,
Lowell, Massachusetts, United States (2) Chemical Engineering, Univresity of
Massachusetts Lowell, Lowell, Massachusetts, United States
Electrically conducting high(er) molecular weight polyaniline and polypyrrole
are synthesized in near-quantitative yield by chemical oxidative polymerization
of the respective monomers in dilute aqueous HCl using CaO 2 as a mild and
green(er) oxidizing agent. Use of CaO2 overcomes the limitations of both
(NH4)2S2O8 and H2O2 oxidant systems. The reaction occurs at room
temperature with no increase in temperature - as is typically the case with
(NH4)2S2O8. Unlike H2O2, the reaction with CaO2 yields high molecular weight
polyaniline with no significant side products.

Synthesis of Polyaniline using CaO2
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POLY 76: Modular synthesis of fully degradable imine-based semiconducting ptype and n-type polymers
Jerika A. Chiong1, chiongjerika@gmail.com, Helen Tran 2, Shayla Nikzad3, Kathy Liu4,
Vivian R. Feig5, Sara R. Ruth6, Zhenan Bao7. (1) Stanford University, Stanford,
California, United States (2) Stanford University, San Francisco, California, United
States (3) Chemical Engineering, Stanford University, Stanford, California, United
States (4) Materials Science & Engineering, Stanford University, Sandy, Utah, United
States (5) Materials Science and Engineering, Stanford University, Stanford, California,
United States (7) Chemical Engr Dept MC 5025, Stanford University, Stanford,
California, United States
Skin-inspired electronics have shown remarkable promise for use in health applications
as well as eco-friendly consumer products that are not detrimental to the environment.
As we continue to rely increasingly on consumer electronics, there is a growing need to
render these products transient. Doing so would reduce the amount of electronic waste
as well as environmental harm due to inadvertent disposal. Additionally, devices that
are biodegradable, or that can break down at biologically benign conditions, open
avenues for use in implantable electronics. Polymers are an attractive platform for
electronics with such functionalities due to their scalability and ability to be rationally
tuned by synthetic design. Previously, our group has designed a fully degradable
semiconductor based on the seminal use of imine bonds to make acid-labile polymers.
However, the development of these semiconductors requires the synthesis of new
monomers with di-aldehyde functionalities for each new polymer design. The resulting
charge carrier mobility of the semiconductor also does not meet standards required of
use in electronics, necessitating a system with both synthetic modularity and improved
electrical performance. Herein, we present a synthetic modular approach for the rapid
preparation of degradable imine-based donor-acceptor polymers with established (often
commercially available) monomers, leading to degradable semiconductors with
improved charge carrier properties and the first demonstration of a fully degradable ntype semiconductor. We also show characterization by UV-Vis spectroscopy and
grazing-incidence wide-angle X-ray scattering (GIWAXS) as well as the performance of
these polymer semiconductors in field effect transistors. This new modular synthesis of
fully degradable semiconductors is crucial toward advancing the field of skin-inspired
electronics and addressing unmet challenges in health and the environment.
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POLY 77: Synthesis and styrene copolymerization of novel ringsubstituted isobutyl phenylcyanoacrylates
Alessandra Cimino, alessandra.c2590@gmail.com, Andrew G. Nunez, Vin
Patel, Saahil R. Patel, Ramadan Radhwa, Manali S. Shah, Arlene Sisson,
Teresa Valadez, Jessica C. Watkins, Alan Zientarski, Gregory B.
Kharas. Chemistry and Biochemistry, DePaul University, Chicago, Illinois,
United States
Novel trisubstituted ethylenes, ring-substituted isobutyl phenylcyanoacrylates,
RPhCH=C(CN)CO2CH2CH(CH3)2 (where R is 3-(3,4-dichlorophenoxy), 3-(3,5dichlorophenoxy), 4-(2,4-dichlorophenoxy), 2-benzyloxy, 3-benzyloxy, 4benzyloxy, 2-acetyl, 3-acetyl, 4-acetyl) were prepared and copolymerized with
styrene. The ethylenes were synthesized by the piperidine catalyzed
Knoevenagel condensation of ring-substituted benzaldehydes and isobutyl
cyanoacetate and characterized by CHN elemental analysis, IR, 1H- and 13CNMR. All the ethylenes were copolymerized with styrene in solution with
radical initiation (ABCN) at 70C. The composition of the copolymers was
calculated from nitrogen analysis, and the structures were analyzed by
FTIR, 1H and 13C NMR. Thermal properties of the copolymers are
characterized by DSC and TGA. Decomposition of the copolymers in nitrogen
occurred in two steps, first in the 200-500C range with a residue, which then
decomposed in the 500-800C range.

Structure of ST-TSE copolymer
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POLY 78: Synthesis and styrene copolymerization of novel ringsubstituted isobutyl 2-cyano-3-phenyl-2-propenoates
William S. Schjerven, wschjerv@depaul.edu, Kenneth L. Thomas, Aysha I.
Ahmad, Grant D. Andersen, Wryan C. Mitchell, Annie E. Fagerlee, Megan M.
Kerber, Anthony Gonzales, Kristen M. Vosberg, Morgan J. Willis, Sara M.
Rocus, Gregory B. Kharas. Chemistry and Biochemistry, DePaul University,
Chicago, Illinois, United States
Novel trisubstituted ethylenes, ring-substituted isobutyl 2-cyano-3-phenyl-2propenoates, RPhCH=C(CN)CO2CH2CH(CH3)2 (where R is 4-acetamido, 2cyano, 3-cyano, 4-cyano, dimethylamino, 4-diethylamino, 2,6-dimethyl, 3,4dimethyl) were prepared and copolymerized with styrene. The ethylenes were
synthesized by the piperidine catalyzed Knoevenagel condensation of ringsubstituted benzaldehydes and isobutyl cyanoacetate and characterized by
CHN elemental analysis, IR, 1H- and 13C-NMR. All the ethylenes were
copolymerized with styrene in solution with radical initiation (ABCN) at 70C.
The composition of the copolymers was calculated from nitrogen analysis, and
the structures were analyzed by FTIR, 1H and 13C NMR. Thermal properties of
the copolymers are characterized by DSC and TGA.

Styrene - Propenoate Copolymer
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POLY 79: Synthesis and styrene copolymerization of novel halogen ringsubstituted isobutyl 2-cyano-3-phenyl-2-propenoates
Sara M. Rocus, srocus@depaul.edu, Megan Bailey, Talia Brewer, David O.
Cline, Jordan Meighan, Alexandra Z. Michalopoulos, Zachary E. Moats,
Margaret K. Mullen, Trey J. Rendon, Simone T. Rhodes, Talal G. Samman,
Gregory B. Kharas. Chemistry and Biochemistry, DePaul University, Chicago,
Illinois, United States
Novel trisubstituted ethylenes, ring-substituted isobutyl 2-cyano-3-phenyl-2propenoates, RPhCH=C(CN)CO2CH2CH(CH3)2 (where R is 2-bromo, 3bromo, 4-bromo, 2-chloro, 3-chloro, 4-chloro, 2-fluoro, 3-fluoro, 4-fluoro) were
prepared and copolymerized with styrene. The ethylenes were synthesized by
the piperidine catalyzed Knoevenagel condensation of ring-substituted
benzaldehydes and isobutyl cyanoacetate and characterized by CHN
elemental analysis, IR, 1H- and 13C-NMR. All the ethylenes were
copolymerized with styrene in solution with radical initiation (ABCN) at 70C.
The composition of the copolymers was calculated from nitrogen analysis, and
the structures were analyzed by FTIR, 1H and 13C NMR. Thermal properties of
the copolymers are characterized by DSC and TGA.

Styrene - propenoate copolymer structure
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POLY 80: Synthesis of 3,4-di(arylethenyl)-2,5diphenylcyclopentadienones
Syeda S. Gillani1, shaistagilani@lgu.edu.pk, Munawar A. Munawar2, Khalid
M. Khan3, Jamil anwar4. (1) Department of Chemistry, Department of
Chemistry, Lahore Garrison University, DHA Phase-VI, Lahore-54792,
Pakistan., Lahore, Punjab, Pakistan (2) Institute of Chemistry, Institute of
Chemistry, University of the Punjab, Lahore-54590, Pakistan, Lahore, Punjab,
Pakistan (3) H. E. J, Research Institute of Chemistry, International Center for
Chemical and Biological Sciences, H. E. J, Research Institute of Chemistry,
International Center for Chemical and Biological Sciences, University of
Karachi, Karachi-75270, Pakistan, Karachi, Sindh, Pakistan
A series of 3,4-di(arylethenyl)-2,5-diphenylcyclopentadienones have been
synthesized by the condensation of various cinnamils with 1,3diphenylacetone using sodium hydride in dichloromethane. Electronic
absorption and emission spectral studies have shown an efficient πinteraction due to the extended conjugation in the cyclopentadienones. The
electronic excitation in the near UV-region (250-390 nm) to strong emission
near (500-690 nm), allowing these to consider as light-harvesting species.
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POLY 81: Synthesis of star polymers towards materials as catalyst
supports
Jessica C. Rodarte, jessica.rodarte@sjsu.edu, Dana A. Wong, Giovanna E.
Bauer, Madalyn R. Radlauer. Chemistry, San Jose State University, San
Jose, California, United States
Star polymers are macromolecules with linear arms and cross-linked cores,
which can be modified to contain various functional groups. One potential
application of star polymers is to isolate catalytic units within their cores
protecting the catalysts from external conditions. Our research focuses on the
construction of a polystyrene-based star polymers via an arm-first method with
the intention of achieving narrow dispersity and high arm incorporation.
Reversible addition fragmentation chain transfer polymerization of styrene,
followed by cross-linking with divinylbenzene and styrene has resulted in our
desired star polymers. To maximize the cross-linking efficiency, we have
varied solvent (toluene or dimethylformamide), temperature (80, 100, or 125
°C), chain transfer agent (dithioesters and trithiocarbonates), and the ratio of
macroinitiator to cross-linker to monomer. We have characterized our
materials via nuclear magnetic resonance spectroscopy and size exclusion
chromatography. Future work will include incorporation of a functional
monomer into the core of the star polymers that will act as a ligand for a
transition metal catalyst.
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POLY 82: Functionalized δ-hexalactone (FDHL): Bio-based monomers to
synthesize renewable polyester thermoplastics
Atik Faysal1, atik.faysal@maine.edu, Thomas J. Schwartz2, William
Gramlich1. (1) Department of Chemistry, University of Maine, Orono, Maine,
United States (2) Chemical and Biological Engineering, University of Maine,
Orono, Maine, United States
Polylactic acid (PLA) is a commercial bio-based thermoplastic, but it can-not
replaces petroleum-based polystyrene and polyethylene terephthalate
thermoplastics because of its low glass transition temperature, toughness,
and moisture resistance. Functionalized δ-hexalactone (FDHL) monomers are
hypothesized to be synthesizable from hydroxymethyl furfural (HMF) and
lignin-derived pendent groups (Figure 1, route A) and can possibly overcome
current polymer challenges. Different bulky, lignin derivatives were
incorporated as pendent groups in the monomer to increase the glass
transition temperature (Tg). A successful FDHL monomer synthesis used
commercially available methyl cyclopentanone-2-carboxylate as a starting
material (Figure 1, route B). Alkyl (methoxy and cyclohexanol) and aromatic
(phenol, 1-naphthol) groups were attached as pendent groups. These low ring
strain monomers bearing different pendent groups were polymerized at room
temperature using organocatalysts. Bulkier groups in the pendent position
yielded higher glass transition temperatures (Tg) which could be controlled by
inserting different functional groups. Typical equilibrium polymerization
behavior was observed at room temperature as other six-membered lactones
and the polymerization followed pseudo-first order kinetics of the monomer in
solution. The primary data showed that higher molecular weight polymers with
low dispersity can be synthesized in a controlled manner.

Figure 1. A Schematic diagram for the synthesis of FDHL monomers and
polymerization path to get polyesters bearing different pendent groups.
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POLY 83: Converting poly(methyl methacrylate) into a triple-responsive
polymer
Christian Hils1, christian.hils@uni-bayreuth.de, Holger Schmalz1,2. (1)
Macromolecular Chemistry II, University of Bayreuth, Bayreuth, Bavaria,
Germany (2) Keylab Synthesis and Molecular Characterization, Bavarian
Polymer Institute, Bayreuth, Bavaria, Germany
“Smart” or stimuli-responsive polymers that respond to several external stimuli
are promising materials for a manifold of applications. A simple way (Figure
1A) to synthesize these is the post-polymerization amidation of poly(methyl
methacrylate) (PMMA) resulting in poly(N,N-diethylaminoalkyl
methacrylamide) (PDEAxMAm). In water, PDEAEMAm shows a LCST (lower
critical solution temperature)-type phase behaviour, which can be triggered by
pH, temperature and CO2. Using trivalent counterions ([Fe(CN)6]3-), we were
able to additionally induce an UCST (upper critical solution temperature) -type
phase behaviour (Figure 1B).
PMMA and PMMA-based block copolymers are readily accessible by living
anionic and controlled radical polymerization techniques, which opens access
to various responsive polymer architectures based on the developed
functionalization method. This method can also be applied on melt-processed
bulk PMMA samples to introduce functional, responsive moieties at the PMMA
surface, which can be utilized for a temperature-induced switching of surface
hydrophobicity (reversible change in contact angle) or the immobilization of
catalytically active gold nanoparticles.

Figure 1. Reaction scheme for the amidation of PMMA with N,N-dialkylethylenediamines (A). Tailoring
the thermo-responsive solution behaviour in dependence of trivalent [Fe(CN) 6]3- counterions
concentration in pH 8 buffer solution (B).
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POLY 84: Design of covalent organic frameworks with hydrazone
linkages
Shashini D. Diwakara1, shashini.diwakara@gmail.com, Gregory T.
McCandless1, Sampath B. Alahakoon3, Robert L. Gearhart1, Ronald
Smaldone2. (1) Chemistry and Biochemistry, The University of Texas at
Dallas, Richardson, Texas, United States (2) Chemistry, University of Texas,
Dallas, Plano, Texas, United States (3) Chemistry and Biochemistry, The
University of Texas at Dallas, UTD, Arlington, Texas, United States
Covalent organic frameworks (COFs) are a class of crystalline, porous, two or
three-dimensional polymers which are synthesized under dynamic control.
The dynamic interplay between noncovalent interlayer interactions and
covalent bond formation controls the structure and properties of twodimensional (2D) COFs. These materials have a broad spectrum of potential
applications in gas storage, sensing, separation, energy storage, catalysis and
as components for electronic and conductive materials. Herein, novel 2D
hydrazone COFs synthesized based on 5'-(4-(hydrazinecarbonyl)phenyl)[1,1':3',1''-terphenyl]-4,4''-dicarbohydrazide with different aromatic aldehyde
monomers (1,3,5-triformyl benzene, 1,3,5-tris-(4-formylphenyl)-benzene and
1,3,5-tris(4-formyl-phenyl)triazine) are reported. The effect of side chain
engineering on the formation of hydrazone COFs is studied by varying the
alkyl chain length on hydrazide monomers. In addition, the influence of
monomer planarity of both monomers on the formation of hydrazone COFs
was also investigated. The synthesized COFs were characterized with FT-IR
spectroscopy, powder X-ray diffraction (PXRD), and computer modeling.
Thermal properties and gas adsorption of COFs were studied with
thermogravimetric analysis (TGA) along with surface area and porosity
analysis.
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POLY 85: Donor-acceptor type triazine-based conjugated porous
polymer for visiblelight-driven photocatalytic hydrogen evolution
Jie Yu, 1610575@tongji.edu.cn, Xiao q. Sun, Xiao x. Xu, Chi Zhang, Xiao m.
He. Chemical Science and Engineering Department, Tongji University,
Shanghai, China
Photocatalytic water splitting as a clean and sustainable energy infrastructure
can ultimately decarbonize our fossil-fuel based energy economics. Since the
research of the graphitic carbon nitride (g-C3N4) in 2009, organic
semiconductor photocatalysts are widely researched and developed.
Conjugated porous polymers (CPPs) are an emerging class of promising
photocatalysts because of their large conjugated systems, large specific
surface areas and adjustable optical band gaps. Herein, we designed and
synthesized different donor-acceptor type triazine-based conjugated porous
polymers P1 and P2 through linking the same pyrazole donor and different
light-absorbing acceptors by triazine unit via a simple, efficient, metal-free
catalyzed approach, aiming to illustrate the relationship between structure and
performance.
By exploring through experiments, we found that P1 has an ideal optical band
gap of about 2.3 eV and exhibits a high H 2 evolution rate (HER) of 50 μmol
h−1 under visible light illumination (λ≥420 nm) and apparent quantum
efficiency (AQE) as high as 3.58% at 420 ± 20 nm. In contrast, by replacing
electron-neutral benzene instead of electron-withdrawing benzothiadiazole,
P2 shows obvious hypochromatic shift in the absorption and large optical
band gap of about 2.9 eV, as well as poor photocatalytic property.

Fig. 1 Structure of P1 and P2
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POLY 86: Understanding compatibilization mechanisms for upcycling of
semi-crystalline mixed polymers
Xiaomin Tang1, xiaomint@andrew.cmu.edu, Christopher Bowland1, Jong K.
Keum2,3, Tomonori Saito1, Jihua Chen3, Xi Chen1. (1) Chemical Sciences
Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee, United
States (2) Neutron Scattering Division, Oak Ridge National Laboratory, Oak
Ridge, Tennessee, United States (3) Center for Nanophase Materials
Sciences, Oak Ridge National Laboratory, Oak Ridge, Tennessee, United
States
Every year only 8.8% of plastic solid wastes in the U. S. is recycled and the
remaining plastic eventually goes into landfills or the ocean, causing
environmental problems.[1] Reusing of the recycled wastes in their original
applications is quite challenging as most polymers are naturally immiscible,
leading to phase-separated mixtures with diminished mechanical properties.
One effective strategy of upcycling is to use compatibilizers to strengthen the
interface of immiscible polymers. Compatibilization mechanisms including
molecular entanglement, chemical reactions and polar interactions, have been
proven useful in polymer systems like polyethylene (PE) and polypropylene
(PP)[2] and polyamide (PA) and PE[3].
The goal of this research is to investigate the efficacy of different
compatibilization mechanisms on strengthening the interface of recycled
polymer blends. We use two semi-crystalline polymers - poly(ethylene
terephthalate) (PET) and high density polyethylene (HDPE) as the model
polymer blend. Both polymers are widely used plastics. Our results show
extreme incompatibility in a simple blend of these two polymers. The addition
of a very small amount of PET (10 %) to PE decreases the tensile strain by
99%. We seek answers to important questions like how different
compatibilization mechanisms such as molecular entanglement and polar
interactions affect the morphology, crystallinity and interfacial structure of
PET/PE blends and hence the mechanical properties. These findings provide
insights on the design of effective and customized compatibilizers for diverse
plastic mixtures.
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POLY 87: Using mechanical noise & piezo-electric particles to perform
polymerization : Continuing to follow the delta : Inspiration from jeff
Aaron P. Esser-Kahn, apekay@gmail.com, Zhao Wang, Jun Wang, Jorge L.
Ayarza. Pritzker School for Molecular Engineering, The University of Chicago,
Chicago, Illinois, United States
Mechanically initiated polymerization is a thriving field which includes work in
mechanophores, mechanically sensitize piezo-electric reactions, and ultrasound induced polymerizations. I will present new work from my group on
using piezo-mediated electron-reduction events to activate new
polymerization reactions. Specifically, I will show work using lower energy,
mechanical vibration in the audible range (2000 Hz) to mediate thiol-ene
polymerization reactions for self-strengthening within a material.
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POLY 88: Soluble pi-conjugated polymers without pendant solubilizing
chains
Nagarjuna Gavvalapalli, ng554@georgetown.edu. Chemistry, Georgetown
University, Washington DC, District of Columbia, United States
Appending solubilizing side chains to the main chain is the widely explored
strategy to generate soluble pi-conjugated polymers. The side chains
appended along the polymer backbone improve polymer solubility and
processability. However, the strategy of appending pendant solubilizing chains
is not suitable to generate soluble, conformationally rigid planar polymers
including ladder polymers, nanoribbons, 2D-grids and 2D-π-conjugated
polymers (2D-π-CoPs) due to strong van der Waals interactions. In order to
overcome strong van der Waals interactions and render soluble pseudo-2D
and 2D-π-CoPs, inspired from the beta-strand design, we have designed and
developed bifacial cyclophane monomers. Upon polymerization, the cycloalkyl
group is randomly positioned either above or below the polymer backbone
and hinders the strong interchain pi-pi stacking interactions. Soluble 1D-piconjugated polymers without pendant solubilizing chains have been realized
through this approach. In this talk, I will discuss the design and synthesis of
novel bifacial pi-conjugated polymers containing cyclohexyl and adamantyl
cycloalkyl groups. The impact of the bifacial monomer height on polymer
solubility, UV-vis absorption, emission spectra, and polymer assembly will be
discussed. The solubility of bifacial polymers exceeds the solubility limits of
conventional polymers with pendant solubilizing chains of similar molecular
weight. Also, as the height of the monomer increases the polymer solubility
increases further. The bifacial random copolymers containing monomers of
different height have higher solubility limit than the homopolymers due to
rugged topography of the random polymer backbone. The developed bifacial
cyclophanes will pave the way for generating soluble 2D-pi-conjugated
materials.
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POLY 89: Cyclodextrin polymer crosslinked with tripodal anion receptors for
efficient PFAS removal
Anna Yang1, babuanna89@gmail.com, Casey Ching 4, Maeghan Easler3, Damian E.
Helbling4, William R. Dichtel2. (1) Chemistry, Northwestern University, Evanston, Illinois,
United States (2) Chemistry, Northwestern University, Wilmette, Illinois, United States
(3) Biochemistry, Iowa state university, Ames, Iowa, United States (4) Civil and
Environmental Engineering, Cornell University, Ithaca, New York, United States
Per- and polyfluoroalkyl substances (PFAS) are important industrial chemicals but of
great concern because of their pervasive occurrence in water sources and association
with negative health effects. Adsorption using activated carbons (ACs) is widely
employed water remediation technology. However, ACs lack efficacy to achieve
desirable removal of PFAS at the regulatory level due to low adsorption affinity. Thus,
there are great needs to develop an efficient way to remove PFAS. Incorporating
supramolecular receptors into polymer adsorbents is a promising strategy to achieve
enhanced binding affinity via specific host-guest interaction even at environmentally
relevant concentrations. Herein, we present β-cyclodextrin (β-CD) based adsorbents
crosslinked with Tris(2-aminoethyl)amine (TREN) based linker containing amine- or
amide-functionality (CDP1 or CDP2). β-CD is a cyclic molecule comprised of seven
glucose units. With hydrophobic cavity and hydrophilic openings, β-CD is known to form
strong complex with various organic molecules, including PFAS. TREN derivatives are
known receptors for various anions found in nature. Novel adsorbents containing both
β-CD and TREN moieties were prepared and studied for their roles in PFAS binding.
The sorption of anionic PFAS of varying fluoroalkyl chain lengths at environmentally
relevant concentration revealed that amino groups from the TREN-linker
in CDP1 enhance binding PFAS relative to CDP2. According to affinity and capacity
obtained from adsorption isotherms for legacy perfluorooctanoic acid (PFOA) and
emerging perfluoro(2-methyl-2-oxahexanoic)acid (GenX) using CDP1 and CDP2, β-CD
polymer adsorbents have superior removal performances compared to ACs due to the
favorable β-CD– PFAS interaction. CDP1 exhibited highest affinity and capacity
reported from β-CD based adsorbents for both PFOA and GenX. These results highlight
the synergistic effects of host–guest interaction and electrostatic interaction in CDP1 as
important design criteria for PFAS adsorbents. The study further demonstrates promise
of incorporating supramolecular receptors into the adsorbents and broad tunability of
crosslinked β-CD polymers.

Scheme. β-CD polymer adsorbents crosslinked with tripodal anion receptors for efficient PFAS removal
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POLY 90: Water purification using polyolefins
Neil Rosenfeld1, Rosena00@tamu.edu, Thomas Malinski2, Ethan C. Quinn4,
David E. Bergbreiter3. (1) Chemistry, Texas A&M University, College Station,
Texas, United States (2) Texas A&M University, Bryan, Texas, United States
(3) Texas AM Univ, College Station, Texas, United States (4) Seton Hill
University, Greensburg, Pennsylvania, United States
Water purification is an important issue in both developed and undeveloped
countries. Most commonly it is accomplished with insoluble solid organic or
inorganic agents like activated carbon or ion exchange resins. We have
developed an alternative method of sequestration that purifies water via a
liquid-liquid extraction using water-immiscible metal chelators or water
immisicible solvent systems based on poly(α-olefins) (PAOs). This paper
describes extensions of this chemistry that use terminally functionalized
polyisobutylene (PIB) cosolvents with acid and bases with PAOs and simple
organic waxes as sequestrants for trace quantities of basic or acidic organic
pollutants. PAOs are nontoxic and recyclable. The waxes examined include
both bio- and petroleum sourced waxes. These studies examined both
sulfonic acid terminated PIBs and PIB-bound bases like PIB-bound imidazole.
While the strongly acidic sulfonic acids readily react with amines, emulsions
complicate these extractions. This is not a problem with PIB-bound imidazole
and this latter hydrogen bond accepting solvent system is capable of
sequestering >95% of H-bond phenol donors like bisphenol-A (BPA) and 2,4dichlorobenzene into a PAO or wax phase, Approaches to recycle these
sequestration phases will be discussed.
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POLY 91: Supramolecular tools for additive materials chemistry
Ronald Smaldone, ronsmaldone@gmail.com. Chemistry, University of
Texas, Dallas, Plano, Texas, United States
Supramolecular tools, such as dynamic covalent chemistry (DCC) are
powerful methods to incorporate function into polymeric materials. In recent
years, technologies such as 3D printing are pushing chemists to design new
materials that are compatible with the additive manufacturing process while
still adding new functions and complexity to the end material. This talk will
discuss the utility and design parameters for using reversible reactions in both
filament based and photolithographic based 3D printed polymers. More
specifically, this talk will discuss the use of reversible cycloaddition reactions
as a tool in additive manufacturing to impart the properties of remendability,
mechanical responsiveness and recyclability in printed polymers. Thermally
reversible reactions have been previously demonstrated by our group to be
useful for healing imperfections in filament printing applications, however as a
consequence, the thermal and shape stability of these printed materials can
be limited. Through the use of functional crosslinkers and dual network resin
formulations, we will discuss methods that allow for the incorporation of these
types of function without compromising other desirable mechanical properties
or the shape of the final printed materials.
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POLY 92: From bench to market: When Murphy’s law prevails
Erin Murphy, emurphy@exponent.com. Exponent, Inc., Menlo Park,
California, United States
Bringing a product to market is a complex, multi-stage process in any industry,
often involving numerous steps in the supply chain to reach the ultimate end
user. From initial product conception to commercial launch, this process can
often take months, if not years, and require collaboration between multiple
inter-organization groups as well as external suppliers, vendors and other
critical third parties. Unfortunately, this leaves plenty of room for error, human
or otherwise. As the polymers industry continues to develop novel and
exciting thermoplastics, thermosets and elastomers, these products may
indeed fail in new and unique ways when in service. With the aid of few realworld case studies, this talk will showcase innovative ways to utilize materials
and chemical characterization techniques to understand how material
composition, processing and design influence the field performance and
useful life of polymeric products. The talk will be given from a failure analyst’s
perspective: plan for the best, design for reality.
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POLY 93: Tracking the propagation of variation through industrial-scale
processes
Chad M. Shade, chad.shade@ppg.com, Matthew J. DiTucci, Daniel F.
Moyano. Process Analytical, PPG Industries, Pittsburgh, Pennsylvania, United
States
The ability to recognize variation that underlies process-product relationships
is of utmost importance to the Chemicals & Coatings Industries. In batch
process manufacturing, it is possible for a non-conformance to filter through
unimpeded and become obfuscated by subsequent intermediary steps.
Unless variation manifests as a catastrophic failure mode during finished
goods testing, any other drifts that go unnoticed but could otherwise be
associated with lagging quality indicators are treated as noise, eroding the
bottom line. Ideally these anomalies would be identified and dealt with
expeditiously, saving time and energy from having to overwork material that
ultimately amounts to substandard product loss. However, certain types of
variation are difficult to diagnose from snapshots of samples collected during
the process, placing burden upon traditional analytical techniques.
Furthermore, sample preparation and offline testing time further deepen the
divide to a proportionate response mechanism.
Herein we describe the digitization of a batch resin process through multiple
points of inline spectroscopic analyzers that circumvent the need for sampling;
each analyzer allows for the visualization of real-time trends through improved
latency and frequency of analysis. In doing so, we have identified a particular
source of variation that migrates from a resin pre-reactor to the main reactor,
and from production to downstream finished goods. The multivariate analysis
used to visualize and anticipate these hidden data structures can then give
rise to a means for process control integration, providing advanced warning
and actionable information. Writ large on a global-scale, these standardized
methods offer a practical solution for harmonizing several reactor systems and
the worldwide resin supply, i.e. Quality.
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POLY 94: In situ process optimization for new epoxy
resins via multivariate steady-state determination
Matthew J. DiTucci1, mjd5170@gmail.com, Chad M. Shade1, Daniel F.
Moyano1, Craig A. Wilson2, Robert Miller2. (1) Process Analytical, PPG
Industries, Pittsburgh, Pennsylvania, United States (2) Synthesis, PPG
Industries, Pittsburgh, Pennsylvania, United States
Initial-stage process design for next-generation industrial chemicals is often
established using historical variables, including the choice of reactant feed
rates, thermal stages, and reaction hold times. Optimization of these initial
parameters traditionally relies on offline analytical testing, which can disrupt
reaction equilibrium, generate bias with non-representative sampling, and
fundamentally limits the periodicity for obtaining physicochemical values. As a
result, many of the inefficiencies in prescribing an old process to a new
material may remain throughout its manufacturing lifetime. Analytical chemists
at PPG have utilized in situ methods for designing new products, allowing for
reaction optimization in the laboratory prior to scale-up. Along with an
enriched understanding of our chemistries, these efforts assist in increasing
the robustness of our global manufacturing processes while also reducing
cycle times to better utilize reactor capacity. Here, we discuss the use of in
situ near-infrared spectroscopy for optimization of epoxy resins. We share a
multivariate approach employing exponential fitting to principal component
scores in order to identify steady state thresholds. These methods are
generalizable across many material chemistries and can be used with the
output of various multivariate detectors.
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POLY 95: Addressing societal challenges in industry research
Jeannette Garcia, jmgarcia@us.ibm.com. IBM, San Jose, California, United
States
When emerging technology is applied to the largest societal problems, it has
the potential to change the way we approach scientific challenges and view
the world. One of today's greatest problems in chemistry is reducing the
impact of plastics on the environment in an energy-economic manner. To
achieve this, an ecosystem of science and technology that combines new
recycling practices with new chemistries and computation fused with
information technology must be implemented. This talk will focus on
experimental and computational approaches to solving grand challenges in
Chemistry with emerging technology in an industrial research setting.
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POLY 96: Lab-to-market story of Sepion technologies
Brett Helms, bahelms@lbl.gov. The Molecular Foundry, Lawrence Berkeley
National Lab, Berkeley, California, United States
Advanced membranes are critical components in a wide variety of clean
energy technologies, from batteries to fuel cells to water purification systems.
Recognizing this, the Department of Energy has invested heavily in
membrane discovery efforts across its portfolio, which has led to numerous
breakthroughs, particularly from porous polymer membranes, due to our
ability to realize thorugh chemsitry new mechanisms by which those
membranes exert their influence on the transport gases, ions, and solutes.
Here, I will describe how such breakthroughs in the Lab led to the founding of
Sepion Technologies, a spin-out of the DOE's Joint Center of Energy Storage
Research. Sepion Technologies' advanced membrane platforms harness
macromolecular nanoionics to achieve unprecedented membrane
performance across a wide variety of applications, primarily in electrochemical
energy storage devices such as lithium-ion and lithum-metal batteries.
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POLY 97: From Bioreactor to Bottle: Considerations when implementing
new monomers into a circular economy
Nicholas Rorrer1, nicholas.rorrer@nrel.gov, Sandra Notonier1, Brandon
Knott1, Brenna Black1, Avantika Singh3, Scott Nicholson2, Davinia Salvachua1,
Gregg Beckham1. (1) National Bioenergy Center, National Renewable Energy
Laboratory, Golden, Colorado, United States (2) NREL, Golden, Colorado,
United States (3) NREL, Lakewood, Colorado, United States
Biomass-derived polymer precursors offer unique functionality that is not
easily accessible via petrochemical routes often due to a high presence of
heteroatoms and can subsequently result in “performance advantaged
behavior” which can include, but is not limited to, the introduction of
biodegradable and/or recyclable moieties, enhanced thermomechanical
properties, reduced permeabilities, and reduced health risks. Despite the
benefits afforded to biomass-containing polymers there are still barriers to
implementation and testing that must occur during scale-up. In the present
work, β-ketoadipic acid is implemented into the backbone of poly(ethylene
terephthalate), to create a copolymer, PβKAT , which possess the requisite
PET thermomechanical properties for performance while introducing
potentially degradable aliphatic ester linkages into the polymer backbone. In
order to garner further interest for this polymer, fermentations and
polymerization must be increased in scale from the typical 100g of the
laboratory system to a 10 kg plus scale. Additionally, technoeconomic and
other process analysis must be conducted to elucidate future process hurdles
that must be overcome (e.g. improved titers and productivities, alternate
chemistries, etc.).
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POLY 98: Soft robots enabled by liquid crystal elastomers
Jennifer Boothby, Jenny.Boothby@jhuapl.edu, Tessa Van Volkenburg,
Jarod Gagnon, Emil McDowell, Luke Currano, Zhiyong Xia. Research &
Exploratory Development, Johns Hopkins Applied Physics Lab, Laurel,
Maryland, United States
Liquid crystal elastomers (LCEs) are phase-changing polymers that can be
programmed to exhibit reversible actuation. There has been significant
progress in LCE chemistry and processing recently, enabling a step forward
into designing LCEs for various applications. In this work, we report on our
efforts to integrate Joule-heated LCEs into small-scale robots to enable
untethered movement. Using a lightweight controller and battery, we use
Bluetooth to control the heating of each LCE element, facilitating multiple
types of motion. We explore the efficiency of multiple methods of heating and
cooling the LCE element to speed up the actuation cycle, a limiting factor in
LCE-based robotics. These explorations culminate in multiple robots capable
of programmed, untethered movement. We demonstrate a crawling robot
(Figure 1), a rowing robot, and a swimming robot to highlight the versatility of
LCE actuator elements in small-scale robotics. Shown in Figure 1 is a
prototype of a crawling snail robot, Gary. A 3D printed plastic shell contains
the battery and controller. The LCE elements have thin stainless steel wires
adhered to top surface, and polyimide film biases bending towards the
surface. Angled wire feet attached to the underside of the LCE elements
provide directional friction during actuation. A smartphone app triggers the
heating elements in each LCE. These robots can be engineered for a myriad
of applications, including investigation of confined spaces, sample collection in
hostile environments, or discreet payload delivery.
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POLY 99: Innovation of PPA process polybenzimidazole (PBI)
membranes and their application in electrochemical devices
Laura A. Murdock, murdockl@email.sc.edu, Fei Huang, Brian C.
Benicewicz. Dept of Chem Biochem, Univ of South Carolina, Columbia, South
Carolina, United States
Polybenzimidazoles (PBIs) are a class of performance polymers known for
their remarkable thermal and oxidative stability. PBI membranes have been
studied for applications in high temperature fuel cells and related
electrochemical devices. Previous work in the Benicewicz Group has
demonstrated enhanced electrochemical performance of PPA processed
membranes using PBIs with more rigid backbone structures. Methods of PBI
membrane fabrication that involve casting from an organic solvent cannot
incorporate the more rigid PBIs due to their limited solubility. The more rigid
PBI gel membranes made in the PPA process have seen commercial success
with electrochemical applications. The main degradation mode of this
membrane was revealed to be due to mechanical creep of the highly swollen
gel membrane over time. Recently, a novel processing technique was
discovered in which a gel PBI membrane, made in the PPA process, is
transformed into a dense PBI film. The dense PBI films can be re-doped to be
used in electrochemical devices, including re-doping in phosphoric acid for
high temperature fuel cells. The re-doped PBI films have displayed improved
and unprecedented electrochemical properties compared to the starting PBI
gel membranes, while mitigating the degradation from mechanical creep. This
talk will discuss both the process and properties of the new membranes in
terms of mechanical properties, acid doping levels, ionic conductivity, and fuel
cell performance. Some distinct advantages of the new membranes will be
highlighted, including feasible roll-to-roll production.
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POLY 100: Synthesis and application of three pore KIT-6 silica
mesoporous material with three dimentional channel structure
supported by polymer catalysts
Yu Kang, kangy.bjhy@sinopec.com. Catalytic Institute, Beijing Research
Institute of Chemical Industry, SINOPEC, Beijing, China
A catalyst was prepared by supporting polymer catalysts onto a named nano
three pore mesoporous materials composed of pure silica and KIT-6, and its
activity for catalyzing ethylene polymerization was evaluated. The sample was
characterized by means of XRD， SEM and N2 adsorption-desorption. SEM
and XRD results show that the sample are in sphere shape with three
dimentional channel structure. N2 adsorption-desorption results show that the
sample have the five physisorption isotherms and pore distributions are three
pores and uniform. The experimental results showed that the sample had high
activities for catalyzing ethylene homo-polymerization.

SEM of KIT-6 by supporting polymer catalysts
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POLY 101: Selective area growth of deactivating polymers
Rudy Wojtecki1, rjwojtec@us.ibm.com, Thomas Pattison2, Alexander Hess1,
Noel Arellano1, Son V. Nguyen3, Alexander Friz1. (1) Electronic Materials, IBM
Research | Almaden, San Jose, California, United States (2) Department of
Chemistry, University of Melbourne, Melbourne, New South Wales, Australia
(3) IBM Semicondurctor Research, Albany, New York, United States
As the semiconductor community continues scaling, area selective
depositions (ASD) offer the potential to relax down-stream processing steps
with self-aligned strategies. ASD can be achieved under a variety of
conditions and, with the use of organic inhibiting materials, exhibit high levels
of selectivity during atomic layer depositions (ALD). However, the organic
materials exploited are, generally, relegated to small molecules that may
require etch-back cycles followed by renewal of the surface inhibitor. In
addition, ultimately the selective deposition suffers from lateral overgrowth
and may be incompatible with surface topography. The area selective growth
of polymers and their use as inhibiting layers may provide better selectivity as
they provide high surface coverage, tailorable thicknesses and composition.
Area selective control of a polymerization was achieved through the synthesis
of norbornene monomers that incorporate surface-binding ligands, enabling
their selective attachment to metal features vs. silicon dielectrics and can be
subsequently used to initiate surface polymerizations. This strategy takes
advantage of a ring opening metathesis polymerization where a monomer is
introduced from the vapor phase to produce polynorbornene (PNB) films. The
inhibiting properties of these PNB films were found to depend two critical
factors: (i) The ligand group - where ASD was achieved with polymers
generated from hydroxamic acids and not achieved with ligands that strongly
bind to a polymerization catalyst. (ii) Polymer thickness -- where thicker PNB
films were more effective at inhibiting higher numbers of ALD cycles. When
ASD was not achieved, and blanket deposition occured, the ALD deposition
on polymer regions of a patterned film produced a different quality metal oxide
and therefore altered its etch resistance. This property was exploited in the
area selective etch of a metal feature. This process, as far as the authors are
aware, is the first demonstration of an area selective surface-grown polymer
to enable ASD and selective etch at both micro- and nanoscale features.
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POLY 102: From thermoplastic elastomers to hydraulic fracturing:
development of a new class of rheology modifiers for oilfield chemical
applications
Robert C. Bening, robert.bening@kraton.com. Kraton Polymers, Houston,
Texas, United States
There are many routes to a successful commercial product. One area we tend
to overlook in our discussions of new product development is the role that our
past successes play in this process. We “stand on the shoulders of giants”
Newton tells us. This is especially true in new product development in the
chemical industry. Kraton Corporation was one of the original innovators in
industrial block copolymers and pioneered the use of these product as
thermoplastic elastomers. It was soon recognized that these materials had
great utility as viscosity modifiers in hydrocarbon fluids. The ability of a
styrenic block copolymer to modify oil rheology in a beneficial way has been
extended to improving the performance of cable-filling gels personal care
(cosmetics) formulations, and now, to making improved fluids for transporting
water soluble polymers of interest in the oil and gas industry. In this
presentation we will discuss and describe the path from bench to market for
new block copolymers to enable the creation of stable slurries of
polyacrylamide polymers in low BTEX mineral oils. We will discuss the
fundamental physics of why Styrene-ethylene/propylene (SEP) diblock
copolymers represent a new and advantageous class of rheology modifiers for
this application. A discussion of the structure of research, from understanding
the key in-use performance metrics and how those relate to product
specification will be presented. We will focus on the improved stability that
SEP diblocks provide to hydrocarbon slurries over long periods of time. This
paper will discuss the fundamental physical mechanism for suspension in
these fluids and present relevant structure-property data to guide the selection
of polymers in order to optimize processing and end-use performance
characteristics. The economic value of identifying design rules for
formulations, in addition to invention of new molecules will also be discussed.
Some examples of successful products will be discussed.
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POLY 103: High viscosity friction reducer for slickwater fracturing
Wenwen Li, wenwen.li@aramcoservices.com, Rajesh Saini. Aramco
Americas , Houston, Texas, United States
High molecular weight polyacrylamide-based copolymers are widely used in
water-based fluids for fracturing of unconventional wells. This fracturing
treatment also called “slickwater fracturing” utilizes large volume of water at
high pumping rates to fracture the formation and transport the proppant into
the fracture. Slickwater fracturing has gained considerable attention and
popularity in the past couple of decades due to a series of benefits it offers,
including simple operation, reduced damage to formation due to lower amount
of polymer, cost savings, etc.
Friction reducers used in slickwater fluid will suffer high shear when it flows
through pipeline at high injection rate. Incorporation of an efficient and robust
friction reducer to the base fluid is critical in order to reduce friction losses,
which will lead to a significant reduction of horsepower required for the
pumping thereby reducing cost. However, most commercially available friction
reducer products show dropped performance, in terms of friction reduction
rate and viscosity, when salinity of base fluid increases. This reduction in
performance of friction reducers in salt water limits the utilization of seawater
or produced water as base fluid for fracturing job. Development of a new
friction reducer package with better salt tolerance is required in order to
reduce freshwater usage and increase use of seawater or water with high salt
contents.
This talk will focus on the development of high viscosity friction reducer with
improved salt tolerance for slickwater fracturing of unconventional wells. The
following aspects will be covered in the talk: 1. Friction reduction mechanism
and friction reducer chemistry; 2. Performance evaluation of commercially
available high viscosity friction reducer products; 3. Design, synthesis and
characterization of new high viscosity friction reducers with improved
tolerance to high salinity fracturing fluids. The newly synthesized friction
reducer showed well-maintained viscosity in synthetic seawater vs. in fresh
water, which would be critical for maintaining the proppant transportation
capability of fracturing fluid. Meanwhile, it also led to high friction reduction
rate in both fresh water and synthetic seawater.
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POLY 104: Sulfoxide polymers as highly-sensitive, low-fouling
agents

19

F MRI

Changkui Fu, Andrew Whittaker, a.whittaker@uq.edu.au. Australian Institute
for Bioengineering and Nanotechnology, The University of Queensland, St
Lucia, Queensland, Australia
19

F MRI agents show outstanding promise for both disease detection and
tracking of cells in vivo. However, an inherent challenge with partly-fluorinated
molecules is their lack of aqueous solubility. In this work we have been
inspired by the properties of the common solvent dimethyl sulfoxide, in
particular its high water miscibility. Accordingly we have developed the
monomer 2-(methylsulfinyl)ethyl acrylate (MSEA) as a comonomer in the
preparation of partly-fluorinated macromolecules. Copolymers of MSEA with
2,2,2-trifluoroethyl acrylate are highly soluble in water and indeed in the
biological environment are very resistant to fouling by dissolved proteins and
other biomolecules. A detailed examination of in vitro and in vivo imaging
performance of MSEA copolymers, and a comparison with PEG-based
versions of these macromolecules, is presented in this talk. In a further
development we have combined fluorinated moieties into a sulfoxidecontaining monomer, N-(2-((2,2,2-trifluoroethyl)sulfinyl)ethyl)acrylamide
(FSAM). Homopolymers of this monomer prepared by RAFT polymerisation
have outstanding MRI sensitivity, and whilst in general do not suffer from
extensive biofouling, do show interesting cell association properties. Finally,
the polymers of FSAM are thermally sensitive, and a comparison of the
thermal properties of other thermo-responsive polymers is provided.
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POLY 105: Molecular targeted magnetic resonance spectroscopy and imaging
Yefeng Yao, yfyao@phy.ecnu.edu.cn, Daxiu Wei, Jia-Xiang Xin. Shanghai Key
Laboratory of Magnetic Resonance , East China Normal University, Shanghai, China
In this work, we report a novel method for obtaining an exact molecular targeted NMR,
MRI and MRS. This method uses the nuclear spin singlet state (SSS) 1,2 to obtain the
molecular selectivity. Figure 1a shows the scheme of the pulse sequences. By using the
pulse sequence in Figure 1a, we are able to obtain molecular targeted NMR
spectroscopy. Figure 1b shows the 1H spectra of L-Alanine-glycine-glycine
(AGG)/insulin mixture, acquired using the single pulse excitation and YAWX-NMR. The
singlet state of the two-spin system (Hc and Hc') was prepared in the experiment. The
preparation of the spin singlet state of Hc and Hc' of AGG requires a strict match
between the parameters in the pulse sequence and the properties of the spin system 3.
Clearly, in Figure 1b only the signals from Hc and Hc' can be observed, indicating the
excellent molecular selectivity of the method.
Figure 1c demonstrates the example of molecular targeted MRI, acquired using YAWXMRI. A photo of the image phantom, the 1H spin echo MRI image and three molecular
targeted MRI images (from left to right) are shown in Figure 1c. In the 1H spin-echo MRI
image, the big grey disk is from the water inside the 5 mm glass tube, whereas the
black, gray and white disks are from the capillaries containing HDO water, the AGG, Nacetylaspartate (NAA) and dopamine (DA) aqueous solutions, respectively. In each of
the molecular targeted 1H MRI images of AGG, NAA and DA, only the signal/image of
the corresponding targeted molecule can be observed, indicating the excellent
molecular selectivity of the method.

Figure 1: a) The scheme of the pulse sequences; b) The 1H NMR spectra of AGG/insulin mixture,
acquired using the single pulse excitation and YAWX-NMR; c) (from left to right) A photo of the image
phantom, the 1H spin echo MRI image and three molecular targeted MRI images. The molecular MRI
images were acquired using the YAWX-MRI pulse sequence.
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POLY 106: Magnetic resonance imaging of thermo-electrochemical cells
Isuru E. Gunathilaka, Jennifer M. Pringle, Maria Forsyth, Luke O'Dell,
luke.odell@deakin.edu.au. Institute for Frontier Materials, Deakin University,
Geelong Waurn Ponds Campus, Geelong 3220, Victoria, Australia
Thermo-electrochemical cells (thermocells) are devices capable of converting waste
heat into electrical energy. They consist of a redox couple within an electrolyte
medium (typically either in a solution or gel form through the addition of a polymer
phase), and two electrodes at different temperatures. Depending on the specifics of
the redox couple, oxidation and reduction reactions will occur at the hot and cold
electrodes respectively, or vice versa. Transport of the reacted species across the
cell to the opposite electrodes will also occur by diffusion and/or convection. This
results in the generation of a steady-state potential that will remain constant as long
as the temperature difference between the two electrodes is maintained, thus the
device will produce electricity continuously without any consumption of fuel.
A number of distinct processes will occur simultaneously inside a working
thermocell, including the redox reactions at each electrode, the establishment of
gradients across the electrolyte (in temperature, concentration, viscosity, etc.),
changes in solvation shells and ion clustering, diffusion, convection, and
thermophoresis. Each of these processes will potentially affect the others, and will
also be spatially dependent and sensitive to the cell geometry and orientation.
Magnetic resonance imaging (MRI) can directly observe and map these phenomena
inside a working cell, and relate them to the device performance, particularly with the
presence of paramagnetic species that can enhance MRI image contrast. We report
the first MRI images obtained from functioning thermocells and show that they allow
the spatial mapping of the electrolyte temperature and enable the generation of
concentration maps for the paramagnetic redox species to be constructed via their
effect on the nuclear spin relaxation of the solvent. These images shed new light on
the various inter-related processes occurring in these devices.

MRI temperature map of a working thermocell.
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POLY 107: Battery diagnostics with inside-out MRI and magnetometry
Alexej Jerschow, aj39@nyu.edu. Chemistry, New York University, New York,
New York, United States
We are presenting new battery assessment technology based on MRI and
magnetometry techniques, which allow fast and non-destructive scanning of
rechargeable cells. The techniques are fast, can detect changes in the
electrode chemistry that occur as the battery is charged and discharged, or
sense a range of different defects at early stages. In particular, we can
determine site-resolved state-of-charge (where charge is stored in the cell),
current distributions, as well as tiny transient effects. The vision is to use a
benchtop-type instrument, which could be deployed in a variety of ways. The
diagnostic power of these techniques is enabled by the remote detection of
the magnetic susceptibility changes as a function of local state of charge, and
the detection of minuscule electrical currents in the cells. The aim is to
improve safety and performance, help in predicting battery life, clarify failure
modes, and aid in the development of next-generation cells.

The figure shows the setup for the inside-out MRI method for battery diagnostics
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POLY 108: One-dimensional MRI of multilayer polymeric films using
static magnetic field gradient
Naoki Asakawa1, asakawa@gunma-u.ac.jp, Akira Ubukata1, Shinji
Matsubase2, Kazuyuki Kuwano2. (1) Division of Molecular Science, Graduate
School of Science and Technology, Gunma University, Kiryu Gunma, Japan
(2) Toyota Motor Corporataion, Toyota, Japan
Experimental visualization of spatial distribution of inhomogeneous solids has
been receiving attention in various research fields including solid-state
physics, geology, materials science, chemistry, biology, medicine, and
industries. Particularly, magnetic resonance imaging (MRI) techniques of
solids is one of intriguing methodologies for the visualization. Although various
techniques have been developed so far, MRI of solids falls into so-called
“potential applications,” because of various issues including insufficient
magnitude of magnetic field gradient (MFG) for solid samples, low sensitivity
due to large spin relaxation rates or spectral linewidth, large cost on
instrumentation, etc. Here, we demonstrate the possibility for low cost onedimensional (1D) MRI of solid films using an external static MFG from a
neodymium ferromagnet. High-order primary 1H spin echoes were observed in
three-layered thin films consisting of
poly(dimethylsiloxane)[PDMS]/poly(tetrafluoroethylene)[PTFE]/ PDMS,
whereas a comb-like dip in the magnetization amplitude was observed in the
quadrature echo spectrum, which means the NMR experiments using the
static MFG from the ferromagnet were successfully performed. We will also
show the results of magnetic-field-sweep 1D 19F MRI experiment for three
layered films of PTFE/Aluminum/PTFE. These results could lead to low-cost
MRI instruments for thin films.
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POLY 109: Rheo-NMR in soft matter and material science
Petrik Galvosas1,2, Petrik.Galvosas@vuw.ac.nz. (1) Victoria University of Wellington,
Wellington, New Zealand (2) MacDiarmid Institute for Advanced Materials and
Nanotechnology, Wellington, New Zealand
Rheo-NMR has been used to study materials under mechanical deformation [1]. It
provides spatially and temporally resolved maps of NMR spectra, intrinsic NMR
parameters (such as relaxation times) or motion (such as diffusion or flow). Rheo-NMR
is complementary to conventional rheological measurements.
This lecture will review contributions to Rheo-NMR over the last few years. It will include
studies of the lyotropic lamellar phases known to form defect structures that resembles
close-packed monodisperse multilamellar vesicles (MLVs) under shear [2]. Here we will
focus on the application of large amplitude oscillatory shear (LAOS) and its differences
to steady shear [3]. The lecture will also report on material response of wormlike micelle
systems (WLM) subject to shear in a range of Taylor-Couette shear cells with different
geometrical parameters [4]. Furthermore, preliminary results studying the metabolism of
red blood cells under shear and the dynamics of polymers under oscillatory shear will
be discussed if time permits.

Evolution of the D2O spectra of MLV over time under oscillatory shear.

Range of Couette cells with different geometries for WLM study
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POLY 110: Rheo NMR for the study of polymer dynamics
Ulrich Scheler, scheler@ipfdd.de. Center for Multi-scale Characterization, Leibniz-Institut für
Polymerforschung Dresden e.V., Dresden, Germany
Rheo NMR has been applied to study the chain dynamics in polymer melts and solutions. The
transverse NMR relaxation time T2 is indicative of the polymer-chain segment mobility. In a
Searle cell the NMR T2 becomes for entangled polymers under shear indicating that the
segments between entanglements become longer. This could be from a loss of entanglements
or a rearrangement.
An extension of teh experimental setup permits measuring NMR relaxation under oscillatory
shear varying both amplitude and frequency. The resulting strain-rate dependence shows that
the above-mentioned prolongation of the transverse relaxation time starts at a strain of at least
100 for entangled PDMS. Indications of orientation have been seen for stiffer polymers.
The introduction of spatial resolution by the combination of PFG NMR with NMR imaging in the
same setup allows to measure flow pattern. At the turning point of the oscillation a counterflow
is observed. This effect strongly depends on the viscosity.

Radial flow pattern in a Searle cell close to the turning point

CPMG curves to measure the transverse relaxation time of PDMS under oscillatory shear
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POLY 111: Hyperpolarization of materials for magic angle spinning NMR
Lyndon Emsley, lyndon.emsley@epfl.ch. Institut des Sciences et Ingénierie
Chimiques, École Polytechnique Fédérale de Lausanne (EPFL), Lausanne,
Switzerland
We will discuss recently developed strategies to enable dynamic nuclear
polarization to hyperpolarize the bulk of a range of materials, from organic
polymers to proton-free inorganic oxides such as lithium titanates. The
approaches all exploit hyperpolarization of nuclei near the surface of a
material by impregnation DNP, and subsequent relay of polarization towards
the bulk through spontaneous spin diffusion either between abundant 1H
nuclei or between weakly magnetic nuclei. We will show how this results in
very significant signal enhancements in MAS NMR experiments, as well as in
NMR spectra that are tunable for the surface or bulk, or even in depth
resolved images of materials surfaces.
Significant insight is gained from using two-dimensional spectroscopy to probe
spin-diffusion pathways from surface to bulk, as well as through the
development of thermodynamic constitutive models for polarization transfer.
We will also show how technological innovations such as 65 kHz MAS probes
working at samples temperatures of 100 K enable DNP enhancements of up
to a factor 200 at the highest available fields for DNP (21 T).

The Figure shows pulsed cooling of powdered lithium titanate. Hyperpolarization is
generated on 1H nuclei in a wetting phase and transferred to 6Li nuclei at the surface
of the material with repeated cross-polarization contacts. Slow spin diffusion between
lithium nuclei transports the polarization towards the bulk.
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POLY 112: Enhancing the sensitivity and selectivity of NMR polymer
dynamics studies by dynamic nuclear polarization field cycling
relaxometry
Siegfried Stapf, siegfried.stapf@tu-ilmenau.de, Bulat Gizatullin, Carlos
Mattea. TU Ilmenau, Ilmenau, Germany
NMR studies of the dynamics of polymer melts and solutions are carried out
using a range of different methods, each of which accessing its particular
timescale. The technique with the widest range of times is probably fast fieldcycling (FFC) relaxometry with its potential to vary the interrogated frequency
scale by 4-6 orders of magnitude. However, it is of limited sensitivity, i.e.
requires comparably large sample volumes or concentrations. At the same
time, hardware restrictions usually prohibit spectral resolution, so that the
observed relaxation rates represent averages over nuclei within the polymer
molecule which may possess quite different mobilities. Site-specific dynamics
are routinely studied in proteins at high-fields, but their complete spectral
density function remains inaccessible.
By combining FFC with dynamic nuclear polarization (DNP), i.e.
magnetization transfer from unpaired electrons of diluted radicals, we could
show that the signal intensity can straightforwardly be increased by 1-2 orders
of magnitude, while distinction between large moieties such as the blocks in
copolymers is possible due to a combination of relaxation times
decomposition and selective enhancement for any given radical agent [1,2].
More recently, we have demonstrated that it is possible to eliminate the
relaxation contribution of the electrons and retrieve the dipolar or quadrupolar
relaxation dispersion of protons [3] and other nuclei [4]. The methodology is
now being extended towards detailed investigations of pure single-molecule
dynamics via 2H relaxation in partially deuterated polymers, and towards
identifying differential mobilities in side-chain/chain-end units as well as
biomacromolecules such as proteins.
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POLY 113: Noise reduction in solid-state NMR spectra using principal
component analysis
Yasunari Kusaka1,2, kusaka007@sekisui.com, Takeshi Hasegawa2, Hironori
Kaji2. (1) Research & Development Institute High Performance Plastics
Company , SEKISUI CHEMICAL Co.,Ltd., Shimamoto-cho, Mishima-gun,
Osaka, Japan (2) Institute for Chemical Research, Kyoto University, Kyoto,
Japan
In this study, a noise reduction method was developed for solid-state nuclear
magnetic resonance spectroscopy using multivariate analysis. Principal
component analysis (PCA) was first applied for cross polarization/magic angle
spinning and 13C spin–lattice relaxation measurements of solid-state nuclear
magnetic resonance array spectra. For PCA, an external perturbation is
applied to the chemical or physical system to obtain a large number of spectra
to effectively remove noise and acquire chemically or physically meaningful
information. The contact time of cross polarization/magic angle spinning and
the delay time in spin–lattice relaxation measurements were continuously
changed to obtain a series of spectra, which were used for noise reduction
using principal component analysis. As shown in Fig.1, the noise reduction
method succeeded in producing spectra with improved signal-to-noise ratios.
This noise reduction method shortens the measurement time and allows for
detection of components with minute signals.
In the presentation, we will also introduce examples of application to other
NMR-specific parameters.

Fig.1 Comparison of the original spectra collected by the 13C spin–lattice relaxation
array with the noise-reduced spectra obtained by our method. The intensity changes in
original and noise-reduced spectra are shown.
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POLY 114: Molecular weight distribution by NMR diffusion analysis:
Data disparity and experimental criteria
Jianbo Hou, JHou@dow.com, Eric Pearce. The Dow Chemical Company,
Midland, Michigan, United States
Determining molecular weight distribution (MWD) represents a crucial element
in polymer characterization. Though gel permeation chromatography is a wellknown established methodology suited for such analysis, NMR diffusometry
continues to find expanding applications in MWD characterization due to its
unique advantages in universal detection, chemical selectivity, and
quantitative nature. By utilizing a set of polymer standards to establish the
correlation between self-diffusion coefficient and molecular weight, the
correlation result enables generic determination of apparent MWD of unknown
polymeric materials. Despite the existence of many published results on the
topic, close examination reveals that data disparity exists and the validity of
many conclusions/findings appears to be subjective to the type of data used.
In this talk, we will review literature results, discuss key experimental
conditions and criteria, and further provide guidelines that are essential for
MWD determination based on NMR diffusion analysis.
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POLY 115: Microfluidic NMR and hyperpolarisation
Marcel Utz, marcel.utz@soton.ac.uk. School of Chemistry, University of
Southamtpon, Southampton, United Kingdom
Microfluidic lab-on-a-chip devices are finding increasing applications in
Chemistry and the Life Sciences. In particular, the culture of cells and tissue
samples is emerging as a valuable tool for studying the interaction of cells,
their differentiation into tissues, as well as associated disease processes.
NMR spectroscopy has a huge potential to support these efforts since it can
provide detailed and quantitative information on metabolic processes in such
systems in a non-invasive manner. However, sensitivity remains a challenge
in the context of small sample volumes. Parahydrogen-induced polarisation
may provide a solution to this problem. Microfluidic technology offers the
opportunity to integrate the necessary chemical reaction and spin
manipulation steps in the same device, therefore providing hyperpolarised
metabolites close to the point of use in a culture system. We have recently
demonstrated that proton NMR sensitivities in the range of a few
picomole/sqrt(Hz) are achievable in this manner in principle. For biological
application, however, it is necessary to convert the hyperpolarised species
into biologically relevant molecules, and the hyperpolarisation has to be
transferred to longer-lived spin states to match the time scales of biological
processes. In the present contribution, I will discuss recent efforts and
progress in our group towards these goals.
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POLY 116: Electrophoretic NMR to determine ion mobilities in polymer
electrolytes
Mark Rosenwinkel, Monika Schönhoff, schoenho@uni-muenster.de. Physical
Chemistry, University of Muenster, Münster, NRW, Germany
For application of electrolyte materials, e.g. in Li ion batteries, their ion transport
properties are essential. While liquid electrolytes provide high conductivities, salt-inpolymer electrolytes exhibit better mechanical stability, preventing leakage. A
compromise between both requirements is given by ternary systems composed of
polymer, liquid electrolyte and Li salt, termed polymer gel electrolytes.
Multinuclear (1H, 7Li, 19F) Pulsed-Field-Gradient (PFG)-NMR diffusion is a widely
used method in this field. However, to identify the conductivity contribution of
specific ion species in order to optimize the Li transference number remains a
challenge, since ion correlations prevent the conversion of diffusion coefficient ratios
to partial conductivities. Electrophoretic NMR (eNMR) on the other hand, yields the
drift velocity in the electric field from gradient-dependent phase shifts, and thus the
electrophoretic mobility of the ions, which can be converted to the transference
number.
Here, we present a multinuclear eNMR study of classical salt-in-poly(ethylene oxide)
electrolytes as well as ternary polymer gel electrolytes. The latter are based on the
ionic liquid Pyr14TFSA and LiTFSA containing either PEO as a Li- coordinating
polymer, or the cationic polymer PDADMA, which had proven promising in previous
studies. Increasing the polymer concentration, a transition from Li salt-in IL to a saltin-polymer system with different ion transport mechanisms can be followed. In PEO
systems at a polymer concentration of around 50 mol% the transport changes from
an IL-based vehicular mechanism with negative lithium mobility to a mechanism
based on Li-PEO coordination with positive lithium mobility. To conclude, with eNMR
we are able to identify ion transport mechanisms, in particular with regard to ion
correlations, which dominate the properties in such concentrated electrolyte
systems.
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POLY 117: Ion motion in the wrong direction: electrophoretic NMR of
electrolytes for Li-ion batteries
David M. Halat1,2,3, dmhalat@lbl.gov, Deep B. Shah1,2,3, Jeffrey A. Reimer1,2,3,
Nitash P. Balsara1,2,3. (1) Chemical and Biomolecular Engineering, University
of California at Berkeley, Berkeley, California, United States (2) Materials
Science Division, Lawrence Berkeley National Laboratory, Berkeley,
California, United States (3) Joint Center for Energy Storage Research,
Lawrence Berkeley National Laboratory, Berkeley, California, United States
In this work, cation, anion, and solvent velocities in Li-ion battery electrolytes
are measured under an applied electric field using electrophoretic NMR
(eNMR) spectroscopy. Recent computational studies suggest that in
concentrated electrolytes, ion clustering and aggregation may lead to cationic
(Li+) motion in the anionic direction, resulting in negative cationic transference
numbers.1,2 These unexpected transport properties would have significant
implications for Li-ion battery performance, but as of yet only limited
experimental evidence exists for these phenomena. 3 Pulsed-field-gradient
(PFG) NMR experiments on their own give self-diffusion coefficients but
cannot report on the induced drift of charged species; eNMR provides the
missing link by running PFG under synchronized application of an electric
field, allowing discrimination of the sign and magnitude of electrophoretic
mobilities with spectroscopic specificity. Through 7Li, 19F and 1H eNMR
measurements, I will show average species velocities in good agreement with
conductivity data that allow us to directly determine “true” transference
numbers. In the future, rapid screening of potential electrolytes at various
concentrations is envisioned to discern systems (both liquid- and polymerbased) with the most efficacious transport properties.
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POLY 118: Elucidating molecular doping mechanisms of organic
semiconducting polymers: A NMR study
Robert Graf, graf@mpip-mainz.mpg.de, Constantin Haese, Daniel Pinkal,
Paul W. Blom. Molecular Electronics, Max-Planck-Institute for Polymer
Research, Mainz, Germany
Molecular doping of organic semiconducting polymers is a promising
possibility to improve considerably the device performance and thus allowing
for new fields of application for organic electronics. However, the working
principles behind molecular doping as well as the dependencies on thin film
preparation methods and parameters are yet not well understood.
For our NMR study of doping phenomena in molecular electronics, P3HT has
been chosen as semiconducting polymer and F4TCNQ as typical wellcharacterized p-type dopant. Prior to the NMR experiments, a suitable
preparation method for larger areas of thin film material (~200 nm) with well
controlled doping rations and morphologies from solution processing had to
be developed, in order to have sufficient material for MAS NMR experiments.
Fast MAS 1H, 19F and 13C NMR measurements used to analyze the doped
P3HT films were combined with solution NMR studies of the dissolved
F4TCNQ doped P3HT films after different annealing stages to unraveled
numerous different mechanisms improving the charge transfer in the doped
P3HT films. The NMR studies demonstrate, that doping mechanism depend
on both the molar doping ratio and the annealing procedure. The improved
conduction properties of the doped P3HT films do not so much result from an
improve molecular packing of the F4TCNQ molecules after annealing, but
originate to a large extent from permanent chemical modifications of P3HT
and F4TCNQ, which are initiated already in solution during the processing of
the films. Moreover, environmental influences like oxygen concentration and
humidity during the film formation play a crucial role in later stages of the film
processing.

The improved charge transfer of F4TCNQ doped P3HT originates not so much from the local packing of
F4TCNQ molecules in the P3HT matrix, but results from various conduction mechanisms, which depend
strongly on the molar doping ratio, annealing procedures and environmental influences.
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POLY 119: Chain flexibility and constraints in polymer crystallization as
viewed by solid-state NMR spectroscopy
Toshikazu Miyoshi, miyoshi@uakron.edu, Yi Zhang, Fan Jin. Polymer
Science, The University of Akron, Akron, Ohio, United States
Crystallization of long polymer chains is integration processes of chain
conformation, packing, single crystal, two-layer amorphous-crystalline
structure, spherulites at hierarchical length scales. These structures and their
time evolutions have been successfully characterized by various experimental
techniques in the past decades. The remaining and biggest challenging in
characterization of polymer crystals is to understand chain trajectory in
semicrystalline polymers. In the last decade, our group has developed a novel
experimental strategy to access the detailed chain-folding structures in the
melt- and solution-grown crystals by using selective 13C isotope labeling
and 13C-13C Double Quantum (DQ) NMR spectroscopy. In this talk, we will
present several findings in i) intramolecular and intermolecular packing, ii)
entanglement effect, iii) solvent-polymer interaction, and iv) pre-folding on
chain-folding structure and future directions in polymer crystallization from
molecular perspective.
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POLY 120: Degradation of poly(urea-urethane) characterized by pulse
and solid-state NMR
Atsushi Asano1, asanoa@nda.ac.jp, Kaori Numata2,3, Yasumoto
Nakazawa3. (1) Applied Chemistry, National Defense Academy, Yokosuka,
Japan (2) Tokyo Gas Co. Ltd., Tokyo, Japan (3) Biotechnology and Life
Science, Tokyo University of Agriculture and Technology, Koganei, Japan
To know the degradation process and life time of materials is important to
assure their durability. The degradation of polymers often initiates with a bond
scission by oxidation and radical generation during thermal aging. The chain
re-bonding (cross linking reaction) between inter- or intra-chains is also
occurred after the chain scission. A chain scission produces small molecular
chains and the cross-linking reaction causes rigid molecular chains and
regions. So, the degradation causes the change of molecular motion of
polymers. This change indicates one can detect a progress state of
degradation by mobility. The mobility change is easily known through 1H spinspin relaxation time (T2) on a molecular level.
Polyurethane is one of useful and candidate materials for a biocompatible
elastic polymer as an in vivo use; similar criterion holds on poly(urea
urethane). In consideration of the degradation process of poly(urea urethane),
it is not easy to distinguish the chain scission between a urea bond (HNCONH- or -RNCONH-) and a urethane bond (ROCONH-) by spectroscopy.
Therefore, it is worthy to reveal the degradation progress state and mobility
change during degradation for a biomedical use. In this study, the degradation
behavior of poly(urea urethane) was investigated by pulse NMR at 20 MHz,
which gives T2 relaxation behaviors, to detect the mobility change during
thermal degradation. Furthermore, high-resolution solid-state 13C and 15N
NMR measurements at 16.4 T reveal the detail degradation behavior on a
molecular level.

One of poly(urea-urethane) used, aging time dependence of physical properties,
and 13C DP/MAS NMR spectra under degradation.
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POLY 121: Dipolar based 1H time domain NMR as a tool for probing natural and
induced polymer degradation of industrial relevance
Martha G. Pérez3, Tiago B. de Moraes2, Hercílio d. Honorato4, Naira M. Ruiz5, Sonia M.
Cabral4, Eduardo Azevedo1, azevedo@ifsc.usp.br. (1) Instituto de Física de São
Carlos, Universidade de São Paulo, Sao Carlos - SP, Brazil (2) Departamento de
Química, Universidade Federal de Minas Gerais, Belo Horizonte, Minas Gerais, Brazil
(3) Instituto de Pesquisas Tecnológicas, São Paulo, São Paulo, Brazil (4) Centro de
Pesquisas Leopoldo Américo Miguez de Mello - PETROBRAS, Rio de Janeiro, Rio de
Janeiro, Brazil (5) Departamento de Química, Pontifícia Universidade Católica do Rio
de Janeiro, Rio de Janeiro, Rio de Janeiro, Brazil
Degradation of polymer is an important issue for many different industrial applications.
While chemical degradation can be detected by numerous spectroscopy techniques,
degradation processes that majorly affect the dynamical and mechanical properties are
more difficult to be probed, but can also compromise the specific uses of the materials.
Despite the lack of chemical specificity, dipolar based time domain NMR at low
magnetic field (dipolar TDNMR) provides many techniques capable of probing
molecular dynamics and microstructure of polymer materials. This makes these
methods good candidates for probing the effect of polymer degradation by monitoring
changes in the molecular dynamics and local microstructure, which sometimes occurs
without major changes in the chemical composition. We will discuss the use of dipolar
TDNMR methods, such dipolar echoes, dipolar filters and double quantum build ups, to
probe natural and induced degradation of polymers with industrial relevance. This
includes the effects of long term ambient exposure in PDMS rubber used in high voltage
electrical insulators, effects of H2S scavengers on polyamide polymers used in flexible
oil ducts and effects of chemical agents and thermal treatments on filled nitrilic rubber.
As an example of such studies, figure 1 shows the changes in the reference and 1H
Double quantum build up curves for a polyamide melt sample put in contact with a H 2S
scavenger at 65 oC for 90 day. The increase in the intensity and slope of the DQ build
up and the decrease of the long time decay of the reference curves indicates the
formation of cross-links and reduction on chain mobility after the contact with the H 2S
scavenger. In all aforementioned studies dipolar TDNMR was able to provide important
featured information which was difficult to be achieved by other characterization
methods.

Reference and double quantum build up curves obtained for a polyamide melt before and after contact
with a H2S scavenger at 65 ○C for 90 days. Experiments were performed at 180 ○C.
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POLY 122: Describing Elastin’s conformational ensembles:
simplifications and complications
Kristin K. Kumashiro, kumashir@hawaii.edu. Univ of Hawaii, Honolulu,
Hawaii, United States
Elastin, eponymously named, is the biological elastomer of vertebrate tissue.
Mature elastin is assembled from its water-soluble precursor, tropoelastin, in
post-translational modification of the monomer’s lysines. Both monomer and
polymer are known for the unusual and characteristic tetra-, penta-, hexa-,
and heptapeptidyl repeats, as well as the predominance of the nonpolar
amino acids like prolines, glycines, alanines, and valines. We utilize a novel
cell line for the preparation of a nativelike elastin that is 13C- and/or 15Nenriched at the four major amino acids, as well as the lysines. The strategic
labeling is used in tandem with solid-state NMR spectroscopy, to provide an
enhanced understanding of elastin’s crosslinking and hydrophobic domains.
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POLY 123: Structural transition of silk fibroin in the spinning process
Yu Suzuki, suzukiyu@u-fukui.ac.jp. Applied Chemistry and Biotechnology,
University of Fukui, Fukui, Japan
Bombyx mori silkworms produce silk fibroin fibers from an aqueous silk fibroin
solution by applying shear stress within the spinneret under ambient
temperature. This process can be used for developing sustainable fiberprocessing technology. To evaluate the transition of silk fibroin in the silk
gland, the structural and dynamic properties of silk fibroin extracted from each
part of the silk gland were studied using solid state NMR. During solid state
NMR measurement, a sample is usually rotated at high speed (magic angle
spinning: MAS) to obtain a high-resolution spectrum. The structural transition
of aqueous silk fibroin induced by the centrifugal force was observed. The
higher and lower mobility components were continuously monitored
through 13C DDMAS and 13C CPMAS measurements, respectively. Initially, all
amino acids observed in the DDMAS and CPMAS spectra exhibited a random
coil structure. During the measurements for over 100 h, the peak intensity
derived from the random coil decreased gradually in the DDMAS spectra. On
the other hand, the peak derived from β-sheet appeared at each amino acid
residue of Gly, Ala, and Ser, and the peak intensity gradually increased in the
CPMAS spectra. Thus, the structural transition from random coil to β-sheet
through MAS was confirmed.
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POLY 124: NMR and the grand challenges of metal-organic frameworks
Jeffrey A. Reimer1,2, reimer@berkeley.edu. (1) UC Berkeley, El Cerrito,
California, United States (2) Lawrence Berkeley National Laboratory,
Berkeley, California, United States
Metal-organic frameworks (MOFs) are a new class of inorganic framework
materials that exhibit a wide variety of physical and chemical properties.
MOFs are particularly interesting owing to the ability to systematically vary
metal composition and framework ligands so as to create a universe of
different materials by design. MOFs then become near-ideal platforms for
understanding interfacial phenomena and catalysis since key variables, such
as framework structure, chemistry and pore size, can all be tuned
independently. Technological applications of MOFs have subsequently
flourished in recent years. Several grand challenges remain, however, in
understanding these compelling materials. Each of these grand challenges
poses technical hurdles for analytical and structure-determination methods,
yet nuclear magnetic resonance (NMR) spectroscopy has, in principle, the
ability to address them all. In my lecture I will summarize previous and new
research from my lab that uses NMR access points to address diffusion,
reaction, defects, and structure within this fascinating class of materials.
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POLY 125: Solid-state and in situ NMR spectroscopy of metal-organic
frameworks
Eike Brunner, eike.brunner@tu-dresden.de, Sebastian Ehrling, Stefan
Kaskel, Felicitas Kolbe, Marcus Rauche, Irena Senkovska. Chemistry and
Food Chemistry, TU Dresden, Dresden, Germany
NMR spectroscopy is a unique tool for studying structure, dynamics, and
flexibility of metal-organic frameworks (MOFs). Adsorption processes as well
as adsorption-induced structural changes, i.e., host-guest interactions, are
also accessible for NMR spectroscopy. In this contribution, solid-state and in
situ NMR studies of flexible MOFs are described.
DUT-8(Ni) (DUT: Dresden University of Technology [1]) undergoes a very
pronounced adsorption-induced structure change. 13C CP MAS NMR and 2H
NMR spectroscopy are applied to elucidate structural reasons for the
surprising fact, that DUT-8(Ni) can be synthesized either as a flexible MOF
with a tremendous change of the unit cell volume during gating transition or as
a fully rigid material. Selective 13C enrichment of the linker carboxylate groups
provides a huge sensitivity increase for these sites and makes twodimensional NMR experiments possible. This selective probe allows to study
the paddle wheel unit, e.g., under the influence of different solvents.
Furthermore, 2H NMR is applied to study local motions in the framework.
In situ NMR studies of host-guest interactions help understanding the
adsorption properties of MOFs. Our homebuilt apparatus allows in situ NMR
studies at variable gas pressures up to a relative pressure of 1 and variable
temperatures down to 190 K. It is used to elucidate parameters affecting the
gate opening process, e.g. by using NMR probes like 129Xe or 13CO2. This
technique could for example be used to characterize the xenon-induced
phase-transitions in the recently discovered pressure-amplifying framework
materials DUT-49 and DUT-50. They are the first MOFs showing the unique
negative gas adsorption phenomenon [2]. Furthermore, it is demonstrated that
flexible DUT-8(Ni) exhibits a much higher adsorption selectivity for CO 2 from
mixtures of CO2 and CH4 than the rigid variant [3].

Schematic representation of the structure of DUT-8(Ni).
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POLY 126: NMR of adsorbed polymers – What calorimetry doesn't see
Frank D. Blum1, fblum@okstate.edu, Madhubhashini Maddumaarachchi 1,2,
Ugo N. Arua1, Bal K. Khatiwada3,4. (1) Chemistry, Oklahoma State University,
Stillwater, Oklahoma, United States (2) Polymer Science, Sri
Jayawardenapura Univ, Columbo, Western , Sri Lanka (3) Chemistry,
University of the Ozarks, Clarksville, Arkansas, United States (4) Chemistry,
Abraham Baldwin Agricultural College, Tifton, Georgia, United States
Polymers adsorbed on surfaces are sometimes difficult to study as their
interphases are often small/thin in terms of the amount of material that has
properties much different from the bulk polymer. In fact, broadening and the
inherent inhomogeneous nature of the glass transition of adsorbed polymers
are sometimes difficult to observe or even infer from calorimetry. In this talk, a
comparison will be made between the results from calorimetry and deuterium
NMR for recent studies of poly(methyl methacrylate) (PMMA) adsorbed on
silica and poly(vinyl acetate) (PVAC) adsorbed on graphene oxide (GO).

Differential scanning calorimetry and deuterium NMR of PMMA adsorbed on silica.
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POLY 127: Chain ends in semicrystalline polymers analyzed by solidstate NMR
Klaus Schmidt-Rohr, srohr@brandeis.edu, Shichen Yuan. Dept of
Chemistry, Brandeis University, Waltham, Massachusetts, United States
Chain ends reflect or affect important properties of semicrystalline polymers,
such as the number-average molecular weight or the crowding at the
crystalline–amorphous interface. Most spectroscopic techniques are not
sensitive or specific enough to detect and characterize chain ends in
semicrystalline polymers. In this contribution we present 13C NMR analyses of
chain ends in polyethylene (PE) and microcrystalline cellulose (MCC) in
natural abundance as well as in polyoxymethylene (POM) and poly(εcaprolactone) (PCL) labeled with 13COO-acetyl groups. In PE and POM, most
chain ends are immobilized in the crystallites near the crystalline–amorphous
interface, as predicted by the principle of avoidance of density anomalies. In
PCL, which lacks chain diffusion through the crystallites, they are also found
in the noncrystalline regions, and in MCC they are all outside the crystals. The
location and clustering of the immobilized 13COO-chain ends in POM has
been analyzed in detail by 1H and 13C spin diffusion, while their mobility and
the proportion of immobilized crystalline chain ends has been assessed using
chemical-shift-anisotropy recoupling techniques. In MCC, the number-average
degree of polymerization (DPN) was determined by quantitatively analyzing
the signals of O-C-OH chain ends at 97 ppm and 92.7 ppm, in beta and alpha
configurations, respectively, as confirmed in the spectra of glucose di- and
tetramers. In 13C-enriched hydrolyzed cellulose, the assignment of the two
signals to C-OH chain ends was corroborated by hydroxyl-proton selection
and 2D 13C-13C NMR. The NMR-derived DPN of microcrystalline cellulose was
<100, consistent with GPC but significantly lower than deduced from more
indirect optical methods likely hampered by limited chain-end accessibility.
After ball milling and hydrolysis, DPN was reduced to 18 ± 3. The direct NMR
method could serve as a primary standard for other, more indirect methods of
cellulose DPN determination.
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POLY 128: Physical phases and morphology of isotactic polybutene-1
Yanan Qin2, Victor Litvinov1, v.lit.con@kpnmail.nl, Yongfeng Men2. (1)
V.Lit.Consults, Beek, Netherlands (2) Changchun Institute Applied Chemistry,
Changchun Jilin, China
Phase composition, molecular mobility and morphology of isotactic
polybutene-1 (iPB-1) and its ethylene copolymer (iPB-1/C2) are studied using
time-domain 1H NMR methods, SAXS, WAXS and flash DSC experiments.
Two crystallization routes are used for preparing iPB-1/C2 with hexagonal
crystal lattice: (1) crystallization from melt leading to form I’ crystals, and (2)
polymorphic phase transition from form II to form I crystals. Spin-diffusion
experiments allow to establish difference in semi-crystalline morphology of
these samples. The crystallization route 1 leads to typical lamellar
morphology, whereas the route 2 causes fragmentation of crystal lamellae into
small blocks which are separated by low mobile inner interface within
lamellae. It is suggested that lamellar fragmentation upon the polymorphic
phase transition is largely determined by random chain-folding structure on
the lamellar surface of form II crystals which leads to a distribution in the size
of the inner interface and crystal blocks. The role of phase composition and
morphology of iPB-1 with form I crystals on mechanical properties is
proposed.
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POLY 129: In-situ solid-state 1H-NMR measurements during various
processes of polymeric materials
Hiroki Uehara, hirokiuehara@gunma-u.ac.jp. Division of Molecular Science,
Faculty of Science and Technology, Gunma University, Kiryu, Gunma, Japan
There are several techniques for structural characterization of polymeric
materials. Most popular approach is microscopic observation using electron
microscopy. Advantages of these microscopic observations are direct
recognition of the different morphologies depending on the materials.
However, the quantitative analysis for such characteristic morphologies is
often difficult because these observations do not reply any value. In contrast,
X-ray or DSC measurements can characterize the crystallinity of the polymeric
materials. These methodologies focus on the crystalline components, thus the
situation of amorphous component is still unclear although the molecular
entanglements are contained in amorphous phases. This means that
characterization of the amorphous component is a key for understanding the
relationship between structure and property of polymeric materials.
Nevertheless, few methods have been developed to analyze the amorphous
structure of polymeric materials. Solid-state 1H-NMR measurement is a
powerful tool for evaluating multiple amorphous phases, which are
distinguishable by relaxation time (T2) indicating the molecular motion of each
phase. Also, this measurement can estimate the component fraction of each
phase. Our recent solid-state 1H-NMR measurements revealed multiple
amorphous components having different entanglement characteristics even
for the simplest polyethylene (PE) materials under various conditions. Such
solid-state 1H-NMR measurement has been applied for in-situ analysis of
structural change during heating PE and the other polymeric materials. Also,
cross-linking reaction between silicone molecules induces multiple amorphous
components, including starting reactants and cross-linked products. In this
talk, such recent results obtained using solid-state 1H-NMR measurement will
be introduced with those obtained using the other techniques.

The morphologies and 1H-NMR relaxation behaviors for different ultra-high molecular weight polyethylene reactor
powders of (A) and (B).
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POLY 130: Chemical structures in silicon-based anode materials for Liion batteries investigated with NMR
Pieter Magusin, pm566@cam.ac.uk. Chemistry, University of Cambridge,
Cambridge, United Kingdom
Silicon is a candidate material for next-generation anodes in rechargeable Liion batteries due to its higher lithium uptake capacity, than graphite
commercially used at present. The cyclability lifetime of silicon anodes is
limited by relatively large expansion and shrinkage upon electrochemical
lithiation and delithiation. The resulting fracturing causes anode fragments to
become detached, and leads to enhanced electrolyte decomposition at the
continuously formed fresh silicon surfaces. To improve cyclability various
modifications have been investigated in different labs, typically involving the
nanostructure of the anode material. In this talk I will discuss chemical
structures formed in two such modified silicon-based anode materials,
namely, partially oxidised silicon [1], and silicon nanoparticles with a hybrid
organic-inorganic coating, as revealed by ex-situ MAS NMR and in situ
electrochemical NMR, in conjunction with other characterisation techniques.
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POLY 131: High capacity organo-sulfur cathodes for lithium ion batteries
Aditya Rawal, arawal@gmail.com, Lisa Djuandhi, Neeraj Sharma. UNSW,
Sydney, New South Wales, Australia
IIn comparison to current commercial lithium ion (Li-ion) cell systems, lithium
sulfur (Li-S) systems promise a potential 5 fold increase in the theoretical
capacity at 1672 mA.h.g-1. However challenges of surface passivation and
electrode degradation lead to rapid capacity fade and short battery lifetimes.
The key aspect in the deterioration of battery performance is the socalled polysulfide shuttle effect, which deposits a passivating lithium sulfide
layer on the lithium anode. Synthetic polymers with high sulfur content (~ 90
wt. %) are an emerging class of materials that are suitable alternatives to pure
sulfur as cathodes in Li-S batteries. The copolymerization between the
organic moiety and sulfur is thought to suppress the shuttle effect thereby
leading to longer battery life spans. Here we present an in-depth analysis of
the performance of these organo-sulfur cathode materials and its dependence
of the molecular structure of the polymeric material. A range of
characterization via multi-nuclear NMR spectroscopy, XRD and XANES
techniques coupled to electrochemical analysis of the cathode materials
enables us to develop a structure property profile of these materials. This new
field of polymeric materials holds promise for development of high capacity
energy storage materials as well as development of novel polymer
architectures.

Structure of organo-sulfur copolymer
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POLY 132: Application of ultra fast MAS for LIB cathode materials:
Complementary analysis by using NMR, XRD, and TEMKoji Yazawa1, kyazawa@jeol.co.jp, Yoshikazu Sasaki2, Mitsuharu Tabuchi3. (1) JEOL
RESONANCE Inc., Akishima, Tokyo, Japan (2) JEOL Ltd., Akishima, Tokyo, Japan (3)
National Institute of Advanced Industrial Science and Technology, Ikeda, Osaka, Japan
We report composition and deterioration in charge/discharge cycle of layered lithium
nickel manganese oxides, which have been attracted as new generation LIB cathode
materials. We prepared Li1+x(Ni0.3Mn0.7)1-xO2(0<x<1) calcined in air and nitrogen
atmosphere, respectively. Previous studies have shown that samples calcined in
nitrogen exhibit higher initial specific capacity. To investigate their structures, we
used 7Li solid state NMR with an ultra fast magic angle spinning and a recent pulse
technique, MATPASS, together with x-ray Rietveld, TEM-EDS (Energy Dispersive X-ray
Spectroscopy) and TEM-PED (Precession Electron Diffraction) analyses.
The X-ray results exhibits the both as-prepared samples forms Li 2MnO3 type (C2/m)
structure. Fig. 1a shows pj-MATPASS spectra of the both as-prepared samples. The
both spectra showed peaks derived from Li (LiLi) in the Li layer at 500-900 ppm and
from Li (LiTM) in the transition-metal layer at 1300-1500 ppm as observed in Li 2MO3 type
structure. However, the spectral shape was different, and the sample formed in air had
a narrower line width, particularly at the peak in the vicinity of Ni in the Li layer. This
suggests that sample calcined in air forms minute Mn-rich domains and Ni-rich
domains, which cannot be confirmed by XRD, and TEM-EDS analysis also supported
the result.
7Li NMR spectra after 5 cycles are shown in Fig.1b. The both spectra became much
broader and more featureless due to rearrangement and random distribution of
transition metals. TEM-PED analysis revealed that both samples changed to LiMO 2 type
crystal. However, in the NMR spectrum of the sample calcined in air, peaks originating
from Li2MO3 remained slightly, and even in TEM-PED, these structures were observed
on the surfaces of the particles. It is believed that this residual domain is related to the
low initial volume of the air-fired sample.

pj-MATPASS 7Li solid state NMR spectra of (a) as-prepared and (b) discharged state after 5 cycles
samples calcined under nitrogen and air atmosphere.
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POLY 133: Interplay between polymer segmental motions, silica interfaces and
ion dynamics within lithium-ion battery electrolytes: Solid-state NMR
investigation
Cedric Lorthioir, cedric.lorthioir@sorbonne-universite.fr, Florent Leclercq, Christel
Laberty-Robert. Laboratoire de Chimie de la Matière Condensée de Paris, CNRS /
Sorbonne University, Paris, France
Among the various technologies used for the design of electrolytes for lithium-ion
batteries, hybrid organic-inorganic electrolytes display satisfactory thermal and
electrochemical stability. Besides, they offer a comparatively lower flammability in
comparison to binary salts dissolved in organic solvents. Mixtures of poly(ethylene
oxide) (PEO) with lithium salts are one of the most famous and widely investigated
polymer electrolytes. In the present work, copolymer chains of poly(vinylidene fluorideco-hexafluoropropylene) (P(VDF-co-HFP)) were blended to PEO, partly to improve the
mechanical behavior of these polyelectrolytes. Besides, silica domains were formed in
situ by sol-gel chemistry, using tetraethylorthosilicate (TEOS) incorporated within the
polymer blend matrix to provide supplementary Li-ion pathways.
In the first part of this work, the structuration of these four components (P(VDF-co-HFP),
PEO, LiTFSI and silica) will be investigated. The organization of both semi-crystalline
polymers and the silica domains in the solid-state will be probed and a structural picture
will be derived. For this purpose, 1H spin diffusion-based experiments will be carried
out, among which indirect T 1(1H) and T1r(1H) measurements via 13C and 29Si. Besides, a
peculiar attention will be paid to the description of the PEO crystalline regions, since this
feature should also impact the Li+ ion conductivity.
In a second step, we will focus on the dynamical processes involved in such
polyelectrolytes and their evolution with temperature. The reorientational motions of
both Li+ and TFSI- ions will be analyzed through 7Li and 19F NMR experiments, among
which relaxation time measurements. From another point of view, a great attention will
be dedicated to the segmental dynamics of the PEO chains in these materials. The
corresponding motional frequencies and reorientational amplitudes will be monitored
using complementary 13C solid-state NMR approaches covering a wide frequency
range, from 1 Hz to several hundreds of MHz. The respective influence of PEO/silica
interactions and PEO/Li+ interactions will be discussed.
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POLY 134: Using 7Li NMR to detect order-to-disorder transitions in block
copolymer electrolytes
Lorena S. Grundy, lgrundy@berkeley.edu, Michael D. Galluzzo, Nitash P.
Balsara. Chemical and Biomolecular Engineering, University of California,
Berkeley, Berkeley, California, United States
The order-to-disorder transition in block copolymers and block copolymer
electrolytes is typically identified using small-angle x-ray scattering (SAXS).
We observe that in a series of block copolymer electrolytes composed of
polystyrene-block-poly(ethylene oxide) (SEO) and a lithium salt, LiTFSI, the
lamellar morphology is characterized by a quadrupolar triplet peak in 7Li NMR.
The triplet becomes a singlet peak above the order-to-disorder transition
temperature identified using SAXS, indicating that the triplet peak corresponds
to the lamellar morphology. Macroscopic alignment of lamellae is required to
produce quadrupolar splitting, and we show using SAXS that this alignment is
due to exposure to the NMR magnetic field, with lamellar normal vectors
aligned parallel to the magnetic field. Once exposed to the magnetic field, this
alignment persists for months until the sample is heated above the order-todisorder temperature.

7

Li NMR spectra below and above the order-to-disorder transition temperature
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POLY 135: NMR investigation of structure and transport in a diverse set of solid
electrolytes for Li batteries
Carla Fraenza, Nishani Jayakody, Lauren O'Donnell, Daniel Morales, Mounesha
Garaga, David Clarkson, Steve G. Greenbaum,
steve.greenbaum@hunter.cuny.edu. Physics & Astronomy, Hunter College of CUNY,
New York, New York, United States
The major bottleneck in the development of safe and high energy density lithium-based
batteries is the lack of a suitable electrolyte needed to eliminate the flammable liquid
carbonate electrolyte solvents in use today. Among replacement candidates are a broad
array of solid electrolytes based on inorganic oxides and sulfides, ionic liquids (ILs)
immobilized in a pseudo-solid matrix, and polymers.
Our laboratory is focused on application of various nuclear magnetic resonance (NMR)
techniques to help understand structure and dynamics of energy storage materials, in
particular novel electrolytes. In this presentation we discuss three recent collaborative
efforts.
(i) The first topic, in collaboration with Oak Ridge National Lab (E. Self, J. Nanda), is on
composites of highly conducting β-Li3PS4 and poly(ethylene oxide) (PEO), where
multinuclear (1H, 6,7Li, 31P) MAS NMR is used to elucidate the structural changes and
reduction in crystallinity of the baseline compound by PEO incorporation.
(ii) In collaboration with UCLA (B. Dunn, D. Ashby), we have investigated ionogels,
which are pseudo-solid-state electrolytes consisting of the IL BMIM TFSI plus LiTFSI
salt electrolyte confined in a mesoporous silica matrix. We report here NMR
measurements of ionic self-diffusion coefficients as well as fast field cycling broadband
relaxometry with emphasis on elucidating confinement effects of the silica matrix on
ionic transport.
(iii) With Ionic Materials, Inc. (M. Zimmerman, R. Leising), we discuss results for a solid
polymeric electrolyte based on semicrystalline polyphenylene sulfide and Li salts such
as LiTFSI and LiFSI. This polymer electrolyte can be reliably extruded into thin films, is
non-flammable, has attractive mechanical properties for lithium dendrite suppression, is
electrochemically stable against Li, and is compatible with a variety of different
cathodes, including NMC811. NMR diffusometry measurements reveal Li room
temperature self-diffusion coefficients that are the highest in any known solid.

Ionogel pseudosolid electrolyte (from D.S. Ashby, et.al., Joule 1 (2017) 344-358.) FFC method to obtain
broadband spin-lattice relaxation times.
135

POLY 136: Correlating ion solvation and conductivity in porous aromatic
frameworks
Kaitlyn Engler1, kaitlyn.engler@berkeley.edu, David M. Halat1, Jeffrey A.
Reimer1, Jeffrey R. Long1,2. (1) Chemical and Biomolecular Engineering,
University of California-Berkeley, Berkeley, California, United States (2)
Chemistry, University of California-Berkeley, Berkeley, California, United
States
Porous aromatic frameworks are a recently developed class of materials that
demonstrate exceptional promise as single-ion conducting electrolytes.
However, a limited understanding of the factors governing ion diffusion in
PAFs hinders the rational design of these materials. This current work aims to
address this lack of fundamental knowledge by implementing a variety of
NMR techniques to elucidate the solvation structure and dynamics of cations
in each of these frameworks. Towards this goal, I previously developed
synthetic routes for a variety of PAFs and systematically varied one of several
critical framework parameters in order to develop relationships between
systematic structural changes and bulk ionic conductivity. In this work, 7Li, 1H,
and 19F solid-state NMR spectra provide a picture of the local cation
environment; relaxation measurements and pulsed-field gradient NMR provide
insight into local cation dynamics and permit the calculation of bulk diffusion
coefficients. NMR results are compared with electrochemical impedance data
to correlate alterations in framework structure with changes in bulk ionic
conductivity. Ultimately, these structure/property relationships will inform the
design of future materials with improved properties for battery applications.

Figure. Depiction of single-ion conducting porous aromatic framework and potential solvation structures
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POLY 137: Probing ligand coordination in ZnO nanoparticles enabled by dynamic
nuclear polarization enhanced solid-state NMR
Gael De Paepe, gael.depaepe@cea.fr. IRIG, CEA - Univ. Grenoble Alpes, Grenoble,
France
ZnO nanoparticles have attracted significant research efforts owing to their versatility,
with applications in numerous fields including catalysis, semiconductors, and in paint
and rubber industries, as well as for their anti-microbial activity. The shape, size, bulk
composition but also ligand capping of these nanoparticles determine their suitability for
a particular application. Thus, there is a need to investigate the interface of these
materials in order to control their morphologies, which largely depend on the
nanocrystal-ligand interactions at the interface.
Although the bulk structure of many NCs can be determined accurately by numerous
methods, the unambiguous characterization of these critical interfaces is still
challenging. Here, it will be shown that with MAS-DNP providing the necessary
sensitivity, multiple 2D homonuclear NMR correlation spectra can be recorded and can
be used to help extract unprecedented information concerning ligand arrangements on
NC surfaces.
First we will highlight the vast difference between the organic-inorganic interfaces
resulting from two synthetic routes to ZnO NCs: a traditional sol-gel approach and a
recent One-pot Self-Supporting OrganoMetallic (OSSOM) procedure that uses
organophosphorous compounds as capping ligands (see Figure 1). MAS-DNPenhanced NMR not only supplies a detailed NC surface analysis but also demonstrates
the superiority of the OSSOM approach for the preparation of high quality quantumsized ZnO spherical nanocrystals. Also, we will discuss how MAS-DNP NMR can be
used to determine ligand coordination modes and atomic-scale arrangements on
faceted hexagonal ZnO nanoplatelets obtained through an organometallic approach.
Overall, this work relating ligand binding modes with particle morphology will allow
controlled production of rationally designed nanocrystals.

Figure 1. ZnO nanocrystals (STEM in (a)) with diphenylphosphate ligands (schematic in (b)) prepared
using different synthetic procedures display contrasting organic-inorganic interfaces (via 13C NMR
spectra (c)).
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POLY 138: Lyotropic nematic phases of helical poly(isocyanate)
functionalized nanoparticles
Linda G. Reven, linda.reven@mcgill.ca, Jason Wong, Violeta Toader. Dept of
Chem McGill Univ, Montréal, Quebec, Canada
Inorganic nanoparticles (NPs) can be added to liquid crystals (LCs) to form LC
nanocomposites. These nanocomposites can impart the electro-optical
properties of the NPs to the LCs while the LCs can control the spatial
distribution and properties of the particles. The surface coatings of these NPs
can be designed to prevent uncontrolled aggregation. Mesogenic ligands
often provide the best stabilization but require custom synthesis. We are
exploring polymer ligands as an alternative, as they offer synthetic simplicity
as well as chemical and molecular weight tunability. In particular, we are
varying the polymer chain flexibility since more rigid chains can better couple
to the nematic order whereas flexible polymers should strongly phase
separate.
Poly (n-hexyl isocyanate) (PHIC) is a helical, semi-flexible polymer known to
form lyotropic nematic or cholesteric phases in organic solvents. We have
developed a protocol to functionalize 4 nm zirconia nanocrystals with a very
dense PHIC ligand shell, (MW 3200, chain length ~ 5nm). Surprisingly, these
NPs form lyotropic nematic phases in various organic solvents despite their
spherical shape. Spherical polymer coated NPs have been previously
reported to form cubic phases. To gain further insight, the orientational order
and phase diagram of the PHIC functionalized NPs in chloroform were
characterized by deuterium NMR. Additionally, NPs with mixed rod-coil ligand
shells using PHIC and polystyrene (PS) have also been synthesized, to create
novel rod-coil NPs that should self-assemble like their rod-coil diblock
copolymer counterparts.
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POLY 139: Characterization of stimuli-responsive patchy nanoparticles
by solid-state NMR
Brenda Guzman Juarez1, brenda.guzmanjuarez@mail.mcgill.ca, Gabriella
Morin1, Violeta Toader1, Linda G. Reven2. (1) Chemistry, McGill University,
Montreal, Quebec, Canada (2) Dept of Chem McGill Univ, Montréal, Quebec,
Canada
Patchy particles, which bear surface anisotropy through variation in surface
composition, have been of great interest due to their ability to self-assemble
into more complex superstructures and have applications in photonic crystals,
targeted drug delivery and catalysis.1 One emerging approach to synthesize
patchy particles is to tether two immiscible polymers on the surface of the
nanoparticle that will spontaneously phase separate. Although there is an
increasing interest in polymer-based patchy particles, most of the studies
have been theoretical rather than experimental due to difficulties in preparing
large scale quantities of nanoparticles with controlled polymer ratios, as well
as a lack of characterization techniques for nanoscale phase separation.
In the present work, we fabricate patchy particles using spherical
ZrO2 nanoparticles with different ratios of the classical hydrophobic-hydrophilic
polymer system (polystyrene and polyethylene oxide) using a simple ligand
exchange procedure.2 In addition, we apply this method to other non-spherical
metal oxide nanoparticles (TiO2 nanorods) and we incorporate the use of a pH
and temperature responsive polymer (poly(2-vinyl pyridine)) in combination
with polystyrene and polyethylene oxide. Solution and solid-state NMR
experiments were designed to characterize the polymer composition on the
surface and phase separation on different length scales, whereas microscopy
techniques were used to characterize the assembly structures formed upon
selective solvent exposure and pH variation.
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POLY 140: Electron and NMR crystallography of small pharmaceutical
compounds
Yusuke Nishiyama1,2, nisiyama@pb3.so-net.ne.jp. (1) Jeol Resonance Inc,
Akishima Tokyo, Japan (2) RIKE-JEOL Collaboration Center, RIKEN,
Kanagawa, Japan
Understanding hydrogen-bonding networks in nanocrystals and microcrystals
that are too small for X-ray diffractometry is a challenge. Although electron
diffraction (ED) or electron 3D crystallography are applicable to determining
the structures of such nanocrystals owing to their strong scattering power,
these techniques still lead to ambiguities in the hydrogen atom positions and
misassignments of atoms with similar atomic numbers such as carbon,
nitrogen, and oxygen. Here, we propose a technique combining ED, solidstate NMR (SSNMR), and first-principles quantum calculations to overcome
these limitations [1]. The rotational ED method is first used to determine the
positions of the non-hydrogen atoms, and SSNMR is then applied to ascertain
the hydrogen atom positions and assign the carbon, nitrogen, and oxygen
atoms via the NMR signals for 1H, 13C, 14N, and 15N with the aid of quantum
computations. This approach elucidates the hydrogen-bonding networks in Lhistidine and cimetidine form B whose structure was previously unknown. In
addition, we have developed a method to observe the NMR signal exclusively
from API, by suppressing NMR signal from excipients. This allows us to apply
electrom and NMR crystallography approach to pharmaceutical formulations
[2].
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POLY 141: Understanding nanoscale structure-transport relations in
ionomer membranes
Rui Zhang1, ruiz@vt.edu, Ying Chen2, Diego Troya1, Louis A. Madsen3. (1)
Chemistry, Virginia Tech, Blacksburg, Virginia, United States (2) Pacific
Northwest National Laboratory, Richland, Washington, United States
Transport of mobile species through ionic polymer membranes depends on
multi-scale membrane structure. Here we take a novel approach by relating
activation energy of diffusion (Ea) to the nano-scale structure of ionomer
membranes. With NMR diffusometry, we measure diffusion coefficients of
water in perfluorosulfonic acid (PFSA) and quaternary ammonium (QA)
polysulfone membranes and extract Ea by conducting variable temperature
experiments. We present studies of Ea by comparing Ea of water and Li+ under
membrane confinement to Ea of free liquids. Through molecular dynamics
simulations, we identify two primary structural features of ionomer
membranes, geometric nanoconfinement and nano-scale phase separation,
that strongly affect the energetics of membrane transport. Confinement into
well-defined cavities of ~ 1nm alters the local energetics of water molecules
and prompts formation of a partially ordered water structure. In a
complementary way, nano-scale hydrophilic-hydrophobic phase separation of
mobile polymer subunits creates a locally bulk-like environment for water
molecules, and nanophase-separated systems gives rise to Ea values close to
that of bulk water. These findings shed light on the fundamental
understanding of structure-transport interplay in ionomer membranes and
point to ways to improve membrane performance.
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POLY 142: Guiding design of separations membranes by combining
multi-scale NMR diffusometry and structural information
Louis A. Madsen, lmadsen@vt.edu. Chemistry, Virginia Tech, Blacksburg,
Virginia, United States
Creating membranes with properties programmed to suit various applications
requires deep knowledge of how multi-scale structure and self-assembly
relate to transport. Our group combines transport measurements that are
species-specific and length/time-scale specific with structural information to
build comprehensive models for membrane behaviors. I will touch on a range
of phenomena in solid polymer systems involving nanometer-scale
confinement, differential confinement of anions and cations in a charged
matrix, and micron-scale heterogeneities (tortuosity). In many cases, we can
take a new polymer membrane, do carefully chosen NMR diffusometry and
spectroscopy experiments (and possibly complementary scattering,
microscopy, and/or dielectric measurements), and determine which structural
length scales or molecular interactions are limiting bulk transport for each
mobile species. Using this information, we can provide guidance regarding,
e.g., the need for chemical monomer modifications or film processing
changes. The materials we study include polymer membranes formed from
hydrophilic and hydrophobic building blocks, polyelectrolyte complexes, and
systems self-assembled from ionic polymers and ionic fluids created in our lab
known as molecular ionic composites (MICs). These ideas and materials
systems are finding use in energy-related technologies such as hydrogen fuel
cells, water desalinators, and thermally stable metal-anode batteries.
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POLY 143: Crystallizable polymer chains under confinement in
phospholipid membranes
Tiago Mendes Ferreira, tiago.ferreira@physik.uni-halle.de. Martin Luther
University Halle-Wittenberg, Halle, Germany
Purely hydrophobic and amphyphilic polymers with crystallizable building
blocks are incorporated in phospholipid membranes to investigate the effects
of confinement on their molecular structure and crystallization. The
investigation is done by means of all-atom MD simulations and dipolar
recoupling NMR experiments. Crystallization occurs within an intricate
balance between polymer droplet formation and dispersed anisotropic
polymer chains depending on bilayer hydration, polymer fraction and
phospholipid type.
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POLY 144: Quantitative metrics of purity, composition and crosslink density in
polyamide reverse osmosis membranes from 13C MAS NMR spectral editing
Ryan Nieuwendaal1, rnieuwendaal@gmail.com, Jeffrey Wilbur2, Christopher M.
Stafford3. (1) Materials Science and Engineering, NIST, Clarksburg, Maryland,
United States (2) Dow-Dupont-FilmTec, Edina, Minnesota, United States (3) NIST,
Gaithersburg, Maryland, United States
Structures in swellable, highly crosslinked polymer films control important transport
properties but are difficult to measure because of their fine size scales and
composition heterogeneities that result from the polymerization process. One prime
example is the class of reverse osmosis water filtration membranes that are based
on polyamide/polysulfone/polyester thin film composite (TFC) films. In any given
TFC membrane, the aromatic polyamide forms a 20-200 nm thick skin layer that
largely dictates the water permeability and ion permselectivity (Figure 1).
Establishing clear relationships between this layer's chemical structure, water/ion
transport, and performance has still been difficult. [[1]] Previous solid-state NMR
results showed T1rH is an important metric for polyamide dynamics upon swelling
[[2], [3]], and that 15N {1H} CPMAS with DNP can be used to discriminate
amine/amide populations in the bulk and on the surface. [[4]]
Here, I will give highlights of 13C MAS NMR measurements that were used to
quantify the purities, compositions and crosslink densities of a series of polyamide
films of varied performance. We show that 13C CPMAS with a 1H-T1 filter is useful for
discriminating polyamide 13C resonances from those of polysulfone and surfactant,
which is important for monitoring polyamide purification. We show that the
carbonyl 13C intensity is useful for quantifying composition, and that 13C {14N}
SPIDER [[5]] can be used for cross-link density measurements.
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POLY 145: Hierarchical sticker and sticky chain dynamics in
supramolecular elastomers
Anton Mordvinkin1, Marcus Suckow3, Diana Döhler4, Frank Böhme3, Wolfgang
H. Binder4, Ralph H. Colby2, Kay Saalwaechter1,
kay.saalwaechter@physik.uni-halle.de. (1) Institut fur Physik - NMR, MartinLuther-Univ. Halle-Wittenberg, Halle (Saale), Germany (2) Materials Science
and Engineering, Penn State University, University Park, Pennsylvania,
United States (3) IPF, Dresden, Germany (4) Faculty of Natural Sciences II,
Martin-Luther University Halle-Wittenberg, Halle, Germany
We study the relations between the microscopic dynamics and the mechanical
behavior of transient elastomers based on poly(isobutylene), PIB, with sticky
groups forming clusters in the nm range. The dynamics of the chains and of
the sticky groups were studied by a combination of dielectric spectroscopy
(DS) and advanced NMR methods, and are correlated with the rheological
behavior.
The first material platform are butyl rubber ionomers with sparse imidazolebased sidegroups, which show promise as self-healing elastomers [1,2]. For
the first time, we demonstrate a quantitative agreement of the NMR-detected
chain relaxation and the rheology [2], thus confirming the sticky reptation
picture [3]. We stress and explain that apparent master curves [4,5] are of
limited use for such a comparison. The second platform are telechelic linear
and star-shaped PIBs carrying different hydrogen-bonding moieties [6]. Here
we can address the relation between the terminal time of the individual chains
and the onset of flow, which turn out to be equal. Therefore, in this case the
one theory considering systems with clustered stickers [7] is disproven.
The cluster-related relaxation detected by DS is always much faster than the
chain relaxation. The overall trends suggest that all relaxations are dominated
by a cluster-related activation barrier, but also that the DS-based cluster
relaxation cannot be directly associated with the sticker lifetime, in
contradiction to the common assignment of the DS-detected process [8]. We
thus suggest a reconsideration of the assumptions made in explaining the
relationship between molecular-scale and macroscopic dynamics in such
transient elastomers.
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POLY 146: Combining 1H low-resolution techniques to improve our
knowledge of elastomers
Elisa Carignani1, Francesca Martini1, Francesca Nardelli1, Silvia Borsacchi2,
Lucia Calucci2, Marco Geppi1, marco.geppi@unipi.it. (1) Dept. of Chemistry
and Industrial Chemistry, University of Pisa, Pisa, Italy (2) Istituto di Chimica
dei Composti OrganoMetallici (ICCOM), S.S. di Pisa, Consiglio Nazionale
delle Ricerche (CNR), Pisa, Italy
Low-resolution 1H NMR techniques were applied to several series of
elastomers of interest for the pneumatic industry, ranging from homopolymers
to blends to composite materials incorporating filler particles, and differing
either for their chemical nature or for some preparation parameters
(vulcanization time and temperature, type and amount of vulcanization agents,
type and amount of filler, etc.).
Magic-sandwich echo (MSE), Carr-Purcell-Meiboom-GIlls (CPMG), DoubleQuantum (DQ), and Fast-Field Cycling (FFC) techniques were used to try to
explore structural and dynamic properties of the elastomers including degree
of cross-linking, interactions at the interface between the elastomer and the
filler, the molecular dynamics of the elastomeric domains and its changes
induced by vulcanization, blending or filler incorporation. Correlations among
NMR parameters, between NMR parameters and other physico-chemical
parameters obtained from different characterization techniques, as well as
between NMR parameters and macroscopic properties were deeply
investigated, also exploring the use of new experimental and data analysis
techniques.

Examples of NMRD curves recorded at different temperatures (a) converted into NMR
susceptibility representation (b) and combined to obtain the NMR susceptibility master curve (c).
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POLY 147: Development of solid-state sulfur-33 NMR for analysis of
cross-linking structures in rubbers
Kazuhiko Yamada, kyamada@kochi-u.ac.jp. Interdisciplinary Science Unit,
Multidisciplinary Sciences Cluster, Kochi University, Nankoku City, Kochi 7838505, Japan
A systematic solid-state 33S NMR study of sulfur-33 enriched organosulfur
compounds, e.g., diphenyl sulfide, dibenzyl sulfide, and α-S8, which are
served as models for disulfide and multi-sulfide bonds in cross-linking
structures in rubbers, and sulfur-33 enriched polymers is presented. High
digital-resolution field-stepwise-swept solid-state NMR or zero-field solid-state
NMR is introduced to overcome the spectral width problems induced by large
quadrupolar interactions. Ultra-high sensitivity techniques, such as hightemperature superconducting (HTS) coils and optomechanics NMR, are
developed. The present work demonstrates that, using the above combined
techniques, high quality solid-state 33S NMR spectra can be obtained, yielding
reliable information about 33S NMR parameters, i.e., the quadrupole coupling
constant (CQ) and the quadrupole asymmetry parameter (ηQ), even if the
magnitude of quadrupolar interactions is more than CQ = 45 MHz for I = 3/2.
Solid-state 33S NMR becomes one of the most powerful tools for investigating
the chemical properties of sulfur atoms involved in cross-linked structures in
rubbers.

A typical zero field solid-state 33S NMR spectrum of an organosulfur compound
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POLY 148: Solid-NMR studies of ballistic-resistant elastomers and fibers
Weiguo Hu, weiguo_hu@yahoo.com. University of Massachusetts, Amherst,
Massachusetts, United States
Two applications of solid-state NMR (ssNMR) on the field of ballistic-resistant
polymeric materials will be discussed. First, in heterogeneous polyurethane
elastomers, glass transition of the nm-sized soft segment domains is
monitored by ssNMR via the modulation of 1H-1H and 1H-13C dipolar
coupling. The amount and the dipolar dephasing time of the rubbery soft
segments are found to exhibit an excellent correlation to the materials’
resistance to projectile impact. Next, poly(p-phenylene-2,6-benzobisoxazole)
(PBO) fiber, one of the strongest engineering fibers ever invented, exhibits
drastic decline of ballistic resistance performance upon modest moisture
exposure. 31P ssNMR was employed to probe this decade-long mystery, and
revealed that the residual phosphoric acid that had been introduced during
manufacturing may play a key role in the fiber’s deterioration of mechanical
performance.
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POLY 149: Characterization of vulcanized natural rubber through rubberstate NMR spectroscopy
Seiichi Kawahara, kawahara@mst.nagaokaut.ac.jp. Materials Science and
Technology, Nagaoka University of Technology, Niigata, Japan
Crosslinking junction is one of the principal constitutive units, which is
indispensable for vulcanized rubber to exhibit outstanding mechanical
properties, since it links rubber molecules to each other to prevent flowing
during deformation. It is, thus, important to analyze a structure of the
crosslinking junction of the vulcanized rubber through a suitable analytical
technique. In the present study, we applied a rubber-state NMR spectroscopy
to the structural analysis of the crosslinking junctions of vulcanized natural
rubbers, which were prepared with various vulcanization accelerators, i.e.,
zinc diethyldithiocarbamate (ZDEC), zinc dibutyldithiocarbamate (ZDBC) and
zinc 2-Mercaptobenzothiazole (ZMBT), respectively. As for vulcanized natural
rubbers prepared with ZDBC and ZDEC, small signals in 13C-NMR spectra
appeared at 57 and 44.5 ppm, which were assigned to allylic quaternary
carbon linking to sulfur and its neighboring carbon, respectively. By contrast,
for vulcanized natural rubber prepared with ZMBT, in the early stage, small
signals in 13C-NMR spectrum appeared at 50, 50.5 and 37 ppm, which were
assigned to aliphatic quaternary and tertiary carbons linking to sulfur and their
neighboring carbons, and, in the medium and late stages, the other two
signals appeared at 57 and 44.5 ppm. From the results, two effects of the
accelerators on the vulcanization of natural rubber were proposed in the
present study.

Figure 1 13C-NMR spectra for vulcanized NR.
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POLY 150: Understanding and predicting functional properties of
polyamide adhesives with solid-state NMR spectroscopy
Kash A. Bhullar1, Kennedy Maeder1, Richard Wuhrer2, Patrice
Castignolles1, Marianne Gaborieau1,
m.gaborieau@westernsydney.edu.au. (1) School of Science, ACROSS,
Western Sydney University, Parramatta, New South Wales, Australia (2)
Advanced Materials Characterisation Facility (AMCF), Western Sydney
University, Parramatta, New South Wales, Australia
Adhesives are an essential class of industrial polymers with applications
ranging from pressure-sensitive adhesives through to hot-melt adhesives
used for repairing conveyor belts in mines. The composition and homogeneity
of a polyamide-based hot-melt adhesive was revealed with ATR FTIR and
solid-state NMR spectroscopy. ATR-FTIR showed incorporation of an
abrasion-resistant additive on the surface of HMA but was unsuitable for other
additives such as carbon black or an antistatic agent. Quantitative 13C NMR
spectroscopy revealed heterogeneity in the distribution of the antistatic agent
in HMA. 1H T2 relaxation and two-dimensional wideline separation (2D-WISE)
NMR revealed differences in molecular dynamics for different functional
groups of the polyamide resin and the additives dispersed in the resin
matrix. 1H T2 relaxation showed good correlations with mechanical properties
such as Young’s modulus and Shore A hardness.

150

POLY 151: Characterization of network properties in adhesives and
release liners
Mark McCormick, markmccormick2001@yahoo.com, Kelly Volp, John C.
Thomas, Douglas Elmore. 3M, Minneapolis, Minnesota, United States
Pressure Sensitive and Structural Adhesives are key markets for 3M. These
products can rely on release liners to preserve the form factor before use. The
local dynamics and network characteristics are key to determine the
performance of the adhesives and release liners. Relaxation methods at high
and low field are used to characterize the network properties of the different
materials before, during, and after cure. The effect of residual water on the
kinetics and network heterogeneity of epoxy cure structural adhesives is
examined.

Schematic of a cross-linked polymer network
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POLY 152: Pulsed-field-gradient (PFG-) NMR studies of macromolecular
diffusion: from simple solutions to complex, crowded environments
Anand Yethiraj, ayethiraj@mun.ca. Department of Physics & Physical
Oceanography, Memorial University of Newfoundland, St. John's,
Newfoundland, Canada
NMR provides spectral separation of different chemical species, while
gradients provide selectivity via macromolecular mobility. I will describe a
range of nanoscale macromolecular systems - micelles, polymers, and a
model system for crowding in cells - where PFG-NMR can provide information
about structure, self-assembly, and (in tandem with neutron scattering)
hydrodynamic interactions.
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POLY 153: Multi-nuclear solid-state NMR characterization of the
evolution of reversible dynamic bonds in dynamic covalent and
supramolecular polymers
Fenfen Wang, Xiling Niu, Donglin Tian, Tao Liu, Jian Li, Rongchun
Zhang, Pingchuan Sun, spclbh@nankai.edu.cn. Key Laboratory of
Functional Polymer Materials of the Ministry of Education and College of
Chemistry, Nankai University, Tianjin 300071, China
Structurally dynamic polymers including dynamic covalent and supramolecular
polymers are new types of polymer materials with unique properties of selfhealing, repeatable processing and shape memory, for which reversible
covalent and non-covalent bonds play a key role in determining the
macroscopic properties. The accurate detection of dynamic bond exchange
mechanism and its reaction kinetics at the molecular level remain a challenge
in this field. In this work, a variety of advanced multi-nuclear and multidimensional 13C, 11B, 2H and 17O solid-state NMR methods were used to
probe the evolution of reversible dynamic bonds in some typical dynamic
covalent and supramolecular polymers, thus elucidating the microscopic
relationship between dynamic bonds and the macroscopic properties such as
self-healing and reprocessing. NMR experiments clearly reveal the dynamic
structure changes and temperature dependence of dynamic bonds, such as
reversible Diels-Alder reaction and transesterification with indiscernible
chemical structure. The obtained solid-state NMR results will provide
important experimental basis and technical support for understanding of
structure-property relationship in these unique polymers and improving the
recycle process, as well as developing high-performance structurally dynamic
polymers.

Figure 1. (a) Demonstration of thermal recyclability ability of polyurethane with reversible Diels-Alder
bonds, by hot-compression molding of sample on a metal mould at 180 °C for 10min. (b) In situ solidstate 13C VT-NMR spectra of sample at thermal cycling of 28 °C (CPMAS), 140 °C (DPMAS) and 28 °C
(CPMAS), respectively
153

POLY 154: In-situ NMR investigation of the dynamics of
methylammonium cation in perovskite crystals under illumination
Yefeng Yao, Xuelu Wang, xlwang@phy.ecnu.edu.cn, Wencheng
Qiao. Shanghai Key Laboratory of Magnetic Resonance , East China Normal
University, Shanghai, China
In this presentation we will report that continuous illumination could induce an
ultraslow dynamic change of MA cation in perovskite crystals in the time scale
of 100 s. By combined using the in-situ single crystal 2H NMR (see Figure 1b)
and the in-situ X-ray diffraction, we discovered that, accompanied with the
changes of MA cation, the inorganic lattices underwent the corresponding
structural changes having the same slow time scale of 100 s. The presence of
the light-induced ultraslow dynamic changes provides a novel view angle for
understanding the molecular origin of the slow photoresponsibility of
MAPbI3 (see Figure 1a). Using the kinetic in-situ single crystal 2H NMR, we
discovered that the illumination could induce an inhomogeneous state of the
MA cations and the lattice cells in MAPbI3. The correlation between the lightinduced inhomogeneous state and the large polaron formation in MAPbI 3 is
discussed. The in-situ single crystal 2H NMR demonstrates its great potential
in experimentally probing the light-induced structural and dynamic changes in
MAPbI3.

Figure 1. a) Left: the photo and cartoon picture of the single crystal photodetector. The Au-film electrodes are
deposited on the facet (100) with an effective illuminated area of about 1.19 × 10 −7 m2. The preparation method is
referred to the supplementary materials. Middle: The current - voltage profiles of the single crystal photodetector
under various optical powers. The profiles show the typical nonlinear I-V behavior of perovskite-type optoelectronic
devices. Right: The photoresponse profile showing the rise and drop of the photocurrent when the light is on and
off, respectively. b) Left: The schematic drawing of the in-situ NMR set-up. Right: The in-situ single crystal 2H
NMR spectra (black lines) when the light is on and off and the simulated 2H NMR spectra (red lines). All of the
NMR spectra were acquired in a 300 M NMR instrument. The experimental temperature was room temperature.
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POLY 155: Long-time behavior of the deuteron NMR Free Induction Decay of
reptating polymer chains
N Fatkullin1, nail.fatkullin@kpfu.ru, Irina Ostrovskaya1, Thomas Körber3, Ernst
Rössler2, Artur Lozovoi4, Carlos Mattea5, Siegfried Stapf6. (1) Physics of Molecular
System , Institute of Physics, Kazan, Tatarstan, Russian Federation (2)
Nordbayerisches NMR-Zentrum, Anorganische Chemie III, Universität Bayreuth,
95440 Bayreuth/Germany, Bayreuth, Germany (3) , D-9 Universität Bayreuth, 5440
Bayreuth, Germany, Inorganic Chemistry III and Northern Bavarian NMR Centre,
Bayreuth, Germany (4) Department of Physics, CUNY-The City College of New
York, New York, New York, United States (5) Ilmenau University of Technology,
Ilmenau, Germany (6) TU Ilmenau, Ilmenau, Germany
The classical tube-reptation (TR) model is based on the assumption that in
entangled polymer melts diffusion takes place inside the effective tubes having a
conformation of ideal chains and being stable on the time scale of the terminal
relaxation time . This assumption leads for high molecular masses to a
characteristic, strongly non-exponential time dependence of the deuteron Free
Induction Decay, or likewise of the Hahn Echo amplitude. A self-consistent
approximation beyond the Redfield limit and without using Anderson-Weiss
approximation for the Free Induction Decay (FID) of deuteron spins belonging to
polymer chains undergoing reptation is formulated. Dynamical heterogeneity of the
polymer segments created by the end segments is taken into account. Within an
accuracy of slow-changing logarithmic factors, temperature dependent FID can be
qualitatively described by a transition from an initial pseudo-Gaussian to a stretchedexponential decay at long times. With increasing observation time, the contribution
from end effects to the FID increases. In the regime of incoherent reptation,
contributions to the FID from central segments decay with a stretched exponent of
1/4 and contribution to the FID from end segments decay with a stretched exponent
of 3/16. In the regime of coherent reptation, the central segments generate a
stretching exponent of 1/2, while the end segments contribute with an exponent of
1/4. These predictions are shown to be in qualitative agreement with experimental
FIDs of perdeuterated PEO with molecular masses of 132 and 862 kg/mol and PEP
with molecular mass 200kg/mol. Perspectives of new possible directions for
comparative investigations of proton and deuteron NMR FID in polymer melts in a
very broad time interval will be discussed.

FID of PEO 867000
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POLY 156: Segmental dynamics changing induced sub-10 nm feature
sizes of disordered polystyrene-block poly(methyl methacrylate)
copolymer films achieved by ionic liquid additives
Xiaoliang Wang, wangxiaoliang@nju.edu.cn. Polymer Science &
Engineering, Key Laboratory of High Performance Polymer Materials and
Technology of Ministry of Education, Nanjing University, Nanjing, China
Weak segregation of polystyrene-block-poly(methyl methacrylate) block
copolymers (PS-b-PMMA BCPs) limits their utility for sub-10 nm lithography.
Such limits could be overcome by including ionic liquids (ILs) as additives,
which conveniently enhance the demixing between PS and PMMA blocks.
Herein, we studied the distribution and interaction evolution of the ionic liquid
1-hexyl-3-methylimidazolium hexafluorophosphate (HMHF) in PS-b-PMMA
BCPs. The segmental dynamics of the rigid, intermediate, and mobile
molecular components in PS-b-PMMA/HMHF was characterized by fully
refocused 1H NMR FID, and the results suggested a selective interaction
between PMMA and HMHF. The surface energies and interfacial behaviors of
the polymer/HMHF mixtures indicated that HMHF was distributed underneath
the PMMA surface during heat treatment. Because of this distribution,
disordered PS-b-PMMA with HMHF added formed perpendicular sub-10 nm
features through thermal annealing.

Fully refocused 1H NMR FID of PS-b-PMMA with different HMHF weight contents
at 27 °C. 0 wt % refers to pure polymer, and 100 wt % refers to pure HMHF. Inset:
SEM image of film of PS-b-PMMA with 4wt% HMHF.
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POLY 157: Investigating ion and water transport in molecular ionic
composite electrolytes using NMR
Curt Zanelotti1,2, curtjz1@vt.edu, Joshua Bostwick3, Sarah E. Wollman1,2, Eli
Jelesko1,2, Elliott Kunkel1,2, Deyang Yu1,2, Ralph H. Colby4, Louis A.
Madsen5,2. (1) Chemistry, Virginia Tech, Blacksburg, Virginia, United States
(2) Macromolecules Innovation Institute, Virginia Tech, Blacksburg, Virginia,
United States (3) Materials Science and Engineering, Penn State University,
University Park, Pennsylvania, United States
Our lab has created a new class of solid materials called “molecular ionic
composites” (MICs) from a rigid-rod polyanion and an ionic liquid. These
composite systems feature a unique combination of properties including high
thermal stability, mechanical stability, and excellent ionic conductivity.
Prototypical MICs are based on solutions of the rigid-rod polyelectrolyte
poly(2,2’-disulfonyl-4,4’-benzideneterephthalamide) (PBDT), which forms a
highly charged double helix, combined with a range of ionic liquids (ILs), with
the IL comprising 75-97 wt% of the final solid. After the initial formation
process, MICs contain about 40 wt% water. Using NMR diffusometry and
spectroscopy, we have studied the water content within the system along with
the transport of the IL ions as the system is dried. By incorporating a noncrystallizable, 1-butyl-3-methylimidazolium tetrafluoroborate, IL we have also
measured cation and anion transport properties within these new MICs from
temperatures as low as -15 °C to as high as 150 °C. By combining these
results with dielectric spectroscopy, shear rheology, tensile mechanical
measurements, and AFM, we hypothesize that internally the MIC has two
phase: a polymer-rich phase that consists of IL ions surrounding each PBDT
helix and an IL-rich phase in which the IL ions behave as in the neat liquid.
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POLY 158: NMR on polymers in solution: Diffusion and Identification
Gisela Guthausen, gisela.guthausen@kit.edu. MVM, KIT, Karlsruhe,
Germany
Diffusion NMR often named DOSY, is a valuable tool to characterize polymers
in solution not only with respect to their chemical composition, but also with
respect to the physical properties like mass and its distribution, and
concentration. Dispersity was deduced from the diffusion data and compared
with chromatographic and mass spectrometric results. The method was
proven by standard polymers, but also by designed polymers which were
synthesized with the aim of monodispersity. Again, the comparison with
established analytics showed the validity of the approach when considering
that the measured diffusion coefficient is a function of concentration.
Another approach is to separate polymer mixtures via size exclusion
chromatography and to measure the chemical composition via liquid state
NMR at the outlet of the chromatographic column together with other
measures like UV-Vis and RI. This approach promises a more comprehensive
view on the polymer under investigation. An NMR probe facilitating the
technical realization in high field NMR will be presented, and first results show
the applicability of the fluidically coupled SEC-NMR approach, while the
emphasis was on the improvement of the residence time distribution and the
handling.
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POLY 159: NMR of liquid-liquid phase separation in polypeptide and
protein mixtures
Peter A. Mirau, peter.mirau@us.af.mil, Patrick Dennis, Sanaz Farajollahi,
Chai Hung. AFRL, Wright Patter, Ohio, United States
Liquid-Liquid Phase Separation (LLPS) in protein solutions is an important
phenomenon used to create transient environments to optimize biochemical
reactions in cells. LLPS has been studied in the polymer community, but has
only recently become a topic of interest in the biophysics community. Despite
the importance of LLPS, relatively little is known about the role of protein
sequence and the external factors that promote or disperse LLPS in protein
solutions. High resolution NMR is a powerful tool for the investigation of LLPS
and provides information not only about the structure, dynamics and
interactions of proteins, but also the local water environment, the diffusion of
species within the phase-separated droplets and interactions with the small
molecules that promote or discourage phase separation.
In these studies we have used high resolution NMR to study intermolecular
interactions in polypeptide complexes of poly(lysine) and poly(glutamic acid),
phase separated solutions of recombinant proteins and polyelectrolyte
complexes of cationized proteins. The dynamics are measured from the NMR
relaxation times and the diffusion coefficients of the proteins and small
molecule components, while the local structure and interactions are measured
from the chemical shifts and nuclear Overhauser effects. The results show
that the interactions of side groups are critical for LLPS and that cationized
enzyme complexes retain their structure and activity. These studies were
abetted by the development of a small volume capillary system for NMR
measurements of viscous liquids.

The (left) pH titration of unmodified and cationized lysozyme and (right) the NMR spectrum of
lysozyme in solution (black) and the LLPS solution (red). The inset shows the structure of
lysozyme for the peaks of interest.
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POLY 160: X-detect solution NMR for investigating the structure and
dynamics of spider silk pre-assemblies
David Onofrei, Gregory P. Holland, gholland@sdsu.edu. Department of
Chemistry and Biochemistry, San Diego State University, San Diego,
California, United States
Spider silk is an extremely attractive material for medical, defense and space
exploration applications due to mechanical properties rivaling most man-made
materials. A number of research labs throughout the world have produced
spider silk proteins recombinantly and in large amounts however, when spun
into synthetic spider silk fibers they have disappointing mechanical properties,
far inferior to native silk fibers. Much of the problem lies in the poorly
understood molecular and nanoscale fiber assembly mechanisms and the
physiochemical conditions that convert the solubilized proteins into fibers. We
have applied a number of conventional proton-detected 3D solution NMR
techniques on isotopically enriched samples to characterize the structure and
dynamics of the native spider silk dope. Although these experiments have
provided significant understanding regarding the state of the silk protein prior
to fiber formation, the silk proteins are essentially random coil with rapid
backbone dynamics yielding poor resolution in the proton dimension
analogous to an intrinsically disordered protein (IDP). Our research team is
now exploring X-detect approaches to improve resolution and probe the silk
proteins in the dope at a far deeper level. A recent example of a X-detected
CON experiment is shown here illustrating significantly improved resolution
compared to proton-detect experiments and further, observation of Pro
residues that would be completely absent in proton-detected experiments. We
will report on our continued efforts in this direction.
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POLY 161: Macroscopic and microscopic properties of carbohydrates dissolved
in ionic liquids
Michael E. Ries, m.e.ries@leeds.ac.uk, Wafa Ezzawam, Candelas Correas, Yoselin
Benitez Alfonso. Physics and Astronomy, University of Leeds, Leeds, United Kingdom
Solutions of glucose, cellobiose, xylose, xylan, callose and cellulose in the ionic liquid 1ethyl-3-methylimidazolium acetate have been examined using a variety of techniques,
including: low field NMR relaxometry, fast field cycling NMR, diffusion NMR and
rheology. These carbohydrates have been studied dissolved individually in the ionic
liquid, across a range of concentrations and temperatures. In addition various mixtures,
cellulose-xylan and cellulose-callose, have been investigated across a range of
compositions. From these mixtures materials have been formed and the resultant
properties examined using AFM, SEM and a Texture Analyser. These properties are
then related back to the solution properties out of which they were coagulated.
This study will examine the relevance of Stokes-Einstein-Debye type relationships
linking microscopic to macroscopic properties. This will highlight the importance of
density of hydroxyl groups from the carbohydrates to local friction coefficient and effect
of entanglements in decoupling microscopic from macroscopic properties. The
sensitivity of NMR measurements to density of hydroxyl groups enables the NMR
techniques to measure interactions between carbohydrates when dissolved in the ionic
liquid. It is found that at certain stoichiometric ratios these mixtures demonstrate
properties that are far outside those predicted by simple rules of mixtures. When
materials are formed from these solutions they have mechanical properties, eg Young’s
modulus, that are significantly different to that predicted by rules of mixtures. This
therefore gives the opportunity to produce materials with novel properties and the
results help understand the importance of composition of polysaccharides in the plant
cell wall matrix.
Below is a Figure showing percentage difference of diffusion coefficient of the ions from
that of the rule of mixtures in a cellulose-callose ionic liquid solution. These solutions
keep the total carbohydrate concentration fixed, 10 wt. %, whilst varying the
composition from pure cellulose to pure callose.
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POLY 162: Network structure in polysaccharide gels view by NMR
Shingo Matsukawa, matsukaw@kaiyodai.ac.jp, Faith B.
Descallar. Department of Food Science and Technology, Tokyo University of
Marine Science and Technology, Tokyo, Japan
In the gelation process of a polysaccharide solution, the polysaccharide
chains are thought to form a helix structure, and then the aggregation of the
helices is induced to form a three-dimensional network, which strongly
depresses the molecular mobility of polysaccharides. NMR measurements
accompanied with the different experimental techniques, such as optical
dichroism, dynamic rheological measurements, DSC and particle tracking,
impart a clear picture at different length scales of observation on the gelation
mechanism of polysaccharide gels. NMR relaxation times for the
macromolecules reflect the molecular motion of tumbling and fluctuation, and
relaxation times for water reflect the motions of water molecules and also
macromolecules through the chemical exchange between water proton and
labile proton on the macromolecules. Diffusion measurements of
polysaccharide chains and added probe polymers give insights on the
conformational changes of polysaccharide chains undergoing transition from
solution to gel, particularly the microscopic events of aggregation, polymer
immobilization, and changes in probe diffusion during gelation. Furthermore,
the change in network structure during aging can be detected by the change
of probe polymer diffusion and signal intensity of polysaccharide flexible
chains (See Fig.1).
In this presentation, the experimental results of NMR relaxation times and
molecular mobility measurements of agar, agarose, gellan gum and
carrageenan solutions are presented, which provide physical pictures
describing the gelation mechanism and network structures of the gels.
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POLY 163: 2D NMR of self-healable copolymers
Dmitriy Davydovich, Siyang Wang, Marek W. Urban,
mareku@clemson.edu. Material Sci Engineering, Clemson University,
Clemson, South Carolina, United States
To elucidate the origin of molecular level processes responsible for damagerepair cycles in acrylic-based copolymers we
utilized Nuclear Overhauser Effect Spectroscopy (NOESY)
and Correlation Spectroscopy (COSY) 2D 1H NMR and examined resonances
due to through-space inter- and intra-chain interactions of CH, CH 2 and
CH3 groups along the copolymer backbone and side chains. Combined with
molecular dynamic (MD) simulations) these studies show that If water
molecules alter hydrophobic inter- and intra-chain interactions, acceleration by
a factor of three of damage-repair cycle in poly(methyl methacrylate/n-butyl
acrylate) p(MMA/nBA) and their F-containing analogs occurs. Although the
presence of water diminishes inter-chain nBA side group van der Waals (vdW)
forces, the magnitude of the inter-chain backbone interactions increases as a
result of a closer proximity of the neighboring chains. This counter-intuitive
behavior is most pronounced when one water molecule per one MMA/nBA
repeating unit of copolymer is present and results from the competing vdW
interactons and H2O-diester H-bonding, forcing nBA groups to form L-shape
entities shortening chain-to-chain distances.
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POLY 164: 129Xe NMR in polymer chemistry: Investigation of the free
volume
Roberto Simonutti, roberto.simonutti@unimib.it, Michele Mauri. Materials
Science, Univ of Milano Bicocca, Milan MI, Italy
129

Xenon NMR is a remarkable technique for studying several classes of
materials. The chemical shift of xenon diffusing in zeolites, clathrates and clays
provides information on the size, shape and chemical nature of existing cavities
or channels. Regarding macromolecules, 129Xe NMR can provide different
information depending upon the morphology of the polymer; for bulk polymers it
is possible to determine the dimension of free volume of the amorphous phase,
the glass transition temperature and eventually the xenon diffusion coefficient. In
the case of porous polymers we can determine both the permanent porosity and
the dynamic free volume generated by chain motion in the amorphous phase, as
shown for hypercrosslinked polystyrene based nanoparticles.
Here we will show preliminary 129Xe NMR results concerning glassy polymer
membranes designed to selectively separate gas mixtures, membranes based on
spherical inorganic nanoparticles isotropically grafted with long polymer chains.
These information can be obtained even in the presence of liquid, in fact we also
report the characterization of a membrane immersed in water. This feature allow
us to study membranes directly in the working environment.
The molecular imprinting technique can be used for the fabrication of biomimetic
polymeric sensors with molecular recognition properties that in some cases can
be compared with those of antibodies and enzymes. In these systems a
hierarchical organization of pores is present. In fact the polymerization of
methacrylic acid (MAA) and ethylene glycol dimethacrylate (EGDMA) in the
presence of solvent produces large spaces filled by the solvent, that can be
removed in order to create voids. Furthermore the presence of a templating
molecule (in our case bupivacaine) can decorate with molecular size pores these
large cavities. The analysis of 129Xe NMR spectra of molecularly imprinted
polymers, synthesized varying the ratio among the different components,
discloses the ratio among macropores, mesopores and bulk material together
with a picture of how each structure is connect to the others.
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Xe NMR spectrum of a membrane immmersed in water under xenon pressure.
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POLY 165: Characterization of glassy state of polyimide by 129Xe NMR
Hiroaki Yoshimizu, yoshimizu.hiroaki@nitech.ac.jp. Graduate School of
Engineering, Nagoya Institute of Technology, Nagoya, Aichi, Japan
An understanding of the fine structures of glassy polymers is very important
for the development of gas-barrier and gas-separation membranes. 129Xe
NMR porosimetry is a useful technique for this type of investigations. In this
study, polyimide (PI) was used as a glassy polymer. A PI sample (about 150
mg) was packed into a 5-mm thck-wall Pyrex NMR sample tube, and then the
desired pressure of Xe (129Xe isotope enriched at about 81 %) was introduced
into the tube. After a sufficient time for sorption equilibrium, 129Xe NMR
spectra were recorded. By analyzing the peak intensity, Xe sorption isotherms
of PI at various temperatures were obtained. Then, the dual-mode sorption
parameters were determined. CH’ (the Langmuir saturation constant)
decreased with increasing temperature. For other glassy polymers, it had
been reported that the expected temperature at CH’ = 0 was very close to
glass transition temperature (Tg). Tg of PI was expected to be about 430 oC,
although it could not be determined by DSC. Figure 1 shows the intensitynormalized 129Xe NMR spectra of PI under various pressures at room
temperature. An increasing pressure (i.e., increasing sorption amount) led to a
low-field shift. In view of these chemical shift data, PI contained relatively
large spaces among polymer chains, when compared with other polymers.
These structural features of PI are well able to explain the gas diffusion
properties.
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POLY 166: Case studies of soluble polymers: From raw material to
consumer goods product
Jacqueline B. Thomas, jbthomas1210@gmail.com. TSDC, Procter Gamble,
Cincinnati, Ohio, United States
The consumer goods industry has a renewed focus on polymers to better
characterize their molecular structure and macroscale interactions. Polymer
distributions, functionalization, higher order confirmations, entanglement
concentrations, diffusion, and interactions with other active ingredients are at
the heart of this renewal. Several polymers (Polyolefins and Polysaccharides)
that impart formulated product performance have been study in an effort to
better understand their molecular structure and polymer dynamics. Molecular
weight, rheology, and NMR (which include traditional 1D, relaxation, and
Diffusion) studies will be discussed.
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POLY 167: DOSY studies of linear and cyclic polymers
Yiming Zhao, Lingfeng Gao, Xiaohong Li, lxh83@suda.edu.cn, Yingfeng
Tu. College of Chemistry, Chemical Engineering and Materials Science,
Soochow University, Suzhou, jiangsu, China
Cyclic polymers without end groups are structurally different from linear ones
and attracted attention of numerous researchers due to their unique
properties. Diffusion coefficient (D) is one of the most fundamental properties
influenced by topological structures. The traditional method of
measuring D was mainly by light scattering which is limited by the particle
size, resulting a low sensitivity and large error. In this work, the diffusionordered NMR spectroscopy (DOSY), a new tool for determining D values,
were used to systematic investigate the diffusion behavior of high-purity and
low-molecular-weight cyclic polymers compared with their linear precursors,
contributing to further understand the effect of topological changes on
properties.
A series of terminally-functionalized l-PSs were prepared by atom transfer
radical polymerization (ATRP) with molecular weights ranging from 3.3 to 13.4
kg/mol. The c-PS samples with the same molecular weights as the l-PS
mentioned above was prepared by the ring closure method. Apparent
diffusion coefficients (Dc) of PS with different concentrations were determined
by DOSY. The concentration curve was extrapolated to obtain the diffusion
coefficient at infinite dilution (D0). The molecular weight dependence of D0 was
systematically studied by the scaling law and compared with literature data.
According to the Stokes-Einstein equation, the hydrodynamic radius (RH) of cPSs were calculated and compared with l-PSs which have a larger size.
In addition, the ratios of translational friction coefficients of cyclic and linear
polystyrenes (f0,c/f0,l) were found similar to that of DNA molecules due to the
chain stiffness effect. This investigation of diffusive behavior for cyclic
polymers may aid to the further study for cyclic biomolecules.

Figure 1. Double-logarithmic plot of hydrodynamic radii (RH) against the weight-average molecular
weight (Mw) for c-PS and l-PS. The dashed lines are the fitted results.
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POLY 168: Simple solution phase 1D 1HNMR for colloidal state of
hydrophobic nanofibrils in neat d6-DMSO
Juri Fukuda, jfukuda@ucdavis.edu, You-Lo Hsieh. Biological & Agricultural
Engineering, University of California, Davis, Davis, California, United States
This study is the first to present surface structural elucidation of hydrophobic
cellulose nanofibrils (CNFs) in neat d6-DMSO by solution phase 1D 1H NMR.
2,7-octadienyl ether-substituted (ODE)-CNFs were generated using butadiene
sulfone (BDS) serving as dual reagent and solvent follow by shear force
defibrillation. The CNFs were averaged 4.4±2.2 nm thick, 4.1±1.8 nm wide,
and 1.7±0.4 mm long based on respective AFM/TEM images. In preparation
for 1H NMR, ODE-CNFs was further hydrolyzed to reduce the thickness to one
third (1.2±0.5 nm) then never-dried solvent exchange from water to d6-DMSO.
In addition to impressively sharp cellulosic peaks, ODE-group was confirmed
by olefinic proton peaks at d4.86, d5.29, d5.61, d6.07 distinguished from OHs
by the addition of trifluoracetic acid, and methylene peaks at d1.47, d1.95,
d2.07. ODE was calculated to be 0.12 per AGU (bulk) using H1 at the
anomeric carbon as internal standard. Solution phase HNMR is thus
confirmed for quick high-resolution NMR of hydrophobic CNFs in d6-DMSO,
same as for aqueous hydrophilic CNFs.
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POLY 169: NMR analysis of poly(lactic acid) through the use of statistical
models
Koto Suganuma1, ko.suganuma@teijin.co.jp, H.N. N. Cheng 2, Miyuki
Oshimura3, Tomohiro Hirano3, Koichi Ute3, Tetsuo Asakura4. (1) TEIJIN
LIMITED, Tokyo, Japan (2) Southern Regional Res. Center, USDA Agricultural
Res. Service, New Orleans, Louisiana, United States (3) Dept of Applied
Chemistry, Tokushima University, Tokushima Shi, Japan (4) Tokyo University of
Agriculture and Technolog, Tokyo, Japan
Poly(lactic acid) (PLA) is a thermoplastic polyester derived from agro-based
materials. The physical properties of PLA are influenced by its stereochemical
structure and stereosequence distribution. NMR is regarded as the best method
to study polymer stereochemistry. Statistical models have been often used in
polymer studies. For PLA, the simplest model is the pair-addition Bernoullian
model that takes into account the configuration of the lactide. The fit between the
observed and the calculated NMR spectral intensities was usually satisfactory
when no transesterification or racemization was present. However, when they
occurred, noticeable deviations from the pair-addition Bernoullian models were
found. In this study, we prepared several PLA samples with a tin catalyst at
different L,L-lactide and D,D-lactide ratios. Figure 1 shows the 13C and 1H NMR
spectra of the methine region of the PLA samples. Upon analysis of the tetrad
intensities with the pair-addition Bernoullian model, we found substantial
deviations between observed and calculated intensities due to the presence of
transesterification and racemization during the polymerization processes. As a
result, we formulated a two-state (pair-addition Bernoullian and single-addition
Bernoullian) model, and it gave a better fit to the observed data. The use of the
two-state model provides a quantitative measure of the extent of
transesterification and racemization, and potentially yields useful information on
the polymerization mechanism. The formulation of this model and the associated
NMR methodology will be given in this presentation.

Figure 1. 13C (a) and 1H (b) NMR spectra of CH region of several PLA samples (from the top to the bottom,
L/D=50/50, 60/40, 70/30, 80/20, 90/10)
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POLY 170: Quantifying drug cargo partitioning in block copolymer
micelles using NMR diffusometry
Veera Venkata Shravan Uppala1,2, shrav93@vt.edu, Xiuli Li1,2, Tyler J.
Cooksey3, Megan L. Robertson3, Louis A. Madsen1,2. (1) Chemistry, Virginia
Tech, Blacksburg, Virginia, United States (2) Macromolecules Innovation
Institute, Virginia Tech, Blacksburg, Virginia, United States (3) Dept. of
Chemical and Biomolecular Engineerin, University of Houston, Houston,
Texas, United States
Quantifying drug cargo partitioning and release rates are crucial for the design
of micelle-based formulations for therapeutic delivery.We will present a study
of micelles of Pluronic® F127 (PEO99PPO69PEO99) triblock copolymer and its
solubilizaiton of three hydrophobic drugs: hydrochlorothiazide (HCT),
indomethacin (IND) and paclitaxel (PTX). We use non-invasive and nondestructive NMR diffusometry to quantify diffusion coefficients and relative
sizes of different species in aqueous solution, including the polymer chains,
drug cargo molecules and solvent. The cargo partition coefficient is given by
the ratio of model drug concentration in the micellar phase to that in the
aqueous phase (left figure). We are investigating the effects of polymer and
drug concentration, solvent temperature, and drug size and hydrophobicity on
cargo partitioning. As the polymer (micelle) concentration increases, the
partition percentage of HCT and IND drugs in micelles is also enhanced (rightfigure). SANS results complement our NMR observations, revealing a growth
in micelle core radius and aggregation number and decrease in solvent in the
core with polymer concentration. Further, drug cargo (HCT) partitioning within
micelles generally reduces with temperature. This facile NMR technique
enables quantitative monitoring of drug cargo equilibrium in different phases
and variation of partitioning with formulation parameters. Thus, this technique
opens opportunities to better evaluate formulation of drug delivery systems or
green synthesis processes in micelle nanoreactors.
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POLY 171: Stereochemistry of poly(N-tert-butyl-N-n-propylacrylamide)
– 13C NMR analysis of the polymers transformed by de-tert-butylation
Tomohiro Hirano, hirano@tokushima-u.ac.jp. Department of Applied
Chemistry, Tokushima University, Tokushima Shi, Japan
Stereochemical analysis by NMR of polyacrylamide derivatives strongly
depends on the number of N-substituents. For example, diad and triad
tacticities can be determined from NMR signals of the main-chain CH2
protons and CH carbons, respectively, of polymers from monosubstituted
acrylamides (e.g., N-isopropyl- and N-n-propyl-acrylamide). However, triad
tacticity of polymers from disubstituted acrylamides, such as N,Ndimethylacrylamide, cannot be determined from 13C methine carbons,
because of poor tactic splitting. Thus, NMR analysis of disubstituted polymers
can be conducted, if they are transformed into monosubstituted polymers with
retention of configurational sequences. Recently, tert-butyl group at the
nitrogen atom in amide compounds was found to be deprotected by the
treatment with metal triflate, such as Cu(OTf)2 and Sc(OTf)3 in CH2Cl2.
Therefore, poly(TBNPAAm) was radically prepared as a disubstituted
polymer, and then de-tert-butylation was carried out in CH2Cl2 at 30 °C with
Sc(OTf)3. However, degree of de-tert-butylation was found to be 45% because
the resulting polymer was precipitated during the reaction. To improve
solubility, a mixed solvent (CH3CN+1,4-dioxane 5.0:1.5 vol/vol) was used,
resulting in quantitative de-tert-butylation. An increase in the temperature
accelerated the reaction but did not change the triad tacticities ( 13C signals of
the main-chain CH) of the transformed poly(NNPAAm)s (Figure 1). The
configurational sequences were successfully retained during the deprotection
reaction. Thus, this strategy is a promising way to investigate stereochemistry
of disubstituted acrylamide polymers.

Figure 1. 13C NMR spectra of CH of poly(NNPAAm)s prepared by polymerization of TBNPAAm, followed by detert-butylation with Sc(OTf)2 at 50 and 110 °C.
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POLY 172: NMR spectroscopy of Agro-based polymeric systems
H.N. N. Cheng1, hncheng100@gmail.com, Atanu Biswas2. (1) Southern
Regional Research Center, USDA Agricultural Research Service, New
Orleans, Louisiana, United States (2) National Center for Agricultural
Utilization Research, USDA Agricultural Research Service, Peoria, Illinois,
United States
A major R&D thrust at USDA is to convert agricultural byproducts and
residues into value-added materials. Towards this end, many waste
agricultural and food materials have been subjected to various chemical or
biochemical treatments, and useful new products have been produced. These
products may involve proteins, polysaccharides, triglycerides, lignin, and other
bio-related polymeric materials. In order to guide and refine the chemical or
biochemical pathways, analysis and characterization of the agro-based
polymers are needed. In our work, we have found NMR to be a critical and
useful tool for agricultural R&D. In this presentation, the utility of NMR for such
systems will be demonstrated. For example, xylan is a major type of
hemicellulose that is found widely in hardwood, cereals, cotton, sugar cane,
corn, sorghum, and many other plants. Although it can be extracted in large
volumes, it is currently under-utilized as a raw material for product
development. A number of reactions have been applied to xylan, involving
ester and ether formation and polyurethane reaction (Figure 1). In each of
these reactions, NMR can provide detailed information on polymer structures
and reaction mechanisms. Other good examples are the polyesters that can
be obtained from agro- or food-based materials, such as poly(lactic acid) and
poly(hydroxyalkanoates). Selected highlights taken from our recent work will
be described.

Figure 1. Reactions of xylan to form different derivatives. The letter R on xylan refers
to substituents or side-branches that sometimes occur, e.g., α-glucuronic acids and
acetate.
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POLY 173: Solid-state 13C NMR and X-ray diffraction studies of
dibromoanthracne crystals
Shohei Mikage, shohei.mikage@gmail.com, Natsumi Kamiya, Atsushi Asano,
Toshio Koizumi. Applied Chemistry, National Defense Academy, Yokosuka,
Japan
The π-conjugated polymers and organic molecules have been much attractive
to the applications for semi-conductors, cell and optical devices. It is better for
high densely-packed materials to improve the conversion efficiency between
the optical and electric energies, so that a single crystal or materials consisted
of large quantity of crystalline domains are preferred. However, such materials
are not flexible and easily broken, namely rigid and brittle. To overcome the
trade-off relationship between flexibility and crystallinity for the organic
materials, we focused on a face-to-face slip-stacking phenomenon that occurs
in some kind of organic crystals: the slip stacking relates to an elastic property
of a material.
Anthracene is well known as a π-conjugated organic molecule, and to show
the red-shift as compared to that of benzene for the ultraviolet-visible
absorption spectra. The crystalline phase of the anthracene is also known to
be the face-to-edge packing structure. This packing does not show the slip
stacking; therefore, the anthracene does not show flexible property but is
brittle. On the other hand, we found that two-halogens appended anthracenes,
such as 9,10-, 1,5-, and 1,8-dibromo (or chloro) anthracenes, form the face-toface or close packing structure from the X-ray diffraction; 2,6dibromoanthracene crystal forms the face-to-edge packing structure.
Especially, the 9,10-dibromoanthracene formed a fluorescent centimeter-scale
needle-like single crystal and it showed an elastic property; like a flexible
supramolecular three-dimensional polymer, while the 2,6-dibromoanthracene
did not form the needle-like crystal and was brittle. In this study, we discuss
mainly the molecular motion of the 9,10- and 2,6-dibromoanthracenes by
means of solid-state13C NMR.
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POLY 174: Stereoregularity, molecular dynamics, and unusual
crystallinity of hydrogenated polynorbornenes: configurational disorder
Navin Kafle1, nkk7@zips.uakron.edu, Yuta Matika1, Shigetaka Hayano2, Yuki
Nakama2, Toshikazu Miyoshi3. (1) Polymer Science, University of Akron,
Akron, Ohio, United States (2) Zeon Corporation, Kawasaki, Japan (3)
Polymer Science, The University of Akron, Akron, Ohio, United States
Solid-state NMR spectroscopy can be used to study both the structure and
dynamics of macromolecular systems that exhibit different degrees of order to
understand the fundamental properties of materials. One such point of interest
is to determine the difference of a polymer’s structure, local dynamics and
phase transition between various isomers of semicrystalline polymers.
Recently, a thorough study on stereospecific ring-opening metathesis
polymerization has been conducted on norbornenes making the synthesis and
the study of hydrogenated polynorbornene (hPNB) stereoisomers possible.
The unique local dynamics of atactic- syndiotactic- and isotactic-hPNBs will be
shown and the relationship between tacticity, molecular dynamics, and
unusual crystallinity will be discussed.
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POLY 175: Co-crystallization of polyolefins: hydrogenated
poly(norbornene)
Navin Kafle1, nkk7@zips.uakron.edu, Yuki Nakama3, Shigetaka Hayano3,
Toshikazu Miyoshi2. (1) Polymer Science, University of Akron, Akron, Ohio,
United States (2) Polymer Science, The University of Akron, Akron, Ohio,
United States (3) Zeon Corporation, Kawasaki, Japan
Blends of different polymers is one of unique approaches to tailor thermal and
mechanical properties of polymer materials. However, such an idea has been
limited to glassy polymers due to segregations of different semicrystalline
polymers during crystallization process. In this work, we will for the first time
report co-crystallization of different semicrystalline polymers, stereoisomer
hydrogenated poly(norbornene) (hPNB)s by using differential scanning
calorimetry and solid-state NMR spectroscopy, this study will investigate effect
of tacticity in hPNBs on the phase behavior and molecular dynamics in three
pairs of binary blends comprising any two of isotactic-, syndiotactic-, and
atactic-hPNBs as well as in their tertiary blend.
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POLY 176: Sequence order of complex chemical reactions in the early
state of stabilization of poly(acrylonitrile) and its copolymer as studied
by solid-state NMR spectroscopy
Jiayang Ma1, jm343@zips.uakron.edu, Yijing Tang1, yt29@zips.uakron.edu,
Zhaoxi Zheng1, Toshikazu Miyoshi2. (1) Department of Polymer Science, The
University of Akron, Akron, Ohio, United States (2) Polymer Science, The
University of Akron, Akron, Ohio, United States
The stabilization process of Poly(acrylonitrile) (PAN) is one of the important
steps to make industrially important carbon-fiber materials. The stabilization
process takes several hours and thus consumes a lot of energy. It is known
that various copolymers such as itaconic acid, acrylamide, and methacrylic
acid lower down stabilization temperature and time of PAN and thus are major
precursors in industrial application. However, detailed reactions mechanisms
in the early stage are not well studied due to the sensitivity problem. In this
study, advanced solid-state nuclear magnetic resonance (ssNMR)
spectroscopy combined with 13C selective isotope labeling method is
employed for the quantitative tracking of the structural evolution of PAN and
poly(acrylonitrile-itaconic acid) (PAI) with 3% itaconic acid (IA) during the
thermal-oxidative stabilization. Two-dimensional (2D) refocused 13C-13C
INADEQUATE combined with 30 % 13C three-sites (C3) labeled PAN and PAI
is used to successfully separate complex chemical reactions at different
spectral positions. Consequently, it is found that cyclization and aromatization
initially occur in PAI and is followed by oxidization and dehydrogenization
while all reactions simultaneously occur in PAN. Moreover, single-site 13C CN
(C-1) and CH2 (C-3) carbon labeled PAI and PAN could allow us to separately
observe temperature effects on cyclization and stabilization process,
respectively. It was demonstrated PAI sample gives significant increase in
cyclization (CI) and stabilization indexes (SI) at the low temperatures
compared to those in PAN. Understanding detailed chemical reactions will be
useful for the study of the chemical reactions of industrial carbon fiber
precursors.

Figure1. 13C-13C INADEQUATE spectra of aPAN films with a thickness of 20 mm heat-treated under air
350(surface) and 165 ms(core).
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POLY 177: Chain-level structure of semi-crystalline polymer in
thermodynamically stable crystal and quenched glass as studied by
13
C double quantum NMR spectroscopy

13

C-

Fan Jin, fj20@zips.uakron.edu, Yi Zhang, Toshikazu Miyoshi. Polymer
Science, The University of Akron, Akron, Ohio, United States
Crystallization of long polymer chains changes random coil state to folded
structure in thin crystal lamellae. In this work, we will study chain-level
structure of 13C CH3 labeled Poly (Lactic Acid) in thermodynamically stable
crystal and quenched glass. Using 13C-13C double quantum (DQ) NMR
spectroscopy, we will investigate the local folding structure in i) the melt-grown
crystal, ii) annealed crystal from the glassy state by cold crystallization, and iii)
quenched glass. PLLA is found to adopt the same one-fold structure in three
different phases, which indicating the consistency of local structure during
melt and cold-crystallizations. The results will provide that local chain folding
process occurs prior to both melt and cold-crystallizations.

Local folding structure in i) the melt-grown crystal, ii) annealed crystal from the glassy state by
cold crystallization, and iii) quenched glass
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POLY 178: Entanglement effect on chain-folding structure of
semicrystalline polymer in melt-grown crystals as revealed by 13C-13C
double quantum NMR spectroscopy: Long and short chain polymer
blends
Fan Jin, fj20@zips.uakron.edu, Toshikazu Miyoshi. Polymer Science, The
University of Akron, Akron, Ohio, United States
Recently solid-state NMR and molecular dynamics simulation studies have
revealed that chain-folding number in the melt-grown crystals is independence
of crystallization temperature. The latter indicated that entanglements is a
major source for Tc independence of chain folding number. In this research,
we will focus on controlling entanglement length in the melt –grown crystals.
Upon blending long chain to different short chains which chain lengths are
around the magnitude of entanglement length, it is able to control the
entanglement state of polymer blends. Using 13C-13C double quantum (DQ)
NMR spectroscopy, optical microscope and DSC, we will investigate the
changing of morphology due to co-crystallization and local adjacent re-entry
structure in different polymer blends. Effect of short chains on local chain
trajectory of long polymer chains will be reported.

Entanglement effect on polymer blends
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POLY 179: Anthro energy: commercializing robust polymer electrolytes
David G. Mackanic, dmack@vt.edu. Chemical Engineering, Stanford
University, Stanford, California, United States
Anthro Energy is an early stage startup company developing safe, flexible,
and high performance batteries for use in wearables, medical devices, and
consumer electronics. The core technology that enables Anthro Energy stems
from PhD research done at Stanford University. This presentation will cover
how the Anthro Energy team realized that the technology developed in lab
was special, and ultimately adapted this polymer chemistry for commercial
use. The process of fundraising, customer discovery, and market validation
will also be discussed. Anthro Energy will comment on how their unique
polymer chemistry will enable for them to engage in adjacent markets outside
of their initial flexible battery product.
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POLY 180: Paintable structural color
Ryan M. Pearson, rpearson98@gmail.com, Matthew D. Ryan. Cypris
Materials, Inc., Berkeley, California, United States
Cypris Materials' vision is to bring structural color to the market as a
sustainable solution to global energy inefficiencies, an alternative to toxic dyes
and pigment, as well as a new paradigm for controlling the flow of light. We
are working on applying our paintable photonics platform to solve major
challenges in a number of industrial verticals.
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POLY 181: From academic inventions to commercial products – the
story of developing non-toxic marine coatings from slippery liquidinfused porous surfaces (SLIPS)
Teluka P. Galhenage, teluka1988@yahoo.com, Grant Tremelling, Chetan A.
Khatri, Andrew Labak, Alexander Vena, Philseok Kim. Adaptive Surface
Technologies Inc., Chestnut Hill, Massachusetts, United States
Slippery Liquid Infused Porous Surface, SLIPS® is surface coating innovation
originated from Dr Joanna Aizenberg’s laboratory at Harvard University.
Inspired by the Nepenthes, a kind of carnivorous pitcher plant that captures
prey using its extremely slippery rim (peristome) of the pitcher on which small
insects and animals’ hydroplane into the deadly trap; Dr. Aizenberg’s
laboratory developed synthetic mimic coatings demonstrated extremely
slippery properties to water, viscous contaminants, complex fluids, oils,
bacteria and blood. In 2014 Adaptive Surface Technology (AST) was founded
with venture capital support to develop commercial products using the
SLIPS® technology.
AST has been developing SLIPS® based coating solutions and products for
commercial applications in viscous material release related industrial
manufacturing, improving efficacy in consumer packaging, and for marine
biofouling control. Latest release of AST commercial product features a
biocide free marine bottom paint SLIPS® Foul-Protect™ N1x; developed as
result of successfully completing a Department of Energy (DOE) ARPA-E
project. The product was developed through optimizing the synergy between
surface active polymer and amphiphilic lubricant to minimize the adhesion and
accumulation of marine organisms such as bacteria, slime, and barnacles.
Long term field studies demonstrated potential fuel saving by using AST
product in comparison to other anti-fouling products. The presentation will
focus on the discoveries, performance and development effort behind AST’s
latest marine product from laboratory to commercial market.
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POLY 182: FLO materials: infinitely recyclable plastics enabling circular
design
Peter Christensen, pete@flomaterials.com. FLO Materials LLC., San
Francisco, California, United States
FLO Materials is commercializing a new platform of chemically recyclable
polymers known as PDKs. In addition to taking on the challenges of scale-up,
manufacturability, and product-market fit, FLO is challenging traditional
(linear) business models by demonstrating that material circularity can drive
profitability. As a newly formed company, this talk will discuss how FLO is
navigating the lab-to-market “valley of death” by focussing on 1) customer
discovery, 2) fundraising, 3) partnership building and 4) identifying key
milestones for developing a materials business based on circular economic
principles.
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POLY 183: Advancing technologies for recoverying value from ocean
plastics
Scott Farling, scottfarling@gmail.com. Ocean Plastics Recovery Project,
Portland, Oregon, United States
We do the very hard and important work of cleaning up ocean plastics and
other marine debris from impacted areas in order to restore critical habitat.
Recognizing that there is value in the materials we collect, the Ocean Plastics
Recovery Project is also working to map the existing supply of and demand
for ocean plastics, and to discover new reuse, recycling, and recovery
pathways that provide the highest and best use for each fraction of this waste
stream.
While we have a proven track record in marine debris cleanup operations and
expertise in recovering value from complex waste streams, the Ocean Plastics
Recovery Projects has found that it also serves a critical role in identifying
gaps and creating partnerships to advance technologies for recovering value
from ocean plastics.
The question we seek to answer is: Who are the best partners to help us
succeed in our mission?
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POLY 184: Scaling industrially: Turning plastic pollution into valueadded products
Jennifer Le Roy1, jennifer@biocellection.com, Katrina Knauer 2. (1)
BioCellection, Menlo Park, California, United States (2) Materials Innovation,
BioCellection, Inc., Hattiesburg, Mississippi, United States
Today, less than 10% of plastic packaging gets recycled worldwide. The rest
goes to landfills, incinerators, and oceans. At BioCellection, we aim to protect
our environment through creating innovative recycling processes for currently
hard-to recycle post-consumer waste plastics. We have developed and
patented a new chemical recycling process called Accelerated Thermal
Oxidation Decomposition (ATOD™) that enables polyethylene to be broken
into lower molecular weight chemical intermediates which we then used to
make new, higher value, polymer products. This talk will cover how we are
using chemical intermediates from decomposed polyethylene to create new,
high-performing polymers. It will also cover BioCellection’s journey from the
original concept to creating our first products and scaling our chemical
recycling platform.
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POLY 185: Amicidins: Engineered amino acid polymers to prevent and treat
life-threatening infections
Michael P. Bevilacqua1, mpb@amicrobe.com, Daniel J. Huang 1, Timothy J.
Deming2,1. (1) Amicrobe, Inc., Carlsbad, California, United States (2) Bioengineering
Dept, Univ of Califrnia, Los Angeles, California, United States
Born out of an academic-industry collaboration, Amicidins are synthetic proteins
engineered to combine beneficial physical properties (e.g., barrier to block,
surfactant to cleanse) with broad, non-antibiotic microbicidal activity. Their dual
mode of action (MOA) – physical and microbicidal – replaces and augments our
natural defenses in order to prevent and treat infection. Amicidin-based products are
being developed to address infections, whether caused by bacteria, fungi, or
viruses, before they progress to life-threatening sepsis.
Amicidin-α Surgical Gel to prevent infection. Amicidin-α synthetic protein has
been engineered to mimic the dual protective elements of human skin: physical
barrier (like collagens and keratins) and non-antibiotic microbicidal activity (like
defensins). Amicidin-α Surgical Gel will be applied intraoperatively to exposed
tissues, reducing risk of infection by blocking microbial contamination and killing
microbes that are already present. Preclinical proof-of-concept has been achieved in
multiple studies using three animal models. GLP toxicology studies have begun and
feedback has been received from the FDA in a pre-IND face-to-face meeting. Phase
1 clinical trials are planned.
Amicidin-β Solution to treat contamination and infection. Amicidin-β synthetic
protein combines surfactant (detergent-like) properties with broad, non-antibiotic
microbicidal activity. Its dual MOA enables enhanced performance on contaminated
or infected tissues. Tissue cleansing / debridement, microbial killing, and anti-biofilm
effects are all part of the process. A high clinical priority is the use of Amicidin-β
Solution as an adjunct to surgical management of life-threatening orthopedic
hardware related infections, including prosthetic joint infections. Amicidin-β is in latestage preclinical development; feedback has been received from the FDA in a preIND face-to-face meeting. Phase 1 clinical trials are planned.
As part of the presentation, we hope to provide insights into lessons learned
regarding intellectual property, manufacturing, and approaches to regulatory bodies.
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POLY 186: Hyperbranch medical technology story: from concept to
commercialization
Mark W. Grinstaff, mgrin@bu.edu. Boston Univ Dept of Chem, Boston,
Massachusetts, United States
Given the clinical need for superior hydrogel-based sealants for the closure
and repair of wounds, we started HyperBranch Medical Technology (HBMT) in
2003. Key to our success was the ability to tune the sealant properties
including mechanical, swelling, and degradation, which was enable via the
use of dendritic macromolecules. Dendritic macromolecules are versatile
materials for medical applications since the structure, molecular weight, and
chemical composition can be precisely controlled. We reported the first
synthesis and characterization of polyester, and polyester-ether dendrimers
and dendrons composed of biocompatible building blocks for medical
applications. These dendritic macromolecules are subsequently crosslinked to
form hydrogels using a photochemical or a chemical ligation strategy, and the
hydrogel sealant properties are tuned by altering the composition, crosslinking
chemistry, wt%, generation number and so forth. HBMT successfully
developed and commercialized the first ocular sealant (OcuSeal ®) as well as
spinal and dura sealants (Adherus Surgical Sealants ®). In this lecture, I will
focus on the synthesis, characterization, and in vivo evaluation of dendritic
macromolecules as well as the translation of this technology to the clinic.
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POLY 187: Trying to put new, degradable polymers in humans:
separating fact from fiction
Matthew Becker, matthew.l.becker@duke.edu. Chemistry, Duke University,
Durham, North Carolina, United States
The media glamorizes entrepreneurship, making it seem like it is a walk in the
park. This has resulted in new entrepreneurs with a tendency to drastically
underestimate what it actually takes to build a successful startup. Fortunately,
in most scientific ventures, one usually has significant background data and at
the very least proof of principle that will stand up to extraordinary scrutiny.
Very little is a traditional training pathway prepares you for all that you need to
know to launch and grow a business. This presentation will cover some of the
challenges that I have faced as I launched 21st Century Medical Technologies
which is a privately held medical technologies company offering highly
advanced bioresorbable resins for drug delivery and regenerative medicine

187

POLY 188: Pre-clinical and clinical experience with biodegradable
polyurethane foam occlusion devices
Landon Nash1, nashlandon@gmail.com, Duncan Maitland2. (1) Shape
Memory Medical, Santa Clara, California, United States (2) Biomedical
Engineering, Texas A&M University, College Station, Texas, United States
Shape Memory Medical is a medical device startup located in Santa Clara,
California that is commercializing a porous shape memory polyurethane
(SMP) technology initially developed at Lawrence Livermore National Lab and
Texas A&M University by Professor Duncan Maitland. These bi-stable
polymers can be delivered minimally invasively (via a catheter) in a
compressed, programmed form factor for low friction delivery into blood
vessels. Once deployed into the target anatomy, the shape memory effect
causes the material to passively expand in the aqueous body temperature
environment and conform to the vessel site for high volumetric filling. Acutely,
the expanded porous foam structure causes the blood to slow down, and the
high surface area foreign body material promotes rapid targeted clot
formation. Chronically, the foam serves as a tissue scaffold to promote clot
remodeling into healed tissue. As healing progresses, the material
biodegrades and is replaced with native scar tissue. These unique material
properties are being implemented in several commercial products for
neurovascular and peripheral vessel occlusion. This seminar will outline the
core technology principles, polymer degradation mechanisms,
commercialization story, and pre-clinical/clinical implementation of SMP
products.

IMPEDE Embolization Plug: A) Compressed state B) Expanded state C) Deployed in-vivo D) Visualized
under X-ray
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POLY 189: Blocked polyurethane polymers for 3d printing: From running
shoes to recyclable materials
Justin Poelma, jpoelma@carbon3d.com, Jason Rolland. Carbon, Inc.,
Sunnyvale, California, United States
Recent advances in polymeric materials for additive manufacturing have
enabled mass production of new high-performance products including
midsoles and personal protective equipment. These applications require
mechanical properties uncharacteristic of UV-curable photopolymers but can
be achieved using a dual-cure strategy. In this approach, light is used to set
the shape of an object by forming a cross-linked photopolymer network
followed by a thermal cure in which the final properties are obtained. This
presentation will discuss the applicability of blocked polyurethane prepolymers
as a dual-cure platform that can access a wide range of mechanical properties
ranging from elastomeric to tough and rigid. The reversible nature of blocked
isocyanates also allows for an innovative approach towards recyclable
materials.
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POLY 190: Success stories in the translation of materials to the
marketplace
Craig J. Hawker, hawker@mrl.ucsb.edu. Univ of California, Santa Barbara,
California, United States
A number of successful examples of entreprenurial materials, ranging from
healthcare to personal care, will be illustrated. The importance of patent
protection, market insights and adaption to social media will be highlighted.
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POLY 191: Advanced recycling: Upcycling of end-of-life plastics
Lauren Versagli, lversagli@gmail.com. Business Development, Plastic Energy ,
Denver, Colorado, United States
Abstract
There is no time to lose in figuring out how to solve the plastic challenge and
increase both the recycling rates and the recycled content in product. In parallel of
this regulatory drive, many large brand owners made committments to incorporate
(more) recycled plastic into their packaging by 2030. Plastic Energy has developed a
solution to address low-value mixed plastics that cannot be mechanically recycled.
The Thermal Anaerobic Conversion (TAC) produces recycled oil (TACOIL) from
end-of-life plastics. The TACOIL is then used as a new feedstock for the
(petro)chemical industry to generate recycled plastics by replacing virgin oil with
TACOIL. Our TAC process is a low-pressure thermal depolymerization process
patented in Europe and the US. To be more specific, the shredded, densified and
then molten feedstock is pumped into the oxygen free reactors at a controlled rate
and temperature. The multicomponent hydrocarbon vapour produced in the reactor
passes through our patented contactor vessel which finally controls the hydrocarbon
chain length and quality before entering the condensation system. The TACOIL is
then be subjected to various additional purification / polishing steps before being
sent to the steam-crackers of the chemical industry. In addition of having two
industrial plants running 24/7 more than 330 days per year for the past 3 years,
Plastic Energy through its experience has managed to stabilise the output the
specifications required by the chemical industry. This has led to the value-chain
validation of the circularity of the Plastic2Plastic process by the ISCC+ to produce
the Certified Circular Polymers. This chemical recycling process effectively upcycles
the plastic through conversion to the original monomers in each process of
recycling, making it safe and reusable as a food-grade product. After explaining the
technical and industry experience of reach an optimal product and efficient
operations, the presentation will stress some real-life Plastic2Plastic applications
developed with the value-chain, and will continue on the upscaling and expansion of
the capacities of Plastic Energy and the potential of the chemical recycling industry
in improving recycling and creating a circular economy.

Plastic Energy's plant in Spain
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POLY 192: VolCat: The selective digestion of PET and other polyesters
through catalyzed glycolysis using volatile organic bases
Robert D. Allen, boballen@us.ibm.com. Polymer Science and Technology, IBM
Almaden Research Center, San Jose, California, United States
Chemical recycling holds promise for PET/Polyester upcycling. But
demonstrating a robust, scalable process with a variety of compositionally
fluctuating inputs generating high quality monomer(s) and ultimately r-PET as an
output economically is a considerable challenge.
IBM Research has focused on catalytic reactions on polymers for the last 3-4
decades. Chemical Amplification and the development of chemically amplified
photoresists is an embodiment of this focus. In this process, strong acids
generated through the action of light react with customized polymers in a
catalytic chain reaction to generate a powerful radiation-induced solubility
change. This chemistry is in global use today for the fabrication of virtually all
semiconductor devices.
Base catalysis in polymer chemistry through the use of organic compounds is a
more recent focus at IBM. IBM Researchers, working with chemists from
Stanford University, discovered that organic bases were unusually well suited for
catalyzing glycolysis reactions on polyesters (e.g., PET) a decade ago.
Our presentation will describe our recent focus on the use of low cost, easily
recovered, organic catalysts for the rapid glycolysis of polyesters. Key to the
process is the use of a family of volatile catalysts, thus the process is named
“VolCat”. The catalysts used are quite volatile at the depolymerization reaction
temperature of 200oC (or higher). The organic catalysts (e.g., tertiary amines) are
removed and recovered through distillation after the completion of the
depolymerization reaction. The VolCat technology is a “molecular sorter” that has
several key attributes including: 1) rapid depolymerization reaction at relatively
mild conditions; 2) operation with impure, dirty, mixed feedstocks; 3) with
minimized sorting and washing requirements, and; 4) reduction or elimination of
the need for color sorting.

Input (on right) and Output (on left) for/from the VolCat Process

192

POLY 193: Carbios, the first and only company to have developed an
enzymatic depolymerization process to recycle polyester PET in plastic
and textile waste
Frédérique Guillamot, frederique.guillamot@carbios.fr. Carbios, ClermontFerrand, France
Carbios is a French green chemistry company created in 2011. The company
develops enzyme-based processes to break down polymers into their original
monomers. Reinventing the end of life of polymers is one of the main
challenges of our time to build a more sustainable and environmentally
friendly society. Carbios is developing a recycling process for polyethylene
terephthalate (PET), a polymer used in plastic packaging and textile (70
million tons produced globally in 2017). Carbios has developed and
engineered an enzyme, which is a biological catalyst that specifically breaks
down PET into terephthalic acid (TA) and monoethylene glycol (MEG). 90% of
PET can be depolymerized in only 10h in mild conditions, allowing an
industrial use. The enzyme is very efficient on a huge diversity of waste, such
as clear bottles, colored bottles, opaque bottles, multilayer trays, colored
textiles and multicomponent textiles. The monomers can then be purified in
order to remove colorants, pigments and other additives. It is thus possible to
produce 100% recycled PET with quality equivalent to virgin PET, suitable for
all applications. This innovation allows the transition from a linear to a real
circular economy. Carbios’ economic development model is based on the
industrialization and commercialization of its enzymes and processes through
license concessions directly or through joint ventures to major industrial
players.
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POLY 194: Novel additives that aid in improving PET recyclability
Andrea Smith, andrea.smith@polyone.com. PolyOne Corporation, Avon
Lake, Ohio, United States
The global trend towards the increased use of rPET in PET bottles produces
several challenges. As the average level of rPET in the bottle increases, the
quality and performance of mechanically produced rPET becomes
compromised which, in turn, could potentially inhibit future use levels and
compromise brand owner sustainability targets.
PolyOne has developed a range of additive technologies suited towards
improving the sustainability of the PET bottle which also enable increased use
of rPET, improved product quality and reduced carbon emissions. These
products include:
* Recycle friendly toners for addition to rPET and preforms, to ensure
optimum performance and reduced colour formation through the recycling
process
* rePrize chain extender for addition to rPET manufacturing processes, to
allow for higher IV targets with reduced SSP time
* SmartHeat RHC process aid for addition to preforms to improve the quality
and performance of rPET, whilst also reducing carbon emissions
* AAzure additive for addition to preforms to control acetaldehyde and
improve the quality and performance of rPET, whilst also reducing carbon
emissions
This product portfolio will be introduced, explaining how each product
functions and where it can contribute towards addressing challenges faced by
the industry today to improve sustainability and assist in achieving a circular
economy.
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POLY 195: High Purity polypropylene from waste carpet: An innovative,
alternative recycling approach
Serkan Unal1, serkanunal@sabanciuniv.edu, Nuray Kizildag 1, Serkan Guclu1, Bekir
Dizman1, Yusuf Z. Menceloglu2. (1) Integrated Manufacturing Technologies Research
and Application Center, Sabanci University, Istanbul, Turkey (2) Faculty of Engineering
Natural Sciences, Sabanci University, Istanbul, Turkey
The diversity of the plastics and their versatile properties together with their great
potential for various applications have been bringing many societal benefits,
technological advances and energy and cost savings. As a consequence, the
production of plastics has increased from 1.5 million tonnes in 1945 to over 360 million
tonnes in 2019.
Among many different polymers, polypropylene (PP) is the second most widely used
commodity polymer and found in a wide variety of products, ranging from packaging
materials to textile products like carpets. With a global market expected to reach $133
billion by 2023, PP is one of the main contributors to plastics-based pollution of the
environment. Only 1% of these PP-based products are recycled, whereby mostly
mechanical and/or thermal recycling methods are employed that generally result in low
quality products, and the rest ends up in either landfills or oceans.
This study focuses on an innovative, alternative approach for the recycling of PP from
multicomponent waste carpet. A recycling process was developed using a proprietary
solvent enabling the selective dissolution and recovery of PP. Starting from the preprocesses to increase the PP content in the waste carpet feedstock materials, the
dissolution, dye removal, and precipitation processes were developed and optimized in
order to obtain high purity recycled PP along with solvent recovery processes.
The recycled PP polymer was characterized by FTIR, NMR, DSC, TGA and GPC for the
determination of the chemical structure, thermal properties, molecular weight and purity.
These detailed analyses showed that the newly developed recycling process had no
effect on the chemical structure of PP and all thermal transitions as well as thermal
decomposition behaviour of the recycled PP polymer were identical to that of pure PP
polymer.
The new recycling process that is viable within circular economy is expected to
contribute to the recycling of the end-of-life PP products, help avoid the environmental
pollution, reduce the reliance of PP production on petroleum-based resources, and
decrease CO2 emissions.

Photographs of waste carpet and recycled PP polymer obtained from the recycling process.
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POLY 196: Reactive modification of polymeric interfaces with molecular level
velcro
Mark D. Dadmun, dad@utk.edu. Univ of Tennessee, Knoxville, Tennessee, United
States
The majority of plastic that has ever been produced has either been disposed of in
landfills, incinerated, or lost to the environment. Managing end-of-life plastic waste is
a challenging problem for a variety of reasons, including the complexity of recycling
mixed waste streams. Most polymer pairs don’t mix, and any product made from
such a mixture will exhibit far inferior properties than either pure component. One
way to enhance these polymer mixtures is through their compatibilization with proper
polymeric interfacial modifiers that can improve the morphology and structural
properties of polymer blends.
Interfaces in multi-component polymer systems must be properly designed and
optimized in order to create a complex material with targeted properties. A strong
interface will transfer stress between phases, while weak interfaces will result in a
material with poor mechanical properties. Our group has completed computational
and experimental work that provides insight into methods to optimize the strength of
polymeric interfaces. These results show that the formation of molecular level loops
is an extremely effective method to optimize the biphasic interface between two
polymers. In blends, the loops formed at the interface by each block of the
copolymer entangle with the homopolymer chains of its respective region and can
lead to finer dispersion and less coalescence of the minor phase during melt
processing. Similar protocols are suitable for polymer nanocomposites and polymer
multilayers. I will also discuss results by our group that has center on developing
methods to reactively modify the interface in multi-component polymer systems. An
in-situ reactive compatibilization process to create multi-block copolymers in
multicomponent polymer systems has been developed and tested, verifying the
utility of this interfacial modification technique to improve the properties of polymer
blends and nanocomposites.

196

POLY 197: In search of bio-advantaged functional polymers: a voyage in
PHA chemical space
Karteek Bejagam1, karteekbeja@lanl.gov, Carl N. Iverson2, Babetta L.
Marrone3, Ghanshyam Pilania1. (1) Materials Science and Technology, los
alamos national laboratory, Los Alamos, New Mexico, United States (2)
Chemistry Divison, los alamos national laboratory, Los Alamos, New Mexico,
United States (3) Bioscience Division, Los Alamos National Laboratory, Los
Alamos, New Mexico, United States
With the tremendous increase in production of single-use plastics over the last
few decades, plastic pollution is imposing a serious burden on the
environment, contributing to a range of severe ecological problems from
destruction of ecosystems to climate change. While total estimated global
plastic production till 2017 is ~8300 million metric tons; only a very small
fraction (~9%) of all the plastic produced each year is recycled today. To
address this problem, there has been a renewed interest in the development
of bio-degradable polymers for a sustainable future. In particular,
polyhydroxyalkanoates (PHAs) have emerged as a new class of bioadvantaged polymers with considerable potential to replace petroleum-based
plastics. However, the large combinatorial chemical space associated with
PHA-based polymer chemistry poses a significant bottleneck towards
identification of optimal polymer candidates for specific applications. Towards
this end, our current research efforts use molecular dynamics (MD)
simulations — in close coupling with experiments — to understand and
establish accurate structure-property relationships for PHAs. MD simulations
have been carried out to predict the glass transition temperature of PHAs with
different chemistries, varying side chain lengths, copolymer compositions, and
configurations. The knowledge not only provides rational chemical trends that
can be directly used in application-specific polymer design but can also serve
as valuable input in informatics-based analysis for discovering novel and
improved eco-friendly functional polymers.

Tg predictions for PHAs with alkyl spacer varying from 1 carbon to 4 carbons in
the case of linear side chains and phenyl-capped side chains.
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POLY 198: Copolymerizations of cyclic enol ether with norbornenebased monomers result in narrow-disperse degradable polymers with a
wide range of tunable physical properties and functionalities
John Feist1, jfeist@stanford.edu, Yan Xia2. (1) Chemistry, Stanford
University, Stanford, California, United States (2) MC 5080, Stanford
University, Stanford, California, United States
Although enol ethers are widely used as quenching reagents for Grubbs
catalysts, 2,3-dihydrofuran, a cyclic enol ether, is a surprisingly effective
monomer for ring-opening metathesis polymerization (ROMP) using Grubbs
catalysts. Poly(enol ether)s are stable under basic or neutral conditions, but
rapidly degrade into small molecules under acidic conditions or depolymerize
back to monomer at moderately elevated temperatures in the presence of
Grubbs catalysts. Copolymerizations of cyclic enol ether with norbornenebased monomers result in narrow-disperse degradable polymers with
controlled molecular weights. Copolymers of functionalized norbornene
monomers provide access to materials with a wide range of compositions and
chemical functionalities. This synthetic strategy offers exciting opportunities to
develop degradable ROMP polymers with tunable degradation rates,
solubilities, and physical properties.
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POLY 199: Dynamic covalent polyurethane networks with excellent
property and cross-link density recovery after recycling and potential for
monomer recovery
Xi Chen, Sumeng Hu, sumenghu2019@u.northwestern.edu, Lingqiao Li,
John M. Torkelson. Northwestern University, Evanston, Illinois, United States
Polyurethane (PU) thermosets are among the most widely used cross-linked
polymers worldwide, making them important targets for developing recycling
methodologies. We have investigated factors that affect the property recovery
of PU networks after reprocessing and accordingly have developed, for the
first time, a PU network that exhibits full property recovery within error after
multiple reprocessing steps. We discovered that property recovery and
thermal stability of dynamic covalent PU networks could be enhanced by
incorporating excess free hydroxyl groups and by tuning the cross-linker
functionality. While free hydroxyl groups suppress the reversion of urethane
links and minimize side reactions associated with liberated isocyanate groups
under reprocessing conditions, tetrafunctional cross-linkers help to maintain
network integrity in the presence of small levels of side reactions. We have
also demonstrated the alcoholysis of the PU network toward the potential
recovery of alcohol monomers under relatively mild conditions. Our study not
only offers a solution to the longstanding issue of PU network recycling, but
also provides simple strategies to improve property recovery of reprocessable
networks.
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POLY 200: How does additive manufacturing fit into a circular economy?
Timothy E. Long1, telong@vt.edu, Christopher B. Williams1, Jennifer D.
Russell1, Emily Wilts2. (1) Virginia Tech, Blacksburg, Virginia, United States
(2) Chemistry, Virginia Polytechnic and State University, Blacksburg, Virginia,
United States
Circular economies in all sectors are imperative for pollution reduction,
conserving resources, and protecting the environment. Plastic pollution
accounts for 12% of total global waste, however, the development of
recyclable, degradable, and reusable polymers for additive manufacturing will
greatly decrease this burden. Vat photopolymerization traditionally cures
photoactive precursors into thermosets, which prevents recycling or reuse.
However, our recent advances in reversible networks will alleviate this
concern. In addition, photopolymerization of electrolyte-containing monomers
creates a supramolecular network and the ability to dissolve post-printing.
Similar techniques using hydrogen bonding photoactive precursors will enable
dissolution post-printing and the opportunity to utilize the collected polymers in
other applications. Extrusion-based additive manufacturing exemplifies
excellent potential for circular economies where the use of thermoplastics
affords the ability to re-melt and re-process into reusable filament. For
example, extruded sulfonated PEG created high resolution 3D parts while not
only maintaining solubility in water, but also the ability of re-melt processing
into additional filament. Other techniques include novel PEG-based polyureas
that improve interlayer adhesion through hydrogen bonding and remain melt
processable after printing. While these avenues possess the potential for
materials in a circular economy, this lecture will address upcycling of polyester
thermoplastics. Additive manufacturing techniques may lead to irreversible
changes to the polymer chemical structures, and these changes require
additional investigation into how additive manufacturing processes will better
maintain the quality of printed polymers. This lecture will highlight recent
efforts in recyclable polymeric materials for diverse AM platforms.
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POLY 201: Dynanamic networks and network composites with excellent crosslink
density and mechanical property recovery after multiple recycles and elevatedtemperature creep resistance
Lingqiao Li, Xi Chen, Kailong Jin, Mohammed Bin Rusayyis, John M. Torkelson, jtorkelson@northwestern.edu. Northwestern University, Evanston, Illinois, United States
Conventional crosslinked polymers and their composites cannot be melt-reprocessed
into high-value products because permanent crosslinks prevent melt flow. Examples
include spent rubber tires and polyurethane (PU) foam, with major economic and
sustainability losses resulting from the inability to upcyle these spent materials.
Although dynamic networks and their composites allow for melt-state reprocessability,
an "Achilles heel" has been identified with vitrimers which undergo exchange reactions:
"For applications in typical vitrimer processing of rigid networks, the creep is highly
undesirable in most applications where elastomers are typically used." (Denissen et
al., Chem. Sci. 2016) Surely, significant creep in tires made with dynamic crosslinks
would eliminate any possibilty of commercial application. Here, we show that elevatedtemperature creep can be strongly suppressed or eliminated with use of certain
chemistries where the dynamic nature is entirely reversible (dissociative) or both
reversible (dissociative) and exchange (associative). Alkoxyamine dynamic chemistry,
strictly dissociative, yields crosslinked rubber and models of tires with carbon black that
exhibit excellent recovery of crosslink density after reprocessing at 140 degrees C but
also virtual elimination of creep at 80 degrees C. Variants of PU networks, e.g.,
polyhydroxyurethane and polythiourethane networks where the dynamic chemistry is
associative and dissociative in nature, can exhibit excellent crosslink density recovery
after reprocessing and limited creep at high temperature (T). We will also explain the
underlying causes for the high-T creep resistance. These achievements involving
recovery of crosslink density after reprocessing and high-T creep resistance are
important in moving dynamic polymer networks from the research lab to application in
the circular economy of polymers.
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POLY 202: Exploring degradation as a viable end-of-life process for
thermoset polymers
Minjie Shen, Guozhen Yang, Megan L. Robertson,
mlrobertson@uh.edu. Dept. of Chemical and Biomolecular Engineerin,
University of Houston, Houston, Texas, United States
There is a great need to recycle polymers to minimize their environmental
impact, as the majority of produced polymers end up in landfills after their
useful lifetime. Linear polyesters degrade rapidly, and their hydrolytic
degradation behavior has been well studied. By contrast, thermoset polymers
normally require harsh degradation conditions due to their highly crosslinked
structures. We have explored the incorporation of cleavable linkages into the
crosslinked network, to determine if thermoset polymers can be hydrolytically
degraded under benign conditions. Epoxy resins are thermoset polymers
widely used in composites, coatings and adhesives, with applications
spanning automotive and aerospace industries, structural components, and
wind turbine blades, among others. The standard precursor to epoxy resins,
the diglycidyl ether of bisphenol A (DGEBA), is derived from petroleum and
does not contain functional groups which can undergo degradation under
benign conditions. Vegetable oils, phenolic acids, and vanillic acid were
investigated as sustainable sources to produce degradable epoxy resins
containing ester groups. The resulting phenolic acid-based and vanillic acidbased epoxy resins exhibited comparable thermal and mechanical properties
to conventional DGEBA-based epoxy resins. The accelerated hydrolytic
degradation behavior of the ester-containing epoxy resins was explored,
through monitoring of the polymer mass loss after exposure to a basic solution
at moderate temperatures. The biobased epoxy resins exhibited rapid
degradation in the basic solution, in contrast to the slow degradation rate of
the traditional DGEBA-based epoxy resin. Various factors which affected the
degradation rates were discussed. A degradation model was proposed to
describe the degradation behavior and mass spectrometry confirmed the
mechanism was surface erosion through ester hydrolysis.
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POLY 203: Circular economy of super absorbent polymer (SAP)
Dimitris I. Collias1, collias.di@pg.com, Martin James2. (1) Procter & Gamble,
West Chester, Ohio, United States (2) Procter and Gamble, West Chester,
Ohio, United States
Recycling of absorbent hygiene products (AHPs), i.e., baby diapers, and
feminine protection and adult incontinence pads, is good for the environment
and needed to achieve the sustainability goals of many consumer product
companies. These goals are about using 100% recycled materials and having
zero consumer and manufacturing waste go to landfill. In addition to these
goals, successful recycling benefits the environment, stimulates the economy,
improves people’s health and water quality, and generates energy needed by
consumers in developing regions of the world. The major component in AHPs
is the SAP, and thus it is very important to recycle SAP.
The vision for this work is to eliminate SAP waste going to landfills or
incineration via introducing recycling and circularity, also in support of P&G’s
Ambition 2030 goals and Baby Care Pampers® “7 Acts for Good”. The
objectives are to develop cost- and energy-effective SAP degradation
technologies to: 1) provide circular solutions SAP, via replacing part of virgin
SAP; 2) recycle SAP into acrylate-based products, e.g. adhesives and
coatings; and 3) re-apply best technologies to other polymers, as appropriate.
SAP was degraded to poly(acrylic acid) (PAA) using various methods, such as
mechano-chemistry, ultrasonic energy, UV energy in flow system, and
hydrothermal treatment with microwaves. We will present results from these
methods showing degradation of SAP as manifested by viscosity reduction of
at least 3 orders of magnitude, in the presence or absence of radical-forming
compounds, such as hydrogen peroxide. Finally, we will report on potential
applications of degraded SAP.
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POLY 204: Recyclable crosslinked polymers
Lu Han1, lxh306@case.edu, Lauryn N. Carver2, Benjamin Stacy1, Ivan Popov3, Sirui
Ge4, Yu Kashiwagi1, Alexei P. Sokolov5, Mark D. Dadmun6, Tomonori Saito7. (1) Oak
Ridge National Laboratory, Knoxville, Tennessee, United States (2) Chemical,
Biological and Materials Engineering, University of Oklahoma, Norman, Oklahoma,
United States (3) Chemical Department, Oak Ridge National Laboratory, Oak Ridge,
Tennessee, United States (4) Department of Material Science and Engineering,
University of Tennessee, Knoxville, Tennessee, United States (5) Chemistry, University
of Tennessee, Knoxville, Tennessee, United States (6) Univ of Tennessee, Knoxville,
Tennessee, United States (7) Chemical Sciences Division, Oak Ridge National
Laboratory, Knoxville, Tennessee, United States
In the past 50 years, the consumption of polymer increased 20 times from 15 million
tons to more than 300 million tons. Only 10% of those are currently recycled and 2% in
a closed loop. Among the various plastic wastes, thermoplastic polymers are the ones,
which can be recycled by their nature of pliability and remoldability. However,
crosslinked polymers (e.g. thermoset materials) are typically not recyclable despite their
wide usage in many applications due to their high mechanical property and
thermostability. In this study, novel nano-size crosslinked soft polymeric particles are
successfully synthesized by nano-emulsion polymerization. Despite the polymeric
nanoparticles are crosslinked, they can be readily re-processed, and a full recyclability
are demonstrated. The structure and morphology of soft polymeric nanoparticles is well
controlled by monomer starved semi-batch nano-emulsion polymerizations, rate of
monomer addition and crosslinking density. The synthesis method produces 5-20 nm
radii polymer nanoparticles with tunable morphologies. As comparison, a linear polymer
and a UV crosslinked polymer with the same amount of crosslinkers are also
investigated. The nano-size crosslinked soft polymeric particles show reprocessability
equivalent to the linear polymer but exhibit similar mechanical property and thermal
property to the UV crosslinked polymer. DSC measurements indicates that the
polymeric nanoparticles exhibit increased T g, compared with linear and UV-crosslinked
polymer. Neutron scattering results reveal the core-shell structure of the nanoparticles.
What’s more, the Young’s modulus, tensile strength and elongation at break for the film
formed by the polymeric nanoparticles are demonstrated to be constant after recycling
three times. The strategy of recyclable soft polymeric nanoparticles in this study may
open up a new avenue for recyclable crosslinked polymers.
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POLY 205: Dynamic covalent chemistry for materials with long lifetimes
Dominik Konkolewicz1, d.konkolewicz@gmail.com, Progyateg Chakma1,
Nethmi De Alwis Watuthanthrige1, Jafer Vakil1, Jessica Sparks4, Obed Dodo2,
Shiwanka V W Wanasinghe M P G3, Borui Zhang1. (1) Department of
Chemistry and Biochemistry, Miami University, Oxford, Ohio, United States (2)
Chemistry and Biochemistry, Miami University, Oxford, Ohio, United States (4)
Department of Chemical Paper and Biomedical Engineering, Miami University,
Oxford, Ohio, United States
Polymer networks containing consist of long polymer linked together using
crosslinking points. Introduction of dynamic linkers, such as non-covalent or
dynamic covalent linkers into a polymer material can give materials with
properties such as self-healing, increased toughness and shape memory
characteristics. However, there is a delicate tradeoff between desirable
dynamic characteristics and also undesirable mechanical instability under load
or susceptibility to creep. Therefore, designing dynamic linkers with optimized
for dynamic character and performance under ambient conditions is critical to
applications of these materials. This contribution will focus on polymer
materials that contain both dynamic covalent and dynamic non-covalent
bonds in a single material. Distinct dynamic covalent chemistries will be
explored, leading to a synergy of dynamic character from the fast exchanging
bond and stability from the tunable slow exchanging bond. In particular,
engineering of the dynamic chemistry exchange rate and equilibrium bonding
will be explored to enhance materials mechanical performance and
adaptability. Polymer architecture is a further tool that can be used to enhance
and tune material properties, with both macromolecular and network
architecture explored.
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POLY 206: Experimental and computational investigation of the
photophysical properties of phenylsiloxanes/silsesquioxanes
Joseph C. Furgal, furgaljc@yahoo.com, Chamika U. Lenora. Chemistry and
Center for Photochemical Sciences, Bowling Green State University, Bowling
Green, Ohio, United States
The photophysical properties of basic silsesquioxanes of varying cage sizes
are still underexplored. Due to this, we undertook an investigation to study the
photophysical properties including absorption and emission of
phenylsiloxanes and T8, T10, T12and larger phenyl silsesquioxanes by both
experimental and computational investigation using TD-DFT methods. We
have found that though there is little change in the absorption spectra based
on cage size, substantial solvent dependent variations occur in the emission
spectra as cage size is increased. To better understand this phenomenon,
parameters such as FRET distances and overlap integrals were calculated to
gain insight into charge transfer migration in these systems. Computational
methods with TD-DFT methods and multiple solvent parameters were used to
calculate excited state energies and compare to those found experimentally.
Larger cages were found to have favorable interactions between phenyl rings
in the excited state due to closer spatial proximity to one another.
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POLY 207: Chemistry, photophysics and photochemistry of double
decker silsesquioxane cages and analogs
Richard M. Laine1,2, talsdad@umich.edu, Jun Guan1, Jonathan A. Rubio1,
Masafumi Unno3, Yujia Liu3. (1) Materials Science and Eng., University of
Michigan, Ann Arbor, Michigan, United States (2) Macromolecular Science
and Eng., University of Michigan, Ann Arbor, Michigan, United States (3)
Chemistry, Gunma University, Kiriyu, Japan
Phenyl and vinyl functionalized silsesquioxane cages, [RPh(vinyl)SiO 1.5]8,10,12,
where R = conjugated moiety [e.g. 4-R’Styrene (R =MeO, CN, etc)], form cage
centered LUMOs that reveal conjugation with the appended moieties as
evidenced by significant red-shifts in emission vs. cage free moieties. 1 We
recently demonstrated that removing a corner from the T = 8 cages or opening
to opposing bridges [PhSiO1.5]8[O2SiMe3]4 still allows formation of cage
centered LUMOs. To this end, we have begun to explore the potential for
double decker T8 cages [PhSiO1.5]8[O2SiRR’]2 where R,R’ = Me,vinyl or
vinyl,vinyl to offer similar properties as polymeric forms.2,3
Efforts to synthesize polymers using Heck Catalytic cross-coupling and/or
alkene metathesis result in oligomers and polymers that can exhibit red-shifts
in emission in selected cases that strongly suggest through cage conjugation.
The metathesis reactions produce rigid rod molecules that prompted efforts to
photopolymerize these double decker compounds with unusual results, which
will be discussed in this presentation.

DD Polymer via Heck Catalytic Cross Coupling
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POLY 208: Synthesis of silsesquioxanes with well-defined new
structures
Masafumi Unno, unno@gunma-u.ac.jp, Yujia Liu, Nobuhiro
Takeda. Chemistry and Chemical Biology, Gunma University, Kiryu, Gunma,
Japan
Recent development of the application of silsesquioxanes has highlighted the
importance of well-defined compounds. Starting from the isolation of allcis cyclic silanol, our group has focused on the synthesis of silsesquioxanes
with novel structures.
Laddersiloxanes, named for the silsesquioxanes with defined ladder structure,
were prepared by stepwise methods from cyclic silanol and up to nonacyclic
one was isolated1. Janus cube was synthesized by utilizing new cyclic
fluorosiloxane as a precursor. Additionally, Lantern Cage 2, Butterfly Cage3,
Basket Cage4, Double-Decker siloxanes5, and Bat Siloxane were prepared
and their structures were determined.
In this presentation, I will summarize the synthesis, structure, properties, and
applications of these siloxanes.
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POLY 209: New isomeric silicones
Thomas J. McCarthy, tmcc@umass.edu, Pei Bian, Yan Cong, Zhaoxia Li,
Daniel H. Flagg. Univ of Massachusetts, Amherst, Massachusetts, United
States
Our research group is revisiting the classic (half century - old) silicone
preparative methodologies with objectives of (1) preparing materials for
applications that were not envisioned when the synthetic strategies were
developed, (2) describing what are well-known as “silicone resins” instead as
“silicone copolymers” with molecular structures that have not been
considered, but are likely important perspectives for property control, and (3)
putting silicone chemistry and technology into an academic framework that
can be readily incorporated in chemistry and materials science curricula.
The wonderful 4-letter “General Electric alphabet” (M D T Q), that forms selfdefining words (e.g. M3QD2TM2) which can be understood with geometric
precision and even dynamic understanding, is taught in few academic
locations. Far more academics can pronounce “silsesquioxane” than know
what an MQ resin is.
Our research that was recently focused on preparing reactive MQ copolymers
has moved to MT copolymers, which will be the focus of the talk.
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POLY 210: Dielectric and rheological properties of POSS high
performance thermoplastic nanocomposites
Rahul Shankar1, Nicholas A. Smith1, Lisa K. Kemp1, Todd S. Rushing2, John
K. Newman2, Sarah E. Morgan1, sarah.morgan@usm.edu. (1) School of
Polymer Science and Engineering, University of Southern Mississippi,
Hattiesburg, Mississippi, United States (2) US Army Engineer Research and
Development Center, Vicksburg, Mississippi, United States
Fiber-reinforced composites based on high performance thermoplastics
provide cost-effective and lightweight replacements to traditional metal alloys
in a wide range of high temperature applications, such as aerospace, defense,
and energy. They also offer advantages over thermoset composites, including
longer shelf life, reduced waste, and recyclability; however their high melt
temperatures and viscosities present processing challenges. Low
concentrations of polyhedral oligomeric silsesquioxane (POSS)
nanostructured chemicals yield significant reductions in extrusion torque and
viscosity without altering mechanical or thermal properties. Dielectric and
rheological evaluations provide insight into the mechanisms of POSS rheology
modification.

Complex viscosity of polyethersulfone (PESU) with trisilanolphenyl (TSP) POSS and
dodecaphenyl (DP) POSS nanostructured chemicals at varying loading levels
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POLY 211: Polybenzimidazole copolymer bearing polyhedral
oligosilsesquioxane pendant moieties
Qingzeng Zhu, qzzhu@sdu.edu.cn. Shandong University, Ji'nan, China
Polybenzimidazole copolymer bearing polyhedral oligosilsesquioxane (POSS)
pendant moieties was designed and synthesized using a method of Nsubstituted polybenzimidazole. POSS moieties can break the intermolecular
face-to-face packing and hydrogen bonding of polybenzimidazole chains. The
dispersion of POSS in the polybenzimidazole matrix was characterized by Xray powder diffraction analyses and Scanning electron microscope. The well
dispersion of grafting POSS was resulted in better solubility of synthesized
polybenzimidazole copolymers than that of a pure polybenzimidazole. With
increasing amounts of introducing POSS, both mechanical properties and
hydrophobic properties were enhanced. The intrinsic viscosity of
polybenzimidazole copolymer was decreasing with grafting amounts of POSS
increasing.

Polybenzimidazole grafted polyhedral oligosilsesquioxanes
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POLY 212: Silsesquioxanes-based functional nanoporous polymers
Hongzhi Liu, liuhongzhi@sdu.edu.cn. Shandong University, Jinan Shandong,
China
Cage silsesquioxane has proven to be an ideal building block to prepare
hybrid nanoporous polymers with enhanced thermal and mechanical
properties in view of their rigidity and multifunctionality. Very recently,
octavinylsilsesquioxane (OVS) (Scheme) has been successfully used to
prepare silsesquioxanes-based porous materials via Friedel-crafts reaction
and Heck reaction, cationic polymerization by us.[1-4] Moreover, the bulky cage
could prevent the aggregation of chromophores and enhance luminescence in
silsesquioxanes-based porous materials.[5] These hybrid porous polymers
exhibited high surface areas, thermal stabilities and excellent luminescence,
which make them to be multifunctional and potentially apply in gas storage,
water treatment, energy storage and sensors etc.
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POLY 213: Reversible solvent loading and unloading in photo-actuatable
silsesquioxane-based network gels
Naihsuan Hu, naihsuh@bgsu.edu, Joseph C. Furgal. Center for
photochemical science, Bowling Green State University, Bowling Green, Ohio,
United States
A vast number of photo-switchable molecules have been discovered and
thoroughly studied. The excitation caused by UV light in azobenzene weakens
the central azo-double bond enabling the conversion of cis/trans isomers. For
applications such as artificial muscles or photo-activated pumps, one
challenge that has plagued success in this area is locking or over cross-linking
of the structure, which forbids isomerization in azobenzene at the macroscale
or under cross-linking where the materials fall apart. This is especially true for
silicon-based hybrid materials. Our group has successfully synthesized a
silsesquioxane based network polymer capable of executing isomerization at
the macroscale through curving in films and shrinking/swelling in gels. Our
films can perform up to five times of self-flipping and gel systems perform size
change of up to 17% under irradiation cycling between UV and visible light
irradiation. Both systems stay active after dry out/reswell.
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POLY 214: Synthetic advancement towards creating highly nanoporous
silsesquioxane nanostructures as optoelectronic and low dielectric
materials
Hemali P. Rathnayake, hprathna@uncg.edu, Matthew Hawkins, Sujoy
Saha. Nanoscience, University of North Carolina at Greensboro, Greensboro,
North Carolina, United States
A wide variety of possible functionalities, which are not available within
inorganic materials, can be incorporated to be a part of an organic structure.
The surface area of organic materials is usually accessible, and functionalities
can be easily incorporated using versatile chemical synthesis methods. For
example, inorganic characteristics can be introduced from the sol-gel
chemistry. Research on soft mesoporous hybrid materials can lead to systems
with lightweight, high optical density, low dielectric constants, low refractive
indexes, semiconducting behavior, and ultralow heat conductivities. Owing to
these advantages, there is a critical need for environmentally benign largescale synthesis approaches to create nanostructures of silicon-based organicinorganic hybrid materials. Herein, we discuss the green chemistry based
synthesis approaches, particularly advancements of sol-gel chemistry to make
shape and size controlled optoelectronic hybrid silsesquioxane nanostructures
and highly nanoporous polymeric silsesquioxane frameworks as soft dielectric
materials.
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POLY 215: Fluorosilsesquioxanes for optical and electronic applications
Claire Hartmann-Thompson, hartmannthompson@gmail.com. Corporate
Research Materials Laboratory, 3M, St. Paul, Minnesota, United States
A range of fluorosilsesquioxanes (F-SSQs) was prepared via controlled
hydrolysis and condensation of trialkoxysilanes carrying fluoro functionality,
and characterized by NMR , GPC, TGA and DSC. The materials combined
low refractive indices (< 1.4) and low dielectric constants (3-4 range at 100
kHz) with high transmission, versatile cure chemistries, and mechanical
properties desirable for optical materials deployed in portable electronics. In
addition, the materials exhibited low glass transition temperatures (< -20°C)
and high thermal stability (5% mass loss up to 250°C).

Fluorosilsesquioxane structure (left), coating (top) and OLED (right).
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POLY 216: Low temperature direct write of ceramics with tunable
polarity gradients
Jonathan D. Goff1, jonathan.d.goff@gmail.com, Kerry DeMella1, Barry
Arkles2. (1) Gelest Inc, Morrisville, Pennsylvania, United States (2) Gelest Inc.,
Pipersville, Pennsylvania, United States
Alkoxysilane chemistry is also classified as a sol-gel process in which small
molecules in a solution phase hydrolyze, condense, and dehydrate to form a
solid metal-oxide glass or ceramic material (SiO2 films). Although this
chemistry has proven useful, there are limitations for certain applications.
These alkoxysilane systems can be unstable and usually contain alcohol and
water as diluents and byproducts which must be removed. Alternatively, βsubstituted silsesquioxane prepolymers have been used as sol-gel precursors
to create SiO2 films. These prepolymers intramolecularly condense due to the
hydrolytic instability of the electronegative group bonded to silicon-hydroxyl
groups or ambient moisture. The silsesquioxanes are converted at low heat to
robust, optically clear ceramic coatings.
Using these two ideas, we have co-condensed organofunctional alkoxysilanes
with β-substituted silsesquioxanes for the first time to create robust ceramic
coatings with specific surface functionality. Adjusting the concentration of
hydrophobic and hydrophilic silanes in the silsesquioxane allows us to vary
the contact angle on the surface. This enables the direct write of functional
ceramic coatings onto a surface. By continuously adjusting flow rates of our
solutions we demonstrate control of the silane concentrations as the solution
is deposited onto the surface resulting in a polarity gradient.
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POLY 217: Organic electro-optic materials for hybrid silicon and
plasmonic devices enabling next generation telecommunications and
computing
Stephanie J. Benight1,2, sbenight@gmail.com, Bruce Robinson2,1, Lewis E.
Johnson1,2, Scott Hammond1,2, Delwin Elder2,1, Huajun Xu2. (1) Materials,
Nonlinear Materials Corporation, Seattle, Washington, United States (2)
Chemistry, University of Washington, Seattle, Washington, United States
Organic electro-optic materials hold great promise for photonics, and are
poised to enable next generation telecommunications and optical computing
that could demonstrate performance beyond Moore’s law. Recent advances in
hybrid electro-optic (EO) systems, in which an organic EO material is
combined with silicon (SOH) or gold (POH) waveguides at the nanoscale
allow the EO material to seamlessly be integrated and high EO activity
observed. With proof of concept achieved in laboratory-developed devices,
the next step is establishing a method for processing the organic EO material
in a way that is amenable to commercial foundries. Traditional semiconductor
and photonic foundries do not typically work with organic materials as part of
their standard processes. As such, new material processing methods are
required in order to enable commercialization of devices with organic EO
materials.
This presentation will report on recent advances in organic EO materials,
including new chemical structures performance yielding world record
properties. Environmental reliability testing simulating real-world
environments, and our work toward establishing new processes with foundries
that will enable commercialization of these materials will also be presented.

The advantages of organic electro-optic materials shown in various hybrid device structures.
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POLY 218: Effect of monomer design on properties of polycarbosilanes
and their inorganic progeny
Dayton Street1, dstreet4@vols.utk.edu, Kara L. Martin1, Matthew B.
Dickerson2. (1) Air Force Research Lab, Dayton, Ohio, United States (2)
Materials and Manufacturing Directorate, Air Force Research Laboratory,
Beavercreek, Ohio, United States
Polymer derived ceramics (PDC) originate from macromolecules which
contain inorganic elements (e.g., Si) and convert to advanced ceramic
materials (e.g., SiC) on heating. Due to their polymeric origins, PDCs can be
manufactured via polymer processing techniques, such as fiber spinning,
resulting in the production of ceramic materials (e.g., fibers) that are
unobtainable via traditional inorganic powder processing techniques. PDCs
are critical for aerospace applications, as they are able to withstand the rigors
of high heat and extreme environments such as high temperature, thermal
shock, and oxidation. Current state-of-the-art PDCs are limited by their
suboptimal polymer-to-inorganic conversion efficiencies (50-70 wt%). Due to
these low conversion efficiencies, numerous (~9) cycles of polymer infiltration
and pyrolysis are required to produce dense ceramic composites. In addition
to this principle drawback, commercially available SOTA PDCs have poorlydefined polymer structures, preset chemical functionalities, predetermined
rheological properties, and limited shelf-life. To address these deficiencies,
herein we systematically examine how changes in monomer design alter the
thermal properties of the polymeric precursors and impact the ceramic yield of
the resulting inorganic materials. The fundamental structure-propertyrelationships established here will be used in the development of the next
generation of PDCs for advanced materials.
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POLY 219: Synthesis and characterization of two chemically distinct
PDMS/PMMA elastomers
Jeremy M. Beebe1, jeremy.beebe@dow.com, Anthony J. Silvaroli2, Tyler R.
Heyl2, Dongchan Ahn1, Shane L. Mangold1, Justin M. Scherzer1, Eric Pearce1,
Muzhou Wang2, Kenneth R. Shull2. (1) Dow Chemical, Midland, Michigan,
United States (2) Northwestern University, Evanston, Illinois, United States
There is a growing demand for UV-photocurable silicones for use as coatings
and adhesives. UV-radical cure chemistry also provides a convenient method
to form covalently bound silicone-organic networks. These hybrid materials
can be used to enhance properties such as adhesion or toughness versus
traditional silicone polymers. In this work, we discuss fabrication of
PDMS/PMMA hybrid elastomers through two synthetic routes – a one-step
method that relies on copolymerization of MMA monomer with MMAterminated PDMS, and a two-step method where MMA is swollen into a precured PDMS network and subsequently polymerized. These routes both result
in dispersed phases of PMMA inside a continuous PDMS matrix, but the twostep method creates a semi-interpenetrating network of PMMA in PDMS and
the one-step method results in a random PDMS/PMMA copolymer that is
crosslinked through the PDMS. The bulk modulus of both material types
scales similarly when the PDMS/PMMA ratio is varied, from ~1 MPa at 100%
PDMS to ~50 MPa at 50% PDMS, with significant enhancements in fracture
toughness as PMMA content increases. Materials were characterized using
SAXS, AFM, DSC, TGA, and GPC to better establish structure-property
relationships. Though bulk properties are similar, the different network
structures were found to significantly impact the PDMS glass transition
temperature, the PDMS melt temperature, and the extent of PDMS
crystallinity. The PMMA molecular weight scales with PMMA concentration in
the one-step method and is independent of PMMA concentration in the twostep method. At high PMMA concentration, a unique microstructure is also
observed in the one-step method wherein the dispersed phase consists of a
mixture of PMMA and PDMS nanodomains rather than a continuous PMMA
phase. This presentation will focus on characterizing these similar-but-distinct
materials, with the ultimate goal of understanding how network structure
impacts properties of silicone-organic hybrids.
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POLY 220: PDMS block copolymers containing fluorinated compomnets-synthesis and solution behaviors
Kunlun Hong1, hongkq@ornl.gov, Yingdong Luo1, Changwoo Do2. (1) Bldg
8610 MS 6494, Oak Ridge National Laboratory, Oak Ridge, Tennessee,
United States (2) Oak Ridge National Laboratory, Farragut, Tennessee,
United States
A series of polydimethylsiloxane-b-poly(perfluoro-alkymethacrylate) (PDMS-bPFMA) were successfully synthesized by control radical polymerization and
characterized. The liquid crystallinity driven self-assembly behavior of such an
organo/fluoro ambiphile in various organic solvents was studied. Our results
showed that the morphology of micelles, consist of PDMS corona and PFMA
core, is highly solvent dependent, while cylindrical micelles were efficiently
obtained in chlorobenzene, spherical micelles were obtained in
tetrahydrofuran or toluene. Our results showed that the molecular weight of
PDMS block decides the solubility of PDMS-b-PFMA in various organic
solvents, while the molecular weight of PFMA block decides the morphology
of resulted micelles.
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POLY 221: Silicone elastomers witho crosslinking: Concatenated ring
network structures
Pengpeng Hu, Jeppe Madsen, Qian Huang, Anne L. Skov,
al@kt.dtu.dk. Chemical Engineering, DTU, Kgs Lyngby, Denmark
Recently, a very soft polydimethylsiloxane (PDMS) elastomer prepared from
heterobifunctional PDMS macromonomers of intermediate molecular weight
without use of crosslinker was found to exhibit excellent mechanical properties
and extreme elongation (> 5000%) in clear contradiction with classical rubber
elasticity theories. In this work, the origin of the elasticity is shown to originate
from concatenated rings. The presence of concatenated rings was
substantiated through a series of experiments. Size exclusion
chromatography of extracts confirmed the formation of non-concatenated
monocyclic PDMS. Swelling experiments confirmed mechanically stable
networks and high swelling ratios. Linear viscoelasticity measurements also
proved behavior different from both PDMS melts and traditional crosslinked
networks. The observed properties can be explained by a network of
concatenated rings which give rise to a network structure with a large degree
of flexibility. The dangling concatenated rings act as plasticizers which
explains the absence of the traditional entanglement plateau of ~200 kPa of
silicone polymer networks.
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POLY 222: Chemoenzymatic routes to structured and responsive silicone materials
Paria Azadi Namin1, Mark B. Frampton1,2, Zachary Raczywolski1, Phoebe Booth1,3, Laura
Voigt1, Paul Zelisko1, pzelisko@brocku.ca. (1) Department of Chemistry and Centre for
Biotechnology, Brock University, St. Catharines, Ontario, Canada (2) Biosciences, Loyalist
College, Belleville, Ontario, Canada (3) Chemistry, Cardiff University, Cardiff, Wales, United
Kingdom
Inspired by the 12 Principles of Green Chemistry we are exploring the use of biocatalysis as
part of a chemoenzymatic approach to the synthesis of structured and responsive siloxanebased materials. Our current research efforts in these areas are focused on two primary
systems: (i) self-healing and recyclable silicone elastomers; and (ii) siloxane-containing lipid
structures.
Most plastics are designed only for a single use with a very limited useful lifetime. This
results in large amounts of plastics, including silicone-based polymers, often being disposed
of as waste after only about a year of use. In order to address the environmental and
economic implications of such practices we are interested in exploring the design and
synthesis of self-healing and recyclable silicones. Using the Diels-Alder reaction and
silicone polymers modified with DNA bases, we have synthesized a library of silicone
elastomers that can be cured, and ultimately healed, at relatively low temperatures (21°C55°C). These elastomers are clear and colourless in nature and the “scar” formed after
healing is, in most cases, stronger than the virgin elastomer.
Liposomes based on phospholipid species have the potential to deliver biologically active
material, especially DNA and proteins on the cellular level. However, the utility of liposomes
is hampered by the multiple extrusion and/or sonication cycles required to achieve
unilamellar vesicles that are ~100 nm in diameter; the encapsulation process can result in
significant loss of the material to be delivered. Siloxane-phospholipids (SiPCs) have been
shown to spontaneously self-assemble into unilamellar vesicles that are on average
between 100-120 nm in diameter. A second generation chemoezymatioc synthesis for
siloxane-phospholipids has been developed permitting access to a library of SiPCs.
The synthesis of these novel materials and their unique physical properties will be
discussed.
Self-healing, recyclable silicone elastomers

Siloxane-phospholipids
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POLY 223: Heating at patterned photothermal interfaces (happi) additive
manufacturing of silicones
AJ Boydston, aboydston@wisc.edu. Chemistry, University of Wisconsin,
Madison, Wisconsin, United States
Our vision is to combine the geometric freedom of light-based additive
manufacturing (AM) with the mechanical performance of traditional thermoset
parts. Attractive materials such as silicones, polyurethanes, and epoxies are
widely used in manufacturing, yet are generally dismissed as potential build
materials for AM. Conversion of liquid resin into three dimensional (3D) parts
using controlled thermal processing is challenging to replicate in an AM
process. Motivated by the potential for AM with traditional thermosets, our
research team recently invented a method of AM that uses an optical input to
pattern a photothermal image onto a single layer of thermoset resin.
Mechanizing the setup achieved preliminary layer-by-layer formation of 3D
parts, opening a potential doorway toward our long-term vision. Our goal now
is to understand the fundamental structure-process-property guidelines and
limitations of thermal management, curing kinetics, equipment parameters,
and mechanical performance of parts with this new technique. In our
preliminary iteration, we use a photothermal plate that converts light to heat at
a localized area in a vat of thermosetting resin. Importantly, this technology
may enable AM of traditional thermoset materials without requiring any
chemical modification of the resin, providing a fast-track toward validation and
implementation in various applications.
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POLY 224: 3D printable polysiloxane metamaterial scintillators for
neutron detection
Dominique Porcincula, porcincula1@llnl.gov. Lawrence Livermore National
Lab, Livermore, California, United States
Traditional liquid and plastic scintillators enable detection of various radiation
sources but are limited in their ability to determine source location. While
various technologies, such as compact neutron scatter cameras, allow for
precise location of radiation sources, their high cost often becomes a barrier
for implementation. This work addresses these issues by utilizing direct-ink
write (DIW) additive manufacturing of polysiloxane-based scintillator inks as a
method for fabricating cost-effective metamaterial scintillators for radiation
detection, spatial discrimination, and spectroscopy. Shear-thinning
polysiloxane inks comprise a phenylated polysiloxane copolymer and various
blue and green scintillation dyes. The DIW technique allows for a multimaterial
printing of fine, submillimeter features with distinctly dyed blue or green
domains in a variety of different geometries, including logpile and lattice
structures. Neutron incidence that occurs within a single domain will produce
either green or blue light, while neutrons of sufficiently high energy can cross
domains and produce a mixture of green and blue light. Analysis of energy
spectra and color mixtures can then be used to determine angle of incidence
and radiation source location.
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POLY 225: Engineering the mechanical, magnetic and rheological
properties of Homocomposite Capillary Pastes (HCPs) for 3D printing of
soft actuators and bioscaffolds
Lilian B. Okello2, lbokello@ncsu.edu, Sangchul Roh2, Austin Williams2,
Oliver Lierz2, Joseph B. Tracy1, Orlin D. Velev2. (1) Material Science and
Engineering, North Carolina State University, Raleigh, North Carolina, United
States (2) Chemical and Biomolecular Engineering, North Carolina State
University, Raleigh, North Carolina, United States
We will discuss the principles and applications of a new class of highly flexible
and versatile silicone elastomeric materials for 3D printing that can also
undergo complex shape-morphing reconfiguration in external magnetic fields.
The magneto-active soft actuators were fabricated by 3D printing with a new
class of polydimethylsiloxane (PDMS) homocomposite capillary pastes (HCP3DP), developed in our group (Adv. Mater. 29:1701554, 2017, Adv. Mater.
Technol. 4:1800528, 2019). Neodymium-iron-boron (NdFeB) particles were
embedded inside the cured microbeads to render the resulting ink
magnetically active without compromising its mechanical properties due to an
additional phase. This ultrasoft material is biocompatible and has tunable
mechanical characteristics, which make it suitable for biomedical and soft
robotics applications. One of our goals has been to build responsive
structures to be used as new bioscaffolds, biosensors and diagnostic tools.
Mechanical stability of the printed and cured structures in conjunction with
maximum possible actuation distance is achieved by optimizing the HCP
material moduli as well as the volume fraction of the magnetic material
present in the ink. Spatial anisotropy in the architectures can be tuned to
guide the direction of actuation. We will show that with optimal NdFeB particle
loading into the silicone microbeads, optimal volume of liquid polymer
precursor used for bridging the microbeads and controlled level of polymer
crosslinking, we can fabricate 3D printed structures which are very soft, yet
strong enough to withstand multiple cycles of expansion and contraction when
actuated by external magnetic fields. The cyclic actuation of these objects can
be modulated to mimic the pumping mechanism like that seen in heart and
lung muscles, while the moduli can be tuned by design to match that of live
tissues.
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POLY 226: Silicon based hybrid materials for ophthalmic applications
Azaam Alli, aalli2@its.jnj.com. Research & Development, Johnson &
Johnson Vision Care Inc., Jacksonville, Florida, United States
Silicon based hybrid materials are used widely in ophthalmic applications,
thus developing new materials is an evolving discipline. In contact lenses,
siloxane-based hydrogels occupy about 64% of the market today. Unlike poly
(HEMA), these materials have high oxygen permeability, rendering them
suitable for mitigation of hypoxia and healthy vision. Ophthalmic treatments
via contact lenses, are applied to over 125 million people globally, with a
market size valued at USD 12.79 billion in 2019 and projected to grow at a
Compound Annual Growth Rate of 5.0% from 2020 to 2027.
Silicones are inherently hydrophobic, and surface wettability is required for
ocular biocompatibility. Three hydrophilic modification technologies have been
commercially developed, each having different polymer chemistries and
material properties. One technology combines TRIS and siloxane macromer
cross-linkers, with DMA and NVP to produce low modulus hybrid polymers,
followed by surface modification via plasma oxidation/treatment or hydrophilic
polymer graft. In the 2nd technology, a cross-linked matrix of PDMS and
amphiphilic silicones, with DMA and HEMA are integrated in an IPN with high
molecular weight polyvinylpyrrolidone (PVP). The 3 rd technology exploits the
large reactivity ratio differences between methacrylate functionalized siloxane
macromers and vinyl monomers such as NVP and VMA.
As more is demanded from ophthalmic treatments using silicon hybrid lenses,
the integration of specific chemistries for novel applications is of primary
focus. These include bio-responsive polymeric surfaces for anti-biofouling and
biocompatibility needs, high energy visible (HEV) light filters for light
management applications, drug delivery to impact ocular conditions/diseases,
and “Smart” Lenses to not only correct vision defects, but to detect and
monitor intraocular pressure, eye motion and ocular physiology.
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POLY 227: Ultrahydrophobic films derived from
poly[(methylhydro)siloxane]: low water roll-off angles and icephobicity
Kenneth J. Wynne1,2, kjwynne@vcu.edu, Scarlett Wang3. (1) VCU Dept of
Chem Engr, Richmond, Virginia, United States (2) Virginia Commonwealth U,
Richmond, Virginia, United States (3) Chemical & Life Sciences Eng, Virginia
Commonwealth U, Richmond, Virginia, United States
Resistance to wetting by water has been studied at the fundamental level and
for practical applications for decades. Hydrophobization of hydrophilic
surfaces is often achieved by covalent attachment of hydrophobic alkyl-silicon
moieties. Thus, various methods have utilized the reaction of native oxide
surface hydroxy groups with alkoxy-, chloro- or hydridosilanes.(1,2) The
reaction of a hydridosilane with surface -OH groups included HMS-991
(Gelest), designated MSiH27M (M = methyl, SiH = the MeHSiO siloxane repeat
unit and 27 is the approximate degree of polymerization.(2) These nanofilms
(0.36 nm) on silicon wafers via B(C6F5)3 catalysis (toluene) had θA/ θR of
98°/88°. Hozumi spread MSiH27M on Si and heated at 60 °C / 24 h to obtain
2.5 nm films with θA/θR 107.2°/105.0°, but these films were unstable in water,
a serious defect.
Here we report 10 µm films on glass coverslips prepared by dip-coating
MSiH27M and curing at 180 °C for 1 h. The resulting ultrahydrophobic coatings,
designated 991-180, are stable after immersion in water for at least one week
(Figure 1). Of practical interest, 991-180 coatings on microscope slides
(~150 µm) were self-cleaning with water drop roll-off angles less than 10°.
Furthermore, 991-180 coatings were icephobic with a peak removal force for
ice adhesion (τice) less than 30 kPa. By virtue of self-cleaning and resistance
to ice adhesion coatings with low MQ-R content have potential for conferring
energy savings.
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POLY 228: Rapid and robust siloxane-based surface treatment to repel
liquids and solids
Anish Tuteja, atuteja@umich.edu. Mat Sci Eng HH Dow Bldg, University of
Michigan, Ann Arbor, Michigan, United States
A wide range of liquid and solid contaminants can adhere to everyday
functional surfaces and can dramatically alter their performance. Numerous
surface modifications have been developed in the literature that can reduce
the fouling of some solids, or repel certain liquids, but are generally limited to
specific contaminants or class of foulants. This is due to the typically distinct
mechanisms that are employed to repel liquids vs. solids. In this presentation,
we deiscuss a rapid and facile surface modification technique that yields a thin
film of liquid-like siloxane molecules tethered to a surface. This surface
treatment is extremely durable, and readily repels a broad range of liquids
with different surface tensions and polarities, including water, oils, organic
solvents, and even fluorinated solvents. Additionally, due to their flexible,
amorphous nature that enables interfacial slippage, these surfaces also
dramatically reduce adhesion to various types of solids including ice, wax,
calcined gypsum, and cyanoacrylate adhesives, allowing for their easy
release. The developed surfaces thus offer one of the first solutions that
minimizes fouling by both liquids and solids simultaneously.
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POLY 229: Creasing instabilities of dielectric elastomer for monitoring of
biofouling
Sara Krpovic1,2,3, sarakr@kt.dtu.dk, Anne L. Skov2, Kim Dam-Johansen1,
Samuel Rosset3, Iain Anderson3. (1) CoaST, Department of Chemical and
Biochemical Engineering, Technical University of Denmark, Kgs. Lyngby,
Danmark, Denmark (2) Danish Polymer Center, Department of Chemical and
Biochemical engineering, Technical University of Denmark, Kongens Lyngby,
Denmark (3) Biomimetics Lab, Auckland Bioengineering Institute, The
University of Auckland, Auckland, New Zealand
Biofouling attachment on submerged surfaces presents a serious economic
and ecological problem for the marine industry.
When a substrate-bonded dielectric elastomer (DE) is subjected to high
voltage, deformations in the form of creases can be formed at the surface of
the DE. This deformation, has been already demonstrated for the prevention
and detachment of biofouling from the surface of DEs. In this work we add
sensing capabilities to the anti-biofouling effect of active DE surfaces.
A device consisting of a metallic plate, a Kapton sheet, and a thin silicone film,
was immersed in saltwater. The water acted as one electrode, with the metal
plate being the second electrode.
Because silicone film was bonded to a rigid substrate, and because silicones
are incompressible, voltages below the creasing threshold created no
deformation in the film, and therefore no change in capacitance. However,
when a critical value of voltage was reached, instabilities appeared at the
surface of the silicone in the form of creases. Formation of creases increased
the capacitance of the device. The voltage at which the capacitance increases
is identified as the threshold voltage for creasing instabilities. We propose that
when biofouling material (e.g. barnacles) is attached to the surface of the
silicone elastomer, it will change the stiffness of the surface of the silicone
elastomer and influence the threshold voltage necessary to develop creases.
Measuring the capacitance versus voltage will enable the identification of the
voltage threshold, and therefore provide a monitor of biofouling growth.
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POLY 230: Modified slide-ring cross-linkers for silicone dielectric
elastomer actuators
Jakob-Anhtu Tran, jakant@kt.dtu.dk, Jeppe Madsen, Anne L.
Skov. Technical University of Denmark, Kgs Lyngby, Denmark
Slide-ring elastomers have distinctive mechanical properties due to the
dynamic nature of their network structure. The elastomers contain covalently
linked macrocyclic rings that have been threaded onto linear axial polymers.
These mechanically interlocked rings are free to move along the molecular
axis chains acting as sliding cross-links. Such mobile cross-links impart
unique mechanical properties, including high deformability and low hysteresis,
which allow for the preparation of extremely soft, yet still mechanically stable
elastomers that can sustain fast cyclic loading. These properties are
especially desirable for dielectric elastomer actuators (DEAs). That being said,
the use of slide-ring materials in DEAs has been limited due to their low
compatibility with common elastomer platforms used in the field such as
silicones.
In this work, a synthetic pathway is presented to modify polyethylene glycol
and α-cyclodextrin based slide-ring materials to facilitate their incorporation
into polysiloxane-based networks by means of hydrosilylation. The
introduction of silyl vinyl substituents on the threaded α-cyclodextrin rings was
utilized to add a reactive handle for the cross-linkers. Additionally, the
inclusion of trimethylsilyl groups on the rings were employed to increase the
compatibility between the cross-linkers and linear polysiloxanes. The use of
the modified slide-ring materials as cross-linkers in silicone elastomers was
then demonstrated.
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POLY 231: Poly(dimethylsiloxane) (PDMS) networked elastomer with
defined functionality
Bingrui Li2, Alexei P. Sokolov3, Tomonori Saito4, Pengfei Cao1,
caopengfei686@gmail.com. (1) Chemical Science Division, Oak Ridge
National Lab, Knoxville, Tennessee, United States (2) Chemistry, University of
Tennessee, Knoxville, Knoxville, Tennessee, United States (3) Chemistry,
University of Tennessee, Knoxville, Tennessee, United States (4) Chemical
Sciences Division, Oak Ridge National Laboratory, Knoxville, Tennessee,
United States
Enabling polymeric materials that are fragile at ambient condition with
elasticity is a challenging task, and such achievement is especially meaningful
in separation membrane and stretchable device related applications.
Poly(ionic liquids) (PILs), are widely utilized in energy-storage, gas-separation
and stimulus-responsive materials. However, these polymers are known being
“brittle” functional polymers due to their “glassy” nature at ambient
temperature. Herein, we demonstrated a viable approach to achieve “glassy”
PILs with decent elasticity via a rational design on chemical components and
polymer architectures. In the current design, the Poly(dimethylsiloxane)
(PDMS) network provide the elasticity and PILs as the side chain provide the
functionality. The resulting solvent-free polymer system exhibits good
extensibility with elongation before breaks from 122% to 422%. Moreover, the
PDMS network also allows stretchability of single-ion conducting polymer
electrolyte with improved ionic conductivity for potential stretchable battery
applications.
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POLY 232: Alkoxysilane photocages: response, stability and
spectroscopic properties
Mahmud Rashed, Rashedm@bgsu.edu. Chemistry, Bowling Green State
University, Bowling Green, Ohio, United States
Si-O based polymers are widely applicable and have features such as
flexibility, hydrophobicity, waterproof, and heat resistance. These compounds
are in high demand, but the processes of uncontrolled hydrolysis and
condensation of alkoxysilane starting materials limit their use in many
potential applications. Some work has been done to overcome these issues
such as running reactions at low temperature and using bulky alkoxysilane
substituents to reduce accessibility to the silicon core. However, both methods
lead to significantly reduced reaction rates when desired. To overcome these
challenges, we propose synthesizing alkoxysilanes with photoremovable
protective groups (o-nitrobenzyloxy, m-dimethylamino, and phenacyl) provide
stability to the alkoxy group which can only release by light. These
compounds are necessary for the development of photo-controlled activation
of sol-gel chemistries and sequence defined siloxanes and they will be
extensively studied for their photo-responsive behavior and stability to acids,
bases, and heat.
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POLY 233: Reactive MT copolymers based on
poly(phenylsilsesquioxanes)
Yan Cong1, yancong@umass.edu, Pei Bian1, Thomas J. McCarthy2. (1)
Department of Polymer Science and Engineering, University of
Massachusetts, Amherst, Amherst, Massachusetts, United States (2) Univ of
Massachusetts, Amherst, Massachusetts, United States
Polysilsesquioxanes (PSQs) with an empirical structure of (RSiO 3/2) are a
class of inorganic-organic hybrid silicone resins. Three classes of PSQ
structure have been described with randomly branched structure, linear
ladder-like structure and cage-like polyhedral oligomeric structure (POSS).
Limited research has been conducted on these materials with the exception of
POSS that has a significant literature. This situation is in contrast to the wide
industrial application of the other structures. The research reported here
provides insight to poly(phenylsilsesquioxane) with efforts to control the
chemical and geometric structure by varying hydrolysis and condensation
conditions of polymerization and end-capping the oligo- and
poly(silsesquioxane)s - (T)n - with trialkylsilyl-groups (R3SiO1/2) (M) to prepare
MT copolymers. This class of silicone copolymers has been neglected.
Reactive MT copolymers will be described, and their ability to form materials
with controllable properties will be discussed.

An example of new silicone materials from the reactive MT copolymers based on
poly(phenylsilsesquioxanes).
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POLY 234: Self-healing poly(dimethyl siloxane) based elastomer with
high stretchability
Xue Liu1,2, xuli@kt.dtu.dk, Yi Nie2,3, Liyun Yu1, Suojiang Zhang2, Anne L.
Skov1. (1) Techanical university of Denmark, Copenhagen, Denmark (2)
Institute of Process Engineering, Chinese Academy of Sciences, Beijing,
Beijing, China (3) Zhengzhou Institute of Emerging Industrial Technology,
Zhengzhou, Henan, China
Self-healing materials constitute a new, emerging class of smart materials
with the ability to spontaneously repair mechanically induced damages, and
thereby the lifetime of products can be prolonged. Recently, self-healing
polymer elastomers with excellent mechanical properties has attracted a lot of
attention due to their application in various fields. Herein, a novel thioctic acid
(TA) functionalized poly(dimethyl siloxane) (PDMS) based elastomer with high
stretchability and intrinsic self-healing capability, PDMS-Fe-TA, is reported .
The self-healing properties of this elastomer arise from a combination of
dynamic metal-coordinated bonds and hydrogen bonds facilitate a network
structure. FT-IR and Raman analyses confirm that the crosslinked network is
successfully obtained. The effect of the weight ratio of PDMS and TA on the
properties of the elastomer was also investigated. It was found that the weight
ratio of PDMS and TA has little effect on the dielectric permittivity of the
elastomer, and the tensile strain and Youngs modulus increase with the
increased amount of TA. The strain-dependent elastic recovery behavior of
the elastomer was also studied. After mechanical damage, the elastomer can
be healed in 120 min at 40 °C.

Figure 1 Self-healing polymer elastomers with excellent mechanical properties
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POLY 235: Soft thermoplastic silicone elastomer via supramolecular
chemistry
seonghyeon jeong1,2, seojeon@kt.dtu.dk, Anne L. Skov1, Anders E.
Daugaard1. (1) Danish Polymer Centre, Department of Chemical and
Biochemical Engineering, Technical University of Denmark, Lyngby, Denmark
(2) Sino-Danish Center, University of Chinese Academy of Sciences, Beijing,
China
Traditionally polydimethylsiloxane (PDMS) elastomers are prepared by
chemical crosslinking reactions [1]. As a result, a covalently bonded polymer
network is formed, which gives elastomeric properties [2]. However, since the
polymer backbones are covalently interconnected, elastomers are relatively
difficult to process and recycle [3, 4].
To overcome these drawbacks, different approaches have been applied to
form thermoplastic elastomers (TPEs) including self-assemblies through
supramolecular interactions [5, 6].However, the non-covalent bonding forces
obtained by simple hydrogen bonding (H-bond) result in too weak mechanical
properties. Therefore, systems based on stronger physical association, have
been prepared from more specific hydrogen bonding species, such as, 2ureido-4[1H]-pyrimidone (UPy), possessing two H-bond acceptors and donors
(Figure 1c). Such quadruple H-bonded units can form dimers, which have
been exploited for preparation of tough PDMS TPEs [4]. However, softer
PDMS TPEs cannot be prepared by this approach, since they again suffer
from too weak associations between chains. Here we show how a
combination of UPy and urea as strong and weak H-bond can be combined to
prepare the soft PDMS TPE (Figure 1a). The urea bond (figure 1b) acts as a
sacrificial bond under deformation whereas UPy plays a role as a strong
crosslinker (Figure 1c). Moreover, these two H-bonds can be disassociated at
raised temperature (or by organic solvents) (Figure 1d). The obtained polymer
melt (or polymer solution) then can be remolded, illustrating the possibility of
direct recycling of PDMS elastomers.
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POLY 236: Beads on a chain(BoC) fluorescent polymeric materials:
Interactions of conjugated organic cross-linkers with Silsesquioxane
cages and their spectroscopic properties
Shahrea Mahbub1, smahbub@bgsu.edu, Joseph C. Furgal2. (1) Chemistry,
Bowling Green State University, Bowling Green, Ohio, United States (2)
Chemical Engineering, University of Michigan, Warren, Michigan, United
States
Organic electronic materials have advantages over inorganics in terms of
versatility, cost and processability. Recent advancements in organic materials
for light emitting diodes (OLED), field effect transistors (OFET), and
photovoltaics have engendered extensive innovation potential on this field. In
this research, we focus on synthesizing SQ (silsesquioxane) based polymers
cross-linked by di-bromo-aromatic linkers and explore how the cross-linker
and polymer length influence their photophysical properties. Bis-triisopropoxysilyl(linker) model compounds were synthesized to compare noncage photophysical properties with respective polymers. Characterization
techniques such as UV/Vis, fluorescence, FTIR, thermal gravimetric analysis
(TGA) have been done. Transient absorption showed lower energy absorption
from the excited states, suggesting short range “conjugation” effects between
moieties. Single photon counting studies have shown distinct lifetime
differences between most linkers and cages. The silsesquioxane backbone of
the oligomers gives substantial thermal stability as well as solution
processability, which can make these materials highly suited in organic
electronic applications.

236

POLY 237: UV-curable reversible thermosets as a path towards recycling
in additive manufacturing
Rick H. Curvers1,3, rcurvers@carbon3d.com, Justin Poelma1,2, Jason
Rolland1. (1) Materials, Carbon, Belmont, California, United States (2)
University of California, Santa Barbara, Santa Barbara, California, United
States (3) Chemical Engineering and Chemistry, Eindhoven University of
Technology, Eindhoven, Brabant, Netherlands
Photo-polymer resins used in additive manufacturing (AM) typically rely on
highly crosslinked thermoset networks to quickly vitrify a material and provide
mechanical integrity. The resulting irreversibly crosslinked networks ensure
that the material cannot be readily processed or remolded at the end of its
product life cycle. As AM emerges as a form of mass manufacturing, the
sustainability of these materials and their impact on the environment is
increasingly important to consumers and manufacturers.
To address this issue, new materials for the AM industry must be designed to
introduce the combination of sustainability and mechanical robustness. This
work is focused on developing a UV-curable reversible thermoset resin that
can be recycled by several different methods. First, we demonstrate that this
strategy can lead to melt-processable 3D-printed thermosets. In another
embodiment, reversible crosslinks allow for the extraction of important raw
materials that, after purification and quality control, can be incorporated into
new formulations. Finally, complete dissolution of a reversible thermoset can
be achieved establishing a path towards the continuous recycling of 3Dprinted photo-polymers.

The top schematic depicts the concept of melt-processable 3D-printed thermosets through reversible decrosslinking of the UV-network. The complete dissolution of a reversible thermoset and the extraction of
raw materials from the UV-network is illustrated in the schematic below.
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POLY 238: Photopolymers being used in additive manufacturing for
commercial applications: An overview
Stephanie J. Benight1,2, sbenight@gmail.com. (1) Tactile Materials
Solutions, Inc., Burlingame, California, United States (2) Chemistry, University
of Washington, Seattle, Washington, United States
Photopolymers are gaining traction as the preferred plastic materials being
evaluated by companies looking to additively manufacture commercial
components and products. Print technologies like SLA, CLIP, PolyJet, and
DLP, which all utilize photopolymers, are gaining acceptability across various
industries. Significant advances in the development of photopolymer-based
materials have lead to much improved properties of printed parts, while
improvements in the print technologies utilizing photopolymers have also
contributed. As a result, applications of 3D printing with photopolymers are
increasing significantly, with production-scale manufacturing of parts
becoming a reality.
This presentation will provide an overview of the photopolymer materials
landscape as it pertains to additive manufacturing, including different base
chemistries used, companies commercializing these materials, and
opportunities for new entrants into the 3D printing market. We will also provide
an overview of the different 3D printing companies working with these
materials and highlight features of the print technologies that enable improved
material properties. Select case studies for production applications will also be
presented.
This talk will serve as a great introduction for those interested in photopolymer
materials used for 3D printing, as well as a market overview for those
currently working with 3D printing materials or 3D print technologies.

Cartoon illustrating the transformation from photopolymer liquid resin to mass production of 3D
printed products.

238

POLY 239: 3D printing elastomers with latex and light
Timothy E. Long1,2, telong@vt.edu, Christopher B. Williams1,2, Philip Scott1,2,
Viswanath Meenakshisundaram1,2. (1) Virginia Tech, Blacksburg, Virginia,
United States (2) Macromolecules Innovation Institute, Virginia Tech,
Blacksburg, Virginia, United States
Vat photopolymerization (VP) additive manufacturing fabricates intricate
geometries with excellent resolution; however, high molecular weight
polymers are not amenable to VP due to concomitant high solution and melt
viscosities. Thus, a challenging paradox arises between printability and
mechanical performance. This report describes concurrent photopolymer and
VP system design to navigate this paradox with the unprecedented use of
polymeric colloids (latexes) that effectively decouple the dependency of
viscosity on molecular weight. Photocrosslinking of a continuous-phase
scaffold, which surrounds the latex particles, combined with in-situ computervision print parameter optimization, which compensates for light scattering,
enables high-resolution VP of high molecular weight polymer latexes as
particle-embedded green bodies. Thermal post-processing promotes
coalescence of the dispersed particles throughout the scaffold, forming a
semi-interpenetrating polymer network (sIPN) without loss in part resolution.
Printing a styrene-butadiene rubber (SBR) latex, a previously inaccessible
elastomer composition for VP, exemplified this approach and yielded printed
elastomers with precise geometry and tensile extensibilities exceeding 500%.
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POLY 240: 3D printing of thermally activated polymer foams
Soyoung Seo1, eileenseo@ucsb.edu, Younghoon Kwon1, Neil Dolinski2,
Megan Valentine1, Craig J. Hawker3. (1) University of California, Santa
Barbara, Santa Barbara, California, United States (2) Materials, UCSB, Santa
Barbara, California, United States (3) Univ of California, Santa Barbara,
California, United States
Synthetic materials with unprecedented strength-to-weight ratio can be
achieved by evolving cellular microstructures inspired by natural lightweight
materials such as cork. A new photocurable resin that enables 3D printing of
cellular composites with precise control over material density and shape (not
limited to lattice structures) for creating polymer foams with superior bulkscale properties is reported. Key to this approach is an incorporation of
expandable microspheres comprising a thermoplastic shell encapsulating a
volatile liquid hydrocarbon in photocurable resin to facilitate irreversible,
isotropic expansion of 3D printed objects upon thermal treatment. By tuning
the concentration of microspheres or duration of thermal treatment, we can
create 3D objects with a wide range of tunability and control over porosity and
density. Most importantly, we demonstrate that a material with substantially
reduced density similar to balsa wood (85% lower density than the polymer
matrix without microspheres) and higher compression modulus value can be
generated by adding 15w% microspheres in the resin.
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POLY 241: Synthesis of highly energetic monomers and polymers based
on the acrylate functionality for additive manufacturing
Thuy-Ai Nguyen, tdnguyen@lanl.gov, Bryce C. Tappan, Andrew M.
Schmalzer, Clayton G. Tiemann, Alexandria N. Marchi, David E. Chavez,
Alexander H. Mueller. Los Alamos National Laboratory, Los Alamos, New
Mexico, United States
Los Alamos National Laboratory (LANL) has demonstrated that high explosive
(HE) resins composed of polymeric binders and solid energetic materials are
printable via direct ink write. The high ratio of binder to solid explosive used to
formulate an extrudable ink demands that the binder also be highly energetic
in order to maintain the energy density of the final product. Acrylate
monomers and polymers containing energetic nitrate ester functionalities have
been synthesized. These materials cure rapidly upon exposure to UV light in
the presence of a photoinitiator and show promising calculated energetic
performance properties. Their room temperature liquid form or low melting
point makes them suitable for use as binders and potentially appropriate for
incorporation into additive manufacturing (AM) technologies such as VAT
photopolymerization. Several of the synthesized acrylates exhibit low
outgassing and good aging properties. Small scale sensitivity test data,
energetic performance calculation and suitability as energetic AM feedstocks
will be presented.
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POLY 242: Utilizing RAFT agents to enhance resolution, fidelity, and
thermo-mechanical properties for stereolithography
Brian Green1, brian-green@uiowa.edu, Robert R. McLeod2, Allan
Guymon3. (1) University of Iowa, Iowa City, Iowa, United States (2) University
of Colorado, Boulder, Colorado, United States (3) Univ of Iowa, Iowa City,
Iowa, United States
Widespread adoption of stereolithography faces a number of obstacles
including unsuitable thermomechanical properties, anisotropic properties, and
limited resolution and fidelity. In this work, we incorporate a reversible
addition-fragmentation chain transfer (RAFT) agent into a glassy acrylate
formulation to modify mechanical properties and improve resolution of objects
printed using digital light processing (DLP) SL. Incorporating a small amount
of a trithiocarbonate RAFT agent into the formulation leads to increased
elongation and toughness accompanied by a small decrease in tensile
modulus. RAFT samples printed in a vertical orientation exhibit a higher
modulus than non-RAFT controls prior to post-cure in addition to a similar
modulus with increased toughness upon UV post-cure due to the
living/controlled nature of RAFT polymerization. Furthermore, RAFT
formulations allow objects to be printed with significantly higher, even when a
radical scavenger is incorporated to mimic reaction rates. Additionally, the
RAFT agent significantly increases the critical energy parameter determined
from the SL working curve, indicating an increase in gel point conversion. This
work demonstrates the benefits of using controlled/living polymerization in a
highly cross-linked acrylate system to improve toughness, modify anisotropic
properties, and print high-fidelity features with enhanced properties in 3D
printed materials.
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POLY 243: Reactive processing in extrusion based polymeric 3D
printing
Mark D. Dadmun1,2, dad@utk.edu, Neiko Levenhagen1, Austin Riggins1. (1)
Chemistry, University of Tennessee Knoxville, Knoxville, Tennessee, United
States (2) Oak Ridge National Laboratory, Oak Ridge, Tennessee, United
States
Fabricating complex geometries with isotropic, robust mechanical properties
by fused deposition modeling (FDM) remains a key target in expanding
additive manufacturing towards the production of large scale commercially
relevant structures. Due to the large size of polymer chains and the complex
thermal environment experienced by the printed filament in FDM,
entanglement of polymers between layers is incomplete, resulting in weak
inter-layer interfaces and unsatisfactory Z-strength. Recently, our group has
addressed these issues by developing novel polymer materials for FDM that
revolve around the introduction of low molecular weight surface segregating
additives (LMW-SuSAs) to the filament. We have recently expanded this
concept to reactive additives, including methacrylate terminated linear and 3arm PLA LMW-SuSAs. These reactive additives can now form inter-layer
crosslinks by rational introduction of UV photo-initiators and fiber-optic based
UV illumination. In situ reactive processing of the printed layers results in
drastic increases in the transverse tensile stresses of the printed layers up to
~140% and ~200% for the linear and 3-arm LMW-SuSAs respectively to
create essentially isotropic materials.

Illustration of UV illumination to enable reactive extrusion 3D printing.
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POLY 244: Non-isocyanate polyurethanes and polyureas for elastomers
and foams: Opportunities for green chemistry and depolymerization
Timothy E. Long, telong@vt.edu, Josh Wolfgang, Tyler White. Virginia Tech,
Blacksburg, Virginia, United States
Non-isocyanate polyurethanes (NIPUs) and polyureas are rapidly growing in
their relevance as techniques approach, and even surpass, the properties of
isocyanate-based polyurethanes. One such example is the addition of
oligomeric diamines with a cyclic carbonate monoester to provide a versatile
route towards high molecular weight polyurethanes. Electrospun, NIPUs
demonstrated reduced mechanical properties while increasing the
biocompatibility compared to annealed film counterparts. Utilizing bio-derived
monomers, such as urea in place of isocyanates allows for the synthesis of
elastomers with mechanical properties that approach or exceed those of
isocyanate-derived polymers. Furthermore, the incorporation of plant-oilbased polyols and esters decreases dependency on petroleum-based
monomers for polyurethane synthesis. Another cyclic-carbonate route to
NIPUs employs epoxydized soybean oil, which can produce a
cyclocarbonated monomer through a reaction with CO2. Polyurethane
synthesis follows through a reaction between the monomer and a diamine,
while foam production comes from heating the polymer matrix to the T m and
impregnating it with scCO2.<span style="font-size:10.8333px">
</span>Depolymerization and degradation of polyurethane compounds is
achieved either by engineering degradable structural groups into the
backbone, or through tailored enzymatic degradation. Acid catalyzed
hydrolytic degradation involves no oxidative pathways, allowing recovery of
the amine and alcohol groups for further reactions. Current work focuses on
using carbonyldiimidazole (CDI) to functionalize the amine and alcohol groups
to create a recycled polyurethane.
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POLY 245: Upcycling waste polyesters to additive manufacturing
materials
Chen Wang, chen.wang-1@colorado.edu, Ana Morais, Erika Erickson,
Nicholas Rorrer, Scott Nicholson, Avantika Singh, Gregg Beckham. National
Renewable Energy Laboratory, Golden, Colorado, United States
Today, only 30% of poly(ethylene terephthalate) (PET) bottles are recycled,
and PET textiles currently exhibit nearly zero recycling rates. Existing
approaches for plastics recycling, such as mechanical reprocessing and
pyrolysis, are effectively downcycling, as they typically lead to products of
lower value. Chemical conversion of plastic wastes into materials of higher
value, or upcycling, may potentially economically incentivize a higher extent of
plastics reclamation. To that end, this presentation will cover our recent efforts
in PET depolymerization via both biological and chemical means, and
subsequently demonstrate the conversion of resulting intermediates into
performance polymers, including polymers for additive manufacturing.
Thermomechanical properties of these upcycled polymers suggest they are
drop-in replacements to petroleum-derived materials. Supply chain energy
calculations predict that such plastics upcycling processes can significantly
reduce both energy consumption and greenhouse gas emissions, relative to
virgin material reproduction. Overall, additive manufacturing is demonstrated
as an example toward incentivizing recycling and the circular economy of
plastics.
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POLY 246: Direct-write 3D printing from solution for tunable structural
color of bottlebrush block copolymers
Bijal Patel1, bbpatel2@illinois.edu, Ying Diao2. (1) Chemical and
Biomolecular Engineering, University of Illinois Urbana-Champaign, Urbana,
Illinois, United States (2) Chemical and Biomolecular Engineering, University
of Illinois at Urbana Champaign, Urbana, Illinois, United States
Additive manufacturing of functional materials exhibiting tunable structural
color remains highly challenging, due to the need for on-the-fly control of
printed structures at the nanoscale. We overcome this challenge by
integrating nonequilibrium self-assembly of bottle brush block copolymers with
a highly versatile direct-write 3D printing approach. We demonstrate that by
varying printing conditions during deposition, peak reflected wavelength for
bottlebrush photonic crystals prepared from a single ink can be controlled
across a range of 403 to 626 nm (blue to red), corresponding to a predicted
change in d-spacing of >70 nm (Bragg-Snell equation). We further
demonstrate spatial and functional patterning of photonic crystals to achieve
colorful prints of chameleon patterns through on-the-fly tuning of assembly
kinetics during printing. Via scanning electron microscopy and synchrotron
small-angle X-ray scattering analysis of printed films, we then confirm the
microstructural underpinning of this phenomena as tuning of lamellar domain
d-spacing (total thickness of A+B blocks) which we attribute to modulation of
polymer conformation during printing. Finally, we establish the role of kinetic
trapping of metastable microstructures as the mechanism for domain size
control based on in situ optical microscopy and solvent-vapor annealing
experiments. Thus, we demonstrate a new method for tunable block
copolymer photonics without synthetic variation. Furthermore, we present a
hardware and software integrated 3D printing scheme that can serve as a test
bed for functional property modulation for a variety of material systems.

246

POLY 247: Effect of infill on resulting mechanical properties of additively
manufactured bioresorbable polymers for medical devices
Clayton Culbreath3,1, clayton.culbreath@poly-med.com, Seth D. McCullen 3,1, Brian
Gaerke3, M S. Taylor2,3, Olin T. Mefford1,2, mefford@clemson.edu. (1) Materials
Science and Engineering, Clemson University, Clemson, South Carolina, United
States (2) Bioengineering, Clemson University, Clemson, South Carolina, United
States (3) Poly-Med, Inc., Anderson, South Carolina, United States
The ability to produce medical devices composed of bioresorbable materials through
additive manufacturing could lead the way to precision medicine. Bioresorbable
materials are strong candidates for medical devices based on their ability to degrade
and eventually being resorbed by the patients’ body after fulfilling a temporary
function as an implant. Such devices eliminate the need for secondary surgeries
(e.g. explant) When combined with the innovation and technological advances of
additive manufacturing, the use of bioresorbable polymers could prove tremendous
to the development of custom bioresorbable implants. However, a key question for
the use of thermoplastic based resorbable polymers lies in the potential changes in
properties experienced during manufacturing, and thus the effect of processing
parameters on the products of the final device is of critical importance. The final
mechanical properties of a device are the first to be affected by processing
parameters and are the first to be discussed with surgeons during development of a
new device. Mechanical tensile properties are the primary focus of these initial
discussions because mechanical failure of the implant device would lead to
irrevocable consequences to a patient. In this work, additive manufacturing of
medical grade polymers and copolymers of L-lactide, ε-caprolactone were extruded
into filaments of 1.75 mm in diameter and printed at different infill percentages. The
molecular, thermal, and mechanical properties of the resulting samples of the
bioresorbable polymers were evaluated. A unique copolymer of L-lactide, εcaprolactone, and trimethylene carbonate, Lactoflex® 7415, was also evaluated and
demonstrated to possess a crossover of mechanical properties between both Llactide and ε-caprolactone homopolymers. Lactoflex® 7415 provides a unique
alternative to homopolymers of L-lactide. With just the three materials and the infill
parameter of AM, order of magnitude range in tensile strength and modulus
properties were observed feasible and optimizable.
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POLY 248: Heuristic adaptive optimisation algorithm of FFF/FDM
processing parameters and its printing experimental validation
Sergejs Gaidukovs1, sergejs.gaidukovs@rtu.lv, Georgijs Bakradze2. (1)
Faculty of materialscience and applied chemistry, Riga Technical university,
Riga, Latvia (2) UL Institute of Solid state physics, Riga, Latvia
Heuristic design concept of polymer material key processing parameters in
materials extrusion-based additive manufacturing processes to improve
printed article mechanical properties has been demonstrated for the first time.
The presented concept combines eleven actions starting with tests to
determine the processingparameters values for printing the first printed layer
and progressing to more complex geometric features e.g. bridges.
Furthermore, the shown concept relies on a design-of-experiment approach of
several values combinations of the processing parameters to be validated
simultaneously. The proposed approach is achieved to be irrelevantto
different artefacts generated during the additive manufacturing (see Figure).
The shown procedure allows to pursue three mainly demanded optimisation
strategies resulting ineither (i) short printing time, (ii) high mechanical
strength, or (iii) good visual appearance properties of 3D printed articles. The
proposed approach was validatedfor common commercial 3D printed
polymers. Measured tensile tests reveal the strong effect of amorphous and
semi-crystalline nature of the polymer on the optimization strategy results.

248

POLY 249: Molecular simulation from bench to market
Armand Soldera1, Armand.Soldera@USherbrooke.ca, Marc Meunier2. (1)
Univ De Sherbrooke, Sherbrooke, Quebec, Canada (2) BIOVIA, Dassault
Systemes, Cambridge, United Kingdom
For a very long time, molecular simulation was the prerogative of theorists in
university laboratories. With a significant increase in computer power,
algorithm efficiency, and an easy accessibility to simplified simulation software
environments, it has become a classic tool within a laboratory. In fact, an
increasing number of industries owns molecular simulation department.[1] As
a molecular simulation lab, we used to carry out more fundamental research.
Nevertheless, the skills we developed in approaching molecular simulation as
an “experimental” tool is of interest for industries. In this lecture, a survey of
some studies performed in the lab involving the use of molecular simulation
tools to solve industrial problems is presented. Behind this survey, we will try
to propose responses to some specific questions: Is molecular simulation able
to design new materials that will be ultimately found in the market? How can
we respond more rapidly to the needs of industrials?
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POLY 250: Comparative study in mechanical properties of biopolymer
scaffolds fabricated with 3D printing technology
Tracy Zhang1, zhangcu2@msu.edu, Therese Joffre4, Grace Bremmer3,
Logan McNamara3, Aaron Heydenburg5, Robert Bubeck1, Bingbing Li2. (1)
Michigan State University, Midland, Michigan, United States (2) Central
Michigan University, Mt Pleasant, Michigan, United States (3) Dow High
School, Midland, Michigan, United States (4) Midland High School, Midland,
Michigan, United States (5) Calvary Baptist Academy, Midland, Michigan,
United States
Bone defects, both congenital and acquired, are severe and costly
impairments. Beyond a critical size, bone defects (e.g., fractures) are not likely
to heal without further medical intervention. An effective treatment technique
is to implant a biodegradable scaffold at the injured site to promote bone
regeneration by attracting cells to the area and fostering their growth. Via 3D
printing technology (material extrusion), scaffolds can be made to the specific
needs of patients. In this study, scaffolds were fabricated from various
polymeric biomaterials (PCA, PLA, PLA/PHA, OBC, and PVA) with different
specified infill geometries and percentages. The mechanical properties of the
scaffolds were characterized in compression to determine the characteristic
compressive yield stress and Young’s modulus for each configuration in the
longitudinal and transverse directions. The results were obtained regarding
each geometric infill pattern (i.e., rectilinear, triangle, hexagon, and gyroid),
percentage infill, and polymer type. The measured mechanical properties
were compared with reported compressive yield stresses and moduli for
different trabecular bone tissues at multiple anatomical locations in order to
determine which of the fabricated scaffold examples potentially best fit the
applications.

Yield stresses (± standard deviation) (a and b) and compressive Young’s moduli (± standard deviation) (c
and d) determined from longitudinal and transverse compression tests. All scaffolds were printed with a
50% theoretical infill density and different infill patterns. A legend for all bar graphs is shown in (b).
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POLY 251: Synthesis of a bioderived bioplasticizer for biopolymers
Lennard F. Torres1, lennardtorres@gmail.com, Allison Flynn2, William
Orts1. (1) BRU, United States Department of Agriculture, Albany, California,
United States (2) Lapol, LLC, Santa Barbara, California, United States
Limitations of biopolymers such as PLA and PHB including their brittle nature
and narrow processing window have restricted their use from many
applications. Plasticizers are presently being used to modify these properties,
but these materials still have limited acceptance when compared directly to
less expensive polyolefin products. Novel plasticizers from sustainable
resources provide an opportunity to meet market needs for materials with
increased biobased and biodegradability content, while mitigating
environmental and human health concerns. This study involved the synthesis
of a bioplasticizer and melt viscosity enhancer that enabled biopolymers to be
functional in standard processes such as injection molding and film extrusion.
Its influence as a plasticizer on the thermal and mechanical properties of
polylactic acid (PLA) was investigated. The results were compared with
properties of PLA blends containing commercially available plasticizers. It was
found that the bioplasticizer promoted toughness and flexibility without
sacrifing modulus while minimizing glass transition temperature reduction. The
bioplasticizer also enabled high concentrations of inorganic fillers to be
compounded into PLA, which resulted in the production of composite “book
covers” for a novel.

Synthesis of Lapol 108 bioplasticizer

251

POLY 252: Self-assembled supramolecular nanosystems from engineered
block copolymers for targeted therapy of cancer and brain diseases
Kazunori Kataoka1,2, kataoka@pari.u-tokyo.ac.jp. (1) Innovation Center of
NanoMedicine, Kawasaki Institute of Industrial Promotions, Kawasaki, Japan (2)
Institute for Future Initiatives, The University of Tokyo, Tokyo, Japan
Nanomedicine has received progressive interest for the treatment of intractable
diseases, such as cancer and neurodegenerative diseases. Engineered polymeric
nanosystems with smart functions play a key role in nanomedicine as drug carriers,
gene vectors, and imaging probes. This presentation focuses present status and
future trends of supramolecular nanosystems self-assembled from designed block
copolymers for targeted therapy of intractable diseases. Nanosystems with 10 to
100 nm in size can be prepared by programmed self-assembly of block copolymers
in aqueous entity. Most typical example is polymeric micelle (PM) with distinctive
core-shell architecture. PMs have several properties relevant for nanosystems,
including controlled drug release, tissue penetrating ability, and reduced toxicity.
Furthermore, smart functionalities, such as pH- and/or redox potential responding
properties, can be integrated into the PM structure. These smart PMs loaded with
various therapeutics were evidenced to have a significant utility in the treatment of
intractable and metastatic cancers, including pancreatic cancer, glioblastoma, and
tumors harboring recalcitrant cancer stem cells (CSCs). Eventually, five different
formulations of the PMs developed in our group have already been in clinical trials
world-wide, including Japan, Asia, USA and European countries. Furthermore,
nanosysems hold promise for the treatment of intractable diseases other than
cancer. Recently, we developed nanosystems decorated with glucose to crossing
intact blood-brain barrier by recognizing glucose-transporter overexpressing on brain
endothelial cells, indicating a novel route to deliver versatile drugs into brain for the
treatment of neurodegenerative diseases. Further progress in these biocompatible
nanosystems with smart functionalities may ultimately enable self-regulating
theranostic systems working autonomously in our body like nano-hospitals.
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POLY 253: Greener and tougher composites from natural silks
Juan Guan, 09741@buaa.edu.cn. Beihang University, Beijing, China
Natural silks as structural materials possess superior toughness via balanced
strength and extensibility. Wild Antheraea pernyi (Ap) cocoons are 5 times
tougher than the common Bombyx mori (Bm) cocoons, owing to the twice
stretchier silk fibers. In our laboratory, we integrate natural Ap and Bm silks
and synthetic polymer matrices and create a series of composites with
unprecedent properties. On top of the biodegradability and biocompatibility
granted for silk, the composites from silk displays superior mechanical
toughness and salient fracture behaviours similar to natural structural
materials. In addition, the mechanical performance and economy of silk-based
composites can be further modulated by high-performance synthetic fibres
such as carbon fibre and natural flax fibre from plants. Integrating natural
high-performance fibres and tailorable synthetic polymers presents a novel
route to structural materials, and can be explored further to build biomedical
devices.
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POLY 254: Rationally-designed polypeptides based on the nature of
structural proteins
Keiji Numata1,2, keiji.numata@riken.jp. (1) RIKEN, Saitama, Japan (2) Kyoto
University, Kyoto, Japan
In nature, high-performance biological polymers and composites consist of
various organisms. Structural protein is one of the key factors to realize the
unique properties and functions of natural tissues and organisms. However,
use of structural proteins as structural materials in human life is still
challenging. One of the major drawbacks of protein/polypeptide-based
materials is their limited synthesis/process method. My research group has
successfully synthesized various polypeptides, such as spider silk protein-like
and elastin-like multiblock polypeptides, even with unnatural amino acids or
nylon units, via chemoenzymatic polymerization. Those artificial polypeptides
containing unnatural units achieve several properties that cannot be done by
natural polypeptides. Thus, this enzyme-mediated polymerization of amino
acid monomers provides a new insight for material design of polypeptide. My
research group also reported the new finding in spider silk spinning, which is
essential to clear the hierarchical structure of spider silk. The scalable and
sustainable synthesis method along the clarified structure-function relationship
of natural proteins provides a new insight for structural and functional material
design of amino acids-based polymers.
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POLY 255: Anisotropic packing in vapor-deposited glasses
Mark D. Ediger, ediger@chem.wisc.edu. Univ of Wisconsin, Madison,
Wisconsin, United States
Glasses are generally regarded as highly disordered and the idea of
“controlling” molecular packing in glasses is reasonably met with skepticism.
However, as glasses are non-equilibrium materials, a vast array of amorphous
structures are possible in principle, even for a single component system.
Physical vapor deposition (PVD) allows a surprising amount of control over
anisotropic molecular packing in glasses. For organic semiconductors,
glasses can be prepared in which the molecules have a substantial tendency
to stand-up or lie-down relative to the substrate, and molecular layering can
also be achieved. The high density and anisotropic packing of PVD glasses
can be explained by a mechanism that is “anti-epitaxial” as structure is
templated by the top surface rather than by the underlying substrate. This
mechanism implies that similar structures can be prepared by increasing
substrate temperature and by decreasing deposition rate, and this has
recently been experimentally verified.
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POLY 256: Single-ion doping and homopolymer blending approaches to
improved ion-transport in block polymer electrolyte materials
Thomas H. Epps1, thepps@udel.edu, Melody Morris1, Priyanka Ketkar2, Joseph
Dura3, Ryan Nieuwendaal4. (1) Chemical Engineering, University of Delaware,
Newark, Delaware, United States (2) Chemical and Biomolecular Engineering,
University of Delaware, Newark, Delaware, United States (3) 6102, N.I.S.T.,
Gaithersburg, Maryland, United States (4) Materials Science and Engineering,
NIST, Clarksburg, Maryland, United States
Block polymer (BP) electrolytes are appealing alternatives to liquid, gel, or
homopolymer systems because their mechanical, thermal, and conductive
properties are decoupled such that enhanced stability and performance are
achievable. However, several issues exist with polymer systems including, low
conductivity, concentration polarization, and polymer stability. Two methods,
described herein, to address such issues are single-ion doping and homopolymer
blending. In the doping approach, a self-doped diblock terpolymer electrolyte, in
which the salt anions are attached covalently to the polymer, was designed such
that one block was composed of a high modulus material and the other block
consisted of both ion-conducting and self-doping monomer segments. The selfdoped block polymers were synthesized with a series of self-doped lithium
concentrations. Small-angle X-ray scattering results suggested that all self-doped
block polymers exhibited ordered nanostructures. AC impedance spectroscopy
and DC polarization were used to evaluate the conducting properties of the
electrolyte, and the conductivities increased with self-doping ratio. The
relationship between morphology, ion content, and ion transport, the composition
of the self-doped BPs was manipulated to improve lithium ion conductivity. In the
blending approach, polystyrene-b-poly(oligo-oxyethylene methacrylate) [PS-bPOEM] BPs were blended with a more mobile, ion-conducting POEM
homopolymer; the blends then were doped with lithium salts. By adding
homopolymers of different molecular weights, wet brush or dry brush regimes
were achieved. The wet brush polymer blends increased the mobility of both the
polymer and lithium as suggested by the reduction of T g,POEM and via line
narrowing in variable temperature 7Li solid-state nuclear magnetic resonance
measurements, respectively. However, the dry brush blend demonstrated an
overall higher ionic conductivity, likely due to the presence of homopolymer-rich
ion channels. The results of this study provided key design parameters to
promote enhanced conductivity via homopolymer-rich pathways in BP-based
electrolytes.
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POLY 257: Spatially-resolved measurements of the local glass transition
temperature in nanostructured block copolymers
Richard A. Register, register@princeton.edu, Dane Christie, Rodney D.
Priestley. Chemical and Biological Engineering, Princeton University,
Princeton, New Jersey, United States
Fluorescence labeling enables component- and location-specific
measurements of the glass transition temperature (Tg) in complex polymer
systems. Here we characterize the local Tg in lamellar-forming poly(butyl
methacrylate-b-methyl methacrylate) diblock copolymers, PBMA-PMMA, by
incorporating pyrene-bearing methacrylate monomers at specific locations
along the polymer chain. A strong gradient in Tg of the higher-Tg PMMA
block, 42 K over 4 nm, was mapped with nanometer resolution. A much
smaller dynamic gradient was found for the lower-Tg PBMA block. When the
labelled monomer was enchained close to the interblock junction, the
measured Tg showed a clear effect of self-concentration, with a much lower
Tg observed when the label was placed on the PBMA vs. PMMA side of the
junction. To probe the influence of chain connectivity, pyrene-labelled PMMA
homopolymers were blended at low concentrations into an unlabeled PBMAPMMA diblock. Soft confinement by the PBMA domains lowered the
homopolymer Tg by ~5K beyond the contribution of segmental mixing. A
comparison of Tg for the PMMA homopolymers in the blends to Tg for diblock
copolymers with equivalent labeled segment density profiles revealed that the
PMMA homopolymer’s Tg is consistently ~10 K higher than for PMMA diblock
segments at the same location within the domain structure, highlighting the
dominant contribution of a covalent bond across the interface to the
perturbation of the chain dynamics in the block copolymer.
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POLY 258: Viscoelasticity at the surface of polymer glasses
Rodney D. Priestley, rpriestl@princeton.edu. Chemical and Biological
Engineering, Princeton University, Princeton, New Jersey, United States
The surface of a polymer glass is not so glassy, as there exists a layer with
enhanced molecular mobility. Here, we investigate the viscoelasticity at the
surface of a glassy polymer over many decades in time and as a function of
temperature. In comparison, we find that reptation at the free surface is more
sensitive to temperature than Rouse relaxation at the free surface. This
decoupling suggests a breakdown of thermorheological simplicity, i.e., a
central tenant of viscoelasticity, at the free surface of polymer glasses. We
provide experimental evidence for this breakdown, and discuss its implications
on materials design.
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POLY 259: Creating new macromolecular architectures and functions
with strategies based on sequence-defined, mixed-ligand and
catalytically active solvents
Virgil Percec, percec@sas.upenn.edu. Univ of Penn, Philadelphia,
Pennsylvania, United States
This presentation will demonstrate how the use of mixed-ligand, catalytically
active solvents and sequence-defined methodologies can be used to discover
and predict new macromolecular architectures and functions.
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POLY 260: Synthesis of alternating poly(ester carbonate)s starting from
serine and from 3-hydroxypropionic acid
Coleen R. Pugh1,2, coleen.pugh@wichita.edu, Carolyn Scherger2, Madison
Pugh2. (1) Department of Chemistry, Wichita State University, Wichita,
Kansas, United States (2) Department of Polymer Science, The University of
Akron, Akron, Ohio, United States
Poly(lactic acid) (PLA) and other aliphatic polyesters are of interest due to
their biomedical applications and their potential as sustainable replacements
of petroleum-based commodity polymers. We recently developed a method to
produce a halogenated PLA, poly(2-bromo-3-hydroxypropionic acid-co-lactic
acid) (PLB) by an acid-catalyzed step-growth polymerization of 2-bromo-3hydroxypropionic acid, a halogenated constitutional isomer of lactic acid,
which was synthesized from the amino acid, serine. This brominated PLA
(PLB) can be functionalized with a variety of chemistries. This talk will present
our investigation of 2-bromo-3-hydroxypropionic acid as a starting material for
cyclic monomers for ring-opening polymerization as an alternate means of
producing PLB. In these studies, a means to generate 2-(chlorocarbonyl)ethyl
chloroformate (CFEO), an acid chloride-chloroformate, was discovered and
used to produce poly(ester-carbonate)s and halogenated poly(estercarbonate)s with a series of aliphatic diols. These poly(ester carbonate)s have
a structural repeat unit such that the backbone alternates between carbonate
and ester, which can be controlled by a selective reaction of the monomer.
These poly(ester carbonate)s undergo hydrolytic degradation at an
intermediate rate between that of the corresponding polyester and
polycarbonate.
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POLY 261: Building from waste: Using monomeric building blocks from
decomposed polyethylene to make new polymers
Katrina Knauer, katrina@biocellection.com, Cody J. Higginson, Jennifer Le
Roy. Materials Innovation, BioCellection, Inc., Menlo Park, California, United
States
Despite the benefits of plastic packaging, there is rising concern for the
environment due to its high production volume, often short usage time, and
problems related to waste management and littering. Over 90% of plastic
waste ends up in a landfill, incinerators, or oceans. Mechanical recycling
technologies are one possible solution to managing plastic waste, yet
polyethylene remains a major recycling challenge. Most chemical recycling
technologies focus on depolymerizing commodity plastics back into their
original monomers. However, what if the carbon rich backbone of
polyethylene can be broken down to make more valuable and versatile
monomers than ethylene? This is our vision at BioCellection Inc. We have
developed an Accelerated Thermal Oxidative Decomposition (ATOD TM)
process where polyethylene is rapidly oxidized into lower molecular weight
species with oxygenated functionalities. These valuable organic compounds
are harvested, purified, and used to make new polymer products. This talk will
cover how we are using chemical building blocks from decomposed
polyethylene to create new, high-performing polymers. One such material is
our thermoplastic polyurethane elastomers that contain unique backbone
functionalities and up to 45% recycled monomer content. The polymers of
focus are synthesized using solvent free techniques and designed to be 100%
recyclable.
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POLY 262: Tackling challenges in sustainability with chemistry
Jeannette Garcia, jmgarcia@us.ibm.com. IBM, San Jose, California, United
States
The focus of this talk will be on chemical approaches for plastics
sustainability. I will discuss the opportunities and outlook for recycling of many
classes of plastics, including those used in industrial settings. I will highlight
examples of plastic recycling ecosytems and the value of technology solutions
today.
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POLY 263: From biomass waste to performance-advantaged polymers:
efficient routes to lignin valorization
Thomas H. Epps1,2, thepps@udel.edu. (1) Chemical Engineering, University
of Delaware, Newark, Delaware, United States (2) Materials Science &
Engineering, University of Delaware, Newark, Delaware, United States
Economic challenges continue to hamper the adoption of biobased polymers
as alternatives to petroleum-based plastics. Generally, renewable polymers
are too expensive due to the inherent variability in biobased feedstocks and
the significant separation steps required to make purified monomer streams.
Here, we demonstrate that materials with reproducible thermal and
mechanical characteristics can be synthesized in a controlled and predictable
manner from batches of monomers with complex and somewhat variable
compositions, such as minimally processed bio-oils obtained from
depolymerized lignin. As one example, we leveraged polymer structureproperty relationships to fabricate high-performance pressure sensitive
adhesives (PSAs) from compounds directly obtained from raw biomass
(poplar wood) deconstruction. These PSAs, generated from biobased block
copolymers, exhibited the nanoscale characteristics of conventional phaseseparated materials and had peel forces and tack forces that were competitive
with commercial tapes. As another example, we investigated the
thermomechanical and environmental toxicity behavior of newly created
bisguaiacol precursors and epoxy networks, for which the precursor
compounds could be derived from lignin. These systems demonstrated dropin potential, in both synthesis and materials properties, relative to petroleumbased analogues, yet most importantly, demonstrated reduced negative
environmental impacts when screened by several common toxicity assays. In
the above cases we employed raw biomass as our feedstock; however, we
have recently demonstrated the versality of our strategy by expanding our
feedstocks to other commercial scale inputs and waste streams.
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POLY 264: New biobased polymers through polyurethane formation
H.N. N. Cheng2, hncheng100@gmail.com, Atanu Biswas1. (1) National Center
for Agricultural Utilization Research, USDA Agricultural Research Service,
Peoria, Illinois, United States (2) Southern Regional Research Center, USDA
Agricultural Research Service, New Orleans, Louisiana, United States
The practice of agriculture and food produces many byproducts and wastes
that can serve as raw materials for the synthesis of new biobased materials. It
is then useful to develop the synthetic methodologies that can carry out this
conversion conveniently and economically (Figure 1). One reaction that has
been used fairly extensively in the authors’ laboratories is the formation of
polyurethanes. Thus, agro-based carbohydrates can be reacted through heat
or microwave processes to form either polyurethanes or related semiinterpenetrating polymer networks (SIPNs). An example is our recent work on
sorbitol-containing polymers. Sorbitol is a useful agro-based substance that is
inexpensive and commercially available. We have synthesized polyurethanes
from sorbitol and toluene-2,4-diisocyanate (TDI). The nature of the resulting
polyurethane products depends on the stoichiometry of the starting materials.
At increasing TDI levels, a viscous liquid, a soft gel, or a hard thermoset have
been obtained. The polymers have been fully characterized with 13C NMR,
FT-IR, size exclusion chromatography, and thermogravimetric analysis. The
polyurethanes obtained near the gel point can be used to make SIPNs with a
second polymer, thereby imparting some of the properties of the second
polymer onto the sorbitol-based polyurethanes. For illustration, the sorbitolbased polyurethane SIPNs obtained in combination with poly(vinyl
pyrrolidone) and poly(lactic acid) will be described in the presentation.

Figure 1. Schematic diagram for the conversion of agro-materials into new polymeric products.
P1, P2, and P3 represent intermediate hydrolysis materials
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POLY 265: Solving the problem of plastic waste
Kathryn Beers, kathryn.beers@nist.gov. NIST, Gaithersburg, Maryland,
United States
From the increasing evidence of plastic debris invading all parts of the
environment, to the disruption of a decades old model for processing
recyclable plastic, change to the lifecycle for plastics, is critically needed.
There are many terms used in the popular press, and myriad approaches
proposed. This talk will summarize the current state of the discussion, and
present some examples of measurements NIST is performing to support
better understanding of the environmental impacts of plastic waste, training
programs to support workforce development, and new methods to support
smarter design and processing of commodity polymers.
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POLY 266: Developing sustainable polymers for industrial applications
James H. Wang, jameswang.sshy@sinopec.com. SINOPEC, Appleton,
Wisconsin, United States
Sustainability of polymers has become a focus of the global polymer industry.
Its scope includes improving recycling and green manufacturing of traditional
polymers as well as developing viable biodegradable and/or bio-based
polymers, both are very important and also have major technological,
economic, and societal challenges. Biodegradable polymers, as compared
with traditional polymers, have deficiencies in performance, processability,
and cost. This presentation provides a summary of our research and progress
in overcoming these challenges. Several approaches were developed to
effectively improve the overall performance of biodegradable polymers. A
green, continuous process was developed to improve the processability and
properties of biodegradable polymers to meet application requirements.
Natural polymers were modified to make them thermoplastic and low-cost
biodegradable materials. On the agricultural side, accumulation of nonbiodegradable mulch films in soil has created severe soil sustainability issue
around the globe, recent development of biodegradable mulch films with
improved properties and in-field performance will be highlighted.
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POLY 267: Manipulating the fluorescence lifetime in nanostructures
Rachel K. OReilly, r.oreilly@bham.ac.uk. Dept of Chemistry, University of
Warwick, Coventry, United Kingdom
Fluorescence barcoding is a pivotal technique for the investigation of the
cellar and subcellular processes. The forefront of the techniques to provide
reproducible and quantitative output in this area is using the fluorescence
lifetime as the readout modalities, which is less dependent on the local
concentration or method of measurement compared with conventional
fluorescence emission or wavelength based barcoding. In this study, by
rational design of a substituted maleimide-based two-component photoswitchable nanogel, we report the ability to change fluorescent lifetime via
light-controlled energy transfer processes.

Photoswitchable nanogel
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POLY 268: Dynamic, electrolyte-blocking, and single ion-conductive
network as a scalable method to stabilize lithium metal anodes
David G. Mackanic1, dmack@vt.edu, Yi Cui2, Zhenan Bao1. (1) Chemical
Engineering, Stanford University, Stanford, California, United States (2) Materials
Science, Stanford University, Stanford, California, United States
Lithium (Li) metal anodes promise to provide high energy density for Li-ion
batteries, but are limited by poor cycle life. Among the reported strategies for
extending Li metal lifetime, polymeric coatings have been investigated as a lowcost and scalable method. So far, dynamic flowability, electrolyte-blocking, and
single-ion conductivity have been proposed as beneficial properties for polymer
coatings, but a systematic study of these properties is lacking. In this work, we
report the synthesis of a new class of low-cost and scalable coordination
polymers based on anionic crosslinking centers that form dynamic bonds with
connector ligands. By controlling the chemical nature of the crosslinking center in
these coordination polymers, networks with dynamic flowability, electrolyteblocking, and single-ion conductivity are created. By systematically tuning the
coordination chemistry, we found that the properties of dynamic flowability and
singe-ion-conductivity both drastically improve the life of Li metal anodes, and
that these properties are synergistic.
The optimized structure for use as a Li metal coating is a dynamic, single-ionconducting network (DSN) with single ion conductivity of 3.5 * 10 -5 S cm-1. When
used as a coating on Li metal, 1 mAh cm-2 of lithium can be reversibly plated and
stripped at rate of 0.5 mA cm-2 for a record high 300 cycles with a high coulombic
efficiency of 96.5%. In contrast to other lithium coatings, synthesis of DSN
emerges from a facile one-pot process with only hydrogen gas as the by-product.
Furthermore, the coating can be applied to Li metal via a dip-coating process at a
cost of only 0.02 $ cm-2. Using this scalable approach, a DSN-coated Li metal
anode was used in a high-voltage NMC-532 full-cell with all commercial
components. The coated Li metal anodes show dramatically increased cycle life
(160+ cycles) over uncoated Li (<100 cycles).
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POLY 269: Architecture control of biodegradable polymers
Dylan Walsh, dwalsh5@illinois.edu. UIUC, Urbana, Illinois, United States
To deliver on society's need for sustainable materials, the development of
biodegradable polymers with a wide range of material properties is needed to
cover the full scope of applications that polymers are used for. A polymer’s
macroscopic properties stem from their architecture, or more specifically
molecular weight, composition, and topology. My work has sought to expand
the scope of synthesizable architectures through the development of
automated flow reactors.
Automated flow reactors are ideal for synthesizing polymer architectures as
they provide a simple to use, chemistry agnostic system that delivers the
precision of a computer. This enables a new paradigm in synthesis to emerge
where the a priori design of a high precision polymer architecture can be
instantly produced with the click of a button. This talk will present two
illustrations of this idea with a general route to design polymer molecular
weight distributions and the engineering of molecular geometry in bottlebrush
polymers. Each synthesis is supported by detailed characterizations and
mathematical modeling to verify the production of a well-defined material. This
work hopes to push the limits in complex polymer architectures to facilitate
fundamental studies into material properties, and ultimately accelerate the
engineering of sustainable polymers.
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POLY 270: Impact of silicone monomer structure on morphology and
oxygen permeability of model silicone hydrogels
Wu Bing4, Meredith Wiseman1, meredith.wiseman-m@dsm.com, Dermot
Brougham3, Victor Litvinov2. (1) DSM, Maastricht, Netherlands (2)
V.Lit.Consults, Beek, Netherlands (3) University College Dublin, Dublin,
Ireland (4) University of Toronto, Toronto, Ontario, Canada
The transport of oxygen across silicone-hydrogel (SiHy) materials is of great
interest in bio-materials applications. In this study, O2 permeability of
hydrogels made from UV-cured polyacrylamide containing different siloxane
co-monomers were analyzed through the traditional coulometric flux method,
as well as by 1H NMR T1 relaxometry. It was shown by the transient flux
method that the crosslinked polyacrylamide with short, linear siloxane side
chains (polydimethylsiloxane (PDMS)) has higher O2 permeability as well as
O2 solubility as calculated from the composite diffusivity than those with
branched siloxane (tris-(trimethylsiloxysilyl-) (TRIS)). On the other hand,
based on direct measurement from NMR T1 analyses, a slightly higher O2
solubility was observed for the samples with branched siloxane. In order to
understand the reason behind this discrepancy, a series of morphological
studies using small-angle X-ray scattering (SAXS), atomic force microscopy
(AFM) as well as 29Si and 1H NMR T2 relaxometry were undertaken. These
studies suggest that morphology plays an important role in O2 permeability. It
is proposed that the linear siloxane phase separates more completely and in
larger domains with twice as much siloxane existing in the form of percolating
domains although the tortuosity of this percolating path was found to be
longer. The mobility in the linear siloxane was much higher which is attributed
to molecular structure and fewer interfacial and topological constraints. While
a simple permeability measurement can compare materials, we demonstrate
that the use of multiple orthogonal techniques is invaluable in developing a
more complete understanding of small molecule transport in these
heterogeneous materials.
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POLY 271: Bioinspired synthetic water channels: toward sustainable
polymeric membrane applications based on molecular design
Woochul Song1, woochulsong@utexas.edu, Benny D. Freeman1, Manish
Kumar2. (1) Chemical Engineering, The University of Texas at Austin, Austin,
Texas, United States (2) Civil, Architectural and Environmental Engineering,
The University of Texas at Austin, Austin, Texas, United States
The ever increasing global demands on water for drinking, agriculture,
industry, and municipal supply have spurred new technology development for
securing water quality and quantity. Membrane technologies are one of the
most promising platforms to achieve this goal. Compared to traditional water
treatment technologies for desalination and dissolved contaminant removal,
membrane separation processes are energy efficient, operationally flexible,
and modular. However, as water sources become complex and intricate due
to the use of alternative water sources, it has been imperative to develop new
membranes that exceed the separation limits of current polymeric
membranes. An emerging approach to improve the current membranes is the
implementation of bioinspired polymeric membranes. This talk will cover a
brief introduction of this relatively new research field and highlight the recent
discovery of a new type of bioinspired artificial water channel (AWC).
Biological water channel proteins (aquaporins, AQPs) are key transport
elements seen in biological membranes that enable fast and selective water
transport. A new AWC, peptide-appended-hybrid[4]arene, achieved
performance similar to that of AQPs but through a completely new mechanism
of molecular transport. This mechanism of water-wire network formation will
be discussed in detail with a view to development of scaled-up AWC-based
polymeric membranes for sustainable applications.
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POLY 272: Use of dendrimer ligands for intentional nanocrystal hybrid
designs and assembly
Katherine C. Elbert1, katherine.elbert@gmail.com, Christopher B. Murray 2. (1)
Chemistry, University of Pennsylvania, Philadelphia, Pennsylvania, United States
(2) University of Pennsylvania, Philadelphia, Pennsylvania, United States
Nanocrystal (NC) properties are routinely enhanced through surface chemistry
modification. However, the majority of NC research is conducted with ligands that
are commercially available. While this has produced highly monodisperse NCs
with well controlled size and shape made of a wide variety of elements, the ability
to design specific ligand choices has the potential to optimize and tune
properties, while unlocking novel characteristics and capabilities. The presented
work takes inspiration for ligand design from a series of classical supramolecular
assembly molecules, such as dendrimers, as a starting point for exploration.
Dendrimers are an attractive class of ligands as they are molecularly precise and
the synthesis is highly tunable, allowing for ease of incorporation of moieties to
probe specific properties. In this presentation, the use of Fréchet-type
dendrimers for highly controlled assembly of both isotropic and anisotropic NCs
will be presented. Additionally, the cone architecture of these dendrimers
provides a protective organic shell around isotropic NCs, dramatically increasing
overall NC stability and lifetime compared to commonly employed commercially
available ligands. To gain further control of the assembly of NCs in thin films,
stimuli-responsive ligands were designed to incorporate both the dendrimer
scaffold and an azobenzene moiety. Kinetics of the trans to cis transition of the
azobenzene were studied when the ligands were grafted to the surfaces of NCs,
and these results were used to guide when to expose the system to external
stimulus during assembly. Through this approach, interparticle spacing can be
fine tuned to multiple distances without physically altering the system.
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POLY 273: Dynamic chemistries unlocking chemical circularity in
polymer recycling
Brett Helms, bahelms@lbl.gov. The Molecular Foundry, Lawrence Berkeley
National Lab, Berkeley, California, United States
One of the goals of a circular economy is to design-out waste and pollution by
re-orienting industry around materials that can be re-used and recycled. For
polymers used in plastics and thermosets, those in use today were never
designed to be recycled. As a result, they have accumulated in both terrestrial
and aquatic ecosystems throughout the world in such alarming volumes that
their influence can no longer be ignored. If circularity is to be realized in the
life cycle of polymers, new polymer chemistries are needed for deconstructing
polymers such that the recovered monomers are readily dissociated from any
additives required for manufacturing, performance, or to achieve a desired
product aesthetic. Here, I will describe our recent efforts to address these
challenges using poly(diketoenamines) (PDKs), which undergo reversible
polymerization and fully closed-loop polymer recycling using atom- and
energy-efficient processes.
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POLY 274: Struggling toward controlled synthesis of polyacetals
Robert B. Grubbs, robert.grubbs@stonybrook.edu. State University of New
York, Stony Brook, New York, United States
Polymers with acetal linkages in the backbone have great potential as
degradable or recyclable materials and can be prepared by chain
polymerization of carbonyl compounds. The wide variety of aldehydes and
ketones that occur naturally or through sustainable transformations of
naturally occurring compounds suggests that they also have promise as
sustainable materials. Glyoxylate esters are one such class of monomers that
can be polymerized by treatment with bases, but monomer purification is a
critical issue and the polymerization mechanism has not been studied in
detail. We will discuss our efforts to control the polymerization of glyoxylate
esters from hydroxyl-terminated macroinitiators and to prepare a range of
block copolymers with degradable polyglyoxylate blocks, including polymers
that form hydrogels. Efforts toward expanding these polymerization methods
to include other monomers and investigating the sustainability of these
methods will also be discussed.

Left: General structure of poly(alkyl glyoxylate) prepared by controlled
polymerization from alcohol initiators. Right: Hydrogels prepared from poly(ethyl
glyoxylate)-block-poly(ethylene oxide)-block-poly(ethyl glyoxylate).
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POLY 275: Tellurium and selenium-containing conducting polymers and
photoactive compounds
Dwight S. Seferos, dseferos@chem.utoronto.ca. Chemistry, University of
Toronto, Toronto, Ontario, Canada
For over 10 years my students and I have been fascinated by how one can
incorporate selenium and tellurium into pi-delocalized molecules and polymers
and how this in turn influences their properties. Much of our work has focused
on the heterocycle tellurophene, which is the heaviest of the chalcogen
heterocycles. Tellurophene chemistry had been virtually unknown, but through
the course of our investigations we have learned how to synthesize polymers
based on tellurophene. This has allowed us to develop the controlled or ‘living’
synthesis of these challenging polytellurophenes and used this knowledge to
develop polytellurophenes with complex architectures such as di- and tri-block
copolymers and cyclic polymers. The block copolymers self-organize at the
nanoscale by selective oxidation, which is also driven by the crystallinity within
the blocks. When investigating the optoelectronic properties of these
compounds, we find that they have a very narrow optical band-gaps and a
high charge-transport ability relative to the lighter heterocycle analogs. The
polymers form the basis of the active semiconducting component in
transistors, solar cells, and thermoelectric devices. Finally, we are using
selenium and tellurium substitution in emissive compounds known as
thermally activated delayed florescence emitters. The chemistry and physics
of these materials will be the focus of the lecture.
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POLY 276: Creating complex polymer nanostructures using
crystallization driven assembly
Rachel K. OReilly, r.oreilly@bham.ac.uk. Dept of Chemistry, University of
Warwick, Coventry, United Kingdom
Crystallization-driven self-assembly (CDSA) is a remarkable tool in the
solution polymer self-assembly toolbox and has been utilized to create an
impressive range of hierarchical block copolymer structures. Unlike in
conventional solution self-assembly, where the range of morphologies
obtained are determined by varying the relative block composition of each
block, in polymers assembled via CDSA, the formation of micelles with low
interfacial curvature is favored. However, despite advances in CDSA there are
relatively few examples where the aggregate morphology can be readily
controlled to form nanostructures whose size can be controlled in 2
dimensions and whose chemistry can be tuned towards application. In this
presentation advances in the design and synthesis of chemically and
morphologically complex nanostructures will be reported.

Nanostructure morphologies accessible using CDSA
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POLY 277: Manipulating multiexciton mechanisms in molecules and
macromolecules
Luis M. Campos, campos96@hotmail.com. Chemistry, MC3124, Columbia
University, New York, New York, United States
Organic molecules and macromolecules (MnMs) that harvest and convert one
photon to one exciton have been exploited in chemistry, optoelectronics, and
optics. The single light-induced excitons formed in a variety of organic MnMs
essentially serve as a source of potential energy to trigger photophysical and
photochemical processes with spatiotemporal control. However, conventional
mechanisms of exciton generation can be impaired by inherent energetic
losses. Therefore, efforts are now geared to develop materials that generate
multiple excitons from a single photon to overcome thermodynamic limitations.
Singlet fission is a processes that has been observed in organic MnMs, where
a singlet excited state can lead to two triplet states. This talk will highlight our
work focused on understanding how the chemistry of molecular building
blocks and their architectural connectivity in macromolecular systems impact
the formation and dynamics of triplet pairs from a single incident photon.
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POLY 278: Cyclodextrin-based adsorbents to remove per- and
polyfluorinated alkyl substances from water
William R. Dichtel, wdichtel@northwestern.edu. Chemistry, Northwestern
University, Wilmette, Illinois, United States
Per- and polyfluorinated alkyl substances (PFASs), have come under
increased scrutiny because of their environmental persistence and association
with various health problems. A β-cyclodextrin polymer linked with
tetrafluoroterephthalonitrile (TFN-CDP) has high affinity for cationic and many
neutral MPs from contaminated water because of anionic groups incorporated
during the polymerization. But TFN-CDP does not bind many anionic MPs
strongly, including anionic PFASs. To address this shortcoming, we reduced
the nitrile groups in TFN-CDP to primary amines, which reverses its affinity
towards charged MPs. TFN-CDP exhibits adsorption distribution coefficients
(log KD values) of 2-3 for cationic MPs and -0.5-1.5 for anionic MPs, whereas
the reduced TFN-CDP exhibits log KD values of -0.5-1.5 for cationic MPs and
2-4 for anionic MPs, with especially high affinity towards anionic PFASs.
Kinetic studies of the removal of 10 anionic PFASs at environmentally relevant
concentrations showed 80-98% removal of all contaminants after 30 min and
was superior to commercial granular activated carbon. These findings
demonstrate the scope and tunability of CD-based adsorbents derived from a
single polymerization and the promise of novel adsorbents constructed from
molecular receptors.
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POLY 279: New polymers for controlled release of non-opioid analgesics
for post-surgical pain management
Natasha Brigham, Matthew Becker, matthew.l.becker@duke.edu. Chemistry,
Duke University, Durham, North Carolina, United States
Medical prescriptions for the alleviation of post-surgical pain are the most
abundant source of opioids in circulation. Moreover, most patients report
using little to none of their prescriptions, amplifying the risk of unauthorized
use, distribution, and opioid addiction. Given the significant rate of opioid
related deaths, an alternative method of post-surgical analgesia is needed.
Herein, we report the use of bio-resorbable poly(ester urea) films that
controllably deliver a non-opioid drug, bupivicaine, in vivo and in vitro as a
model for post-surgical pain control. Polymer composition, drug-load, and film
thickness were varied to selectively control bupivicaine elution. Bupivicaine
release from PEU thin films was demonstrated in vitro, the data were fit to a
Higuchi model, and the diffusion constant of bupivicaine was calculated.
Pharmacokinetic data from an in vivo rat model showed the local tissue
concentration of bupivicaine at the study endpoint to be up to 25-fold higher in
tissue then plasma. Overall, implementation of local drug delivery systems
such as this could reduce the occurrence of adverse effects associated with
current pain management strategies.

Peri-sciatic implantation of a bupivicaine-loaded poly(ester urea) film reduces mechanical
allodynia in female mice in a well established diabetic neuropathic pain model.
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POLY 280: Cationic polymerization of vinyl ethers under ambient
conditions
Brett P. Fors, bpf46@cornell.edu. Chemistry and Chemical Biology, Cornell
University, Ithaca, New York, United States
Cationic polymerizations typically require rigorous purification of reagents,
moisture free conditions, and low-temperatures. These requirements limit the
practicality of these polymerizations and restrict their use by non-experts in
functional applications. In this presentation we will detail the development of a
cationic polymerization process that can be performed without monomer
purification, open to the air, and at room temperature. This new polymerization
methodology enables the controlled polymerization of vinyl ether monomers to
give high molar mass polymers with narrow molecular weight distributions.
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POLY 281: Atomistic control of complex polysilanes and organic
polymers
Rebekka S. Klausen, klausen@jhu.edu. JHU/Chemistry Dept., Baltimore,
Maryland, United States
This talk describes applications of the principles of target-oriented synthesis to
polymeric materials. An example is the class of cyclosilane building blocks for
conjugated polymers inspired by crystalline silicon. The cyclosilanes are a
family of bifunctional inorganic monomers resembling minimal fragments of
silicon's diamond-like crystal lattice. Different cyclosilanes template distinct
polymeric architectures, such that catalytic polymerization afforded controlled
access to cyclic and linear polysilanes.
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POLY 282: Stereoselective cationic polymerization of vinyl ethers
Frank A. Leibfarth, FrankL@email.unc.edu. Chemistry, Massachusetts
Institute of Technology, Boston, Massachusetts, United States
The stereochemistry of vinyl polymers, known as polymer tacticity, is
intimately linked to their resultant material properties. Despite the welldeveloped stereoselective methods for the polymerization of propylene and
other nonpolar a-olefins, general approaches to the stereoselective
polymerization of polar vinyl monomers are not well developed. In this lecture,
we will discuss the design of chiral counterions that systematically tune the
reactivity and chain-end stereochemical environment during cationic
polymerization. This approach overrides conventional chain-end
stereochemical bias to achieve the first catalyst-controlled stereoselective
polymerization of vinyl ether monomers. We demonstrate that this method is
general to vinyl ether substrate, providing access to a range of isotactic
poly(vinyl ether)s with previously unprecedented degrees of isotacticity. The
obtained materials represent a new class of thermoplastics with a unique
combination of mechanical and surface properties. Isotactic poly(vinyl ether)s
display the tensile properties of commercial polyolefins but have an order of
magnitude stronger adhesion to polar substrates, indicating their promise for
next generation engineering applications.
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POLY 283: POLY/PMSE Plenary
Michael A. Meador, michael-meador@sbcglobal.net. MS 49 3, NASA Glenn
Research Center, Cleveland, Ohio, United States
The POLY and PMSE divisions have come together to recognize and award
the great scientific and service contributions of members. Please join us in
congratulating our winners.
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