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POLY 1: High throughput and solution phase TEM for discovery of new pisa
reaction manifolds
Nathan C. Gianneschi1, nathan.gianneschi@northwestern.edu, Mollie A. Touve1,
Adrian Figg1, Daniel Wright1, Chiwoo Park2, Joshua Cantlon3, Brent S. Sumerlin4. (1)
Chemistry, Northwestern University, Evanston, Illinois, United States (2) Florida State
University, Tallahassee, Florida, United States (3) SCIENION, San Francisco,
California, United States (4) Department of Chemistry, University of Florida, Gainesville,
Florida, United States
We describe the development of a high-throughput, automated method for conducting
TEM characterization of materials, to remove this bottleneck from the discovery
process. We propose this approach will be of particular utility within the broad field of
block copolymer amphiphile assembly, where researchers wish to rapidly formulate for
phases of interest including vesicles in drug delivery, fragrance and cosmetic
formulation. A vesicle phase is not immediately accessible, without screening block
sizes and conditions, and is difficult to converge on using DLS for example, but rather
often requires analysis by TEM combined with more sophisticated scattering
experiments.
In this presentation, we will describe the very rapid generation (hours of work as
opposed to months) of phase diagrams for block copolymer amphiphiles. We
demonstrate the high-throughput approach for two separate types of amphiphilic block
copolymers. One type, consisting of poly(ethylene glycol)-block-poly(hydroxypropyl
methacrylate), the other consisting of poly(2-(dimethylamino)ethyl methacrylate)-blockpoly(hydroxypropyl methacrylate), were each prepared by systematically varying the
degree of polymerization of the hydrophobic block. These were each synthesized in 96well plates to rapidly generate a range of morphologies in aqueous solution. In this
manner, 45 different assembled polymer samples were prepared at a time. These
samples were sampled by automated picoliter volume liquid handling (piezoelectric
robotic dispenser) and analyzed by automated transmission electron microscopy (TEM
by SerialEM) and automated image analysis to rapidly generate phase diagrams.
Moreover, we will describe approaches for conducting polymerization and assembly of
nanomaterials in situ, in a liquid TEM cell. Linking the process of reaction development
and discovery directly to the process of imaging materials.

POLY 2: Accelerated polymerization-induced self-assembly using automated
continuous-flow reactors
Nicholas Warren, n.warren@leeds.ac.uk. University of Leeds, Leeds, United Kingdom
Continuous-flow synthesis is becoming one of the key technologies for sustainable and
reproducible manufacture of advanced chemical products. For polymer syntheses, it
offers numerous potential advantages with respect to precision control, safety, reduced
energy usage and facile scale up. The implementation of continuous-flow reactor
platforms for RAFT polymerization is currently being reported by several significant
research groups, who have demonstrated excellent control and the ability to produce
well-defined polymers and polymer nanoparticles. Alongside the developments in
continuous manufacturing processes are those in RAFT polymerization technology
itself. including polymerization-induced self-assembly (PISA) and Ultrafast (UF) RAFT
polymerisation. PISA enables the in-situ formation of block copolymer nanoparticles
while UF RAFT reduces reaction times from hours down to minutes.
Herein, we demonstrate that by combining continuous-flow platforms with the latest
advances in RAFT polymerization, it is possible to accelerate the synthesis of diblock
copolymer nanoparticles via aqueous dispersion polymerization. By judiciously selecting
fast propagating monomers and initiators which have very short half-lives at elevated
temperatures, diblock copolymer nanoparticles can be produced in under 20 minutes.
Moreover, by automating the reactors, the operator merely needs to prepare the primary
solutions, program the pumps and collect the sample. This method has important
implications with respect to efficient, highly reproducible, multi-scale manufacture,
particularly as automation enables the development of artificially intelligent reactor
systems.

POLY 3: How do diblock copolymer micelles form during polymerization-induced
self-assembly?
Matthew J. Derry, m.derry@sheffield.ac.uk, Oleksandr Mykhaylyk, Anthony J. Ryan,
Steven P. Armes. Department of Chemistry, University of Sheffield, Sheffield, United
Kingdom
Reversible addition-fragmentation chain transfer (RAFT) dispersion polymerization of a
range of vinyl monomers enables the convenient synthesis of diblock copolymer
spheres, worms or vesicles in various solvents. Such formulations are an example of
polymerization-induced self-assembly (PISA). Chain extension of a soluble stabilizer
block with a suitable monomer initially produces soluble diblock copolymer chains.
Micellar self-assembly occurs at some critical degree of polymerization (DP) for the
growing insoluble block. After this nucleation event, sterically-stabilized nanoparticles
grow in size. Depending on the precise PISA formulation, various morphological
transitions can be observed by time-resolved small-angle X-ray scattering (SAXS). In
the present work, poly(stearyl methacrylate)-poly(benzyl methacrylate) (PSMA31PBzMA2000) spheres are targeted in mineral oil. Remarkably, the nascent particles that
are formed during micellar nucleation are non-spherical (see Figure 1). Systematic
variation of this PISA formulation indicated that such anisotropic aggregates are only
formed when the monomer concentration is sufficiently high (i.e. when a relatively high
insoluble block DP is targeted).

Figure 1. SAXS patterns recorded for PSMA31-PBzMA2000 spheres in mineral oil (left),
corresponding pair-distance distribution functions (PDDFs) obtained by indirect Fourier
transformation of the experimental SAXS patterns (centre) and ab initio low resolution structure
of the scattering objects derived from these SAXS data (right).

POLY 4: RAFT dispersion polymerization in silicone oil
Matthew J. Rymaruk1,2, matthew.rymaruk@gmail.com, Saul J. Hunter4, Cate O'brien2,
Steven Brown3, Clive Williams3, Steven P. Armes2. (1) Chemistry, University of
Sheffield, Beverley, United Kingdom (2) Univ of Sheffield Dept of Chem, Sheffield,
United Kingdom (3) Scott Bader Company Ltd, Northamptonshire, United Kingdom (4)
University of Sheffield, Sheffield, United Kingdom
We describe the synthesis of diblock copolymer nanoparticles in low-viscosity silicone
oils. More specifically, a near-monodisperse monohydroxy-terminated
polydimethylsiloxane was esterified using a carboxylic acid-functionalized
trithiocarbonate to yield a PDMS66 precursor with a mean degree of functionality of 92
%. This PDMS66 precursor was then chain-extended in turn using nine different
methacrylic monomers in a low-viscosity silicone oil (decamethylcyclopentasiloxane). In
each case the target DP of the core-forming block was fixed at 200 and the copolymer
concentration was 25 % w/w. Transmission electron microscopy studies indicated that
kinetically-trapped spheres were obtained in almost all cases. The only exception was
2-(dimethylamino)ethyl methacrylate (DMA), which enabled access to spheres, worm or
vesicles. This striking difference is attributed to the relatively low glass transition
temperature for this latter block. A phase diagram was constructed for a series of
PDMS66-PDMAx nano-objects by systematically increasing the PDMA target DP from 20
to 220 and varying the copolymer concentration between 10 and 30 % w/w. Higher
copolymer concentrations were required to access a pure worm phase, whereas only
spheres, vesicles or mixed phases were accessible at lower copolymer concentrations.
Gel permeation chromatography studies indicated a linear evolution of number-average
molecular weight with PDMA DP while dispersities remained below 1.39, suggesting
relatively well-controlled RAFT polymerizations. Small angle x-ray scattering was used
to characterize selected examples of spheres, worms and vesicles. Finally, PDMS66PDMAx worms were also prepared in n-dodecane, hexamethyldisiloxane or
octamethylcyclosiloxane. Rheological studies indicate that such worms are efficient
viscosity modifiers for these non-polar oils.

POLY 5: Synthesis of amphiphilic block copolymers in RAFT aqueous emulsion
polymerization: From block copolymer nanoparticles towards surfactant-free
latexes
Muriel Lansalot, muriel.lansalot@univ-lyon1.fr, Jennifer Lesage de la Haye, Emilie
Velasquez, Isabelle Chaduc, Bastian Ebeling, Mathieu Fuentes-Exposito, James
Delorme, Cédric Bergerbit, Vincent Monteil, Franck D'Agosto. C2P2 - CNRS UMR 5265,
Villeurbanne, France
Aqueous emulsion polymerization can be advantageously combined with reversibledeactivation radical polymerization (RDRP) to produce directly in water amphiphilic
block copolymers that self-assemble in situ to form self-stabilized particles. The
process, coined polymerization-induced self-assembly (PISA), requires the synthesis by
RDRP of hydrophilic polymer chains followed by their chain extension with a
hydrophobic monomer in water leading to the formation of well-defined amphiphilic
block copolymers nanoparticles (Figure 1A). Alternatively, the use of very low amount of
these living hydrophilic chains can lead to the in situ formation of amphiphilic block
copolymers that can further act as efficient stabilizers for the particles simultaneously
produced by emulsion polymerization, without seeking control of the molar mass inside
the particle core (Figure 1B). The latter approach offers an interesting alternative to
avoid the use of low molar mass surfactants. Indeed, surfactant-stabilized latexes will
lead to the formation of polymer films where these hydrophilic species can migrate over
time and segregate at film interfaces, negatively impacting the film properties (e.g.
transparency, gloss, barrier to gas and adhesion to a substrate). The PISA process
therefore not only provides a powerful tool for the production of amphiphilic block
copolymers directly in water, but also a valuable new pathway of performing surfactantfree emulsion polymerizations considering the living hydrophilic polymer chains as
reactive stabilizers. This talk will present our recent developments in the PISA approach
for the production of amphiphilic block copolymer particles and surfactant-free polymer
latexes using RAFT (reversible addition-fragmentation chain transfer), one of the most
versatile RDRP processes.

Figure 1: Particle synthesis using living polymer chains in emulsion polymerization

POLY 6: Self-templating surface-initiated polymerization for fabrication of
conjugated polymer brushes
Szczepan Zapotoczny1, zapotocz@chemia.uj.edu.pl, Karol Wolski1, Michal
Szuwarzynski2, Anna Gruszkiewicz1, Gabriela Grzes1, Artur J. Wojcik1, Monika
Slowikowska1, Joanna Rokita1. (1) Faculty of Chemistry, Jagiellonian University,
Krakow, Poland (2) Academic Centre for Materials and Nanotechnology, AGH
University of Science and Technology, Krakow, Poland
Thin polymer films made of conjugated polymers are promissing for fabrication of
photovoltaic, thermoelectric or sensing devices. A proper ordering of the chains should
influence the performance of such systems, which may take advantages of anisotropy
offered by the stretched polymer chains in surface-grafted polymer brushes. However,
synthesis of such conjugated brushes is challenging since there are no versatile
controlled polymerization techniques easily applicable for that purpose.
We have introduced self-templating surface-initiated polymerization leading to formation
of ladder-like brushes with one chain in a pair being conjugated. The brushes were
synthesized using the two-step procedure that combines surface-initiated controlled
radical polymerizations of bifunctional monomers followed by the polymerization of the
pendant groups leading to conjugated chains (e.g. polythiophene, polyacetylene). The
pendant groups, before the second polymerization step, were prealigned along the
stretched chains in densely grafted brushes. The brushes after doping exhibited high
conductivity in the direction perpendicular to the surface as showed using conductive
atomic force microscopy. Importantly, conjugated polymer brushes based on e.g.
poly(acetylene) and poly(thiophene) with such ladder-like architecture were also shown
to exhibit long term stability in air as compared to appropriate polymer films.
Additionally, a novel mixed self-doping (conjugated/polyelectrolyte) brushes were
prepared and their structure was studied using spectroscopic and microscopic methods
(AFM, nano-FTIR, XPS profiling). The ladder-like architecture of the brushes was found
to ensure long conjugation length at a high grafting density of the conjugated chains that
is necessary for the fabrication of highly oriented and stable platforms of molecular
wires

Model poly(thiophene)-based brushes obtained using self-templating surface-initiated
polymerization

POLY 7: Polymerization-induced self-assembly of bottlebrush-like polymers
Satu Häkkinen, satu.hakkinen@warwick.ac.uk, Joji Tanaka, Ramón Garcia Maset,
Sebastien Perrier. University of Warwick, Coventry, United Kingdom
Bottlebrush-like polymer architectures are becoming an increasingly popular area of
polymer research due to their astounding properties and wide scope of potential
applications. In the pursuit of exploring bottlebrush materials further, we have studied
the preparation of bottlebrush polymer nanoparticles via polymerization-induced selfassembly.
The effect of the polymer architecture on self-assembly was studied by preparing lowdensity bottlebrush polymers of various sizes and grafting densities, and comparing
them to their linear counterparts. The self-assembly was triggered by the dispersion
polymerization of poly(benzyl methacrylate) grafts from a poly(lauryl methacrylate)
backbone in n-dodecane. The polymers were shown to form stable nanoparticles,
stabilized solely by the backbone. The complexity of the bottlebrush architecture allows
for extensive tunability of the resulting material through varying the backbone and side
chain lengths, the grafting density, and the chemistry of the building blocks. Such
systems could potentially be used for combined encapsulation, controlled release and
lubrication.

POLY 8: Controlled polymerization of ethylene and potential applications to
polymerization induced self-assembly
Franck D'Agosto, dagosto@lcpp.cpe.fr, Arne Wolpers, Cédric Bergerbit, Florian Baffie,
Muriel Lansalot, Vincent Monteil, Nicolas Baulu, Christophe Boisson. C2P2 - CNRS
UMR 5265, Villeurbanne, France
While catalytic coordination-insertion and free radical polymerizations can provide
industrially a variety of different materials based on polyethylene (PE), more complex
macromolecular architectures are difficult to obtain. In this context, statistical or block
copolymerizations with polar vinyl monomers or chain-end functionalizations are
expected to lead to a new generation of sophisticated polyolefin-based materials.
Polymerization-induced self-assembly (PISA) has recently been established as an
attractive alternative to the self-assembly of preformed amphiphilic block copolymers. It
consists in chain extending a living soluble polymer chain, produced by potentially any
kind of living polymerization, with a non-soluble block in an appropriate solvent. PISA is
thus both an efficient tool to produce these block copolymers and an original way to
chemically design the different parts of the resulting nanoparticles.
Our group is involved in both reversible-deactivation radical and catalytic
polymerizations. Catalyzed chain growth (CCG) is a coordination-insertion
polymerization conceptually analogue to the well-known reversible additionfragmentation chain transfer (RAFT) process.
Following our initial studies on RAFT polymerizations of ethylene, new systems are
shown to tackle the detrimental side reaction originally observed and to grant a higher
extent of living and functionalized chains. In addition, higher-molar-mass PE are more
easily obtained, potentially paving the way for the synthesis of more complex
architectures including the above-mentioned block copolymers with polar vinyl
monomers.
Strong of these new results, hydrosoluble polymer chains carrying the appropriate
RAFT chain ends were designed in order to be chain extended with a PE block in
organic solvent but also in water. Stable PE particles can be formed and the PISA
concept underpinning their formation will be discussed.
Eventually, all-polyolefin particles obtained by PISA in organic solvent and using CCG
will also be discussed.

POLY 9: Using wavelength orthogonality for successive photoinduced
polymerization-induced self-assembly (PISA), photo-crosslinking, and
disassembly
Cyrille Boyer, cboyer@unsw.edu.au. Chemical Engineering, UNSW Sydney, Sydney,
New South Wales, Australia
We report a facile approach for the synthesis of cross-linked polymeric nanoparticles by
exploiting wavelength-selective photochemistry to perform orthogonal photoinduced
polymerization-induced self-assembly (Photo-PISA) and photo-crosslinking processes.
We first established that the water-soluble photocatalyst, zinc meso-tetra(N-methyl-4pyridyl) porphine tetrachloride (ZnTMPyP) could activate the aqueous PET-RAFT
dispersion polymerization of hydroxypropyl methacrylate (HPMA). This photo-PISA
process could be conducted under low energy red light (λmax = 595 nm, 10.2 mW/cm2)
and without deoxygenation due to the action of the singlet oxygen quencher, biotin
(vitamin B7), which allowed for the synthesis of a range of nanoparticle morphologies
(spheres, worms, and vesicles) directly in 96-well plates. To perform wavelength
selective nanoparticle cross-linking, we added the photoresponsive monomer, 7-[4(trifluoromethyl)coumarin] methacrylamide (TCMAm) as a comonomer without inhibiting
the evolution of the nanoparticle morphology. Importantly, under red light, exclusive
activation of the photo-PISA process occurs, with no evidence of TCMAm dimerization
under these conditions. Subsequent switching to a UV source (λmax = 365 nm, 10.2
mW/cm2) resulted in rapid cross-linking of the polymer chains, allowing for retention of
the nanoparticle morphology in organic solvents. This facile synthesis of cross-linked
spheres, worms, and vesicles demonstrates the utility of orthogonal light-mediated
chemistry for performing decoupled wavelength selective chemical processes.

POLY 10: History of the development of the concept of molecular rotational states
Gary D. Patterson, gp9a@andrew.cmu.edu. Carnegie Mellon University, Pittsburgh,
Pennsylvania, United States
The concept of polyatomic molecular structure can be traced to the seminal work of
John Dalton. August Kekule presented a clear model for polyatomic molecules with
“bonds” between some of the atoms. Jacobus van’t Hoff further developed this scheme
to include the full three dimensional description of “molecules in space”. The notion that
individual molecules could display many different shapes required the concept of
rotation about the connecting bonds, and Walter Norman Haworth presented this
concept in his Nobel Prize winning book The Constitution of Sugars (1929). San-Ichiro
Mizushima provided a full model in his seminal Structure of Molecules and Internal
Rotation (1954). Once the fundamental model of flexible molecules with substantial
internal rotation was established, a flurry of research appeared. Books by Volkenstein
(1958), Birshtein and Ptitsyn (1963), and papers by Lucien Monnerie and Kazuo Nagai
applied this concept to the description of the measurable properties of macromolecules
in solution. Paul Flory chose the configurational statistics of chain molecules as one of
his primary research efforts after his appointment to Stanford University in 1961. He
recruited a team of both graduate students and post-doctoral fellows to tackle this area.
Jim Mark was a post-doctoral fellow starting in 1963, and contributed many papers on
the configurations of chain molecules. Akihiro Abe was also a post-doctoral fellow who
arrived in 1964 and made major contributions to both the theory and experimental
examination of polymer conformation. Robert L. Jernigan was a graduate student who
developed many of the mathematical theories needed in this effort and who was a major
contributor to Statistical Mechanics of Chain Molecules, published in 1969. As with so
many of the publications associated with Paul Flory, the style and elegance of this book
are due to himself.

POLY 11: Paul Flory's "statistical mechanics of chain molecules" in China
Dacheng Wu1, wudacheng408@126.com, Yuanze Xu2. (1) Textile, Sichuan University,
Chengdu, Sichuan, China (2) Macromol. Sci., Fudan University, Shanghai, China
Paul Flory was one of the greatest chemists in the twentieth century. His name, as well
as terms named after him, is appeared most frequently in papers, monographs, and a
large number of textbooks of polymer science. Flory's two classics and his three-volume
selected works occupy the top position in the pyramid of the knowledge of polymer
science. In particular, his second book, “Statistical Mechanics of Chain Molecules,” was
the basic contribution to the molecular physics of polymers. Flory’s rationalization of
polymer science has educated generations of chemists and physicists and is still widely
cited and referred to in different fields of natural sciences. It was a great honor for D.
Wu to be invited to join his group at Stanford in 1979-1981, after Professor Flory led the
first US delegation of polymer scientists to visit the opened China. D. Wu also was lucky
to attend Flory’s lectures to graduates course on “Spatial Conformation and Properties
of Macromolecules” at University of California, Berkeley in fall quarter 1980. With Prof.
Flory’s kind permission D. Wu took advantage of his teaching materials to publish a
Chinese textbook “Introduction to Statistical Theory of Polymer Conformations” in 1985.
We translated Flory’s second book and published its Chinese edition as our sincerely
memory to the great Man in 1991. Now both of America and China are the biggest
production countries of polymeric materials including plastics, fibers, and rubbers and
so on. In the viewpoint of science and technology, it could trace to the source of
complete theoretical system of polymer science and engineering created by the
American school of Carothers and Flory. It is expected that more and more young
scientists in China like to learn this Flory’s second book and make their contributions in
the future.

Flory's "Statistical Mechanics of Chain Molecules" published in Chinese edition

POLY 12: Chemistry, physics, and biology meet
Ulrich W. Suter, uwsuter@eth.ch. Materials, ETH Zurich, Zurich, Switzerland
The macromolecular nature of polymeris was not generally recognized until well into the
twentieth century, even though they were as old as mankind. The molecular view had
been established centuries before, but not for macromolecules. One of the reasons for
this was the fact that Chemistry and Physics did not share a common set of concepts.
Paul J. Flory’s enormous contributions are due to his willingness to break through these
barriers. His first book (Principles of Polymer Chemistry, 1953) joined Synthetic
Chemists and Physical Chemists in a fruitful dialogue. You still find this book on most
Polymer Chemist’s book shelfs today.
An important step was the use of the Rotational Isomeric State method for
macromolecular systems. Introduced by HA Kramers and GH Wannier in 1941 and by
MV Volkenstein in 1951 and employed by several other researchers, it provided an
instrument to introduce precise chemical structure into the description of the
conformation of macromolecular systems, for unperturbed chains. It first was used for
simple model chains; extension to new, chemically realistic polymers was possible but
difficult. Flory headed the thrust to create a scheme that made possible the description
of the conformational behavior of macromolecules with proper attention to the details of
their chemical structure. Formulations for the quantitative averaging of many
conformation-dependent properties of macromolecules were developed. Flory’s second
book (Statistical Mechanics of Chain Molecules 1969) and a compact sequel (PJ
Flory Macromolecules 7, 381 1974) made the method available to a larger audience in
compact and simple form. In addition, the approach is not only exact, but also
computationally extremely efficient.
The RIS approach used for many different systems (linear, branched, star and cyclic
structure), a wide variety of chemical structures (as well as their RIS parameters) and
the estimation of many conformation-dependent properties are available now. Paul J.
Flory has managed to build a solid bridge between Chemist, Physicist and Biologists.

POLY 13: Statistical mechanics of chain molecules in nematic melts of
semiflexible polymers and thin polymer films
Do Y. Yoon, doyoon@stanford.edu. Dept of Chemical Engineering, Stanford University,
Stanford, California, United States
The first part will be concerned with the conformational rearrangement in nematic melts
of a polymer comprising rigid and flexible sequences in alternating succession. This
represents the last important project of Paul Flory concerning the statistical mechanics
of chain molecules, that he left unfinished in 1985. His original draft manuscript and my
extension/computation of his theoretical treatment were published in 1989 in the
Materials Research Society Symposium Proceedings dedicated to him (Volume 134, 319). Detailed comparisons with previous experimental results show the validity and
importance of this theory. The basic concept of this theory is then applied to understand
the recently reported liquid-crystalline characteristics of organic semiconducting
polymers, poly(3-alkylthiopenes) with hexyl, 2-ethylhexyl, and dodecyl substituents,
respectively.
The second part will be concerned with the interface characteristics of polystyrene melts
in free-standing thin films and on graphite substrates, obtained from the molecular
dynamics simulations employing an explicit all-atom force field. The calculated surface
tension is in good agreement with experiment, which provides a support for the force
field parameters. The predicted density profile exhibits an enrichment of phenyls relative
to the backbone alkyls in the top surface, wherein the phenyl planea are preferentially
oriented normal to the film surface, both in agreement with experiments. Moreover, this
top surface is followed by a layer of relatively depleted phenyl density of ca. 1 nm
thickness. The presence of phenyl depleted region near the free surface of polystyrene
films seems to be a key factor in understanding the most pronounced decrease of glass
transition temperatures in thin polystyrene films and the observed lack of such
characteristics in the case of poly(α-methyl styrene) films.

The total and normaized density profiles along the film thickness (z) direction in a free-standing
thin film of polystyrene melt at 450 K.

POLY 14: Structure-property relationships of green polymers, unraveled by ab
initio, RIS, and periodic density functional theory calculations
Yuji Sasanuma, sasanuma@faculty.chiba-u.jp. Applied Chemistry and Biotechnology,
Chiba Univ Facult Engineering, Chiba, Japan
We have developed a methodology based on ab initio molecular orbital calculations,
NMR experiments, and the rotational isomeric state (RIS) scheme to investigate or
predict conformational characteristics and configurational properties and, furthermore,
elucidate structure-property relationships of polymers. In a series of studies, we have
enhanced the RIS scheme by introducing (1) middle-range intramoelcular interactions
between atomic groups separated by, for example, up to 7 chemical bonds, (2) nitrogen
inversion of amine groups, and (3) dependence of geometrical parameters on
conformations of neighbouring bonds in order to provide more accurate information on
polymeric chains. We have applied the enhanced RIS scheme to various polymers
including heteroatoms such as nitrogen, oxygen, silicon, phosphorus, sulfur, and
selenium in the backbone. In rent years, we have extended the methodology to green
polymers: [biodegradability] poly(glycolic acid), poly(lactic acid), poly(2hydroxybutyrate), poly((R)-3-hydroxybutyrate), poly((R)-3-hydroxyvalerate),
poly(ethylene succinate), poly(butylene succinate), and nylon 4; [carbon dioxide fixation]
poly(ethylene carbonate), poly(propylene carbonate), and poly(cyclohexene carbonate).
In addition, we have applied density functional theory calculations with a dispersion
force correction under periodic boundary conditions to polymer crystals and acquired
the following information: optimized structures (lattice constants and atomic
coordinates); interchain cohesive energy; vibrational spectrum; thermodynamic
functions; phase transition temperature; crystalline modulus. As above, we have
developed a comprehensive scheme to fully characterize polymers in the isolated and
crystalline states. In our presentation, we will report the recent studies including
unpublished results.

Complex between a depolymerase and a trimeric (R)-3-hydroxybutyrate (3HB) chain. Our
conformational analysis has shown that each repeating unit of the 3HB chain lie in either the
most stable or metastable conformation. The enzyme can degrade only (R)-form; therefore, we
can not find poly((S)-3-hydroxybutyrate) in nature.

POLY 15: Influences of Statistical Mechanics of Chain Molecules on atomistic
materials simulation software
David Rigby, derigby@sciti.com. Materials Design, San Diego, California, United
States
The concepts introduced in order to create polymer chain models which conform with
the characteristics of real chains, with details of structural geometry and realistic bond
rotational potentials, began to be incorporated into computer programs in the mid to late
1960s. The earliest software, developed to implement methods described in Flory’s
monograph Statistical Mechanics of Chain Molecules, largely originated in academia, as
the methods were applied to compute a variety of configurational properties of common
polymers such as polyethylene, polypropylene, vinyl polymers, polyethers and
polysiloxanes. Towards the end of the 1960s, growing interest in properties of so-called
excluded volume chains, pertaining to polymers in good solvents, emerged from both
academic and industrial laboratories. Subsequently, throughout the 1970s and into the
early 1980s, a steadily increasing volume of literature began to appear, as the focus
was extended to a broader range of polymers and properties, including radiation
scattering, spectroscopic properties, and elastomeric behavior.
Throughout this early period, available computational resource and topical lines of
scientific enquiry meant that for the most part, computer software focused mostly on
modeling configurations of single polymer chains. However, interest in developing new
materials containing polymers in the bulk phase naturally led to the development of
methods and associated programs for construction of models and computing properties
of bulk amorphous polymers. Pioneering work in this area includes the work of
Theodorou and Suter and other members of the Suter group, while later studies
beginning around 1990 were to make extensive use of polymer software from emerging
commercial software companies.
This presentation provides a summary of how the concepts summarized in Flory’s
monograph have been incorporated either directly or indirectly into polymer simulation
software. Examples are provided from the various eras of polymer modeling outlined
above, and possible future developments are discussed.

Types of system studied using polymer modeling software ~1969-2019

POLY 16: Oxygen tolerant Cu-mediated RDRP
Evelina Liarou1, E.Liarou@warwick.ac.uk, Athina Anastasaki2, Richard Whitfield2,
David M. Haddleton1. (1) Chemistry, University of Warwick, Coventry, Not US or
Canada, United Kingdom (2) Materials, ETH, Zurich, Switzerland
Copper-mediated reversible-deactivation living radical polymerization (RDRP), including
conventional ATRP, aqueous-mediated, Cu(0)-mediated and photoinduced Cu-RDRP,
is a well-established, robust technique for the synthesis of well-defined functional
polymers. In a typical polymerization, thorough removal of the oxygen is required either
via repetitive freeze-pump-thaw cycles or by degassing the reaction mixture with
nitrogen/argon. This can be time-consuming, requiring specialist equipment rendering it
an arduous task. Herein, we show that in the absence of any externally added reducing
agents which are traditionally used, such as enzymes, ascorbic acid or hydrazine,
copper-mediated polymerizations can proceed effectively in the presence of air, while
exhibiting low dispersity values, high end group fidelity and narrow molecular weight
distributions. The versatility of this technique is further demonstrated by the synthesis of
acrylates, methacrylates, styrene and acrylamides including high molecular weights,
whilst also investigating the effect of the polymerization components on oxygen
consumption through in situ monitoring of the dissolved oxygen concentration.

POLY 17: Stereocontrolled cationic polymerization of vinyl ethers
Travis P. Varner1, tpvarner@live.unc.edu, Aaron Teator1, Zachary Wickens3, Eric N.
Jacobsen2, Frank A. Leibfarth1. (1) Chemistry, University of North Carolina at Chapel
Hill, Chapel Hill, North Carolina, United States (2) Harvard Univ, Cambridge,
Massachusetts, United States (3) University of Wisconsin-Madison, Madison,
Wisconsin, United States
Polymer tacticity has a profound influence on macroscopic material properties, including
the thermal, mechanical, and optical behavior of a material. Despite advancements in
coordination-insertion polymerization methods used for the synthesis of stereoregular
poly(α-olefin)s, polar isotactic polymers have remained a challenging synthetic target.
This presentation will discuss our lab’s two-pronged approach to synthesize a unique
class of polar, semi-crystalline thermoplastics through the stereoselective
polymerization of vinyl ether monomers.
Inspired by recent progress in the field of small-molecule asymmetric ion pairing
catalysis, we first explored interfacing chiral hydrogen bond donors in the cationic
polymerization of vinyl ethers. The chiral complex generated from a triflate-bound
squaramide biases the stereochemistry of monomer addition, giving a range of isotactic
poly(vinyl ether)s. A complementary effort within our group discovered 1,1′-Bi-2naphthol (BINOL)-derived Brønsted acids as a tunable chiral scaffold for Lewis acidmediated stereoselective polymerization. In this lecture, I will present comprehensive
structure–reactivity and kinetic studies enabling the elucidation of key design principles.
The derivation of quantitative thermodynamic parameters will be discussed in relation to
the enthalpic and entropic contributions relevant to stereoselective monomer addition.
Furthermore, I will discuss how our fundamental understanding of stereoselective vinyl
ether polymerization has enabled the realization of semi-crystalline thermoplastics
derived from bio-renewable monomer building blocks with attractive thermomechanical
and adhesion properties.

POLY 18: Rapid and efficient RAFT polymerization using enzymes under mild
conditions
Dominik Konkolewicz, d.konkolewicz@gmail.com, Alex Danielson, Caleb T.
Kozuszek, Joshua Bornstein, Dylan Bailey Van-Kuren, Richard C. Page. Department of
Chemistry and Biochemistry, Miami University, Oxford, Ohio, United States
Reversible addition-fragmentation chain transfer (RAFT) polymerization has emerged
as one of the most powerful and useful reversible deactivation polymerization (RDRP)
method. One feature of RAFT is that it requires an external radical source to drive the
polymerization forward. These radical sources are most commonly conventional radical
initiators. Here, we explore an enzymatic approach to generating the radicals needed
for RAFT polymerization. Rapid polymerization is possible by enzymatic radical
generation using horseradish peroxidase as the enzyme, H2O2 as the substrate,
acetylacetone as a mediator. The specific model system is trithiocarbonate mediated
RAFT polymerization of N,N-dimethylacrylamide, although the polymerization is
applicable to other monomers. Polymerization is typically very rapid, reaching over 90%
conversion in less than 30 min under optimized conditions. A detailed kinetic study of
how each component influences the overall reaction is explored, using both
polymerization and enzymatic assays. These results can be used to make well-defined
polymers as well as complex materials such as block copolymers and bioconjugates
under mild conditions.

POLY 19: Multiblock copolymer synthesis and nanoparticle engineering in
environmentally friendly aqueous-based emulsion systems
Thiago Guimaraes1, Murtaza Khan1, Glenn Clothier1, Hideto Minami3, Graeme Moad4,
Sebastien Perrier2, Per B. Zetterlund1, p.zetterlund@unsw.edu.au. (1) Chemical
Engineering, University of New South Wales, Sydney, New South Wales, Australia (2)
University of Warwick, Coventry, United Kingdom (3) Kobe University, Kobe, Japan (4)
CSIRO, Melbourne, Victoria, Australia
Multiblock copolymers composed of polymer segments of sufficiently high molecular
weight such that microphase separation and self-assembly can occur provide a pathway
to a myriad of nano-engineered materials. We have focused on synthesis of multiblock
copolymer nanoparticles in environmentally friendly aqueous emulsion polymerization
based on reversible addition-fragmentation chain transfer (RAFT) polymerization using
the three most commonly industrially employed monomer families in emulsion
polymerization, namely methacrylates, acrylates and styrene. Due to the submicron-size
of the polymeric nanoparticles that form the locus of polymerization, the polymerization
can proceed at a significantly higher rate than the corresponding homogeneous
(solution, bulk) system. Exploitation of such compartmentalization effects enables
access to polymer structures that are challenging to prepare under homogeneous
polymerization conditions, especially using slowly propagating monomers such as
methacrylates.
The concept of nano-engineering of polymer nanoparticle morphology is demonstrated
by exploiting the ability to covalently link numerous polymer blocks that are chemically
incompatible, resulting in microphase separation and formation of a well-defined
multilayered structure within the nanoparticles (Fig. 1). The method developed is
environmentally friendly (use of water as solvent) and fulfils all requirements for scale
up to an industrial process using existing industrial equipment; no intermediate
purification steps, relatively high solids content, good colloidal stability with no
flocculation/coagulation as well as near full monomer conversion in each sequential
polymerization step.

Fig 1. Graphic illustration of multilayered nanoparticle obtained via sequential RAFT emulsion
polymerization.

POLY 20: Using oxygen for photocontrolled/living radical polymerization in water
Jonathan Yeow, Cyrille Boyer, cboyer@unsw.edu.au. Chemical Engineering, UNSW
Sydney, Sydney, New South Wales, Australia
We present the synthesis of various polymeric architectures using an aqueous
Reversible Addition-Fragmentation chain Transfer (RAFT) photopolymerization
technique. This process requires the use of water soluble photocatalyst, such as Eosin
or riboflavin (Vitamin) in the presence of vitamin C under visible blue or green light
irradiation (λ = 470 or 530 nm). This process can initiate RAFT polymerization of a
range of monomers (acrylamide, acrylate and methacrylate families) in water and
provides fast polymerization kinetics in the presence of oxygen. More importantly, this
process proceeds rapidly without the need for traditional deoxygenation. This
photopolymerization approach can be applied on a 96-well microtiter plate for the
synthesis of a range of homopolymer and diblock copolymers. More complex polymeric
architectures such as star polymers (arm first) and polymeric nanoparticles (via a
polymerization-induced self-assembly (PISA) approach) were successfully synthesized
without prior deoxygenation.

POLY 21: Metal-free living cationic polymerization based on degenerative chaintransfer mechanism
Mineto Uchiyama, uchiyama@chiral.apchem.nagoya-u.ac.jp, Kotaro Satoh, Masami
Kamigaito. Grad School of Engineering, Nagoya University, Nagoya, Japan
This study was directed to metal-free living cationic polymerization that proceeds via
reversible or degenerative chain-transfer mechanism between the growing
carbocationic species and the dormant C–S or C–OP(O) bonds derived from chaintransfer agents (CTA). The living cationic polymerization was achieved using
thiocarbonylthio compounds, thioethers, and phosophoric acids esters as CTAs in
conjunction with a trace amount of triflic acids as a source of cationic species. This
living system was applicable to various cationically polymerizable monomers such as
vinyl ethers and styrene derivatives. In addition, we also developed a facile and
ecofriendly method for this living cationic polymerization simply using combination of
weak and superstrong protonic acids with no need for preparation of CTAs.

POLY 22: Controlled/living polymerization of renewable styrenes for novel
functional bio-based polymers
Kotaro Satoh, satoh@apchem.nagoya-u.ac.jp. Grad School of Engineering, Nagoya
University, Nagoya, Japan
Bio-based polymer materials from renewable resources have recently been attracting
much attention from the viewpoint of environmentally benign and sustainable chemistry.
In this talk, I will present the controlled/living polymerization or copolymerization of a
series of renewable styrenes with various functions, which is comparable to the
common petrochemical-derived styrene monomers. Especially, the polymerization of a
functional styrene including vinyl catechol was focused to developing novel functional
bio-based polystyrenes.

Renewable Styrenes from Naturally-Occurring Cinnamic Derivatives

POLY 23: What happens in the dark in organic and aqueous media? Assessing
the temporal control of photo-mediated radical polymerizations
Athina Anastasaki1, ath.anastasaki@gmail.com, Neil Dolinski2, Craig J. Hawker3. (1)
ETH Zurich, Zurich, Switzerland (2) Materials, UCSB, Santa Barbara, California, United
States (3) Univ of California, Santa Barbara, California, United States
A signature of photo-mediated controlled polymerizations is the ability to modulate
polymerization by turning the light source ‘on’ and ‘off’, typically referred to as temporal
control. However, in many reported systems, growth can be reproducibly observed
during dark periods. In this contribution, widely used photo-mediated controlled radical
polymerizations (Cu ATRP, metal-free ATRP, PET-RAFT) are evaluated with a high
degree of precision to assess their behavior in the dark. Detailed polymerization
kinetics, collected using in situ NMR spectroscopy, distinguish photo-mediated
controlled radical systems with ideal and non-ideal temporal control. Of particular note is
the observation that Cu ATRP systems undergo long-lived, linear growth during dark
periods in organic media. Importantly, huge differences between organic media and
eco-friendly solvents like water are also observed and will be discussed.

POLY 24: Transport and characterization of microplastics in inland waterways
Jonathan A. Czuba, Justin R. Barone, jbarone@vt.edu. Biological Systems
Engineering, Virginia Tech, Blacksburg, Virginia, United States
Microplastics (MPs) are < 5 mm sized plastic particles. They are being extensively
studied in the ocean but not very much in inland waterways such as rivers. This is
important because the plastics enter the environment in cities upstream of the ocean
and degrade as they are transported downriver towards the ocean. We have been
working on the following hypotheses: (1) Plastic pollution quantities, sizes, and
compositions in freshwater systems (downstream locations) can be predicted from their
relative contributions in the municipal solid waste stream (sources) and the
environmental stresses experienced by the plastics during their downstream transport
(degradation and transport processes) and (2) More MPs concentrate in floodplains
than on the bed of rivers and locations with physical characteristics that promote fine
sediment deposition along rivers are MP hotspots. This presentation will show results
quantifying more MPs are found in the floodplain and the average MP size and
distribution correlates with the location along the river. Fourier transform infrared (FTIR)
spectroscopy is used to identify MPs and potential degradation mechanisms. We are
starting to build a model of plastic breaking and degradation motivated by environmental
stress cracking that shows how a large plastic component becomes an MP.

POLY 25: Tracking microplastics to their source: Analytical techniques for
characterizing weathered polymers
Phillip Potter1, potter.phillip@epa.gov, Quinn Birch2, Patricio Pinto3, Souhail R. AlAbed4. (1) EPA, Cincinnati, Ohio, United States (2) Chemical and Environmental
Engineering, University of Cincinnati, Cincinnati, Ohio, United States (3) U.S. EPA
Center Hill, Pegasus Tech Svcs Inc., Cincinnati, Ohio, United States (4) US EPA,
Cincinnati, Ohio, United States
Plastic pollution is a growing environmental concern. Microplastics (MPs) are < 5mm
and are particularly hazardous due to their high surface area to volume ratio that
facilitates leaching of their inherent additives and allows them to be efficient vectors for
toxic metals and persistent organic pollutants. To effectively address their spread, we
need to be able to properly characterize MP particles and use their physicochemical
parameters to determine their age and source. The source can include both or one of
either the manufacturing source or original material (petroleum or plant-based). This
work uses fourier transform infrared (FTIR) spectroscopy and isotope ratio mass
spectrometry (IRMS) to identify polymer type, age, and source of microplastics from
urban water sources. IRMS has strict size limitations (>100 µm) and therefore cannot be
utilized for every MP particle. Despite this limitation, preliminary data shows that IRMS
has great potential for determining age and source of MP particles.

POLY 26: Analytical approach for the identification and quantification of
microplastic particles by a combination of particle analysis with FTIR and Raman
microscopy
Franziska Fischer, fischer-franziska@ipfdd.de, Josef Brandt, Lars Bittrich, Andrea
Käppler, Dieter Fischer, Klaus-Jochen Eichhorn. Leibniz-Institut für Polymerforschung
Dresden e.V. (IPF), Dresden, Germany
Microplastic particles (MPs) in the size range of 1 µm to 5 mm receive increasing
attention as a contaminant in various systems such as natural aquatic environments,
wastewater treatment plants (WWTPs) or agricultural soils. In order to assess the risk
particles of different sizes and material types propose to the human health or in
habitats, their abundance must be quantified. However, reliable high-throughput
analysis methods are still in development. Promising approaches to obtain both particle
and material characteristics down to the lower micrometer range rely on Raman- and
Fourier transform infrared (FTIR) microspectroscopy.
This talk introduces a methodology that uses a semi-automated combination of particle
analysis and Raman microspectroscopy, which covers the analytical process from the
purified sample to the output of summarized results. The method is based on the opensource software GEPARD (GEPARD-Enabled PARticle Detection) developed at the IPF
Dresden. A sample is filtered onto silicon filters with a pore size of 10 µm. GEPARD
acquires an optical image of the whole filter using focus stacking to obtain sharp images
of differently sized particles. Next, the software identifies the particles in the image,
stores their size parameters and coordinates, and controls the Raman microscope to
obtain spectra at all coordinates found on the filter. The set of spectra is then exported
to the TrueMatch software (WITec) to automatically identify each spectrum by
comparing it to reference databases. Finally, GEPARD recombines particle and spectral
information into user-friendly output files, e.g., an Excel table. The method has
successfully processed samples with particle counts in the range of 40000, taking 1000
Raman spectra per hour.
The talk will cover exemplary results from applying the method to samples from water
(river, sea), sediment, sludge (WWTPs), and soil (agriculture). Furthermore, it will
present first results of applying the GEPARD software at an FTIR microscope.

User interface of the GEPARD software. a) Whole sample and zoom-in with detected particles
colored according to the identified material type. b) Spectrum of a chosen particle (i); size
distribution (ii) and particle count (iii) in selected polymer classes of the sample.

POLY 27: Quantification and characterisation of nanoplastics generated from the
fragmentation of microplastic in water
Judy Lee1, j.y.lee@surrey.ac.uk, Marie Enfrin1, Ludovic F. Dumee2. (1) Chemical and
Process Engineering, University of Surrey, Guildford, United Kingdom (2) Deakin
University, Geelong, Institute for Frontier Materials, Waurn Ponds, Victoria, Australia
There is a growing concern in the media for the increasing level of microplastics in the
environment, but very little attention has been given to nanoplastics. This is largely
attributed to the challenges associated with detection, characterisation and
quantification of such small particles. In this study, a combination of Scanning Electron
Microscopy, Raman Spectroscopy, NanoTracking Analysis and Dynamic Laser
Scattering were successfully used to characterise and quantify the amount of
nanoplastics produced from the fragmentation of polyethylene microplastics, extracted
from a commercial facial scrub. Microplastics extracted were on average 400 nm in size
(range 20 - 950 nm) but when subjected to low shear forces they fragment into
nanoplastics with an average size of 25 nm. This subsequent disintegration and
fragmentation of microplastics resulted in an increase in the concentration of the
nanoplastics from 1.4 ×1013 to 2.4 × 1014 particles / g of scrub. These results thus
suggest the existence of significant amount of nanoplastics in our environment.

POLY 28: Plastic degradation: How stabilizing additives affect plastics in aquatic
environments
Katrina M. Knauer, katrina.knauer@basf.com. Plastic Additives, BASF, New York, New
York, United States
For decades, BASF Plastic Additives has been a leader in the idustry in developing
antioxidants and light stabilizers to prolong the lifetime of plastic materials and yield
more durable products. However, with the ever-rising concern of plastics in the
environment and the subsequent effects on the ecosystem, there is a new focus on the
role of stabilizing additives on plastic degradation in aquatic environments. At BASF we
are committed to understanding the mechanism of plastic degradation and how we can
use plastic additives to limit the formation of microplastics and minimize environmetnal
impact. Additionally, BASF is currently co-funding a global alliance of nearly 30
companies to advance solutions that reduce and eliminate plastic waste in the
environment, especially the ocean.

Pathway of degradation and stabilization of polyolefins.

POLY 29: Low-temperature decomposition on thermoplastic and ocean
contamination derived from debris plastic
Katsuhiko Saido2, katsu.saido@gmail.com, Hideki Kimukai3, Koshiro Koizumi1,
koizumi@chem.ge.cst.nihon-u.ac.jp, Yoichi Kodera4, Kazunori Yamada2, Seon-Yong
Chung5, Bum Gun Kwon5, Toshihiko Hiaki2. (1) College of Science and Technology,
Nihon University, Funabashi Chiba, Japan (2) College of Industrial Technoplogy, Nihon
University, Narashino, Chiba, Japan (3) Sustainable Coastlines Hawaii, Honolulu,
Hawaii, United States (4) National Institute of Advanced Industrial Science and
Technology, Tsukuba, Ibaraki, Japan (5) Chonnam National University, Gwang-ju,
Korea (the Republic of)
One hundred years ago, artificial synthetic polymers / plastics were made. This material
encourages humanity to improve their living standards like never before. It is a great
material, but after use, carelessness and accidents it will eventually flow into the ocean
and contaminate the world oceans.
The drifting plastic contamination is pointed out as macro in the 1970s and micro / nano
from the 2000s to the present. Is this all about pollution? This research has questioned
the concept of “plastic does not decompose" and proves that "plastic decomposes".
Virgin thermoplastic resin pellet (polystyrene, polycarbonate, epoxy resin, polyethylene
terephthalate, and polyurethane) contains low molecular chemicals such as an
unreacted monomer, a polymerization initiator, a stabilizer, a flame retardant, a light
stabilizer, and a plasticizer. These chemicals were removed and purified by
reprecipitation.
The purified material was used as a sample, and thermal decomposition was performed
in a temperature range of 30°C to 280°C.
After the reaction at the fixed temperature for the fixed time, the heating medium
(polyethylene glycol) was removed with water. Analyzed the low molecular part
generated from plastic and was quantified at the μg kg-1 by GC / MS.
The chemicals were monomers and oligomers that constitute each plastic.
The activation energy of the thermoplastic was calculated by Arrhenius plot of the
reaction rate constant calculated from the chemicals generated at each fixed
temperature and fixed time. Using the degradation rate of polystyrene, the amount of
styrene oligomers and polystyrene contaminating the world oceans was calculated.
Drifting plastics are not only broken down into macro/ nano. Plastics are further
decomposed into chemicals that basic unit of plastic and it has been revealed that they
are new sources and the contamination of chemicals.

POLY 30: Hydrophobicity influences degradation of ocean plastics
Robert T. Mathers, rtm11@psu.edu. Chemistry, Penn State University, New
Kensington, Pennsylvania, United States
While the degradation of ocean plastics involves a number of abiotic and biotic
processes, hydrophobicity of the polymer chain is hypothesized to be a significant
influence. Based on octanol-water partition coefficients (LogP) of oligomeric models, a
hydrophobicity trend for common plastics has been investigated.

POLY 31: Synthesis of new flame retardant polymers via olefin metathesis
Ervin Kovacs, kovacs.ervin@ttk.mta.hu, Farkas Domahidy, László Trif, Gábor Turczel,
Róbert Tuba. Institute of Materials and Environmental Sciences, HAS, Budapest,
Budapest, Hungary
Flame retardant polymers belongs to the category of emerging materials as they could
have significant impact on transportation, housing, construction, electricity and
packaging using wide scope of polymers like polyethylene, polyurethane, nylon, epoxy
resin.
Research on the ring opening metathesis polymerization has been also carried out and
has led to several industrially relevant polymeric materials. Olefin metathesis
polymerization-derived materials exhibit numerous advantagous properties and
characteristics, highlighted bellow. The thermosetting poly(dicyclopentadiene) (PDCPD)
seems likely to be able to break into the market by substituting to some extent epoxyresins. PDCPD features favourable characteristics such as good chemical resistance,
high heat distortion temperature and impact resistance. PDCPD and its copolymers are
used to prepare tires and body panels, competing with the traditional glass-reinforced
plastic.
These polymers feature favourable characteristics for industrial applications, however,
their thermal and fire resistance needs to be improved to meet the expectations of
additional application areas. The substitution of some widely used halogenated flame
retardant is required, since most of the monomers contain halogens that are nowadays
used in the synthesis of these flame retardant polymers.
The goal of our project is the development of new, phosphonate-containing flame
retardant monomers and polymers with fine tuneable phosphorus-content. The main
advantage of the usage of phosphonate against also flame retardant phosphate
polymers is the improved resistance to moisture and thus extended lifetime of flame
retardant properties. The polymers were synthetized either by ring-opening metathesis
polymerization (ROMP). It is expected that these polymers exhibit an improved flame
retardant performance meanwhile pose minimal adverse environmental impact. Using
metathesis polymerization approaches not only linear phosphonate-containing polymers
with well-defined alternating chemical structures can be synthetized but also highly
cross-linked flame retardant frameworks with exceptional physical properties. Our aim
was also to develop a convenient, environmentally benign one-pot synthetic approaches
for the synthesis of new types of phosphoramide functionalized norbornylene
monomers.

POLY 32: Mild polymerization methods for the synthesis of modular
fluoropolymers
Joseph Jaye1, jaye4028@g.ucla.edu, Ellen M. Sletten2. (1) Chemistry, UCLA, Los
Angeles, California, United States (2) Chemistry and Biochemistry, UCLA, Los Angeles,
California, United States
Fluoropolymers are widely used in many different industries due to the desirable
physical properties of these polymers, such as high melting points and high electrical
and chemical resistance. The inert nature of carbon-fluorine bonds surrounding the
carbon backbone is what gives these materials their outstanding properties, but also
make the resulting materials difficult to characterize and manipulate into functional
products. The reaction conditions to generate many of these fluoropolymers involve
high pressure with toxic and highly reactive gases, and the resulting polymers are
troublesome to modify, with ionizing radiation being a common method. We have
developed a mild and scalable method to produce fluorinated polymers through stepgrowth polymerization of a diiodoperfluoroalkane with a diene or diyne. The resulting
polymers are highly tuneable, as functional groups can be placed within the diene/diyne
monomers and the length of the fluorous block can be readily adjusted. Furthermore,
this polymerization generates alkyl/vinyl iodine across the polymer backbone which is a
superb molecular handle for displacement, reduction, elimination, cross-couplings, and
cycloaddition post-polymerization modifications. Collectively, this new methodology sets
the stage for the creation of functional fluorous materials.

POLY 33: Controlled and quasi-living carbene polymerization initiated by
dinuclear palladium complexes
Aleksandr V. Zhukhovitskiy1, alexzhuko@berkeley.edu, Ilia Kobylianskii1, Andy
Thomas3, Austin M. Evans2, Connor Delaney3, Nathan C. Flanders2, Scott E. Denmark3,
William R. Dichtel2, Dean Toste1. (1) Department of Chemistry, University of California
Berkeley, Berkeley, California, United States (2) Chemistry, Northwestern University,
Evanston, Illinois, United States (3) Roger Adams Laboratory, Dept. of Chemistry,
University of Illinois, Urbana, Illinois, United States
Preparation of densely polymer backbones in a controlled and living fashion is a longstanding challenge in polymer chemistry. Transition metal-initiated carbene
polymerization offers a potentially versatile and powerful strategy to accomplish this
goal. However, controlled and living polymerization of carbenes or carbene surrogates
has few precedents. We discovered novel transition metal-based initiators—(πallyl)palladium carboxylate dimers—which polymerize ethyl diazoacetate in a controlled
and quasi-living manner, with nearly quantitative yields, degrees of polymerization >100,
molecular weight dispersities of 1.2–1.4, and well-defined, diversifiable chain ends. This
method also enables the preparation of novel block copolymers that undergo
microphase segregation. The combination of experimental and theoretical mechanistic
analyses supports a new dinuclear mechanism for this process.

POLY 34: Chain-growth polymerization of alkenyl boronates: Synthesis of
conventionally inaccessible polymers based on replaceable side chain
Tsuyoshi Nishikawa, nishikawa.tsuyoshi.8n@kyoto-u.ac.jp, Makoto
Ouchi. Department of Polymer Chemistry, Graduate School of Engineering, Kyoto
University, Kyoto, Japan
Polymer synthesis through chain-growth polymerization is an important methodology for
production of functional materials. While the structure of the side chain is essential to
design their properties and functions, possible molecular designs are limited due to the
dependency of polymerization ability on the side chain of monomers. If we find out the
synthesis of vinyl polymers bearing “replaceable” side chains in post polymerization
reaction, it will become possible to synthesize a new class of polymers, which has been
difficult to access in conventional method. In the field of organic synthesis, boronyl
groups have gained much attention due to their applicability for various molecular
transformation. In this paper, we report the chain-growth polymerization of alkenyl
boronates leading to the synthesis of vinyl polymers bearing boronyl groups as
replaceable side chains. After the optimization of molecular structure and the
polymerization condition, we achieved the synthesis of vinyl polymer containing boronyl
groups which are directly attached on the main chain. Its number-averaged molecular
weight was more than ten thousand, indicating that this class of monomers have high
polymerization ability under appropriate reaction condition. The molecular
transformation of obtained polymer and density functional theory-based investigation
will be also discussed.

Figure 1. Chain-growth polymerization of a boron-based monomer followed by replacement of
side chains

POLY 35: Utilising the inbuilt feeding mechanism of emulsion polymerisation to
improve RAFT control: Applications to methacrylate monomers
Robert Richardson1, R.A.E.Richardson@warwick.ac.uk, Graeme Moad2, Per B.
Zetterlund3, Sebastien Perrier4. (1) Chemistry, University of Warwick, March, United
Kingdom (2) CSIRO, Clayton, Victoria, Australia (3) Chemical Engineering, University of
New South Wales, Sydney, New South Wales, Australia (4) University of Warwick,
Coventry, United Kingdom
Emulsion polymerisation has long been used to rapidly produce uniform polymeric
particles for various industrial applications. In this work, collaborated on with Professors
Moad and Zetterlund, we combine the benefits of emulsion polymerisation with the
science of controlled radical polymerisation (RAFT) to simultaneously give low
dispersity nanoparticles AND polymers. This technique utilises amphiphilic molecular
transfer agents, Transurfs, as a replacement to conventional surfactants in emulsion
polymerisation. Drawing on nature’s own use of compartmentalisation to control reactive
species, this work will explore the use of emulsion polymerisation to yield low dispersity
polymers. In particular, it will be shown that the inbuilt feeding mechanism of emulsion
polymerisation allows for a massively improved control over low kp monomers such as
methacrylates. This talk will culminate in the presentation of low dispersity, high DP
methacrylate multiblocks not previously prepared.
(Manuscript in preparation)

POLY 36: Exploiting the orthogonality of cationic and radical RAFT
polymerization for the synthesis of bottlebrush polymers
Joji Tanaka1, j.tanaka@warwick.ac.uk, Wei You2. (1) Chemistry, University of North
Carolina, Chapel Hill, North Carolina, United States (2) University of North Carolina ,
Chapel Hill, North Carolina, United States
Reversible Addition-Fragmentation Chain-Transfer (RAFT) has been recently
demonstrated to provide a good control over cationic polymerization with minor
modifications to typical RAFT agents used for radical polymerizations. It is known that
the chain transfer ability of a RAFT agent can be nullified when either R or Z-group is
not appropriately selected to match the reactivity of the propagating monomer species.
Herein we exploit the orthogonality of cationic and radical RAFT polymerization through
careful selections of R and Z group of the respective RAFT agents. Cationic
polymerization of 2-propanoic acid butyl trithiocarbonate functionalized vinyl ether
monomer was controlled using vinyl ether derived dithiocarbamate to furnish a welldefined backbone with pendent sites to graft from. The integrity of the pendent RAFT
agents were maintained through the inherent lack of intermediate cationic species to
fragment towards the electron withdrawing R-group (R-group induced immunity).
Subsequently, the acrylic/acrylamidic grafts were successfully polymerized by radical
polymerization controlled by the pendent RAFT agents whilst maintaining the backbone
RAFT end group fidelity due to low radical addition of dithiocarbamates towards more
activated monomers (Z-group induced immunity). Selective dual cationic and radical
RAFT polymerization through R and Z group immunity thus allows orthogonal growth of
backbone and grafts, such systems could be potentially applied for the synthesis of
more complex architectures.

Scheme: Synthesis of bottlebrush copolymer with orthogonal cationic and radical RAFT

POLY 37: Organocatalytic ring-opening copolymerization of 3S,6Sdimethylmorpholine-2,5-dione and L-lactide: Route towards isolated α-amino acid
moieties along the polylactide chain
Tove Kivijärvi1, toveki@kth.se, Daniela Pappalardo2, Peter Olsen1, Anna F.
Wistrand3. (1) Department of Fibre and Polymer Technology, KTH Royal Institute of
Technology, Stockholm, Sweden (2) Università del Sannio, Benevento, Italy (3) Fibre
and Polymer Technology, KTH Royal Institute of Technology, Stockholm, Sweden
Combining two comonomers with highly different equilibrium polymerization behavior
offers the synthetic possibility to create random, isolated units along a main polymer
chain. Our interest was to explore the possibility to afford a polylactide-based chain with
random inclusion of α-amino acids by the use of organocatalysts that can operate under
low reaction temperature. By thorough elucidation on the kinetic and thermodynamic
features of the 3S,6S-dimethyl-morpholine-2,5-dione (MD) and L-lactide (LLA)
copolymerization, we demonstrated that the system could be tuned to allow up to 13 %
incorporation of isolated MD units along the polylactide chain with control over
molecular weight (Mn≈ 7.3 kg mol-1) and low dispersity (≤ 1.27). The equilibrium
monomer concentrations displayed high dependency on the catalyst of choice, solvent
polarity and initial monomer concentrations. In this copolymerization system, MD
behaved as an unstrained monomer with a large propagation barrier. This behavior
ultimately led to reluctance of MD to homopropagate, and subsequently to a kinetically
controlled incorporation of MD along the polylactide chain. These findings highlight the
ability to promote the polymerizability of MDs under organocatalytic ring-opening
copolymerization with LLA, and unlocks the potential of using mild reaction conditions
for the selective incorporation of isolated α-amino acid units along a polyester
backbone.

Brønsted-base catalyzed ring-opening copolymerization of LLA and MD.

POLY 38: Synthesis of bottlebrushes from PGMA-PVDMA block copolymers
Bin Hu, hub1@ornl.gov, Nikolay Borodinov, Rajeev Kumar, Scott Retterer, Brad S.
Lokitz. Center for Nanophase Materials Sciences, Oak Ridge National Laboratory, Oak
Ridge, Tennessee, United States
Bottlebrush block copolymers that self-assemble into well-defined nanostructures when
confined in thin films should have potential in applications such as lithography, drug
delivery and energy storage devices. Most synthetic strategies to form bottlebrushes
rely on the (co)polymerization of macromonomers which can make it challenging to
synthesize and study a series of bottlebrush polymers with different side chains while
keeping the backbone length constant. To overcome this obstacle, we rely on the dually
reactive block copolymer, PGMA-b-PVDMA, which contains epoxy and azlactone
reactive groups that can be independently reacted with nucleophiles such as carboxylic
acids and hydroxyl groups under specific reaction conditions. Herein, we present a
synthetic strategy that allows for side chains to be grafted onto the parent block
copolymer in a step-wise fashion resulting in a well-characterized AB bottlebrush
blockcoplymer. The side chain identity/functionality, degree of polymerization,
dispersity, grafting density, and/or ratio of the A/B side chains can be systematically
varied to study their effect on self-assembly and thin film morphology.

Scheme 1. Synthesis of Bottlebrushes from PGMA-PVDMA Block Copolymers

POLY 39: Polymerization induced phase separation of methyl methacrylate and
Trommsdorff effect
Yasuhito Suzuki1, suzuki@chem.osakafu-u.ac.jp, Yuya Shinagawa1, Koji Fukao2,
Akikazu Matsumoto1. (1) Grad Sch Eng, Dept Applied Chem, Osaka Prefecture
University, Sakai-shi Osaka, Japan (2) Department of Physics, Ritsumeikan University,
Shiga, Japan
With the development of fiber reinforced composite and additive manufacturing
technologies, thermoplastic resins that can be cured with reactive processings are
desired. Although bulk free radical polymerization can be a good candidate for the
purpose, it has long been realized that sudden temperature increase occurs during the
bulk polymerization. Since the phenomena was first reported by Trommsdorff in 1948, it
is called Trommsdorff effect. Qualitatively, the effect is attributed to the sudden drop of
the termination rate associated with the increased viscosity during polymerization.
However, the detailed mechanism of Trommsdorff effect is still elusive.
In this study, we investigate the bulk polymerization of methyl methacrylate (MMA) at
relatively low temperature (i.e. room temperature). Although PMMA and MMA are
typically considered as miscible, phase separation during the bulk polymerization was
observed. As the reaction proceeds, the ratio of MMA and PMMA changes
continuously. Separation into MMA-rich and PMMA-rich phases occurs at the same
timing with the onset of Trommsdorff effect. Dielectric spectroscopy measurement
revealed that vitrification occurs at the constant temperature as the concentration of
PMMA increases. The Flory-Huggins theory predicts phase separation of PMMA and
MMA at much lower temperature than the room temperature. Plausible mechanism of
the phase separation is viscoelastic phase separation which occurs when dynamic
heterogeneity of the mixture is large. We discuss a new aspect of understanding
Trommsdorff effect and a possibility of actively control the onset of the effect.

(a) Temperature profile during the bulk polymerization of MMA. (b) Selected images during the
bulk polymerization. Phase separation event coincides with Trommsdorff effect.

POLY 40: Versatile synthesis of well-defined AIE-active polymers via Cu(0)mediated RDRP
Congkai Ma1, Congkai.Ma@warwick.ac.uk, David M. Haddleton2, Ahmed M. Eissa3. (1)
University of Warwick, Coventry, United Kingdom (2) Chem Dept, Coventry, United
Kingdom (3) Chemistry, University of Warwick, Coventry, West Midlands, United
Kingdom
Introduction of aggregation-induced emission (AIE) molecules into polymer materials
can result in novel smart materials with AIE characteristics, expanding their scope of
applications. Haddleton group is expert in producing well defined polymers with narrow
dispersity and high end-group fidelity via Cu(0)-mediated reversible-deactivation radical
polymerization (RDRP). In this contribution, the initiator tetraphenylethene
bromoisobutyrate (TPE-BIB) is first synthesized, fully characterized and then utilized for
the synthesis of a series of polyacrylate-based homopolymers and block copolymers
bearing TPE moieties with different molecular weights and architectures via Cu(0)RDRP. All the TPE-terminated polymers exhibited AIE behavior. Poly(methyl acrylate)
(PMA) polymers reached quantitive conversion of >99 % in less than 2 hours with
dispersity as low as 1.18. Deprotection of hydrophobic poly(tert-butyl acrylate) (PtBA)
gave access to amphiphilic poly(acrylic acid) (PAA). Self-assembly of TPE-PAA in pure
deionized water resulted in emission due to exhibiting AIE performance of the
aggregation of hydrophobic TPE core. The fluorescence intensity of the solution is
directly related to the molecular weights of the polymer and the size of formed micelles.
All polymers are fully characterized by NMR, size exclusion chromatography (SEC), and
matrix-assisted laser desorption/ionization time of flight mass spectroscopy (MALDITOF-MS) techniques. Dynamic Light Scattering (DLS) is used to evaluate the size of the
self-assembled aggregates in solution and scanning electron microscope (SEM) to
explore their morphology. Block copolymerization and application investigations of these
novel AIE-active polymers in biomedical areas, such as bioimaging, are currently
underway.

Figure. (a) Photoluminescence (PL) spectra of TPE-PMA100 in THF/water mixtures with
different fractions (fw) of water with excitation wavelength of 310 nm. [TPE-PMA100] = 10 µM.
(b) Plot of (I/I0) values versus the compositions of the aqueous mixtures. I0 = emission intensity
in pure THF solution. The inset graph is fluorescence images of TPE-PMA100 in THF/water
mixtures taken under UV lamp.

POLY 41: Tailored monomers for backbone degradable polymers by ring-opening
metathesis polymerization
Peyton Shieh1, pshieh@berkeley.edu, Jeremiah A. Johnson2. (1) Chemistry,
Massachusetts Institute of Technology, Cambridge, Massachusetts, United States (2)
MIT, Massachusetts Institute of Technology, Boston, Massachusetts, United States
Ring-opening metathesis polymerization (ROMP) of norbornene-based monomers is a
powerful approach to prepare complex polymer architectures. Nevertheless, a
fundamental limitation of polymers prepared via this strategy is their lack of facile
degradability, which may limit their utility in self-assembly and biomedical applications.
Here, we describe a class of readily available monomers that copolymerize efficiently
with norbornene-based monomers to provide copolymers with backbone degradability
under mildly acidic aqueous conditions and degradation rates that can be tuned over
several orders-of-magnitude depending on substituents. The application of these
monomers to tuning the in vivo biodistribution and clearance rate of bottlebrush
polymers, as well as to the synthesis of linear, bottlebrush, and brush-arm star
copolymers with degradable segments, is described. This work addresses one of the
longstanding challenges for polymers prepared via ROMP, opening the door to
responsive materials for biomedical applications and self-assembly.

POLY 42: Developing a simple and versatile route to amphiphilic
polymethacrylates: Catalytic chain transfer polymerisation (CCTP) coupled with
post-polymerisation modification
Jose-Chris . Abi Saleh1, c.abi-saleh@warwick.ac.uk, Georgios Patias1, James S.
Town1, Alan M. Wemyss1, Ahmed Eissa1, Ataulla Shegiwal2, David M. Haddleton1. (1)
Chemistry, Warwick University, Coventry, United Kingdom (2) Chemistry , Warwick
university , Coventry, United Kingdom
Amphiphilic polymers have become key figures in the fields of pharmacology, medicine,
agriculture and cosmetics. The use of reversible deactivation radical polymerisation
(RDRP) techniques has allowed advances in the synthesis of amphiphilic polymers.
However, the high price to performance ratio of these methods can limit their industrial
application. Herein, poly(glycidyl methacrylate) polymers of varying molecular weights
were first synthesised by catalytic chain transfer polymerisation (CCTP). Amphiphilic
polymers were then prepared using a simple one-pot, post-polymerisation modification
process involving Michael-thiol addition in the presence of a range of hydrophobic
mercaptans, followed by ring-opening of the epoxide groups with ethanolamine using
microwave-assisted synthesis. This procedure allows for the synthesis of fully functional
polymers within 3 hours. A range of well-defined materials are prepared and
characterised by GPC, NMR, FTIR, DLS, TGA, and TEM.

POLY 43: Polymerization induced microphase separation approaches to
nanostructured materials for electrochemical, optical, and water applications
Marc A. Hillmyer, hillmyer@umn.edu. University of Minnesota, Minneapolis,
Minnesota, United States
Controlled polymerization of a homogenous mixture of monomer and crosslinker using a
polymeric chain transfer agent can lead to nanostructured thermosets in a single step.
Over a broad range of compositions multiple interpenetrating bicontinuous domains can
be generated. We have been working on this approach to nanostructured materials with
an eye toward numerous applications. Typically, we have focused on rigid matrices with
percolating functional domains. The functional domains can be chemically etchable for
the generation of nanoporous materials for membrane applications, contain ions for
battery or other electrochemical applications, or include photochromic molecules for
optical switching applications. We have found that this approach is broadly amenable to
numerous monomer and polymeric species. In this presentation I will discuss our recent
work in this area and how this generic strategy can be useful in an array of advanced
applications.

POLY 44: Size-dependent transport in porous polymer membranes via
polymerization-induced microphase separation: Pushing the limit of domain size
control
Myungeun Seo, seomyungeun@kaist.ac.kr. Chemistry, KAIST, Daejeon, Korea (the
Republic of)
Polymerization-induced microphase separation (PIMS) is a process where a growth of a
polymer chain from the end of a different polymer produces an emergent block polymer
and spontaneously induces microphase separation in the polymerization mixture at a
critical conversion. Typically, reversible addition-fragmentation chain transfer (RAFT)
copolymerization of a monomer and a cross-linker in the presence of a macro-chain
transfer agent (macro-CTA) produces yields a cross-linked block polymer consisting of
a disordered bicontinuous morphology at a nanometer scale. By combining a variety of
monomers, cross-linkers, and macro-CTAs, the PIMS process allows us to produce
nanostructured polymeric materials composed of functional nanodomains percolating a
robustly cross-linked matrix. Transport of target substances can be facilitated through
the three-dimensionally continuous functional nanodomains, and furthermore regulated
by relative size of the substance to the nanodomain. Thus precise control of the domain
size is critical for controlling size-selective transport phenomena. Particularly, accessing
the sub-10 nm regime can be attractive for regulating transport of (macro)molecules and
ions.
In this talk, I will discuss how to control the domain size in the PIMS process towards
fabrication of permselective membranes. In case of porous polymers produced by using
etchable polylactide (PLA)-CTA, pore size can be controlled ranging from meso- (2 - 50
nm) to macroporous (> 50 nm) regimes by adjusting molar mass of PLA-CTA and
further introducing selective additives. I will demonstrate that permselective sulfonated
mesoporous membranes can be fabricated by the PIMS process that allows facile
proton transport but suppress vanadium cross-over, useful for vanadium redox flow
battery. I will also discuss our efforts to lower the limit of pore size control and access
microporous (< 2 nm) by the PIMS process.

POLY 45: Static and in situ morphology characterization of polymeric materials
created using polymerization-induced nanostructural transitions
Robert Hickey, rjh64@psu.edu. Materials Science and Engineering, Pennsylvania
State University, University Park, Pennsylvania, United States
Utilization of polymerization-induced structural transitions for the creation of
nanostructured materials have been used in a host of applications ranging from energy
to separation technologies. Recently, our group has achieved order-order and disorderorder structural transitions by polymer grafting from linear block polymers mixed with
monomer. In our approach, we are able to induce either a lamellar-to-hexagonallypacked cylinder or a disordered-to-hexagonally-packed cylinder transition via the
polymerization of styrene, which initially acts as a neutral solvent for the lamellarforming diblock copolymer, poly(styrene)-block-poly(butadiene) (PS-PBD). The phase
transitions are driven by PS grafting from the PBD block in the PS-PBD diblock
copolymer during the polymerization of styrene. We have mapped out the static phase
behavior of the resulting morphologies after polymerization, in addition to investigating
the lamellar-to-hexagonally-packed cylinder using in situ small-angle X-ray scattering
(SAXS). In situ SAXS and rheological experiments during the polymerization process
reveal a complex phase path in which we initially disorder the lamellar morphology at
elevated temperatures. During the progression of the polymerization, the disordered
phase transitions first to an ordered state, and then converts into the gyroid phase. We
are able to recover the hexagonally-packed cylinder morphology after polymerization
when the sample is cooled to room temperature. The work presented here highlights
how the chemical process of converting standard linear diblock copolymers to graftedblock polymers drives interesting and controllable morphology transitions.

POLY 46: Polymerization-induced self-assembly for membrane technology
Mona Semsarilar, mona.semsarilar@umontpellier.fr. European institute of membranes,
University of Montpellier , Montpellier , France
Polymerization-Induced Self-Assembly (PISA), which consists of synthesizing a
solvophobic polymer block from a solvophilic polymer block usually using controlled
radical polymerization techniques in dispersed media, has revolutionized the
preparation of self-assembled nano-objects from block copolymers. This method allows
the preparation of colloidally stable nano-objects of different size and morphology with
dialed in functionalities at high concentrations (up to 50% w/w). Up to date a variety of
nanoparticles have been prepared through PISA methodology from (meth)acrylic block
copolymers. In the recent years there has been an increasing interest in the preparation
of smart membranes due to their ever expanding use in industry. One of the most
recent methods in preparation of such smart membranes is the assembly of copolymer
micelles. Our team has been working on the concept of nanostructured membranes
from assembly of functional nano-objects in the form of thin films. The resulting thin film
membranes have been tested for their potential use in separation technology. We have
demonstrated that it is more straightforward to use already formed colloidally stable
nanoparticle solutions to form nanostructured membranes with specific targeted pore
size. Using this method, one can simply choose a pore size and prepare the appropriate
nanoparticles with a specific diameter. Upon self-assembly these particles will form a
thin film with a compact porous structure with the desired pore size.
This talk will highlight an original strategy to prepare functional nanostructured thin film
membranes from colloidally stable particles prepared via Reversible Addition
Fragmentation Chain Transfer (RAFT) polymerization-induced self-assembly. We have
also demonstrated that more than one type of nanoparticles could be used to confer
different properties to the resulting membranes.

POLY 47: Dictating the evolution of morphology in PISA
Georg Scheutz1, C. Adrian Figg1, R. N. Carmean1, Kyle C. Bentz1, Daniel A. Savin1,
Mollie A. Touve2, Nathan C. Gianneschi2, Brent S. Sumerlin1,
sumerlin@chem.ufl.edu. (1) Department of Chemistry, University of Florida, Gainesville,
Florida, United States (2) Department of Chemistry, Northwestern University, Evanston,
Illinois, United States
Hydrophobicity inherently affects a solute's behavior in water, yet how polymer chain
hydrophobicity impacts aggregate morphology during solution self-assembly and
reorganization is largely overlooked. As polymer and nanoparticle syntheses are easily
achieved, the resultant nanoparticle architectures are usually attributed to chain
topology and overall degree of polymerization, bypassing how the chains may interact
with water during/after self-assembly to elicit morphology changes. Herein, we
demonstrate how block copolymer hydrophobicity allows control over aggregate
morphology in water and leads to remarkable control over the length of polymeric
nanoparticle worms. Polymerization-induced self-assembly facilitated nanoparticle
synthesis through simultaneous polymerization, self-assembly, and chain reorganization
during a block copolymer chain extension from a hydrophilic poly(N,Ndimethylacrylamide) macro-chain-transfer agent with diacetone acrylamide and N,Ndimethylacrylamide. Slight variations in the monomer feed ratio dictated the block
copolymer chain composition and were proposed to alter aggregate thermodynamics.
Micelles, worms, and vesicles were synthesized, and the highest level of control over
worm elongation attained during a polymerization is reported, simply due to the polymer
chain hydrophobicity.

POLY 48: How much hydrophobicity is necessary for polymerization induced self
assembly (PISA)?
Robert T. Mathers, rtm11@psu.edu. Chemistry, Penn State University, New
Kensington, Pennsylvania, United States
Recently, a collaboration with Rachel O’Reilly’s group has determined that octanolwater partition coefficients (LogP) will assess whether a particular monomer has
sufficient hydrophobicity for Polymerization Induced Self Assembly (PISA). In addition,
normalizing LogP values of oligomeric structures with surface area facilitates ranking
and comparison. Consequently, core-forming polymers are easily distinguishable from
corona-forming polymers based on LogP/SA values.

LogP/SA values predict if monomers will have sufficient hydrophobicity for PISA.

POLY 49: Steering PISA toward the fiber morphology
Gaëlle Mellot1,2, Laurent Bouteiller1,2, François Stoffelbach1,2, Jutta Rieger1,2,
jutta.rieger@upmc.fr. (1) IPCM - Polymer Team, Sorbonne Université, Paris cedex 05,
France (2) Chemistry Department, CNRS, Paris, France
Over the past decade polymerization-induced self-assembly (PISA) has proved to be a
very powerful process to generate various polymeric particle morphologies - such as
spheres, worms/nanofibers or vesicles - in high yields and at high solids contents, in
water. Generally, PISA involves the use of controlled/living polymerization techniques,
and today the reversible addition-fragmentation chain transfer (RAFT) polymerization is
established to be the most versatile and reliable one for PISA.
Because of their numerous potential applications in materials science, nanofibers are
certainly one of the most interesting structures to be developed. However, for a selected
diblock copolymer, such fibers/worm-like micelles are obtained by RAFT-PISA only in
very specific and restricted polymerization conditions. For numerous copolymers only
spherical particles, and no fibers, could be obtained. To overcome these limitations, we
introduced a supramolecular moiety, a hydrogen-bonded bis-urea sticker, in the macroRAFT agent to drive PISA towards the nanofiber morphology (see Figure). This concept
was tested in the synthesis of poly(N,N-dimethylacrylamide)-b-poly(2-methoxyethyl
acrylate) (PDMAc-b-PMEA) diblock copolymers prepared by dispersion polymerization
in water. The results show that the developed strategy clearly promotes the formation of
nanofibers in a large experimental window.

Using bis-urea functional macro-RAFT for "templated PISA" in water

POLY 50: Empirical energies and intramolecular bond and sequence correlations
Robert L. Jernigan, jernigan@iastate.edu. Biochemistry, Biophysics, and Molecular
Biology, Iowa State University, Ames, Iowa, United States
Much of the material in “Statistical Mechanics of Chain Molecules” is deeply embedded
in my long-term memory. There are two aspects of the work in that book that have been
important for my own research. First, is the concept of empirical energies that Flory
used to differentiate among different polymer types, In his book energies are given in
the form of statistical weights for the different local conformations, and these weights
were derived by in fitting experimental information. Much of my career was spent
studying proteins and nucleic acids in terms of their empirical interaction energies. The
experimental data that we have used to defin “statistical weights” are non-local and are
based on the frequencies of occurrences of interacting amino acid types. Globular
proteins and RNA are densely packed states with strong long-range interactions, so we
have derived many-body potentials and shown how to derivethese if there are sufficient
numbers of structures. Recently we derived entropies for the interactions showing that
the same charge pairs have the highest entropies and the hydrophobic pairs the lowest
entropies, yielding a strong entropy-energy compensation. The second topic is
investigating the correlations of sequence positions in multiple sequence alignments, for
the ~200 million available protein sequences. These resemble the bond correlations in
the Flory book, and the ways that they were formulated to represent the distance
distributions in polymers; for proteins the sequence correlations yield significant
information about how the structures and sequences are related.

Correlated columns in multiple sequence alignments that are in close proximity exhibit strong
interdepencies in the permissible amino acid substitutions. Capturing this information is
important to understand protein mutations.

POLY 51: α-Helix-sense inversion of polypeptides triggered by the side chain
conformation
Akihiro Abe, aabe34@xc4.so-net.ne.jp, Hidemine Furuya,
hfuruya@polymer.titech.ac.jp. Polymer chemisty, Tokyo Institute of Technology, Tokyo,
Japan
Configurational characteristics of polypeptide chains has been thoroughly investigated
in a series of elaborative work by Flory, Brant and Miller. On the basis of the
conformational energy map calculated from the L-alanine residue, Flory stated that the
preference for the right-handed α-helix usually exhibited by an L-polypeptide is seen to
follow from the symmetry of rotations about the pair of bonds adjoining the α-carbon
atom. A family of poly(L-aspartic acid ester)s are however known to exhibit exceptional
behaviors to the above statement. They form an α-helix in either screw-sense
depending on the chemical constitution of the pendant ester group, and often exhibit
screw-sense inversion even in the solid state.
The deuterium NMR analysis has been performed for poly(β-phenethyl L-aspartate)
which forms lyotropic liquid crystalline phase in conventional organic solvents. From the
observed D-NMR splittings, approximate values of the RIS fraction were estimated for
each of the rotatable bonds. While the preferred form of the first two bonds were Χ1Χ2 =
tt in the right-handed arrangement, those for the left-handed regime were Χ1Χ2 = g-t,
being conformationally more proliferated.: the conformational free-energy difference
between the two oppositely α-helical networks becomes zero at the transition
temperature. Together with the evidence from other sources, a zipper-type transition
scheme has been constructed and applied to the thermally-induced transitions
characteristic of poly(aspartic acid ester)s.

Examples of D-NMR spetra and assignments

POLY 52: Chromosome organization through Flory's insights
Dave Thirumalai, dave.thirumalai@gmail.com. University of Texas at Austin, Austin,
Texas, United States
The structural organization of the condensed chromosomes is being revealed using
chromosome conformation capture experiments and super-resolution imaging
techniques. Fingerprints of their three-dimensional organization on length scale from
about hundred kilo base pairs to millions of base pairs have emerged using advances in
Hi-C and super-resolution microscopy. I will describe using a minimal Chromosome
Copolymer Model (CCM) with two loci types corresponding to euchromatin and
heterochromatin that the dynamics is similar to that observed in glasses. Chromosome
organization is hierarchical involving the formation of chromosome droplets (CDs) on
short genomic scale followed by coalescence of the CDs, reminiscent of Ostwald
ripening. Glassy landscapes for the condensed active chromosomes might provide a
balance between genomic conformational stability and biological functions.

POLY 53: Insights into DNA and chromatin from realistic treatment of the double
helix
Wilma K. Olson, wilma.olson@rutgers.edu. Rutgers Univ, Piscataway, New Jersey,
United States
In addition to the genetic message, DNA base sequence carries a multitude of structural
and energetic signals important to its biological packaging and function. The statistical
mechanical treatment of chain molecules pioneered by Flory provides the foundation
behind methods now used to connect information embedded in the DNA base pairs with
macromolecular features of the double helix. In contrast to the original treatment of
polymers in terms of their chemical backbones, DNA is described in terms of the
orientation and displacement of its base-pair side groups. The approach thus takes
account of cross-sections as well as connections of residues along the chain. Subtleties
in the disposition of base pairs become particularly significant at long chain lengths
when proteins attach to widely spaced sites along the DNA and force the intervening
residues into loops. The arrangements of base pairs dictate how the DNA folds and
whether the ends of the loops lie in correct register with the binding sites on protein. The
Flory-based approach is also useful in interpreting the properties of DNA decorated by
nucleosomes — the assemblies of DNA and protein that constitute the fundamental
packaging unit of chromatin. The number, spacing, and composition of nucleosomes
influence the long-range communication between DNA elements involved in the
transcription of genes, forming loops orders of magnitude longer than those adopted by
bare DNA. The patterns of nucleosome association found to account for properties of
model oligonucleosomes can be used to study even longer fragments of DNA. A
nucleosome-level depiction of chromatin reduces the complexity of the system along the
same lines as a base-pair-level depiction of DNA. The spacing of nucleosomes affects
the statistical properties of long chromatin constructs, with polymers of the same length
and nucleosome composition exhibiting behaviors dependent upon the number of base
pairs between of successive nucleosomes.

The DNA (right-to-left) in a double helix, protein-mediated loop, nucleosome, and chromatin
fiber

POLY 54: Applications of basic ideas of statistical mechanics of chain molecules
to proteins
Andrzej Kloczkowski1,2, Andrzej.Kloczkowski@nationwidechildrens.org, Robert L.
Jernigan3. (1) The Research Institute Nationwide Childrens, Battelle Center for
Mathematical Medicine, Columbus, Ohio, United States (2) Pediatrics, The Ohio State
University, Columbus, Ohio, United States (3) 112 Office Lab Building, Iowa State
University, Ames, Iowa, United States
Protein molecules have similar linear chain nature as regular polymer molecules. The
excluded volume effects play small role for regular polymers, and therefore they can be
modeled as random walks or random flights with the Gaussian distribution of the end-toend distance. In "Statistical Mechanics of Chain Molecules" Flory developed more
sophisticated approach by assumption of the discrete values of dihedral angles for
polymers (depending on the chemical structure of the monomer) and by introducing
transformation matrices depending on dihedral angles. The transformation matrix
enables to express coordinates of a vector in a frame defined the backbone
conformation of the node i n the frame of the next i+1 node. For a given set of all
dihedral angles along the backbone the matrix multiplication of all subsequent rotational
matrices enables the computation of the end-to end vector and the calculation of
various physical properties of the polymer.
We have applied similar algebraic ideas to model proteins. For simplification we used
simple square and cubic lattices and assumed that proteins are Hamiltonian walks or
Hamiltonian circults (walks without two ends) within regular shapes of rectangles (in 2D)
or parallelpipeds (in 3D). For a given cross-section of the rectangle (2D) or a
parallelpiped (3D) we developed transfer matrices that enabled us to exactly enumerate
all Hamiltonian walks and Hamiltonian paths on the square and cubic lattices. The
transfer matrix method of generating and enumerating compact conformations is
extremely efficient. The main advantage is that the piece-wise generation of
conformations is attrition-free. Once the transfer matrix for a given cross-section is
defined, the more complicated geometrical problem of conformation generation (or
calculation of averages such as average energy becomes a simple problem of matrix
algebra.

Hamiltonian circuit (a) and Hamiltonian path (b) on the square 4×7 lattice (above).
All conceivable connectivity states (a) and bond distributions (b)for generation of Hamiltonian circuits
within the rectangles of size 4×n (below).

POLY 55: Multi-scale modeling of the nanomechanics of microtubule filaments
Ruxandra I. Dima, ruxandra.dima@uc.edu. Univ of Cincinnati, Cincinnati, Ohio, United
States
Microtubules are prime examples of large-size biomolecular systems that assemble,
disassemble, and self-repair by controlled inputs. Despite the known role of mechanics
in both the function of microtubules for example as motors driving the poleward
chromosome motion during mitosis and in the remodeling of the microtubule lattice
during depolymerization and severing by molecular motors, an understanding of the link
between the structure of filaments and their dynamical properties is still in its infancy.
Establishing such a link requires a combined experimental and computational approach.
We will discuss the development of our approach to investigate the mechanics of
filaments with relevance for chromosome motion and microtubule severing. Because of
the modular architecture and strong inter- and intra-molecular coupling that influence
the properties of microtubule filaments, we developed a multi-scale methodology, using
coarse-graining and atomic details, to map out mechanical properties of microtubules
on experimental timescales through large-scale molecular simulations. Our coarsegrained model reduces the microtubule subunits to polymeric chains characterized by
excluded-volume effects and non-covalent interactions between beads undergoing
Brownian motion. We will present our findings of the microscopic origin of physicochemical properties of microtubules and their protofilaments and the molecular
mechanisms of their response to controlled mechanical inputs. Our results focus on the
thermodynamics of the lattice and the large bending rigidity for a protofilament, which
support the idea that the disassembling microtubule is capable of generating a large
mechanical force to move chromosomes during cell division. Particular focus will be on
the mechanism employed by severing enzymes to tear microtubules apart. Finally, we
will discuss the validation of these results through direct comparison with in vitro
experiments, indicating that the measured parameters sample the same distributions.

POLY 56: Aqueous photoiniferter polymerizations
Michael B. Sims, R. N. Carmean, C. Adrian Figg, Georg Scheutz, Tomohiro
Kubo, Brent S. Sumerlin, sumerlin@chem.ufl.edu. Department of Chemistry, University
of Florida, Gainesville, Florida, United States
Relying solely on mild ultraviolet or visible irradiation of thiocarbonylthio compounds, a
new avenue to polymer-protein conjugates, semi-telechelic polymers, and well-defined
ultrahigh molecular weight (UHMW) block polymers has been developed. Using either a
photocatalyst or relying on the direct activation of thiocarbonylthio end groups via
photolysis, well-controlled polymers with high molecular weights that are unprecedented
for controlled radical polymerizations have been achieved. This photomediated
polymerization approach reaches number-average molecular weights in excess of 8.00
x 106 g/mol with degrees of polymerization above 85,000, making these, to our
knowledge, the highest molecular weight polymers ever achieved via reversibledeactivation radical polymerization. The utility of the technique is further demonstrated
through the synthesis of block copolymers, enabling access to a new field of welldefined UHMW materials.

POLY 57: Ab initio RAFT emulsion polymerization using low molar mass RAFT
agents to form low dispersity polymers
Sarah J. Stace2,1, Jochen Vanderspikken3,1, Shaun Howard1, Guoxin Li1, Benjamin W.
Muir1, Christopher M. Fellows2, Daniel J. Keddie4, Graeme Moad1,
graeme.moad@csiro.au. (1) Manufacturing, CSIRO, Clayton, Victoria, Australia (2)
University of New England, Armidale, New South Wales, Australia (3) Hasselt
University, Diepenbeek, Belgium (4) Wolverhampton University, Wolverhampton, United
Kingdom
We report on low molar mass RAFT agents that provide controlled molar mass and low
molar mass dispersities in ab initio emulsion polymerization. Thus RAFT emulsion
polymerization of styrene in the presence of the protonated RAFT agent,
((cyanomethyl)thio)carbonothioyl)(methyl)amino)pyridin-1-ium toluenesulfonate (2), and
analogous quaternized RAFT agents, 4((((cyanomethyl)thio)carbonothioyl)(methyl)amino)-1-methylpyridin-1-ium iodide (3) and
4-((((cyanomethyl)thio)carbonothioyl)(methyl)amino)-1-methylpyridin-1-ium dodecyl
sulfate (4), provide low dispersity polystyrene with dispersity 1.2-1.4 for Mn ~ 20,000.
Notably, when the counterion is dodecyl sulfate (i.e., 4) we can achieve “surfactant-free”
RAFT polymerization. We postulate that the success of ab initio emulsion
polymerization with these RAFT agents is due to the hydrophilicity of the pyridinium
group, which is such that the water soluble RAFT agent partitions predominantly into the
aqueous phase under the conditions of the experiment and that these RAFT agents
provide little or no retardation. Preliminary results show that this class of RAFT agent is
broadly applicable to ab initio emulsion polymerization of other more-activated
monomers (e.g., butyl acrylate, butyl methacrylate). Furthermore, cyanomethyl (pyridin4-yl)carbamodithioate, (1) (i.e., the RAFT agent in neutral form) provides molar mass
control and dispersity <1.8 in ab initio emulsion polymerization of vinyl esters (vinyl
acetate, vinyl benzoate).

Diode array (210-395 nm) data for GPC trace showing monomodal molar mass distribution
observed for ab initio emulsion polymerization of styrene using the protonated RAFT agent

POLY 58: Transition-metal-free photopolymerization of pi-conjugated polymers
Julia A. Kalow, jkalow@northwestern.edu. Department of Chemistry, Northwestern
University, Evanston, Illinois, United States
π-Conjugated polymers (CPs) represent a promising technology for electronic
applications where weight and flexibility are important. CPs are commonly synthesized
by Pd- or Ni-catalyzed polycondensation reactions, and many high-performance
polymers are based on organotin reagents. Polymerization based on C–H activation
removes the need for tin, but is still based on Pd catalysis and is limited to substrates
that can undergo direct arylation. We have discovered a mechanistically distinct
approach to the synthesis of CPs based on the catalyst-free photopolymerization of
Grignard monomers. This reaction displays high efficiency for n-type and donoracceptor alternating copolymers. I will discuss our studies on the optimization, scope,
and mechanism of this polymerization.

POLY 59: RAFT polymerisation: From yellow to green
Sebastien Perrier, s.perrier@warwick.ac.uk. University of Warwick, Coventry, United
Kingdom
This talk will present our work on designing reaction conditions for reversible addition
fragmentation chain transfer (RAFT) polymerisation towards 'green' requirements. We
show how polymerisations can be performed at room temperature, in aqueous solution,
both in dispersion or homogeneous systems, and lead to very well defined polymers.

POLY 60: Copper mediated living radical polymerisation in the presence of
oxygen
David M. Haddleton1, D.M.HADDLETON@WARWICK.AC.UK, Evelina Liarou2. (1)
Department Of Chemistry, University of Warwick, Coventry, United Kingdom (2)
Chemistry, University of Warwick, Coventry, Not US or Canada, United Kingdom
We report a fully oxygen photoinduced RDRP system, independent of any externally
added oxygen quenchers, enzymes, reducing agents or deoxygenation methods. The
efficient elimination of headspace gives access to a range of monomer families, such as
methyl acrylate (MA) even in molecular weights as high as ~ 53,000, ethylene glycol
methyl ether acrylate (EGA) and the hydrophilic poly(ethylene glycol methyl ether
acrylate) (PEGA480). Moreover, the hydrophobic monomers such as n-butyl acrylate (nBA) and hexyl acrylate (HA), as well as the protected and expansively
functionalized tert-butyl acrylate (t-BA) are polymerized in different solvents.
Additionally, utilizing 2,2,2-trifluoroethanol (TFE) as solvent, the semi-fluorinated
poly(2,2,2-trifluoroethyl acrylate) (PTFEA) and poly(2,2,2-trifluoroethyl methacrylate)
(PTFEMA) are obtained. Surprisingly, this approach is efficiently scalable from
extremely low volumes such as 5 μL, to high scale reactions of 0.5 L. The experimental
data generating from the oxygen probe demonstrate preliminary insights into the oxygen
consumption mechanism and the role of the different components that comprise a
deoxygenation-free polymerization.

MALDI-ToF spectra for a) non-deoxygenated and b) deoxygenated PMA obtained via
photoinduced RDRP, with targeted DPn = 25.

POLY 61: Designing thermally stable organocatalyst for high temperature
polymerization and depolymerizations
Coralie Jehanno1, Andrew P. Dove2, Haritz Sardon1, haritz.sardon@ehu.es. (1)
POLYMAT, University of Basque Country , San Sebastian, Spain (2) School of
Chemistry, University of Birmingham, Birmingham, United Kingdom
Since the industrial synthesis of the first polymeric materials and their commercialization
in the 1930’s, breakthroughs and innovations in polymer chemistry have significantly
contributed to the improvement of our daily life.1 The resulting accumulation of
polymeric materials in the environment makes the development of environment-friendly
and cost effective routes for recycling, a main challenge for next generations. In the
20th century the goal was to design polymers to withstand degradation and
depolymerization. Nowadays, less than 8% of the polymers produced each year are
recycled and most of them are mechanically recycled that includes grinding and meltprocessing.
Besides mechanical recycling and pyrolysis, the final method of recycling and probably
the most challenging one to date is chemical recycling. The polymer is used as a
starting reagent to generate high purity monomers using simple and efficient
transformations. Specifically, from chemical depolymerisation innovative added-value
building blocks could be synthesized to prepare highly added value polymers (smart
chemical recycling approach) from commodity polymers.2 To afford this goal, an
innovative protic ionic salt, cheap, easy-to-produce and recyclable, has been developed
to catalyse the depolymerisation.3 Thermally stable up to 400 °C, this organocatalyst is
active at the high reaction temperatures required for degrading polymers. It already
allowed us to degrade polyethylene terephthalate (PET), and Bisphenol A based
polycarbonate (BPA-PC), in a fully sustainable cycle.

POLY 62: Cationic polymerization in emulsion: New catalysts for enhanced
polymer synthesis
Francois Ganachaud1, francois.ganachaud@insa-lyon.fr, Sergei V. Kostjuk2, Irina
Vasilenko2. (1) CNRS, Philadelphia, Pennsylvania, United States (2) Research Institute
for Physical Chemical Problems of the Belarusian State University, Minsk, Belarus
The polymerization of organic monomers in water is a wide field of research, in
particular in free radical polymerization. Other catalyses of polymerization have also
shown to be efficient in certain conditions, provided basically that 1. the catalyst is
water-resistant and 2. it can partition between the monomer droplets and the continous
aqueous medium to favor chain propagation.
We have been working for almost 20 years now on the anionic and cationic
polymerizations of various cyclic and vinylic monomers in dispersed media. Recently,
we have particularly demonstrated that long polymer chains of e.g. styrene or isoprene,
could be generated by this process, as well as block copolymers of these two. This has
been possible by the introduction of so-called Lewis Acid Surfactant Catalysts (LASCs),
which bulkiness and water-resistance ensures both penetration in the droplet and very
fast polymerization.
This presentation summarizes the results discovered recently on the subject, and also
makes a parallel with old published studies previously assigned to catalytic-like
systems, that now apparents more readily to cationic-based polymerization ones.

Typical LASC generated from an anionic surfactant and a rare earth salt

POLY 63: Supported lanthanide catalysts: Role of the grafting on the
stereochemical outcome of β-butyrolactone ROP reaction
Adrien Bathellier, bathelli@insa-toulouse.fr, Chiara Dinoi, Iker Del Rosal, Laurent
Maron. Dept de Genie Physique, LPCNO, Toulouse, France
Development of highly active and selective catalysts which are as well low cost and
environmentally friendly is of prime importance. One possibility is the use of supported
catalysts. They combine the advantages of homogeneous and heterogeneous catalysis:
well-defined active sites; easy separation of the final products from the catalysts;
efficient recycling of the catalysts. Furthermore, the easier solid-liquid separation
reduces the solvent consumption, in agreement with the constant demand for greener
chemical processes.
Among the metals used in this field, rare-earth systems have been the subject of
constant interest due to their high activity in polymerization and fine chemistry.
Concerning the available supports, one of their main properties is that they do not
generate parallel reactions. However, a reasonable knowledge of the support surface
(arrangement, composition, ...) is needed in order to understand the potential
interactions between the support and the organometallic complex. Thus, only few
materials are able to support a catalyst. The most widely used supports are silica,
alumina and black carbon. Some studies on the grafting of lanthanides on silica show
that the grafting occurs through a protonolysis of the Ln-N bond by surface silanols,
which generates a covalent ≡Si-O-Ln bond. Therefore, the used support requires
hydroxyl groups on its surface. In this way graphene is an interesting candidate to be
used as a catalyst support because it does not generate parallel reactions, it has good
mechanical and thermal properties. Moreover, while keeping these properties, graphene
can be easily functionalized via surface treatment through nitric acid oxidation or
chemical/thermal exfoliation, to form oxygenated surface functionalities such as
phenolic, quinonic and carboxylic groups.
We will shed light on the origin of the graphene support influence on the β-butyrolactone
ring opening polymerization mediated by supported lanthanide catalysts.

La(BH4)2(THF) grafted on carboxylic functionalized graphene.

POLY 64: In-depth look at polymer identification of Hawaiian plastic marine
debris: Inter-laboratory comparison of different methods
Jennifer Lynch1, jennifer.lynch@nist.gov, Ashok Deshpande2, Wanda Weatherford3,
Rick Wagner3, Kayla C. Brignac4, Kathleen Page5, Melissa R. Jung9, Nigel Lascelles6,
Dante Freeman7, Davielle Drayton7, Cheryl King8. (1) Chemical Sciences Division,
National Institute of Standards and Technology, Waimanalo, Hawaii, United States (2)
National Oceanic and Atmospheric Administration, Sandy Hook, New Jersey, United
States (3) Chevron Phillips, Kingwood, Texas, United States (4) University of Hawaii,
Manoa, Hawaii, United States (5) Hawaii Pacific University, Honolulu, Hawaii, United
States (6) Florida A&M University, Tallahassee, Florida, United States (7) Savannah
State University, Savannah, Georgia, United States (8) SHARKastics, Honolulu, Hawaii,
United States (9) Hawaii Marine Mammal Alliance, Kailua, Hawaii, United States
Not all plastic is the same; polymers differ in uses, additives, waste streams,
environmental fates, transport, degradation, contaminant affinities, and biological
impacts. Thus, polymer identification of marine debris is imperative. Attenuated total
reflectance Fourier transform infrared spectroscopy (ATR FT-IR) is the most common
method. We compared it with two other techniques: pyrolysis-GC/MS and a 4-step
process including ATR FT-IR, total transmission FT-IR, differential scanning calorimetry
(DSC) and microscopy of layers from cross sections. Samples were selected from 4000
Hawaiian beach plastic debris items tentatively identified using ATR FT-IR. 88 randomly
selected items were analyzed using ATR FT-IR on two external sides and the less
weathered core. Multi-layer composites of different polymers were observed in 8% of
the items. Pyrolysis-GC/MS was used to analyze 13 items of differing polymers and 10
items unidentifiable by ATR FT-IR. Polymer identity agreed between the two methods
for 88% of the items, but additional minor polymers were discovered in two items.
Pyrolysis-GC/MS identified one as polypropylene (PP) and polystyrene (PS), whereas
the small PS bands in the FT-IR spectrum were initially overlooked. ATR FT-IR
identified the second item as polyethylene (PE) and PP, but only PP was observed by
GC/MS. Pyrolysis-GC/MS identified 90% of the unknowns and provided additional
additive information. 24 items were examined using the 4-step process. 15 had multiple
polymers, 11 of which were not revealed by ATR FT-IR. DSC provides differentiation of
PE densities (LDPE, LLDPE, and HDPE); whereas presence/absence of a band at 1377
cm-1 in the FT-IR spectra is not always reliable, especially in severely weathered HDPE.
Polymer ID of marine debris is not necessarily straightforward and multiple-methods are
required for complete, accurate identifications.

POLY 65: Microplastics quantification in complex environment samples using
combined solvent extraction and pyrolysis gas chromatography-mass
spectrometry
Elvis Dartey Okoffo, e.okoffo@uq.edu.au, Francisca Ribeiro, Stacey O'Brien, Jake
O'Brien, Michael Gallen, Kevin Thomas. The University of Queensland, Queensland
Alliance for Environmental Health Sciences (QAEHS), Brisbane, Queensland, Australia
Microplastics, defined as plastic fragments < 5 mm in size, are ubiquitous pollutants of
emerging concern that have caught the attention of the scientific community. With the
rapid increase in production and spread, plastic debris are accumulating in the
environment where they fragment into smaller pieces. Microplastics have aroused
increasing concern as they pose potential threats to marine, freshwater and terrestrial
organisms, and human health. Over the last decades, several studies have identified
and quantified microplastics in diverse environmental matrixes. However, due to the
high organic matter content of environmental samples, thus far the identification and
quantification of microplastics has been accomplished using exhaustive and timeconsuming procedures, typically involving a microplastic separation, followed by optical
and/or spectroscopic techniques. The aim of this study was to simplify sample
processing to facilitate the increased efficiency and accuracy of environmental
monitoring. An accelerated solvent extraction technique without sample pre-treatment
was developed and validated for the quantification of polymers in environmental
samples, here exemplified using oysters and biosolids. Polymer identification and massrelated quantification of four polymers (polypropylene, polystyrene, polyethylene and
polyethylene terephthalate) was performed using pyrolysis gas chromatography coupled
to mass spectrometry (Pyr-GC/MS). Single shot Pyr-GC/MS was used to analyse the
oyster extracts and a double shot was used for the biosolids extracts. The use of
double-shot Pyr-GC/MS for biosolids allows for the effective thermal desorption of
interfering compounds in the extracts prior to analyzing the polymers of interest in the
second shot, saving time and labour needed to pre-treat organic rich samples.

Pyr-GC/MS for polymer identification and quantification

POLY 66: Ingested micronizing plastic particle compositions and size
distributions within stranded post-hatchling sea turtles
Evan M. White1,2, emwhite@uga.edu, Samantha Clark3, Charles Manire3, Benjamin
Crawford4, Shunli Wang5, Jason J. Locklin2,1, Branson Ritchie1. (1) New Materials
Institute, Athens, Georgia, United States (2) Univ of Georgia Riverbend Rsch, Athens,
Georgia, United States (3) Loggerhead Marinelife Center, Juno Beach, Florida, United
States (4) Chemistry, The University of Georgia, Athens, Georgia, United States (5)
Engineering, The University of Georgia, Athens, Georgia, United States
From July 2015 to November 2016, 96 post-hatchling sea turtles were collected from
118 km of Atlantic coastline in Florida, USA, including loggerhead, green, and hawksbill
sea turtle species. Forty-five of the recovered turtles were rehabilitated and released,
but the remaining 52 died and were frozen. At necropsy, the gastrointestinal tracts of
most the turtles contained visible plastic, and collected particles of 27 individuals were
chemically characterized by Raman microscopy as polyethylene, polypropylene,
polyethylene terephthalate, and polystyrene. Mesoparticle plastic fragments 1.0 to 8.7
mm, microparticle fragments 20 to 1000 µm, and nanoparticles 5 to 169 nm were
identified in the turtles. Polyethylene and polypropylene were the most common plastics
ingested from specimens representing 54.1% and 23.7% of the total observed
mesoparticles and 11.7% and 21.0% of the total observed microparticles, respectively.
A plastic-to-body mass ratio of 2.07 mg/g was determined for this group. The authors
suggest that ingestion of micronizing plastic by post-hatchling sea turtles is likely a
substantial risk to survival of these endangered and threatened species. This study also
provides some of the first evidence for the formation of nanoscopic plastic particles that
we theorize forms in the post-hatchling and juvenile environment and are present postingestion.

POLY 67: Quantitative chemical, thermal, and molecular mass measurements of
recovered ocean plastics
Sara V. Orski, sara.orski@nist.gov, Viviana Rodriguez C., Grace Kenlaw, Kathryn
Beers. Materials Science and Engineering Division, NIST, Bethesda, Maryland, United
States
In marine ecosystems, plastics undergo primarily abiotic degradation through photooxidation by UV light, thermodegradation, and hydrolysis. In order to understand the
extent, ecological effects, and lifetimes of waste plastics in marine environments, it is
necessary to quantify how these synthetic polymers degrade under natural
environmental conditions and the variability in degradation conditions among materials
of different sizes, surfaces areas, differing commercial compositions and formulations.
Herein, we report systematic measurements of polymer fragments recovered from
marine animals and beaches in the Pacific Ocean to first determine the polymer type,
then measure chemical composition, molar mass distribution, and branching content
within each fragment. A small subset of polypropylene samples were also sectioned to
probe differences of the outer surface composition relative to the unexposed core.
These resultant slices were characterized by x-ray photoelectron spectroscopy (XPS),
high temperature size exclusion chromatography (HT-SEC) with tetra-detection, and
differential scanning calorimetry (DSC). Sections within the same parent fragment all
demonstrated a clear decrease in the number and weight average molar masses, a
broader molar mass distribution, a high degree of oxidation, and greater incidence of
foreign chemical elements relative to materials sampled from the internal material core.
Among all polypropylene fragments measured, molar mass decreases were
predominately due to chain scission, as very little long chain branched content was
observed by differential viscosity measurements. Trends in the data, both from within
slices of the same sample, as well as comparisons between different plastic fragments
will also be discussed. This research can be used to aid the marine scientific community
for sampling plastic marine debris, by providing them with alternate techniques of
identification, quantitative degradation measurements, and (ultimately) information to
develop improved quantitative models of polymer degradation in marine ecosystems.

POLY 68: Electrokinetic focusing, sorting, and separation of microplastics by
serial faradaic ion concentration polarization
Collin Davies1, collindavies@utexas.edu, Richard M. Crooks2. (1) Chemistry, University
of Texas, Austin, Texas, United States (2) The University of Texas at Austin, Austin,
Texas, United States
The separation of charged species such as salts, microplastics, and other trace
contaminants from water is one of the most significant technological challenges facing
mankind. Present separation strategies are energetically expensive and improvements
in separation and energy efficiency are incremental. Accordingly, alternative separation
techniques must be explored. We have developed a technique called faradaic ion
concentration polarization which utilizes local electric field gradients formed by
electrochemical processes to manipulate charged species within microscale systems.
Herein, we describe the continuous focusing, sorting, and separation of microplastics by
faradaic ion concentration polarization within a trifurcated microchannel. This is
accomplished by formation of local electric field gradients at two wirelessly-controlled
bipolar electrodes patterned along the channel length and operated simultaneously by a
single voltage source. Electric field profile, conductivity, and current measurements
collected during independent or tandem operation of the bipolar electrodes further
characterize the effect of simultaneous faradaic ion concentration polarization along the
channel length. These findings are significant because they demonstrate that serial
faradaic ion concentration polarization permits the controlled manipulation of charged
species within a robust and experimentally simple system.

POLY 69: Characterization of plastics in aquatic environments: Panel discussion
Justin R. Barone2, Kathryn Beers1, beers@nist.gov, Katrina M. Knauer3, Judy Lee4,
Evan M. White5. (1) Materials Science and Engineering Division, NIST, Bethesda,
Maryland, United States (2) Biological Systems Engineering, Center for Soft Matter and
Biological Physics, and Macromolecules Innovation Institute, Virginia Tech, Blacksburg,
Virginia, United States (3) School of Polymers and High Performance Materials, The
University of Southern Mississippi, Hattiesburg, Mississippi, United States (4) Chemical
and Process Engineering, University of Surrey, Guildford, United Kingdom (5) New
Materials Institute, Athens, Georgia, United States
The challenges in addressing plastic pollution across global water systems are large
and complex due to the variety of factors that influence degradation and the lack of
adequate measurements and models to quantify the scope, lifetimes, and impacts of
plastic waste across multiple ecosystems. This interdisciplinary panel discussion will
engage academic, industrial, and government scientists to expand the conversation
regarding plastic pollution. Interdisciplinary collaborative strategies will be discussed to
understand the scope of the problem and work towards developing the integrative,
effective, and sustainable strategies that are critical to address this issue. Attendees are
invited to bring questions for the panelists and are and encouraged to also share their
own relevant research experiences to foster collaboration and further discussion.

POLY 70: Copolymer microstructure determination by tandem mass spectrometry
James S. Town, j.town@warwick.ac.uk. Chemistry, University of Warwick, Coventry,
West Midlands, United Kingdom
The sequence which monomers in copolymer chains are organised is important for
many of their thermal, mechanical and colloidal properties. Determining the sequence
which a copolymer chain takes can be quite difficult, and usually requires kinetic and/or
2 dimensional NMR experiments. In this talk, I will be discussing the use of MALDIToF/ToF, a tandem mass spectrometry technique, in determining microstructure of
copolymers, both qualitatively and quantitatively. Qualitatively, I will show the simplicity
of sequencing polymer microstructures using tandem mass spectrometry, showing the
ease of determining block or random copolymer nature, as well as demonstrating the
techniques capabilities of determining diblock mixing. This level of exact determination
is impossible by any other commonly used analytical technique. Quantitatively, I will
demonstrate the use of tandem mass spectrometry for determining the reactivity ratios
of polymer samples, which are fundemental kinetic values for copolymer systems. By
using tandem mass spectrometry we can invesitigate these values without the need for
kinetic experiments, allowing us to get the results after the copolymer has been made,
and by using computational data analysis it can be achieved very quickly. We will also
discuss the limitations of the technique, as well as a view towards the future of this level
of microstructural analysis.

POLY 71: Fast measurements of hydrodynamic radii and intrinsic viscosity
measurements of polymers via diffusion NMR
Thomas A. Swift, t.swift@bradford.ac.uk. University of Bradford, Leeds, United
Kingdom
Size Exclusion Chromatography (SEC) is currently the gold standard for determining
polymer mass distributions.
However novel advanced Polymer materials are constantly being developed using nonstandard polymer additives which have limited characterisation options (i.e. polymers
with a high potential for column retention via SEC, or that have limited solubility in
common SEC solvents). Future development, and regulation, of these materials will
require new methods of characterization and comparing their functional properties and
polymer size. This brief talk will outline some advanced characterisation options
available to demonstrate polymer size distributions and solution properties.
We will focus on recent innovations in 1H DOSY NMR analysis, a highly versatile
analytical method. At present the main use of this technique in the polymer community
is to confirm functionalisation / grafting efficiency. However we have shown that a single
DOSY measurement can indicate approximate polymer molar mass, dispersity,
hydrodynamic radii and intrinsic viscosity. Recent publications from our group have
shown the usefulness of this technique in measuring the intrinsic viscosity of narrow
standards and tracking the conformational rearrangement of pH responsive materials in
dilute solution. Under the right conditions DOSY NMR can provide quantifiably similar
size distributions to size exclusion chromatography, with decreased resolution but
increased flexibility regarding solvent choices.
In regard to this we propose that this under-used technique should be a common
characterisation method for polymer chemists.

POLY 72: Advanced size-exclusion chromatography and field-flow fractionation
for characterization of complex synthetic polymers
Yongfu Li, ylli@dow.com, Mubasher Bashir, David M. Meunier. Analytical Sciences,
The Dow Chemical Company, Midland, Michigan, United States
Size-exclusion chromatography (SEC) and asymmetric flow field-flow fractionation
(AF4) are widely used techniques for separation and characterization of the molecular
weight distributions (MWD) and molecular architecture of polymers. However, synthetic
polymers are complex mixtures, often containing functional groups that may selfassociate under typical SEC conditions. Under such circumstances, it is a challenge to
obtain reliable molecular weight distribution data. In this talk, strategies to defeat both
hydrophobic and hydrophilic self-association during SEC analysis will be presented.
Techniques for assessment of self-association and its impact on the ideality of the SEC
conditions elution will also be discussed. Additionally, the characterization of branched
polymers can be challenging by SEC as anomalous late elution is often observed for
these types of materials. As such the obtained MWD data and conformation plots are
not reliable for elucidation of molecular architecture and branch index. In this talk, AF4
and SEC will be compared and contrasted to show the relative advantages and
disadvantages of these two techniques (Figure 1) for the characterization of branched
polymers.

Figure 1. Log M vs. Elution time along with LS (90°) and DRI traces (left) and polymer
conformation (right) plots on a synthetic polymer containing branched chains obtained by SECMALLS (red) and AF4-MALLS (blue).

POLY 73: Investigating the kinetics and structure of network formation in UVphotopolymerizable starch nanogel network hydrogels using very small angle
neutron scattering (vSANS)
Michael J. Majcher, majcherm@mcmaster.ca. Chemical Engineering, McMaster
University, Hamilton, Ontario, Canada
Conventional hydrogels are often fabricated by crosslinking linear polymers or
polymerizing monomers and crosslinkers together in situ. More recent work has
investigated the formation of hydrogels from nano/microgel building blocks. The
properties of such hydrogels are influenced by both the size of and crosslink density
within (intra-) the building blocks as well as the degree and type of crosslinks between
(inter-) those building blocks, providing multiple levers for controlling hydrogel
properties. In this work, amorphous starch nanoparticles (SNPs) were used as the
building blocks for creating nanogel network hydrogels. SNPs are extremely small
relative to other nanogel building blocks (20-50 nm), are highly cytocompatible and
enzymatically degradable, and are produced inexpensively at commercial scales. To
form networks, SNPs were methacrylated with varying amounts of methacrylic
anhydride (DS 0.05-0.25) and subsequently photopolymerized either to themselves (1035 wt% precursor solutions) or with methacrylated soluble starch (SS) as a crosslinking
agent. SNP-based hydrogels demonstrate significantly reduced protein adsorption
relative to soluble starch gels, critical in terms of suppressing foreign body responses to
biomaterial surfaces.
Small angle neutron scattering was used to investigate the kinetics (using time-stamped
data) and final structure of network formation using the very small angle neutron
scattering (vSANS) instrument at NIST (Gaithersburg, MD). Prior to the SANS study, we
had hypothesized SNP-only hydrogels would result in higher deformation of the native
SNPs during crosslinking relative to soluble starch crosslinked gels and that increasing
the degree of methacrylation would minimize SNP perturbations upon crosslinking.
Network formation was tracked using the in-line high power fiber optic UV accessory
(365 nm). Preliminary data shows that scanning a wide q range (0.015 nm-1<q<5 nm-1)
was sufficient for observing gelation kinetics, shown in the attached figure.

POLY 74: Fabrication of polymer-coated thiol-reactive magnetic nanoparticles for
cellular targeting
Amitav Sanyal1,2, amitav.sanyal@boun.edu.tr. (1) Department of Chemistry, Bogazici
University, Istanbul, Turkey (2) Center for Life Sciences and Technologies, Bogazici
University, Istanbul, Turkey
Polymer coated nanoparticles have emerged as promising platforms for biomedical
imaging and cellular delivery. Coating of nanoparticles with polymers augments the
intrinsic properties of nanoparticles by imparting additional attributes from the polymers.
Over the past decade, it is well established that polymeric coatings on nanoparticles
does a lot more than just impart colloidal stability. Advances in contemporary polymer
synthesis allows facile attachment of polymers onto the nanoparticle surface using
either ‘grafting-from’ or ‘grafting-to’ strategies. Incorporation of reactive/clickable
functional groups onto these polymers allows efficient functionalization of these soft
interfaces with functional molecules using diverse chemistry. In recent years, we have
focused on modification of magnetic nanoparticles with thiol-reactive polymers
containing alkenes and disulfides, which enable facile conjugation of thiol-containing
molecules under mild conditions. Important considerations for successful grafting of the
thiol-reactive groups lies in judicious selection of reactive monomers, as well as
compatible polymerization techniques. Due to the metal-free nature of reversible
addition-fragmentation chain-transfer (RAFT) polymerization, polymers for ‘grafting-to’
and ‘grafting-from’ onto magnetic nanoparticle surfaces were fabricated using this
technique. Catechol-based attachment onto nanoparticle surfaces was used for robust
attachment. Conjugation of fluorescent dyes and peptides using thiol-based chemistries
rendered these constructs suitable for dual imaging of cancer cells. The presentation
will highlight our recent contributions in the area through various examples of synthesis
of thiol-reactive polymeric brushes on nanoparticles and their utilization toward cellular
imaging and delivery (Figure).

Figure. Surface modified polymer-coated magnetic nanoparticles for cellular imaging

POLY 75: Transient self-assembled polymeric contrast agents for superfine
cerebrovasculature MR imaging
Atsushi Mahara1, mahara@ncvc.go.jp, Shigeyoshi Saito2,3, Yu-I Hsu1, Tetsuji
Yamaoka1. (1) Dept of Biomedical Engineering, National Cardiovascular Center
Research Inst, Suita, Japan (2) Department of Investigative Radiology, National
Cerebral and Cardiovascular Center Research Institute, Suita, Japan (3) Department of
Medical Physics and Engineering, Graduate School of Medicine, Osaka University,
Suita, Japan
[Introduction] Although magnetic resonance angiography (MRA) has the potential to
visualize microvessel structure with high resolution theoretically, it is hard to visualize
the structure due to low signals from microvessel. In our previous work, we succeeded
in visualizing the superfine imaging of cerebrovasculature using fluorescein and Gd
conjugated 8-arm polyethylene glycol (F-8-arm PEG-Gd) as the MR contrast agents
(Fig. 1). Interestingly, the image was not acquired when Gd-conjugated 8-arm PEG (8arm PEG-Gd) was used. We found that the conjugation of fluorescein to the contrast
agent played an important role in visualizing the cerebrovasculature. In this
presentation, we discuss that the superfine imaging is realized by the self-assembled
formation of F-8arm PEG-Gd. [Results and Discussion] The hydrodynamic radius of
the F-8-arm PEG-Gd was increased from 4 to 1000 nm with increasing the
concentration from 0.1 to 100 mg/ml, although the radius of 8-arm PEG-Gd was
constant regardless of the concentration increases. As the results of 1H-NMR
measurements, the proton signals of the fluorescein in F-8arm PEG-Gd were low when
D2O was used as the solvent. When absorption and emission spectra of F-8-arm PEGGd were measured, the peak top around 480 nm was shifted on the side of long
wavelength as compared with a fluorescein monomer. These results suggested that the
self-assembled structure of F-8-arm PEG-Gd was formed by stabilizing by the stacking
interaction of the fluorescein. When the contrast agents were injected to stroke model
rats, collateral circulation around the stroke area was clearly visualized on MRI
scan. [Conclusion] The self-assembled structure of the F-8-arm PEG-Gd was formed
through the fluorescein, and cerebrovasculature could be visualized by temporary
circulation of the contrast agents.

POLY 76: Tuning material properties: CO2-selective terpolymerizations from βbutyrolactone, epoxides and CO2 and their kinetic, thermal and mechanical
characterization
Sebastian Kernbichl, sebastian.kernbichl@web.de, Bernhard Rieger. Chemistry,
Technical University Munich, Garching, Germany
The Lewis acidic BDICF3-Zn-N(SiMe3)2 catalyst is able to both catalyze the ring-opening
polymerization (ROP) of lactones like β-butyrolactone (BBL) and the copolymerization of
epoxides with carbon dioxide. Poly(hydroxybutyrate) - the ring-opening product of BBL is a very soft material in its atactic form (Tg = 5 °C) whereas poly(cyclohexene
carbonate) obtained through the coupling of cyclohexene oxide (CHO) and CO2 is rather
brittle with a high glass transition temperature. It is expected that combining both
polymer types by one single catalyst gives a terpolymer with enhanced thermal and
mechanical properties.
Utilizing this catalyst in one-pot terpolymerizations of BBL, CHO and CO2 results in a
CO2-selective polymerization: Applying 40 bar CO2 leads to the exclusive incorporation
of CHO and CO2. Only upon removal of the CO2 pressure, ROP of BBL is started.
Similarly, application of 40 bar CO2 to an ongoing BBL polymerization will induce
copolymerization. Hence, by the time of CO2 addition, it can be selectively switched
between the two polymerization types. A reduced pressure of 3 bar CO2 results in
similar reaction rates for both the ring-opening polymerization of BBL and the
copolymerization of CHO and CO2 leading to a simultaneous incorporation of both
monomer types. Two-dimensional NMR spectroscopy and polarimetry provide a deeper
understanding of the underlying mechanism. The statistical route at 3 bar CO2 yields
polymers with decisive differences regarding thermal properties, especially the glass
transition temperature. While the terpolymers in block structure exhibit two independent
Tg's, the statistical analog shows a mixed-Tg tunable depending on the composition
ranging between 10 °C and 91 °C.

Three different chemoselective reaction pathways for the terpolymerization of β-butyrolactone,
epoxides and CO2.

POLY 77: Interior of amylopectin in solution probed by fluorescence, molecular
mechanics optimizations, dynamic light scattering, and viscosity
Jean Duhamel, jduhamel@uwaterloo.ca, Li Lu. Univ of Waterloo Chem Dept, Waterloo,
Ontario, Canada
A combination of pyrene excimer fluorescence (PEF), molecular mechanics
optimizations (MMOs), intrinsic viscosity, and dynamic light scattering (DLS) was
applied to gain structural information about the interior of amylopectin and nanosized
amylopectin fragments (NAFs) in solution. Amylopectin and NAFs were randomly
labeled with different amounts of 1-pyrenebutyric acid and their PEF was analyzed
according to the Fluorescence Blob Model to yield the blob size Nblob representing the
number of anhydroglucose monomers found in the volume probed by an excited
pyrene. Regardless of the pyrene-labeled NAF or amylopectin sample, Nblob equaled 20.
The larger Nblob value of 20 compared to an Nblob value of 10 for helical amylose implied
that an excited pyrene attached to a side chain of amylopectin could sense a groundstate pyrene attached to another side chain. MMOs confirmed that an Nblobvalue of 20
would be compatible with helical oligosaccharide side chains separated by 2-3 nm in the
interior of amylopectin or NAFs dispersed in DMSO. These combination of PEF and
MMO measurements provided a measure of the density of amylopectin in DMSO which
could be compared to that determined from a combination of intrinsic viscosity and DLS
measurements. The discrepancy between the two methods led to the proposal that the
interior of amylopectin is arranged according to the Solution-Cluster Model (Sol-CL).
The Sol-CL model predicts that inside amylopectin, dense clusters of helices are held
together by loose linear stretches of oligosaccharide that results in the excluded volume
effect. The Sol-CL model predicted that a large NAF would hold more free volume than
a small NAF. These predictions were validated by conducting osmotic pressure
measurements on the pyrene-labeled NAFs.

POLY 78: Nanophase separation of high χ, low N block copolymers by
photoinduced, copper-mediated ATRP, achieving sub-2 nm domains at half-pitch
Ellis K. Hancox1,2, e.k.hancox@warwick.ac.uk, Evelina Liarou1, Glen R. Jones3, James
S. Town1, Paul Topham5, David M. Haddleton4. (1) Chemistry, University of Warwick,
Coventry, United Kingdom (2) Chemistry, Monash University, Melbourne, Victoria,
Australia (3) Chemistry, University of Houston, Houston, Texas, United States (4) Chem
Dept, Coventry, United Kingdom (5) Aston University, Birmingham, United Kingdom
Amphiphilic polymers have been extensively studied regarding their ability to selfassemble in both solution and the solid state for multiple applications, including
nanolithography, electrochemical systems and as nanoporous membranes for drug
delivery or water filtration. A novel approach to the nanophase separation of block
copolymers has been investigated. An alkyl halide initiator was synthesized with a
fluorocarbon chain (F13), and utilised as a first block in the synthesis of low molecular
weight (N) polymers. Poly(tert-butyl acrylate) of varied molecular weights were
synthesized by photoinduced copper mediated living radical polymerisation and
subsequently deprotected to give amphiphilic poly(acrylic acid) polymers with very low
dispersity (D = 1.05), characterized by both NMR and MALDI-ToF-MS. These block
copolymers (BCPs) were annealed thermally and by different solvent conditions. Smallangle x-ray scattering (SAXS) analysis suggests both lamellar and hexagonal cylinder
packing arrangements, with ultra-small domain spacings of 3.17 nm reported at fullpitch. This work demonstrates the simple and highly controlled synthesis of polymers
capable of nanophase separation.

POLY 79: Two-dimensional, sandwich-like porous polymers and their potential in
energy field
Xiaodong Zhuang, zhuang@sjtu.edu.cn. 401 Chemistry-A Building, Shanghai Jiao
Tong University, Shanghai, China
Porous polymers and their composites have attracted tremendous attention from both
science and industry communities due to their wide applications for energy storage and
conversion. Conjugated porous polymers have been found as good precursors for
porous carbons. Surface area, dopants and dimensionality have been recognized to be
the main features determining the performance of porous carbons. Such features can
be tuned through rational designed porous carbons. However, the rational synthesis of
carbon-rich 2D porous polymers with controlled porosity, heteroatom dopants and
dimensionality still remain great challenge. In our previous work, various graphenecoupled two-dimensional porous polymers were rational synthesized at molecular level
due to the widely commercial available and designable heteroatom-containing
monomers and different high yield polymerization methods. Beyond graphene template,
both layered C=C bond linked covalent organic framework and single layered
coordination polymer frameworks can be rational designed and synthesized. In this
presentation, the energy related applications of 2D porous polymers and their derived
porous carbons will be introduced, e.g., as electrodes for supercapacitors, as
electrocatalysts for oxygen reduction reaction and hydrogen evalution reaction, and as
air-cathodes for Zn-air batteries.

POLY 80: Enzymatic route for the synthesis of norcamphor lactone and its
polymerization for applications as thermo-sensitive networks
Wissam Farhat1,2, farhatw92@gmail.com, Arne Stamm1,2, Antonino Biundo1,2, Linda
Fogelström1,3, Eva Malmström1,3, Per-Olof Syrén1,2,3. (1) School of Engineering
Sciences in Chemistry, Biotechnology and Health, Department of Fibre and Polymer
Technology, Division of Coating Technology, KTH Royal Institute of Technology,
Stockholm, 100 44, Sweden (2) Science for Life Laboratory, Stockholm, Sweden (3)
Wallenberg Wood Science Center, KTH Royal Institute of Technology, Stockholm, 100
44, Sweden
Enhanced generation of bio-based materials is vital to replace current synthetic
polymers obtained from petroleum with more sustainable options. By using Nature’s
own bio-functionalization, enzymes can be used as green catalysts for the valorization
of abundant terpenes from pine-wood extractives. By combining in vitro synthetic
biology and polymer chemistry, we have generated a novel class of bio-based
polymers, starting from a naturally abundant terpene found in biomass. As a showcase,
we unlock the inherent monomer reactivity of norcamphor, a bicyclic ketone used as a
monoterpene-model system, to afford polyesters with unprecedented backbones. One
of the potential uses of these previously unreported polymers is polymeric networks.
However, these materials are not readily deformable once cured; they lack refabrication ability after crosslinking, and can’t be reprocessed or repaired after fracture.
To overcome such issues, stimuli-responsive polymers have become a chief/major topic
in the field of material science and engineering in the last several decades.
Temperature-dependent crosslinking/reverse crosslinking can be performed by the
Diels-Alder reaction (DA). The temperature serves an important role in determining the
favoured equilibrium. Materials based on star-shaped poly(ε-caprolactone) (PCL)
exhibited outstanding thermo-reversible properties such as high recovery ratios and
recyclability. Poly(norcamphor lactone) (PNCL) can be used as a green alternative to
PCL. We prepared polymer networks based on star-shaped PNCL functionalized with
furan moieties and allowed it to form a thermo-reversible network by DA chemistry
(Scheme 1). We were able to demonstrate that the use of enzymatic or chemoenzymatic processes is ideal to convert terpenes into highly versatile polymeric
materials. The designed networks display promising molecular and synthetic features
for the production of high-performance temperature-responsive polymer networks from
renewable resources.

Scheme 1. Schematic illustration of PNCL based thermoreversible network synthesis.

POLY 81: Designing “sweet nanoparticles” as a novel strategy to combat
antibiotic-resistant bacteria
Maan Al-Ali1, maan77hassan@gmail.com, Brian C. Benicewicz2, Alan Decho3,
Savannah L. Witcher1. (1) Chemistry and biochemistry department, University of South
Carolina, Columbia, South Carolina, United States (2) Dept of Chem Biochem, Univ of
South Carolina, Columbia, South Carolina, United States (3) Department of
Environmental Health Sciences, University of South Carolina, Columbia, South
Carolina, United States
We have been investigating the concept of “sweet-nanoparticles” via grafting bimodal
polymer brushes on nanoparticles using reversible addition-fragmentation chain transfer
(RAFT) polymerization. A sugar containing monomer, 2-methacrylamido glucopyranose
(MAG) monomer was grafted as a low graft density, long brush on silica nanoparticles
using 4-cyano-4-[(dodecylsulfanylthiocarbonyl)sulfanyl]pentanoic acid (CDSS) as a
chain transfer agent. Two potential “controlled release” monomers 2-((2-((2hydroxypropanoyl)oxy)propanoyl)oxy)ethyl methacrylate (HEMA-LA), 2(methacryloyloxy)ethyl succinate (HEMA-SA) containing a hydrolytically sensitive ester
linkage were grafted individually as a high graft density, short brush using a different
RAFT agent (4-cyano-4-(phenylcarbonothioylthio)pentanoic acid, CPDB). Conceptually,
the addition of the sugar containing monomers in the long brushes should enhance
bacterial uptake while delivering concentrated amounts of drug via the short, controlled
release monomers. The polymerization kinetics of the bimodal populations will be
described and the structural characterization will be reported by 1H-NMR spectroscopy
and gel permeation chromatography (GPC). The antimicrobial activities of these
polymers will then be investigating against clinically relevant Gram-positive and Gramnegative bacteria. Bimodal polymer grafted nanoparticles are envisioned for use as
more efficient delivery vehicles for anti-bacterial applications.

POLY 82: In situ spectroscopic studies of highly transparent nanoparticle
dispersions enable assessment of trithiocarbonate chain-end fidelity during
RAFT dispersion polymerization in non-polar media
Steven P. Armes, s.p.armes@sheffield.ac.uk. Univ of Sheffield Dept of Chem,
Sheffield, United Kingdom
Highly transparent poly(stearyl methacrylate)-poly(2,2,2-trifluoroethyl methacrylate)
(PSMA-PTFEMA) diblock copolymer spheres of 33 nm diameter are prepared via
polymerization-induced self-assembly (PISA) in non-polar media. This was achieved by
chain-extending a PSMA precursor via RAFT dispersion polymerization of TFEMA in ntetradecane at 70 °C. This PISA formulation is isorefractive which enables visible
absorption spectra to be recorded with minimal light scattering even at 30 % w/w.
However, in situ monitoring of the RAFT end-groups during PISA requires utilising a
weak n→π* band at 446 nm. Conversion of TFEMA into PTFEMA causes a contraction
in solution volume, leading to an initial increase in absorbance that enables the kinetics
of polymerization to be monitored via dilatometry. At ~98% TFEMA conversion, this 446
nm band remains constant for 2 h at 70 °C, indicating high RAFT chain-end fidelity
under monomer-starved conditions. Addition of excess initiator at 70 °C leads to RAFT
chain-end removal with no change in nanoparticle morphology. We have also examined
the kinetics of removal of dithiobenzoate RAFT end-groups from PSMA-PTFEMA
spheres. Finally, we have designed highly transparent PSMA-PTFEMA worms and
vesicles using the same refractive index matching approach.

Figure 1. Change in absorbance over time during the RAFT polymerization of 2,2,2trifluoroethyl methacrylate (TFEMA) using a poly(stearyl methacrylate) (PSMA) chain transfer
agent in n-tetradecane at 70 ○C. Under these conditions, the PSMA-PTFEMA spherical
nanoparticles are isorefractive with the solvent, which minimizes light scattering and enables
high-quality visible absorption spectra to be recorded. The initial increase in absorbance at 446
nm arises from a dilatometric effect that can be directly related to the kinetics of the TFEMA
polymerization. The plateau region at 3-5 h indicates that the RAFT chain-ends are initially
stable under monomer-starved conditions, while the gradual decay in absorbance over longer
time scales indicates the progressive loss of RAFT end-groups.

POLY 83: Metal-catalyzed polymerization-induced self-assembly
Sètuhn Jimaja1,3, s.jimaja.1@warwick.ac.uk, Daniel Taton3, Rachel K. OReilly2,
Andrew P. Dove2. (1) Chemistry, Warwick University, Birmingham, United Kingdom (2)
School of Chemistry, University of Birmingham, Birmingham, United Kingdom (3)
ENSCPB, University of Bordeaux, Pessac, France
Control over the final morphology of nanoparticles is of great interest for several
applications in a diversity of research fields, including drug-delivery, material science,
and catalysis. Polymerization-induced self-assembly (PISA) is a versatile technique that
allows access to NPs with different morphologies (micelles, vesicles, worms) by simply
changing the length of the solvophilic (corona) block, the length of the solvophobic
(core) block or the concentration of the polymerization mixture. However, most of the
research undertaken in the field of PISA usually employs reversible additionfragmentation chain-transfer (RAFT) as the preferred polymerization method, hence
limiting the types of monomer that can be employed and, as a consequence, the final
application of such prepared nanostructures.
Herein, we present the synthesis of block copolymer nanoparticles prepared by metalcatalyzed PISA (Figure 1). Spherical NPs were obtained that could be further modified
before transfer into water and further characterization. This novel PISA methodology will
provide the opportunity to use PISA on a wider range of monomers, broadening the
horizons of PISA research.

Figure 1: Metal-catalyzed polymerization induced self-assembly of a diblock copolymer
composed of a solvophilic (blue) and a solvophobic block (red) where both monomers (blue and
red dots) are solvophilic.

POLY 84: Nanostructure synthesis by ring-opening metathesis polymerizationinduced self-assembly
Jeffrey Foster, jefff23@vt.edu, Spyridon Varlas, Lucy A. Arkinstall, Robert Keogh,
Rachel K. OReilly. Chemistry, University of Birmingham, Edgbaston, Birmingham,
United Kingdom
Metathesis chemistry has emerged as versatile technology; facilitating cross-coupling
reactions, ring closure, or polymerization under a broad range of reaction conditions.
The growing interest in Ru-based methathesis stems from the high tolerance of Ru
catalysts towards a variety of functional groups, air, and moisture. Because of this
tolerance, Ru catalysts have been developed which mediate metathesis reactions in
aqueous media, especially for applications in biological media or in aqueous dispersion
polymerization. Most reports have involved the laborious preparation of a water-soluble
Ru catalysts. Often, these modified catalysts exhibit poor performance in water due to
slow dissociation kinetics of the solubilizing ligands. We recently reported an alternative
strategy for conducing ring-opening metathesis polymerization (ROMP) in aqueous
media.Our strategy involved polymerization of a water-soluble monomer in a watermiscible solvent to produce a water-soluble catalyst species. Chain extension of the
resulting macrointiator proceeded with unprecedented control for all of the monomers
tested. This strategy was further extended to prepare various nanoparticle morphologies
(i.e., spherical micelles, worm-like micelles, or vesicles) directly in H2O via ring-opening
metathesis polymerization-induced self-assembly (ROMPISA).
To date, few compounds have been discovered which are useful as core-forming
monomers in ROMPISA. Ideally, such monomers should be soluble in H2O from 1-10
wt%, but should form polymers that are hydrophobic. We developed a method to predict
monomers for PISA using reversible addition-fragmentation chain transfer (RAFT)
polymerization that evaluates changes in polymer hydrophobicity with increasing chain
length. We have since adapted this method to predict monomers for ROMPISA. This
computational treatment also gives information about the dependence of nanoparticle
morphology on polymer hydrophobicity, which has facilitated the discovery of
relationships between monomer structure and the nature of the resulting
nanostructures.

Figure 1. Aqueous ring-opening metathesis polymerization-induced self-assembly (ROMPISA).

POLY 85: RAFT aqueous emulsion polymerization of 2-methoxyethyl
methacrylate
Emma E. Brotherton1, ebrotherton1@sheffield.ac.uk, Fiona L. Hatton1,2, Amy A.
Cockram1, Steven P. Armes1. (1) Univ of Sheffield Dept of Chem, Sheffield, United
Kingdom (2) Univ of Loughborough Dept of Chem, Loughborough, United Kingdom
Polymerization-induced self-assembly enables the reproducible synthesis of a wide
range of block copolymer nano-objects at relatively high copolymer concentration in
various media. For example, provided that suitable reaction conditions are selected,
RAFT aqueous dispersion polymerization of monomers such as 2-hydroxypropyl
methacrylate usually provides access to spheres, worms or vesicles. In contrast, RAFT
aqueous emulsion polymerization formulations often produce only kinetically-trapped
spheres, even when targeting highly asymmetric diblock copolymer compositions.
Recently, we postulated that the aqueous solubility of the vinyl monomer was likely to
be a key parameter for overcoming this perplexing morphological limitation. In the
present study, the RAFT aqueous emulsion polymerization of 2-methoxyethyl
methacrylate (MOEMA) has been explored for the first time. This monomer was
selected for its relatively high aqueous solubility of 19.6 g dm-3 at 70 °C. Chain
extension of a relatively short non-ionic poly(glycerol monomethacrylate) (PGMA)
precursor led to the formation of sterically-stabilized spheres, worms or vesicles,
depending on the precise reaction conditions. These PGMA-PMOEMA nano-objects
have been characterized by TEM, DLS, and SAXS. Construction of a suitable phase
diagram enabled each morphology to be reproducibly targeted at copolymer
concentrations ranging from 10 to 30% w/w solids.

Figure 1A) Synthesis of PGMA29-PMOEMAy diblock copolymer nano-objects via RAFT
aqueous emulsion polymerization of MOEMA at 70 °C, where y ranges from 30 to 110
and B) Phase diagram constructed for these nano-objects at copolymer concentrations ranging
from 10 to 30% w/w.

POLY 86: One-pot synthesis of functional micelles and vesicles
Fabian H. Sobotta1,2, Johannes C. Brendel1,2, johannes.brendel@uni-jena.de. (1)
Laboratory of Organic and Macromolecular Chemistry, Friedrich-Schiller-Universität
Jena, Jena, Germany (2) Jena Center for Soft Matter, Friedrich-Schiller-Universität
Jena, Jena, Germany
The straightforward [JB1] and reproducible preparation of defined functional
nanostructures still remains a challenge in materials science. Combining a one-pot
sequential RAFT polymerization with the polymerization-induced self-assembly (PISA)
not only facilitates access to reproducible block copolymers, as they are solely defined
by the applied starting materials, but also governs the repeatable formation of uniform
self-assembly morphologies. Moreover, the micellar structure can be tuned by modifying
the key parameters of the polymerization, i.e. molar mass, temperature, concentration,
polymer and solvent composition. In consequence, a variety of morphologies become
accessible including short, long, and branched filomicelles, as well as vesicles of
different sizes. With introduction of new monomers based on thioethers, we further
developed materials, which react upon external stimuli. The resulting micelles or
vesicles further enable the encapsulation of either hydrophobic or hydrophilic materials,
respectively, which can be released in oxidative environments (Figure 1).[1]These
oxidation processes can either be induced by light, using Ru-complexes, or even by
biological processes, as they are present in activated immune cells.[2] In summary, our
new systems combine the advantage of reproducible polymer and nanostructure
formation with functionality.

Figure 1. Schematic representation of the one-pot PISA process and degradation of oxidationresponsive block copolymer micelles.

POLY 87: Using PISA to create functional nanostructures
Rachel K. OReilly, r.oreilly@bham.ac.uk, Jeffrey Foster. Chemistry, University of
Birmingham, Birmingham, United Kingdom
Polymerization-induced self-assembly (PISA) is a versatile method to prepare
nanoparticles of various morphology. Traditionally, nanoparticles are prepared via selfassembly of pre-formed polymers in water. Rigorous optimization is often required in
these systems, involving iterative cycles of polymer synthesis, self-assembly, and
evaluation of the self-assembled morphologies. PISA offers an elegant solution to the
tedious procedures of conventional self-assembly by forming the particles in situ as the
polymerization progresses. PISA involves chain-extension of a hydrophilic macroinitiator
(or macro-chain-transfer agent) with monomers that are miscible with water, but form a
hydrophobic, immiscible polymer, driving self-assembly. PISA can be conducted at high
solids contents under a wide variety of reaction conditions (i.e., low or high temperature,
variable solvent mixtures, or in the presence of drugs or biomacromolecules). However,
monomers which can be utilized in PISA are often difficult to identify from their chemical
structures alone, and experiments are often necessary to determine their usefulness in
PISA. We have been developing synthetic methods and developing predictive tools to
expand the scope of PISA and also show its application in the design of functional
materials.

POLY 88: Accessing unusual morphologies via polymerization-induced selfassembly
Zesheng An1, an.zesheng@shu.edu.cn, Fei Lv2, Peiyi Wu2. (1) State Key Laboratory of
Supramolecular Structure and Materials, College of Chemistry, Jilin University,
Changchun, China (2) State Key Laboratory of Macromolecular Engineering of
Polymers, Department of Macromolecular Science and Laboratory of Advanced
Materials, Fudan University, Shanghai, China
Polymerization-induced self-assembly (PISA) of fluorinated monomers has been shown
to provide block copolymer nanoparticles with unusual morphologies. In one such
example, RAFT dispersion copolymerization of styrene and pentafluorostyrene using a
poly(N,N-dimethylacrylamide) stabilizer led to a high monomer conversion and a
gradual morphological transition from simple nanospheres to microsized cubosome
particles. A short stabilizer block, high solid contents, and the presence of good solvents
were found to be favorable for the formation of inverse bicontinuous cubosomes due to
increased chain mobility and enhanced population of inelastic collision between
particles. This study suggests inverse mesophases with p > 1 may be readily accessible
when highly asymmetric block copolymers are targeted under conditions where the
copolymer chains can undergo continuous reorganization.

POLY 89: Artificial biomembrane models using giant vesicles prepared by photo
NMP-induced self-assembly
Eri Yoshida, eyoshida@ens.tut.ac.jp. Department of Environmental and Life Sciences,
Toyohashi University of Technology, Toyohashi, Japan
Giant vesicles are possible artificial models of biomembranes for cells and organelles
based on the similarities in their size and structure. The giant vesicles consisting of
amphiphilic diblock copolymers are able to magnify microscopic changes and
phenomena in the lipid bilayer due to the slow-moving and high molecular weight
copolymers. The amphiphilic diblock copolymers provide various critical packing shapes
as well as lipids based on their widely designable structures, which are effective to
manipulate the vesicle morphology.
With the aim of establishing new artificial models of the biomembrane using the giant
vesicles composed of the diblock copolymers, we created the morphologies and
phenomena of the biomembrane through the PISA based on the photo nitroxidemediated controlled/living radical polymerization (photo NMP) technique. This
presentation will review recent examples of the biological morphologies and phenomena
produced by the photo-NMP-induced self-assembly of poly(methacrylic acid)-blockpoly(methyl methacrylate-random-methacrylic acid), PMA-b-P(MMA-r-MA). Examples
include the fabrication of the villus-like structure for the digestive systems, anastomosed
tubular networks with a fenestrated sheet for part of the endoplasmic reticulum, and
worm-like, elliptical, and spherical vesicles for single-celled bacteria and transport
vesicles. Examples also cover the phenomena concerning the morphology changes of
the vesicles using a segmented P(MMA-r-MA) copolymer as a new sterol model,
budding separation from the vesicles employing a polyelectrolyte as a model of a
membrane protein for endocytosis, and stimuli-responsive behaviors of the vesicles.

POLY 90: Multiscale computational approaches for building realistic molecular
models of self-organized co-oligomers in select solvents
Canan Atilgan, canan@sabanciuniv.edu. Fac of Eng and Natural Science, Istanbul,
Turkey
Experimental and computational tools go hand in hand to developing a full
understanding of the behavior of chain molecules in solution. Our group uses multiscale
computational approaches to enhance our capabilities for interpreting experimental
findings, in particular on self-organizing oligomers in various solvents. In a typical
scenario, the equilibrium conformations of single chains in the solvent of interest are
obtained by standard molecular dynamics simulations. These also provide the
necessary interaction parameters that feed into dissipative particle dynamics (DPD)
simulations on coarse grained beads constructed out of clustered atomic units obtained
from the oligomeric chains and solvent molecules. DPD runs are utilized to estimate the
mesoscale morphologies of the oligomer in the solvent. Atomistic detail in the
morphological units are then reverse mapped, followed by relaxation simulations to
interpret individual interactions that stabilize the self-organized systems. Various
properties that are also experimentally measurable are calculated at this stage; once a
good fit is observed between actual experiments and predictions, the simulations are
utilized to interpret the observations. Chain construction tools relying on most probable
conformations of dihedrals are frequently employed during this procedure. We will
present results from our predictions of the XRD patterns of PIPOX nanoribbons in
aqueous solutions, tuning interaction parameters of thermoplastic polyurethanes in
binary solvents to achieve precise control over micro-phase separation, and solvent
dependent morphologies of oligomeric chains on electrosprayed surfaces.

Multiscale modeling of TPUs behavior in various concentrations in a dual solvent

POLY 91: Allosteric interactions in biological macromolecules
turkan haliloglu, halilogt@boun.edu.tr. Chem Eng Dept & Polymer Research Center,
Bogazici University, Istanbul, Turkey
Allostery is an intrinsic dynamic phenomenon that underlies higher level long distance
functional interactions in biological macromolecules. Molecular simulations coupled with
Elastic Network Models (ENM) provide means to explore large conformational
transitions in proteins. Relying on the early concepts and statistical mechanics of
polymers by Flory, ENM gives an enhanced sampling ability to the molecular
simulations by assuming elastic deformability of the structure with a harmonic model
that can approximate the interatomic potential energy function. With the disclosed
intrinsic dynamic modes of motion, time-delay correlation patterns of residue
fluctuations reveal a plausible order in allosteric communication pathways as will be
demonstrated with the exemplary cases of large complex biological systems.

Allostery

POLY 92: Turn ENM into a timer and sizer of biomacromolecular functional
dynamics
Lee-Wei W. Yang1,2, lwyang@life.nthu.edu.tw, Justin Chan1, Hong-Rui Lin1, Kazuhiro
Takemura3, Kai-Chun Chang4, Yuan-Yu Chang1, Joti Yasumasa5, Akio Kitao3. (1)
Institute of Bioinformatics and Structural Biology, National Tsing Hua University,
Hsinchu, Hsinchu, Taiwan (2) Physics Division, National Center for Theoretical
Sciences, Hsinchu, Hsinchu, Taiwan (3) School of Life Science and Technology, Tokyo
Institute of Technology, Tokyo, Japan (4) Bioengineering, University California in San
Francisco, USA, California, United States (5) Spring-8, Sayo-gun, Hyogo, Japan
The time scale of biological processes is governed by protein functional dynamics that
often corresponds to the largest conformational spread and the longest time scales
among all possible motions. Current simulation methodologies cannot reach the
slowest, often functional, motions especially for supramolecular machineries. Borrowing
an extended version of Rouse model proposed by Flory in 60s, the efficient elastic
network model (ENM), introduced in 90s, captured all modes of protein motions but
largely underestimated the time scales of slowest modes due to its harmonic
approximation.
Leveraging Quasi-harmonic analysis, fluctuation-profile matching (FPM) and the
Wiener–Khintchine theorem (WKT), here we map water-damped modes sampled by
MD simulations to corresponding ones in ENM and thereby establish 2 power laws that
describe the authentic time scales and sizes for the slowest anharmonic modes as
functions of ENM eigenvalues. With that, we adequately describe the sizes and time
scales for three proteins, confirmed by NMR spectroscopy, and ribosome that contains
20 thousands coarse-grained nodes.

POLY 93: Role of conformation of side groups in supramolecular organization of
materials for organic electronics
Hans W. Spiess, spiess@mpip-mainz.mpg.de. Max Planck Inst For Polymers, Mainz,
Germany
Materials for organic electronics are often generated via supramolecular organization of
carefully chosen building blocks. Secondary interactions such as hydrogen bonding,
aromatic pi-interactions, and electrostatic forces are of central importance. Combined
with X-ray scattering and quantum chemical calculations, NMR spectroscopy provides
unique and highly selective information on structure and dynamics of such systems with
atomic resolution.
For use in organic electronics, the supramolecular organization has to be as high as
possible. In pi-stacks the conformation of the side groups plays a crucial role in the
degree of order, as it can foster or hamper supramolecular order. In fact, the highest
organization achieved so far has been achieved by introducing chiral centres in the side
groups, which has pronounced effects on their conformation. Due to its sensitivity to
chain conformation, NMR spectroscopy can elucidate the mechanism of self-sorting in
mixtures of enantiomers as well as subtle differences in the packing resulting from
placing the chiral centres at different positions of dendritic side groups

Chiral Self-Sorting During Supramolecular Helical Organization of Hat-Shaped Molecules

POLY 94: Using Flory’s view of conformational populations to probe polymer
mixing
Jeffery L. White, jeff.white@okstate.edu. Oklahoma State University, Stillwater,
Oklahoma, United States
Favored conformational distributions in amorphous polymer chains can be perturbed by
forming blends of dissimilar polymers, due to the energetic barriers defined by a specific
polymer chain structure, and simultaneous contributions from inter-chain packing. In this
talk, we will review how advanced variable-temperature solid-state NMR methods,
coupled with multi-site exchange models based strictly on trans-gauche conformational
dynamics of the type depicted in the schematic below, can be used to understand
polymer mixing, compatibility, and in some cases, miscibility. A statistical mechanics
view of entropic contributions, coupled with an Adams-Gibbs formulation, provides a
route to obtain quantitative configurational entropy changes in a binary polymer system
based on experimental NMR data. Flory’s view of preferred chain configurations is the
basis for the approach.

Simple model for trans-trans to trans-gauche conformational exchange in a polymer chain.

POLY 95: Characterizing the overall molecular architectures of synthetic
polymers requires Flory’s Statistical Mechanics of Chain Molecules
Alan E. Tonelli, atonelli@ncsu.edu. TECS, North Carolina State University, Raleigh,
North Carolina, United States
Currently the best method for characterizing the microstructures of synthetic polymer is
high resolution 13C-NMR observations of their solutions, can be sensitive to
microstructures encompassing 1 or 2nm of the polymer backbone. However, due to the
short-range structural sensitivity of NMR and other spectro-scopic probes, they can only
identify and quantify local micro-structural features, but are unable to locate them along
or among polymer chains. We need only look at the one-to-one correspondence
between the primary structures and biological functions of proteins to recognize a
similar need to characterize complete individual chain architectures, i.e., the
macrostructures, of synthetic polymers. The Kerr-Effect, or birefringence electrically
induced in dilute polymer solutions by the magnitudes and directions of overall
macroscopic polymer chain dipole moments and anisotropic polarizability tensors when
averaged over all of their myriad conformations, is highly sensitive to their overall
macrostructures. Potential complete chain macrostructures are, however, virtually
innumerable, so we need to be able to estimate the Kerr constants resulting from
different locations of the short-range microstructures obtained by 13C-NMR. Agreement
between observed and estimated Kerr-Effects can then lead to the elucidation of
polymer macrostructures. Fortunately, Flory taught us how to estimate the
conformationally averaged molar Kerr constants of polymers in “Statistical Mechanics of
Chain Molecules”

POLY 96: Highly efficient aminolysis process for polycarbonate recycling
ChienHsin Wu1, chwuoliver@gmail.com, Ying-Chi Huang1, Sheng-Hong Dai3, Ru-Jong
Jeng2. (1) Institute of Polymer Science and Engineering, Natinoal Taiwan University,
Taipei, Taiwan (2) Institute of Polymer Science and Engineering, National Taiwan
University, Taipei, Taiwan (3) National Chung Hsing University, Taichung, Taiwan
The development of methodology for converting polycarbonate (PC) into versatile
intermediates with full polymer recovery was realized. For this new process, PC was
depolymerized thoroughly with primary aliphatic diamines by aminolysis under mild
conditions of less than 80 oC without the aid of any catalyst. The structurally welldefined mixtures of bisphenol A and phenolic carbamate intermediates were obtained
with high selectivity. By the choice of short- or long-chain diamines, PC could be
respectively converted into hydroxyl-terminated short chain-extenders or prepolymers
suitable for further polymer constructions without utilizing an isolation process.
Consequently, all carbonate groups of PC were fully utilized in making new phenolic
carbamate derivatives, which are completely incorporated into the new products to
achieve 100% atom-economy efficiency.

POLY 97: Bio-based recyclable block copolymers from limonene oxide and CO2
Leticia Pena Carrodeguas, leticia.penacarrodeguas@chem.ox.ac.uk, Charlotte K.
Williams. Chemistry, University of Oxford, Oxford, United Kingdom
Due to the serious environmental challenges associated with petroleum derived
polymers, there is a drive to develop alternative polymers which are sourced from
renewable resources, are easily recycled and can be biodegraded. Polycarbonates,
prepared by the alternating copolymerization of CO2/epoxides, are of interest to prepare
sustainable polymer foams, elastomers, coatings and sealants. Here, new block
polymers are prepared using the alternating copolymerization of CO2 and limonene
oxide (LO), this latter epoxide is sourced from waste citrus peel.
This lecture will outline the preparation and properties of fully-renewable ABA-type block
polymers comprising poly(limonene carbonate) (PLC as block A) and poly(decalactone)
(PDL as block B). The A/B block ratio is varied as a means to control the mechanical
and thermal properties of the polymers. Compared to pure PLC, the presence of PDL,
significantly increases the polymer toughness and delivers a promising new type of rigid
plastic. The preparation, properties and performances of a range of block polymer
compositions will be described. There are also options to recycle the block polymers, by
thermal re-processing routes and by chemical recycling to deliver the starting epoxide
(LO) in high yield.

POLY 98: Bio-based reprocessable polyhydroxyurethane networks: Full recovery
of cross-link density with three concurrent dynamic chemistries
Xi Chen, xichen2017@u.northwestern.edu, Sumeng Hu, John M.
Torkelson. Department of Chemical and Biological Engineering, Northwestern
University, Evanston, Illinois, United States
Despite significant past efforts to exploit green, renewable precursors in polymeric
materials and to improve the recyclability and reprocessability of non-isocyanate
polyurethane (NIPU) networks, no single study has previously attempted to achieve
reprocessability of bio-based polyhydroxyurethane (PHU) networks. Renewable,
dynamic PHU networks were synthesized by reacting bio-derived polyfunctional cyclic
carbonates, carbonated soybean oil (CSBO) and sorbitol ether carbonate (SEC), with
either a synthetic diamine or a bio-based diamine. Network reprocessability was studied
by dynamic mechanical analysis. With relatively mild reprocessing conditions, CSBObased PHU networks exhibit complete recovery of cross-link density and associated
properties after multiple melt-state reprocessing steps. Besides the presence of
reversible cyclic carbonate aminolysis and transcarbamoylation exchange reactions,
CSBO-based networks were shown via a model reaction to undergo a third dynamic
chemistry based on transesterification exchange reaction. In contrast to the excellent
property recovery achieved by CSBO-based PHU networks, as a result of
disadvantageous monomer molecular design, SEC-based networks exhibit poor
reprocessability even with increased catalyst load and reprocessing temperature and
time. This work reveals the effect of monomer structure on the reprocessability of
dynamic polymer networks and highlights the effectiveness of CSBO to serve as a
precursor of robust, sustainable NIPU networks with excellent reprocessability.

POLY 99: Reprocessable polymer networks exhibiting full crosslink density
recovery after recycling: Three eco-friendly alternatives to conventional
thermosets based on dynamic covalent bonds
John M. Torkelson, j-torkelson@northwestern.edu, Lingqiao Li, Xi Chen, Kailong
Jin. Northwestern University, Evanston, Illinois, United States
Unlike thermoplastics, conventional thermosets and thermoset composites cannot be
effectively recycled for high-value applications because the permanent nature of the
covalent crosslinks prevents melt-state reprocessing. As a result, there are major
sustainability and economic losses associated with conventional thermosets reaching
their end of life. We have developed and/or applied three dynamic chemistries as
replacements for permanent crosslinks. These dynamic chemistries include
alkoxyamine chemistry (associated with nitroxide mediated polymerization) in which
dynamic bonds are reversible, with an -N-O-C- bond, which is robust at low
temperature, dissocating at high temperature to a nitroxide radical and a carbon-based
radical. Using the polymers and fillers used in the tire industry and employing TEMPO
methacrylate and a multifunctional initiatior, we have molded/melt-processed polymers
and composites at temperatures near those use in tire-molding operations with
crosslinks resulting on cooling. These network (composites) can be reprocessed
multiple times with full crosslink density recovery. In accord with the robust nature of the
crosslinks, these networks exhibit no creep at low temperature. We have also
developed dynamic chemistries to provide for reprocessable polyurethane-like
networks. Urethane crosslinks have insufficient dynamic characteri to allow for
reprocessing with full crosslink density recovery. We have shown that hydroxyurethane
and thiourethane crossslinks are effective for reprocessing with full recovery of
crosslinks. These chemistries exhibit a dual nature of reversible reactions and exchange
reactions. With these dynamic chemistries involving functional groups, we have also
determined that incorporation of nanofiller in the network can lead to deleterious effects
on reprocessability if the nanofiller surfaces contain functional groups that can
participate in the dynamic reactions associated with the crosslinks.

POLY 100: Room-temperature polymerization in concentrated emulsion gels with
no solvents
Frank D. Blum1, fblum@okstate.edu, Tan Zhang1, Gu Xu2. (1) Chemistry, Oklahoma
State University, Stillwater, Oklahoma, United States (2) Brewer Science, Rolla,
Missouri, United States
Free radical polymerization has been performed in concentrated emulsion gels
containing monomer, surfactant, water, AIBN and silica (silica is optional). A number of
monomers, like styrene and methyl methacrylate can be polymerized at room
temperature and the monomers can be as concentrated as 80%. Room temperature
polymerization occurs because of the catalytic effect of the surfactant on the
decomposition of the AIBN. In fact, in the emulsion gels, the room temperature
polymerization can be as fast as those in solution at 60 °C. With the addition of silica,
composites can be produced that are both water and oil swellable.

POLY 101: Selective or living organopolymerization of a six-five bicyclic lactone
to produce fully recyclable polyesters
Robin M. Cywar1, robin.cywar@colostate.edu, Jianbo Zhu1,2, Eugene Y. Chen1. (1)
Chemistry, Colorado State University, Fort Collins, Colorado, United States (2)
Chemistry, Sichuan University, Chengdu, China
Organocatalysis for polymerization is an attractive alternative to metal-based catalysis
from the standpoint of sustainability and polymer end-use applications. Polymers
exhibiting chemical recyclability are also of growing interest as a strategy to prevent
plastic waste in a circular economy. In this study, selective organocatalysis has been
applied to a new monomer in the scope of ring-opening polymerization (ROP), 4,5trans-cyclohexyl-fused g-butyrolactone (4,5-T6GBL), and the resulting polymer shows
quantitative chemical recyclability back to monomer. Linear polymers can be produced
in a living fashion using (thio)urea and organic or inorganic base pairs, while cyclic
polymers are afforded via N-heterocyclic carbene-mediated zwitterionic ROP. The
organocatalyzed system showed several benefits in comparison to the metal-catalyzed
system. The results of this study, as well as those of analogous lactams, will be
discussed in this talk.

POLY 102: Designing plastics for the circular economy
Peter Christensen1, prchristensen@lbl.gov, Angelique Scheuermann2, Kathryn
Loeffler1, Brett Helms1. (1) The Molecular Foundry, Lawrence Berkeley National Lab,
Berkeley, California, United States (2) Chemistry, University of California Berkeley,
Berkeley, California, United States
Despite widespread accumulation of plastic waste in the environment, the global binge
on plastics is accelerating. If we wish to enhance the value of discarded plastics, a
system-level overhaul of the plastic value chain is required. In addition to innovation in
recycling infrastructure, designing products for disassembly, cultural awareness, and
novel business models, we must also rethink the types of materials that are used to
make our products. This talk will focus on the merits of chemical depolymerization, and
introduce poly(diketoenamine)s (PDKs), a polymer platform specifically designed for the
circular economy.

POLY 103: Sustainable solventless approach to fabricate porous polymer
membranes
Nareh Movsesian, Nareh.Movsesian@usc.edu, Golnaz Dianat, Malancha
Gupta. Chemical Engineering, University of Southern California, Anaheim, California,
United States
The development of new sustainable fabrication techniques for the synthesis of porous
polymer membranes is important for various applications such as separations and
tissue engineering. Here we develop a modified initiated chemical vapor deposition
(iCVD) process for the fabrication of porous polymer membranes with well-controlled
morphology and surface properties. In our system, first monomer is deposited as solid
microstructues by keeping the monomer partial pressure and substrate temperature
below the triple point pressure and temperature of the monomer. Polymerization then
occurs via the free radical mechanism by thermally cleaving the vapor-phase initiator.
Subsequent sublimation of the unreacted monomer results in dual scale porosity
membranes. We show that process parameters such as substrate temperature can be
modified in order to control the morphology and kinetics of polymerization. We also
demonstrate that we can increase the conversion and throughput of the process by
recycling the monomer. The surface properties of the membranes can further be tuned
by adding a conformal coating onto the surface. Our process provides an eco-friendly
route to synthesizing functional porous membranes without the use of solvents or
surfactants.

POLY 104: Biobased monomer synthesis and their sustainable radical
polymerization
Tanja Junkers, tanja.junkers@monash.edu. School of Chemsitry, Monash University,
Monash, Victoria, Australia
Since years, an increasing pressure is felt to convert the polymer materials industry
from its oil-based routes to a biobased economy. Many polymers and materials have in
the past been invented and most notably poly(lactic acid) has conquered the market
and has become available as a commodity product. Yet, most available biobased
materials are polyesters and polyamides (due to the abundance of the required
functional groups in nature), vinylic polymers that form stable carbon-carbon backbones
are scarecly seen. To replace existing processes and base materials, however, also
radically polymerizable monomers from biofeedstocks are required to cover the whole
range of applications in which polymers and plastic materials are used.
We describe several approaches towards sustainable monomer and polymer synthesis.
Starting from bio-derived functional dienes, we discuss how less reactive monomers
can be effectively polymerized. Flow chemistry is hereby used as a tool to foster higher
efficiencies and product yields. In a second part, we will discuss how virtually any
alcohol, i.e. terpinols, can be directly reacted with acrylic acid to form functional acrylate
and acrylamide monomers in a continuous flow process. Via reaction telescoping, these
monomers are then directly polymerized, giving rise to a green chemical process that
does not require tedious intermediate product isolation. Next to using bio-based
materials, flow processes constiute green chemical synthesis as such, due to the
lowered energy demand of these processes and possibility to use generally more
benign reaction conditions.

POLY 105: Searching for the early events of life with sequence-defined
unimolecular components based on bio-renewable materials
Virgil Percec, percec@sas.upenn.edu. Univ of Penn, Philadelphia, Pennsylvania,
United States
Reconstruction of life’s functions with natural and unnatural components represents one
of the great challenges of natural sciences. Compartmentalization, encapsulation and
surface decoration of globular assemblies, known as vesicles, represent the earliest and
the most primitive steps towards synthetic cells. This lecture will discuss the used of
sequence-defined unimolecular components based on bio-renewable materials as
biological membrane mimics to construct synthetic cells and encode molecular
recognition processes vias new morphological concepts.

POLY 106: Designing biomacromolecular materials with tailored (poly)peptide
conjugates
Kristi L. Kiick1, Michael L. Klein3, mlklein@temple.edu, Khaled Elokely2, Eleonora
Gianti3, Vincenzo Carnevale4. (1) Dept of Materials Sci Eng, University of Delaware,
Newark, Delaware, United States (2) Chemistry, Temple University, Philadelphia,
Pennsylvania, United States (3) Institute for Computational Molecular Science, Temple
University, Philadelphia, Pennsylvania, United States (4) Biology, Temple University,
Philadelphia, Pennsylvania, United States
Biomacromolecules have been employed for multiple decades in the design of novel
and useful materials with a range of applications in sensing, cell signaling, drug
sequestration and delivery, and regeneration of tissue. This presentation will outline our
use of specific classes of (poly)peptide materials and their development as responsive
matrices, taking advantage of reported and computationally predicted behavior. The
distinct nano- and micro-scale properties of these materials, coupled with their high
cytocompatibility, suggests the value of their continued development in biomedical and
other applications.

POLY 107: Biomimetic polymer-based self-assemblies: Future directions towards
functional biomaterials
Sebastien Lecommandoux, lecommandoux@enscbp.fr. LCPO-ENSCPB, University of
Bordeaux, Pessac, France
We report here an overview on the self-assembly in water of amphiphilic block
copolymers developed in our laboratory into different nanomedicines, mainly focusing
on polymer vesicles, also referred as polymersomes, and their applications in
nanomedicine, biomaterials and artificial cells.
We pay special attention to polysaccharide and polypeptide-based block copolymer
vesicles. Indeed, the field of synthetic polypeptides has seen many significant advances
in recent years, including studies on block and hybrid copolypeptides that form vesicles,
fibrils, and other structures with potential applications in medicine and materials
chemistry. In this context, we developed over the last years synthetic strategies for the
design of glycosylated polypeptides and polysaccharide-polypeptide biohybrids with
controlled placement of sugar functionality. We were especially interested in designing
amphiphilic copolymers able to self-assemble into well- defined micelles and vesicles
that can advantageously be loaded with drugs and present a surface with multivalent
presentation of bioactive saccharides or oligosaccharides. The ability of these
nanoparticles for different biomedical applications, from drug-delivery to inhibitor, will be
presented. We especially evidenced the particular benefit of nanoparticles and their
multivalency toward the interaction with biological receptors.
Finally, our recent advances in using “biomimicry approaches” to design complex,
compartmentalized and functional protocells will be proposed. Such a system
constitutes a first step towards the challenge of structural cell mimicry and functionality,
and may act in the future as an autonomous artificial cell that can sense and cure in
situ any biological deregulation.

POLY 108: Materials made of synthetic polysaccharides
Peter H. Seeberger, peter.seeberger@mpikg.mpg.de. Dept of Biomol Systems, Max
Planck Inst of Colloids Interfaces, Berlin, Germany
Automated glycan assembly (AGA)<span style="font-size:10.8333px"> </span>allows
now for the rapid assembly of polysaccharides using a commercial synthesizer. Access
to diverse glycans as long as 50-mers<span style="font-size:10.8333px">
</span>enables material science investigations.These synthetic polysaccharides can be
combined to create even larger oligosaccharide assemblies to address fundamental
questions of carbohydrate structure, folding and material science applications. The
synthetic work is combined with molecular modelling and physical methods to
characterize carbohydrate structure.

POLY 109: Molecular intelligence: Rise of polymeric nanomachines
Daniela A. Wilson, d.wilson@science.ru.nl. Institute for Molecules and Materials,
Radboud University Nijmegen, Nijmegen, Gelderland, Netherlands
Cellular structures, the basic building blocks of life, are one of the most
wellstudiedcomplex systems.1,2Their intricate architectures have inspired the design of
synthetic analogues thatcanmimic both their structure and function. One of the great
challenges of complex life-like molecular systems is to understand and design
autonomous and mimetic systems that not only can move directionally by harvesting
different sources of energy but also can sense, communicate, interact and respond to
clues from their environment and adapt to its changes. Here I will show how
spontaneous self-assembly of smart polymeric building blocks can lead to autonomous
and locomotive systems with controlled shape, motion and directionality.3-8Control of the
speed and behavior of the nanomotors is possible due to integration of regulatory
feedback and feed forward loops in the enzyme networks designed to preserve energy
and run the motors at even lower concentrations of fuel eg. 0.05 mM
Glucose.7 Movement in both blood serum and plasma at physiological concentrations of
substrates is consequently demonstrated. The nanomotor is now not only running at low
concentrations of fuel but is also able to regulate its fuel consumption to achieve the
same output speed showing adaptive behaviour.These biomimetic motile systems are
ultimately able to control their motion, directionality, speed and behavior in response to
clues from their complex biological environment. Such properties could be potentially a
game changer in the biomedical field, which at the moment rely only on passive high
dose drug delivery systems. Recent developments on greater control over the
movement of the nanomotors under chemical gradients or other biological relevant
stimuli will be presented.

POLY 110: Responsive nanocapsules and synthetic multicompartments as cell
mimics
Brigitte Voit1,2, voit@ipfdd.de, Dietmar Appelhans1, Xiaoling Liu3, Xueyi Wang1. (1)
Leibniz-IPF, Dresden, Germany (2) Organic Chemistry of Polymers, TU Dresden,
Dresden, Germany (3) College of Polymer Science and Engineering, Sichuan
University, Chengdu, China
Polymeric micro- and nanocapsules and multicompartment systems are highly
interesting in the field of nanoreactors and in mimicking biological systems and
processes. Of special interest is the introduction of a stimuli-responsiveness into the
capsule membrane to be able to control the traffic of small and larger compounds and
particles into and out from the capsule interior. Various approaches are reported for the
preparation of responsive hollow polymeric capsules based on self-assembly as well as
through templating. We will report on novel highly effective templating approaches for
the preparation of responsive nano- and microcapsules as well as multicompartment
systems where we can fine-tune and control the membrane permeability. As advantage
of the templating approach, the size of the capsules can be adjusted easily by varying
the size of the silica templates. Firstly, surface grafting from silica templates making use
of RAFT and ATRP polymerization will be shown to introduce pH as well as redox
sensitive capsule membranes. Here, stabilization of the membrane before removal of
the template has been achieved by photocrosslinking or by introducing redox-sensitive
disulfide crosslinker of different chain length. In addition, we present a facile and highly
effective route to construct a dual-responsive polymeric capsule with photocrosslinkable property based on surface-initiated single electron transfer living radical
polymerization (SI-SET-LRP). Similar dual-responsive nanoreactors were also achieved
by a layer-by-layer templating approach which was even further expanded to a
multicompartment system integrating polymersomes into the capsules by an innovative
host-guest approach.

Figure 1: PEG decorated and photocrosslinked layer-by-layer capsule, filled with enzyme-loaded
pH-sensitive polymersomes, and indication of the diffusion processes through the membranes
during enzymatic cascade reaction.

POLY 111: Polymer nanostructures for bioapplications: From stem cells
enrichment to drug delivery
Michael Monteiro, m.monteiro@uq.edu.au. Australian Institute for Bioengineering and
Nanotechnology, University of Queensland, Brisbane, Queensland, Australia
Polymers with designer architectures prepared by 'living' radical polymerization (LRP)
have allowed the synthesis of complex architectures, and moreover the applications for
such architectures are slowly being realized in biomedical applications. The seminar will
present work on the synthesis of complex polymer architectures and their use in vaccine
delivery and the delivery of siRNA. The seminar will all discuss new methods for
production of multifunctional polymer nanostructures, and their application towards stem
cell expansion and drug delivery. We have developed a new technique to produce
nanoworms, nanorods, tadpoles, nanorattles and torroids at high weight fractions of
polymer (>10wt%) using the temperature-directed morphology transformation (TDMT)
method. The nanostructures can be synthesized using multiple types of
thermoresponsive MacroCTAs, allowing multiple and orthogonal chemical functionality
on the nanostructure surface. Biomolecules and water-soluble molecules or polymers
can be coupled to the nanostructures, and provide a strategy to produce designer
structures for a wide range of bioapplications. The nanostructures can be dried,
rehydrated and stored in water for 5 months without a change in shape. This method
represents a new and an important synthetic development in the design of nanoobjects.

Nanostructure targets spleen.

POLY 112: Enhanced toughness and water resistance of polyamide 11
copolymers with dimer acids derived from waste vegetable oil
Minsu Park, mspark@krict.re.kr, Sangjun Lee, Aryeon Kim, Jihoon Shin, Yuongwoon
Kim. Center for Environment & Sustainable Resources, KOREA RESEARCH
INSTITUTE OF CHEMICAL TECHNOLOGY, Deajun, Korea (the Republic of)
A series of sustainable polyamide 11 (PA 11) copolymers was synthesized via bulk melt
polycondensation using 11-aminoundecanoic acid, hexamethylene diamine (HMDA),
and dimer acid (DA). DA, a waste vegetable oil-based branched dicarboxylic acid, was
prepared through the hydrolysis of triglyceride, the conjugation of the resulting fatty
acid, and a subsequent Diels-Alder reaction. The incorporation of HMDA and DA into
the PA 11 copolymers was evaluated by showing the disappearance of their carboxylic
acids and amine groups and the appearance of amide groups, which was determined
by NMR and FT-IR spectroscopies. As the DA content increased to 30 wt% in the
copolymers, the chain irregularity increased and the hydrogen bonding strength by
amide groups decreased, indicating that the mechanical properties were toughed and
softened, compared to those of the neat PA 11. In addition, water contact angle and
absorption tests showed that the water resistance values of the PA 11 copolymers
increased. These results afford a sustainable approach to improve the physical
performances of PA 11 thermoplastic, such as toughening and hydrophobicity.

Figure 1. Synthetic scheme for DA-incorporated polyamide 11 (PA 11) copolymer (left). The
representative stress−strain (S−S) curves (right upper) and water contact angles (right bottom) of
the PA 11 copolymers.

POLY 113: In situ SAXS studies during aqueous emulsion polymerisation
Adam Czajka1, adam.czajka@mail.co.uk, Steven P. Armes2,1. (1) Department of
Chemistry, University of Sheffield, Sheffield, United Kingdom (2) Univ of Sheffield Dept
of Chem, Sheffield, United Kingdom
Aqueous emulsion polymerisation using free radical chemistry has been the most
important process for latex production for at least fifty years. However, the inherently
heterogeneous nature of such polymerisations makes them very difficult to study.
Various particle nucleation and growth mechanisms have been proposed but to date noone has sought their verification via in situ scattering techniques. One reason for this
omission is that efficient stirring is essential for aqueous emulsion polymerisation
because this produces sufficiently small monomer droplets. We have recently
developed a bespoke stirrable SAXS cell that enables efficient stirring, see Figure 1.
Thus, for the first time we are able to monitor the evolution of structure that occurs
during aqueous emulsion polymerisation.
To explore the mechanism of particle nucleation and growth, three formulations
involving vinyl monomers have been investigated using our bespoke SAXS cell. The
simplest formulation comprises just vinyl monomer, ionic initiator and water. The other
two formulations involve the same vinyl monomer with the addition of either an anionic
surfactant (SDS) or an ultrafine silica sol to produce either SDS-stabilised latex or
polymer/silica nanocomposite particles, respectively. The onset of micellar nucleation
and subsequent particle growth are explored by in situ SAXS measurements. Moreover,
the reaction solution volume within the SAXS cell is approximately 2 mL which
allows post mortem characterisation of the latex (or nanocomposite) particles using 1H
NMR spectroscopy, TEM and DLS.

Cross-section of the stirrable SAXS cell used for in situ studies of conventional aqueous
emulsion polymerisation.

POLY 114: Competitive effects of synthesis parameters on polymer chain
architecture and behavior under changes in environmental conditions
Alina M. Alb, linocika12@live.com. Kemira Chemicals, Atlanta, Georgia, United States
Properties and functionalities of polymeric materials can be influenced by the
incorporation during synthesis of different chemical species - chain transfer agents,
crosslinkers, hydrophilic and hydrophobic monomers - to tailor properties such as chain
length, architecture, or composition. Competitive effects of crosslinkers and chain
transfer agents on the polymer characteristics and on their behavior under different
environmental conditions are assessed by spectroscopic and thermal methods, used in
a synergistic approach to highlight differences in polymer chain architecture.
High molecular weight acrylamide-based copolymers with different crosslinker content,
synthesized via inverse emulsion polymerization are chosen as case study. The
incorporation of chain crosslinking segments onto the hydrophilic main chains confers
them unique properties, particularly of interest in enhanced oil recovery.
Molecular weight distribution and details on chain conformation and structure are
investigated by size exclusion chromatography (SEC) while changes in behavior under
different environmental conditions (ionic strength) are followed by non-separation
characterization routes; the automated light scattering & viscosity-based methodologies
are especially useful in applications concerning high molecular weight polymers and
branched macromolecules since they offer a multi-faceted characterization and, in the
same time, overcome SEC limitations.
Influencing the polymer chain architecture allows also tuning their thermal and
mechanical properties. The response of the glass transition temperature and other
parameters to changes in the polymer chain length and degree of crosslinking are
followed by differential scanning calorimetry and thermogravimetric analysis.
The study highlights not only the variables more effective, under certain conditions, in
influencing the endproduct properties, but also the polymer features most affected by
these changes and thus, more relevant in comparing the products performance. In the
same time, it engages the characterization techniques in a continuous dialogue for
enhanced accuracy and relevance of the information for targeted applications.

Intrinsic viscosity tailored by varying synthesis parameters

POLY 115: Effect of fluorinated monomer incorporation on backbone of polyimide
aerogel matrix
Stephanie L. Vivod1, stephanie.l.vivod@nasa.gov, Mary Ann Meador2. (1) Materials
and Structures, NASA Glenn Research Center, Cleveland, Ohio, United States (2)
NASA Glenn Research Center, Cleveland, Ohio, United States
Polyimides are often found in aeronautic and aerospace applications due to their ability
to retain their physical and mechanical properties over a wide range of temperatures
and in chemically demanding environments. Cross-linked polyimide aerogels retain
these same characteristics with added attributes of very low thermal conductivities (~14
mW/m-K under ambient pressure and 4mW/m-K under vacuum), high specific surface
areas (~850 m2/g), low dielectric constant (~ 1.1), low densities (0.005-0.15 g/cm3), and
high porosities (>85%). Incorporating fluorine moieties into polymers can lead to
dramatic improvements to material properties such as increased solubility in organic
solvents, lower dielectric constant, increased hydrophobicity, higher thermal stability,
and improved optical transparencies. The characteristic properties of the 3-dimensional
structures of the polyimide aerogel, formed through gelation of dianhydrides and
diamines in polar aprotic solvents, show a wide range of dependence on polymer
concentration, monomeric structure, and crosslink density. The polyimide aerogels in
this study were synthesized following formulations derived to vary the length of the
repeat unit (n), dianhydride fraction (Pyromellitic dianhydride (PMDA) and 4, 4’Hexafluoroisopropylidene dipthalic anhydride (6FDA)), and the weight percent of total
polymer in solution. Previous studies have shown that the use of PMDA in the polymer
backbone results in highly transparent aerogels while 6FDA incorporation enhances
flexibility. Herein we examine and report the effect on thermal, mechanical, and optical
properties via incorporation of fluorinated monomers into the backbone of polyimide
aerogels.

Figure 1. Varying opacity of polyimide aerogels with varying fractions of 6FDA

POLY 116: Evaluation of drug release from bottlebrush and brush-arm star
polymers
Samantha L. Kristufek, skristuf@mit.edu, Hung V. Nguyen, Jeremiah A. Johnson. MIT,
Massachusetts Institute of Technology, Boston, Massachusetts, United States
Bottlebrush polymers and their higher-order counterpart, brush-arm star polymers
(BASPs), have been used broadly for drug delivery. Using ring-opening metathesis
polymerization (ROMP), functional polymers have been designed in a scalable fashion
with diverse, cleavable linkers for the incorporation of various pharmaceutical agents.
The backbone linkages allow for the side-chain density to directly influence the
placement of the drug of interest while the steric congestion within these polymers
creates a unique opportunity to tune the release rate of drugs based on the length of the
polymers and/or architecture. Considering common anti-cancer drugs and other
biologically interesting molecules, simple prodrug macromonomers were designed and
polymerized with various degrees of polymerization. The resultant polymers were
evaluated for their drug release rate. Overall, these studies show the relationship
between drug release and the architecture of bottlebrush-based polymers.

Drug release rates are tunable from bottlebrush and brush-arm star polymers

POLY 117: Controlled self-assembly of amphiphilic polymers: Design strategies
for precision nanostructure materials
Takaya Terashima, terashima@living.polym.kyoto-u.ac.jp. Department of Polymer
Chemistry, Graduate School of Engineering, Kyoto University, Kyoto, Japan
In this paper, we report recent advances in controlled self-assembly systems of
amphiphilic polymers, especially focusing on design strategies of the polymers to create
precision nanostructure materials in solutions and film/solid states (Figure 1). Typically,
amphiphilic random copolymers bearing hydrophilic poly(ethylene glycol) (PEG) and
hydrophobic alkyl (octadecyl, dodecyl, butyl etc.) pendants induce chain folding via the
pendent self-assembly in water to form uniform size and thermoresponsive micelles.
The size, aggregation number, and cloud point temperature of the micelles can be
controlled as desired by tuning the chain length, composition, and pendant design.
Owing to precise yet dynamic self-assembly of the random copolymers, ABA random
triblock copolymers comprising the random copolymer A segments and a long
hydrophilic PEG B segment gave hydrogels with controlled viscoelasticity and selfhealing yet selectively adhesive properties. Additionally, amphiphilic random block
copolymers and amphiphilic/crystalline random copolymers were effective for various
nanostructured materials (core crystalline, reverse, and multicompartment micelles,
vesicles, double core polymers) in aqueous or organic media and sub-10 nm
microphase separation in film/solid state.

Figure 1.Controlled self-assembly of amphiphilic polymers for precision nanostructured
materials

POLY 118: Ion gels by self-assembly of triblock copolymer/ionic liquid/monomer
mixtures
Alireza Bandegi1, alirezab@nmsu.edu, Jose Banuelos3, Reza Foudazi2. (1) new
mexico state university, Las Cruces, New Mexico, United States (2) Chemical
Engineering, New Mexico State University, Las Cruces, New Mexico, United States (3)
Department of Physics, University of Texas at El Paso, El Paso, Texas, United States
Since the liquid nature of Ionic liquids (IL) limits their application in solid state material,
ion gels are developed by mixing the ILs with gelators. In this work, we developed a
new ion gel system to synergistically increase the ionic conductivity and modulus of the
ion gels. In the presence of solvent(s), amphiphilic block copolymers self-assemble into
ordered mesomorphic structures (known as mesophases) with long-range order. By
altering the temperature and concentration, a variety of nanostructures, such as
lamellar, hexagonal, cubic, and gyroid structures, can be formed. In this project, we use
mixtures of tri-block copolymers, ILs, and an oil phase containing styrene and a
crosslinker to form continuous nanochannels with long-range order to decrease the
morphological defects of the ion-rich domains. The polymerization of oil phase boosts
the mechanical properties of the ion-conducting ion gels. Our results suggest that
triblock copolymer gelation is a promising way to develop highly conductive ion gels and
provides advantages in terms of variety and processing.

POLY 119: Synthesis of hydrogen-bonded 2-D polymers
David C. McLeod1, xerocooldown@hotmail.com, Robert H. Lambeth2. (1) US Army
Research Laboratory, Abingdon, Maryland, United States (2) US Army Research Lab,
Aberdeen Proving Ground, Maryland, United States
Two and three-dimensional imine-type covalent organic frameworks (COFs) / polymers
show promise as high-surface-area solid supports for gas/energy storage, water
purification, and catalysis. The mechanical properties of these materials have not been
extensively investigated, but computational models suggest that 2-D polymers with
interlayer H-bonds will demonstrate significantly improved mechanical properties over
non-H-bonded 2-D polymers. In this presentation, strategies for producing highlycrystalline imine-type 2-D polymers without significant interlayer H-bonding, as well as
synthetic procedures for subsequently transforming those structures to amide-type 2-D
polymers with interlayer H-bonding, will be discussed. Efforts to create composite films
containing linear polymer and 2-D polymer components will also be presented.

POLY 120: Synthesis of 2-oxazoline ethylenimine copolymers possessing
complex architectures
Thomas Floyd, t.floyd@warwick.ac.uk, Sebastien Perrier. Chemistry, University of
Warwick, Coventry, United Kingdom
In order for gene therapy to reach its full potential, several advances in the method of
delivery are required. Perhaps most critical is the development of a safe and efficient
vector that can overcome the limitations posed by current viral and non-viral systems.
Whilst viral vectors provide high transfection efficiencies, they are limited by an inherent
immunogenicity and high costs associated with large scale manufacture. On the other
hand non-viral vectors, such as polyplexes and lipoplexes, offer a reduction in toxicity
but are limited by their transfection efficiencies. Poly(ethylenimine) is the most widely
used polymer for gene transfection. The high density of protonatable amines offers
much improved transfection efficiencies, but its use is hindered by poor water solubility
and a high toxicity.
Previous work has shown that partial hydrolysis of poly(2-alkyl-2-oxazoline)s to yield
poly[(2-alkyl-2-oxazoline)-co-(ethylenimine)] allows for a gene delivery system with a
decreased toxicity. However, this comes at the cost of poor transfection efficiencies.1
Introducing complex polymeric architectures to these polymers affords an increase in
transfection efficiency, whilst retaining the advantageous toxicity.2
In this work, we provide a route towards the synthesis of poly[(2-methyl-2-oxazoline)-co(ethylenimine)] with star-like architectures. An α-styrene functional poly(2-methyl-2oxazoline) is first synthesised, followed by a RAFT-mediated copolymerisation with
divinylbenzene to form the star polymer precursor. Acidic hydrolysis yields the poly[(2methyl-2-oxazoline)-co-(ethylenimine)] copolymer, whose suitability as a gene
transfection vector is evaluated.

POLY 121: Macromolecular engineering of fluoropolymers
Vincent Bouad1, Marc Guerre6, Cédric Totée5, Bruno M. Ameduri5, Sanjib Banerjee8,
Christophe Detrembleur4, Antoine Debuigne3, Gilles Silly7, Rinaldo Poli2, Vincent
Ladmiral1, vincent.ladmiral@enscm.fr. (1) Macromolecular Eng Architectures, Institut
Charles Gerhardt, Montpellier Cedex, France (2) Lab de Chimie de Coordination,
CNRS, Toulouse, France (3) CERM, University of Liege, Liege, Belgium (4) University
of Liège, Liege, Belgium (5) Ecole Nat Sup Chim Montpellier, Montpellier, France (6)
Department of Organic and Macromolecular Chemistry, Ghent University, Ghent,
Belgium (7) Department of Chemistry, University of Montpellier, Montpellier, France (8)
Department of Chemistry, Indian Institute of Technology Bhilai, Raipur, India
Fluoropolymers are important polymers endowed with remarkable properties.1 The
development of efficient Reversible Deactivation Radical Polymerization (RDRP)
techniques for VDF or TrFE has not been as extensive as that of other vinyl monomers.
Until recently, only Iodine Transfer Polymerization afforded some control on the
polymerization of VDF. This talk will present the recent advances made in the RDRP of
VDF and TrFE using RAFT2 and CMRP.3 During the RAFT polymerization of VDF (or
TrFE) in dimethyl carbonate using a xanthate CTA, due to reverse monomer additions,
two dormant species are generated : the regularly and inversely terminated PVDF and
PTrFE chains. because of the lower reactivity of the dormant chains resulting from
head-to-head (HH) additions, these dormant species accumulate in the reaction
medium until they constitute 100% of the xanthate-terminated chains. After this point,
the RAFT equilibrium slows down and the control of the polymerization is severely
degraded.4 In addition, both polymerization are severely affected by transfer reaction
leading to dead-chains. In contrast to what was observed with VDF, our NMR study
revealed TH additions (reverse propagation) in the case of TrFE. In spite of the loss of
control, macromolecular engineering remained possible and relatively well-defined
fluoropolymer-based architectures were synthesized. A better controlled
homopolymerization of VDF was observed when Cobalt-Mediated Radical
Polymerization was used.5

POLY 122: Temperature-directed morphology transformation method to produce
well-defined complex multifunctional polymer particles
Valentin Bobrin1, v.bobrin@uq.edu.au, Sung-Po Chen1, Zhongfan Jia1, Michael
Monteiro2. (1) Australian Institute for Bioengineering and Nanotechnology, Brisbane,
Queensland, Australia (2) Australian Institute for Bioengineering and Nanotechnology,
University of Queensland, Brisbane, Queensland, Australia
Polymer nanoparticles have attracted considerable attention due to their fascinating
features such as stimuli-responsive properties or variability of chemical functionality.
Despite the great progress made in structural control and functionalization of
multicompartment nanostructures, challenges still remain to produce multicompartment
particles rapidly at a high polymer weight fraction, with a stable morphology over time
and multiple functionalities to perform several functions. Herein, we demonstrated a
rapid and reproducible novel method to generate well-defined multifunctional polymer
nanoparticles with complex geometries, such as polymeric tadpoles. This type of
nanoparticles might bring considerable enrichments to the fields of nanotechnology due
to a unique geometric shape with two compartments: the head and the tail. It was found
that the temperature-directed morphology transformation (TDMT) method offered a
remarkable platform for the rapid synthesis of chemically multifunctional polymeric
tadpoles at a high polymer weight fraction (10 wt. %). The key feature of our system is
the ease of control of not only types of functional groups but also their stoichiometry
independently for the head and the tail of tadpoles. Moreover, we demonstrated that the
TDMT method provides a powerful self-assembly strategy to produce multi-arm
asymmetric nanoparticles as well as uniform symmetric and asymmetric polymer
nanostructures.

The temperature-directed morphology transformation (TDMT) method to tailor the self-assembly of
block copolymers into asymmetric nanoparticles with either a single (i.e., tadpole) or multi-arm geometry
directly in water

Polymeric tadpoles with controlled and uniform tail lengths

POLY 123: Combining crystallization-driven and polymerization-induced selfassembly: Scale-up of uniform and hierarchical polymeric nano- and
microparticles
Ian Manners2,1, imanners@uvic.ca. (1) Univ of Bristol Sch of Chemist, Bristol, United
Kingdom (2) Chemistry, University of Victoria, Victoria, British Columbia, Canada
Recent developments concerning a promising “seeded growth” route to well-defined 1D
and 2D particles and hierarchical assemblies termed “living” crystallization-driven selfassembly (CDSA), will be described. Living CDSA is analogous to living covalent (e.g.
anion initiated) polymerizations of molecular monomers but on a much longer length
scale (typically, 10 nm – 5 microns) and also shows analogies to biological “nucleationelongation” processes such as amyloid fiber growth.
The building blocks or “monomers” used for living CDSA consist of a rapidly expanding
range of crystallizable block copolymers, homopolymers with charged termini, or planar
p-stacking molecules with a wide variety of chemistries. The seeds used as “initiators”
for living CDSA are usually prepared from preformed polydisperse 1D or 2D micelles by
sonication.
Recent results indicate that living CDSA is scalable and therefore offers the potential to
prepare uniform samples of particles and hierarchical materials with applications in
areas such as optoelectronics, catalysis, and biomedicine.

POLY 124: Exploiting metathesis depolymerization of polybutadiene for
responsive materials: From block polymer self-assembly to modification of
elastomers
Brad Jones, bhjones@sandia.gov. Organic Materials Science, Sandia National
Laboratories, Albuquerque, New Mexico, United States
The modification of unsaturated polymers by olefin metathesis, particularly
polybutadiene (PB), has been studied for several decades. PB undergoes chain
cleavage by cross- and ring closing-metathesis, leading to a significant reduction in
molecular weight. Curiously, this reaction has not been exploited in the development of
responsive or dynamic materials systems, aside from a few sporadic examples. To this
end, I will present several examples in which metathesis depolymerization can be used
to uniquely alter the structure of PB-containing materials. The morphology of selfassembled diblock copolymers bearing PB as a constituent block can be readily
transformed, both in selective solvents and in bulk. The addition of conventional Grubbs’
catalysts to self-assembled aggregates of poly(butadiene-b-ethylene oxide) induces
rapid, controllable reorganization into structures characterized by increasing or
decreasing interfacial curvature, depending on whether the PB is solvated or not,
respectively. Similarly, the melt morphology of block copolymers comprised of PB and a
high Tg polymer evolves upon de-vitrification of the glassy block, controlled by catalyst
loading, time, and temperature. Importantly, the latter work has been enabled by recent
developments in latent catalysis, such that air- and moisture-stable Ru carbenes
exhibiting negligible initiation at room temperature are now commercially available.
These latent catalysts are readily incorporated into PB resins with no appreciable
change in molecular weight. Therefore, we have further developed crosslinked PB
elastomers that, upon heating, are depolymerized in situ to de-gelled, soluble oils for
potential recycling or disposal.

POLY 125: Inducing block copolymer self-assembly through functionalization
Andrew J. Magenau, amagenau@coe.drexel.edu. Material Science and Engineering,
Drexel University, Philadelphia, Pennsylvania, United States
Versatile synthetic strategies that allow nanostructural control of self-assembled
materials are a central element to developing advanced soft-matter with applicationrelevant properties. One new strategy to synthesize complex polymeric nanostructures
is through in-situ block copolymer self-assembly using post-polymerization
functionalization. Functionalization induced self-assembly (FISA) is discussed as a
unique approach to self-assembling block copolymers through two highly-efficient
reactions, i.e., Pd-catalyzed Suzuki-Miyaura cross-coupling and nucleophilic epoxy ringopening. This presentation will broadly explore fundamental aspects of the FISA
process and key structure-property relationships defining micelle morphology. Both
cross-coupling and epoxy ring-opening reactions were found to be capable of inducing
nanostructural transitions from unimers into micelles when employing suitably
solvophobic functional groups. Visualization of micellar cores and coronas was verified
using TEM and confirmation of their non-covalent structure using serial dilutions and
non-selective solvents. Morphological control of micelle was demonstrated by tuning the
degree of functionalization and the nature of the installed functionality. Real-time DLS
measurements were also found to be a viable technique for monitoring the evolution of
block copolymer unimers into self-assembled structures.

POLY 126: Deprotection-induced glypopolymer self-sssembly (DISA) for
nanostructure construction and immunological applications
Guosong Chen, guosong@fudan.edu.cn. Dept of Macromolecular Sciences, Fudan
University, Shanghai, China
We proposed the deprotection-induced block copolymer self-assembly, that is, the
deprotection of hydroxyl groups resulted in in situ self-assembly of glycopolymers. In the
previous studies, block copolymers soluble in common organic solvents were employed
as the starting material. In this paper, by using the protected glyco-block containing preassembled glyco-vesicles in water as the starting materials, we moved forward and
made two exceeding achievements. Firstly, we have observed a deprotection-induced
morphology transition trigged by alkali in water. The carbohydrate-carbohydrate
interaction was considered to contribute to such a morphology transition during
deprotection. Secondly, lipase was found to be an efficient enzymatic trigger in the
sugar deprotection, which motivates the immune-application of this morphology
transition process. When lipase and a model antigen, ovalbumin (OVA), were
encapsulated inside the glyco-vesicles, the deprotection of sugars by lipase induced the
transition of vesicles to micelles and the lipase and OVA were released accordingly.
When glyco-vesicles were internalized by dentritic cells (DCs), the lipase from
lysosomes efficiently induced the release of OVA and presentation of antigen to T cells.
During the process, lysosomal lipase performed as a trigger on the deprotection of
sugars and the release of protein without any other reagents.

POLY 127: Dynamic covalent bonds to design and morph materials from the
nanoscale up
Dominik Konkolewicz1, d.konkolewicz@gmail.com, Shiwanka Wanasinghe1,
Progyateg Chakma1, Adam Thompson1, Emily Schreiber1, Jessica Sparks2. (1)
Department of Chemistry and Biochemistry, Miami University, Oxford, Ohio, United
States (2) Miami University, Oxford, Ohio, United States
Dynamic covalent bonds have the advantages of often being stimulus responsive.
Therefore, they are essentially static under ambient conditions, and they undergo
efficient dynamic exchange upon external stimulus. Here, several types of dynamic
covalent bonds, including dynamic thiol-Michael dynamic anilinium salts and Diels-Alder
bonds are introduced into polymer materials. These materials are able to respond and
undergo nanostructural rearrangements upon external stimulus. Polymer structure and
architecture is shown to be an important factor in the performance of the materials and
this work explores the possibility of using these dynamic covalent bonds to change the
underlying polymer materials nanostructure or architecture. Fundamental chemistry as
well as material properties will be explored in this talk.

POLY 128: Formation mechanism of polyethylene nanofibers produced via
polymerization in confinement
Vahid Karimkhani1,2, vahid.karimkhani@gmail.com, Vahid Haddadi-Asl1, Tahmineh
Mahmoudi3, Evgeny Zhuravlev5, Amir Gharachorlou4, Mohammad VantankhahVarnosfaderani2, Christoph Schick5, Florian J. Stadler6. (1) Amirkabir University of
Technology, Tehran, Iran (the Islamic Republic of) (2) Singular Genomics Systems Inc.,
San Diego, California, United States (3) School of Semiconductor and Chemical
Engineering, Chonbuk National University, Jeonju, Korea (the Republic of) (4) School of
Chemical Engineering, Purdue University, Lafayette, Illinois, United States (5) University
of Rostock, Rostock, Germany (6) C/O Prof Chen Shiguo, Shenzhen University,
Shenzhen, China
Nanoextrusion or synthesis in confinement is one of the most promising methods for
production of polymeric nanofibers. While many arguments exist for pressure-driven
extrusion of nanofibers with chain-extended crystals out of confinement, and, thus, need
to use of stable and mechanically strong nano-templates, some evidence puts this
process in doubt. Unlike previous reports, here we reported rather mechanically weak
clay layered structure can be used as confined polymerization nano-template. ZieglerNatta catalyst supported between clay galleries with and without MgCl2, in order to
provide polymerization media without and with nanoconfinement, respectively.
Microscopic images showed a considerable amount of nanofibers with various lengths
and diameters only in the sample that produced under confinement. The diameters of
detectable single nanofibers are typically in the range around 30 to 50 nm, rarely
exceeding 50 nm. The nanofibrous sample showed significant differences between
melting peaks temperature and heat of fusion in the first and second heating scans of
DCS tests. Structural and morphological analysis along with considering weak interlayer
interactions of clay layers support showed that pressure driven extrusion is not the only
reason for nanofiber formation. While our data shows that reduction in entanglement
density for synthesized polymers in confinement, their phase separation and assembly
is responsible here for fibrous morphology, relating high melting point of the first DSC
scan to presence of chain-extended crystals or just weakly entangled polymer network
is not conclusive.

Conceptual scheme for polymerization in confined geometry. The polymers produced in interlayer
spacing of clay sheets have two-dimensional rather than three-dimensional spherical shape and therefore
their entanglement density will be lower than bulk state. Consequently, polymeric chains streching and
assembly to individual nanofibers is more feasible.

POLY 129: In situ SAXS studies during RAFT aqueous dispersion polymerisation
Adam Czajka1, adam.czajka@mail.co.uk, Steven P. Armes2. (1) Department of
Chemistry, University of Sheffield, Sheffield, United Kingdom (2) Univ of Sheffield Dept
of Chem, Sheffield, United Kingdom
Polymerisation-induced self-assembly (PISA) enables the rational design and efficient
synthesis of a wide range of diblock copolymer nano-objects (spheres, worms, or
vesicles) at high copolymer concentrations. Briefly, a soluble precursor block is chainextended via reversible addition-fragmentation chain transfer (RAFT) polymerisation
using a monomer that forms an insoluble block in the chosen solvent. As this second
block grows, it eventually undergoes phase separation that drives the in situ selfassembly, see Figure 1. Small-angle X-ray scattering (SAXS) is a powerful tool for
characterising diblock copolymer nano-objects during PISA in terms of their size and
morphology, providing fundamental insight into structure-property relationships.
Here we report in situ SAXS measurements recorded during the synthesis of diblock
copolymer nano-objects prepared by RAFT aqueous dispersion polymerisation. This
powerful technique enables us to monitor the evolution of structure. For such
experiments, we use a bespoke stirrable SAXS cell, see Figure 1. Poly(glycerol
monomethacrylate)-poly(2-hydroxypropyl methacrylate) [PGMA-PHPMA] is a well
explored amphiphilic diblock copolymer that can form spheres, worms or vesicles as
well as exhibiting thermoresponsive behaviour. The onset of nucleation, particle growth
and progressive morphological transitions (i.e. sphere-to-worm, worm-to-vesicle) can be
observed by SAXS. Detailed analysis of the scattering patterns provide new insights for
growth mechanisms during PISA syntheses. Moreover, the reaction solution volume
within the SAXS cell is approximately 2 mL, which allows post mortemcharacterisation
of the final block copolymer using 1H NMR spectroscopy, GPC, TEM and DLS.

Left: Schematic representation of PISA for a PGMA-PHPMA diblock copolymer. Right: Crosssection of the stirrable SAXS cell used for in situ studies of RAFT aqueous dispersion
polymerisation.

POLY 130: In situ SAXS studies during RAFT aqueous emulsion polymerization
Steven P. Armes, s.p.armes@sheffield.ac.uk. Univ of Sheffield Dept of Chem,
Sheffield, United Kingdom
Polymerization-induced self-assembly (PISA) is a highly versatile, scalable platform
technology for the efficient synthesis of a wide range of bespoke diblock copolymer
nano-objects in various media. This talk will focus on RAFT aqueous emulsion
polymerisation, for which kinetically-trapped spheres are widely reported in the PISA
literature. However, we have recently found that this restrictive paradigm can be broken
by selecting vinyl monomers with relatively high aqueous solubility (~20 g dm-3). Such
monomers include 4-hydroxybutyl methacrylate (HBMA), glycidyl methacrylate (GlyMA)
and 2-methoxyethyl methacrylate (MOEMA). The intrinsically heterogeneous nature of
an emulsion polymerization usually prevents continuous monitoring using
characterization techniques such as small-angle X-ray scattering (SAXS). However, we
have used a stirrable reaction cell to perform in situ SAXS studies during the RAFT
aqueous emulsion polymerization of MOEMA. When combined with a synchrotron X-ray
source, this set-up has enabled us to gain important new insights regarding the true
nature of such PISA formulations (see Figure 1).

Figure 1. (a) Schematic cross-section of the stirrable SAXS cell used in this study. (b) Change in
X-ray scattering intensity and low q gradient observed over time during the RAFT aqueous
emulsion polymerisation of 2-methoxyethyl methacrylate (MOEMA) at 70 oC using a watersoluble poly(glycerol monomethacrylate) RAFt agent to target PGMA29-PMOEMA70; these data
confirm the evolution in copolymer morphology from spheres to worms to vesicles during this
PISA synthesis.

POLY 131: Depolymerization of polymeric sulfur
Travis Kemper2, Erich Wimmer2, Bruce E. Eichinger1,
eichinger@chem.washington.edu. (1) Chemistry, University of Washington, Seattle,
Washington, United States (2) Materials Design, Inc., San Diego, California, United
States
The stability of cyclo-octasulfur, c-S8, results from the existence of two low energy
rotational states of S-S bonds at about ± 98°. The S-S-S bond angle is near 107°. When
heated, the orthorhombic form, α-S, first melts and then undergoes a polymerization,
which is believed to be initiated by the thermal ring opening of c-S8 (the bond energy is
about 265 kJ/mol) to form a diradical. Propagation occurs by an attack of a radical on an
S8 ring, leading to a ring opening polymerization mechanism. Chains might be
terminated with live radicals or by non-specific quenching of the radicals; there will
undoubtedly be cyclics as well. Different forms of polymeric sulfur are recognized in the
literature – we will lump these together as p-S. A commercial useful form of p-S is
compatible with rubbery polymers, making it possible to form a homogeneous blend
prior to vulcanization. However, the reversion of p-S to the thermodynamically stable αS limits the shelf life of p-S. In order to understand the reversion, we have performed
high level quantum calculations to evaluate the relative energetics of (1) the reverse of
the radical mechanism, whereby polymeric chains spontaneously break to form two
radicals which then induce depolymerization by back-biting or similar mechanisms, and
(2) an internal loop formation which pinches S8 rings out from long chains via a
hypervalent intermediate.

POLY 132: Universal scaling of phase diagrams of polymer solutions
Chi Wu, chiwu@cuhk.edu.hk. The Chinese Univ of Hong Kong, Shatin N T, Hong Kong
A combination of microfluidic and small-angle laser light scattering enables us to map
phase diagrams of two polymers with different chain lengths in three solvents at
unprecedented speed. Each precisely measured phase diagram leads to a pair of
critical temperature (Tc) and volume fraction of polymer (fc), in which fc is scaled to the
chain length (N) as fc ~ N-0.37 +0.01. Accounting for a huge size difference of polymer
chain and solvent molecules, an adjustable solvent-to-volume ratio (Rc) is introduced to
generate a dimensionless reduced volume fraction y {= f/[f + Rc(1 - f)]}, so that each
skewed phase diagram is shifted and symmetrized with a symmetry axis yc =
0.325 + 0.002. After normalization by a solvent and polymer (not chain length)
dependent constant y0, all of the measured 17 phase diagrams collapsed into one
master curve: |y -yc|/y0 = €0.325 + 0.007N0.152 + 0.004, where € = |T - Tc|/Tc is a reduced
temperature. As N → ∞, |y -yc| ~ |f -fc|/fc near the critical point so that our results lead to
|f -fc| ~ €0.325 + 0.007N-0.22 + 0.01, where scaling over the chain length is close to -2/9 as
predicted by Muthukumar. Hence we have successfully placed the last jigsaw piece, i.e.
the chain-length dependence, in the phase diagrams of polymer solutions.

POLY 133: Intramolecular and intermolecular interactions in semicrystalline
polymers
Toshikazu Miyoshi, miyoshi@uakron.edu. Polymer Science, The University of Akron,
Akron, Ohio, United States
Crystallization is common features in small and large molecules. In small organic
molecules and proteins, crystallization induces intermolecular packing. In the case of
long polymeric chains, crystallization induces more or less folding at the interface and
thus result in intramolecular packing structure as well as intermolecular one. Two
different types of packing structure induce complexity and uniqueness of polymer
crystals. How can we distinguish intramolecular interaction from intermolecular one in
polymers? This fundamental question arises in most polymer researches. However, we
do not have sufficient information about intramolecular and intermolecular interactions.
In this talk, I will present our idea to solve this interesting and nasty question in polymer
science by using solid-state NMR. Several examples of i) crystal packing ii) chainfolding structure, iii) deformation, iv) chemical reactions will be addressed.

POLY 134: Conformational dynamics play critical role in protein evolution
S. Banu Ozkan, banu.ozkan@asu.edu. Arizna State University, Tempe, Arizona,
United States
Proteins are the most efficient nano-machines and perform a broad range of
functions.All of the information necessary for function is encoded in 1-D sequences.
Proteins exquisitely translate this code to fold and function, yet deciphering this
encoded information remains an open challenge. We have developed a physics-based
metric called the Dynamic Flexibility Index (DFI) to study the relation between sequence
and protein function in order to decipher the 1-D sequence code. DFI quantifies the
resilience of a given position to the perturbations occurring at various parts of a protein
using linear response theory, mimicking the multidimensional response when the
protein’s conformational space is probed upon interaction with small molecules or other
cellular constituents. Using DFI, we have analyzed conformational dynamics of
ancestral proteins and compared them with their modern counterparts to re-trace
evolutionary steps for emergence of new function or adaptation to a new environment.
This analyses have shown that protein static structures do not need to be modified in
order for new function or molecular adaptation to emerge. Proteins may evolve and
adapt new function by fine tuning their native state conformational dynamics. These
studies provide us a molecular mechanism: Nature utilizes minimum perturbationmaximum response as a principle through the allosteric alteration of the dynamics of the
active/catalytic sites by mutating distal positions, rather than introducing mutations on
active sites. We also showed that this principle can be used to design proteins with
desired function.

POLY 135: Multiscale modeling of protein unfolding and translocation in the
degradation pathway
George Stan, george.stan@uc.edu. Univ of Cincinnati, Cincinnati, Ohio, United States
In the degradation pathway, protein unfolding is commonly a requisite step in the
sequence of events leading to the fragmentation of the polypeptide chain. The unfolding
process is mediated by ring-shaped AAA+ (ATPases associated with various cellular
activities) nanomachines, such as Clps (Caseinolytic proteases), which couple chemical
energy to mechanical forces applied onto substrate proteins (SPs). These forces are
mediated by allosteric motions of flexible loops that protrude within the narrow Clp
central channel and grip the SP. To elucidate conformational changes of the
polypeptide chain associated with Clp-mediated SP unfolding and translocation, we
perform simulations of implicit solvent and coarse-grained models of titin I27. In open
pore configurations, unfolding of unrestrained SPs occurs via an unzipping mechanism,
which involves force application along a weak mechanical direction. In the partially
closed pore, unfolding occurs via a shearing mechanism, with force application along a
strong mechanical direction. We also probe SP unfolding of tandems comprising two or
four I27 domains which involve branched pathways and slower time scales. These
distinct mechanisms are attributed to slower rotational diffusion of multidomain SPs that
hinders access to the soft mechanical direction.

POLY 136: Effective interactions between nano-particles mediated by dense
polymer systems and the Flory's theorem
Alexander Chervanyov, chervany@uni-muenster.de. Institute of Theoretical Physics,,
University of Munster, Muenster, Germany
The polymer mediated (PM) interactions between nanoparticles (NP) immersed in
dense polymer melts, polymer blends, and rubber materials are studied by making use
of the liquid state theory. The developed theoretical concept relies on the Flory's
theorem stating that the polymer-polymer interactions are mutually compensated in the
considered dense polymer systems. This effect is shown to suppress the standard
osmotic mechanism of the PM interactions specific to the dilute and semi-dilute polymer
systems. The novel entropic mechanism of the PM interactions caused by the polymer
end effect is predicted, that is shown to dominate over the above osmotic mechanism at
large polymer densities. For the case of NPs immersed in polymer blends, an additional
contribution to the predicted entropic mechanism of the PM interactions is caused by
non-uniformities in the local composition of the polymer blend induced by these NPs. As
a practical application of the developed approach, we study the polymer mediated
coagulation and aggregation of the NPs immersed in the above host polymer systems.
By comparing our theoretical results for the PM potential against the available
simulations, we demonstrate that the predicted entropic mechanism of the PM
interactions explains the occurrence of the long-ranged tails of the PM potential
observed in these simulations.

POLY 137: Conformational analysis, RIS models, and chain dimensions of
chemically substituted polycarbonates and polyesters using rotational isomeric
state theory
Upendra Natarajan, unatarajan@iitm.ac.in. Chemical Engineering, Indian Institute of
Technology (IIT), Chennai, India
Conformational analysis, RIS models, persistence length, mean-squared chain
dimensions, of chemically substituted polycarbonates and polyesters in their
unperturbed state was investigated using RIS theory. Substituents such as aliphatic,
aromatic, flexible, rigid, small and bulky, and cycloaliphatic, at various positions on
either bisphenol A, diphenyl carbonate, diols (i.e. ester linkages) and non-bisphenol
PCs were studied, in order to ascertain the role of chemistry as well as stereochemistry.
The influence of these chemical modifications on conformational aspects will be
presented. The effect of stereochemistry was studied for the same chemical structure of
the repeat unit and the same type of substitution.

POLY 138: Towards fully renewable polymeric materials: Block copolymers from
bio-based monomers
Thomas Chen, thomas.chen@chem.ox.ac.uk, Leticia Pena Carrodeguas, Charlotte K.
Williams. Chemistry, University of Oxford, Oxford, Oxfordshire, United Kingdom
Problems associated with both plastic wastes and environmental impacts associated
with petrochemical extraction are driving research into sustainable polymers. It is
important to broaden the range and property profiles of polymers which are both
biodegradable and sourced from renewable resources. One option is to target block
polymers and so far, the majority of research has focused on different blocks formed by
lactone ring-opening polymerization. One limitation is the limited range and
polymerizability of functionalized and rigid lactones. In this work, alternative fully
renewable ‘hard’ block materials are prepared by the ring-opening copolymerization
(ROCOP) of cyclic anhydrides and limonene oxide, both of which can be derived from
terpenes. Exploiting a recently discovered ‘Switch catalysis’ which allows block
sequence selectivity from monomer mixtures, epoxides, anhydrides and lactones are
selectively combined to form ABA-type block copolymers in one pot using a dinuclear
catalyst. By optimizing the A (‘hard block’) and B (‘soft block’) ratio, the material
properties of the polymers can be tuned. This paves the way for the development of
polymeric materials, featuring degradable ester linkages, for applications such as
thermoplastic elastomers and adhesive materials from fully renewable sources.

POLY 139: 4-Hydroxyproline-derived sustainable polythioesters: Controlled ringopening polymerization, complete recyclability, and facile functionalization
Hua Lu, chemhualu@pku.edu.cn. Peking University, Beijing, Beijing, China
The sustainable production of chemically recyclable polymers presents a significant
opportunity to polymer scientists to tackle the growing environmental and energy
problems of current petroleum-based plastics. Despite recent advances, however, there
are still pressing needs for an expanded horizon of chemically recyclable polymers.
Herein, we introduce a new paradigm of biosourced polythioesters (PTEs) with high
polymerizability and complete recyclability under mild and economical conditions. The
thiolactone monomers with a high ring strain can be easily prepared in a two-step
process from 4-hydroxyproline. Controlled ring-opening polymerizations (ROP) using
inexpensive and weak bases afford PTEs with high molar masses (Mn) up to 259 kg/mol
and narrow dispersities generally below 1.15. The properties of PTEs can be readily
adjusted by copolymerization and/or pre-/post-functionalization on the side chains.
Selective and complete depolymerizations of the PTEs in dilute solution at ambient to
modest temperatures recycle clean monomers. Density functional theory (DFT)
calculation of model reactions provides mechanistic insights and highlights the
importance of judicious molecular design. Taken together, the unique
ROP/depolymerization chemistry of such PTEs may offer a sustainable solution for
creating and manufacturing high-value materials such as optical/photochemical plastics,
self-immolative polymers, and degradable biomaterials under situations where recycle
and reuse are indispensable.

POLY 140: Facile ring-opening metathesis polymerization toward bioplastics and
ionomer membranes
Chuanbing Tang, tang4@mailbox.sc.edu. Department of Chemistry and Biochemistry,
University of South Carolina, Columbia, South Carolina, United States
Ring-Opening Metathesis Polymerization is well known for its robustness on simplicity
of reaction conditions, tolerance on functionality and achievement of high molecular
weight. Thus it would be a desirable platform to prepare tailored polymers toward
specific applications. This presentation will summarize our efforts in utilizing ROMP
toward bioplastics and ionomer membranes. We have prepared ultrahigh molecular
weight norbornene homopolymers and pentablock copolymers containing natural
biomass with enhanced mechanical properties by overcoming lower chain entanglement
associated with bulky moieties in the polymer side chains. On the other hand, we have
designed ionomers with polyethylene-like backbones and metallo-cations. With the aid
of ROMP of cyclooctene, a class of stable cobaltocenium-containing ionomers were
synthesized as anion-exchange membranes for alkaline fuel cell applications. In both
scenarios, ROMP allowed the facile control of compositions of polymers as well as
thermomechanical properties of resultant materials.

ROMP Polymers for Bioplastics and Membranes

POLY 141: Polymer networks in the nano-and micro-scale from rewable
resources
Eva Harth, harth@uh.edu, Estela Ordonez, Breyinn Loftin. Chemistry, University of
Houston, Houston, Texas, United States
We report on a novel approach to prepare polymer network materials from renewable
resources, as components in biomedical devices and drug delivery systems. These
materials are produced cost-efficient and eco-friendly in large quantities with the ability
to form soluble network materials for encapsulation of small molecule synthetic drugs
but also cellular matter, enzymes, proteins and peptides. The network density can be
controlled, as well as the cross-linker molecular weight and chemical nature. The novel
approach introduces advanced capabilities for the preparation of nano- and micro-scale
network materials with the option to be expanded under the influence of visible light.
The high network solubility combined with the extended range in available particle sizes
makes the presented approach unique to work as delivery systems or as matrix building
materials.

Delivery system and matrix builder from renewable resources with eco-friendly polymerization
methods

POLY 142: Toward sustainable polymerization of carbonyl compounds
Robert B. Grubbs, robert.grubbs@stonybrook.edu. State University of New York,
Stony Brook, New York, United States
There are a number of naturally occuring carbonyl compounds (e.g., glyoxylic acid,
pyruvic acid) that can be isolated from naturally occurring sources or prepared from a
range of precursors, including carbon dioxide. Polymerization of these monomers
results in polyacetals that can easily be degraded in the presence of acids. We will
discuss the controlled polymerization of glyoxylate esters from hydroxyl-terminated
macroinitiators and the preparation of 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 to be more
environmentally friendly will also be discussed.

POLY 143: Poly(methyl caprolactone)s as a soft, renewable, and degradable
polyesters for next-generation sustainable materials
Marc A. Hillmyer, hillmyer@umn.edu. University of Minnesota, Minneapolis,
Minnesota, United States
Aliphatic polyesters are hydrolytically degradable materials that have been used in
applications ranging from resorbable sutures to compostable tableware. There is a
dearth of amorphous, low glass transition, aliphatic polyesters that can be used in
elastomeric applications. This is particularly true for polyesters that can be prepared by
using controlled polymerization processes that are critically important for generating
complex architectures such as block polymers. 4-Methyl caprolactone (gamma-methyl
epsilon caprolactone) is a cyclic ester that is especially useful as a monomer that can
be produced from renewable resources and incorporated into numerous polymer
architectures. We have been working with poly(methyl caprolactone)s as soft materials
for incorporation new thermoplastic and traditional crosslinked elastomers and have
found this to be a broadly useful material that has tremendous potential for new
degradable, renewable, sustainable polymers. In this talk I will present our most recent
work on this polymer from a combined production, polymer synthesis, characterization
and applications perspective.

POLY 144: One-pot terminal functionalization of polypeptides by proteasecatalyzed chemoenzymatic polymerization
Kosuke Tsuchiya, kosuke.tsuchiya@riken.jp, Keiji Numata. RIKEN, Saitama, Japan
Polypeptides are fascinating bio-based materials for various fields because of their
sequential variety which imparts a wide range of physical and physiological properties.
Synthesizing polypeptide materials in an eco-friendly way is essential for realizing a
forthcoming sustainable society. Chemoenzymatic synthesis using proteases is a green,
facile, and atom-economical method to synthesize polypeptides via sequential
aminolysis of amino acid esters. The protease-catalyzed polymerization can be applied
to various types of polypeptide synthesis including homopolymers, block copolymers,
and polypeptides with special structures such as star-shaped and telechelic
polypeptides. In addition to proteinogenic amino acids, unnatural amino acids are also
available for the chemoenzymatic polymerization, enabling to expand their applications.
In this work, we utilized the chemoenzymatic polymerization technique to synthesize
terminal functionalized polypeptides for building blocks to construct special polymeric
architectures based on polypeptides.
Amino acid derivatives modified with functional groups such as acrylamide and
propargyl groups were prepared as a terminal modifier during chemoenzymatic
polymerization. Papain was used as enzymatic catalysis and the polymerization of
various amino acid esters was carried out in the presence of the terminal modifying
additive in aqueous buffer solution. By optimizing the polymerization condition, desired
polypeptides were obtained with complete modification by the functional groups at Nterminal. The chemical structures of the polypeptides were confirmed by 1H NMR
spectroscopy and MALDI-TOF mass spectrometry. In the case using an acrylamide
modifier, a series of peaks derived from polypeptides with an acryl amide moiety were
observed in MALDI-TOF mass spectra, indicating that the N-terminal of polypeptides
was successfully functionalized by the additive in one-pot chemoenzymatic synthesis.
The terminal-functionalized polypeptides were used for further post-modification or postpolymerization to construct block or graft polypeptides.

One-pot papain-catalyzed synthesis of terminal-functionalized polypeptides in the presence of
terminal modifiers

POLY 145: Photoresponsive hydrogels to study cell-matrix interactions and
mechanobiology
Kristi S. Anseth, kristi.anseth@colorado.edu. Univ of Colorado, Boulder, Colorado,
United States
Cells sense the mechanical properties of their microenvironment, which undergo
significant changes upon injury and disease that can occur over various time scales.
Advances in hydrogels with on-demand control of their materials properties allow
experimenters to probe the role of outside-in signalling on cellular fate. Here, we explore
two different chemistries that enable hydrogel stiffening using cytocompatible
photochemical conditions, specifically crosslinking of dibenzocycloocytne (DBCO)
groups and dimerization of anthracenes (Ant). Results will demonstrate the benefits of
each material systems. Specifically, the DBCO crosslinking is used to explore muscle
myoblast mechanotransduction in a dynamic 3-D microenvironment, while the Ant
hydrogels are used to explore mechanosensitive pathways in cardiac fibroblasts by
tracking their myofibroblast activation in real time.

POLY 146: Nano-and microfabricated hydrogels for regenerative engineering
Alireza Khademhosseini1,2,3, alik@mit.edu. (1) Department of Bioengineering,
University of California Los Angeles, Los Angeles, California, United States (2)
Chemistry and Biomolecular Engineering, University of California Los Angeles, Los
Angeles, California, United States (3) Radiology, UCLA Geffen School of Medicine, Los
Angeles, California, United States
Micro- and nanoscale technologies are emerging as powerful tools for controlling the
interaction between cells and their surroundings for biological studies, tissue
engineering, and cell-based screening. Hydrogel biomaterials have been increasingly
used in various tissue engineering applications since they provide cells with a hydrated
3D microenvironment that mimics the native extracellular matrix. We have developed
various approaches to merge microscale techniques with hydrogel biomaterials for
directing stem cell differentiation and generating complex 3D tissues. In this talk, I will
outline our work in controlling the cell-microenvironment interactions by using patterned
hydrogels to direct the differentiation of stem cells; including the fabrication and the use
of microscale hydrogels for tissue engineering by using a `bottom-up' and a `top-down'
approach. Top-down approach for fabricating complex engineered tissues involves the
use of miniaturization techniques to control cell-cell interactions or to recreate
biomimetic microvascular networks within mesoscale hydrogels. Our group has also
pioneered bottom-up approaches to generate tissues by the assembly of shapecontrolled cell-laden microgels (i.e. tissue building blocks), that resemble functional
tissue units. Microgels were fabricated and seeded with different cell types and induced
to self-assemble to generate 3D tissue structures with controlled microarchitecture and
cell-cell interactions

POLY 147: Printable and structured dynamic hydrogels for tissue engineering
and biosensing
Todd Hoare, hoaretr@mcmaster.ca. Chemical Engineering, McMaster University,
Hamilton, Ontario, Canada
Dynamic hydrogels that can crosslink via physiologically-reversible covalent bonds offer
key benefits in biomedical applications due to their injectability, capacity for self-healing,
and potential to be remodeled by the native biology. The in situ-gelling nature of most
dynamic hydrogel precursor polymers also opens up new opportunities to such fabricate
dynamic hydrogels into well-defined structured 2D or 3D hydrogel materials. In this talk,
I will describe recent work from our lab in which we have manipulated the geometry and
kinetics of dynamic hydrogel polymer precursor gelation to enable the formation of
functional hydrogels structured on multiple length scales, using hydrazone crosslinked
poly(oligoethylene glycol methacrylate) (POEGMA) hydrogels that form spontaneously
upon mixing of hydrazide and aldehyde-functionalized precursor oligomers as a case
study. Three examples of the use of these hydrogels in tissue engineering and
biosensing will then be discussed in the context of how such structures enable
controlled interactions with cells and functional biomolecules. First, injectable scaffolds
consisting of POEGMA and cellulose nanocrystals (CNCs) in which the POEGMA
scaffold is designed to gel on a timescale compatible with the diamagnetic alignment of
the CNCs are shown to enable anisotropic myoblast alignment in both 2D and 3D.
Second, reactive electrospinning in which the two precursor polymers are coelectrospun from a double barrel syringe is demonstrated to enable the direct formation
of a nanofibrous gel network without requiring any scaffold post-processing; coelectrospinning with cells results in the maintenance of high cell viability and
proliferative capacity even following cold storage without the use of additional
cryoprotectants. Finally, ink jet printed thin layer hydrogels are shown to act as highly
effective scaffolds for entrapping and stabilizing bioactive enzymes and polynucleotides,
with the tunable porosity of the gel further applied to reliably discriminate between real
drug inhibitors and the aggregating (promiscuous) enzyme inhibitors that plague earlystage drug discovery.

POLY 148: Designing fiber-based, degradable 3D porous scaffolds suitable for
soft tissue engineering
Anna F. Wistrand, annaf@kth.se, Tiziana Fuoco, Astrid Ahlinder. Fibre and Polymer
Technology, KTH Royal Institute of Technology, Stockholm, Sweden
Successful results in tissue engineering are dependent upon the interaction between
the medical device and the biological environment. We have designed scaffolds with
certain mechanical stability and degradability, size, surface roughness, functionality and
porosity to provide a microenvironment for sufficient cell–cell interaction, cell migration,
proliferation and differentiation.
We have recently focused on the production process, used every step to generate a
device with beneficial material properties. Knitted devices are used in many clinical
applications today and 3D printed devices are getting closer to the clinical environment.
These processes have in common that they are fiber based and that the device is
fabricated with precision and repeatability.
We have assessed the rheological properties and melt stability of medical grade
degradable polymers, produced fibers in order to understand the structure-processing
relationship. We have defined the important material changes that take place during the
process from polymer melt to fiber formation and following post treatment. We have
varied the structure-processing relationship and the architecture of the fiber based
device and correlated this with mechanical properties and degradation profile. This
knowledge have subsequently been used to 1) design fibers that resorb fast when the
mechanical properties are lost 2) print soft and pliable 3D scaffolds.
The results give important understanding in how to produce successful fiber based
degradable medical devices for soft tissue engineering.
A holistic approach is critical for covering the contribution of material issues, structural
design issues and processing issues and the interactions among them.

Fiber based degradable scaffold

POLY 149: Biodegradable thermogels and their biomedical applications
Byeongmoon Jeong, bjeong@ewha.ac.kr, Hyun Jung Lee, Soyoun Um. Ewha
Womans Univ Chem Dept, Seoul, Korea (the Republic of)
Thermogels are aqueous solutions that undergo sol-to-gel transition as the temperature
increases. They have extensively been investigated for their unique structures,
transition mechanisms, and potential biomedical applications as an in-situ gel-forming
systems. Poly(lactic-co-glycolic acid), chitosan, polycaprolactone, polyphosphazene,
poly(ethylene glycol)/poly(propylene glycol) multiblocks, poly(trimethylene carbonate),
polycyanoacrylate, etc. have been developed as a biodegradable thermogel. Recently,
we have developed polypeptide thermogels. Depending on the composition and
molecular weight of the polypeptide, they develop unique secondary structures such as
random coils, beta-sheets, and alpha-helix. Based on the control of these structures,
sol-to-gel transition temperature and degradability of polypeptide could be controlled. In
particular, the polypeptide thermogels are very promising for biomedical applications
including tissue engineering, cell/stem cell therapy, and drug delivery due to the fact
that 1) it has in-situ gel forming ability, 2) pH drop is not observed during the
degradation of the polymer, 3) the polymer is stable in buffer, however, degraded after
in-vivo application, and 4) a low polymer concentration is needed to form a robust gel. In
this presentation, we will discuss the characteristics of biodegradable thermogels based
on our experiences, and biomedical applications of the polypeptide thermogels as a
three-dimensional matrix of cells.

POLY 150: Glycosaminoglycan hydrogels and nanogels having smart biomimetic
functions for biomedical applications
Rachel Auzely-Velty1,2, rachel.auzely@cermav.cnrs.fr. (1) Univ Grenoble Alpes,
Grenoble, France (2) CERMAV-CNRS, Grenoble, France
Glycosaminoglycans (GAGs) are important components of the extracellular matrix
(ECM) that have attracted great interest as coating materials for implants, and as
components of 3D-constructs such as nanocarriers for controlled drug delivery and as
tissue engineering scaffolds. In this regard, research on customizable GAG biomaterials
exhibiting fast crosslinking properties is an essential prerequisite to advance the
fabrication of adaptable tissue constructs towards soft organ regeneration. Such
biomaterials are also of primary interest for cell-based therapy where the key challenge
is to enhance stem cell engraftment by providing the most favorable environment for a
successful transplant. For some time now, we have been interested in the design of
self-healing injectable hydrogels based on hyaluronic acid (HA), a major GAG of the
ECM, for biomedical applications. Herein, we will report original boronate estercrosslinked HA hydrogels by tailoring the structure of the phenylboronic acid derivative
(Figure 1A). We will show how the binding mode of boronic acids to saccharide moieties
grafted on HA affects the mechanical properties of the hydrogels, which paves the way
for the rational design of injectable hydrogels with tailored mechanical properties.
Example of applications of these hydrogels in 3D bioprinting and in stem cell therapy
will be presented. Furthermore, besides macrogels, GAG nanogels also hold great
promise for controlled drug delivery, especially in anti-cancer therapy, as these systems
combine the advantages of hydrogels with nanoscale formulations. In this presentation,
we will show how precise control over functionalization of HA, as well as other
glycosaminoglycans, can induce original physico-chemical and biological properties of
GAG-based nanogels (Figure 1B).

Figure 1. Engineering of injectable self-healing hydrogels via selective boronic-saccharide
interaction (A), and of HA nanogels via temperature-triggered self-assembly of HA-copolymer
conjugates (B).

POLY 151: Polymers with distinctive anticancer mechanism that inhibits tumor
metastasis and mitigates drug resistance
Yi-Yan Yang1, yyyang@ibn.a-star.edu.sg, Chuan Yang1, Nathan Park3, James
Hedrick2. (1) Inst Bioengr Nanotech, Singapore, Singapore (3) IBM Research, San
Jose, California, United States
Although mortality continues to decline over the past two decades, cancer is still a
pervasive healthcare problem worldwide due to the increase in the number of cases,
multidrug resistance (MDR) and metastasis. As a consequence of multidrug resistance,
a host of chemotherapeutic agents and chemosensitizers have to be used to achieve
remission, causing numerous harmful side effects. To overcome these issues, a series
of biodegradable cationic polycarbonates has been designed and synthesized as anticancer agents. The polymers which were functionalized with quaternary ammonium
groups killed cancer cells with different efficiency and killing kinetics as compared to the
polymers which functionalized with guanidinium groups. Moreover, they killed cancer
cells with different mechanisms. The guanidinium-functionalized polymers which can
self-assemble into micellar nanoparticles are highly effective against various cancer cell
lines including multidrug-resistant ones. Repeated use of the polymers at sub-lethal
doses did not induce resistance. In vivo antitumor efficacy was investigated in a
metastatic 4T1 subcutaneous tumor model. Treatment with the polymers a dose of 20
mg/kg of mouse body weight suppressed tumor growth and inhibited tumor metastasis.
These polymers show promise in the treatment of cancer without the onset of
resistance.

POLY 152: Renewable superabsorbent polymers (bio-SAP) enabled by renewable
acrylic acid (bio-AA), produced via the dehydration of lactic acid or its derivatives
Dimitris I. Collias1, collias.di@pg.com, Jane Godlewski1, Juan Velasquez1, Peter
Dziezok1, Matthias Kehrer2, Jens Nagengast2, Julian Kadar2, Nicola Taccardi2, Jakob
Albert2, Peter Wasserscheid2. (1) Procter & Gamble, West Chester, Ohio, United States
(2) Institute of Chemical Reaction Engineering, Friedrich-Alexander University ErlangenNuremberg, Erlangen, Germany
Fossil-derived acrylic acid (petro-AA), produced today from propylene oxidation via a 2step process, is used primarily in superabsorbent polymers (SAP), adhesives, and
coatings. Procter & Gamble (P&G) and partners recently developed two chemical
processes to produce bio-AA via LA dehydration in one step and with the highest ever
reported yield and selectivity, and long catalyst longevity. The first process, developed
by P&G and partners, is a heterogeneous gas-phase dehydration of LA that occurs over
an amorphous and partially-dehydrated polyphosphate catalyst MH2(1-x)PO(4-x), and
requires a minimum level of water partial pressure. The bio-AA yield and selectivity
achieved are 85 - 90 mol%, and bio-SAP made from this bio-AA had the same
performance as incumbent petro-SAP. The second process, developed by FAU and
P&G, is a homogeneous and nucleophile-assisted dehydration of LA derivatives in liquid
phase and mild temperature with a molten salt catalyst that includes a phosphonium
ionic liquid (e.g. [PBu4]Br) and a bromide source (e.g. MgBr2). The yield and selectivity
achieved in the liquid phase are 80 - 84 mol%. Compared to the petro-AA process, both
processes emit less greenhouse gases, use less non-renewable energy, and are
expected to have lower production costs long term.

Miniplant for the liquid-phase process

POLY 153: Machine learning approaches to predicting Hansen solubility
parameters for polymers
Andrew J. Guenthner, andrewguenthner@gmail.com. University of California,
Berkeley Extension, Berkeley, California, United States
Despite their long history of proven value in the coatings, pharmaceutical, and even
structural materials industries, Hansen Solubility Parameters for all but the most
common polymeric materials remain relatively scarce. Although numerous methods
exist for calculating the Hansen Solubility Parameters of small molecules, or the total
solubility parameter for polymers, comparatively little recent work in the computation of
Hansen Solubility Parameters for polymers has been undertaken. The use of modern
machine learning approaches represents a promising approach to predicting Hansen
Solubility Parameters, but to date has been limited by the small number of polymers for
which experimental data is available, as well as by the ambiguous nature of the
chemical structure of many commercially important polymers. The use of “adjacent”
experimental data, such as Hansen Solubility Parameters for small molecules, or
Hildebrand Solubility Parameters for polymers, is explored as a means of overcoming
these limitations.

Plot of Hansen Solubility Parameter data for the largest data set available in the Polymer
Handbook -- far short of what is required for efficient machine learning

POLY 154: Dodecanedioic acid program, lessons for future bio-based commodity
chemicals
Jose Laplaza, jmlaplaza@crazygenetics.com. Levadura Biotechnology, Inc, San Diego,
California, United States
Dodecanedioic acid is a twelve-carbon linear diacid and an important chemical for
multiple applications including polyurethanes, nylons, and corrosion inhibition in
metallurgy working fluids. From 2011 to until 2018, I lead a team who developed and
scale-up a new technology to produce this diacid from renewable sources. In this talk, I
will discuss the technology created, the markets and applications that were targeted, the
scale-up, the commercial efforts, and the building of a manufacturing facility. I will finish
with what I learned from the program and discuss changes that could increase the
success rate of similar programs and accelerate the shift of chemicals from fossil-based
to renewable-based ones.

POLY 155: Development of polymeric lubricants and surfactants using catalytic
chain transfer polymerization
Georgios Patias1, g.patias@warwick.ac.uk, Alan M. Wemyss1, Spyridon Efstathiou1,
Jose-Chris . Abi Saleh1, James S. Town1, Ataulla Shegiwal1, Paul O'Hora2, Timothy
Smith2, David M. Haddleton1. (1) Chemistry, University of Warwick, Coventry, United
Kingdom (2) Lubrizol, Hazelwood, United Kingdom
Lubricants containing polymeric viscosity modifiers are used in the automotive industry
to control fluid viscosity and improve the efficiency and durability of products, by
reducing friction between moving parts. Surfactants serve a different role in lubricants,
mainly by dispersing sludge and soot. Methacrylic polymers are frequently used for
these application due to their ease of manufacture, the availability of raw materials and
their excellent low friction performance.
In this work, the synthesis of various hydrophobic methacrylic macromonomers has
been achieved with catalytic chain transfer polymerization (CCTP). These
macromonomers have been used in situ as macro chain transfer agents in the synthesis
of block copolymers. The post-polymerization modification of the macromonomers via
hydroamination was also investigated. The products were characterized by 1H NMR,
DOSY NMR, GPC and MALDI-ToF.

POLY 156: Nanofabrication and surface chemistry for genetic analysis systems
Andrew Brown, ABrown@illumina.com. Research & Technology Development,
Illumina, Cambridge, United Kingdom
Genetic sequencing has plummeted in cost over the last 10 years primarily due to the
advancements in Illumina SBS technology. Much discussion about this emerging multibillion-dollar industry centres on application of the data generated and consequent
clinical and ethical implications, while the underpinning technology needed to make it all
happen evolves out of the limelight.
Polymers, nanofabrication and surface chemistry have played a crucial role in enabling
this rapid advancement of genetic analysis. This talk will discuss some of the technical
challenges and achievements by Illumina to create and adapt the materials and
processes needed for robust manufacture of products which also meet the needs of
delicate biomolecule manipulation. A fundamental understanding of the chemical and
biomolecule interactions within these complex multi-component systems is necessary to
make this technology a reality and drive forward future innovation for our portfolio of
genetic analysis instruments.

Orthogonal disciplines work together to advance medicine

POLY 157: Novel MEMS/polymer lab-on-a-chip for detection of cancer biomarkers
Juan P. Hinestrosa, hinestrosajp@gmail.com, Tyler Harris, Alexandria MacLyman,
Robert Turner, Scott Conradson, Rajaram Krishnan. Biological Dynamics, San Diego,
California, United States
The need for improved diagnostics and prognostics has driven a rapid advancement in
liquid biopsies and other molecular tests. Increased adoption rates of such tests will be
driven by decentralization, away from clinical laboratories and into the point-of-care.
This creates the need to develop advanced technologies capable of measuring disease
biomarkers, with minimal sample pre-processing.
We have developed a novel AC Electrokinetics-based Lab-on-a-Chip (LOC) that
employs a MEMS device covered with a polymer layer. The polymer layer is key for the
performance of the device as it prevents bio-fouling when working with blood products.
In addition, the polymer shields the biomarkers from direct contact with the
microelectrode array, and improves retention of the isolated material. Optimization of
the polymer layer was achieved via DoE considering factors such as deposition time,
crosslinking levels, and chemical composition. All these factors were shown to play a
role in the overall performance of the LOC. Cancer biomarkers such as cell-free DNA
(cfDNA), exosomal RNA (exoRNA), and exosome-bound proteins can be studied on the
LOC and provide information about disease status and treatment monitoring.
We used the LOC to isolate cfDNA and exosomes directly from plasma specimens
obtained from subjects with lung, colorectal and pancreatic cancers as well as healthy
volunteers. The isolated material can be analyzed in-situ for cfDNA and exosome-bound
proteins while exoRNA can be further extracted from the exosomes for gene expression
analysis. Increased levels of cfDNA and specific exosomal-bound proteins (PD-L1,
CEA, GPC-1) were observed in the cancer patients in comparison to the healthy
subjects. RNA expression profiles show presence of both mRNA and miRNA on the
isolated exosomes.
Given the scalability of both the MEMS and polymer coating processes, this LOC can
ultimately lead to an implementation into a handheld device that allows for point-of-care
applications.

Step 1: Insert blood sample into the microelectrode array
Step 2: Turn on LOC. cfDNA/Exosomes get pulled down and concentrated on the electrodes.
Other particles are repelled away from the electrodes

POLY 158: Designing polymers and adhesives for wearable devices and point-ofcare diagnostic applications
Michael Allen, mallen@arglobal.com, Thomas Gordon, Christina Nolen, Donald E.
Herr. Adhesives Research, Glen Rock, Pennsylvania, United States
As the biomedical industry continues to expand into patient monitoring and compliance,
the reliance on adhesive performance in various applications has reached a critical
need. The wearable device industry which includes continous glucose monitoring,
cardiac monitoring, and others requires adhesives to attach a device to the user's skin
for an extended period of time with optimally no skin irritation or sensitization. Devices
are now being worn longer moving from 7 day wear to 14 day wear and now in some
cases up to 30 days of wear on the human body. Utilizing novel polymer synthesis and
adhesive formulation we have demonstrated that users are now able to wear devices at
these extended wear times with limited skin irritation. Additionally, the point of care
diagnostics industry also requires polymer and adhesive development to work in their
assays. These assays can include blood glusose testing, DNA sequencing, or blood
coagulation. Through adhesive design, these assays can move fluids through capillary
channels with a defined volume while not interacting with the adhesives that compose
the microfluidic cartridge or test strip. We have demonstrated through novel polymer
synthesis and complex adhesive formulation that needs in the biotechnology industry
are being addressed.

Custom adhesive formulation utilized to adhere bandages and devices to the skin for extended
periods of time.

POLY 159: Polymer-grafted cellulose nanocrystals as functional materials
Stuart J. Rowan1,2, stuartrowan@uchicago.edu. (1) Institute for Molecular Engineering,
University of Chicago, Chicago, Illinois, United States (2) Department of Chemistry,
University of Chicago, Chicago, Illinois, United States
Cellulose nanocrystals (CNCs) have attracted attention in recent years as potential
green nanomaterials. CNCs are highly crystalline nanofibers that can be isolated from a
variety of renewable biosources, including cotton, sisal, wood, and sea tunicates. The
differences between these sources are the nanocrystalline dimensions which occur as a
result of the source and method of isolation. The diameters range from 5 to 30 nm and
the lengths range from 100 nm to several micrometers. CNCs have several advantages
as a nanomaterial, including biosustainability, biorenewability, relatively low production
cost, and low cytotoxicity. They generally have high surface area, low density, low
coefficient of thermal expansion as well as high elastic moduli of about 80-150 GPa,
depending on the biosource. We have been investigating new possible sources for
CNCs and have targeted the large, perennial grass hybrid Miscanthus x. Giganteus,
which is a commercial crop currently used for energy production, as a new potential
commercially viable source of cellulose nanomaterials (see Figure). In addition, we have
been investigating the use of CNCs to access mechanically-dynamic and functional
nanocomposites. More recently we have been interested in studying the behaviour of
polymer grafted CNCs. This talk will focus on our recent research on accessing grafted
polymer CNC and investigations into their properties.

POLY 160: Magneto-rheology for tunable structural design
Travis L. Thornell, travis.l.thornell@gmail.com, Jennifer A. Jefcoat, Zackery B.
McClelland, Robert D. Moser, Todd S. Rushing. Engineer Research and Development
Center, US Army Corps of Engineers, Vicksburg, Mississippi, United States
Magnetic responsive materials can be used in a variety of applications. For structural
applications, the ability to create tunable moduli from relatively soft materials with
applied electromagnetic stimuli can be advantageous for lightweight protection. This
presentation will discuss work involving ferromagnetic carbonyl iron particles (CIP)
embedded into two different systems. The first material system is a model cementitious
system of CIP and kaolinite clay dispersed in mineral oil. The magnetorheological
behaviors were investigated using parallel plates with attached magnetic accessory to
evaluate deformations up to 1 Tesla. Slurries were formulated to have a consistency
similar to freshly mixed cement pastes with CIP loadings up to 50 wt. %. Magnetic small
amplitude oscillatory time sweeps on the slurries indicated the CIP interactions were
leading to a stiffening of the slurry signified by the increase in the storage modulus. The
yield stress of these slurries was measured using rotational and oscillatory experiments
and was found to be controllable based on CIP loading and magnetic field strength with
yield stresses ranging from 10-105 Pa. The second material system utilizes a
polystyrene-butadiene rubber solvent casted films with CIP embedded. The flexible
matrix can be stiffened and become rigid when an external field is applied. Composite
sample films were formulated with CIP up 5 wt. % to understand polymer-particle
interactions on rheological and mechanical properties.

POLY 161: Force-decoupled strategies in mechanochemically active polymers
Maxwell J. Robb, mrobb@caltech.edu. Division of Chemistry and Chemical
Engineering, California Institute of Technology, Pasadena, California, United States
Polymer mechanochemistry is a rapidly emerging area of research that investigates the
use of external mechanical forces to stimulate covalent chemical transformations.
Polymers transduce mechanical stress to force-sensitive molecules called
mechanophores, resulting in specific chemical reactions ranging from small molecule
release to changes in visible properties such as color or fluorescence. The development
of mechanochromic mechanophores in particular promises to impact the important
application area of stress sensing and damage detection by enabling the direct
visualization of critical stress and/or strain in polymeric materials. Mechanophores like
spiropyran, for example, undergo a direct, force-mediated electrocyclic ring-opening
reaction to generate a highly colored merocyanine dye in polymers and polymeric
materials; however, the color generation is transient and upon removal of stress from
the system, the merocyanine dye reverts to the colorless ring-closed state. A unique
mechanophore design strategy that decouples the mechanical activation from the visual
response will be presented. This methodology, termed mechanochemically gated
photoswitching, allows the mechanical history of a material to be permanently recorded
and read on-demand. Alternative force-decoupled molecular design approaches beyond
stress sensing will also be discussed for achieving multifunctional, force-responsive
polymeric materials for a wide variety of applications.

POLY 162: Polymer design for use in broad army operational environments
Randy Mrozek, randy.a.mrozek.civ@mail.mil. US Army Research Laboratory,
Aberdeen Proving Ground, Maryland, United States
Polymer material development for the Army will be discussed including critical
performance requirements for new material development and the unique challenges of
designing materials for operation in broad military environments. Temperatures ranging
from -50 to 75 °C, high and low humidity, and high strain rate mechanical deformations
are routinely encountered in theater. Polymeric materials provide opportunities to tailor
the response through changes in cross-linking, chemistry, molecular weight, and the
incorporation of additives or fillers. However, while potentially versatile materials,
several obstacles can hinder widespread deployment of polymer-based technologies
including: 1) limited operational temperature windows and material lifetimes; 2) poor
toughness and durability; 3) unstable performance in other harsh environmental
conditions (i.e. extreme mechanical, electrical, chemical, and radiation environments);
and 4) limited multi-functional capability. This presentation will summarize our recent
progress in these areas and demonstrate broad environment utility of polymeric
materials through the judicious selection of materials and processing approaches.

POLY 163: Crosslinked and shape-memory polyimides with phenylethynyl
pendants for programmed enhancement in Tg and modulus
Loon-Seng Tan1, loon.tan@us.af.mil, David H. Wang1,2, Zhenning Yu1,2. (1) Materials &
Manufacturing Directorate, US Air Force Research Laboratory, Centerville, Ohio, United
States (2) UES Inc., Dayton, Ohio, United States
In developing advanced materials for Air Force applications related to adaptive
structures and flexible electronics, we have integrated origami concept into the
conventional poly(amic acid) precursor (PAA), thermal imidization method to fabricate
objects composed of glass-transition(Tg)-triggered shape-memory polyimides (SM-PI)
that are capable of 2D(temporary)→3D(permanent) shape transformation at
temperatures >200oC. In a further effort to improve the sustainability of the resulting
SM-PI objects in extremely hot ambiance via in-situ phenylethynyl crosslinking
chemistry (Fig 1a, two series of SM-PI (PE-XCP2-Amb and –Anb, Fig. 1b, b=mol%
crosslinker) are prepared from an aromatic diamine monomer containing thermally
reactive phenylethynyl (PE) pendants, commercially available diamine (APB) and
dianhydride (6FDA), and a phosphorus oxide-containing trifunctional crosslinking
agents, i.e. either triamine (Am) or trianhydride (An) in N,N-dimethethylacemide (Figure
1). 3D objects with pre-determined shapes are fabricated from copolyimides which are
lightly crosslinked with the a triamine or an trianhydride using our origami-inspired
PAA/PI synthesis/processing scheme and have the unique capability of assuming 2D
(flat) or any other temporary shapes under applied stress near and having the
temporary shape frozen at room temperature and without applied stress. When exposed
to near-Tg temperatures, the objects with a temporary shape spontaneously resume and
retain its pre-determined 3D shape permanently in that hot environment. The PE
pendants are thermally reactive only at the temperature at least 50oC above the
triggering temperature of SM effect, which is the initial glass-transition temperature
(Tg,ini). Thus, the imbedded PE pendants are thermally crosslink above 250°C, thereby
progressively increasing the Tg and modulus of 3D objects after recovered from
temporary shape and dramatically enhancing their mechanical properties in such hot
environment.

POLY 164: Controllable shape-morphing in polymers with living and non-living
components
Taylor H. Ware, taylor.ware@utdallas.edu, Laura Rivera-Tarazona, Cedric
Ambulo. Bioengineering, The University of Texas at Dallas, Richardson, Texas, United
States
Shape-morphing polymers may enable new approaches to engineering challenges
including low-density machines, soft robots, and biosensors. Here, two orthogonal
strategies, one non-living and one living, to create materials that respond in a complex
manner to specific environmental conditions will be discussed. First, we will discuss
using direct ink write printing and micromolding to control molecular orientation, and
therefore the stimulus-response, in liquid crystal elastomers. These processing
approaches enable 3D structures where stimulus-response, geometry, and activation
temperature can be programmed. Using a dual thiol-ene reaction scheme, we control
the phase transition temperatures of 3D-printable LCEs from 12 °C to 54 °C. We also
3D print multiple LC inks into single structures to allow for the production of untethered,
thermo-responsive structures that sequentially and reversibly undergo multiple shape
changes. Towards this end, we demonstrate a sensing gripper that grasps an object at
one elevated temperature but bends away from that object at higher temperatures.
Notably, the stimulus-response of these structures is derived wholly from physical
properties, while the stimulus-response of living organisms is derived in-part from
genetic information. To bridge this gap, we will discuss a new strategy to fabricate living
cell – synthetic hydrogel composites capable of undergoing a programmed shape
change. These living composites are acrylic hydrogels embedded with Saccharomyces
cerevisiae, Brewer’s yeast. As the cells are higher modulus (~100×) than the gel, cell
proliferation results in a macroscopic shape change of the composite. Importantly,
genetic engineering provides a platform to tune both the perception and responses of
the living composite. We have shown that living composites can be synthesized using
engineered yeast strains with light-responsive optogenetic Arabidopsis thaliana-derived
sensors. As a result, the shape change (up to 300% volume change) of these
composites can be patterned spatially and temporally by using low-power blue light.

A living composite of Baker's yeast in an acrylic hydrogel undergoing a change in topography
after exposure to a growth medium (Length = 70 mm).

POLY 165: Mechanically robust 3D-printed silica part: Binder development for
binder jet 3D printing
Lu Han1, lxh306@case.edu, Dustin Gilmer1, Michelle Lehmann1, Alexander Kisliuk1,
Derek Siddel2, Desarae Goldsby2, Amy Elliott2, Tomonori Saito1. (1) Chemical Science
Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee, United States (2)
Energy and Transportation Science Division, Oak Ridge National Laboratory, Oak
Ridge, Tennessee, United States
Binder jet 3D printing is a process in which powder material is deposited layer-by-layer
and selectively joined in each layer with ink-jetted binder. This additive manufacturing
(AM) process is capable of shaping a variety of materials such as metals, sands and
ceramics. Binder jet AM provides significant freedom of geometric design in comparison
with traditional manufacturing methods. When compared to other 3D printing methods,
binder jet 3D printing does not employ melting or welding during the build process,
which saves time and energy, uses less material, provides isotropic properties, and
allows for printing of larger parts with lower costs.
The bonding strength between the binder and the printed material is a critical issue for
binder jet printing and limits the geometries that can be printed. In this work, a novel
binder for silica was developed and printing parameters such as different saturation and
binder content were carefully investigated. The novel binder provides an exceptionally
high strength in sand parts in particular, which were found to be stronger than
unreinforced concrete. Furthermore, the binder can be washed, which is ideal for sandcasting molds and washout tooling. Thus, to better understand the mechanism of
adhesion for the strong binder, the combination of time-dependent NMR, FT-IR, DSC
and XPS studies were conducted and they revealed the structure change during curing.
Interface structure between silica and polymer binder was studied by Sum frequency
generation spectroscopy, which showed a strong interaction between polymer binder
and silica after curing. This study to understanding the mechanisms driving the
performance of this binder will aid in developing other binders for the binder jet process.

Binder jet 3D printing (left) and printed parts (right)

POLY 166: Identifying key properties in determining additive manufacturing
potential of reactive composites
Jena McCollum1, jmccollu@uccs.edu, Matthew Knott1, Scott T. Iacono2, Joseph
Mates3. (1) University of Colorado Colorado Springs, Colorado Springs, Colorado,
United States (2) Department of Chemistry, United States Air Force Academy, Colorado
Springs, Colorado, United States (3) Air Force Research Laboratory, Edwards AFB,
California, United States
Understanding reactive potential in additively manufactured energetic composites relies
heavily on manufacturing process, binder selection and binder interactions with
particulate. Identifying appropriate feedstocks for 3D printable energetic composites is a
key challenge in advancing this new manufacturing strategy. Although composites may
be identical in chemical composition, other factors such as binder molecular weight
distribution and particulate size can impact processability and burn performance. This
work details the processability, decomposition, and burn performance of various
poly(vinylidene fluoride)-based binders and aluminum particulate. Results suggest an
inverse relationship between processing ease and burn performance.

POLY 167: Polymer and nanomaterials in 3D printing: Towards high-performance
and military applications
Rigoberto C. Advincula, rca41@case.edu. Macromolecular Science and Engineering,
Case Western Reserve University, Cleveland, Ohio, United States
The interest on high performance 3D printed polymer materials and other
nanocomposites and nanomaterials are wide including possible military applications.
The industrial scale and possibility of applying these to light-weighting, advanced
manufacturing , commercial and military application have resulted in the possibility of
replacing metals and ceramics in some function. There is also interest on their electrical
and thermal conductivity properties. However, it is not easy to design new 3D printable
polymer materials and match applications because of lack of correspondence in thermomechanical performance for tooling, parts replacements, molds, and other traditional
applications for metals. This talk will focus on the use of high performance polymers,
nanocomposites, and high strength resins for the replacement of metal applications to
result in: anti-corrosion coatings, semiconductor to electrically conducting properties,
high impact and mechanical strength properties. We describe the methods by which
such materials can be used and adapted in current machines and the advancement of
new 3D printing and additive manufacturing methods for possible advantages in military
procurement and parts replacement. Interestingly, this high value chain adding is
gaining traction to both chemical-polymer companies and 3D Printing machine OEM
builders that can have advantages for defense industries.

POLY 168: Single-ion doping and homopolymer blending approaches to
improved ion-transport in block polymer electrolyte materials
Thomas H. Epps, thepps@udel.edu. Chemical Engineering, University of Delaware,
Newark, Delaware, 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: relatively low conductivity,
concentration polarization, and polymer stability at the electrodes. 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 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 (by altering the relative amounts of ion-conducting and self-doping
monomer segments). 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 (ionic
conductivity and transference number), and the conductivities increased with selfdoping ratio. Using our understanding of 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(oligooxyethylene methacrylate) [PS-b-POEM] BPs were blended with a more mobile, ionconducting 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, as confirmed via neutron reflectometry. The wet brush polymer blends
increased the mobility of both the polymer and lithium as suggested by the reduction of
Tg,POEM and via line narrowing in variable temperature Li-7 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.

POLY 169: Construction of a universal chemical potential that captures the
Dusek-Tanaka collapse of swollen hydrogels
Gerald Manning, jerrymanning@rcn.com. Rutgers University, New Brunswick, New
Jersey, United States
The collapse of swollen gels at a critical temperature with expulsion of solvent was first
predicted by Dusek and Patterson, then confirmed on a wide variety of gels by Tanaka
and his collaborators. The phenomenon may be understood conceptually as a firstorder phase transition analogous to the condensation of a vapor to a liquid, or as
coexistence of solvent-rich and solvent-lean phases of a polymer solution, but the
thermodynamic theory for gels has remained qualitative and ridden with parameters of
unclear physical meaning. We have constructed a universal chemical potential for gels
that captures the collapse transition while containing no quantities specific to any
particular gel. In this sense, it is analogous to van der Waals’s theory in its reduced
universal form. As well as first-order collapse, the theory correctly predicts the observed
softening of the gel along with the appearance of density fluctuations as the transition
temperature is approached. The model is consistent with the Gibbs phase rule, suitably
generalized to coexisting phases that are not at the same pressure.

POLY 170: Using bioinspired polypeptoids to make functional anti-fouling
surfaces
Rachel A. Segalman, segalman@engineering.ucsb.edu, Mikayla E. Barry. Chemical
Engineering, UCSB, Santa Barbara, California, United States
Polypeptoids are non-natural, sequence specific polymers that offer the opportunity to
probe the effect of monomer sequence, charge, chirality, and chain shape on selfassembly and surface properties. Although examples of hierarchical polypeptide
structures abound in nature, the de novo design of such systems is still a major
challenge. The polypeptoid system with its much simplified set of inter and
intramolecular interactions provides an opportunity to explore this design space with
more tractable systems. In this talk, the role of chirality and molecular helicity in
relatively simple block copolymer architectures as well as the more complicated
assembly of achiral molecules into homochiral superstructures will be discussed.
Additionally, polypeptoid synthesis is more scaleable than traditional polypeptides
suggesting their utility in large area applications. As a result, efficient marine anti-fouling
coatings can be made from triblock copolymer scaffolds to which polypeptoids are
tethered in order to tune both the modulus and surface energies with great precision.
Surprisingly, when short sequences are tethered to a polymer backbone, polypeptoids
consistently outperform analogous polypeptides in antifouling properties. We
hypothesize that the hydrogen bonding inherent to the polypeptide backbone drives the
observed differences in performance.

POLY 171: Theory for diffusional transport of water through RO membranes
Donald R. Paul2,1, drp@che.utexas.edu. (1) Univ of Texas, Austin, Texas, United
States (2) Chemical Engineering, University of Texas, Austin, Texas, United States
Reverse Osmosis is an important method for purification (desalination) of water, and
there is a continuing interest in identifying new membranes for this process. A
reasonable path for developing new membranes requires having sound ideas of how
the water is transported through the membrane. Many papers show with experimental
data that water flux = K(Δp - Δπ) but with K only being regarded as a data fitting
parameter. The idea of of pores through the the membrane has been thoroughly
discussed and debated, but mostly rejected by leaders in this field. Many agree that
water transport is by a diffusional mechanism, but for this to be understood it is
necessary to know how a required concentration gradient can be induced by the applied
pressure. One idea is that the pressure increases the activity of water at the upstream
membrane surface and hence the water content there; however, a more fundamental
analysis teaches that there is a reduction of water content in the membrane at its
downstream surface. This concept will be thoroughly discussed with a revelation of K in
terms of fundamental and measurable parameters

Don Paul

POLY 172: New porous network polymers for metal ion separations and water
purification
Jovan Kamcev1,2, Adam Uliana1,2, Dong-Myeong Shin1, Sumin Lee1, Kristen Colwell1,
Mercedes K. Taylor1,2,3, Khetpakorn Chakarawet1, Selvan Demir1,2,4, Gokhan Barin1,
Nicholas Brune1, Nanette Jarenwattananon1, Hiroyasu Furukawa1,2, Jeffrey Van
Humbeck1,5, Jeffrey A. Reimer1, David K. Shuh2, Christopher J. Chang1, Jeffrey R.
Long1,2, jrlong@berkeley.edu. (1) University of California, Berkeley, Oakland, California,
United States (2) Lawrence Berkeley National Laboratory, Berkeley, California, United
States (3) Center for Integrated Nanotechnologies, Sandia National Laboratories,
Albuquerque, New Mexico, United States (4) Michigan State University, East Lansing,
Michigan, United States (5) University of Calgary, Calgary, Alberta, Canada
Porous network polymers based upon diamondoid structures with polyaromatic struts
provide a robust, high-surface area platform wherein chemical functionalization can
enable a wide range of potential applications. Efficient methods have been developed
for the synthesis of variants of these materials in which biphenyl or terphenyl struts are
functionalized with a variety of substituents, including ammonium chloride, carboxylic
acid, sulfonic acid, phosphonic acid, ether, thioether, and thiol groups. By adjusting the
degree of network interpenetration in the resulting structures, densely functionalized
pores of differing sizes can be achieved, leading to materials exhibiting exceptional
performance for the selective removal of specific ions from water. Polymers of this type
have also been shown to be effective for the selective, high-capacity separation of
lanthanide and actinide metal ions from aqueous solutions, as required in the treatment
of radioactive waste. Dense functionalization of one such material with thioether
moeities was found to enable the highly selective capture of copper from aqueous
solutions, facilitating development of a method for detecting aberrantly high levels in
urine or blood, as desired for the diagnosis of Wilson’s disease. Relatedly, a combined
ether/thioether-functionalized material exhibits high selectivity for the uptake of iron(II)
and iron(III) over other physiologically and environmentally relevant metal ions. Finally,
appending N-methyl-D-glucamine (NMDG) to the framework leads to new materials for
the rapid, selective, and high-capacity removal of boron from water.

POLY 173: Ion partitioning and transport in ion exchange membranes:
Importance of counter-ion condensation
Jovan Kamcev1,3, jkamcev@berkeley.edu, Gerald Manning2, Donald R. Paul4, Benny
D. Freeman5. (1) Department of Chemistry, University of California, Berkeley, Berkeley,
California, United States (2) Rutgers University, New Brunswick, New Jersey, United
States (3) McKetta Department of Chemical Engineering, The University of Texas at
Austin, Austin, Texas, United States (4) Univ of Texas, Austin, Texas, United States (5)
Univ of Texas Rm 1.308, Austin, Texas, United States
Due to their ability to selectively transport ionic species, ion-exchange membranes
(IEMs) play a key role in various membrane-based technologies for water purification
and energy storage/generation applications. Notable examples of such technologies
include electrodialysis, redox flow batteries, and fuel cells, among others. Although
IEMs have been the subject of industrial and academic interest for a long period of time,
the fundamental understanding of how polymer structure influences transport properties
of charges species remains incomplete. In particular, the development of a simple,
predictive model for ion partitioning and diffusion in IEMs has long eluded researchers
despite sustained efforts. A key challenge in this area has been the inability to
accurately quantify non-idealities in IEMs arising from interactions between the
polymers and ions. This presentation will discuss the use of Manning’s counter-ion
condensation theory, which was originally developed for dilute polyelectrolyte solutions,
to quantify such non-ideal effects in charged membranes. Despite its relative simplicity,
Manning’s model adequately captured non-ideal effects in a series of homogeneous
IEMs and, combined with the classical Donnan theory, enabled the prediction of
equilibrium ion partitioning in the membranes with no adjustable parameters. Manning’s
counter-ion condensation theory and the Mackie/Meares model were used to construct
a simple, unifying model for ion diffusion in IEMs. The model predicted concentrationgradient driven transport with no adjustable parameters and electric-field driven
transport using a single adjustable parameter. The experimental and modeling results
elucidate key membrane structural parameters that influence ion transport in IEMs and
provide guidance on how to rationally design high performance materials.

POLY 174: Inverse vulcanised sulfur polymers for functional materials
Jessica A. Smith1, sgjsmith@liv.ac.uk, Justin M. Chalker2, Tom Hasell3. (1) Chemistry,
University of Liverpool, Liverpool, United Kingdom (2) School of Chemical and Physical
Sciences, Flinders University, Forestville, South Australia, Australia (3) University of
Liverpool, Liverpool, United Kingdom
Inverse vulcanised sulfur polymers are exciting, promising, novel materials that provide
an excellent alternative to carbon based polymers. More than 60 million tonnes of
excess sulfur is produced annually by hydrodesulfurisation of crude oil and gas (Fig 1a).
Recent research into inverse vulcanisation has shown how this excess sulfur can be
transformed into functional polymers, by stabilisation with organic crosslinkers (Fig 1b).
Here we discuss our findings on how innovative inverse vulcanised sulfur polymers can
be utilised for very different applications.
We discuss how different sulfur polymers can be used to remove mercury from water, in
particular the removal of 2-methoxyethylmercury chloride (MEMC), an organofungicide
still used today on sugar cane crops in Australia (Fig 1c). This compound is not only
detrimental to human health of farmers and those nearby, but also flags major concerns
for aquatic life.
Alongside this, we show how we can control polymeric properties by preparing novel
terpolymers prepared from sulfur and two different alkene monomers, tuning glass
transition, molecular weight, solubility, mechanical properties and colour (Fig 1d). We
also report a new system using 5-Ethylidene-2-norborene as a crosslinker which can
stabilise up to 90 wt. % of elemental sulfur and combine synthesis, spectroscopy and
modelling to reveal structure-property relationships (Fig 1e). Finally, new findings on the
antimicrobial properties of these novel polymeric materials will be discussed, reporting a
bacterial log10 reduction of >4 on exposure to Staphylococcus aureus.

POLY 175: Depolymerization enabled by a combination of tensile force and
radical abstraction
Michael T. Robo1, mrobo@umich.edu, Paul M. Zimmerman2. (1) Chemistry, University
of Michigan, Ann Arbor, Ann Arbor, Michigan, United States (2) University of Michigan,
Ann Arbor, Michigan, United States
Plastic accumulation is becoming a more serious issue for the environment. For
instance, by 2050, it is predicted that by mass, there will be more plastic in the ocean
than fish. However, recycling through depolymerization remains challenging. Methods to
depolymerize plastics must overcome the large enthalpy of monomer addition (ΔHadd).
In this report, the effects of tensile force on the enthalpy of monomer addition are
examined for an aqueous polymer. Abstraction of a hydrogen atom has been found to
be critical in reducing the amount of force necessary to enable depolymerization. Only
2.3 nN of tensile force is required to achieve C-C bond cleavage if a radical is
abstracted prior to application of tensile force, whereas 10.7 nN of force is required in
the absence of a radical defect. A model system is introduced to test this hypothesis
using atomic force microscopy. Computational studies on the model provide a force
window to observe directly the necessity of a radical defect. The effect of force on the
transition state of depolymerization is also discussed.

POLY 176: Striding towards a sustainable world via combination of agricultural
and energy production waste streams: Biocomposites of elemental sulfur and
lignin
Menisha K. Mahappu Koralalage, mkaruna@clemson.edu, Andrew G. Tennyson,
Rhett C. Smith. Chemistry, Clemson University, Central, South Carolina, United States
Lignin is the most abundant polyaromatic biopolymer and is responsible for the
mechanical strength of plants and timber-built structures. The complex chemical
structure and the difficulty in fractionation, characterization, and modification are
significant barriers to the wide-spread commercial application of lignin. Another
abundant industrial waste is elemental sulfur produced as a by-product in petroleum
refineries. The major drawback of using sulfur as an individual composite material is its
low mechanical strength. Sulfur does, however, have numerous attractive nonmechanical properties including hydrophobicity, antimicrobial properties, high electrical
resistivity, and low thermal conductivity. It was thus hypothesized that durable,
recyclable biocomposites can be obtained through chemically modified lignin
crosslinking with sulfur. Different strategies on chemical modification of lignin and the
characterization techniques including 1H NMR spectrometry, differential scanning
calorimetry, IR spectroscopic techniques and an approach to quantifying the degree of
substitution reliably with 31P NMR spectrometry are discussed. According to the
synergistic analysis via dynamic mechanical analysis, thermogravimetric analysis, and
differential scanning calorimetry, these were found to be less brittle, mechanical
strength improved composite materials compared to pure sulfur based structural
materials. Further analysis is ongoing to increase the mechanical properties via
alternative crosslinking with lignocellulose biomass and sulfur.

POLY 177: Synthetic optimization of hydrogels and nanogels used for animal feed
and agricultural applications
Heather D. Maynard, maynard@chem.ucla.edu. Chemistry and Biochemistry,
University of California, Los Angeles, Los Angeles, California, United States
Hydrogels are useful for a variety of food related applications including as super
absorbent polymers and for protection and controlled delivery of pesticides, enzymes,
and nutrients. However, due to the large quantities required for most of these
applications, the syntheses of these gels needs to be scalable, and as possible the use
of toxic and halogenated solvents eliminated. In this talk, the synthesis of hydrogels and
nanogels and their application for the delivery of various herbicides and pesticides will
be discussed. In addition, the optimization of hydrogels used to stabilize animal feed
enzymes to the high temperatures used in the pelleting process will be presented.
Specifically, efforts to increase yield, scale and simultaneously eliminate hazardous
solvents will presented.

Hydrogels are scaled by optimizing the synthesis to increase yield and decrease the use of
hazardous solvents.

POLY 178: Ionic fluorogels as innovative sorbents for PFAS remediation from
residential water supplies
Frank A. Leibfarth, FrankL@email.unc.edu, Elango Kumarasamy. Chemistry,
University of North Carolina at Chapel Hill, Chapel Hill, North Carolina, United States
Per- and polyfluorinated alkyl substances (PFAS) are a class of fluorinated compounds
that are widely used as surfactants in the production of poly(tetrafluoroethylene)
(Teflon), water and stain repellant coatings, and fire retardants. Recently, PFAS
contamination of residential water supplies has generated significant concern, as these
substances are known to adversely affect human health, including posing risks to the
immune, metabolic, and endocrine systems. Conventional technologies to remove
contaminants from water, including activated carbon and ion-exchange resins, have
proven inadequate for sorption of the diverse class of PFAS. The primary challenge for
developing a sorbent to remediate PFAS from water is that non-fluorinated organic
contaminants are present in ground and surface waters at three to six orders of
magnitude higher concentration than PFAS. In this lecture, I will detail our group’s
efforts toward the realization of high capacity sorbents selective for PFAS in complex
water matrices. The Ionic Fluorogels we have developed outperform commercial
sorbents in terms of equilibrium PFAS absorption, PFAS capacity, and kinetics of PFAS
absorption. Key structure–property relationships will be outlined that enable the
remediation of both legacy and emerging PFAS from North Carolina water supplies to
below the EPA health advisory limit.

POLY 179: Thermal and mechanical properties of recyclable high sulfur content
copolymers utilizing a bioderived monomer
Timmy Thiounn1, tthiounn@gmail.com, Emily K. Kibler2, Elliott W. Lyles2, Andrew G.
Tennyson2, Rhett C. Smith2. (1) Chemistry, Clemson University, Clemson, South
Carolina, United States (2) Clemson University, Clemson, South Carolina, United States
Waste byproduct elemental sulfur, resulting from the petroleum refining process is
produced in an astonishing quantity every year. In 2015, approximately 70 million metric
tons of sulfur were produced globally by this process. Even with industrial consumption
of elemental sulfur, there are 7 million tons of additional sulfur that accrues at waste
sites annually. The current work highlights our efforts to utilize a bioderived monomer as
a feedstock to facilitate reactions with sulfur to afford high sulfur-content copolymers.
Herein will be reported the synthesis of a wide range of copolymers of sulfur with a
bioderived monomer. By changing the sulfur content in each copolymer, both thermoset
and recyclable materials were prepared. The thermal and mechanical properties of
these materials were studied by dynamic mechanical analysis, thermogravimetric
analysis, and differential scanning calorimetry. Additionally, these high sulfur-content
copolymers will be discussed with a focus on comparing their properties to those of
known commercial products with hopes of identifying practical applications for use of
these sustainable materials. The recyclability of these copolymers and their resultant
mechanical strength will also be discussed.

POLY 180: Synergistic combination of agricultural and energy waste products
yielding durable, sustainable composites of sulfur and cellulose
Moira K. Lauer, mlauer@clemson.edu, Andrew G. Tennyson, Rhett C. Smith. Clemson
University, Clemson, South Carolina, United States
The production of energy and large-scale agriculture are compulsory in an advanced
society, yet these activities provide an economic and ecological burden in the form of
waste by-products. The removal of elemental sulfur from fossil fuels results in the
production of approximately seven million tons of high-purity sulfur as a byproduct.
Currently, this surplus of sulfur is stored at massive open-air storage sites with little
consideration for the potential environmental impact of long-term storage. While efforts
have been made to investigate potential uses for sulfur for niche applications, the
development of high-sulfur-content durable materials for structural applications would
have the benefit of using much larger quantities of this waste product while additionally
reducing society’s reliance on structural materials produced by energy-intensive and
environmentally-detrimental processes. Furthermore, sulfur’s inherent hydrophobicity,
resistivity, and insecticidal properties endow high-sulfur-content materials with favorable
properties for structural applications. We have shown that by incorporating cellulose—
itself an underutilized waste product of large-scale agriculture—the requisite strength
and durability may be attributed to the high-sulfur-content materials. The resultant
materials’ thermal and mechanical properties were analyzed, and the flexural strength
of the synthesized materials was found to be comparable to Portland cement. The
materials were additionally found to be remeltable, potentially allowing for this class of
high-sulfur-content materials to be recycled. Further work is ongoing to increase the
sustainability of the materials.

POLY 181: Interpenetrating network-reinforced sulfur composites
Rhett C. Smith, rhett@clemson.edu, Andrew G. Tennyson. Clemson University,
Clemson, South Carolina, United States
Agriculture and energy industries produce the food and energy required to sustain
civilization and are necessary for the modern lifestyle adopted by humanity.
Unfortunately, these industries produce byproducts that place severe strain on both
ecology and economy. In the current report are described recent efforts valorize
elemental sulfur - the most prevalent waste products of petroleum/natural gas refining –
by reinforcing it with various interpenetrating network structures. In this way, several
structurally-sound composites have been prepared wherein up to 99 wt% of the material
is comprised of sulfur. Flexural strengths rivaling that of Portland cement have been
obtained for these materials. Furthermore, the thermal reversibility of S-S bond
formation allows many of these composites to undergo thermal healing and recyclability
over many cycles without loss of mechanical strength.

POLY 182: Microsuspension polymerization of styrene using cellulose
nanocrystals as Pickering emulsifiers
Joe Glasing1, Pascale Champagne2, Philip G. Jessop3, Michael F. Cunningham1,
Michael.Cunningham@chee.queensu.ca. (1) Dept Chem Eng, Queens Univ, Kingston,
Ontario, Canada (2) Civil Engineering/Chemical Engineering, Queens University,
Kingston, Ontario, Canada (3) Dept of Chemistry, Queens Univ, Kingston, Ontario,
Canada
Replacement of conventional surfactants with bio-based Pickering emulsifiers offers the
promise of eco-friendlier routes to dispersed phase polymerization processes. We
report a mechanistic study of the microsuspension polymerization of styrene stabilized
by cellulose nanocrystals (CNC) in their native form as well as graft-modified with
synthetic polymer. Graft-modified CNC were prepared by grafting copolymers of styrene
and N-3-(dimethylamino) propyl methacrylamide and N,N-(diethylamino)ethyl
methacrylate to the CNC surface using nitroxide-mediated polymerization in water as a
benign solvent. Native CNC and graft-modified CNC were shown to form aqueous
styrene emulsions with an average droplet diameter of ~20 μmand 4-9 μm, respectively,
which were stable during the time of polymerization. Initiators of widely varying water
solubility including 2,2'-azobisisobutyronitrile (AIBN), 2-2′-azobis(2,4dimethylvaleronitrile) (Vazo-52), and lauroyl peroxide (LPO) were employed for the
polymerizations. The type of initiator and type of CNC were shown to directly affect the
microsuspension polymerization kinetics, particle size and molecular weight distribution.
Using AIBN and Vazo-52, the evolution of submicron latex particles was observed in
addition to the desired 3-20 µm CNC-armored microsuspension particles as visualized
by scanning electron microscopy, due to the presence of concurrent emulsion
polymerization. However using the more hydrophobic LPO as initiator yielded
microsuspension particles free of undesired submicron particles (Figure 1). We further
found that CNC employed in our studied do not lead to heterogenous nucleation.

Figure 1.SEM image of microsuspension particle stabilized with CNC on the particle surface.

POLY 183: Interactions of solutes and polymer membrane surfaces in complex
waters: From adsorption to nucleation and crystal growth
Lynn E. Katz, lynnkatz@mail.utexas.edu. University of Texas, Austin, Texas, United
States
Contaminated water from energy-related activities represents one of the most complex
man-made wastewater streams that includes dissolved & dispersed oils, salts, metals,
radionuclides, organic acids, proteins, polysaccharides, biocides and other production
chemicals and formation solids. Polymeric membranes are a viable technology for
treating many of these contaminants; however, significant challenges exist to optimize
these materials for permeability, selectivity, and reduced fouling. Membrane fouling is
one of the greatest threats to the application of membrane processes in complex waters
whereas selective sorption/responsive desorption processes are the key to targeted
contaminant removal. Optimization of these often-competing goals represents a
significant challenge to membrane design and operation. Fouling is often reduced by
changing the surface properties of the membrane to reduce solute/membrane
interactions or by minimizing adsorption/precipitation processes. In contrast, selectivity
is often obtained by increasing these interactions. In either case, understanding the
interaction between the solutes and the polymer surface is necessary. This talk will
highlight the key interactions between a series of polymeric functional groups (e.g.
hydroxyl, sulfonic, carbonic, quaternary ammonium) and inorganic foulants including
divalent, metal ions (e.g. Ca2+, Ba2+), oxyanions (CO32-, PO43-, SO42-) and neutral
species (B(OH)3). Adsorption, nucleation and crystal growth of these materials are
being studied within the confined pores of these membranes in increasingly complex
solutions as a function of pH, ionic strength and pore diameter. Quantification and
characterization of sorption and desorption processes performed on the membranes as
a function of time will be used to differentiate the key mechanisms associated with
fouling as a function of solute/membrane interactions.

POLY 184: Polymers of intrinsic microporosity: Selective membrane permeation
for purification
Krista Fruehauf1, fruehauk@uci.edu, Kenneth J. Shea2. (1) University of California,
Irvine, Santa Ana, California, United States (2) Univ of California, Irvine, California,
United States
Polymers of intrinsic microporisty (PIMs) are an intriguing family of linear polymers. In
the solid phase they have an intrinsic microporosity that arises from contortions in the
ladder polymer backbone that prevents polymer chains from close packing. The result is
a material with porosity that is irrespective of processing. The pores are often
nanometer sized with attendant high surface area. PIMs have been widely used for gas
sorption and separation. However, there are few examples of PIMs being used for liquid
phase separations. We recently reported the first chiral PIM (pore size ~3.5 nm, SA
700-750 m2/g). Cast films of these materials were used for enantiomer separations in
liquid solutions. These materials offer a promising low energy alternative to enantiomer
separation. However, the practical application of PIMs as a separation media,
regardless of gas or liquid applications, are limited due to their propensity to plasticize
or swell over time resulting in loss of selectivity. My work is focused on reducing
swelling and loss of selectivity through cross-linking. We are developing several
modifications to stabilize and harden PIM membranes. The techniques are being used
to increase cross-linking and stabilize the membranes without significant loss of
selectivity or permeability, even in the presence of aggressive solvents. We also discuss
methods for increasing the hydrophilicity of PIM membranes to broaden their
applications in water purification.

Polymer of intrinsic microporosity for membrane separation of enantiomers.

POLY 185: Sustainable hydrogel-base materials for capture and storage of
excessive liquid water through ring-opening copolymerization with biobased
materials and carbon dioxide
David K. Tran, david.khoi.tran@tamu.edu, Tucker M. Folsom, Gulzar A. Bhat, Yanyan
Wang, Donald J. Darensbourg, Karen L. Wooley. 3255 TAMU, Texas AM University,
College Station, Texas, United States
Water is essential to life on Earth, however accessing, capturing, and releasing good
quality water is difficult in many parts of the world. Currently, common methods of
solidifying water use superabsorbent polymers (SAPs), a class of materials that absorbs
large quantities of water without dissolving due to their ionic nature and interconnected
structure. For instance, sodium salts of cross-linked poly(acrylic acid) and starch are
widely used as SAPs commercially. Although these materials can effectively capture
water at >100-fold their mass, they are petrochemically-derived, non-degradable
materials that only solidify water. To address these concerns, we present herein, our
approach to incorporate natural products and carbon dioxide (CO2) in the production of
degradable SAPs. Implementation of degradable bio-based polymeric materials not only
benefit the environment but utilize the renewability of natural products. In addition, the
use of CO2 as an inexpensive C1 feedstock is highly attractive since it is cost-effective,
nontoxic, and abundant. Through the metal salen catalyst-promoted ring-opening
copolymerization of epoxides with CO2, the synthesis of sustainable polycarbonates will
be discussed. An initial focus includes the advancement of epoxideCO2 copolymerization using naturally-derived monomers. Following chemical
modification to incorporate hydrophilic side chain moieties, the polycarbonates
produced are expected to serve as naturally-derived and hydrolytically degradable
analogues of the well-established poly(acrylic acid). Furthermore, these materials are
designed to act as simple sustainable fertilizer-releasing water containment systems.

POLY 186: Programming hydration water with complex surfaces: Role of
interfacial water dynamics
Jacob I. Monroe1, Alex Schrader1, Song-I Han2,1, M. Scott Shell1,
shell@engineering.ucsb.edu. (1) Chemical Engineering, UC Santa Barbara, Santa
Barbara, California, United States (2) Chemistry, UC Santa Barbara, Santa Barbara,
California, United States
The operational performance of many water purification materials is strongly influenced,
at a fundamental level, by the structure, thermodynamics, and dynamics of interfacial
water. Surface water properties play a key role in determining, for example, ion affinities
and selectivities, foulant propensity, and interfacial transport. Thus, the ability to create
heterogeneous surfaces that precisely manipulate hydration water provides an
important platform for rationally designing these materials. In this talk, we discuss a
combined experimental-computational approach to elucidate the impact of surface
chemistry and topology on hydration water properties, and in turn to uncover
relationships between these properties that suggest simpler surface design rules. We
integrate molecular simulations with experimental Overhauser Dynamic Nuclear
Polarization-Enhanced NMR (ODNP) techniques to quantify the behavior of water at a
variety of model heterogeneous interfaces. In particular, we discuss the important role
of surface water dynamics as it relates to hydrophobe solute affinity and surface water
orientational entropy – all three providing important signatures of the impact of surface
design on hydration water. Finally, we describe a computational design algorithm that
repatterns surfaces to have targeted hydration water properties.

ODNP-measured hydration water diffusivities on silica surfaces of varying hydrophilicity, with
comparison to achievable diffusivity ranges determined from molecular dynamics simulations.
From https://doi.org/10.1073/pnas.1722263115.

POLY 187: Dynamic properties of water and salt ions in self-assembled
morphologies of block copolymers
Dipak Aryal1, Rituparna Samanta1, Michael Howard1, Thomas Truskett2, Venkat
Ganesan1, venkat@che.utexas.edu. (1) Dept Chem Eng, The University of Texas at
Austin, Austin, Texas, United States (2) Department of Chemical Engineering,
University of Texas at Austin, Austin, Texas, United States
Understanding the transport properties of water and salts in confined geometries of
block copolymers is important for furthering the use of self-assembled morphologies for
water purification applications. In this study, we used a coarse-grained model
embedded within dissipative particle dynamics (DPD) mesoscale simulation approach to
clarify the influence of morphology of self-assembly on the transport properties. We
consider representative lamellae, cylinder, and gyroid morphologies resulting from the
self-assembly of linear triblock copolymers, and present results for the local diffusivities
and the structural characteristics of water and salt ions (Na+ and Cl-) in such
morphologies. Our results suggest that diffusivities of water and salt ions in the pores
differ from those in the bulk, homogeneous conditions. Explicitly, under the confined
conditions, the mobility of water and salt ions are shown to be perturbed by the
interactions with water selective blocks. We present results for the influence of the
morphology and the dimensions of the pores on the the structural and dynamical
properties of water and salt ions.

POLY 188: PRINT technology for particle design and engineering
Benjamin W. Maynor, ben.maynor@liquidia.com. Liquidia Technologies, Durham,
North Carolina, United States
Here, we will highlight the use of a particle molding technique called PRINT (Particle
Replication in Non-wetting Templates). PRINT produces precisely engineered particles
on the micron and nanometer scale for drug delivery. Unlike other particle generation
technologies, the PRINT molding technique simultaneously enables precise control over
particle size, shape, and chemical composition, which can be used to optimize the
“therapeutic potential” of drugs. Examples from the application of the PRINT technology
will be described here for the enhancement of inhaled therapies and sustained release
dosage forms.

POLY 189: VolCat: Catalytic depolymerization process for the chemical recycling
of PET
Robert D. Allen, boballen@us.ibm.com. Materials Innovation, IBM Almaden Research
Center, San Jose, California, United States
Recovery and recycling of waste plastics is a significant global challenge. In this
presentation, I will cover the inception and realization of VolCat, a robust catalytic
recycling process for PET that uses a volatile catalyst. At IBM, we've focused on
catalysis and polymer chemistry, with a dual application focus of electronics technology
and contributing solutions to global challenges. In my presentation, I will introduce the
polymer chemistry program at IBM with a significant focus on the fusion of polymers,
catalysis and computation and highlight our catalytic process for the selective digestion
of PET from mixed wastes.

Catalytic selective depolymerization of PET in mixed wastes yields polymerization-grade
monomer

POLY 190: 3D-printed ion exchange membranes
Michael A. Hickner, mhickner@mac.com. The Pennsylvania State University, State
College, Pennsylvania, United States
Techniques to fabricate patterned membranes have been used to develop new types of
strategies to improve the flow and resistance performance of ion-conducting
membranes. These types of membranes have proven effective in fuel cells,
electrodialysis systems, and other electrochemical cells. Micropatterned anion
exchange membranes have been 3D printed via photoinitiated free radical
polymerization. The photocurable formulation, consisting of diurethane dimethacrylate,
poly(ethylene glycol) diacrylate, dipentaerythritol penta-/hexa- acrylate, and 4vinylbenzyl chloride, was cured into patterned films using a 3D photolithographic
printing process similar to stereolithography. Measurements of water uptake,
permselectivity, and ionic resistance were conducted on the quaternized poly(DU-coEG-co-VBC) samples to determine their suitability as membranes. The water uptake of
the materials increased as the ion exchange capacity (IEC) increased due to greater
quaternized VBC content. The permselectivity of the anion exchange membrane
samples decreased from 0.91 (168 weight %, 1.63 meq/g) to 0.85 (410 weight %, 1.63
meq/g) with increasing water uptake and to 0.88 (162 weight %, 0.98 meq/g) with
decreasing IEC. The results are consistent with the general view of permselectivity
being correlated to the water uptake and ion content of the membranes. It was
elucidated that the ionic resistance of patterned membranes was lower than that of flat
membranes at the same material volume. A parallel resistance model was used to
explain how the patterning contributed to the overall measured membrane resistance.
This model may provide a way to maximize the membrane’s performance by optimal
patterning on the surface without chemical modifications of the membrane structure.
This talk will discuss our recent innovations in 3D printed membranes.

(a) SEM image with projected pattern. During the curing process, the resolution was not perfect,
affecting the desired ratio and equivalent thickness. (b) Comparison of original and corrected
resistances for ratios 1:2 and 3:1 (pattern:base).

POLY 191: Relationships between chemistry, design, and process using 3D
printing with carbon’s digital light synthesis technology
Sue J. Mecham1, sjmecham@gmail.com, Rui Zhang1, Cassie Caudill1, Kimon Illiadis1,
Robert Pinschmidt1, Rima Janusziewicz1, Jillian Perry1, Shaomin Tian1, Alec Redmann2,
Tim A. Osswald2, Joseph M. Desimone3,1. (1) Lineberger Cancer Center, University of
North Carolina Chapel Hill, Chapel Hill, North Carolina, United States (2) Polymer
Engineering Center, Mechanical Engineering, University of Wisconsin-Madison,
Madison, Wisconsin, United States (3) Chemistry, University of North Carolina Chapel
Hill, Chapel Hill, North Carolina, United States
The digital light synthesis (DLS) technology based on Carbon’s proprietary continuous
liquid interface production (CLIP) process uses photoactive resins to rapidly form
monolithic 3D shapes for devices and components. Carbon is developing the DLS
platform as a manufacturing tool that can be used for product development to
advantageously reduce the product development to production cycle time. At the
University of North Carolina, our fundamental research with CLIP includes the synthesis
of custom polymers, formulation development, and investigating new applications with
custom and commercial resins. The properties of polymer products are a function of
their materials, designs, and manufacturing processes. We will present an overview of
our research including the design and printing of very small structures, 3D printed
bioabsorbable structures, and 3D printed carbon fiber composite joining structures. We
are exploring the relationships between software, hardware, and material science using
systematic changes to the chemistry, design features, and print parameters of very
small devices such as microneedles, lattices, and thin films. Developing and applying
bioabsorbable material technology to the DLS platform requires a fundamental
understanding of the structure property relationships between the formulated starting
materials, designs and drug delivery, mechanical properties, degradation pathways and
safety of the produced parts. Carbon’s dual cure resin technology uses UV light to
develop the product shape and a thermal cure to refine the mechanical properties using
a range of chemistries. In collaboration with researchers at the University of Wisconsin,
we have explored applying the thermal processing stage as a bonding step within a
multistep manufacturing process for carbon fiber composites.

(Left) DLS on the S1 Prototype, (Center) Microneedles, (Right) Drug delivery devises with a
range of surface areas.

POLY 192: 3D-printable, resorbable elastomers for use in soft tissue engineering
Matthew Becker, becker@uakron.edu. Duke University, Durham, North Carolina,
United States
Precise pathways to fabricate three-dimensional (3D) scaffolds for soft tissue
engineering are evolving rapidly with advances in 3D printing techniques and synthetic
methods to generate polymeric biomaterials. Compared to traditional porous scaffold
fabrication methods including salt leaching, gas foaming, and phase separation, 3D
printing affords significant flexibility in the design of complex, patient-specific scaffold
geometries, and control over internal pore and strut size, porosity, and pore
interconnectivity, all of which are important to physiological response to the scaffold at
the wound site. Selection of materials with appropriate resorption time and mechanical
properties are dritical to the design process. This presentation will highlight our recent
efforts in this area.

POLY 193: Integral design of soft robots via stereolithography and CLIP
Robert Shepherd, rfs247@cornell.edu. Sibley School of Mechanical and Aerospace
Engineering, Cornell University, Ithaca, New York, United States
Smart materials have, for decades, provided simple and effective approaches for
combining structure and actuation (or other functions). Shape memory alloys, for
example, have been used for thermally triggering mechanical actuation in space
systems since the early 1980’s. Since that time, materials have been designed for every
available input signal, and for myriad output responses such as light transduced into
shape change. Concurrently, the field of robotics has also seen great leaps over several
decades, in many cases from advances in computation and controls. Presently, there
are many research groups endeavoring to create the next leap in robotic advancements
from a materials approach: merging smart, responsive materials with the prior (and ongoing) advancements provided by the field of robotics. These hybrid
(materials/mechanistic/computational) approaches will have significant impact to fields
such as HRI, biomedicine, agriculture, and space exploration to name a few. This talk
will focus on our work to use these new actuators, sensors, and energy systems—from
a bioinspired design lens—to add new abilities or improvements to robots. Some of the
integral, multifunctional systems that will be discussed are autonomic transmission
systems in powered prosthetics, synthetic afferent neural networks, distributed energy
akin to cardiovascular systems, sweating actuators for thermal regulation, and haptic
interfaces for VR simulations. In addition to the system demonstrations, the underlying
stereolithography processes, including CLIP, will be presented, where applicable, as
key to the integral design of these soft robotic systems.

POLY 194: Production redefined: Carbon’s novel digital light synthesis platform
Jason P. Rolland, jason@eipisystems.com. Materials, Carbon3D, San Carlos,
California, United States
This presentation will provide an overview of Carbon’s Digital Light Synthesis (DLS)
platform. We will discuss how DLS provides the key elements - speed, materials, and
software - to enable true digital manufacturing at scale. Carbon’s dual-cure materials
platform enables a broad portfolio of high performance resins for a variety of production
applications. By combining light-curable chemistry with thermally-curable chemistry,
high resolution parts with outstanding mechanical and thermal performance are now
possible. Finally, we will present a variety of production applications enabled by DLS
across a range of industries including footwear, protective cushioning, automotive,
consumer products, dental, and medical.

POLY 195: Surface segregating coating additives for self-decontamination
applications
James H. Wynne1, james.wynne@nrl.navy.mil, Jeffrey Lundin1, Spencer Giles1, Brian
T. Rasley2. (1) Chemistry Division, Naval Research Laboratory, Alexandria, Virginia,
United States (2) Dept of Chemistry RM 194, Univ Alaska Fairbanks, Fairbanks, Alaska,
United States
Surface contamination resulting from a toxic chemical release poses significant risk to
first responders as well as proximate civilians. Recent progress in self-decontaminating
coatings has demonstrated the potential for coating surfaces to automatically degrade
harmful chemicals upon contact. Herein, additives developed to impart selfdecontaminating capability to polyurethane polymer matrices are discussed.
Specifically, synthetic modification of additives based organic and organometallic
actives resulted in surface segregating molecules which effectively reduced the required
additive loading concentration while maintaining desired decontamination ability.
Hydrophobic and hydrophilic moieties were incorporated into both classes of additive to
result in series of additives across a wide amphiphilic range. Effects on physical
properties from additive incorporation into commercial polyurethane coatings were
investigated by DSC, ATR, contact angle, and confocal laser microscopy. Surface
segregating capabilities were analyzed and loading concentrations were optimized for
maximum contaminant degradation. Furthermore, potential degradation pathways
deduced from contaminant challenge by-product analyses are discussed.

POLY 196: High-performance hybrids at the extreme limits of molecular-scale
confinement
Reinhold Dauskardt, dauskardt@stanford.edu. Dept of Materials Science Eng,
Stanford University, Stanford, California, United States
We review the state-of-the-art in the molecular design and processing of low density
organic-inorganic hybrids at the extreme limits of molecular-scale confinement. A
particular focus is provided on unique mechanical and molecular behavior that can be
achieved in the limit of such intimate molecular mixing and confinement. We show that
molecular hybrids can have marked asymmetric elastic and thermal expansion
properties that are inherently related to terminal chemical groups in confinement. We
describe a new nanoscale design principle using hyperconnected molecular
architectures to achieve remarkable mechanical properties controlled by designing
connectivity into the intrinsic molecular structure in innovative ways. We probe the
mechanical and fracture properties of hybrids in the extreme limits of molecular
confinement, where a stiff inorganic matrix phase confines polymer chains to
dimensions far smaller than their bulk radius of gyration. Finally, we describe a
synthesis strategy which involves the infiltration of individual polyimide precursors into a
nanoscale porous network where imidization reactions under such confinement
increase the molecular backbone stiffness. We find that polyimide oligomers can then
undergo crosslinking reactions even in such molecular-scale confinement, increasing
the molecular weight of the organic phase and toughening the nanocomposite through a
confinement-induced energy dissipation mechanism. This work demonstrates that the
confinement-induced molecular bridging mechanism can be extended to thermoset
polymers with multifunctional properties, such as excellent thermo-oxidative stability and
high service temperatures (> 350 °C).

POLY 197: Chemical protective coatings for improved surface decontamination
Anthony P. Malanoski, anthony.malanoski@nrl.navy.mil, Brandy J. Johnson, Brian J.
Melde, Martin H. Moore. CBMSE - Code 6900, Naval Research Laboratory,
Washington, District of Columbia, United States
Penetration of chemical threats into traditional porous surfaces and coatings can lead to
their retention, following standard decontamination processes. Reemission of retained
target then presents and ongoing exposure hazard to personnel. The effort described
here seeks to evaluate top-coat type treatments suitable for application to painted
surfaces, intending to identify those that may reduce chemical threat agent retention
following decontamination approaches. Relevant and related areas of research are
surveyed, and identified technologies are evaluated under appropriate methods to
determine efficacy, scalability, and durability.
A number of recently reported approaches offer the potential for decreasing target
penetration into a surface. Unfortunately, many technologies are evaluated exclusively
on the basis of the surface wetting characteristics. This effort has demonstrated a lack
of correlation between wetting behaviors and target retention. In addition, handling
considerations during simulated exposure and decontamination procedures can have a
significant impact on observed retention behavior. We have evaluated the benefits of
several coatings, including commercially available and under development approaches.
The effort focuses on coatings deposited as top-coat treatments over a polyurethane
paint system. Retention of chemical warfare agent simulants following a simulated
decontamination process is evaluated along with droplet diffusion on the surfaces and
wetting angles. Evaluated coatings include those synthesized by NRL and those
obtained through collaboration. For example, Slippery Liquid-Infused Porous Surfaces
(SLIPS), Slippery Omniphobic Covalently Attached Liquids (SOCAL), and bioceramic
coatings have been considered. The effort has also evaluated coatings that utilize the
more typical lotus leaf effect. We continue to identify and characterize the potential of
additional technologies for improving the outcomes of solid surface decontamination.
The ongoing effort focuses on identification of technologies developed for other
scenarios, such as corrosion protection, that may provide favorable characteristics to
this application.

POLY 198: Effect of chemical purity on measurement of agent resistance and
decontamination performance for materials
Thomas P. Pearl1, thomas.p.pearl.ctr@mail.mil, Mark J. Varady2, Joseph P. Myers2,
Michelle L. Sheahy2, Michael J. Chesebrough1, Jill L. Ruth3, Jennifer C. Piesen3, Brent
A. Mantooth2. (1) DCS Corporation, Abingdon, Maryland, United States (2) CCDC
Chemical Biological Center, APG, Maryland, United States (3) Leidos, Inc., Reston,
Virginia, United States
There is a need to understand and predict how decontamination technologies will work
on real assets in the field upon contamination with actual chemical weapons (i.e., not
refined laboratory-grade agents). Current methodologies primarily focus on the testing
of clean, ideal materials, such as flat, horizontal surfaces in a laboratory environment,
using highly purified agents. The magnitude of the effects of the dominant mechanisms
responsible for interactions between agents and materials in the limits of agent
impurities is not known. Toward this end, this work was focused on determining whether
the use of high-purity agent over- or underestimates decontamination performance
results as compared with agent and material configurations that may be observed in
operational environments. Examples from three different materials types were
considered as part of this study, specifically, bare metal surfaces, polymer coatings, and
bulk elastomers. Contaminants included GD, HD, and VX of variable purity while liquid
phase decontaminant solutions involved sequences of soapy water or bleach. Results
will be presented on the characterization of how impurities in agent solutions influence
agent retention and decontamination performance as compared with high-purity agent,
especially for materials susceptible to contaminant absorption.

POLY 199: Designing durable coatings with low surface adhesion for mitigation
of fouling and ice adhesion
Dean C. Webster, dean.webster@ndsu.edu. Dept 2760, North Dakota State University,
Fargo, North Dakota, United States
Coatings are important in their ability to protect valuable assets. For Naval vessels,
coatings having specialized functions are also essential. For example, coatings are
needed to mitigate the effect of biofouling on ship hulls. Ships operating in northern
latitudes may suffer from ice accumulation which can be addressed using ice releasing
coatings. Using the concept of self-stratification, it is possible to decouple the surface
and bulk properties of coatings so that the bulk and surface properties can be tuned
individually to meet the material requirements. The approach of self-stratification has
been applied to the design of mechanically robust marine fouling-release coatings. By
combining functional poly(dimethyl siloxane) (PDMS) with a polyurethane system,
coatings having the bulk properties of polyurethanes (good adhesion, toughness) as
well as low surface energy can be designed that have good fouling-release performance
for a wide variety of marine organisms. However, there are some marine organisms that
are able to adhere well to a low surface energy surface such as PDMS. To overcome
this an amphiphilic approach has been investigated. Siloxane-polyurethane coatings
containing PDMS and poly(ethyleneglycol)(PEG) were made. The coatings were
characterized using contact angle measurements, AFM, and XPS. The coatings were
also subjected to a series of laboratory assays using a variety of marine organisms
including diatoms, green algae, barnacles, and mussels. Clear trends could be
observed in the barnacle adhesion as a function of PDMS and PEG chain length and
coatings having good fouling-release performance for a variety of marine organisms
were identified. The coatings were also subjected to ice adhesion tests and a very
interesting and rather direct correlation was observed between the adhesion strength of
ice and barnacles, indicating that the same design rules for designing fouling-release
coatings could be applied to the design of ice-release coatings.

POLY 200: Dry adhesive and self-healing boronic ester polymers
Jessica J. Cash, jessica.j.cash1@navy.mil. NAWCWD, China Lake, California, United
States
Adaptable materials with dynamic covalent bonds have been shown to enhance
mechanical and processing properties useful for applications such as coatings, dry
adhesives, and composites. Boronic ester transesterification, specifically, has a
reversible exchange mechanism contributing to network stability and thermo-responsive
behavior. In the present study, a synthesized boronic ester diene was incorporated into
a thiol-ene network for investigation of two exchange routes. These materials were then
characterized to provide insight into self-healing, thermomechanical properties, and
adhesive capabilities. Details of these results as well as a comparison of adhesion
derived from dry and wet preparation of the same material will be presented.

POLY 201: Smart corrosion-inhibiting coatings based on novel conductive
polymers and reactive monomers
Peter Zarras, peter.zarras@navy.mil, John D. Stenger-Smith, Roxanne Quintana,
Lawrence Baldwin, Alicia M. Hughes, Joshua E. Baca, Marye Tesfahun. NAWCWD
(Code 4F0000D), China Lake, California, United States
Conductive polymers (CPs) have been investigated for several decades as corrosioninhibiting coatings. Our efforts have focused on using two novel bis-heterocyclic
butadiene compounds with significant differences in their oxidation potentials. This
difference can be exploited to prepare a “smart coating” capable of on-demand release
of a monomer which will then polymerize forming a polymer film. This would be
achieved without encapsulation of the active CP monomer. The synthesis of the novel
compound (1E, 3E)-1,4-bis (1-methyl-1H-pyrrol-2-yl)buta-1,3-diene, was prepared via a
Wittig reaction. The compound obtained was a brilliant yellow powder in 51% yield. The
synthesis of the (1E, 3E)-1,4-di(thiophene-2-yl)buta-1,3-diene monomer was obtained
via a literature procedure. Films of the poly[1,4-di(thiophene-2-yl)buta-1,3-diene] doped
with (1E, 3E)-1,4-bis(1-methyl-1H-pyrrol-2-yl)buta-1,3-diene monomer were prepared,
but the poor quality of the films did not provide corrosion protection, however, a
chemical reaction was observed when the poly[1,4-(dithiophen-2-yl)buta-1,3-diene] film
on a gold substrate was doped with (1E, 3E)-1,4-bis(1-methyl-1H-pyrrol-2-yl)buta-1,3diene monomer and then exposed to FeCl3 solution. The slide on the right showed
immediate polymerization of the monomer in the polymer host. This provides evidence
that the (1E, 3E)-1,4-bis(1-methyl-1H-pyrrol-2-yl)buta-1,3-diene monomer is very
reactive even using catalytic amounts of initiator. Our efforts are now focusing on nhexyl derivatives of (1E, 3E)-1,4-di(thiophene-2-yl)buta-1,3-diene, specifically, (1E, 3E)1,4-bis(3-hexylthiophen-2-yl)buta-1,3-diene and (1E, 3E)-1,4-bis(4-hexylthiophen-2yl)buta-1,3-diene monomers for improved solubility during film casting. Either the
poly[(1,4-bis(3-hexylthiophen-2-yl)buta-1,3-diene] or the poly[(1,4-bis)4-hexylthiophen2-yl)buta-1,3-diene] will act as the host for the reactive (1E, 3E)-1,4-bis(1-methyl-1Hpyrrol-2-yl)buta-1,3-diene monomer and their corrosion-inhibiting properties will be
measured.

Reactive monomer in CP host

POLY 202: Sticking like barnacles: Unraveling and mimicking a natural adhesive
Christopher So1, christopher.so@nrl.navy.mil, Kenan Fears1, Elizabeth A. Yates2, Luis
A. Estrella1, Dasha Leary3, Janna Schultzhaus3, Chris Spillmann3, Kathryn J. Wahl1. (1)
Chemistry, US Naval Research Laboratory, Washington, District of Columbia, United
States (2) Chemistry, United States Naval Academy, Annapolis, Maryland, United
States (3) Center for Bio/Molecular Science and Engineering, Naval Research
Laboratory, Washington, District of Columbia, United States
Macrofouling organisms have plagued mariners and scientists alike since the sailing of
the first ships in the ocean. Even today, combating fouling is a global challenge with
great economic burden on the world’s navies and maritime operations. Over the last few
years, our team has applied modern bioinformatic approaches, in
vivo microscopy/chemical spectroscopy, and biochemical analysis to produce a new,
more comprehensive picture of the specialized proteins found in the adhesive of one of
the most tenacious fouling organisms in the ocean: the acorn barnacle. Direct analysis
of the glue has revealed that barnacles use biomaterials and biochemistries to develop
the adhesive interface not unlike their insect relatives spiders, moths, and aquatic flies.
Live organism fluorescence microscopy highlights the proximity of molting processes
and reactive oxygen species involved in growing the adhesive interface. Proteomic
sequencing of the dissolved barnacle glue itself reveals that, like in other fibrous
biomaterials such as silks and elastin, compact and flexible protein segments play a
large role in shaping fibers. To manage these materials, barnacles use oxidative
enzymes and chemistries such as lysyl oxidase, peroxidases, and hydrogen peroxide
which are also used during the molting process. Adhesive fibers are shaped by a highly
conserved domain alternating between short 20-residue low complexity sequences
(Gly/Ser/Thr/Ala residues) and regions with alternating charged and non-charged side
chains, with more than 80 such domains in just five proteins. To mimic the sequence
and structure of natural proteins, we use short synthetic peptides derived from
homologous cement proteins. Short synthetic peptides demonstrate that materials are
formed through a set of patterned sequences that exert specific control over
polymerization, curing, and adhesion using mechanisms of molecular recognition. Our
work demonstrates that the structures produced by patterned cement sequences, and
the progression of domain interactions, are critical in polymerizing materials that
resemble the natural adhesive.

POLY 203: Catechol-functionalized acrylates and methacrylates: Comonomer
influence on adhesive properties
Joshua A. Orlicki2, joshua.a.orlicki.civ@mail.mil, Matthew A. Bartucci1, Scott
Radzinski2, David Flanagan2, Joseph L. Lenhart2. (1) ThermoFisher Scientific,
Baltimore, Maryland, United States (2) U.S. Army Research Laboratory, Bel Air,
Maryland, United States
The versatile chemistry exhibited by catechols (e.g. covalent cross-linking, metal
chelating) has led to a number of groups exploring the incorporation of catechol
functionality into synthetic backbones. These systems are inspired by the peptide
sequence of the mussel foot proteins, which exhibit good adhesion under wet and dirty
environments. These interfacial proteins exhibit nearly a third of the repeat units consist
of 3,4-dihydroxyphenylalanine (DOPA) which have pendent catechols. We have
synthesized a library of poly(meth)acrylate-co-1-[2-(3,4-dihydroxyphenyl)ethyl]maleimides(PAMs for acrylates, PMAMs for methacrylates) that vary in their aliphatic
side-chain length and comonomer composition on a common polymer backbone,
allowing for control over Tg and backbone polarity. We have observed modest adhesive
performance from the library on alumina substrates, with minimal performance shifts
with Tg change or side-chain polarity. When blended with more traditional epoxy-based
adhesives, however, the PAMs were found to improve hot/wet adhesion without a silane
pretreatment. It is hoped that these materials will provide fundamental insight to improve
performance at the adhesive/substrate interface, allowing for the rational design of
improved performance in adverse environments.

POLY 204: Atomistic simulations of adsorption of bioinspired oligomers on a
model metal oxide surface in aqueous conditions
In-Chul Yeh, inchulyeh@yahoo.com, Joseph L. Lenhart, Joshua A. Orlicki, Christopher
B. Rinderspacher. Army Research Laboratory, Aberdeen Proving Ground, Maryland,
United States
As a part of an effort to develop a polymer adhesive in high humidity environments, we
studied the adsorption of small bioinspired oligomers on a model metal oxide surface
with atomistically detailed molecular dynamics simulations. The oligomers consisted of
two different repeat units: a maleimide, which contains a catechol functional group as in
the dopamine residue found in marine adhesive proteins, and a methyl acrylate. A
hydroxylated alumina surface was used as the model metal oxide surface. Adsorption
interactions were investigated in aqueous as well as anhydrous conditions. In
anhydrous conditions, the model oligomers displayed strong adsorption interactions with
the surface. However, in aqueous conditions, the adsorption interactions were
significantly weakened because of the competition with the water molecules for
adsorption sites near the surface. Diverse adsorption properties were observed
depending on composition and sequence of two different repeat units and selfaggregation. Catechol functional groups in the model oligomers were found to play an
important role in adsorption interactions with the alumina surface via hydrogen bonds.

Bioinspired oligomers near the alumina surface in anhydrous condition

POLY 205: Enabling polymer synthesis, assembly, and function through the
power of natural products
Theresa M. Reineke, treineke@umn.edu. Chemistry, University of Minnesota, Vadnais
Heights, Minnesota, United States
Multifunctional macromolecules play a ubiquitous role in many applications; for
example, materials from sustainable monomers may lower the environmental impact of
plastics, improve the solubility and bioavailability of intractable drugs, and enable
stability and delivery of sensitive biologic drugs. While the materials function is diverse
across these fields, the polymer chemistry is similar and should be readily tunable for
each specific application while remaining biologically and environmentally benign.
Natural product feedstocks such as carbohydrates, seed oils, terpenes, and alkaloids
offer great promise for tailoring materials development for a multitude of uses due to
their rich functionality (high heteroatom content and stereochemistry), renewable
production on a large and inexpensive scale, low toxicity, and the potential for triggered
degradation. In addition, bio-based feedstocks can offer rigid or rubbery domains to
tune physical properties such as glass transition temperatures, crystallinity, and
assembly. Indeed, the chemical, physical, mechanical, and morphological properties of
polymers containing natural product building blocks can be tuned based on chemistry,
sequence, and composition to yield diverse function and properties. Herein, the design
and development of tailored polymers using a variety of synthetic pathways will be
presented. Their application in the development of sustainable polymers and
improvement of biologic delivery vehicles will be presented.

POLY 206: Peptide/protein conjugates from copper mediated living radical
polymerisation
David M. Haddleton, D.M.HADDLETON@WARWICK.AC.UK. Chemistry, University of
Warwick, Coventry, United Kingdom
Copper mediated living radical polymerisation has been used in the development of new
bio conjugation routes for over 15 years. It is particularly suitable as reactive initiators
are relatively easy to synthesise which are inert towards the polymerisation conditions.
Early work relied on polymerisation in organic solvents followed by purification to give
polymers required in large excess for efficient conjugation. More recently,
polymerisation is now developed for rapid synthesis in water and aqueous media to give
polymers with quite amazing control and low dispersities. This is combined with
targeting monomer units, often containing sugars for lectin recognition and markers for
identification. Finally, conjugation groups are now in place that allow for raid and
efficient conjugation in aqueous media in stoichiometric quantities. This talk will show
the evolution of this chemistry.

POLY 207: Nanoparticles to stabilize and release therapeutic proteins and
peptides
Heather D. Maynard, maynard@chem.ucla.edu. Chemistry and Biochemistry,
University of California, Los Angeles, Los Angeles, California, United States
There are many proteins approved by the Federal Food and Drug Administration for use
as therapeutics in humans. These proteins treat a variety of diseases. Many of them,
however, are unstable and readily degrade upon storage. We have approached this
problem in several ways. One of them is to develop polymers with side chain trehalose
units that can be added or conjugated to proteins in order to stabilize them. The
backbone and side chain can be varied and the polymer still stabilizes proteins
effectively. These polymers can also be made as a copolymer with trehalose and pyridyl
disulfide side chains. These polymers readily form nanoparticles. Proteins and peptides
can be incorporated noncovalently or utilized as cross-linkers. In one example we
modified the therapeutic peptide, glucagon to contain two thiols. This peptide was an
effective cross-linker to form trehalose nanoparticles. The trehalose nanoparticles
stabilized the glucagon and released the bioactive peptide upon reduction (Figure 1).
This and other strategies to form nanoparticles and stabilize proteins will be discussed.

POLY 208: Degradable vinyl materials for biomedical applications from controlled
radical ring-opening copolymerization
Julien Nicolas, julien.nicolas@u-psud.fr. Institut Galien Paris-Sud, UMR CNRS 8612,
Univ Paris-Sud, Châtenay-Malabry, France
Developing synthetic strategies to enable complete or partial degradation of vinyl
polymers are of great importance because their accumulation in the environment is of
increasing concern and it could offer new opportunities for the application of these
materials, especially in the biomedical field.
Herein we present our recent achievements in the design of degradable vinyl
copolymers by controlled radical ring-opening polymerization (rROP) using cyclic ketene
acetal (CKA) comonomers as ester bound precursors in the copolymer backbone. In
particular, 2-methylene-4-phenyl-1,3-dioxolane (MPDL) was copolymerized with
methacrylic monomers (e.g., MMA, OEGMA) by NMP to produce well-defined, noncytotoxic and degradable copolymers exhibiting promising degradation properties when
benchmarked against traditional polyesters. Other copolymerization systems based on
rROP will also be presented, leading to either alternating or statistical copolymers, that
can be degraded under hydrolytic and enzymatic conditions.
This approach was eventually applied to: (i) the in-situ synthesis of degradable polymer
nanoparticles by radical ring-opening copolymerization-induced self-assembly
(rROPISA) and (ii) the "drug-initiated" synthesis of degradable polymer prodrug
nanocarriers with tunable cytotoxicity against cancer cells.

POLY 209: Bioinspired complex coacervate-based adhesives
Marleen Kamperman, marleen.kamperman@rug.nl. Polymer Science, Zernike Institute
for Advanced Materials, University of Groningen, Groningen, Netherlands
In this talk I will present recent developments in mimicking the adhesive secretions of
marine animals such as P. californica and M. edulis by creating fully synthetic polymeric
systems. Characteristic of the proteins found in the adhesive plaque of mussels and
sandcastle worms is a high proportion of cationic, anionic and catecholic residues
(hydroxylated tyrosine, DOPA). DOPA is involved in a versatile combination of
functions: covalent crosslinking, complexation to mineral substrates, and bonding to
hydrophobic (fouled) surfaces. The anionic and cationic residues are often said to be
involved in a secondary interaction that aids cohesion, namely complex coacervation.
This is an attractive phase separation of mixtures of polyanions and polycations that
results in a highly polyelectrolyte-rich phase in equilibrium with almost pure solvent.
Complex coacervates have very low surface tensions and are water insoluble, which
makes them highly desirable for underwater adhesives. Additionally, they are
mechanically well-suited for adhesion due to their high storage and loss moduli that
provide, respectively, bonding strength and dissipation of strain energy. We aim to
reproduce the working mechanism of mussels and sandcastle worms by developing a
new class of underwater adhesives based on complex coacervates reinforced with
physical interactions.

POLY 210: Investigating the role of sequence-defined charges on the solution
self-assemblies of discrete amphiphilic peptoid oligomers
Donghui Zhang, dhzhang@lsu.edu. Department of Chemistry, Louisiana State
University, Baton Rouge, Louisiana, United States
A hallmark feature of proteins is their ability to encode molecular interactions in the
monomer sequence to control the folding of the polymer chains into higher order
structures and intermolecular assemblies. The development of iterative chemical
synthesis has enabled access to compositionally diverse oligomers or polymers having
defined monomer sequences. In this presentation, our recent efforts in the synthesis of
linearly amphiphilic peptoid oligomers where the number and position of the ionizable
groups are precisely defined along the oligomer chains and investigation of their selfassembly in solution will be discussed. The position and pattern of charges along the
chains have a pronounced effect on the micellar structures in water. Such effect can be
quantitatively described by scaling relationships.

POLY 211: Power of molecular precision in designing polymeric amphiphiles
Roey J. Amir, amirroey@tauex.tau.ac.il. Department of Organic Chemistry, School of
Chemistry, The Tel Aviv University Center for Nanoscience and Nanotechnology, and
The Blavatnik Center for Drug Discovery, Tel-Aviv University, Tel-Aviv, Israel
Deep understanding of the parameters that govern the enzymatic degradability
polymeric assemblies is critical for the development of biodegradable materials for
applications ranging from controlled drug delivery systems to tissue engineering. The
limited accessibility of enzymes to hydrophobic substrates that may be hidden inside
lipophilic domains has turned out to be one of the key parameters that determine
enzymatic degradability. In the past several years, we designed and synthesized
amphiphilic PEG-dendron hybrids with enzymatically cleavable hydrophobic end-groups
and studied the enzymatic hydrolysis of the resulting polymeric assemblies. Utilizing the
high molecular precision that emerges from the monodispersity of the hydrophobic
dendritic block, we could test how precise minor changes of the hydrophobic blocks
affect the stability of polymeric assemblies towards enzymatic degradation. Using selfreporting assemblies, which can fluorescently report their disassembly, we
demonstrated that the micellar stability in serum can also dictates the internalization
mechanism of the polymeric assemblies into living cells.
Our results strongly supports the hypothesis that enzymes cannot penetrate into the
hydrophobic core of polymeric assemblies and instead they gain excess to the nonassembled monomers, which are in equilibrium with the polymeric assemblies. This
equilibrium-based mechanism may explain the poor or lack of degradability that is oftenobserved for many polymeric assemblies. Based on our insights, we have recently
started to study novel multi-responsive polymeric assemblies that can overcome the
challenge of designing stable and yet enzymatically degradable polymeric assemblies.

POLY 212: Precision polymer particles powered by polyelectrolytes and
amphiphilic polymers
Ilja K. Voets, i.voets@tue.nl. Chemical Engineering and Chemistry, Eindhoven
University of Technology, Eindhoven, Netherlands
Tailoring the self- and co-assembly pathways of amphiphilic and double hydrophilic
block copolymers by modulation of both equilibrium and out-of-equilibrium routes
enables the non-covalent synthesis of well-defined, nanostructured hydrocolloids with a
hierarchical internal structure, tuneable dynamics, and interesting functional properties.
In this lecture I will discuss our recent work on distinct classes of precision polymer
particles built from oppositely charged copolymers (complex coacervate core micelles,
C3Ms), from amphiphilic polymers (single chain polymeric nanoparticles, SCPNs), and
from protein/copolymer mixtures. I will focus on the unique structure-function relations of
these precision polymer particles, the interplay between the various relevant
supramolecular interactions underpinning these, and their relevance for the preparation
of Janus micelles, the time-gated disassembly of C3Ms, the templated synthesis of
nanoparticles at room temperature, ice recrystallization inhibition, and the activity of
protein liquids.

POLY 213: Preparation of polymeric membranes for breaking down the
equilibrium of Schiff base reaction by the pervaporation technique
Ahmad A. Alowais, aowais21@yahoo.com. King Saud University, Riyadh, Saudi
Arabia
To drive the preparation reaction of Schiff base to the direction of producing only the
imine with a higher yield, the water produced during the reaction must be immediately
removed. Several techniques are usually used, such as distillation, but the results were
always insufficient due to the presence of azeotropic points between the different
components, or the components having similar boiling points and high energy
consummation.
To resolve this problematic we used the pervaporation technique to remove water
selectively during its production. The advantage here is the major potential to save
energy by no less than 50%. Also, it avoids contamination of the flow, in contrast to
azeotropic distillation where entrainers or extra components are used to eradicate the
azeotrope. A series membranes based on the poly(vinylalcohol) thermally crosslinked
was prepared by solvent casting method and used to remove water from the Schiff base
reactions containing amine (such as benzylamine) and aldehyde (such as
benzaldehyde).
The effect of the membrane crosslinking degree, thickness, stirring rate, polarity of
solvent, temperature on the total flux and selectivity were widely studied. The best
performance in the pervaporative parameters such as the flux and selective were
obtained with the membrane containing high cross-linking degree with a thickness of 30
μm using hexane as solvent for 2 h. The appropriate temperature for the performance of
the membrane was between 15-30 °C.
Concerning the yields this technique permitted obtaining a maximum yield of 99.9% by
mass compared to that obtained by the traditional method (usual reaction without
removing water molecules) which equals 68% under the same conditions.

POLY 214: Patterning surface-initiated polymer growth by an electrochemical
redox switch
Miao Qi1, qimi@bc.edu, Haochuan Zhang1, Qi Dong1, Dunwei Wang2, Jeff A.
Byers1. (1) Chemistry, Boston College, Newton, Massachusetts, United States (2)
Boston College, Chestnut Hill, Massachusetts, United States
A bis(imino)pyridine iron bisalkoxide complex that was previously shown to
electrochemically toggle between two oxidation states so as to effect redox-switchable
polymerizations of lactide and cyclohexene oxide was explored for surface initiated and
redox-controlled polymerization reactions. Using a protonolysis reaction that occurs
between a bis(imino)pyridine iron bisalkyl complex and titanium hydroxides, the iron
complex was covalently anchored onto titanium oxide nanoparticles that was
subsequently affixed to a semiconducting fluorine doped tin oxide (FTO) support. The
electrode surfaces facilitated surface initiated and redox-controlled ring-opening
polymerization reactions of lactide and cyclohexene oxide. Similar reactivities were
found in the surface anchored complex compared to the homogeneous complex. In its
iron(II) oxidation state, the complex was able to catalyze lactide polymerization but
displayed no reactivity towards cyclohexene oxide. Upon applying an oxidizing potential
to the surface, the resulting iron(III) complex was no longer active for lactide
polymerization and became active for cyclohexene oxide polymerization. The
chemoselectivity that application of different potentials affords was explored for
patterning titanium oxide surfaces, wherein chemical functionalization was dictated by
the electrochemical bias applied to the surface.

POLY 215: Synthesis and characterization of thioxanthone-based photoinitiators
for two-photon controllable nanolithographic printing
Teng Chi1, chiteng19931993@gmail.com, Paul Somer2, Daniel A. Wilcox3, Vasudevan
Iyer2, Ran Le2, Jamie J. Gengler4, Manuel Ferdinandus4, Carl Liebig4, Liang Pan2,
Xianfan Xu2, Bryan W. Boudouris3. (1) chemistry, Purdue University, West lafayette,
Indiana, United States (2) School of Mechanical Engineering and Birck Nanotechnology
Center, Purdue University, WEST LAFAYETTE, Indiana, United States (3) 2148 Forney
Hall of Chem Eng, Purdue University, West Lafayette, Indiana, United States (4) Air
Force Research Laboratory, 2179 12th St., Wright-Patterson Air Force Base, Ohio,
United States
Printing of high-resolution 3D nanostructures using two-photon polymerization has
gained significant attention because of the diverse materials that can be utilized in this
technique; moreover, it provides an effective way to build from traditional 2D lithography
to create 3D nanostructures rapidly. In particular, isopropyl thioxanthone (ITX) has been
implemented as a photoinitiator for two-photon polymerization in 3D nanoprinting due to
its strong capability of initiating polymerization and photoactivated inhibiting
polymerization. Despite this, new photoinitiating materials are needed in order to reduce
the power requirements for the high-throughput creation of 3D printed structures using
two-photon polymerization processes. To address this point, we have synthesized and
characterized a suite of new thioxanthone-based photoinitiators. Two-photon
polymerization was performed using the most promising photoinitiator. Importantly, one
of the initiators 2,7-bis((4-(dimethylamino) phenyl) ethynyl)-9H-thioxanthen-9-one)
(BDAPT) demonstrated a 5-fold improvement in the writing threshold over the
commonly-used ITX. In order to elucidate the mechanism behind this, the excitation and
inhibition mechanisms associated with the BDAPT molecule were elucidated using
density functional theory (DFT) calculations, ultra-fast transient absorption spectroscopy
and the two-photon Z-scan spectroscopic technique. BDAPT has a larger two-photon
absorption cross-section, which results in a more efficient absorption, and BDAPT also
has a much shorter excited state lifetime relative to ITX. The performance difference
between BDAPT and ITX was evaluated, and the target goal of reducing the excitation
laser power while maintaining a polymerization depletion capability for BDAPT was
successfully realized. The improved polymerization threshold of this new photoinitiator
presents a clear design pathway for the strategic syntheses of next-generation
photoinitiators for scalable 3D nanoprinting processes.

POLY 216: Open-to-air and additive-free photocontrolled radical polymerization of
acrylates and acrylamides
Jessica R. Lamb, jrlamb@mit.edu, Jeremiah A. Johnson. MIT, Massachusetts Institute
of Technology, Boston, Massachusetts, United States
Overcoming oxygen sensitivity is a well-known challenge in the field of controlled radical
polymerizations (CRP). Previous work on non-degassed CRP mainly relies on additives
– such as enzymes, photocatalysts, or sacrificial reductants – to scrub the oxygen both
in solution and in the headspace of a closed reaction vessel before polymerization can
proceed. Limited examples in open vessels have been reported. We developed an
additive-free iniferter polymerization utilizing high-intensity blue (450 nm) light to
generate excess radicals to deplete the local oxygen concentration, allowing for the
controlled polymerization of acrylates and acrylamides in completely open vials. Living
behavior is demonstrated through control over molecular weight, narrow molecular
weight distributions, chain extension, and block copolymer synthesis. The origin of
oxygen tolerance and future applications will be discussed.

POLY 217: Networks of polymers linked by photo-redox-active metal-organic
cages as multi-state switchable catalytic materials
Nathan J. Oldenhuis1, nateoldenhuis@gmail.com, Ke Qin2, Jeremiah A. Johnson2. (1)
Chemistry , University of California, Irvine, Costa Mesa, California, United States (2)
MIT, Massachusetts Institute of Technology, Boston, Massachusetts, United States
Materials that are capable of switching reversibly between stable states with
dramatically different properties offer the potential to break the limitations of traditional
single-state materials. Such materials can be achieved through the design of
supramolecular interactions that can change their connectivity or topology in response
to a given stimulus. To date, however, studies of multi-state materials have primarily
focused on switching mechanical properties. Here, we report on the design of polymer
metal-organic cage (polyMOC) networks comprised of Cu24L24cuboctahedral junctions
linked by 1,3-benzenedicarboxylic acid (m-BDC) terminated poly(ethylene glycol)
(PEG). Coumarin-appended m-BDC ligands are installed into the Cu24L24polyMOC
junctions, which, in the presence of a photosensitizer, enable their light-induced
reversible conversion between three unique redox states: Cu(II) to Cu (I) to Cu(0).
Notably, the phase, color, and catalytic reactivity of the material varies drastically
depending on its redox state. For example, in the Cu(I) state, the material is active as a
catalyst for copper-catalyzed azide-alkyne cycloaddition. Extrusion of the mechanically
robust but dynamic material in its Cu(II) state in the presence of polymeric azides and
alkynes followed by irradiation to switch to the Cu(I) state induces the formation of an
interpenetrating covalent network with dramatically enhanced toughness (over two
orders of magnitude) in irradiated areas. This work highlights the power of the emerging
paradigm of multi-state materials whereby a single material can display the functions of
multiple traditional materials.

POLY 218: Bifuran polyesters: Preparation, properties, and monomer synthesis
Tuomo P. Kainulainen1, tuomo.kainulainen@oulu.fi, Juho Sirviö3, Terttu I. Hukka2,
Juha P. Heiskanen1. (1) Research Unit of Sustainable Chemistry, University of Oulu,
Oulu, Finland (2) Department of Chemistry and Bioengineering, Tampere University of
Technology, Tampere, Finland (3) Fibre and Particle Engineering Research Unit,
University of Oulu, Oulu, Finland
Furans comprise a class of bio-based heteroaromatic compounds with diverse
applications, which makes them valuable for circular economy. Furans have long been
used in polymer chemistry, e.g. in thermosets, but they are currently experiencing a new
wave of interest. Furan diacids such as 2,5-furandicarboxylic acid can be used to
prepare thermoplastics including polyesters and polyamides. Furan-based polyesters
such as poly(ethylene 2,5-furanoate) have excellent properties, making them possible
replacements for fossil-based polymers such as poly(ethylene terephthalate).
Furfural is a key chemical intermediate traditionally prepared from acid catalyzed
degradation of hemicelluloses. Its oxidation yields another important chemical; 2-furoic
acid. Ester derivatives of this furan acid can be coupled into a bifuran structure through
palladium catalyzed direct coupling. The resultant bifurans have two ester groups, which
make them possible polymer precursors.

POLY 219: Hydrolysable DMAEA and DMAEMA copolymers for RNA delivery:
Influence of composition and architecture on binding efficiency and release of
RNA
Fannie Burgevin1, F.Burgevin@warwick.ac.uk, Sebastien Perrier2. (1) Chemistry,
University of Warwick, Coventry, United Kingdom (2) University of Warwick, Coventry,
United Kingdom
Cationic polymers have been shown to be suitable for the complexation and delivery of
nucleic acids. Although their persistent positive charges are essential to the formation of
polyplexes, they render controlled release more challenging as a consequence of the
strong electrostatic interactions between the negatively charged nucleic acids and the
cationic vectors. Effective binding and self-release of nucleic acids has been reported
with poly(2-dimethylaminoethyl acrylate) (pDMAEA). Indeed, the ester bonds of
pDMAEA hydrolyse over time in aqueous conditions, which renders the polymer
negatively charged, thus resulting in the subsequent release of the complexed nucleic
acids. The effect of the composition of DMAEA-based polymers on the hydrolysis and
RNA release has been previously reported. Complex architectures such as stars have
also shown greater binding and slower release of RNA than their linear conterparts.
In this work, a series copolymers of 2-dimethylaminoethyl acrylate (DMAEA) and 2dimethylaminoethyl methacrylate (DMAEMA) were synthesised via reversible additionfragmentation transfer (RAFT) polymerisation with different ratios of hydrolysable
monomer and different architectures. The aim of this study is to investigate the impact
of monomer composition and architecture of DMAEA and DMAEMA-based copolymers
on complexation and time-dependant release of RNA.

POLY 220: Sustainable methods for the preparation of conjugated polymers
using direct arylation polymerization (DArP)
Robert M. Pankow, rpankow@usc.edu, Barry C. Thompson. Department of Chemistry,
University of Southern California, Los Angeles, California, United States
Developing more sustainable methods for polymer synthesis is a critical area of focus.
Direct arylation polymerization (DArP) has emerged as a viable alternative to
conventional methods, such as Stille and Suzuki-Miyaura polymerizations, for
preparation of various conjugated polymers. DArP utilizes C-H functionalization,
circumventing the need for additional synthetic steps to incorporate a transmetalating
reagent onto the monomer and reducing the associated chemical waste. Conditions for
DArP have now been realized that allow for the synthesis of polymer products with
undetectable levels of undesired couplings (donor-donor, acceptor-acceptor, or
branching defects). Many of these synthetic methods, however, require toxic,
hazardous, and unsustainable solvents, such as toluene or tetrahydrofuran, and
transition metals, such as palladium. We have recently reported on the use of the more
sustainable and less hazardous solvent cyclopentyl methyl ether (CPME) for the defectfree synthesis of conjugated polymers using DArP. We are now applying this
methodology towards the preparation of poly[(4,4′-bis(2-butyloctoxycarbonyl-[2,2′bithiophene]-5,5-diyl)-alt-(2,2′-bithiophene-5,5′-diyl) (PDCBT) and its analogs, which
have garnered much attention due to the desirable electronic properties and relative
ease of monomer synthesis. We have also recently reported on the use of copper
catalysts for the preparation of various polymers using DArP. This seminal work
confirms that DArP is not restricted to only palladium as a catalyst, and that more
sustainable metals, such as copper, are viable alternatives. With these initial findings,
we are now developing conditions with first-row transition metals that may be more
tolerant towards a broader scope of monomers, allowing for a more general
methodology of palladium-free DArP.

POLY 221: Utilization of multiple cloning site as a versatile platform for DNA
triblock copolymer
Jeehae Shin, sophshin@kaist.ac.kr, Sheng Li. Chemical and Biomolecular
Engineering, Korea Advanced Institute of Science and Technology, Daejeon, Korea (the
Republic of)
DNA containing block copolymers have utility in a wide range of bioengineering
applications. Recently, we reported the preparation of all-covalent-bond DNA triblock
copolymers with DNA center block and synthetic polymer end blocks. Extending on the
idea, in this contribution, we combine the idea of multiple cloning site (MCS) and DNA
triblock to develop a single chemistry platform for the preparation of a variety of triblock
structures. A multiple cloning site is a DNA sequence containing many restriction
enzyme sites. In molecular biology, MCS is widely used as a means to insert and delete
DNA sequences, allowing a variety of DNA sequences to be created for recombinatorial
purpose. Inspired by the idea, we incorporate MCS in the DNA triblock such that the
DNA center block contains multiple restriction sites. We show that these restriction sites
can be cut by their corresponding restriction enzymes, generating diblock copolymers
with predetermined restriction ends. These regenerated diblocks can then be
reconnected with other diblocks containing complementary restriction ends, allowing the
generation of a variety of triblock structures with different DNA center block sequences
as well as different synthetic end blocks. This study shows that by utilizing a single
platform based on MCS, a variety of triblock can be prepared through combination of
just a few stock of diblock copolymers.

POLY 222: PET-RAFT polymerization under near-infrared light by using silver
phosphate as the photocatalyst
Jingjie Jiang, Gang Ye, yegang@mail.tsinghua.edu.cn. Tsinghua University, Beijing,
China
The rapid development of photocatalysis and artificial photosynthesis has inspired
polymer chemists to exploit light to regulate macromolecular synthesis for better control
over the polymerization process. During the past few years, developing photo-regulated
reversible-deactivation radical polymerization (RDRP) techniques for synthesis of
polymers with predictable molecular weight (MW), spatial and temporal control, and
well-defined end-group functionality is being pursued by the pioneering macromolecular
research groups worldwide. Here, we present in this work that a new photo-induced
electron transfer reversible addition-fragmentation chain transfer (PET-RAFT)
polymerization system was developed using silver phosphate (Figure 1) as the
photocatalyst. Efficient polymerization of various monomers with linear polymerization
kinetics and narrow dispersity of the polymer products was achieved under mild visible
and near-infrared light irradiation using 4-cyano-4-(thiobenzoylthi) pentanoic acid
(CPADB) as a chain transfer agent (CTA).“ON/OFF” light switch experiment showed
good temporal control of the photo-regulated PET-RAFT polymerization system.
Successful chain extension proved the high chain-end fidelity of the polymer product.
Besides, it was demonstrated that, in the presence of a singlet oxygen quencher, the
silver phosphate catalyzed PET-RAFT polymerization could be initiated without prior
deoxygenation. To conclude, because of high photocatalytic efficiency and easy
availability, the silver phosphate photocatalyst is also expected to be applied in other
RDRP systems, providing more opportunities for photo-regulated macromolecular
synthesis.

Figure 1. Morphology of silver phosphate photocatalyst

POLY 223: Exploring the behavior of bimetallic organonickel complexes in the
controlled synthesis of π-conjugated polymers
Jeffrey Buenaflor1, jpbuena4@uw.edu, Christine K. Luscombe2. (1) Chemistry,
University of Washington, Seattle, Washington, United States (2) Materials Science and
Engineering, University of Washington, Seattle, Washington, United States
Much progress has been made in catalyst-transfer polymerization (CTP) to control the
synthesis of π-conjugated polymers, which are attractive targets for organic electronics.
Attempts to improve the methodology of CTP have focused on the mechanistic
influences of reactive ligands, ancillary ligands, and the transition metal on the rate of
initiation and propagation. One avenue that has not been relatively explored is the
utilization of multimetallic cooperative catalysts. In this work, catalysts designed from a
1,4- and 1,3-N,N,N’,N’-tetra(diphenylphosphanylmethyl)benzene diamine bridging
ligand complexed to two Ni metal centers were employed in a Kumada CTP to
synthesize poly(3-hexylthiophene) (P3HT). To explore the behavior of bimetallic
complexes in CTP, a comparative study that included the monometallic analogue and
Ni(dppp)Cl2 as the control was completed using solution 1H-NMR kinetics, MALDI-TOF,
and GPC to characterize monomer conversion, degree of polymerization, end-group
functionalization and molecular weight (MW) distribution. The obtained data revealed
that all catalysts synthesized P3HT via chain-growth, and displayed similar kinetics with
monomers that contained one or three thiophene rings in length. The similar kinetics
indicate the Ni metal centers are acting independent of each other with no apparent
cooperative effects. Endgroup analysis and observed MW distribution revealed worse
CTP performance in the bimetallic and monometallic catalysts compared to Ni(dppp)Cl2.
This reduced performance can be attributed to a weaker Ni(0)-π-aryl complex, which
was caused by the crowding of the coordination plane with two polymer chains growing
simultaneously.

POLY 224: Hierarchically porous, hypercrosslinked, emulsion-templated
polymers: Water purification and absorption
Sima Israel, Michael S. Silverstein, michaels@technion.ac.il. Department of Materials
Science and Engineering, Technion – Israel Institute of Technology, Haifa, Israel
Microporous polymers can be used for gas storage, separation processes, catalysis,
and water purification and the carbonization of microporous polymers can be used to
generate porous carbons for a range of "green" energy applications including
supercapacitors, batteries, fuel cells, and hydrogen storage. In many such applications,
the presence of a porous hierarchy, from macroporous to microporous, is integral to
functionality. PolyHIPEs (PHs, (a) in the figure) are macroporous polymers synthesized
within high internal phase emulsions (HIPEs), emulsions in which the dispersed phase
occupies over 74% of the volume. Here, polymers with unique and advantageous
hierarchical porous architectures were synthesized by hypercrosslinking PHs (PH-X, (b)
in the figure and in the scanning electron microscope (SEM) image). The macroporous
PH monoliths, synthesized within HIPEs containing styrene, vinylbenzyl chloride (VBC),
and divinylbenzene, were hypercrosslinked in a post-synthesis Friedel-Crafts reaction.
Hypercrosslinking introduced microporosity, yielding specific surface areas as high as
1652 m2/g. The synthesis of interpenetrating polymer networks (IPN) PHs introduced
mesoporosity, enhancing the hierarchical porosity. These microporous PHs were
evaluated for their performance in sorption applications that included exposure to a
variety of organic solvents, exposure to a variety of organic vapors, and exposure to
aqueous solutions containing organic contaminants (40 mg/g bromoform from an
aqueous solution of 220 mg/L). Their performance was superior to the PHs that did not
undergo hypercrosslinking and to a commercial activated carbon. Carbons monoliths
with similar hierarchical porosities were synthesized through carbonization of the PHs
((c) in the figure) and the PH-Xs ((d) in the figure). The carbonization of a
hypercrosslinked, VBC-based PH containing a porogen yielded a microporous carbon
with a specific surface area as high as 800 m2/g.

Emulsion-templated porous polymers and carbons (photos): (a) PH; (b) PH-X (also SEM image);
(c) carbonized PH; (d) carbonized PH-X.

POLY 225: Zwitterionic poly(arylene ether sulfone) (PAES) copolymers: Synthesis
and fundamental properties for desalination membranes
Yi Yang, yyang213@asu.edu, Matthew Green. Chemical Engineering, Arizona State
University, Mesa, Arizona, United States
Poly(arylene ether sulfone)s containing covalently bonded sulfobetaine groups (PAESco-SBAES) show great potential for sea water desalination membranes. This family of
polymers showed impressive performances on transport properties, bio-fouling
resistance and chlorine tolerance as well as strong mechanical stabilities. Here we
demonstrated a novel synthesis method to prepare the controlled zwitterionic charge
content in PAES polymers. The polymer chemical structures were analyzed by 1H NMR
spectroscopy and the molecular weight of polymers was determined by size exclusion
chromatography. The membranes were fabricated via the solvent/non-solvent induced
phase separation method with incorporation of controlled solvent evaporation process .
The membrane composition, surface morphology (roughness), cross-section
morphology, and surface hydrophilicity were determined by Fourier-transform infrared
spectroscopy, atomic force microscopy, scanning electron microscopy, and water
contact angle measurements, respectively. The results indicated that both the porosity
of the support layer and surface hydrophilicity increased drastically due to the
incorporation of hydrophilic SBAES segments, and importantly, the water permeance
and antifouling ability were both remarkably improved to 2.5 Lm−2 h−1 bar−1 and a 94%
flux recovery ratio, respectively, while salt rejection remained at a high level (98%) even
under the high exposure to chlorine (12,000 ppm h). This work provided a valuable and
scalable strategy to fabricate free-standing and bio-fouling/chlorine resistant
desalination membranes. Further performance optimization and fundamental
correlations between water/salt transport behavior and free volume theory in this family
of polymers are under investigation.

POLY 226: Relationship between structure and performances of
poly(methylalkyldiallyl ammonium chloride)
Xu Jia, jiaxu@njust.edu.cn, Xiujuan Zhang, Yuejun Zhang. Nanjing University of
Science and Technology, Nanjing, China
For the sake of maintaining high cationic charge density of the substituent
diallylammonium chloride derivatives which is typical representatives of cationic
electrolytes, the simplest and most direct efficient structural design strategy was
selected to improve the lipophilicity of diallyldimethylammonium chloride (DMDAAC),
which designed only one of the substituents on the quaternary ammonium nitrogen to
be modified as alkyl substitution like propyl, amyl and heptyl, therefore the target
monomers were methylpropyldiallylammonium chloride(MPDAAC),
methylamyldiallylammonium chloride (MADAAC) and methylheptyldiallylammonium
chloride (MHDAAC), respectively.
The effect of alkyl substituents on the polymerization activities of monomers simulated
by the theoretical quantum chemistry at B3LYP/6-31G* level was well consistent with
the results of the practical monomer homopolymerization experiments. The law
indicated that the longer alkyl-substituted chain, the more difficult for the primary
radicals’ generation of monomer and lower the polymerization activity of monomer,
which led to the lower molecular mass of obtained polymerization products. The
electron effect of alkyl substituents was not obvious as steric hindrance effect, and the
later one was a dominant factor in the experiments.
The relationship between structure factors and performances of homoplymers on
simulated O/W oily wastewater system showed that with the increase length of alkylsubstituted chain and the relative molecular weight (intrinsic viscosity value) of
homopolymers, the hydrophobic effect of the polymer was enhanced gradually. The
best demulsification result was PMHDAAC with [η] was 0.83dL/g, and corresponding
demulsification rate was 95.6%, which was superior to the demulsification performance
of commercial quaternary ammonium salt demulsifier BQ-05 and PDMDAAC. It could
be easily concluded that polymethylalkyldiallyl ammonium chlorides had good
demulsification efficiency and well performances in some certain lipophilic application
occasions.

POLY 227: Precise nanoporous membranes from self-assembled materials:
Progress towards the promise
Chinedum Osuji1, cosuji@seas.upenn.edu, Xunda Feng2, Qaboos Imran3, Yizhou
Zhang1, Lucas Sixdenier4, Xinglin Lu3, Gilad Kaufman3, Uri Gabinet3, Kohsuke
Kawabata5, Menachem Elimelech3. (1) Chemical and Biomolecular Engineering,
University of Pennsylvania, Philadelphia, Pennsylvania, United States (2) Center for
Advanced Low-Dimension Materials, Donghua University, Changning Qu, China (3)
Chemical and Environmental Engineering, Yale, New Haven, Connecticut, United
States (4) Biophysical Chemistry, Ecole normale supérieure, Paris, France (5)
Department of Chemistry, Tohoku University, Sendai, Japan
Self-assembly of block copolymers and polymerizable small molecules produces a rich
landscape of ordered mesophases. The ability to rationally design the physico-chemical
characteristics of the self-assembled materials, and the characteristic size of the
features has attracted considerable attention in the context of designing membranes for
water purification. In particular, membranes realized by self-assembly have the potential
to circumvent the limitations of pathway tortuosity and size-dispersity of transportregulating features found in conventional membranes. Moreover, soft ordered
mesophases can serve as templates for the assembly of synthetic water channels in
membrane relevant form factors. Nevertheless, significant challenges remain to
achieving the promising properties envisioned. Here we survey the current state of
progress in the field, and present recent results on the design and characterization of
nanoporous membranes for nanofiltration realized from self-assembled materials. In
one case, membranes are realized by vertical alignment of ~ 1nm pores created by
molecularly-templated assembly of a thermotropic discotic columnar liquid crystal. In the
second case, similarly sized pores are generated as a continuous phase in a
polymerized lyotropic liquid crystal with high fidelity retention of the pre-exising lyotropic
nanostructure. Results from absorption and pressure driven permetation studies are
presented, illustrating competitive flux and sharp selectivity on the basis of both solute
size and charge. A particular apsect of the systems discussed is the consistent use of
scalable methods for the fabrication of the resulting membranes, highlighting the
potential for use in practical water purification applications.

POLY 228: Novel approach to boron removal in produced water by an integrated
electrodialysis-nanofiltration system using selective membranes
Matthew R. Landsman2, mrlandsman@utexas.edu, Malgorzata Chwatko2, Rachel A.
Segalman1, Nathaniel A. Lynd2, Desmond F. Lawler2, Lynn E. Katz2. (1) Chemical
Engineering, UCSB, Santa Barbara, California, United States (2) University of Texas at
Austin, Austin, Texas, United States
Produced water from energy-related activities is one of the largest man-made
wastewater streams. Membrane treatment of these waters offers the potential for
reducing both total dissolved solids and specific ion concentrations; however, these
highly impaired waters are subject to extensive fouling and poor separation. Among the
plethora of constituents present in produced water, boron is of utmost concern due to
toxicity and its potential to interfere with particular fracturing fluids during water reuse.
Due to its uncharged nature at neutral pH, as well as its small size and hydration
characteristics, removal of boron by conventional nanofiltration (NF) and reverse
osmosis (RO) membranes can be challenging. Integrated membrane systems with
pretreatment are often utilized to achieve multiple water quality objectives while
minimizing fouling; electrodialysis (ED) is an attractive option for this application
because it provides separation of both cationic and anionic constituents to prevent
precipitation and subsequent membrane fouling (e.g., calcium carbonate). This study
implements an integrated ED/NF system to assess the removal of boron in produced
water and evaluate reductions in membrane fouling through ED pretreatment. Both
selective adsorption and boron rejection are evaluated within this work. Advanced
membrane materials have been synthesized and evaluated to provide a range of
potential treatment options. A key focus of our current work has been on sorption of
boron to membrane surfaces through diol modifications. Additional on-going work is
aimed at enhancing boron rejection through rational tailoring of desired functionalities.
These potential membrane improvements to promote repulsion include the
incorporation of negatively-charged species within the polymer matrix and the tuning of
selective-layer chemistries to alter membrane hydrophobicity.

POLY 229: Network polymerization of epoxides to yield compositionallycontrolled polyether-based membranes
Malgorzata Chwatko1, gonia6@gmail.com, Christina Rodriguez1, Benny D. Freeman1,
Nathaniel A. Lynd2. (1) The University of Texas at Austin, Austin, Texas, United States
(2) Department of Chemical Engineering, The University of Texas at Austin, Austin,
Texas, United States
We report an approach for creating crosslinked polyether-based membranes.
Crosslinked polyether membranes were synthesized from a variety of epoxide
monomers polymerized using mono(µ-alkoxo)bis(alkylaluminum) initiators. The
membranes exhibited variable functionality, and water uptake as a function of their
composition. Both synthesis and membrane properties will be described in this
presentation.

POLY 230: Characterization of sub-unit cell morphology in tubular network block
copolymers
Edwin L. Thomas1, elt@rice.edu, Xueyan Feng1, Christopher Burke2, Ishan Prasad2,
Abhiram Reddy2, Greg Grason2. (1) MS 364 1016 Duncan Hall, Rice University Brown
Sch of Engr, Houston, Texas, United States (2) University of Massachusetts, Amherst,
Massachusetts, United States
A complex 3D tubular network structure is investigated using the slice and view electron
microscopy technique that directly generates a 3D tomogram of the nanoscale
structure. The material studied is a polystyrene (PS) – polydimethylsiloxane (PDMS)
diblock copolymer that exhibits the double gyroid network morphology with a lattice
parameter of ~ 130nm, with feature sizes on the 20 nm scale, typical of many soft
matter assemblies. By alternating between a thin ion beam slice and a secondary
electron image using a low voltage incident electron beam, the voxel size is
approximately 3 x 3 x 3 nm3 allowing analysis of a comprehensive set of sub-unit cell
morphological descriptors and enabling critical comparison to theoretical models of the
structure. While the DG phase would nominally be classified as cubic phase based
standard morphological characterization techniques (i.e. SAXS and TEM) in accordance
with equilibrium theory, a more critical analysis of morphology reveals that sample
orders into variable triclinic (vt) variants of the cubic phase. Remarkably, the triclinic
symmetry of the network is coherent over the large multi-micron length scales of
monodomains, yet the particular triclinic symmetry of the morphology varies
substantially from grain to grain. We demonstrate that large, yet coherent, deviations
from cubic symmetry are facilitated by non-affine relaxations of sub-unit cell
morphology, characterized by variable stretching and relaxation of tubular network
struts that accommodate triclinic symmetry while maintaining local angular symmetry of
network. This multi-scale analysis of 3D periodic BCP morphology reveals a qualitative
and under appreciated distinction between hard and soft crystals with regard to
structural relaxations of avoidable residual strains deriving from the inter-grain
compatibility constraints arising during crystal formation.

Experimental Reconstruction of Triclinic Double Gyroid

POLY 231: Synthesis of functional bottlebrush copolymers
Akanksha Sood, asood2@buffalo.edu, Javid Rzayev. Chemistry, SUNY University At
Buffalo, Buffalo, New York, United States
Bottlebrush copolymers or molecular brushes are graft copolymers containing long
backbone with densely grafted side chains. The repulsions between side chains force
the backbone to retain an extended conformation, giving rise to stable, shape-persistent
macromolecules. With advances in polymer synthesis, bottlebrushes of desired length,
grafting density and molecular weights can be prepared. This controlled synthesis has
created opportunities for using brushes for a variety of applications such as photonics,
lithography, imaging, sensing and drug-delivery. In this study, synthesis of bottlebrush
copolymers with bioactive and photoactive side chains has been explored using various
polymerization methods. In the first part, bottlebrush copolymers based on 2’deoxycytidine analogues have been synthesized using a combination of step-growth
and controlled chain polymerizations. Macromonomers containing bioactive repeat units
were first prepared by step growth polymerization and subsequent end-group
functionalization. The synthesis of corresponding bottlebrush copolymers was then
explored using various controlled chain polymerization techniques. Furthermore, their
potential for therapeutic applications has been investigated. In the second part,
bottlebrush block copolymers bearing photo-active coumarin moieties and degradable
polymeric side chains have been synthesized using living polymerization techniques.
These brushes have been further utilized in preparing porous network materials with
properties that are tunable for various applications.

Bottlebrush block copolymers with photo-active(blue) and degradable (red) side chains.

POLY 232: Multiple sensitive and intelligent detachable thermosetting polymer
based on dynamic disulfide linkages
Lin Zhou, nkzhoulin@swust.edu.cn. Southwest University of Science and Technology,
Mianyang, Sichuan, China
Development of a methodology for designing smart functional polymers with both
structural rigidity and facile degradability is an important challenge. In this paper, we
demonstrate the efficient degradation of thermosetting polyurethanewith disulfide
linkages, which were prepared from 11’-dithiodiundecanol(DTU)as soft segment
incorporating isophorone diisocyanate(IPDI) and tris(2-Hydroxyethyl)amine(TEA)
serving as hard segment. It is important that we present a new method for rapid
disassembly of thermosetting polyurethane under mild conditions, using multiple
sensitivity dynamic bonds to construct it and adopting synergistic effect between
multiple stimuli. The mechanical and thermodynamic properties of the polyurethane
were investigated by DMA, DSC and TGA. When soaked in DMF solution, the
fabricated polyurethane only swelled but not dissolved. While adding 0.1g/mL reducing
agent (DTT), its swelling degree increased firstly and then decreased rapidly, the fully
swelledpolymer was completely dissolved approximately 11h at 25 oC, and the
dissolution rate increased as DTT concentration raised. Moreover, with the temperature
increasing from 25 oC to 60 oC, the time for complete dissolution of the fully swelled
polyurethanedecreased from 12h to 50 min. It was indicated that the synergistic effect of
reducing agent and temperature can make the thermosetting polyurethane disassemble
quickly. In addition, other external stimuli, including pH and light, can also be used to
adjust the dissolution rate of the disulfide bonds cross-linked thermosets.These stimuliresponsivities were also attributed to the dynamic disulfide linkages in the polymer. In
addition, it is expected to realize the disassembly of thermosetting polymers under mild
conditions, and then provide a new way for the recovery of the valuable electronic
components or other expensive components.

The efficient degradation of thermosetting polyurethane with disulfide linkages by external
stimuli.

POLY 233: Catalyzed chemical synthesis of uncommon or unnatural
polyhydroxyalkanoates
Andrea H. Westlie, awestlie@colostate.edu, Xiaoyan Tang, Eugene Y.
Chen. Chemistry, Colorado State University, Fort Collins, Colorado, United States
Polyhrdoxyalkanoates (PHAs) are a class of microbially produced polyesters with
diverse materials properties. In principle, PHAs should offer an attractive biorenewable
and biodegradable alternative to petroleum-based plastics, but the currently high
production cost and low production volume largely limit their applications as commodity
bioplastics. In addition, the structure of bio-derived PHAs is typically confined to
possessing saturated alkyl side chains and has a limited control over copolymer
composition that also requires metabolic engineering to redirect metabolic flux. Recently
we reported an efficient catalyzed chemical synthesis of highly crystalline, perfectly
isotactic poly(3-hydroxybutryate) (P3HB), the most prominent member of the PHA
family with materials properties comparing well to those of high-performance isotactic
polypropylene. Mirroring that synthesis, we have endeavored the synthesis of PHAs
with uncommon alkyl groups or unnatural aromatic and unsaturated alkenyl groups.
Herein, this presentation will discuss our recent efforts in these synthetic fronts as well
as investigation into thermal and mechanical properties of such unusual PHAs.

POLY 234: Stimuli-responsive polyurethanes that rapidly degrade via
intramolecular cyclization
Ephraim Morado1, ephraimmorado@yahoo.com, Steven C. Zimmerman2. (1)
Chemistry, University Illinois at Urbana-Champaign, Urbana, Illinois, United States (2)
Chemistry, University of Illinois, Urbana, Illinois, United States
Millions of tons of polyurethanes (PU) are produced every day for coatings, foams, and
adhesives but due to the mass production of PU there is a buildup of PU waste in
landfills and the aquatic environment. Disposal of PU waste involves incineration of PU,
which requires a large energy input. Therefore, there is a need to develop milder
methods to degrade PU. We present a simple hydroxy acetal unit that undergoes an
intramolecular cyclization mechanism under anhydrous acidic conditions leading to a
breakdown into smaller units. Incorporating this moiety as a monomer in a crosslinked
PU network would allow the depolymerization of the polyacetal backbone and thus
provide a new class of material with a distinct degradation mechanism. Herein, the
hydroxy acetal unit is incorporated into bulk polymer and light triggered core shell
microcapsules. A tetrahydroxy acetal is copolymerized with toluene diisocyanate to
make foams that degrades efficiently under acidic conditions. Additionally, a diamino
hydroxy acetal urethane monomer was synthesized for interfacial polymerization with
trimesoyl chloride to obtain acid responsive microcapsules. We show that the hydroxy
acetal monomer can degrade under mild conditions, which can possibly be utilized as a
new PU material to aid in accumulation of PU waste.

POLY 235: Decoupling of mechanical properties and ionic conductivity in
supramolecular stretchable battery materials
David G. Mackanic2, dmack@vt.edu, Yi Cui1, Zhenan Bao2. (1) Stanford Univ
McCullough Bldg, Stanford, California, United States (2) Chemical Engr Dept MC 5025,
Stanford University, Stanford, California, United States
As soft electronic devices increasingly require stretchable, conformable batteries, safety
concerns regarding the use of liquid electrolytes in lithium ion batteries (LIBs) arise.
Unfortunately, the canonical tradeoff between mechanical strength and ionic
conductivity in polymer electrolytes has forced most reported stretchable batteries to
incorporate mechanically weak electrolytes containing flammable liquids within strain
engineered structures. Herein, we introduce a supramolecular design as a novel
strategy to decouple ionic conductivity from mechanical strength in polymer electrolytes.
The supramolecular lithium ion conductor (SLIC) utilizes orthogonally functional Hbonding domains and ion conducting domains to create a polymer electrolyte with high
resilience (4.9 MJ m-3) and high ionic conductivity (1.2*10-4 S cm-1 at 25° C ).
Implementation of SLIC as a binder material allows for the creation of stretchable Li-ion
battery electrodes with strain capability of over 900% via a conventional slurry process.
The supramolecular binding between SLIC-based battery components enables the
fabrication of the first intrinsically stretchable LIB. The SLIC battery has a capacity of 1.1
mAh cm-2, an operating voltage of 1.8 V, and functions even when stretched to 70% of
its original length. The method reported here of decoupling ionic conductivity from
mechanical properties opens a new route to create highly resilient ion transport
materials for energy storage applications.

POLY 236: Construction of polyphosphoramidates with acid-triggered backbone
degradation
Hai Wang, wanghaihp@gmail.com, Mei Dong, Richen Li, Karen L. Wooley. Chemsitry,
Texas A&M University, Bryan, Texas, United States
Polymers with acid-labile linkages along the backbone are of great interest because of
their ability to degrade rapidly into small molecules under acidic conditions, even at the
early stage of the degradation. This presentation will focus on the development of
advanced synthetic methodologies to afford well-defined polyphosphoramidates (PPAs)
containing acid-labile backbone linkages (phosphoramidate bonds).
Highly water-soluble PPAs with acid-labile backbone linkages were prepared readily
under via organobase-catalyzed ring-opening polymerization (ROP) of a fivemembered-ring monomer. The ROP kinetics were explored, demonstrating that these
polymerizations proceeded in a controlled manner under basic conditions via the
selective cleavage of P−O bonds during the ROP. Degradation studies indicated that
these PPAs underwent rapid backbone degradation under acidic conditions through the
cleavage of P−N bonds, yielding oligomers within several days at pH 5 (17.5% P−N
bond cleavage after 3 d, DPn = 90). PPAs exhibited significantly faster degradation
under acidic conditions, compared to months being required for their polyphosphoester
analogs, which share the same structures except for the P-N linkages.
α-Amino acids, based on their wide bioavailability and inherent biocompatibility are
attractive starting materials for the development of novel synthetic biodegradable
polymers. In addition, the introduction of α-amino acids may endow the polymer with
additional advantages, such as desirable biological properties and enhanced thermal
properties. The synthesis towards α-amino acid-based PPAs (APPA) via ROP was
carefully evaluated. The hydrolytic degradation of the resulting highly water-soluble
APPAs was studied, which revealed a faster degradation rate compared to its analog
PPAs. Furthermore, the introduction of methyl carboxylate groups endowed the APPAs
with intumescence, which makes it a potential candidate for advanced coatings
applications.

POLY 237: Copolymers of elemental sulfur and fatty acids
Ashlyn D. Smith, ashlynd@clemson.edu, Andrew G. Tennyson. Chemistry, Clemson
University, Clemson, South Carolina, United States
Sulfur, a byproduct of petroleum refining, and fatty acids, undervalued components of
rendering waste, were reacted at elevated temperatures to yield copolymers. The
influence of various transition metal additives to the polymerization processwas also
assessed for unfluence on the ultimate mechanical and thermal properties of the
materials. The reaction of sulfur, faty acids, and transition metal salts led to a series of
composites, FASx (x = wt% sulfur, and x is 10-95). The FASx compositions were
assessed by 1H NMR spectrometry, FTIR spectroscopy and elemental microanalysis. A
wide range of tar-like to durable solid components were accessed, and many of the
solids were thermally healable and readily remeltable. Of the remeltable solids, several
were selected for further analysis of their thermal and mechanical properties by
thermogravimetric analysis, differential scanning calorimetry and dynamic mechanical
analysis (single cantilever mode temperature scans and stress-strain analysis).
Remarkably, even copolymers having only 5% organic material to reinforce the sulfur
matrix leads to over an order of magnitude increase in storage modulus compared to
sulfur alone.

POLY 238: Synthesis and properties of novel biodegradable polyurethanes using
polycaprolacton diol and diisocyanates
Hiroaki Kouzai1,2, kouzai@kanto-gakuin.ac.jp, Yosuke Awagakubo3. (1) Department of
Applied Chmistory,College of Science and Engineering, Kanto-gakuin University,
Kanazawa-ku/Yokohama 236-8501, Kanagawa, Japan (2) Materials and Surface
Engineering Research Institute, Kanto-gakuin University, Odawara-shi Ogikubo 1162-2,
Kanagawa, Japan (3) Department of Material life Science,Graduate School of
Engineering, Kanto gakin University, Kanazawa-ku/Yokohama, Kanagawa, Japan
There are many of plastic products around us. However, many of those products are
incinerated, which places a heavy burden on the environment, such as CO2 emissions.
Therefore, in this research, we focused on biodegradation as a vailable disposal method
and conducted research accordingly. In this study, synthesis and degradability of
polyurethanes were investigated using degradable polycaprolactone diol (PCL) and
amino acid derived lysine triisocyanate (LTI). For comparison, PCL 1000 and PCL 2000
were used. The yield was 0.82 g (yield 82%) in PCL 1000, and the yield was 1.30 g
(yield 65%) in 2000. As a result of FT-IR measurement, N-H stretching vibration due to
urethane bond near 3400 cm-1 and C-O stretching vibration of carbonyl bond near 1700
cm-1 were confirmed, respectively. Further, it is conceivable that the compound is
insoluble in various organic solvents such as DMF and THF, and has a crosslinked
structure. As a result of the tensile test, PCL 1000 had a breaking point-stress of 8.04
MPa, a breaking point-strain of 319.33% and a modulus of elasticity of 38.76 MPa. As a
result of examining the degradability, it was confirmed that the weight loss was 20% in
30 days.

POLY 239: Diselenide-containing polymer with light-induced cytotoxicity
Chenxing Sun, sun-cx16@mails.tsinghua.edu.cn. Chemistry, Tsinghua university,
Beijing, China
Selenium is an essential human trace element, and selenium-containing polymers have
recently received wide attention as new stimuli-responsive biomaterials. A light-induced
cytotoxicity system was fabricated using active diselenide/porphyrin-containing
hyperbranched polymer aggregates in aqueous solution through emulsification. When
the nanoparticles were irradiated with visible light, 1O2 was produced by the porphyrin
photosensitizers in the system, which cleaved the diselenide bonds in the polymer
chains and disassembled the nanosystem. Interestingly the oxidized products exhibited
cytotoxicity to the MDA-MB 231cell line without using extra anticancer drugs, which
endowed the system with potential visible light-induced anti-tumour activity. In
combination with photodynamic therapy, it is greatly anticipated that better anticancer
efficacy can be achieved with this system.

POLY 240: Graphene oxide-conjugated polymer hybrid materials for calmodulin
sensing
Chengfen Xing, xingc@hebut.edu.cn, Xueying Bao, Hongbo Yuan, Dong Gao. Institute
of Biophysics, Heibei University of Technology, Tianjin, China
The new functional materials and efficient approaches for protein sensing is promising
for understanding the molecular mechanism of signal transduction pathways and
developing antagonists for therapy. In our recent study, we have designed and
developed a novel and unconventional hybrid material consisting of graphene oxide
(GO) and cationic conjugated polymer for detection of the conformation transition of a
cellular Ca2+-binding protein of 148 calmodulin (CaM) by using fluorescence resonance
energy transfer (FRET) technique. We also report a strategy to realize the remote
control of the activities of potassium channels via photothermal inactivation of
calmodulin (CaM) by using reduced graphene oxide decorated by calmodulin binding
peptide (rGO-P) as the transducer with near-infrared light irradiation. Upon NIR light
irradiation, the CaM/Ca2+ bound to rGO-P was inactivated by the photothermal effect of
rGO-P, resulting in the incapability of binding with Ca2+. Hence, the closed Kv10.1
channel was converted to be open in the presence of calcium in living cells. Meanwhile,
SK2 channel was induced to be closed from the open state and Kir2.1 channel was
unaffected by the intracellular inactivation of CaM. Our strategy gives a noninvasive and
effective approach to remotely control the activities of potassium channels, offering an
alternative for the development of optogenetics.

POLY 241: Diffraction-like methodologies discover encoded biological
recognition in bicomponent cell membrane mimics
Mitchell Young4, mitchell.young@temple.edu, Cesar Rodriguez-Emmenegger3, Qi
Xiao2, Nina Yu. Kostina5, Michael L. Klein1, Virgil Percec2. (1) Inst Comp Molecular
Science, Temple University, Philadelphia, Pennsylvania, United States (2) Univ of Penn,
Philadelphia, Pennsylvania, United States (3) DWI–Leibniz Institute for Interactive
Materials, Rheinisch-Westfälische Technische Hochschule Aachen University, Aachen,
Germany (4) Temple University, Philadelphia, Pennsylvania, United States (5) RWTH
Aachen University, Aachen, Germany
Sugar phase-separated hierarchical arrays with lamellar and hexagonal morphologies
that encode biological recognition in cell membrane mimics are among the most
complex architectures yet discovered in soft matter.
Atomic force microscopy images and their associated fast Fourier transforms (FFTs),
along with complementary molecular modeling, are analyzed to address the question of
what architectures program enhanced glycan function of Janus glycodendrimers (JGDs)
vesicles. This methodology reveals that a complex hierarchical self-organization of
sugar moieties arranged into lamellar and hexagonal nanophase-separated periodic
arrays are responsible for the enhanced activity compared with glycodendrimersomes
(GDSs) where sugars are densely packed and do not exhibit nanomorphologies.

POLY 242: Synthesis and characterization of amphiphilic graft copolymers
prepared by organocatalyzed transesterification of terpene-containing reagents
Jake R. Hughes1, jacobhughes@sandiego.edu, Peter M. Iovine2. (1) Biochemistry,
University of San Diego, San Diego, California, United States (2) Univ of San Diego,
San Diego, California, United States
Amphiphilic copolymers are an important class of polymeric material used widely in
diverse applications including drug delivery and biomaterials more broadly. It is
especially desirable to construct amphiphilic copolymers from sustainable building
blocks. We describe, herein, a new class of amphiphilic graft copolymers synthesized
from polyvinyl alcohol (PVA) and terpene-containing methyl esters. Organocatalyzed
transesterification was used to link the hydrophobic and hydrophilic domains via
degradable bonds. The efficiency of the guanidine-catalyzed transesterification reaction
was studied along with the physical properties of the resultant graft copolymers.

POLY 243: Synthesis and characterization of block-brush arm star polymers
Leticia Costa1,2, lcosta@wesleyan.edu, Peyton Shieh2, Jeremiah A. Johnson2. (1)
Wesleyan University, Middletown, Connecticut, United States (2) Massachusetts
Institute of Technology, Cambridge, Massachusetts, United States
Polymeric nanoparticles have been widely used for biological applications, but
strategies to precisely control the physical properties of these nanoparticles remain
limited. Here, we describe the preparation of a new class of polymeric nanoparticles:
block brush-arm star polymers (B-BASPs), which enable the precise positioning of
functional groups within a nanoparticle structure. We characterize in depth how isomeric
block brush-arm star polymers can be used to control the accessibility of specific
functionalities, shedding light onto the architecture of this class of nanoparticles. We
further demonstrate how controlling this accessibility can lead to dramatically different
particle properties. We propose that block-brush arm star polymers represent a
straightforward strategy to tune the properties of polymeric nanoparticles, opening the
door to in depth studies on how polymer structure can impact biological function.

POLY 244: Synthesis of fully conjugated copolymers based on N-alkylbisthiazole-dicarboximide
Marc Comi Bonachi1, marc.comi_bonachi@qatar.tamu.edu, Mohammed AlHashimi2. (1) Science Program, Texas A&M University at Qatar, Doha, Qatar (2) 351I
Texas AM Eng Bldg, Texas AM University at Qatar, Doha, Qatar
The fully conjugated polymers (CPs) are successfully employed as an active layer to
fabricate low-cost organic electronic devices such as organic field effect transistors
(OFETs) and organic solar cells[1]. In comparison to their inorganic counterparts,
organic π-conjugated small molecules and polymers can now be integrated with
solution processability, mechanical flexibility and synthetic variety.[2] The most
commonly studied polymeric materials are based on electron-rich aromatic moieties,
such as thiophene, selenophene, fluorene, pyrrole and carbazole.[3] On the contrary
incorporation of 1,3-thiazole has received less attention. In contrast to electron-rich
thiophene moiety, the isostructural thiazole unit is electron deficient due to the presence
of the electronegative nitrogen in the five-membered ring. The introduction of thiazole is
presented as an alternative strategy to lower the frontier levels of conjugated materials.
As a successful strategy in polymer photovoltaic materials, pull–push mode of
structures, containing electron-pulling and pushing units, have been widely adapted to
provide more efficient intramolecular charge transfer (ICT) and adjustments of the
bandgaps and energy levels of highest occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO). N-alkyl-bisthiazole-dicarboximide derivatives as
electron pulling unit, are a promising candidate for organic transistors, due to, the
monomer structure contains two units of thiazole to expand the conjugation, two
carbonyl groups for good electron-withdrawing ability and nitrogen atom in the center to
introduce different alkyl chain in order to improve the solubility.[4] In order to that a
range of copolymers were synthetized and the optical, electronic, surface properties
were measured.

POLY 245: Syntheses of eugenol based copolymers applying thiol-ene reactions
Liam T. Reilly, ltr2807@rit.edu, Massoud J. Miri. Chemistry and Materials Science,
Rochester Institute of Technology, Rochester, New York, United States
Synthetic polymers are increasingly made from renewable compounds to overcome the
issues of depletion and CO2 emissions associated with fossil fuels as conventional
starting materials for polymer production. In this work, we investigated synthetic
strategies to polymerize eugenol or monomers derived from eugenol using
polycondensation and thiol-ene click reactions. The structures of the polymers were
verified by 1H NMR and 13C NMR and complete peak assignments were made. Thermal
properties were determined by DSC and TGA, and molecular weight properties were
obtained by GPC. The effects on the polymer properties of spacer units with different
lengths (C4 versus C8) between the eugenol units are also discussed.

POLY 246: Synthesis and analysis of thermo-reversible Diels-Alder reaction
between bismaleimide moiety and furan moiety
Yongkyun Kim1, standaloneiv@naver.com, Kwang-Yong Park1, Haneul Park2, Taewon Lee3. (1) Chung Ang Univ Dept Chem Eng, Seoul, Korea (the Republic of) (2)
Agency for Defence Development, Daejeon, Korea (the Republic of) (3) Chung-Ang
University, Seoul, Korea (the Republic of)
Reversible organic reactions have been studied in various applications including selfhealing coatings, self-healing soft robotic actuators, drug delivery system and so on.
The retro-Diels-Alder reaction, the microscopic reverse of the corresponding Diels-Alder
reaction, attracts much attention due to its facile accomplishment with heat. In this
study, the reversible Diels-Alder reaction of a furan compound with a bismaleimide
compound was investigated. Reaction conditions to control the direction of the DielsAlder reaction, forward or backward, were optimized. Polyurethanes possessing a furan
moiety was prepared, and the crosslinking and retro-crosslinking process using a
bismaleimide linker was investigated. Storage and release of small particles by the
reversible process is currently under study.

POLY 247: Mechanochemical synthesis: Solvent effects on helicity of conducting
polymers
Wai H. Mak, whmak@ucla.edu, Cheng-Wei Lin, Richard B. Kaner. University of
California, Los Angeles, Los Angeles, California, United States
Helicity is an important property innate in many biological systems such as DNA. In the
lab, researchers have been trying to emulate chirality through synthetic means. For
example, conducting polymer with optical activities can be useful for enantioselective
separation. Chiral polyaniline, one such conducting polymer, can be synthesized
through electropolymerization or through doping of the emeraldine base with a chiral
acid. Previously, it has been shown that polyaniline polymerization can be done in the
solid state. Herein, we investigate the solvent’s role in the production of optical activity
by using a solvent-free synthesis of polyaniline in the presence of doping acid. The
resulting materials will be characterized using circular dichroism spectroscopy,
ultraviolet-visible spectroscopy, infrared spectroscopy, and scanning electron
microscopy. Results from this study with further the understanding of chiral formation in
synthetic systems.

POLY 248: Quasi-living polymerization of dienes and polar vinyl monomers
catalyzed by a discrete neodymium phosphate complex
John Michael O. Cue, joc160230@utdallas.edu, Ruvanthi Kularatne, Yixin Ren,
Michael C. Biewer, Mihaela C. Stefan. Dept. of Chemistry and Biochemistry, University
of Texas at Dallas, Richardson, Texas, United States
Ziegler-Natta type catalysts have been extensively used for the polymerization of olefins
and dienes. However, these catalysts can be disadvantageous due to their poor
solubility in organic solvents, easy deactivation by polar monomers and high
polydispersity index (PDI) of the synthesized polymers. Thus, a neodymium-based
catalyst with chloride and triisobutylphosphate ligands (NdCl3 3TIBP) is developed for
the polymerization of dienes and polar vinyl monomers. Single crystals of NdCl3 3TIBP
were isolated and its structure was determined using X-ray diffraction showing a
discrete complex. The catalytic activity of NdCl3 3TIBP combined with triisobutylalumium
(TIBA) as a co-catalyst was performed for the polymerization of isoprene and bio-based
myrcene (96% 1,4-cis and ~1.6 PDI). It is active for the homopolymerization of polar
vinyl monomers (butyl acrylate and methyl methacrylate - ~64% syndiotacticity) and it
generates block copolymers by sequential monomer addition. A quasiliving polymerization of the catalytic system was observed based on the kinetic studies.
NdCl3 3TIBP/TIBA system demonstrates good catalytic activity in the polymerization of
dienes while keeping stereospecific control of the reaction.

Polymerization of Dienes and Vinyl Monomers by Neodymium Phosphate Catalyst

POLY 249: Synthesis of sustainable polycarbonates and controlling the glass
transition temperature: Towards simultaneous biomass-upcycling and CO2
conversion
Eunho Choi, eunho9307@gmail.com, Changsik Song. Chemistry, Sungkyunkwan
university, Seoul, Korea (the Republic of)
There has been an increasing interest in developing environmentally friendly and
sustainable polymers from biomass-based monomers as alternatives to petroleumbased polymers because of depleting fossil resources and environmental concerns. Bishydroxymethylfuran (BHMF) is one of the promising biomass-derived chemicals as a
polymer platform. However, BHMF has not been utilized in the synthesis of
polycarbonates with general methods due to the thermal instability of BHMF. In this
study, BHMF-based polycarbonates (FR-PCs) were prepared at a low temperature with
a mediation of carbodiimide, which is a potentially CO2-upcycled method. The glass
transition temperature (Tg) was elaborated with a strategy of variation in the rotational
barrier of polymer main chains. The rotational barrier was controlled with a Diels-Alder
(DA) reaction between the furan group in the polymer and various N-substituted
maleimides, resulting in proportionally increased Tg to the maleimide contents.

POLY 250: Co-oligomerizations of 2,5-dibromo-1,1-disubstituted-3,4-diphenylsiloles with 4,4'-(hexafluoroisopropylidene)diphenol or 4,4'-biphenol and their
characteristics
Jong W. Lim, Young T. Park, ytpark@kmu.ac.kr. Department of Chemistry, Keimyung
University, Daegu, Korea (the Republic of)
2,5-Dibromo-1,1-disubstitued-3,4-diphenyl-siloles (e.g, diethyl, dihexyl) as monomers
were prepared by intramolecular reductive cyclization reactions of disubstitutedbis(phenylethynyl)silanes using lithium naphthalenide, anhydrous ZnCl2, and Nbromosuccinimide (NBS), respectively. Co-oligomerization reactions of 2,5-dibromo-1,1disubstitued-3,4-diphenyl-siloles with 4,4'-(hexafluoro-isopropylidene)diphenol or 4,4'biphenol were carried out by the nucleophilic substitution reaction of two bromine
groups in the presence of potassium carbonate under the co-solvent of N-methyl-2pyrrolidinone (NMP) and toluene by azeotrope using Dean-Stark trap. The crude
oligomeric products were purified by extraction using the solvents of tetrahydrofuran
and dichloromethane, and washed with deionized water. The oligomeric product
materials were characterized by 1H, 13C, and 29Si NMR as well as GPC. We also studied
the photoelectronic properties by UV-vis absorption, excitation, and fluorescence
emission spectroscopic methods, in particular.

POLY 251: Ring opening metathesis polymerization-derived sulfur functionalized
polyolefins
Santhosh Kumar Podiyanachari1, skumarp@yahoo.com, Upendar Reddy Gandra1,
Ihor Kulai1, Antsar Rih Hlil1, Saeed Al-Meer2, Mohammed Al-Hashimi1, Hassan S.
Bazzi1. (1) Department of Chemistry, Texas A&M University at Qatar, Doha, Qatar (2)
Analytical Chemistry, University of Qatar, Doha, Qatar
Ring opening metathesis polymerization (ROMP) is a remarkable alternative method for
preparing functional polyolefins. In our previous studies we have been investigated the
ROMP and copolymerization capabilities of cycloolefin monomers (five- to eightmembered ring-based monomers) by the action of a series of well defined Grubbs or
Hoveyda Grubbs type catalysts and computationally studied the ring strain energies of
cycloolefin monomers in the metathesis polymerization. Based on these investigations,
we have expanded the scope of functionalized bicyclic olefins in the ROMP and its
copolymerization with cyclic comonomers. Here, we report the synthesis of such kinds
of sulfur functionalized polyolefins via the ROMP of oxanorbornene containing pendent
sulfur moiety and its copolymerization with cyclic comonomers such as cyclopentene
(Cy5), cyclopent-3-en-1-ol (Cy-OH), cycloheptene (Cy7) and cyclooctene (Cy8) using
Hoveyda-Grubbs 2nd generation Ru-catalyst [Ru(Cl2)(IMesH2)(=CH-2-(2-PrO-C6H4)],
(IMesH2 = 1,3-dimesitylimidazolin-2-ylidene). The 1H NMR kinetics experiments
displayed the reactivity and the influence of temperature on the conversion of each
monomer in the metathesis polymerization. A seven membered cycloolefin monomer
Cy7 showed low ROMP reactivity at RT in the copolymerization, which is well
comparable with the DFT calculated ring strain energies of the cycloolefins i.e.,
Cy8>Cy5-OH>Cy5>Cy. Isolated polymer yields were ranging from 69-70% and 38-92%
respectively for the polymerizations carried out at 0 oC and 25 oC. Additionally
investigated the molecular weights (Mn) and structure property relationships of
polyolefins.

POLY 252: Morphology and performance of poly(vinyl chloride) containing
melamine Schiff bases against ultraviolet light
Mohammad H. Alotaibi1, mhhalotaibi@kacst.edu.sa, Gamal A. El-Hiti2, Ahmed A.
Ahmed6, Basheer A. Hamad6, Dina Ahmed3, Ahmed Ahmed4, Hassan Hashim5, Emad
Yousif6. (1) National Center for Petrochemicals Technology, King Abdulaziz City for
Science and Technology (KACST), Riyadh, Riyadh Region, Saudi Arabia (2) College of
Applied Medical Sciences, King Saud University, Department of Optometry,, Riyadh,
Saudi Arabia (3) Medical instrumentation engineering, Al-Mansour University Collage,
Baghdad, Iraq (4) Polymer Research Unit, College of Science, Al-Mustansiriyah
University, Baghdad, Iraq (5) Department of Physics, College of Science,, Al-Nahrain
University, Baghdad, Iraq (6) Department of Chemistry, College of Science, Al-Nahrain
University, Baghdad, Iraq
Five Schiff bases derived from melamine have been used as efficient additives to
reduce the process of photodegradation of poly(vinyl chloride) films. The performance of
Schiff bases has been investigated using various techniques. Poly(vinyl chloride) films
containing Schiff bases were irradiated with ultraviolet light and any changes in their
infrared spectra, weight, and the viscosity of their average molecular weight were
investigated. In addition, the surface morphology of the films was inspected using a light
microscope, atomic force microscopy, and a scanning electron micrograph. The
additives enhanced the films resistance against irradiation and the polymeric surface
was much smoother in the presence of the Schiff bases compared with the blank film.
Schiff bases containing an ortho-hydroxyl group on the aryl rings showed the greatest
photostabilization effect, which may possibly have been due to the direct absorption of
ultraviolet light. This phenomenon seems to involve the transfer of a proton as well as
several intersystem crossing processes.

POLY 253: Enhancement of poly(2-ethylhexyl methacrylate) by photo crosslinking
Jessica Dodge, jessica@polychemistry.com, Bernard Gordon, Laura M.
Stratton. Polymer Chemistry Innovations, Inc., Tucson, Arizona, United States
Poly(2-ethylhexyl methacrylate), PEHMA, is a non-hazardous organic thermoplastic
polymer in the poly(alkyl methacrylate) family. PEHMA is used in various applications
such as dental and medical products, coatings, paints, inks, and non-fouling coatings.
Currently, PEHMA is synthesized by free radical polymerization.
Crosslinking PEHMA greatly enhances its solubility and mechanical stability. To
crosslink PEHMA, a crosslinking agent is added to the linear PEHMA form. Several
crosslinking agents are being compared to optimize the process. Of particular interest,
are the UV-activated crosslinking agents. UV-activated PEHMA has the potential to be
used in the 3-D printing industry.

POLY 254: Alternating sequence copolymer consisting solely of acrylamide units:
Strategic monomer design and sequence driven properties
Yuki Kametani, kametani@living.polym.kyoto-u.ac.jp, Makoto Ouchi. Department of
Polymer Chemistry, Kyoto University, Kyoto, Japan
Biopolymer such as peptide or DNA consists of identical backbone structure and
various side chain structures in perfectly controlled sequence. The fact that such natural
polymers give well-defined high ordered structures and express functions on the basis
of the defined sequence indicates sequence is a crucial structural factor. On the other
hand, vinyl copolymers consisting of variety of comonomer units have been utilized for
many types of materials, but the sequence is not controlled and the properties been
tuned by the averaged composition ratios.
We have developed a methodology to control alternating sequence of common
monomer units via selective cyclopolymeriation of a divinyl monomer and cleavage of
the resultant cyclo-spacer. In this work, we newly designed a divinyl monomer
consisting of acrylate and acrylamide connected through two activated ester bonds. The
design allows synthesis of alternating sequence copolymers consisting solely of
acrylamide units by addition of amine for cleavage of the two esters in the resultant
cyclopolymer. One of the pendant groups in the alternating sequence is derived from
the added amine and more than 10 kinds of alternating copolymers were obtained.
These copolymers showed unique properties in solution and bulk due to the alternating
sequence.

POLY 255: Combining controlled Suzuki-Miyaura cross coupling polymerization
and controlled radical polymerization for the synthesis of conjugated rod-coil
copolymers
Steffen Huber, steffen.huber@uni-konstanz.de, Stefan Mecking. Department of
Chemistry, University of Konstanz, Konstanz, Germany
Conjugated polymers find application in light emitting diodes, solar cells and transistors.
Through the formation of copolymers with non-conjugated polymers their solubility,
crystallization behavior and morphology can be tailored which in turn influences their
optical and electronic properties. However, the synthesis of conjugated rod-coil
copolymers is still a challenging task and relies on multi-step synthetic procedures.
Here, we report on the straightforward synthesis of conjugated rod-coil copolymers
(block and comb copolymers) by combining controlled Suzuki-Miyaura cross coupling
polymerization and ATRP. First, heterodifunctional conjugated polymers with narrow
molecular weight distributions are synthesized. In this process, one functional group is
introduced by a Pd(II) initiator and the other chain end is functionalized by quenching
the polymerization with an arylboronic acid ester as endcapper. The double
functionalization of the conjugated polymer is quantitative, as evidenced by NMR
spectroscopy and MALDI-TOF mass spectrometry. Conjugated polymers bearing an
alkylbromide as one endgroup are directly used as macroinitiator in an ATRP (route a).
Thereby, block copolymers of polyfluorene and several olefins are produced.
Conjugated polymers bearing a radically polymerizable endgroup are copolymerized
with various olefins generating novel combpolymers (route b). The formation of
copolymers is concluded from NMR spectroscopy, GPC measurements and DOSY
NMR spectroscopy.
One advantage of the method used, is that the conjugated part still bears a second
arbitrary functional group which could be used for example to tether the polymer to a
surface.

POLY 256: Light-responsive CO-release from polymer synthesized via ring
opening metathesis polymerization (ROMP)
Upendar Reddy Gandra2, upreddygandra@gmail.com, Alessandro Sinopoli1, Snezana
Zaric2,3, Muhammad Sohail1, Saeed Almeer4, Mohammed Al-Hashimi2, Hassan S.
Bazzi2. (1) Qatar Environmental & Energy Research Institute, Hamad Bin Khalifa
University, Doha, Qatar (2) Texas A&M University at Qatar, Doha, Qatar (3) University
of Belgrade, Beograd, Bulgaria (4) Qatar University, Doha, Qatar
Carbon monoxide (CO) is a colorless and odorless gas is endogenously produced
through catabolism of heme oxygenase (HO). Despite the notoriety as the “silent killer”
at high concentration, CO has recently been in the spotlight for its promising potential as
a medical gas in clinical applications such as organ transplantation and wound
healing etc. Several methodologies have been adopted for designing an efficient CO
delivery, which include mixing of CO with breathing air as well as using CO releasing
moieties(CORMs) based on transition metal carbonyl complexes(MCCs) for use as prodrugs. Till to date, photoCORMs have been introduced in various macromolecular and
inorganic CO-releasing vehicles for CO-release. All of these inorganic and polymeric
CO-releasing carriers are alternative to CORMs which release potentially toxic metal
fragments, cannot be use in antibacterial or wound- healing bandage applications due
to their non-substantial physical appearance, as well as they require decorative and
time-consuming fabrication methods and needed UV-light irradiation for CO-release. To
overcome these drawbacks, we designed and synthesized a green light triggered COreleasing polymer (CORP) via ring opening metathesis polymerization
(ROMP). CORP is stable and releases CO with dual response like colorimetric and
fluorometric.

Light induced Co-release and quantification as a function of time by portable CO-sensor.

POLY 257: Visible-light-induced metathesis reaction between diselenide and
ditelluride
Cheng Liu, liuc17@mails.tsinghua.edu.cn. Chemistry, Tsinghua University, Beijing,
China
Dynamic covalent bonds (DCBs), which can undergo reversible formation, cleavage and
metathesis under defined conditions, have attracted increasing attention and been
widely used in dynamic covalent materials. In general, DCBs with high activity endow
such materials with sensitive behaviors, which implies short responsive time and mild
external stimuli conditions. Hence, it is important to develop new DCBs with low bond
energies and metathesis reactions with low apparent activation energies. Recently, it
was found that a novel DCB, i.e., the Se-Te bond, could be successfully prepared by a
metathesis reaction between diselenide and ditelluride. The transformation from Se-Se
to Se-Te could be manipulated with the presence or absence of visible light. The
reaction was confirmed to be a radical mechanism, which explained the intense
dependence on light. The apparent activation energy of the exchange process was
calculated to be only 28.01 kJ mol-1, reviewing a high reactivity and sensitivity to light.
With the development of this metathesis, it is believed that an increasing number of
applications, such as self-adaptive chemistry, self-healing materials and selenoenzyme
mimics will be discovered.

POLY 258: Antioxidant sunscreen polymers through click modification of
polybutadienes with s-tetrazines
Ravindu Nanayakkara1, ravindun@email.arizona.edu, Wenmo Sun1, Robb Bagge1,
Douglas A. Loy1,2. (1) The University of Arizona, Tucson, Arizona, United States (2)
Materials Science and Engineering, The University of Arizona, Tucson, Arizona, United
States
Sunscreens protect human skin by absorbing harmful ultraviolet light and converting it
into heat or red shifted wavelengths. Commercial sunscreens have the limitations of
short lifetimes and photochemical degradation. In the course of our investigations, we
discovered a new class of polymeric sunscreens that absorb UV light and possess built
in antioxidant characteristics to delay photochemical degradation.
s-Tetrazines, well known click reagents, undergo Inverse Electron Demand Diels Alder
(IEDDA) reactions with polybutadienes converting the liquid oligomers into a solid
polymer. The IEDDA reaction leads to the conversion of alkene groups in polybutadiene
to dihydropyridazine groups that can bear a variety of substituents and generates
nitrogen gas as a byproduct. Polymeric dihydropyridazines containing specific
substituents show excellent UV absorbance and free radical inhibition activity making
them photooxidation resistant sunscreen materials. In vitro SPF and UV stability
measurements of polymeric sunscreens were carried out according to Cosmetics
Europe protocols. The antioxidant activity of the sunscreens was evaluated using cyclic
voltammetry. The photooxidation of the dihydropyridazine groups in the polymeric
sunscreens to pyridazine groups can be monitored visually through attenuation of
fluorescent activity.
The inherent antioxidant activity, strong UV absorbance and photostability of these
polymeric dihydropyridazines have the potential for applications as sunscreens, UV
screening agents in coatings or additives.

POLY 259: Structure-activity relationship studies of antimicrobial poly(guanylurea) for overcoming drug resistance
Michelle M. Miranda1, mmira037@fiu.edu, Thirunavukkarasu Annamalai2, Yuk-Ching
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 drugresistant pathogens. Antimicrobial polymers disrupt the physical cell membrane integrity
of bacteria. 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 PGU-Ps with different backbone
structures shows enhanced antimicrobial properties against mycobacteria. More than a
two-fold improvement in minimal inhibitory concentration was observed when the
backbone contains no diiodo groups in benzene ring. Upon completion of the structureactivity studies, we expect to develop biocompatible, specific, and selective
antimicrobial polymers to treat drug resistance bacteria.

Figure 1. Varying the degree of hydrophobicity along the backbone of the poly-(guanylurea)s
will improve selectivity towards bacterial cells and disrupt the bacterial cell wall.

POLY 260: Antifouling strategies of biodegradable polyurethane for implantable
biomedical devices
Huifeng Wang, hwang300@uic.edu, Seyyedfaridoddin Fattahpour, Daniel
Christiansen, Gang Cheng. Chemical Engineering, University of Illinois at Chicago,
Chicago, Illinois, United States
We report a novel chemical design of biodegradable zwitterionic polyurethane materials
(BPECUs 1-7) by condensation polymerization, consisting of (i) soft polymeric chains
(polycarprolactone) and (ii) faster biodegradable and elastic zwitterionic CB-based chain
extenders (from 50 up to 90 mol %). The former dedicates to the formation of soft
domain of the BPECUs, and the latter determines the tailored mechanical properties,
thermal stability and degradation behavior. The thermogravimetric analysis shows that
the introduction of CB-diol slightly affects the thermal stability. Both differential scanning
calorimetry and temperature sweep rheology exhibited thermal transition performance
as temperature changes, thereby displaying thermoplastic behavior. Moreover, the
calorimetric study also revealed that the CB content plays a significant role on
crystallization structures. Protein adsorption test with different hydrolysis time indicates
an effective antifouling surface is generated after 2 days. The further cell attachment
study shows that the BPECU surface is successfully resist cell adhesion even though it
has been steeped in 100% fetal bovine serum for 2 weeks. This fundamental
understanding of relationship among structure, function and stability of these BPECUs
will facilitate the process of implantable biomedical devices and gene/drug delivery
applications.

POLY 261: Thermo-responsive poly(N-vinyl caprolactam) (PVCL)-based drug
carriers for controlled drug release
DaeGun Choi1, cdg0429@inu.ac.kr, Ju Yeon Moon2, Jiyeon Eom2, Yoon Ho Roh2,
Quan Truong Hoang1, Ki Wan Bong2, Min Suk Shim1. (1) Bioengineering and NanoBioengineering, INCHEON NATIONAL UNIVERSITY, Yeonsu-gu, Incheon, Korea (the
Republic of) (2) Dept. of Chemical & Biological Engineering, Korea University, Seoul,
Korea, Korea (the Republic of)
Stimuli-responsive polymers that respond to internal or external stimuli have emerged
as an effective approach for selective drug release at target disease sites. Among them,
thermo-responsive drug carriers that can release drugs are promising for selective drug
release in the target areas. In this study, thermo-responsive and biocompatible poly(Nvinyl caprolactam) (PVCL)-based drug carriers were synthesized via stop-flow
lithography (SFL). The PVCL-based particles showed a sharp volume phase transition
temperature (VPTT) close to body temperature. The VPTT of the PVCL-based particles
can be adjusted to vary from room temperature to body temperature by tailoring their
monomer compositions during the fabrication. To achieve thermo-responsive drug
delivery, doxorubicin (DOX) was encapsulated into the PVCL particles as an anticancer
drug. The DOX-loaded PVCL particles exhibited thermo-responsive drug release and
consequent anticancer activity in cancer cells. Importantly, PVCL-based particles
showed high biocompatibility. This study demonstrates that thermo-responsive PVCL
particles are biocompatible and efficient drug carriers for anticancer therapy.

POLY 262: Enzymatically degradable self-reporting micellar nanocarriers
Marina Green Buzhor1,2, marinabuzhor@gmail.com, Roey J. Amir1,2,3. (1) School of
Chemistry, Tel-Aviv University, Tel-Aviv, Israel (2) Center for Nanoscience and
Nanotechnology, Tel Aviv University, Tel Aviv, Israel (3) BLAVATNIK CENTER for Drug
Discovery, Tel Aviv University, Tel Aviv, Israel
The need for selective drug delivery systems requires the development of advanced
platforms that can release the drug upon external stimuli and simultaneously report the
degree and location of activation. To address this challenge our group has recently
developed a platform of labeled enzymatically degradable polymeric micelles. These
micelles are formed by self-assembly of amphiphilic hybrids with hydrophilic
polyethylene glycol (PEG) block, dendron with enzymatically cleavable hydrophobic
end-groups, and a linker that allows covalent labeling. These smart micelles can report
their self-assembly and disassembly by tailor-made spectral responses by simply
modifying the labeling moiety. We demonstrate different spectral responses, such as
turn-On or spectral-switch of the spectral signal that are generated due to different
supramolecular dye-dye interactions, such as, excimer formation, self-quenching or
FRET, at the assembled state. The high structural precision of our dendritic platform
allowed us to systematically tune the hydrophobicity and stability of the micelles by
small structural modifications. Utilizing the spectral response of micelles we determined
the relation between the stability of the polymeric micelles and their cell entry pathways.
These results highlight the crucial rule of minor structural changes in the hydrophobic
block when designing effective polymeric nanostructures for drug delivery applications.

Schematic representation of the labeled hybrids at the assembled state, showing an Off signal of
the fluorescence and of the 19F- MR signal. Enzymatic activation causes structural changes that
are translated into a turn-On of the fluorescence and the 19F-MR signal, respectively.

POLY 263: Glycosylated polypeptide bottlebrushes
Zachary Clauss, zachclauss@gmail.com, Austin Schlirf, Nathaniel Wright, Simranpreet
Saini, Jessica Kramer. University of Utah, Salt Lake City, Utah, United States
Bottlebrush polymeric structures have long intrigued polymer chemists since they
possess unique properties compared to their linear counterparts. Natural bottlebrush
polymers such as proteoglycans and mucin glycoproteins consist of polypeptide
backbones with linear or branched polysaccharide side chains and play important roles
in cell-surface biology. We have developed a new route to synthesize the first
glycosylated bottlebrush copolypeptide mimics of these native glyco-brush polymers.
Polymerization of α-amino acid N-carboxyanhydrides (NCAs) in a tandem
organometallic catalysis method and a “grafting-from” approach gave brush
glycopolypeptides with tunable physical properties. A non-canonical activatable amino
acid NCA was used to form the polypeptide backbone and variable side chain densities
(25%-100%) were achieved through copolymerization of the backbone NCA with a
canonical NCA. Both backbone and side-chain degrees of polymerization could easily
be tuned via the monomer to initiator ratios. We studied the side-chain growth kinetics
of various glycosylated structures using attenuated total reflectance Fourier transform
infrared spectroscopy. Second order kinetic parameters were determined for each
glycosylated amino acid NCA at varied densities. Our results indicate drastically
different kinetics depending on the side-chain conformation. In summary, we
demonstrated an efficient facile method for producing the first glycosylated bottlebrush
copolypeptides with tunable side-chain densities and conformations. These structures
are expected to be excellent mimics of natural glycosylated brush proteins.

POLY 264: Ethylene glycol-based highly conductive PEDOT:PSS dispersion and
silver nanowire hybrid film for transparent electrode
Sunyoung Kim1,2, newskylake@gmail.com, Dong Hyuk Park2, Sunjong Lee1. (1) Korea
institute of industrial technology, Cheonan city, Korea (the Republic of) (2) Chemical
engineering, Inha University, Incheon, Korea (the Republic of)
In generally, the films of aqueous PEDOT: PSS dispersions show a drastic reduction in
the sheet resistance stability of the film due to oxidation. Here we report the solvent
exchange technique of PEDOT: PSS dispersion from water to EG (ethylene glycol)
solvent through ultrafiltration. EG-based PEDOT: PSS dispersion has many advantages
which are 1) High electrical conductivity with increasing the contact surface of the each
PEDOT grains. 2) Low PSS content in PEDOT:PSS dispersion due to removal of
unreacted PSS with PEDOT grains. 3) Highly coating properties on PET film. 4) High
weather resistance on sheet resistance. Therefore, an EG-based PEDOT:PSS
dispersion can be applied to various fields easily such as an electromagnetic shield and
a transparent electrode. As a result, we could fabricate the poly(ethylene terephthalate)
(PET) films coated with EG-based PEDOT:PSS and Ag nanowire hybrid. The films were
transparent (>90 T%) and showed a low sheet resistivity (<50 Ω/sq.) in a dried state.

Figure 1. Bare glass(0.5T) and Coating glass(0.5T).

POLY 265: Growth mechanism of PEDOT-SiO2 hybrid thin films via vapour phase
polymerization
Kerguelen Mae A. Nodora, kerguelenmae.nodora@gmail.com, Jin-Heong
Yim. Advanced Materials Engineering , Kongju National University, Cheonan-si, Korea
(the Republic of)
In order to achieve precisely the desired properties of the fabricated intrinsic conductive
polymer (ICP) in thin films for certain applications, there is a need for a deeper
understanding of the growth mechanism during vapor phase polymerization (VPP). But
the major drawback is that insufficient information and little attention is given on how
oxidant layer and monomer (as vapor) interact, in which resulted to debate within
literatures and journals regarding the type of growth mechanism (bottom up process [1]
or top down process[2]) surrounding the ICPs as shown in Figure 1. Considering the
conjectures surrounding the growth mechanism of ICPs, sequentially polymerized
poly(3,4 ethylenedioxythiophene)-silica (PEDOT-SiO2) has been propelled to the
forefront for investigation. VPP technique provided a facile approach on synthesizing
PEDOT-SiO2 thin films. Elemental analysis, by X-ray Photoelectron Spectroscopy
(XPS), on the top surface of the sequentially polymerized TEOS monomer followed by
EDOT monomer unveiled that the topmost layer was PEDOT. This was substantiated
by XPS depth profiling, illustrating that there was a gradual decrease of PEDOT
fragments accompanied by steady increase of SiO2 fragments as a function of depth.
When the polymerization was reversed (EDOT followed by TEOS monomer), opposite
was observed. Energy-dispersive X-ray spectroscopy (EDS) mapping also revealed that
the oxidant layer diffuses through the recently formed polymer layer by means of
capillary action. Taken together, these results suggested a bottom up growth
mechanism for PEDOT-SiO2 polymer blend during VPP.

Figure 1. Two controversial film growth mechanism on the VPP process for making ICP thin
films.

POLY 266: Preparation of a stretchable PEDOT-thermoplastic polyurethane
hybrid via in situ vapor phase polymerization and its application as strain sensor
Coleen Palicpic, coleenpalicpic@gmail.com, Pauline May Losaria, Jin-Heong
Yim. Kongju National University, Cheonan-si, Korea (the Republic of)
Strain sensors based on percolated networks of poly(3,4-ethylenedioxythiophene)
(PEDOT) in thermoplastic polyurethane (TPU) matrix fabricated through in situ vapor
phase polymerization (VPP) is reported [1]. The hybrid made of elastomer and
conductive polymer shows uniform PEDOT distribution on the surface and inner side of
the TPU due to effective penetration and polymerization of EDOT. Performance of
sensors using two kinds of oxidants (FeCl3 or iron (III) p-toluenesulfonate(FTS)) are
compared and the concentration is varied to obtain the best electromechanical
properties. As the amount of the oxidant increases, the amount of PEDOT polymerized
also increases; thereby improving the electrical conductivity, while the elasticity of the
hybrid composite decreases. The elasticity reduction phenomenon is diminished when
FTS is used due to the plasticizer effect of the tosylate ion on the TPU. The
performances of PEDOT-TPU hybrids prepared with FTS are excellent in terms of
stretchability (> 300%), gauge factor (GF > 10 @ strain 100%), resistance variation
reproducibility under various strain modes, small hysteresis, and durability (> 1000
cycle). The PEDOT-TPU hybrid could be used as a component in flexible devices as
well as next-generation strain sensors that are soft and highly stretchable to
complement key devices for next-generation robots including wearable and medical
robots.

Figure 1. (a) Optical microscopic images of TPU, oxidant-embedded TPU, and PEDOT-TPU
hybrids(b) LED attached to the PEDOT-TPU hybrid elastomer subjected to stretching, bending,
and twisting.

POLY 267: Self-assembly of rigid polymers into nanostructures
Sètuhn Jimaja1,2, s.jimaja.1@warwick.ac.uk, Daniel Taton2, Rachel K. OReilly3,
Andrew P. Dove3. (1) Chemistry, Warwick University, Birmingham, United Kingdom (2)
ENSCPB, University of Bordeaux, Pessac, France (3) School of Chemistry, University
of Birmingham, Birmingham, United Kingdom
Nanoparticles with different morphologies (micelles, vesicles, worms) are of interest for
several applications, including drug-delivery, material science and catalysis, among
others. Such nanostructures can be achieved by the self-assembly of block copolymers,
and in this case the properties of the polymer and the blocks are of primary importance
to the properties of the final nanoparticles. Our work focusses on the self-assembly of
rigid block copolymers with the aim to achieve functional nanostructures with controlled
size and morphology (Figure 1). The resulting nanoparticles’ morphology were
assessed by different characterization techniques (DLS, AFM and TEM).

Figure 1: Self-assembly of a diblock copolymer composed of a solvophilic (blue) and a
solvophobic block (red).

POLY 268: ROPISA: Ring-opening polymerization induced self-assembly
Paul J. Hurst, pauljoshua.h@gmail.com, Joseph P. Patterson. Chemistry, University of
California Irvine, Irvine, California, United States
Polymerization induced self-assembly (PISA) is a relatively new synthetic method that
results in one-pot morphologically-controlled polymeric nanostructures. Conceptually, a
homopolymer is chain-extended with a co-monomer in a solution in which they are both
soluble. The second polymer, upon chain-extension, will gradually become insoluble,
triggering in situ self-assembly. Most PISA methods have been reversible additionfragmentation chain-transfer polymerization (RAFT-PISA), however recent
developments have led a variety of PISA reaction types. PEG-b-PCL are of synthetic
interest for their biocompatibility and potential for drug-loading. However, current PISA
approaches cannot yield PEG-b-PCL. Here we present the progress of the development
of a new PISA method: Ring-opening PISA (RO-PISA). Using a PEG initiator and
caprolactone as the co-monomer with the aid of catalytic methods in a selective solvent,
RO-PISA can be accomplished. Polymerization kinetics will be monitored with MALDI,
NMR, and SEC. Structural evolution will be monitored with cryo-TEM and DLS.

POLY 269: Aqueous dispersions of polyethylene and ethylene-copolymers and
their clay nanocomposites from free-radical dispersion polymerization
Tobias Morgen, tobias.morgen@uni-konstanz.de, Stefan Mecking. Department of
Chemistry, University of Konstanz, Konstanz, Germany
Polyolefin nanocomposites containing inorganic components show improved properties
in various applications. A common route to nanocomposites is their preparation from
composite nanoparticle dispersions. Usually, aqueous dispersions from surfactant-free
heterophase polymerization are employed, in which the inorganic nanoparticles are
adsorbed to the polymer particles’ surface and ensure colloidal stability by Pickering
stabilization. However, for the case of polyethylene, free-radical dispersion
polymerization requires high pressures and catalytic aqueous polymerizations have
become available more recently only. The high hydrophobicity of polyethylene
additionally impedes its interaction with Pickering stabilizers and thus dispersibility in
aqueous media. Aqueous dispersions of ethylene copolymers with polar comonomers
are of practical interest, e.g. as additives for paints or water-based adhesives.
We report on the synthesis of aqueous, Pickering stabilized dispersions of polyethylene
and copolymers of ethylene and polar comonomers at relatively mild conditions (300
atm, 85°C). The added inorganic particles effectively stabilize the polyolefin particles
formed and also support particle formation during the aqueous polymerization reaction.
In polymerizations in the presence of vinyl acetate, acrylates, methacrylates,
acrylamides or ionic vinyl or (meth)acrylate copolymers with polar comonomer contents
of 0.1 up to 10 mol-% were obtained. The degree of incorporation of comonomers into
polyethylene allows tuning of its adsorptive properties which is decisive for Pickering
stabilization efficiency of polymer particles with clay. Mechanistic insights on particle
formation and stabilization are discussed.

POLY 270: End group analysis of poly(3-hexylthiophene) from halogenated
monomers and their potential application for bis-end-functionalization
Md Muktadir Talukder, mxt150630@utdallas.edu, Michael C. Biewer, Mihaela C.
Stefan. Department of Chemistry & Biochemistry, The University of Texas at Dallas,
Richardson, Texas, United States
In the field of semiconducting polymer, regioregular poly(3-hexylthiophene) (rr-P3HT) is
the most extensively studied polymer for the organic electronic devices. In addition,
fabrication of regioregular poly(3-hexylthiophene) for bis-end-functionalization is crucial
in the process of making supramolecular architecture of the polymer. In this study, three
sets of less examined halogenated monomer of 3-hexylthiophene: 5-bromo-2-chloro-3hexylthiophene, 2,5-dichloro-3-hexylthiophene and 5-bromo-2-iodo-3-hexylthiophen
were involved for modified Grignard metathesis (GRIM) reaction. First two monomers
exhibited interesting findings including the presence of halogen unit in both ends of the
rr-P3HT chain. Whereas, the third monomer showed exclusively one halogen unit in the
polymer chain which is comparable to 2, 5-dibromo-3-hexylthiophene. This initial result
inspired to develop bis-end-funtionalized rr-P3HT with a variety of different types of
Grignard reagents and these polymers were investigated with Matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS). It is noted that
the reactivity and the mechanism of the modified Grignard metathesis do not depend on
the nature of Grignard reagent. Therefore, a combination of rr-P3HT having bis-endfunctionalization and click chemistry will be the gateway for generating blockcopolymers for potential application in organic electronics.

MALDI-TOF mass spectrum of regioregular poly(3-hexylthiophene) from 2,5-dichloro-3hexylthiophene

POLY 271: Tough and recyclable polyesters by ring-opening polymerization of
benzo-thia-caprolactones
Ling-Gao Li, Fusheng Du, Zi-Chen Li, zcli@pku.edu.cn. College of Chemistry, Peking
University, Beijing, China
Synthetic polymers, featuring both excellent processibility and durability, are among the
most important materials widely used in our modern life. However, widespread singleuse of non-degradable plastics also brings great problems concerning sustainability.
Currently, a major challenge in polymer science is to develop strong, processable, and
recyclable polymers to replace the existing plastics. To this end, polyesters that display
similar performance as existing polymers but can be thermally or chemically recycled
into their building block chemicals via depolymerization have attracted increasing
interests in recent years. Three benzo-thia-caprolactones (BOTOs) were synthesized by
a modular approach, and their polymerization and depolymerization behaviors were
investigated. Ring-opening polymerization of BOTOs successfully gave corresponding
P(BOTO)s with high molecular weight. These P(BOTO)s were all semi-crystalline
materials while P(BOTO-I) showed the highest Tm of 146oC and the highest Tg of 59oC.
Tensile tests revealed that P(BOTO-I) had the best mechanical performance, rivaling
glassy PET. Depolymerization of these P(BOTO)s in solution gave BOTOs and cyclic
oligomers, whereas bulk thermal depolymerization of (PBOTO)s allowed for efficient
recovery of pure BOTOs. Considering its excellent good mechanical performance and
recyclability, (PBOTO-I) can serve as a promising candidate for sustainable polymeric
material.

POLY 272: Semitransparent superhydrophobic surface with improved mechanical
durability
Yeon Hee Park, i9vekjgg5v@gmail.com, Ho Sun Lim. Chemical and Biological
Engineering, Sookmyung Women's University, Seoul, Korea (the Republic of)
Superhydrophobic surface with water contact angle greater than 150 degrees has
received considerable attention due to its strong potential in various fields including antiwetting, self-cleaning, anti-fogging, anti-frosting, and anti-icing. The superhydrophobic
surfaces can be achieved by tailoring the chemical composition and physical
appearance of surfaces. However, surface structures reduce a mechanical durability
and scatter an incident light, resulting in hinderance of practical applications. Up to now,
it remains a significant challenge to achieve high transparency and improved
mechanical strength at the superhydrophobic surface. In this study, we describe semitransparent superhydrophobic surfaces with improved mechanical durability by simple
spray-coating. Our strategy is a preparation of the coating solution consisting of
fluorinated silica nanoparticles (F-silica) and modified polydimethylsiloxane (M-PDMS)
to enhance the surface roughness and decrease the surface energy. The M-PDMS
were synthesized with functional groups to improve hydrophobicity and adhesion
properties through hydrosilylation. F-silica controlled both micro-scale and nano-scale
roughness with its feeding amount. As a result, we found a composition of the coating
solution which exhibited high water repellency above 150 degrees and semitransmissivity by varying the F-silica concentration. The spray-coated superhydrophobic
surfaces also had outstanding mechanical stability without any physical damage due to
the use of M-PDMS. The semi-transparent superhydrophobic surfaces with high
mechanical durability could be applied to a variety of substrates and provide a many
practical applications in the field of outdoor facility as well as electronic devices and
components.

POLY 273: Thiazole-based conjugated ryleneimides co-polymers as unipolar
semiconductors
Salahuddin Sayedshabbir Attar1, salahuddin.attar@qatar.tamu.edu, Ji Hwan Kim2,
Dusan Sredojevic1, Alex Kalin3, Sarbajit Banerjee3, Lei Fang3, Myung-Han Yoon2,
Mohammed Al-Hashimi1. (1) 351I Texas AM Eng Bldg, Texas AM University at Qatar,
Doha, Qatar (2) Materials Science and Engineering, Gwangju Institute of Science and
Technology (GIST), Buk-gu, Gwangju, Korea (the Republic of) (3) Chemistry, Texas A &
M University, College station, Texas, United States
High performance unipolar n-type semiconductors are highly desired for the
advancement in the field of organic electronics. Careful design and feasible synthesis of
new electron deficient monomers embedded with good solubilizing groups, displaying
favorable geometry are critical for achieving optimized electrical properties. Principally
copolymerization of highly electron deficient monomers should result in n-type
polymers. Thiazole flanked Naphthalenediimide (NDI-Tz), Perylenediimide (PDI-Tz) and
fused coronene (CDI-Tz) were successfully synthesized and copolymerized with
fluorinated and non-fluorinated benzothiadiazole (BT) core to obtain pure n-type
copolymers. Computational studies revealed thiazole incorporation increases electrondeficiency in electron deficient rylene imides. Our results demonstrate that copolymer
with all acceptor monomers results in unipolar electron transport.

POLY 274: Epoxidation of soybean oil utilizing dioxirane intermediates generated
from oxone
Raul A. Setien1, raul.setien@ndus.edu, Dean C. Webster2. (1) Coatings and Polymeric
Materials, North Dakota State University, Fargo, North Dakota, United States (2) Dept
2760, North Dakota State University, Fargo, North Dakota, United States
Soybean oil is one of the most common polyunsaturated vegetable oil in the market.
With its large availability, and opportunity for unsaturated sites to undergo further
functionalization such as epoxidation, the oil is of interest in a wide array of applications
such as plasticizers, sealants, and various coatings systems. This makes epoxidized
soybean oil a candidate in replacing petroleum-based polymers. In industry, epoxidized
soybean oil is commonly synthesized using hydrogen peroxide, as well as acetic acid or
other acid equivalents. This synthesis requires heating and generates acidic waste, thus
additional steps must be taken to neutralize the waste. Recently, advances have been
made in the process of using potassium peroxymonosulfate and ketones to generate in
situ dioxiranes that catalyze the epoxidation of alkenes. The dioxirane method in other
studies has allowed for room temperature reactions and can potentially eliminate the
use of peroxides and acids in the traditional epoxidation method used in industry
processes. This study focuses on epoxidizing soybean oil using in situ generated
dioxiranes, and the influence that reaction parameters, such as molar ratios and
addition rates, had on the alkene to oxirane degree of conversion. Coatings applications
for the epoxidized soybean oil synthesized using the dioxirane method were studied in
comparison to commercially available products.

POLY 275: Robust pernigraniline salt-like oligomers featuring ladder type
constitution and Pauli paramagnetism
Xiaozhou Ji1, jixiaozhou@tamu.edu, Haomiao Xie2, Yang Zou1, Lei Fang3. (1)
Department of Chemistry, Texas AM University, College Station, Texas, United States
(2) Chem 2310, Texas AM University, College Station, Texas, United States (3) Texas
A M University, College Station, Texas, United States
Polyaniline derivatives represent one of the most widely used classes of conductive
polymers which applied in a great variety of fields. The fully oxidized, acid-doped
counterpart – pernigraniline salts, possess interesting dominant bipolaron resonance,
while both fundamental investigation and practical applications of the fundamentally
important polyaniline derivative are still severely limited up to date. Challenges were
originated from its easy degradation, as well as the uncontrollable conformational and
configurational isomerization. Herein, we report the synthesis of a class of oligomeric,
ladder-type analogues of pernigraniline salt, addressing both challenges mentioned
above. Comprehensive comparisons were conduct in between these ladder-type
oligomers, and a non-ladder type model compound, establishing a clear structureproperty correlation of these novel species. Excellent stability in acid-doped condition
was featured for all ladder-type oligomers. Interesting Pauli paramagenetism was
observed in these ladder-type oligomers, demonstrating the features and potential
advantages brought by ladder-type constitutions for polyaniline derivatives.

POLY 276: Kinetic studies of random copolymerization of various methacrylate
and acrylamide monomers by Cu(0)-mediated reversible deactivation radical
polymerization
Jisu Kim1, puncpunc5@gmail.com, Jongwon Choe1, Keewook Paeng2, Myungwoong
Kim1. (1) Chemistry, Inha University, Incheon, Korea (the Republic of) (2) chemistry,
Sungkyunkwan University, Suwon, Korea (the Republic of)
Reversible deactivation radical polymerization (RDRP) is a useful tool for polymer
synthesis due to its ability to achieve low dispersity, tailored functionality, and complex
structure simultaneously, which cannot be easily achieved by free radical polymerization
(FRP). Although RDRP has been extensively utilized to synthesize random copolymers
to achieve desired properties for a lot of applications, the fundamental studies such as
kinetics and reactivity ratio in the copolymerizations are vital, which is required for the
expansion of the RDRPs towards many different applications. Herein, we demonstrate
detailed kinetic studies for random copolymerization of a methyl metharylate (MMA) with
widely used monomers for various applications, namely ethyl methacrylate (EMA) and
allyl methacrylate (AMA), 2-hydroxyethyl methacrylate (HEMA) and Nisopropylacrylamide (NIPAM), via Cu(0)-mediated reversible deactivation radical
polymerization (Cu(0)-RDRP). Specifically, we have closely examined Cu(0)-RDRP
involving a combination of atom transfer radical polymerization (ATRP) and reversible
addition-fragmentation chain transfer (RAFT) polymerization, which have drawn
attentions as molecular weight can be easily controlled at both low and high molecular
weight regimes while preserving target functionalities. In kinetic studies, the apparent
propagation rate constants and induction periods of the copolymerizations were
estimated, highlighting the effect of monomer type to copolymerization kinetics. On the
basis of the kinetic studies, we further determined reactivity ratios of copolymerizations
of MMA to four different monomers with the approaches using Mayo-Lewis equation
and other modified approaches, i.e. Finemann-Rose and Kelen-Tudos methods. We
further conducted comparison studies of the reactivity ratio values to the literature
values from conventional free radical polymerization, highlighting the significance of our
studies to gain deeper understanding of copolymerization via reversible deactivation
radical polymerization.

POLY 277: Smart polymeric sensors for healthcare applications
Spyridon Efstathiou, S.Efstathiou@warwick.ac.uk, Alan M. Wemyss, Rachel Hand,
Gavin Kirby, David M. Haddleton. Chemistry, University of Warwick, Coventry, United
Kingdom
The development of stimuli responsive materials is one of the most exciting emerging
areas of scientific research. Compared to traditional sensor materials, synthetic
polymers have gained increased recognition in the field of sensors by offering enhanced
selectivity and sensitivity in their response to various analytes. Conjugated molecules,
such as polydiacetylenes (PDAs), have been previously reported for their chromic
response to a number of stimuli, such as organic solvents, ions, pH variations and
mechanical force. Owing to their tuneable solvatochromic properties, PDAs have the
potential to work as sensor platforms in aqueous solutions, making them promising
candidates for diagnostic applications in healthcare. In our current work, we have
developed a 10, 12-pentacosadiyoinic acid (PCDA) derivative monomer, which when
polymerized demonstrates a selectivity in its chromic response towards organic acids.
Monomer synthesis was achieved via a simple two-step procedure. The molecule is
then used in an ink formulation that is printed on a paper-based material using an inhouse flexographic printer. Finally, the paper based substrates were irradiated with UV
light (254nm) to induce 1, 4 topochemical addition polymerization, yielding smart
polymeric sensor devices. So far, with the addition of organic acids we see excellent
chromic response on the surface of the patches with different analytes showing varying
response times and intensity. We believe that further development of these properties
will yield effective, cheap and convenient diagnostic platforms for healthcare
applications. The synthesis of the monomer was monitored using 1H NMR and FTIR.
The response of the polymer surfaces was analysed by Raman spectroscopy mapping
and simple imaging with smart phone camera.

POLY 278: Research at a primarily undergraduate institution: Conjugated
polymer-peptide hybrid materials
Amanda Murphy1,2, amanda.murphy@wwu.edu, Ellie James1, Taylor Blatz1, Tyler J.
Albin1, Melany Fry1, Lauren Jenkins1, Zoe Pollard1, Hillary Pan1, Timothy Kowalczyk1,2,3,
Racine Santen1. (1) Department of Chemistry, Western Washington University,
Bellingham, Washington, United States (2) Advanced Materials Science and
Engineering Center, Western Washington University, Bellingham, Washington, United
States (3) Energy Studies, Western Washington University, Bellingham, Washington,
United States
Strategies for carrying out successful polymer research at a primarily undergraduate
institution (PUI) will be presented. Here, a combination of full-time undergraduate
researchers, summer interns, students participating in course-based undergraduate
research experiences (CUREs) and faculty collaborators contributed to the development
of hybrid materials containing peptides and conjugated polymers. Students enrolled in
our advanced organic chemistry laboratory courses synthesized libraries of peptides
containing polymerizable thiophene or tyrosine monomers, and identified sequences
that could self-assemble into stable hydrogels in water. Full-time undergraduate
researchers and summer interns then further characterized physical, mechanical and
electrical properties of the gels before and after polymerization. Further work to probe
the role of hydrogen bonding in the self-assembly of modified peptides was carried out
through collaborations with computational faculty and undergraduate researchers.
Taken together, this project highlights how different strategies can be employed to
produce research results at PUIs.

POLY 279: Organic chemistry as an inspiration for new methods in polymer
synthesis
Will Gutekunst, willgute@gatech.edu. Georgia Tech, Atlanta, Georgia, United States
At the center of most polymerizations is the formation of new carbon-carbon or carbonheteroatom bonds. The discovery of new bond forming strategies is constantly under
exploration in the area of small molecule synthesis, but only a handful of these methods
have found application in the creation and manipulation of macromolecular structures.
The Gutekunst Lab takes a reactivity-focused approach to translate modern concepts in
organic chemistry to address unsolved problems in polymer synthesis. This overarching
philosophy has led to the invention of powerful directing group strategies to redirect
metathesis polymerization, design tunable structures for radical ring-opening
polymerization, and redirect the unusual reactivity of twisted amides towards a new type
of living electrophilic covalent polymerization. Each of the distinct programs will be
highlighted with a focus on the basic physical organic principles that guide the design of
monomers and functional groups to inpart new function or topological control over
polymeric materials.

POLY 280: Fabrication of polymeric nanofiber and its application for the removal
of heavy metals from industrial waste water
Adeleye Okewole, okewolestar@yahoo.com. Chemical Science, Yaba College of
Tecnology, Yaba, Lagos, Lagos, Nigeria
Effective treatment of industrial waste water containing heavy metals required efficient
metal adsorbent. Polymeric substrates anchored with suitable adsorbent are known to
have performed better. This study uses the method of electrospinning to produce
polymeric nanofibers with nanoscale structures having high loading capacity for the
adsorption of heavy metals contaminants from the industrial waste water.
Poly(vinylbenzoylchloride) homopolymers prepared by bulk polymerization were
subsequently electrospun into fibers and functionalised with 2,2 -pyridylimidazole. The
polymer materials were characterized by scanning electron microscopy (SEM),
microanalysis, infrared (IR), X-ray photoelectron spectroscopy (XPS). The sorption
capacities of the sorbent was first assessed in both batch and column studies on an
aqueous salt solution containing lead, cadmium, chromium, zinc, nickel, cobalt, copper
and iron ions prior to its application on polluted industrial effluent and were found to
performed very efficiently.

POLY 281: Novel living polymer/bacteria composites for bioremediation
Mahsa Mafi1, mahsa.mafi@uni-bayreuth.de, Andreas Greiner2. (1) Macromolecular
chemistry and Bavarian Polymer Institute, University of Bayreuth, D-95440 Bayreuth,
Germany (2) Chair for Macromolecular Chemistry and Bavarian Polymer Institute,
Universität Bayreuth, D-95440 Bayreuth, Germany
Encapsulation of Micrococcus Luteus (M. Luteus) in polymeric composites has been
employed for the bioremediation, sequestration of metals and for the biodegradation of
chemical pollutants and toxic components in waste water. Polymer composites in the
form of nonwovens of nanofibers, or core/shell particles (Figure 1) can provide a
bacterial friendly environment for transfer of nutrients and metabolisms, with the least
leakage of bacteria. M. Luteus is encapsulated in a hydrophilic core of poly (vinyl
alcohol), following by synthesis or coating of a proper shell as a support to maintain the
chemical and mechanical strength. The biological activity of bacteria is confirmed by
Live/Dead analysis and agar plate tests. SEM and TEM analysis were utilized for
morphological studies of polymer composites. As a result of the successful
encapsulation of the alive bacteria in polymers, longer storage time in their functional
state were achieved.

Figure 1. SEM image of: A) Core/shell particle with encapsulated bacteria
B) encapsulated bacteria in PVA microfiber covered with a coating

POLY 282: Crown ether functionalized bottlebrush polymers for selective lithium
capturing
Shou Zhao1, szhao@chem.ucsb.edu, Samuel Warnock2, Christopher M. Bates3, Mahdi
M. Abu-Omar4. (1) Chemistry & Biochemistry, University of California Santa Barbara,
Santa Barbara, California, United States (2) Materials, UC Santa Barbara, Santa
Barbara, California, United States (3) Materials and Chemical Engineering
Departments, University of California, Santa Barbara, Santa Barbara, California, United
States (4) Chemistry and Biochemistry, UCSB, Santa Barbara, California, United States
A series of crown ether functionalized bottlebrush polymers were prepared for capturing
lithium. Ring opening metathesis polymerization (ROMP) of norbornene
macromonomers was used to prepare bottlebrush copolymers of poly(ethylene glycol)
(PEG) and poly(methyl acrylate) (PMA). Water uptake and permeability can be tuned by
varying the relative ratios of PEG and PMA. PEG−PMA bottlebrush membranes
exhibited 10−90% water uptake by mass with salt permeability averaging 4×10−7 cm2/s.
Lithium binding constants of monomer versus polymer were measured by 7Li NMR. It
was found that binding constants of lithium ion in pure acetone were similar (log K value
of »1.77-1.98), independent of the binding motifs state as free monomer,
macromonomer, or homopolymer. Bottlebrush membranes were also prepared through
ROMP to measure their selective lithium uptake properties.

POLY 283: Polyolefin fuctionalization towards biphasic separation of transition
metals
Ihor Kulai1, ihor.kulai@qatar.tamu.edu, Dalila Chouikhi1, David E. Bergbreiter2,
Mohammed Al-Hashimi1, Hassan S. Bazzi1. (1) Department of Science, Texas A&M
University at Qatar, Doha, Doha, Qatar (2) Department of Chemistry, Texas A&M
University, College Station, Texas, United States
Efficient separation of the transition metals from aqueous solutions is long-standing
challenge. Typically it’s addressed by use of various insoluble solid-supported ligands
either homogeneous scavengers. Owing to their highly hydrocarbon selective solubility,
polyisobutylene (PIB) oligomers were successfully employed as polymer supports for
the homogeneous catalysis. These catalysts can be removed from reaction mixtures by
simple liquid-liquid separation with negligible metal leaching. In the best example to
date, the Pd content in the product solution is reduced by nearly five orders of
magnitude to 2 ppb. At the same time, in case of the catalyst decomposition, selectively
soluble ligands can facilitate phase separation of catalyst residues from products.
Based on this concept, these PIB-bound ligands can be used also as an advantageous
agents for metals sequestration. This approach would be especially attractive if the
sequestrants can be prepared with minimal synthetic effort.
Here we report a relatively simple thiol-functionalized PIB as an excellent sequestrant
for metal catalysts from polar solutions. It can be prepared via single step thiol-ene
“click” reaction starting from inexpensive commercially available materials. Heptane
solution of this sequestrant was used for efficient (>99%) extraction of Cu, Pd and some
other transition metal cations (Co2+, Ni2+, Zn2+, Ru3+ and Pd2+) from model solutions as
well as from crude products obtained in Pd and Cu catalyzed reactions.

Scheme 1. Polyisobutylene chain end functionalization

POLY 284: Harnessing magnetic anisotropy in designing functional materials for
use as liquid crystalline polymers
Reuben Bosire1, Reuben.bosire@uconn.edu, Dennis Ndaya1, Rajeswari Kasi1,2. (1)
Department of Chemistry, University of Connecticut, Storrs, Connecticut, United States
(2) Polymer Program, Institute of Materials Science, University of Connecticut, Storrs,
Connecticut, United States
Porous organic materials have attracted scientific attention over the past few years due
to widespread applications in catalysis, gas separation, removal of pollutants from
waste water. These materials can be used as precursors for nanofiltration and reverse
osmosis membranes. Liquid crystals (LCs) are versatile materials whose inherent
properties like magnetic anisotropy can be tuned to solve challenging scientific and
eventually industrial problems. When incorporated into a polymeric framework, LCPs
possess order and mobility characteristic of polymers; the presence and utilization of
which is a key component of systems that make use of these materials.
Novel liquid crystalline brush-like block copolymers bearing norbornene backbone
based block copolymers are designed as templates for nanomaterials and destined for
functional nanomaterial applications. By harnessing the rich spectrum of
structure/morphology properties and the wide selection of pendant side chains, these
materials have promising applications as precursors for nanoporous materials, electrooptical materials for photovoltaics and photonics, catalysis and sensing. ROMP of
norbornene based monomers results in better control of molecular weight of the
polymers. By using cyanobiphenyl moiety, thermal, electrical and magnetic field
alignment can be achieved while selective removal of PLA creates a platform for
nanoporous materials.
It is believed that the presence of etchable units within the polymer framework such as
PLA and presence of magnetically or electrically anisotropic LC moieties will offer
significant advantages for ease of pore generation and for easy control/alignment of
pores for applications requiring highly uniform and well aligned pores. Careful selection
of monomers and search for suitable morphologies will provide an excellent platform for
next generation nanoporous polymeric materials.

POLY 285: Cellulosic microparticles for removal of organic pollutants in water
Muhammad Hossen, muhammad.hossen@maine.edu, Sabrina Sultana, Michael
Mason. Chemistry, University of Maine, Orono, Maine, United States
Highly porous microparticles made from cellulose nanofibrils (CNF) are capable of
adsorbing organic molecules onto the surface which makes these materials excellent
candidate for removal of organic water pollutants from water. One of the challenges of
high porosity CNF aerogels for application in aqueous environment is their propensity to
break down rapidly in aqueous environments. Here we explore a method to overcome
this deficiency by enhancing hydrogen bonding capabilities of CNF materials by
incorporation of citric acid into the CNF system. The resultant polymer composite matrix
successfully maintains a robust 3D structure, without collapsing, even when rewetted
and stored in water. When CNF gels are dried by lyophilization or supercritical CO2, wet
stable micron size aerogels with high specific surface area are achieved. Incorporation
of TiO2 nanoparticles into the composite increases the recyclability of the respective
adsorbents. A study of complete removal of dyes and pharmaceutical compounds from
water by wet stable CNF aerogel will be presented in the poster.

POLY 286: Insect repellent release from coaxial electrospun fibers
Justin J. Ryan1, justin.ryan.ctr@nrl.navy.mil, Joshua A. Orlicki4, James H. Wynne3,
Jeffrey Lundin2. (1) U.S. Naval Research Laboratory, Washington, District of Columbia,
United States (2) Naval Research Laboratory, Washington, District of Columbia, United
States (3) Chemistry Division, Naval Research Laboratory, Alexandria, Virginia, United
States (4) Army Research Laboratory, Aber Prov Grd, Maryland, United States
Current insect repellent treatments for fibers, fabrics, and garments suffer from reduced
lifecycles with repeated laundering and, depending on the insecticide, potential irritation
or toxicity. Encapsulation of insect repellent (i.e. picaridin) into textile fibers via a
bottom-up approach is presented, showing potential to create fabrics and garments that
exhibit similar feel of existing fabrics, while also exhibiting durable insect repellency.
Coaxial electrospinning was employed to afford the ability to create hierarchicallystructured functional micro- to nano-scale fibers by controlling the composition of
specific areas of the fiber (core vs. surface). Picaridin and DEET were each
encapsulated into textile relevant polymers, such as Nylon. Optical microscopy and
SEM were used to determine the effects of insect repellents on fiber size and
morphology. Release of repellent was monitored by TGA and headspace analysis. The
roles of polymer sheath thickness and composition on the release rate and stability of
insect repellent are discussed.

POLY 287: Epoxy group analysis through titroprocessor
Sidharth Bommakanti, lbommakanti@yahoo.com. Stanford University, Pleasanton,
California, United States
Glycedyl ether containing compounds are used in various applications. Di or tri glycedyl
ether containing compounds are used as crosslinking agents to generate various
polymeric coating materials. In order to improve the efficiency of the quantification of
epoxy groups in the crosslinkers, a titration method is developed to characterize these
materials. In this study, PEG 400 DGE crosslinking compound and triglycedyl glycerol
crosslinking compounds are analyzed. This method constitutes a three step process.
First step is the standardization of the base to calculate its normality. In the second
step, acid is titrated against the standardized base and the end point is determined. In
the final step, a known amount of the epoxy compound is reacted with the acid for 15
minutes and is then titrated against the base and the equivalence point is determined.
Based on the difference in the end point values of the blank and the epoxy sample of
step 3, the moles of the acid consumed was determined. This is a result of the acid
reacting with the epoxy group in 1:1 mole ratio. This result is then used to calculate the
moles of the epoxy groups in the sample. Analysis of the epoxy groups in PEG 400
DGE showed that the theoretical milliequivalents of epoxy groups and experimental
values were very close. However, for Triglycedly Glycerol, each molecule on an
average contained only 1.5 moles of epoxy group instead of the expected 3 moles.

POLY 288: Synthesis, characterization, and cure kinetics study of carborane
containing cyanate esters with excellent thermal stability
Shailja Goyal1, sgoyal@iastate.edu, Michael Forrester1, Mark W. Lee2, Eric W.
Cochran1. (1) Chemical and Biological Engineering, Iowa State University, Ames, Iowa,
United States (2) Chemistry, University of Missouri, Columbia, Missouri, United States
Cyanate esters (CE) are an important class of materials among high temperature
performance thermosets due to their high glass transition temperatures (>220°C),
excellent thermal stability, and low flammability. This study aims at synthesizing
composites containing various hydroxy or epoxy functionalized carborane fillers to
further improve the thermal stability of the CE. Carborane fillers are solvent blended at
various mass loadings in the resin and cured to study their effect on thermal properties.
TGA tests demonstrate that the final char content of the resin can be increased from 5%
to as high as 75% for higher about 30-40% filler concentration. Cure kinetic studies
have shown that, in addition to providing better thermal stability, the resin cures more
quickly by addition of carborane filler. The activation energies are calculated based on
the Kissinger method and phenomenological reaction models.
The development of structure-property relationships will be discussed, as supported by
SEM and DMA experiments. In further studies, embedding the carboranes through
physical/ionic interactions with the cyanate esters might offer an interesting outlook.
Borane rich carborane fillers may also equip radiation capture capabilities to the matrix.
Thus, studies will be done to determine the composites’ ability to withstand radiation.

POLY 289: Synthesis and characterization of metallo-supramolecular
nanocomposites
Alice M. Savage, alice.m.savage3@gmail.com, Frederick L. Beyer. Polymers, U.S.
Army Research Lab, Belcamp, Maryland, United States
A series of optically healable metallo-supramolecular nanocomposites was synthesized
using the supramolecular assembly of poly(ethylene/butylene) telechelic oligomers and
functionalized gold nanoparticles. After synthetic optimization of the functionalized gold
nanoparticles using a direct synthesis approach, the nanoparticles were dispersed in
chloroform and the assembly solution. Utilizing the metal-coordination bonds of 2,6bis(1'-methylbenzimidazolyl)pyridine (MeBIP) ligands with a zinc metal ion, these
supramolecular assemblies were formed with 0.1 wt% to 10 wt% octanethiolfunctionalized gold nanoparticles or MeBIP-functionalized gold nanoparticles. The order
of addition of gold nanoparticles, zinc salt, and telechelic oligomer in the assembly
process proved essential to reduce nanoparticle aggregation and improve oligomernanoparticle interactions. The resulting morphologies of the solution-cast films were
characterized with small angle X-ray scattering and transmission electron microscopy.
The morphological effects of incorporating functionalized nanoparticles directly into the
supramolecular polymer backbone will be discussed.

2 nm gold nanoparticles in a polymer matrix.

POLY 290: Induced alignment of core liquids by confinement from coaxial
electrospinning
Michael J. Bertocchi1, Riccardo Casalini1, Daniel C. Ratchford1, James H.
Wynne2, Jeffrey Lundin1, jeffrey.lundin@nrl.navy.mil. (1) Naval Research Laboratory,
washington, DC, District of Columbia, United States (2) Chemistry Division, Naval
Research Laboratory, Alexandria, Virginia, United States
Coaxial electrospinning represents a unique tool to which the effects of confinement and
dynamic response can be explored on a multitude of materials. Here, polypropylene
glycol (PPG) was confined in semi-elastic polymer sheaths at the micro- and nanoscale. At these scales, the role of interfacial interactions between the core liquid and
polymer sheath become important. Thus, we have identified the orientation of PPG
within the cores of the fibers via dielectric relaxation and Raman spectroscopy and have
explored the roles of PPG molecular weight and fiber diameter. The results indicate that
PPG becomes more extended as fiber size decreases. Physical descriptions and
mechanistic discussions will be presented.

POLY 291: Hydroxide conducting block copolymers
Yossef A. Elabd, elabd@tamu.edu. Department of Chemical Engineering, Texas A&M
University, College Station, Texas, United States
Hydroxide ion conducting block copolymers have the potential to possess the multiple
orthogonal properties required for anion exchange membranes to enable long-lasting
alkaline fuel cell performance, and therefore can accelerate the advancement of the
alkaline fuel cell, a low-cost alternative to the well-adopted commercial proton exchange
membrane fuel cell. In this work, an overview of hydroxide ion transport (a property that
is proportional to fuel cell performance) in block copolymers will be presented and the
subsequent impact of block copolymer morphology on ion transport (conductivity),
where the careful design of block copolymer chemistry and chain architecture can
accelerate hydroxide ion transport and subsequently alkaline fuel cell performance.

POLY 292: Emulsion-templated monolithic encapsulation of inorganic and
organic phase change materials: Thermal energy storage and release
Liora Weinstock1, Rajashekharayya A. Sanguramath1, Inna Berezovska1, Natalie
Rosen1, Katya Kapilov-Buchman1, Eden Ovadia2, Rotem Mor Yosef2, Eran Tuval2, Itay
Moshe3, Asaf Miller3, Asaf Picciotto3, Michael S. Silverstein1,
michaels@technion.ac.il. (1) Department of Materials Science and Engineering,
Technion – Israel Institute of Technology, Haifa, Israel (2) Materials and Chemistry
Branch, TEQA Unit, GF-IDF, Tel Aviv, Israel (3) Polaris Solutions Ltd., Givat Haim
Ichud, Israel
High heat of fusion phase change materials (PCMs) are being investigated for both
defense and civilian thermal energy storage and release applications. A relatively large
amount of thermal energy is absorbed during melting and is then released during
freezing in both inorganic (e.g. salt hydrate) and organic (e.g. paraffin) PCMs. For
effective application, minimal amounts of encapsulant and maximal amount of PCM
must be used. Here, high PCM contents were achieved by encapsulating within
polyHIPE (PH) monoliths produced by templating within high internal phase emulsions
(HIPEs) and the thermal energy storage and release of the resulting monoliths were
described. The advantages of salt hydrate PCMs include a sharp melting point, nontoxicity, non-flammability, and the availability of wide range of transition temperatures.
Here, calcium chloride hexahydrate (CC-HH) was encapsulated within elastomeric
acrylate-based PHs that were produced using free radical polymerization within waterin-oil Pickering HIPEs (Figure, left). The effects of adding a nucleating agent, of prepolymerization, and of using an oligomeric crosslinker were investigated. Ultimately, the
most promising system exhibited a CC-HH content of 79% with PH sample melting and
crystallization heats of ~120 J/g. The advantages of paraffin PCMs include minimal
undercooling on freezing, congruent melting, self-nucleation, and low density. Here,
octadecane (OD) was encapsulated within “green” PHs based on polyphenols such as
tannic acid (TA) that were produced through poly(urethane urea) interfacial step growth
polymerization within oil-in-water HIPEs (Figure, right). The effects of the monomers
and the PCM on the properties were investigated. The resulting truly closed-cell PHs
exhibited unusually large amounts of PCM (90%) with PH sample melting and
crystallization heats of ~210 J/g.

Encapsulated PCMs synthesized within: (left) an inorganic PCM in oil emulsion; (right) an
organic PCM in water emulsion.

POLY 293: Conductance variability in non-conjugated polymers: Memristors in
neuromorphic applications
Stephen H. Foulger, foulger@clemson.edu. Materials Science, Clemson University,
Anderson, South Carolina, United States
The long-term goal of this line of research is to develop a disruptive polymer
“memristor”. Specifically, the effect of chemical structure on the conformationally
induced switching properties of a range of non-conjugated polymers with pendant
carbazoles was investigated with a specific goal to create a polymer that exhibits a
tailorable multi-state conductance appropriate for being employed as a synaptic
substitute.
One of the fundamental characteristics of synaptic plasticity in biological neural
networks is spike-timing-dependent-plasticity (STDP) and its replication in a synthetic
model is critical for emulating biological systems. STDP has been demonstrated in
multiple species, including humans, and is considered the basis for cognitive learning.
The STDP response of an ITO/poly(11-(9H-carbazol-9-yl)undecyl methacrylate)
(PUMA)/aluminum memristor is presented in Figure 1 where the ITO and aluminum
electrodes were designated the presynaptic and postsynaptic neuron, respectively. The
potentiation and depression of the synaptic weight could be modulated with a variation
in the timing offset of the two pulses. In Figure 1, when the presynaptic spike arrives
before the postsynaptic spike there is a potentiation of the synaptic weight while
depression occurs when the presynaptic spike arrives after the postsynaptic spike. This
response is similar to a Asymmetric Hebbian Learning Rule, where leads to long-term
potentiation (LTP) of the synapse and leads to long-term depression (LTD) of the
synapse. This change in conductivity with voltage pulses is a basic attribute for building
a synaptic substitute.

Figure 1: Spike-timing-dependent-plasticity of poly(11-(9H-carbazol-9-yl)undecyl
methacrylate) (PUMA; n=11). Synaptic weight change with the variation in timing offset (δt)
between the presynaptic and postsynaptic spike-pair. The presynaptic and postsynaptic spike was
applied to the ITO and aluminum electrode, respectively.

POLY 294: High κ polymers of intrinsic microporosity: New class of hightemperature, low-loss dielectrics for electronic applications
Zhongbo Zhang1, Kasun Premasiri2, Xuan Gao2, Lei Zhu1, lxz121@case.edu. (1) Dept
of Macromolecular Sci Eng, Case Western Reserve University, Cleveland, Ohio, United
States (2) Dept. of Physics, Case Western Reserve University, Cleveland, Ohio, United
States
High performance polymer dielectrics is a key component for power and
flexible/printable electronics. In this work, organo-soluble polymers of intrinsic
microporosity (PIMs) are reported for the first time to show desirable dielectric
properties with high permittivity (or κ), high temperature capability, and low dielectric
loss. Due to the polar sulfonyl side groups and rigid contorted polymer backbone,
sulfonylated PIM (SO2-PIM) exhibited an optimized balance between relatively high κ
and low dielectric loss in a broad temperature window (up to 200 °C). For examples, its
discharged energy density reached as high as 17 J cm-3 with κ = 6.0. The discharge
efficiencies were 94% at 150 °C/300 MV m-1 and 88% at 200 °C/200 MV m-1.
Furthermore, its application as high-κ gate dielectrics in field effect transistors (FETs) is
demonstrated. With the bilayer SO2-PIM/SiO2 gate dielectric, the InSe FETs exhibited a
significantly improved electron mobility in the range of 200-400 cm2 V-1 s-1, much higher
than 40 cm2 V-1 s-1 for the bare SiO2-gated InSe FET. This study indicates that highly
dipolar PIMs with rigid polymer backbone and large free volume are promising as high
performance, next generation polymer dielectrics.

For the first time, dipolar polymers of intrinsic microporosity (PIMs) are exploited for high-κ,
high-temperature and low-loss dielectric applications. Due to the rigid backbone and the
enhanced orientational polarization in a microporous matrix, the sulfonylated PIM demonstrates
exceptional dielectric performances, including high dielectric constant, suppressed dielectric
loss, high energy density, low leakage current, and high-temperature tolerance up to 175 °C.

POLY 295: Role of functionalized nanoclay particles on the diffusion of military
fuels through collapsible fuel storage tanks
James M. Sloan, james.m.sloan22.civ@mail.mil, David Flanagan. Materials
Development and Transition Branch, CCDC-US Army Research Laboratory, Aberdeen,
Maryland, United States
In this work, we consider the effect of the addition of functionalized clay particles to a
polyether based polyurethane that is a candidate to be used as for flexible storage
containment for a variety military fuels. We have synthesized urethanes and fully
incorporated functionalized layered silicate inorganic nanoclay with concentrations
varying from 0% to 20% by weight. The clays were functionalized with polar hydroxyl
groups (-OH) and nonpolar long alkyl chains (-CH3-(CH2)14-CH3) and evaluated the
diffusion of commercial and military grade fuels.

POLY 296: Diverse polymeric architectures from perfluoropyridine as a
chemoselective scaffold for additive manufacturing
Cynthia A. Corley, Kevin Stewart, Nathan Weeks, Andrew Peloquin, Abby R.
Jennings, Scott T. Iacono, scott.iacono@usafa.edu. Department of Chemistry, United
States Air Force Academy, Colorado Springs, Colorado, United States
There remains a technology gap in the aerospace industry given that many high
performance materials are still utilizing developments from the 1960’s space-race era. A
wealth of rich chemistries have been discovered since then, but many have yet to be
adapted into operational high performance materials. Additive manufacturing has shown
the most promise to deliver new materials to the commercial and defense industries.
Our work in this area continues to explore new organo-fluorine methodologies for
preparing thermally robust fluoropolymers that can be adapted to 3D printing
technologies for rapidly manufactured components. Recently, we have developed a
diverse pool of new fluorine-containing polymers and networks that includes elastomers,
fluorosilicones, and resins derived from the chemoselective and electrophilic behavior of
perfluoropyridine. This work will highlight new synthetic routes for monomer preparation,
linear and network polymerization methodologies, and processing of these systems.

POLY 297: Additive-manufactured stochastic polyimide foam for low-density and
low-loss electronic architectures
Hsiang Liu1,2, clive.h.liu@gmail.com, James O. Hardin1,2, J. Daniel Berrigan1. (1) Air
Force Research Laboratory, WPAFB, Ohio, United States (2) UES Inc., Dayton, Ohio,
United States
Polyimide has been an important engineering material with excellent mechanical,
dielectric, and thermal properties. However, hierarchical construction and exploration of
functional polyimide architectures are still hindered by the limited manufacturing and
property-tailoring strategies. In this work, three-dimensional polyimide structures are
fabricated via direct writing of designed polyimide inks under room temperature without
photo-crosslinking or post-process imidization/curing. Phase-inversion behavior of the
polyimide is exploited to induce micro-porosity under ambient conditions to suppress
density and dielectric loss/permittivity of the fabricated architectures. Furthermore, multiscaled modeling and construction of voided structures extend the design and
maneuvering range of dielectric permittivity of resultant architectures, enabling the
development of three-dimensional lightweight electromagnetic/electronic structures for
high-temperature applications.

POLY 298: Microwave-assisted polyarylene synthesis and characterization for
advanced materials
Steve M. Budy, sbudy@smu.edu, David Y. Son. Chemistry, Southern Methodist
University, Dallas, Texas, United States
A series of Diels–Alder polyarylene polymers were synthesized via microwave-assisted
step-growth polymerization. The reaction of bistetracyclone with a variety of
diethynylbenzene monomers using a variety of solvents and concentrations was
optimized over time. The polyarylene polymers were characterized by 1H, 13C, and 19F
NMR spectroscopy, ATR-FTIR spectroscopy, TGA, DSC, DMA, and GPC. Polar
solvents (e.g., tetrahydrofuran and nitrobenzene) worked well for microwave-assisted
polymerization. Molecular weights were monitored over time affording well over 100
kg/mol. Thermal analysis showed the onset of decomposition (Td = 550 °C) in the series
of polymers under nitrogen and air atmosphere. The char yields ranged from 60 to 80%
at 1000 °C. Applications will be discussed including proton exchange membrane fuel
cells, gas separation membranes, coatings, semi-fluorinated optics, polyimides,
oligomeric resins, and composite materials.

POLY 299: Influence of monomer polarity on the mechanical properties of ring
opening metathesis polymers
Ngon T. Tran2, ntdtran@ucdavis.edu, Tyler Long2, Casey Busch1, Kevin Masser2,
Joseph L. Lenhart2, Daniel Knorr2. (1) ORISE, Belcamp, Maryland, United States (2)
Army Research Lab, Iowa City, Iowa, United States
A disadvantage of non-polar ROMP polymers is that they have lower yield strengths
than epoxy resins conventionally used in fiber reinforced composites applications. We
hypothesized that this was because there are no strong non-covalent interactions
present when typical non-polar ROMP monomers like dicyclopentadiene are used, while
such non-covalent interactions are present in epoxy resins. To address these low yield
strengths, we synthesized ROMP monomers with polar functionalities that enable
hydrogen bonding and conducted a systematic formulation study by varying the
monomer polarity. We conducted quasi-static tensile and fracture toughness
measurements and noted a strong correlation between polar monomer content and
yield strength. Specifically, we demonstrated that incorporation of polar monomers in
ROMP formulation improved the resin tensile strength by up to 40% and modulus by up
to 30%, making these materials more comparable to their epoxy counterparts. Overall,
this work serves as a clear example of how molecular engineering of non-covalent
interactions can be used to achieve specific mechanical properties in polymers.

POLY 300: Hygromorphic films of sulfonylated poly(2,6-dimethyl-1,4-phenylene
oxide) derivatives
David H. Wang1,2, wanghuabin0903@yahoo.com, Benjamin Treml1, Lei Zhu3, Richard
A. Vaia4, Loon-Seng Tan5. (1) Materials & Manufacturing Directorate, US Air Force
Research Laboratory, Wright Patterson Air Force Base, Ohio, United States (2)
Biological & Nanoscale Twechnologies, UES, Inc., Dayton, Ohio, United States (3) Dept
of Macromolecular Sci Eng, Case Western Reserve University, Cleveland, Ohio, United
States
Poly(2,6-dimethyl-1,4-phenylene oxide), commonly known as PPO is in a class of high
performance thermoplastic with good high temperature properties and excellent
hydrolytic stability. Post-polymerization functionalization (PPF) is an important way to
modify and improve PPO properties for dielectric, membrane and energy applications.
Among the chemical transformations that have been utilized to structurally modify PPO,
radical bromination is by far the most popular method used because of the ease in
operation and scalability of the reaction it can offer. Among various reaction conditions
evaluated, we found that bromination with N-bromosuccinimide(NBS)/azo-2,2’isobutyronitrile (AIBN) in nonpolar solvents such as carbon tetrachloride and
chlorobenzene affords brominated PPOs (Br-PPOs) containing almost exclusive benzyl
bromide up to 80mol% of functionality. Herein, three types of sulfonylated PPOs, i.e.
CH3SO2-, C6H5SO2-, and CF3SO2-PPOs, are prepared by nucleophilic substitution of BrPPOs with methanesulfinate, benzenesulfinate and trifluoromethanesulfinate anions,
respectively, as shown in Figure 1. The degree of functionality (DOF) varies from
25mol% to 80mol%. The successful functionalization of PPOs is confirmed by ATR-IR
and NMR results. All the PPOs except the pristine PPO powder are amorphous
according to WAXD and DSC measurements. Decrease of molecular weights with
increasing DOF is observed probably due to the chain scission during the bromination.
CH3SO2-PPO films demonstrate the best hygromorphic actuation in agreement with
their DOF-dependent curvature in a humidity chamber.

Figure 1.Synthetic scheme of Br-PPOs and sulfonylated PPOs.

POLY 301: Hyperloaded poly(2-oxazoline) micelles as drug carriers for cancer
therapy
Alexander V. Kabanov, kabanov@email.unc.edu. Eshelman School of pharmacy,
University of North Carolina at Chapel Hill, Chapel Hill, North Carolina, United States
Poly(2-oxazoline) polymeric micelles (PM) display unprecedented high loading with
respect to water-insoluble active pharmaceutical ingredients (APIs). This drug delivery
platform greatly enhances the solubility and stability of drugs and drug candidates and
improves their efficacy and safety in a transformative way. The technology has been
validated for more than 20 extremely poorly soluble APIs. The injectable aqueous
solutions are readily prepared that are stable and contain up to 50-100 g/L of extremely
poorly soluble APIs, at least 10 to 100 times greater amounts than most other
solubilization methods. The drug to excipient ratio in poly(2-oxazoline) PM is also 10 to
100 times better than the ratios of excipients in other approaches. One example is a
Cremophor- and PEG-free paclitaxel in poly(2-oxazoline) PM. It has demonstrated
potential to increase treatment efficacy of cancers by using high-dose therapy and
shown superiority in treatment of tumors in animal models when compared to marketed
paclitaxels. For many of the drug candidates poly(2-oxazoline) PM platform represents
the only possibility for a parenteral drug application and enables major contribution to
patient care. Chemo-sensitizing agents and agents modifying tumor microenvironment
in poly(2-oxazoline) PM were shown to improve chemo- and immunotherapy of cancers
in both prevalent and orphan diseases in animal models. Poly(2-oxazoline) PM platform
allows easy co-formulation of multiple APIs to 1) decrease burden of administering
these APIs separately to a patient in combination drug therapy, and 2) improve
treatment efficacy by simultaneous delivery of these APIs to biological targets. Superior
antitumor activity of PM with co-loaded drugs compared to single drug micelles or their
combination was demonstrated. A rational, computer-aided approach to reliable
selection of hydrophobic molecules with dramatically improved solubility in poly(2oxazoline) PM was developed to enhance the throughput and success of formulation
development for new APIs.

POLY 302: Electrostatic polymer systems for nanoparticle targeting of cells and
tissues
Paula T. Hammond1,2, hammond@mit.edu. (1) Department of Chemical Engineering,
Massachusetts Institute of Technology, Cambridge, Massachusetts, United States (2)
Koch Institute of Integrative Cancer Research, MIT, Cambridge, Massachusetts, United
States
One of the most powerful interactions that can regulate tissue transport and
nanomaterial trafficking is electrostatic charge. In our lab, we have used electrostatic
assembly methods in conjunction with well-defined charged macromolecules to enable
delivery of drug to specific tissues or organs based on a combination of multivalent
charge interactions coupled with other secondary non-specific or specific binding
interactions. These systems vary from highly designed synthetic vectors that can deliver
mRNA and even gene editing systems to electrostatically assembled complexes that
can be generated with a great deal of control. In one approach, a layer-by-layer (LbL)
technique toward construction of nanostructured nanoparticles provides multiple
advantages for chemotherapy. We have generated LbL outer layers that provide
effective stealth properties, with long systemic plasma blood half lives and higher tumor
accumulation over time. We have demonstrated efficacy in genetically induced nonsmall cell lung cancer mouse models in which key siRNA targets have been selected
with chemotherapy drug in the same nanoparticle system, and are now examining new
siRNA and drug combinations in ovarian cancer. By staging release of different drug
components via the adaptation of the nanoparticle structure, we can achieve highly
synergistic release behavior in these systems We have found that certain LbL
nanoparticle formulations traffic differently in cells based on the negatively charged
polypeptide, and are exploring ways to utilize these differences in affinity for more
selective tumor cell binding and deliver within cells. Ongoing work that includes new
ovarian cancer and lymphoma efforts utilizing siRNA and combination drug therapies
will be discussed, including new work involving the delivery of cytokines for activation of
the immune system against cancer. Finally, new work involving the design of charged
dendritic molecules for delivery to cartilage for osteoarthritis will also be addressed.

(left) Schematic of layer-by-layer nanoparticle; (right) localization of nanoparticle on the outer
membrane of tumor cells or internalized within the endosomal compartments depending on
composition of the outer layer.

POLY 303: Functional integration of covalent and supramolecular polymers
Samuel I. Stupp, s-stupp@northwestern.edu. Northwestern University, Evanston,
Illinois, United States
Supramolecular polymers, in contrast to macromolecules in which structural units are
linked through covalent bonds, are designed using additive noncovalent bonds that are
tunable over a very broad range of binding energies encoded in the molecular structure
of their “mers”. These systems are ideal to achieve dynamic functions that include
reversible formation of structures, adaptive behavior in a specific environment, and selfrepair of defects, among others. Despite advances in this field, a major gap is the
design of “hybrid” materials that rationally integrate covalent and supramolecular
polymers, a concept that is used to craft function in the structures of living organisms.
This lecture will describe first systems based on the co-assembly of small molecules
and polymers that yield reversible superstructures linked to mechanical and biological
functions. The lecture will also describe other systems inspired by muscles that are
capable of transducing thermal to mechanical energy, light to mechanical energy, and
light to chemical energy in photocatalytic hybrid materials.

POLY 304: Ten puzzles of the airway surface layer
Michael Rubinstein1,2, mr351@duke.edu. (1) Departments of Mechanical Engineering
and Materials Science, Biomedical Engineering, Physics & Chemistry, Duke University,
Durham, North Carolina, United States (2) Marsico Lung Institute, University of North
Carolina, Chapel Hill, North Carolina, United States
The classical view of the airway surface layer (ASL) of lungs is that it consists of two
layers – the mucus and periciliary layer (PCL). Mucus layer is propelled by cilia and
rides on the top of PCL, which is assumed to be a low viscosity dilute liquid. This model
of ASL does not explain what stabilizes the mucus layer and prevents it from
penetrating the PCL. I propose a different model of ASL in which PCL consists of a
dense brush of mucins attached to cilia. This brush stabilizes the mucus layer and
prevents its penetration into PCL while providing lubrication and elastic coupling
between beating cilia. Both physical and biological implications of the new model and
the remaining puzzles will be discussed.

POLY 305: Biorecognition: Bridge from self-assembled hydrogels to drug-free
macromolecular therapeutics
Jindrich Kopecek, jindrich.kopecek@utah.edu, Jiyuan Yang, Lian Li, Jiawei
Wang. Dept of Pharmaceutics Pharm Chemistry, The University of Utah, Salt Lake City,
Utah, United States
Molecular biorecognition forms the basis for the design of precisely defined smart
systems, including targeted therapeutics, imaging agents, stimuli-sensitive and selfassembled biomaterials, and biosensors. Biorecognition of complementary motifs
(peptides1 or peptide nucleic acids/DNA2) mediates the self-assembly of graft
copolymers into 3D hydrogels by the formation of physical crosslinks. The research of
self-assembled hydrogels inspired the invention and design of drug-free
macromolecular therapeutics (DFMT) – a new paradigm in nanomedicine where
crosslinking of slowly internalizating receptors results in apoptosis of Raji B cells in vitro,
in Non-Hodgkin lymphoma animal models,3 and in patient cells with a variety of B cell
malignancies.4 In the presentation, recent progress in exploring the mechanism of
action of DFMT will be discussed. This unique strategy, combined with the newly
developed long-circulating polymer-drug conjugates5 offers numerous advantages to
overcome rituximab-resistance in diseased cells and tissues.6 DFMT is a new concept,
where the biological activity is based on the biorecognition of complementary motifs at
cell surface.

Scheme of the Bridge between Hydrogels and Nanomedicines

POLY 306: Designing polymeric biomaterials with spatiotemporal control for
directing stem cell behavior
Julianne L. Holloway, julianne.holloway@asu.edu. Chemical Engineering, Arizona
State University, Tempe, Arizona, United States
Advances in materials science, biomolecule delivery, and cell biology has enabled
significant innovations within the field of tissue engineering and regenerative medicine
over the past few decades. Nonetheless, minimal translation of tissue engineeringbased therapeutics to the clinic has occurred. A significant challenge within tissue
engineering is the difficulty in regenerating complex tissues with a heterogeneous
structure and multiple cell types. To address this challenge, my research group is
developing innovative polymeric biomaterials that can mimic the complex
microenvironment of musculoskeletal tissues. Specifically, I will discuss our recent
efforts in the following areas: 1) using magnetic fields to spatially control electrospun
fiber alignment in order to create materials with gradients in fiber alignment that mimic
the structure of musculoskeletal interfacial tissues (Fig 1); 2) using reversible DNA
handles to temporally control peptide presentation to improve our understanding of cellmaterial interactions; and 3) combining these techniques for independent spatial control
over chemical and structural signals towards simultaneous regeneration of multiple
tissue types.

POLY 307: Gel-like nature of cartilage polymers
Ferenc Horkay, horkayf@helix.nih.gov. Section on Quantitative Imaging and Tissue
Sciences, National Institutes of Health, Bethesda, Maryland, United States
Aggrecan is a biologically important high molecular weight bottlebrush shaped
proteoglycan. It forms large complexes with hyaluronic acid (HA), which provide the
osmotic properties necessary for cartilage to resist deswelling under compressive load.
The aggrecan-HA complex is a hydrated, viscous gel that gives cartilage its resilience
and high compression modulus. The compressive properties of cartilage are closely
correlated with the fixed charge density of the glycosaminoglycan (GAG) chains and
hence with the proteoglycan concentration.
The biochemistry of cartilage formation has been extensively studied in the last couple
of decades. Aggrecan contains three globular domains. Two of these bind the GAG
chains. The N-terminal domain interacts specifically with HA to form large aggregates
present in the extracellular matrix. Imaging techniques (e.g., electron microscopy,
atomic force microscopy) have revealed the size and structural pattern of large distinct
aggrecan-HA complexes. Such methods yield detailed information on spatial
arrangements within a selected area of the sample. However, the interactions that
govern the equilibrium morphology and dynamics of aggrecan assemblies remain poorly
understood.
In solutions, where a very large number of molecules interact, knowledge of the
statistical properties of the system is of paramount importance in order to describe the
conformation and motion of the elements. Scattering techniques provide such
information, since they explore a large volume of the specimen simultaneously. The aim
of this work is to investigate the spatial organization in solutions of pure aggrecan and
aggrecan-HA complexes in the length scale range between 10 and 5000 Å. The static
properties are studied by small angle neutron scattering (SANS) and static light
scattering (SLS), while the dynamics are probed by dynamic light scattering (DLS).

Figure 1. Schematic representation of cartilage matrix.

POLY 308: Reexamining the swelling and deformation theories of ionic, stimuliresponsive networks, and gels
Nicholas Peppas1,2, peppas@che.utexas.edu, Nathan R. Richbourg2. (1) Chemical
Engineering, University of Texas at Austin, Austin, Texas, United States (2) Biomedical
Engineering, University of Texas at Austin, Austin, Texas, United States
Over the past century, gels have emerged as effective materials for an immense variety
of applications. The unique network structure of gels enables very high levels of
hydrophilicity and biocompatibility, while at the same time exhibiting the soft physical
properties associated with living tissue, making them ideal biomaterials. Stimuliresponsive hydrogels have been especially impactful, allowing for unprecedented levels
of control over material properties in response to external cues. This enhanced control
has enabled groundbreaking advances in healthcare, allowing for more effective
treatments of a vast array of diseases and improved approaches for tissue engineering
and wound healing. Here, we identify and discuss the multitude of response modalities
that have been developed, including temperature, pH, chemical, light, electro, and
shear-sensitive hydrogels. We discuss recent modeling efforts of swelling in gels with
Gaussian or non-Gaussian chain distribution, cationic or anionic behavior, presence of
larger tie-junctions, multifunctionality, etc. We summarize ionic gel properties and the
mechanisms used to create these responses, highlighting both the pioneering and most
recent work in all of these fields. Finally, we address current and proposed applications
of these hydrogels in medicine and industrial settings.

Equillibrium water content of anionic and cationic gels as a function of pH.

POLY 309: Self-assembled supramolecular nanosystems for smart targeted
therapy of cancer
Kazunori Kataoka1,2, kataoka@pari.u-tokyo.ac.jp. (1) Innovation Center of
NanoMedicine, Kawasaki Institute of Industrial Promotion, Kawasaki, Kanagawa, Japan
(2) Institute for Future Initiative, University of Tokyo, Tokyo, Tokyo, Japan
Nanotechnology-based medicine (Nanomedicine) has received progressive interest for
the treatment of intractable diseases, such as cancer. 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 the development of polymeric micelles with distinctive core-shell architecture
as self-assembled nanosystems with 10 to 100 nm in size prepared by the programmed
self-assembly of block copolymers in aqueous entity. Several micellar formulations of
antitumor drugs have been intensively studied in preclinical and clinical trials, and their
utility has been demonstrated. Critical features of the polymeric micelles as drug
carriers, including particle size, stability, and loading capacity and release kinetics of
drugs, can be modulated by the structures and physicochemical properties of the
constituent block copolymers. The development of smart polymeric micelles that
dynamically change their properties due to sensitivity to chemical or physical stimuli is
the most promising trend toward nanomedicines, directing to the targeting therapy with
high efficacy and ensured safety. Notable anti-tumor efficacy against intractable cancer,
including pancreatic cancer and glioblastoma, of antitumor drug-incorporated polymeric
micelles will be demonstrated to emphasize a promising utility of the nanosystems for
the treatment of intractable diseases.

POLY 310: Thermosensitive polyplexes for nucleic acid delivery
Lies Fliervoet, Tina Vermonden, T.Vermonden@uu.nl. Pharmaceutics, Utrecht
University, Utrecht, Netherlands, Netherlands
Different polymerization techniques can be used for the synthesis of tailor-made
macromolecules with varying structural designs for nucleic acid delivery systems.
Introduction of multiple functionalities, like cationic and thermosensitive properties, in a
polymer design has potential to improve the efficacy of nucleic acid delivery. Complete
condensation of nucleic acids and the formation of stable complexes are crucial for
achieving effective intracellular delivery. At the same time, ideally cytotoxicity of these
complexes should be limited. Therefore in this study, the balance between hydrophobic
and electrostatic interactions has been investigated for thermosensitive plasmid DNA
(pDNA)-loaded polyplexes. NPD triblock copolymers consisting of a thermosensitive Nisopropylacrylamide (PNIPAM, N), a hydrophilic poly(ethylene glycol) (PEG, P) and a
cationic 2-(dimethylamino)ethyl methacrylate (PDMAEMA, D) block with different block
lengths were prepared using a hetero-functional PEG macroinitiator. In this study, we
show that there is a critical balance between the electrostatic and hydrophobic
interactions between the multifunctional polymer and pDNA at temperatures above the
CP. If the length of the cationic block and the N/P ratio are high enough, the
electrostatic interactions between the pDNA and the cationic block of the polymer are
superior over the hydrophobic thermosensitive interactions, resulting in sustaining the
polyplex nanostructure. Moreover, the presence of thermosensitive blocks in NPDbased polyplexes resulted in better cytocompatibility compared to PD-based polyplexes
with similar efficiencies of delivering cargo into HeLa cells. These results provide new
insights into the design of polymers for advanced drug delivery systems, such as
polyplex-releasing thermosensitive hydrogel systems for the controlled and local
delivery of nucleic acids.

Polyplex structures of NPD (a) and PD (b) polymer.

POLY 311: Rationally-designed polypeptides based on structural proteins
Keiji Numata, keiji.numata@riken.jp. RIKEN, Saitama, Japan
In nature, high-performance biological polymers and composites consist of various
organisms. The high-performance biopolymers are mainly protein/polypeptide, and have
therefore been recognized as bioactive and functional material. However, use of those
biopolymers as structural materials is still challenging. One of the major drawbacks of
polypeptide-based materials is their limited synthesis method. My research group in
RIKEN has successfully synthesized various polypeptides, even with unnatural amino
acids or nylon units, via chemo-enzymatic polymerization (ACS Catal 2016, Chem
Commun 2017, Polym Chem 2017). Those artificial polypeptides containing unnatural
units achieve several properties that cannot be done by natural polypeptides. This
synthesis method provides a new insight for material design of polypeptide. Novel
multiblock polypeptides with a structure similar to the unique sequence observed in
spider silk proteins were synthesized via a two-step chemical and enzymatic synthesis
method (ACS Macro Let 2017). Two types of polypeptide fragments were prepared by
chemoenzymatic polymerization: polyalanine as a hard block, which forms beta-sheets
in the spider silk fibers, and poly(glycine-random-leucine) as a soft block. These two
fragments were ligated by post-polycondensation using polyphosphoric acid as a
condensing agent. Resulting multiblock polypeptides formed an antiparallel beta-sheet
structure with a degree of crystallinity similar to that of spider silk, which resulted in a
fibrous morphology. Similar to the silk-like polypeptides, elastin-like polypeptides were
also synthesized (Polym Chem 2018). We also reported the new finding in spider silk
spinning (Biomacromolecules 2017, Nat Commun 2018, Biomacromolecules 2018),
which is important to design tough structural polymers. Based on the natural systems
and hierarchical structures, we investigate various biological and eco-friendly polymers
and materials.

POLY 312: Bioresponsive polymersomes as an emerging platform for targeted
tumor therapy
Yaohua Wei, Wenxing Gu, Huanli Sun, Fenghua Meng, Zhiyuan Zhong,
zyzhong@suda.edu.cn. Soochow University , Suzhou, China
Polymersomes closely mimicking liposomes appear to be one of the most promising
systems to achieve targeted tumor therapy. Compared with liposomes, polymersomes
are usually intrinsically stealthed by poly(ethylene glycol) (PEG), easy to be
functionalized with specific ligands, and amenable to facile engineering with stimuliresponsivity. It should be noted, however, that most reported polymersomes exhibit a
low loading of cargos, inadequate stability, pronounced drug leakage, and poor
degradability or biocompatibility. In the past years, we have developed several novel,
robust and bioresponsive polymersomes for targeted tumor therapy. For example,
based on proprietary dithiolane-functionalized trimethylene carbonate (DTC) monomer,
we have prepared reversibly crosslinked polymersomes that show efficient loading and
targeted delivery of doxorubicin hydrochloride (DOX) and epirubicin hydrochloride (EPI)
to various tumor models including melanoma and non-small cell lung cancer,
outperforming clinically used liposomal doxorubicin injections. We have designed a
series of disulfide-crosslinked degradable chimaeric polymersomes for tumor-targeted
delivery of methotrexate disodium, a clinically used water soluble and potent anticancer
drug, as well as biotherapeutics such as siRNA and protein drugs. These multifunctional
and simple polymersomes have a tremendous potential for clinical translation.

Illustration of improved RNAi therapy for human glioblastoma in vivo using siRNA-loaded
nontoxic brain-targeting chimaeric polymersomes (ANG-CP-siRNA).

POLY 313: Phosphonium biomaterials: From antibiotics to ionic hydrogels
Tyler Cuthbert1, Tristan Harrison1, Benjamin Hisey1, Paul J. Ragogna1, Elizabeth R.
Gillies1,2, egillie@uwo.ca. (1) Chemistry, The University of Western Ontario, London,
Ontario, Canada (2) Chemical and Biochemical Engineering, The University of Western
Ontario, London, Ontario, Canada
Ionic materials have been explored for a wide range of applications from drug delivery
to regenerative medicine. Quaternary ammonium salts in particular have been
extensively studied as antimicrobial agents and electrostatic drug delivery vehicles.
Quaternary phosphonium cations, carrying positive charges at phosphorus atoms,
exhibit different charge distributions than their ammonium counterparts, and have been
shown to have enhanced performance over their ammonium counterparts in areas
including antimicrobial activity and nucleic acid binding. However, they have been much
less explored. This presentation will describe our team’s recent work in the development
of phosphonium biomaterials. The design and synthesis of antibacterial phosphonium
polymers will be described, along with their incorporation onto surfaces to afford nonfouling, antibacterial coatings (Fig. 1A). Phosphonium polymer networks were also
prepared, using both ionic and covalent cross-linking approaches, and were
characterized by rheology to reveal interesting dynamic and self-healing behaviour (Fig.
1B). Finally, the incorporation of ionic drugs into the networks and their release were
also studied. The properties of the phosphonium materials were compared directly to
their ammonium analogues. Overall, this work shows the strong potential for the further
development of phosphonium polymer materials as therapeutics and therapeutic
delivery vehicles.

Figure 1. A) Antibacterial phosphonium polymers; B) Phosphonium hydrogel.

POLY 314: Design of synergistic drug crystallization inhibitors via olefin crossmetathesis of hydrophilic cellulose ethers and bile acid derivatives
Diana Novo1, dnovo001@vt.edu, Lynne Taylor2, Kevin J. Edgar3, Laura I. MosqueraGiraldo2. (1) Chemistry, Virginia Polytechnic Institute and State University, Miami,
Virginia, United States (2) Purdue University, West Lafayette, Indiana, United States (3)
Mail Code 0323, Virginia Tech, Blacksburg, Virginia, United States
The new drug discovery pipeline is plagued by poor aqueous solubility, thereby resulting
in both low drug effectiveness and bioavailability. Crystallization inhibitors have been
employed as excipients in amorphous solid dispersions in order to form metastable,
supersaturated drug formulations with enhanced solubility. Olefin cross-metathesis has
successfully provided an array of new and multifunctional cellulose-based derivatives
for amorphous solid dispersion polymer matrices. Alone, these derivatives as well as
endogenous bile salts can effectively extend nucleation induction times of hydrophobic
therapeutics in physiologically similar settings. In these studies, cellulose ether
derivatives are appended to bile acid / esters to yield conjugates that may
synergistically act as drug-crystallization inhibitors while also increasing drug aqueous
solubility. Conjugate hydrophilicity is enhanced via selective modification of bile salt
mimics and by choice of cellulosic backbones (hydroxypropyl and hydroxyethyl
cellulose). Increased hydrophilicity enhances the ability of these conjugates to achieve
drug supersaturation. We report the synthesis of these novel conjugates and
characterization by NMR spectroscopy, DSC, SEC and FTIR. Amorphous solid
dispersion candidacy is evaluated via aqueous stability, solubility, and retention of
amorphous properties of these novel candidates, as well as nucleation induction time
and in vitro dissolution studies in biologically relevant conditions.

POLY 315: Synthesis of antimicrobial polymers: Effect of polymer composition
and architecture
Peter R. Judzewitsch, Edgar H. H. Wong, Cyrille Boyer,
cboyer@unsw.edu.au. Chemical Engineering, UNSW Sydney, Sydney, New South
Wales, Australia
The antibiotic resistance poses a serious threat to our society. Therefore, the
development of new antimicrobial compounds is urgently needed. High-throughput
compositional analysis, combined with recent advances in polymerization protocols,
allows for rapid production of potentially antimicrobial compounds without the need of
specific equipment, affording the production of large library of polymers. These libraries
of polymers were tested against various microorganisms. We have been able to
correlate their bioactivity with composition and functionality. In this study, we have used
PET-RAFT polymerization to test the combinations of seven different monomers to yield
200 different antimicrobial polymers. Their bioactivity were investigated against three
distinct bacterial species; Gram-negative Pseudomonas aeruginosa, Gram-positive
Staphylococcus aureus, and Mycobacterium smegmatis. Through variations in
composition, we have demonstrated the potential of high-throughput PET-RAFT for
highly reproducible products, as well as simultaneously testing multiple variables.
Results indicate that primary amines provide the best results against Gram-negative P.
aeruginosa, while quaternized ammonium provides activity verse M. smegmatis.
Copolymers of these provide avenues for further optimization, especially in the case of
quaternized ammonium functionalities.

POLY 316: Use of poly(methionine sulfoxide) to impart cell and tissue
compatibility in degradable biomaterials
Timothy J. Deming, demingt@seas.ucla.edu. Bioengineering Dept, Univ of Califrnia,
Los Angeles, California, United States
Our lab has developed synthetic methods that allow a robust variety of modifications to
the thioether containing side-chains in methionine residues. One modification is the mild
oxidation of hydrophobic, alpha-helical poly(methionine) to hydrophilic, conformationally
disordered poly(methionine sulfoxide). This polymer was found to possess non-fouling
properties similar to PEG, but is also degradable and capable of being reduced back to
methionine within cells. We report on the development of self-assembled biomaterials,
such as vesicles and hydrogels, incorporating poly(methionine sulfoxide) as the solvent
exposed hydrophilic segments. The use of these finely tuned hydrogel formulations for
study of central nervous system biology will be presented.

POLY 317: Advancing conductivity-permselectivity tradeoff of ion-exchange
membranes with sulfonated CNT nanocomposites
Hanqing Fan1, Yuxuan Huang1, Ngai Yin Yip1,2, nyy2002@columbia.edu. (1) Earth and
Environmental Engineering, Columbia University, New York, New York, United States
(2) Columbia Water Center, Columbia University, New York, New York, United States
Ion exchange membranes (IEMs) are widely applied in energy and water technologies,
such as reverse electrodialysis for sustainable power generation and electrodialysis for
desalination. An IEM with lower ionic resistance and better selectivity for counterions
can reduce the energy demand and raise the efficiency of IEM-based processes.
However, an empirically-observed tradeoff between conductivity and permselectivity
always constrains the performance of IEMs. The incorporation of rationally
functionalized 1-dimensional nanomaterials as filler into the polymer matrix offers
opportunities to depart from this tradeoff. When highly dispersed, the 1-D nanomaterials
with large aspect ratio can form a percolating network to facilitate ion transport. In this
study, we developed nanocomposite cation exchange membranes (CEMs) by
incorporating sulfonic acid-functionalized carbon nanotubes (sCNTs) in sulfonated
poly(2,6-dimethyl-1,4-phenyleneoxide), sPPO, polymer matrix. The fabricated
nanocomposite IEMs exhibit improved conductivity while maintaining permselectivity.
Intrinsic resistivity, the reciprocal of conductivity, is lowered with greater blending of
sCNTs filler into the sPPO matrix, decreasing by approximately 25% with 20 w/w%
incorporation of sCNTs. Permselectivity is maintained consistently high across the
different degrees of sCNT incorporation. Therefore, compared with control membranes
(conventional sPPO CEMs), the conductivity-permselectivity tradeoff line of the
fabricated nanocomposite membranes are advantageously advanced, improving overall
performance. Enhancement in conductivity is more pronounced for membranes with
lower swelling degree. We posit that the interconnected network of sCNT reduces the
tortuosity of the ion diffusion path, thereby increasing effective ionic conductivity. This
study demonstrates the potential of rational utilization of nanomaterials to advance the
conductivity-permselectivity tradeoff governing conventional IEMs.

POLY 318: Controlling water and ion transport in hydrated polymer membranes
via chemical functionality
Yuanyuan Ji, Hongxi Luo, Kevin Chang, Geoffrey M. Geise,
geise@virginia.edu. Department of Chemical Engineering, University of Virginia,
Charlottesville, Virginia, United States
Providing sustainable supplies of purified water and energy is a critical global challenge
for the future, and polymer membranes will play a key role in addressing these clear
and pressing global needs for water and energy. Controlling rates of water and/or ion
transport in these membranes is critical for efficient separation processes (e.g., water
purification or dialysis) and energy technologies (e.g., flow batteries or reverse
electrodialysis). Much remains unknown about the influence of polymer structure on
intrinsic water and ion transport properties, and these relationships must be developed
to design next generation polymer membrane materials. Here, we report and discuss
measurements and modeling related to the influence of chemical functionality on rates
of water and ion transport in hydrated polymers. Our results demonstrate how polymer
properties (e.g., backbone rigidity, functional group type, and/or polarizability) can be
engineered to enhance selective transport via thermodynamic and kinetic contributions
to the transport process.

Thermodynamic (sorption) and kinetic (diffusion) processes control the relative rates of small
molecule transport through polymers. Polymer properties (i.e., backbone rigidity, functional
group type, polarizability, etc.) can be engineered to enhance membrane selectivity for a range of
water purification and energy applications.

POLY 319: Self-healable membrane coatings with selective wettability
Bishwash Shrestha, Mohammadamin Ezazi, Gibum Kwon,
gbkwon@ku.edu. Department of Mechanical Engineering, University of Kansas,
Lawrence, Kansas, United States
Membrane-based water purification technologies are known for their versatility and wide
applicability. However, membranes are often susceptible to physical damages, which
can result in compromising the mechanical integrity and subsequently a loss of their
filtration performance. Current technology to deal with damaged membranes is a
replacement without a second thought. There aretwo main limitations of this approach.
First, the operation must be suspended to replace a damaged membrane. Secondly, it
increases the materials cost. One of the effective ways to resolve membrane damages
is perhaps by utilizing a so-called self-healable membrane. Such membrane can
autonomously heal the physical damages including cracks, breaches, or pinholes. In
this work, we have developed self-healable membrane coatings with selective
wettability of water over oil (that is, hydrophilic and oleophobic). Reverse osmosis (RO)
membranes with polyamide active layers were treated with a copolymer comprised of
epoxy- and cellulose-based polymers. This resulted in RO membranes with selective
wettability of water over oil. Such selective wettability allowed our membranes to resist
oil fouling. We demonstrated that our membranes can autonomously repair the physical
damages and restore their intrinsic filtration performance such as water flux and salt
rejection. We envision that our self-healable membrane coatings with selective
wettability would be instrumental beyond membranes-based water treatment, including
the pharmaceutical, biomedical, and food industry.

A. Hydrophilic and oleophobic membrane. B. Self-healing of the physcial damage on the
membrane coating. C. Salt rejection of the damaged membrane before and after self-healing.

POLY 320: Structural and transport properties of membranes in high-salinity
desalination using cascading osmotically mediated reverse osmosis
Xi Chen1, Chanhee Boo1, Ngai Yin Yip1,2, nyy2002@columbia.edu. (1) Earth and
Environmental Engineering, Columbia University, New York, New York, United States
(2) Columbia Water Center, Columbia University, New York, New York, United States
We recently proposed a novel cascading osmotically mediated reverse osmosis
(COMRO) membrane technology for energy-efficient desalination of hypersaline brines.
COMRO utilizes the innovative design of bilateral countercurrent reverse osmosis
stages to lessen the transmembrane osmotic pressure difference, thus depressing the
hydraulic pressure needed. In COMRO operation, membranes are challenged by the
atypical working environments, including high pressures and high salinities. In this
study, we experimentally investigate impacts of hydraulic pressures and salinities on
structural and transport properties of thin-film composite polyamide membranes in highsalinity desalination using COMRO. Our study shows that raising the hydraulic pressure
detrimentally affects the membrane water permeability, A. After the membrane is
completely compacted, A remains constant under different pressures, and will gradually
recover when the membrane is relaxed from pressurization. Our study also indicates
that these changes in water permeability are governed by morphological changes in the
active-support interlayer of the membrane. Membrane salt permeability, B, presents
similar tendencies to A as hydraulic pressure changes. The membrane structural
parameter, S, is demonstrated to be consistent at different salinities (0-293,000 ppm
TDS). We found that salinities of up to 117,000 ppm TDS does not exhibit significant
influence on membrane water permeability, whereas the salt permeability is
substantially elevated when the salinity increases (up to 228,000 ppm TDS). This
research systematically studies fundamental structural and transport properties of
membrane under the high pressure and salinities in COMRO operations to advance the
technology, and also provides insights into principal membrane transport mechanisms
applicable for all osmotically-driven processes.

POLY 321: Design and syntheses of bio-based exotic amino acid derived cationic
polyamide for the application of water treatment
Jakkapon Phanthuwongpakdee1,2, chatjakkapon@gmail.com, Sumant Dwivedi1, Kenji
Takada1, Sandhya Babel2, Tatsuo Kaneko1. (1) Japan Advanced Institute of Science
and Technology, Nomi City, Ishikawa, Japan (2) Bio-Chemical Engineering and
Technology, Sirindhorn International Institute of Technology, Khlong Luang, Pathum
Thani, Thailand
The growth of materials demands led to the vast development in industries, responsible
for causing water pollution in the past decades. The source and quantity of the
contaminants are highly comprehended, but the scientific challenge calls for sustainable
technologies to treat the wastewater. The anion-exchange resin of polystyrene
derivatives is often utilized for the anionic impurity removal. However, the polymer has
low thermal stability, poor biodegradability and non-sustainable due to its monomer
depending on petrochemical substances. Recently, an exotic amino acid, 4aminocinnamic acid (4ACA), has been produced with the fermentation of glucose by the
genetically modified Escherichia coli. 4ACA has been reported for its usage in the
synthesis of bio-polymers with excellent thermo-mechanical properties. In this research,
a novel quaternarized 4,4’ diamino-α-truxillic acid (Q4-ATA), the quaternary derivative of
4ACA was produced. The successful synthesis was confirmed by 1H NMR and ESI-MS.
With a series of selected diamine, the monomer was employed for the cationic biopolyamide (PA-Rx) syntheses. Thereafter, the thermal properties and molecular weight
of the polymer were determined. Compared to the commercial grade polystyrene anionexchange resin, PA-Rx exhibited superior thermal stability with Td10 values well above
290 °C. After testing for anion-exchange ability in the water, the bio-polymer could
maintain the removal efficiency at high water temperature. The bio-polyamides
represents a new insight in the topic of sustainable alternative water purification
technology.

Schematic illustration showing the syntheses of 1a. Q-4ATA and 1b. bio-based cationic
polyamides

POLY 322: Membrane hydrophilicity tuning by the functional additives with
different molecular architectures
Yangbing Jiang, 21714012@zju.edu.cn, Yuyao Zhang, Baoliang Chen, Xiaoying
Zhu. Environmental Science, Zhejiang University, Hangzhou, China
Membrane technology is essential for water and wastewater treatment but unexpected
fouling often occurs in various membrane separations. Thus, the development of
antifouling membrane is one of the hot topics in the field of membrane study. Additive
blending is a promising method to fabricate functional membranes in large scale. Two
hydrophilic additives containing the same number of the methyl diethylene glycol
methacrylate (MDEGMA) monomers grafted from the ethyl cellulose (EC) backbones
but in different architectures by atom transfer radical polymerization (ATRP). One of the
additives was with shorter MDEGMA chains grafting from more sites on the EC
backbone, while the other additive was with longer MDEGMA chains grafting from less
sites on EC. Two hydrophilic membranes were prepared by blending the additives with
cellulose acetate (CA, bulk polymer) in the same ratio through non-solvent induced
phase inversion. The results indicated that the higher grafting density of the additive
with shorter hydrophilic chains resulted in a higher pure water flux of the prepared
membrane. In addition, the sparser and longer hydrophilic chains of the additive formed
more hydrophilic membrane surface with better resistance to the fouling of humic acid
and E. coli. Obviously, the molecular architecture of the additives constructed from the
same monomers may affect both pore size and surface hydrophilicity of the prepared
membrane. Thus, the additive molecular architecture tuning approach provided a more
efficient way to modify membrane antifouling performance than the conventional
method of adjusting quantity of the additive in the membrane matrix. This study
indicated a more efficient and environmental friendly way of membrane modification
which may guide the preparation of the functional additive and then the functional
membrane.

POLY 323: DSM science and technology award for graduate students: Polymers
for a sustainable future
Marcus Remmers, marcus.remmers@dsm.com, Rolf A. Vanbenthem. DSM Research,
Nl-6160 Md Geleen, Netherlands
Royal DSM is a global purpose-led, science-based company in Nutrition, Health and
Sustainable Living. DSM’s purpose is to create brighter lives for all- for people today
and for generations to come. With its products and solutions DSM addresses some of
the world’s biggest challenges while creating simultaneously economic, environmental
and societal value. We achieve this by using all the scientific and innovation power at
our disposal. We connect our unique competences in Life Sciences and Materials
Sciences to create solutions that nourish, protect and improve performance.
The United Nations Sustainable Development Goals drive our science and innovations
agenda. Science and Innovation in DSM spans three defining areas: “Nutrition and
Health”, “Climate and Energy”, and “Resources and Circularity”. Polymeric materials
play a key role in all these three areas. Examples for each of these three categories
include medical grade thermoplastic polymers, used in medical devices, anti-reflective
coatings for solar panels, and polymers enabling a unique product design technology for
fully recyclable carpet and mattress manufacturing. To cover the complete life cycle of
the polymer product, we connect synthetic chemistry, chemical engineering, material
science, and characterization during production, use, and “end of life”.
DSM delivers innovative solutions for human nutrition, animal nutrition, personal care
and aroma, medical devices, green products and applications, and new mobility and
connectivity. DSM and its associated companies deliver annual net sales of about €10
billion with approximately 23,000 employees. The company was founded in 1902 and is
listed on Euronext Amsterdam.

POLY 324: Recyclable cross-linked polyurethanes
David J. Fortman, djf243@cornell.edu. Chemistry & Chemical Biology, Cornell
University, Ithaca, New York, United States
Traditional thermosets are not reprocessable because their polymer chains are crosslinked by permanent covalent bonds. Strategies that introduce dynamic bonding into
these networks have been developed to enable their reprocessability and will enable the
sustainable (re)use of these widely-used materials. Polyurethanes (PUs) are among the
largest class of polymers currently used in cross-linked forms, but unfortunately, their
recycling into similar value materials is not well developed and large amounts of PU
waste are generated annually. We will present two novel approaches to designing
recyclable cross-linked PUs. First, we used polyfunctional amines and six-membered
cyclic carbonates to synthesize novel cross-linked polyhydroxyurethane networks from
non-isocyanate starting materials. These networks are inherently recyclable due to
transcarbamoylation reactions that occur between hydroxyl groups and urethane crosslinks within the network at elevated temperatures. The resulting networks can be
recycled with efficient retention of mechanical properties and cross-link density, and
further modified with additional dynamic linkages to achieve more rapid, nearquantitative reprocessing efficiencies. These materials possess significant promise for
future development of safer and more sustainable PUs; however, this approach cannot
be directly applied to recycling the vast amounts of PU waste currently generated. To
address this limitation, we have developed a methodology whereby benign urethane
exchange catalysts are incorporated into traditional cross-linked PU networks, enabling
their direct recycling under mild conditions. We will present results demonstrating
efficient direct recycling of traditional cross-linked PUs via this strategy and preliminary
efforts to apply this approach to the mechanical recycling of commercial PU waste, such
as foams and durable goods.

POLY 325: Tailoring vinyl-addition polynorbornenes for advanced CO2 separation
membranes: High Tg glasses that behave like rubbers
Christopher Maroon1, christophermaroon@gmail.com, Jacob Townsend1, Kevin R.
Gmernicki4, Daniel Harrigan5, Benjamin J. Sundell5, John A. Lawrence III5, Shannon M.
Mahurin6, Konstantinos D. Vogiatzis3, Brian K. Long2. (1) Chemistry, University of
Tennessee Knoxville, Knoxville, Tennessee, United States (2) Dept of Chemistry,
University of Tennessee, Knoxville, Tennessee, United States (3) Department of
Chemistry, University of Tennessee, Knoxville, Tennessee, United States (4) Chemistry,
University of Tennesee, Powell, Tennessee, United States (5) Boston Research Center,
Aramco, Cambridge, Massachusetts, United States (6) MS 6201, Oak Ridge National
Laboratory, Oak Ridge, Tennessee, United States
ABSTRACT: Due to the rising levels of atmospheric CO2, the development of energy
efficient methods to separate CO2 from power plant emissions has become increasingly
important. Toward this goal, the use of passive membrane systems has emerged as a
particularly intriguing method due to multiple advantages, such as their inexpensive and
easily processable nature. In this work, we will demonstrate that the CO2/N2 gas
separation performance of alkoxysilyl-substituted vinyl-added polynorbornenes
(VAPNBs) may be significantly enhanced via incorporation of the monomer 5-tris(2methoxyethoxy)silyl-2-norbornene. As the molar ratio of this monomer is increased,
substantial increases in CO2/N2 selectivity are realized with only a slight decrease in
CO2 permeability. This trend ignores the traditional permeability/selectivity “tradeoff”
relationship, and yields an optimal membrane whose performance reaches the 2008
Upper Bound for CO2/N2 separations. Though inclusion of 5-tris(2-methoxyethoxy)-silyl2-norbornene units was initially hypothesized to maximize CO2 solubility, detailed gas
sorption studies reveal that the improved CO2/N2 selectivity is due to decreased
N2 solubility within the matrix. Furthermore, we discovered that these high Tg glassy
materials essentially lack any Langmuir sorption component, which is highly abnormal.
Computational modelling suggests that the source of this apparent “N2-phobicity” may
be explained through comparative analyses of polymer-polymer and polymer-gas
interactions. Lastly, mixed-gas permeation tests were performed to provide a more
realistic look at real-world gas separation performance.

POLY 326: Polymers for a sustainable future: Controlling and benefitting from
polymer degradation via hydrolytic, oxidative, and biological pathways during
production, use, and end of life
Judith J. Van Gorp, jjvangorp@hotmail.com. Material Science Center, DSM,
Maastricht, Netherlands
Polymer chemistry describes the synthesis of a colorful variation of chemical structures,
prepared via pathways such as radical, condensation, or addition polymerization. The
structures find their use in applications key to a sustainable future of our planet. Three
defining areas of such future have been described as “Nutrition and Health”, “Climate
and Energy”, and “Resources and Circularity”. For the polymeric material to be
successful in these areas, the chemistry necessary to synthesize, or produce, the
polymers, is only the first step of the story. The fields of polymeric chemistry, as well as
organic chemistry, know a strong tradition in describing the behavior of the material
during use, and at the end of its life, when it's recycled or disposed.
Related to “Nutrition and Health”, the interaction between the medical grade polymer
and the biological system is studied for every new application. The environment,
however, is also capable of biodegradation, tying into the area of “Resources and
Circularity”. Triggered biodegradation is seen by some as the Holy Grail that will
eliminate Plastic Soup in oceanic environments. As an example for “Climate and
Energy”, we mention the control of hydrolytic as well as oxidative degradation in
engineering plastics, allowing reduction of both weight and friction in developments
around mobility and connectivity.
Elucidation of the exact mechanistic pathway is often a tall order – even in case of a,
simple, hydrolysis releasing water. Identifying key parameters in both the mechanism of
degradation as well as in, apparent, kinetics has proven successful in guiding the
development of new and improved polymeric materials beneficial for all - for people
today and for generations to come.

POLY 327: Organocatalyzed atom transfer radical polymerization: Sustainable
polymer synthesis
Blaine McCarthy, blaine.mccarthy@colostate.edu, Garret Miyake. Colorado State
University, Fort Collins, Colorado, United States
Polymers are paramount to our global population as materials that impact every facet of
our daily lives. It is estimated that over 300 million tons of plastic are produced each
year with approximately 4% of global energy being used for the production of these
materials. Due to the growing demand for polymers, the development of more energyefficient polymerization processes will be critical for ensuring the sustainability of our
economy and environment. The aim of this work has been focused on the development
of organocatalyzed atom transfer radical polymerization (O-ATRP). Photoinduced OATRP uses organic photoredox catalysts for the synthesis of well-defined polymers. As
a photoredox catalyzed method, O-ATRP embodies the principles of sustainable
chemistry by allowing for improved atom economy through the use of catalysts over
stoichiometric additives and by enabling reactions to be driven using sunlight as a
renewable energy source. In contrast to many other photoredox catalyzed methods
which employ catalysts containing rare metals such as iridium and ruthenium, O-ATRP
is catalyzed by organic molecules which further improves the sustainability of this
approach.
Through this work, phenoxazine-based organic photoredox catalysts have been
developed as sustainable alternatives to commonly used precious metal-containing
catalysts. Characterization of the photophysical and redox properties of these
phenoxazine catalysts was used to establish structure-property relationships for catalyst
design. Application of these catalysts in O-ATRP allowed for the synthesis of polymers
of target molecular weights and narrow molecular weight distributions using light to drive
the process. In pursuit of making O-ATRP systems more facile to adopt across
academia and industry, the ability to use minimal purification of the starting materials
and carry out the reaction in the presence of air was demonstrated. Together, the
advances in metal-free catalyst design and the development of O-ATRP systems
achieved through this work provides new opportunities for polymer synthesis for a
sustainable future.

POLY 328: Compositionally controlled heterocopolymers using old and new
aluminum-based catalysts
Malgorzata Chwatko1, gonia6@gmail.com, Christina Rodriguez1, Robert C. Ferrier3,
Nathaniel A. Lynd2. (1) The University of Texas at Austin, Austin, Texas, United States
(2) Department of Chemical Engineering, University of Texas at Austin, Austin, Texas,
United States (3) Michigan State University, East Lansing, Michigan, United States
Copolymerization allows for compositional control of structure-property relationships in
polymeric materials. However, this versatility is typically limited to structurally
homologous comonomers. The incorporation of different monomer functionalities, such
as degradability and robust mechanical properties, into a single polymer backbone
represents a synthetic challenge in balancing comonomer reactivity while achieving
meaningful molecular weights. To expand the scope of copolymerization in heterocyclic
systems, we explored the copolymerization of lactones and epoxides. We found that the
classical Vandenberg catalyst, developed originally for epoxide polymerization, was
capable of catalyzing epoxide/lactone copolymerization. We later moved to studying
homologous organoaluminum initiators. I will present a historical perspective on the
Vandenberg catalyst and how this has led to contemporary developments in
polymerization catalysis for aluminum-based heterocopolymer synthesis.

POLY 329: Programming functions by combining supramolecular and covalent
polymers with renewable resources
Virgil Percec, percec@sas.upenn.edu. Univ of Penn, Philadelphia, Pennsylvania,
United States
Reconstruction of life’s functions with natural and unnatural components represents one
of the great challenges of contemporary natural sciences. This lecture will discuss the
use of sequence-defined monodisperse components based on self-assembling and
covalent building blocks to program functions by merging supramolecular and covalent
polymers with renewable resources to program some of the most fundamental
functions.

POLY 330: Synthesis of hybrid organic-inorganic boron-containing polymers for
high temperature applications
James Heckler1,2, james.heckler@gmail.com, Timothy L. Pruyn2. (1) Universal
Technology Corporation, Beavercreek, Ohio, United States (2) Materials and
Manufacturing Directorate, Air Force Research Laboratory, Wright-Patterson Air Force
Base, Ohio, United States
Hybrid polymers composed partially of inorganic elements likely represent the next
generation of thermoset materials that can outperform state of the art polyorganics.
Typical challenges to their implementation include poor manufacturability and synthetic
difficulties. Thermally robust and synthetically accessible boron-containing structures
can be introduced into polymer systems to serve as lightweight inorganic scaffolds.
Dioxaboroles featuring strong boron-oxygen bonds are being studied as monomers for
condensation and retro Diels-Alder polymerizations with chemistry necessary for crosslinked thermosets. This presentation will discuss the synthesis and polymerization of
dioxaborole monomers and characterization by TGA, DSC, FTIR, and multinuclear
NMR.

POLY 331: Improved synthesis and properties of two-dimensional covalent
organic frameworks
William R. Dichtel, wdichtel@northwestern.edu. Chemistry, Northwestern University,
Wilmette, Illinois, United States
Polymerizing monomers into periodic two-dimensional (2D) networks provides
structurally precise, layered macromolecular sheets that exhibit desirable mechanical,
optoelectrotronic, and molecular transport properties. 2D covalent organic frameworks
(COFs) offer broad monomer scope but are generally isolated as powders comprised of
aggregated nanometer-scale crystallites. I will describe our efforts to understand and
control 2D COF polymerization to access high-quality colloids with both boronate ester
and imine linkages, methods to control their nucleation and growth as thin films, and
emergent properties of these systems.

Figure. Schematic of a two-step procedure in which COF colloids are subsequently enlarged via
slow monomer addition. If the monomers are added too quickly during the second step,
nucleation rather than growth dominates the process.

POLY 332: Oriented free-standing films of two-dimensional covalent organic
frameworks
Eilaf Egap, eilaf.egap@rice.edu. Materials Science and NanoEngineering, Rice
University, Houston, Texas, United States
Two-dimensional (2D) covalent organic frameworks (COFs) are promising due to their
exceptional characteristics including high surface area, charge transport, and sieving
and adsorption properties. These materials are characterized by well-defined, porous
topologies and ordered microchannels, comprising rigid organic linkers and unique
accessibility through bottom-up self-assembly. Despite the potential of these materials
in varies applications, a key challenge is to achieve highly oriented free-standing films.
In this talk, I will present our recent progress in developing a simple synthetic approach
to achieve highly oriented free-standing films of benzoazoles-COFs and elucidation of
the mechanism of crystallization. We find that the crystallinity of the oriented COF films
shows no resemblance to the corresponding powder form.

POLY 333: Screening 2D COF containing databases for 2D polymers with
advantageous mechanical properties using first principles methods
Kevin Waters1, waters.kevin.r@gmail.com, Emil Sandoz-Rosado1, Jan Andzelm2, Eric
Wetzel1. (1) Army Research Laboratory, Aberdeen, Maryland, United States (2) RDRLWMM-G, APG, Army Research Lab, Aberdeen Proving Ground, Maryland, United
States
The field of 2D polymers is burgeoning, and allows for the unique opportunity to tailor
materials from the molecular level to achieve excellent material properties like incredible
strength. 2D polymers, like Graphamid, can be designed to form films with high tensile
strength using strong inter-molecular hydrogen bonding to achieve bulk materials that
potentially surpass current state-of-the-art high-performance fibers such as Kevlar®.
Using existing covalent organic framework databases and DFT, a search has been
conducted to identify potential 2D polymer candidates for synthesis and
characterization. A framework has been established that predicts the 2D material’s
stiffness and shear properties in an effort to reduce the resources needed to screen
100,000+ structures while still maintaining quantum mechanical accuracy.

The structure of graphamid, one of many 2D polymers under investigation.

POLY 334: Enhanced polymer compatibility via modification of metal-organic
frameworks for enhanced chemical biological protection
Greg W. Peterson3,2, gregory.w.peterson@us.army.mil, Thomas H. Epps1. (1)
Chemical Engineering, University of Delaware, Newark, Delaware, United States (2)
Materials Science and Engineering, University of Delaware, Newark, Delaware, United
States (3) CCDC Chemical Biological Center, Aberdeen Proving Ground, Maryland,
United States
Current personal protection equipment used for defense against chemical warfare
agents (CWAs) is generally semi-permeable (e.g., protective suits) or impermeable
(e.g., butyl rubber gloves, boots, and masks). Whereas protective suits consist of
activated carbon to provide protection against CWAs, butyl rubber barriers prevent
CWA penetration due to its low porosity. The added weight of the carbon and reduced
moisture permeation of the rubber leads to increased physiological burden to the
Warfighter. One approach to overcoming this burden is to introduce nanoparticles into
the polymers for enhanced CWA uptake per unit mass as well as increased moisture
permeation; however, polymer-based mixed-matrix systems comprised of nanoparticles,
such as metal-organic frameworks (MOFs), often suffer from defects at the MOFpolymer interface. In materials for defense against CWAs, these defects lead to
catastrophic failure and potentially death. To combat this deficiency and enhance
compatibility between MOF and polymer, we herein present modifications to the
archetypal MOFs UiO-66-NH2 and CuBTC using acyl chloride chemistry. In the former,
modifications were made directly to the amine group on the linker. In the latter, we
developed a novel CuBTC variant incorporating 5-aminoisophthalic acid followed by
amide formation. In all cases, resulting composites, both in film and fiber form, had
better MOF dispersion, reduced defects, and enhanced mechanical properties. The
modifications also enhanced stability of the MOF in high humidity environments. This
research will lead directly to more breathable materials with reduced physiological
burden for the Warfighter.

POLY 335: Design and applications of hydrogen bonding interactions in 2D
covalent organic frameworks
Ronald Smaldone, ronsmaldone@gmail.com. Chemistry, University of Texas, Dallas,
Plano, Texas, United States
2D covalent organic frameworks, or COFs, are a class of polymeric materials that
consist of 2D sheets linked through dynamic covalent bonds, which are stacked in an
ordered fashion through non-covalent interactions such as aromatic stacking, dipolar
interactions or more recently, hydrogen bonds. The ability to design and control the
orientation of hydrogen bond donors and acceptors between layers within 2D COF
assemblies can have profound effects on their photophysical properties, and potentially
their mechanical properties. This talk will discuss the synthesis of novel COF structures
and design approaches to include hydrogen bonding interactions into crystalline COFs.

POLY 336: Synthesis and processing of high-strength and high-toughness 2-D
covalent organic frameworks
Morgan G. Barnes2, Dongyang Zhu1, Qiyi Fang2, Jia Liang2, Muhammad Rahman2,
Ashok Kumar2, Pulickel Ajayan2, Jun Lou2, Rafael Verduzco1,2, rafaelv@rice.edu. (1)
Dept of Chemical and Biomolecular Eng, Rice University, Houston, Texas, United
States (2) Materials Sciences and NanoEngineering, Rice University, Houston, Texas,
United States
In this talk I will present work towards the development of high-strength films and
coatings based on 2-D covalent organic frameworks (COFs). Poly-aramid fibers (such
as Kevlar) are among the strongest and toughest synthetic materials ever created. Polyaramids are linear polymers comprised of rigid, aromatic molecules joined by amide
linkages, and the combination of chain rigidity along with intermolecular hydrogen
bonding provides lightweight and low-density fibers with unusually high tensile modulus
and strength. However, these exceptional mechanical properties cannot be easily
translated to thin films and coatings. 2-D COFs are macromolecules with a twodimensional structure and an overall planar conformation, and recent work has shown
that 2-D COFs with interlayer hydrogen bonding interactions have the potential to be
used in high-strength films and coatings. In this talk, I will present the design, synthesis,
processing, and characterization of 2-D COFs designed to have stront interlayer
bonding. We demonstrate the synthesis of a series of polyimide and polyamide COFs,
the characterizaiton of mechanical properties through in situ testing, and novel
synthesis and processing strategies for scaling up the preparation of 2-D COF films.

POLY 337: Efforts toward hydrogen-bonded 2D polymers
Robert H. Lambeth, robert.h.lambeth2.civ@mail.mil. US Army Research Lab,
Aberdeen Proving Ground, Maryland, United States
2-dimensional reticular polymers have shown significant promise for use in a wide
variety of applications including gas storage and separation, energy harvesting and
storage, water purification, catalysis, and body armor. In particular, 2-D polymers which
maintain either intra- or inter- layer hydrogen bonding have been shown to have
significantly improved thermal and chemical stability and have been predicted to be of
high strength when orientated. Herein, efforts towards synthesizing 2D covalent organic
frameworks (COFs) with strong interlayer hydrogen bonding will be chronicled.
Synthetic work concerning the optimization of imine COF formation and conversion of
the imine linkages to amide linkages will be discussed. Computational modeling of 2D
polymers to determine preferred structures with a high likelihood of inter-layer hydrogen
bonding will also reported.

POLY 338: Interface and mechanical property relationships in a simple polymeric
composite
Stacy Manni1, stacy.manni@us.af.mil, Jesus Mares1, Tomislav Kosta1, Michael
Nixon2. (1) Air Force Research Lab, Eglin AFB, Florida, United States (2) Torch, Eglin
AFB, Florida, United States
An understanding of the surface and interfacial properties of polymer binder systems
are crucial to the manipulation of favorable interactions between a given binder system
and particulates within a heterogeneous composite material. Inverse gas
chromatography (IGC), a characterization technique in which the material to be
investigated is present as the stationary phase and small quantities of well understood
probe molecules in an inert carrier gas (He) are used as the mobile phase, allows
numerous surface phenomena to be quantified. IGC methodology was refined to
provide the surface [total surface energy (γs), dispersive (γsd) and specific or polar (γssp)
component] characteristics of hollow glass bead containing Sylgard 184® composite
samples. Results are contrasted with stress and strain curves of single bead inclusion
with digital image correlation) and both are included in a new computational technique
using cohesion zone modeling.

POLY 339: New catalysts and processes for organocatalytic polymerization: From
chemistry to biology
Robert M. Waymouth, waymouth@stanford.edu. Dept of Chemistry, Stanford
University, Stanford, California, United States
We will report on a family of selective organic catalysts for ring-opening polymerization
reactions in continuous flow reactors, new catalytic processes for generating lactone
monomers and new functional materials for the delivery of messenger RNA into living
animals. The development of new materials for the delivery of messenger RNA
(mRNA) in-vivo is key to implementing potentially transformative strategies for
vaccination, protein replacement therapy and genome editing. The step-economical
synthesis and evaluation of a new, tunable and effective class of synthetic
biodegradable materials: charge-altering releasable transporters (CARTs) will be
described for mRNA delivery. CARTs are structurally unique and operate through an
unprecedented mechanism, serving initially as oligo(α-amino ester) cations that
complex, protect and deliver mRNA, and then change physical properties through a
degradative, charge-neutralizing intramolecular rearrangement, leading to intracellular
release of functional mRNA and highly efficient protein expression.

POLY 340: Functional nanomaterials from single polymer chains
Erik B. Berda, erik.berda@unh.edu. Department of Chemistry, University of New
Hampshire, Durham, New Hampshire, United States
The concept is simple: to build functional nanomaterials in the protein size regime (i.e.
2-5 nanometers in diameter), one must be able to manipulate matter on a similar length
scale. Canonical synthetic organic chemistry operates on a length scale an order of
magnitude too small (i.e. a few Angstroms rather than and few nanometers). Traditional
polymer nanoparticle fabrication techniques (e.g. solution assembly of block copolymers
or emulsion polymerization techniques) operate on a length scale that is an order of
magnitude too large (i.e. a few tens of nanometers). In between the two is a vast
chemical space that remains largely unexplored towards these ends, and yet sits firmly
in the realm of synthetic polymer chemistry. Nature's strategies and abilities in this
regard are, regrettably, far superior to anything we can do in the laboratory. Still, using
modern techniques in polymer and supramolecular chemistry it is possible to imitate
Nature’s methods and in the process, fill a significant gap in technological
understanding. Our group's efforts over the past several years have focused precisely
on this topic via an emergent class of materials termed “single-chain nanoparticles”
(SCNP). SCNP are formed through the intramolecular cross-linking and collapse of
single polymer chains in dilute solution to yield an architecturally defined network with
dimensions similar to the parent linear chain. This talk will review what we’ve learned by
highlighting a few important discoveries, and also offer a few predictions for the path
forward.

Figure 1. Schematic Representation of single-chain nanoparticle synthesis

POLY 341: 3D structure of grain boundaries in tubular network block copolymers
Xueyan Feng, xf7@rice.edu, Hua Guo, Edwin L. Thomas. MS 364 1016 Duncan Hall,
Rice University Brown Sch of Engr, Houston, Texas, United States
Multi-continuous microphases (such as double gyroid, double diamond, O52 and O70)
have network structures that simultaneously influence mechanical, optical, transport and
other properties of materials. These 3D tubular structures consist of multiply connected,
self supporting domains. The properties of each component are strongly expressed due
to the geometrical continuity in all three dimensions such that synergistic properties can
emerge. However, the occurrence of grain boundaries, which interrupt the topological
and geometrical order of the bicontinuous interpenetrating ordered networks across
interior surfaces, will significantly affect the performance of the material. For example, in
a double gyroid-based cathode/anode battery system, grain boundaries may connect
the different networks and influence electron/ion transportation and storage. Here, we
examine the grain boundaries in double gyroid systems based on high fidelity 3D
reconstructions made by Slice and View scanning electron microscopy (SVSEM).
Different types of irregular nodes/topological loops/network connections within the grain
boundary region are identified. The local topological parameters (Euler characteristic,
genus), as well as curvature of the intermaterial dividing surface, node functionality
distribution, strut length/orientation distribution in the grain boundary are analyzed and
compared with the same set of morphological descriptors measured in the adjacent,
ordered double gyroid grains. Importantly, the pathways from one ordered grain to the
adjacent neighbor grain are tracked and analyzed. The study of grain boundaries in
tubular networks will allow researchers to establish both new and better structureproperty relations and improve the performance of materials.

SEM image of a grain boundary with 2 fiducial markers in a PS-PDMS double gyroid structure.

POLY 342: Admet polymerization via microwave irradiation
Taylor W. Gaines1, taylorwgaines@gmail.com, Kathryn Williams1, Kenneth B.
Wagener1, Giovanni Rojas2. (1) Dept. of Chemistry, University of Florida, Gainesville,
Florida, United States (2) Facultad de ciencias, Universidad Icesi, Cali, Colombia
A variety of complex materials have been created via ADMET polymerization, including
various types of branched polyethylenes, and polyolefins functionalized with hydroxyls,
carboxylic, phosphonics, halogens, to name a few. Many of these materials are
synthesized in a precise manner in which functional groups are placed in exact
locations along polymer backbones. Precision results from the selective ADMET
reaction of symmetrical α,ω-diene monomers (Figure 1) using tolerant and robust
catalysts. Effective control of polymerization conditions eliminates unintentional side
reactions and defects, yielding precision materials. We now report the expansion of
ADMET’s versatility, using microwave irradiation, a technique synonymous with control.
Microwave irradiation enhances ADMET polymerization of α,ω-dienes by shortening the
time required to produce high molecular weight polymers of the step variety. Without
question, microwave-assisted ADMET chemistry offers an advantage over the typical oil
bath-heated polymerizations by essentially tripling molecular weights in the same time
period.

Figure 1. ADMET Polymerization and subsequent alkene saturation providing a precision
polyolefin.

POLY 343: Poly (ethylene-2,2’-bifuran-5,5’-dicarboxylate): Biosourced high
performance polyester
Sam R. Turner1, srturner@vt.edu, Hans E. Edling1, Hua Sun2, David A. Schiraldi3,
Edward E. Paschke4. (1) Macromolecules and Interfaces Institute, Virginia Tech,
Blacksburg, Virginia, United States (2) Macromolecular science and engineering, Case
western reserve university, Cleveland, Ohio, United States (3) Macromolecular Sci &
Eng, Case Western Reserve University, Shaker Heights, Ohio, United States (4)
Hearthstone, Galena, Illinois, United States
Poly (ethylene terephthalate (PET) is one of the top four of polymers in world-wide
polymer production based on its combination of physical properties and processing
characteristics. PET possesses outstanding gas barrier properties, especially in the
biaxially oriented state. The barrier properties in combination with excellent
transparency, low color, and low organoleptics are important properties for food
packaging applications. Likewise, drawn PET fibers have high strength and excellent
melt spinning properties that propelled its applications as a fiber. PET also has the
highest polymer recycle rate. Over the years considerable research was invested in new
monomers to elevate barrier and/or thermal properties of PET. Recently a strong focus
is on biosourced monomers with considerable efforts on furan dicarboxylic acid as a
biosourced substitute for terephthalic acid that can lead to a higher barrier biosourced
polyester (PEF) for food packaging. This lecture will describe our recent research on a
new biosourced monomer, dimethyl (2,2’-bifuran)-5,5-dicarboxylate which yields poly
(ethylene 2,2’-bifuran-5,5’-dicarboxylate) (PEBF) which we observed has enhanced
thermal properties as well as enhanced barrier properties compared to PET and PEF.

POLY 344: Synthesis of polymers with designed structures
Robert H. Grubbs, rhg@caltech.edu. Cal Tech 164-30, Pasadena, California, United
States
Ruthenium based initiators of ring opening metathesis polymerization (ROMP) allow the
controlled polymerization of a cyclic olefins. Strained olefins can be polymerized in a
controlled fashion to provide high molecular weight polymers of controlled dispersity.
Over the past several years, these initiators have been used to prepare brush-block
polymers of extremely high molecular weight. Block systems spontaneously phase
separate into well-ordered structures. At sufficient molecular weights, the systems are
photonic crystals that reflect into the IR. These systems allow the control of the structure
to yield materials with precisely designed structures for numerous applications and to
study structure function relationships.

POLY 345: Bulk polycondensation creating high melting aliphatic polysulfones
Julia Pribyl, julia.pribyl@chem.ufl.edu, Kenneth B. Wagener. Dept. of Chemistry,
University of Florida, Gainesville, Florida, United States
Most metathesis polymer chemistry (ROMP and ADMET) has been done in solution at
relatively low temperatures, usually 40 to 60 C, sometimes a bit higher. While this
approach is quite reasonable from a scientific perspective, metathesis in the absence of
solvents spells the future for any possible large-scale production.
We will report on the latest work done using high temperature bulk polycondensation
ADMET chemistry. Aliphatic polysulfones are created in bulk at temperatures above the
melting point of the polymer formed, temperatures sometimes exceeding 175 C.
Success has required the use of ruthenium catalysts beyond those typically found in the
literature.
Aliphatic polysulfones are of special interest since the sulfone group is found in the
chain rather than pendant to it. The consequence is the absence of tacticity, leading to
polymers that melt at higher and higher temperatures as the functional groups are
placed closer to each other along the chain. This trend is exactly opposite of anything
we have seen before.

POLY 346: Discovering biomaterials for low-temperature stabilisation of biologics
Matthew I. Gibson, m.i.gibson@warwick.ac.uk. Chemistry and Warwick Medical
School, University of Warwick, Coventry, United Kingdom
The formation and growth of ice is a huge issue, from ice-build up on aircraft wings or
wind turbines, to the frustration of scraping your car windows in winter before driving to
work. Biological systems are particularly susceptible to low temperature stress, which
can lead to cell death, collapse of microtubule networks, protein aggregation and
membrane rupture. Extremophiles have developed an elegant range of macromolecular
solutions to control cold-induced damage from antifreeze proteins, to ice nucleating
proteins to late embryogenesis proteins.
In this presentation I will discuss the role that synthetic polymer chemistry can play in
dissecting how these proteins achieve one of the most complex recognition events in
biology – recognising ice in water. I will also discuss our progress in discovering new
materials capable of protecting cells and proteins during cryopreservation. Specific
examples of nucleated cell cryopreservation using low concentrations of DMSO using
these materials will be shown and the relative importance of slowing ice growth verses
biochemical protection discussed.

POLY 347: Bottom-up strategies for recovery and valorization of
biomacromolecules
Ulrica Edlund, edlund@kth.se, Niklas Wahlström, Martin Sterner. Fiber and Polymer
Technology, KTH Royal Inst of Technology, Stockholm, Sweden
This presentation will discuss how to facilitate bottom-up approaches to efficient
recovery of biomacromolecules and their conversion into engineered materials.
Examples from biorefining of the algae Saccharina latissima and Ulva lactuca will be
presented along with new techniques for the valorization of plant biomass as well as the
modification of polymer components to meet industrial uses.
Many challenges need to be overcome in the biorefining and valorization of biomass
polymeric components, not in the least to find non-destructive processes for the
liberation of macromolecules from the biomass matrix, selective recovery of targeted
components and directed chemical modification of the material precursors. A bottom-up
strategy starts from understanding the native composition, molecular interactions and
spatial location of the components in the biomass. Such insights enable the choice of
appropriate process conditions for selective component recovery with as little waste
generation, chemical, and energy consumption as possible. The native roles of the
biopolymers guide the choice of molecular functionalization and intended application.

POLY 348: Designing for degradation: Utilizing topology, architecture, and
stoichiometry to control polymer degradation in vivo
Matthew Becker, becker@uakron.edu. Chemistry, Mechanical Engineering and
Material Science, Duke University, Durham, North Carolina, United States
Complex biological tissues are highly elastic in nature, and efforts to repair or replace
cartilage, tendon, muscle, and vasculature have been ongoing for decades. The primary
challenge has been the lack of materials that possess the mechanical, chemical and
resorption characteristics necessary for the design process. These properties have
been difficult to collectively mimic in synthetic resorbable biomaterials. In this work, we
report a series of copolymer systems that utilize topology, architecture and
stoichiometry to control polymer degradation in vitro and in vivo. These materials are
highly tunable and in some cases elastic with concomitant control over the mechanical
and resorption properties. Herein, we will demonstrate both the programmable
degradation and tunable mechanical properties of these elastomers highlighting their
potential for use in soft tissue regeneration.

POLY 349: L-amino acid based polymeric biomaterial platform
Manickam Jayakannan, jayakannan@iiserpune.ac.in. Department of Chemistry, Indian
Institute of Science Education and Research, Pune, Pune, Maharashtra, India
L-Amino acids are important biological monomers and provide significant diversity to
make well-defined macromolecular architectures. Solvent-free melt polycondensation
polymerization methodologies have unique potential for commercial exploration;
however, this process is least explored for L-amino acid resources. Very recently, our
research group has developed melt polycondensation approaches for L-amino acids to
make new classes of non-peptide polymer analogues such as linear and hyperbranched
aliphatic polyesters, aliphatic poly(ester-urethane)s and aliphatic polyurethanes, etc.
The new synthetic process was employed to more than a dozen of simple and multifunctional L-amino acid resources to design L-aspartic acid based enzyme and pH dualresponsive polyesters, L-tyrosine and L-lysine based thermo-responsive poly(esterurethane)s and polyurethanes, and GSH responsive L-cysteine polyesters, etc. These
amphiphilic polymers were self-assembled as nano-carriers and their drug delivering
capabilities were demonstrated in cancer cell lines. Fluorescent polymers were also
built using π-conjugated oligo-phenylenevinylene and tetraphenylethylene and their blue
fluorescent nano-assemblies were explored as biodegradable FRET probes for live cell
bio-imaging in cancer. Currently, research efforts are ongoing in the laboratory to make
hydroxyl and carboxylic functionalized polyesters for Pt-drug delivery and targeted
polymer nano-carrier. The presentation will address the impact of the melt condensation
approach in designing renewable bio-plastics from L-amino acids and their long term
application in biomedical field.

POLY 350: 3D printing of degradable materials for the development of medical
devices
Andrew P. Dove, a.dove@bham.ac.uk. School of Chemistry, University of Birmingham,
Birmingham, United Kingdom
A wide range of polymer materials can be constructed from a vast array of chemical
resources. In a biomaterials context, careful design can elicit desired properties to
interface with biological systems or even direct their behaviour. Our work focussed on
the development and application of degradable biomaterials and sustainable polymers.
These areas naturally compliment one-another. The richness of resource in terms of
functional group provides ample opportunity to design new degradable materials with
novel, targeted properties while simultaneously potentially providing a lower resistance
to their eventual application. In this presentation, the development of resins for 3D
printing of medical devices from degradable polymers will be presented.

POLY 351: Nucleoporin-like proteins and bioinspired gels
Bradley D. Olsen, bdolsen@mit.edu, Yun Jung Yang, Danielle Mai. Chemical
Engineering, MIT, Cambridge, Massachusetts, United States
Nucleoporins are a category of protein that forms pores within the nuclear envelope,
regulating transport of biomolecules into and out of the nucleus with remarkable
selectivity and permeability. This combination makes the nuclear pore an attractive
model for bioseparations and an interesting subject for biophysical study. As a result,
many nucleoporins have been cloned and studied in detail, yielding gels that can
replicate many of the selective separation properties of the natural system. Building on
this, we show that a consensus repeat of 19 amino acids can be extracted from one of
the most widely studied nucleoporins, Nsp1. When this repeat sequence is polymerized,
it forms a nucleoporin-like protein (NLP) that can mimic the properties of the natural
protein with a dramatically simplified amino acid sequence. This sequence provides the
ability to selectively transport proteins and to selectively enrich and transport proteins
down to the 1-10 nM level. A series of different mutations to the base sequence have
been explored to provide detailed information on how sequence design regulates
transport.
Inspired by these results from engineered NLPs, modelling was used to better
understand the function of the system with the hope of capturing its function in synthetic
polymer biomaterials. Using concepts of associative polymer diffusion, a hypothesis
was put forward to explain the function of these simplified NLPs based on the presence
of walking and hopping diffusive modes in the gels. This hypothesis suggests design
rules which allow the same transport properties observed in NLPs to be replicated in
peptide-functionalized poly(ethylene glycol) (PEG) gels, completing the design cycle of
adapting the performance of a natural material to a fully synthetic system based on
insight into its fundamental transport mechanism. This shows great potential for
advances in protein separation technology, including antibodies and protein toxins.

POLY 352: Surface engineering living cells
Harm A. Klok, harm-anton.klok@epfl.ch. STI-IMX-LP, EPFL, Lausanne, Switzerland
Cells provide attractive opportunities to develop innovative drug delivery systems. Red
blood cells e.g. are uniquely designed to circulate in the bloodstream for extended
periods of time. Immune cells, in particular lymphocytes from the adaptive immune
system, are attractive as they potentially provide possibilities to home in to the disease
site in a highly selective manner. Modifying the surfaces of these cells with synthetic
polymers or polymer nanoparticles provides manifold opportunities to further enhance
their functionality. Successful polymer cell surface engineering, obviously, requires
conjugation chemistries that proceed under biological conditions and in high yields and
without compromising cell viability and function. This presentation will discuss various
polymer cell surface modification strategies and compare these different approaches in
terms of the possibilities they offer to modify cell surfaces as well as their impact on cell
viability and function. It will be shown that under appropriate conditions live cells can be
surface modified with synthetic polymers while retaining their viability and functional
properties.

POLY 353: Polymerization in nanoconfinement of soft templates for making
ultrafiltration membranes
Sahar Qavi1, Aaron Lindsay1, Millicent A. Firestone2, Reza Foudazi1,
rfoudazi@nmsu.edu. (1) Chemical Engineering, New Mexico State University, Las
Cruces, New Mexico, United States (2) Materials Physics & Applications, Los Alamos
National Laboratory, Santa Fe, New Mexico, United States
Self-assembly of amphiphilic block copolymers in the presence of two solvents
(oil/water) leads to the formation of lyotropic liquid crystals (LLCs) with the length scale
in the range of 2-50 nm, also called mesophases. LLCs can be used as template to
synthesize mesoporous polymers. The key point in this soft templating method is to
preserve the structure upon polymerization. Using amphiphilic block copolymers with
slow dynamics and crosslinking the monomer (oil) phase to arrest the structure, we
have preserved the mesostructure upon thermal polymerization in soft templates.
Chemorheology is used to study the kinetics of polymerization in soft nanoconfined
structure of lamellar and reverse hexagonal LLCs. In addition, we have produced
ultrafiltration (UF) membranes from the polymerized LLCs. Fabricated membranes have
pore sizes in the range of 3-5 nm and exhibit both excellent fouling resistance and high
permeance of water, vastly outperforming conventional UF membranes made through
non-solvent induced phase separation (NIPS). In addition, the proposed templating
method provides flexibility in terms of both the final membrane chemistry and pore size.
Therefore, it can be tailored to produce membranes for a wide range of applications
including wastewater treatment and food processing.

POLY 354: Expanding the functionality of nanostructured polymeric membranes
through additive manufacturing
William A. Phillip, wphillip@nd.edu. Chemical Biomolecular Eng, Yale University,
Notre Dame, Indiana, United States
The responsible management of the world’s water resources is essential to supporting
life on earth. The success of seawater desalination by reverse osmosis highlights the
role membrane separations will play in helping society meet the demand for fresh water.
As interest in decentralized water treatment technologies grows, the development of
nanofiltration (NF) as a complementary process to reverse osmosis has emerged.
However, NF membranes that overcome the tradeoff between selectivity and
permeability and that expand the range of molecules that can be selectively separated
must be developed in order to realize the potential of NF-based processes. In this talk, a
membrane platform fabricated from self-assembled block polymer precursors that can
be modified post-assembly will be discussed. State-of-the-art membranes utilize a sizeselective mechanism to filter dissolved solutes from solution. In this regard, selfassembled block polymers are a promising platform because large areas of membranes
that contain a high density of pores can be readily produced using the self-assembly
and non-solvent induced phase separation technique. Furthermore, the performance of
the membranes can be controlled through the design of the macromolecular precursors.
As the performance of these membranes is pushing the limits of size-selective
separation mechanisms, interest in chemically-selective membranes is growing. As
such, block polymer membranes with pores lined by moieties that can be converted to
other functionalities post-assembly demonstrate the promise of this platform. Here, we
will discuss how inkjet printing can be used to functionalize membrane chemistries in a
precise manner on time scales consistent with roll-to-roll manufacturing. Through these
examples, we will demonstrate that membranes based on self-assembled materials can
be tailored to myriad separations for the conservation of water resources.

POLY 355: Impact of polymer microstructure on flocculation and dewatering
performance: Case of Canadian oil sands tailings
Vahid Vajihinejad1, vajihine@ualberta.ca, Joao B. Soares2, jsoares@ualberta.ca. (1)
Chemical and Materials Engineering , University of Alberta, Edmonton, Alberta, Canada
(2) Chemical and Materials Engineering, University of Alberta, Edmonton, Alberta,
Canada
Oil sands tailings are the wastewater streams from heavy oil extraction processes in
Canada. They are concentrated alkaline suspensions of fine clays (> 30wt. %), water,
and residual bitumen, that experience almost no sedimentation by gravity even after
decades. Oil sands tailing ponds have already contaminated an area about 3 times the
size of Manhattan, posing a serious environmental hazard in Canada. Making the
problem worse, the unique physicochemical properties of oil sands tailings impede the
efficient use of conventional polyacrylamide flocculants.
A possible solution is to tailor the properties of alternative polymer flocculants to
optimize the flocculation and dewatering of these wastewater streams, such as
copolymers of acrylamide and cationic diallyl dimethyl ammonium chloride. Using
polymer reaction engineering tools and statistical design of experiments, we quantified
the joint effect of copolymer average molecular weight and chemical composition on the
treatment of industrial oil sands tailings samples by measuring their settling rate,
supernatant turbidity, capillary suction time, and specific resistance to filtration. We also
studied the impact of the width of the copolymer chemical composition distribution,
caused by composition drift during free radical copolymerization in batch reactors.
Our results suggest that it is not possible to find a single flocculant microstructure
optimize the criteria set out by all treatment metrics. The settling rate of the aggregates
are influenced by both molecular weight and chemical composition averages, while
dewatering, as measured by capillary suction time and filtration, are not a significantly
influenced by the flocculant molecular weight. Moreover, we hypothesize that these
conclusions are not unique to oil sands tailings, but may also apply to polymer
flocculants used in wastewater treatment, paper making, or mineral processing.

POLY 356: Half-wave rectified alternating current electrochemical method for
uranium extraction by amidoxime electrode
Chong Liu, chongliu@uchicago.edu. IME, University of Chicago, Chicago, Illinois,
United States
In total there is hundreds of times more uranium in sea water than on land, but
extracting it for use in nuclear power generation is challenging due to its low
concentration (∼ 3ppb) and the high salinity background. Current approaches based on
sorbent materials are limited due to their surface-based physicochemical adsorption
nature. Here we use a half-wave rectified alternating current electrochemical (HW-ACE)
method for uranium extraction from sea water based on an amidoxime-functionalized
carbon electrode. The amidoxime functionalization enables surface specific binding to
uranyl ions, while the electric field can migrate the ions to the electrode and induce
electrodeposition of uranium compounds, forming charge-neutral species. Extraction is
not limited by the electrode surface area, and the alternating manner of the applied
voltage prevents unwanted cations from blocking the active sites and avoids water
splitting. The HW-ACE method achieved a ninefold higher uranium extraction capacity
of 1932 mg/g without saturation and fourfold faster kinetics than conventional
physicochemical methods using uranium-spiked sea water.

POLY 357: Highly chlorine-tolerant desalination membranes by solvent-free melt
processing
Hee Jeung Oh1, hjo@berkeley.edu, Benny D. Freeman2, Donald R. Paul2. (1) Chemical
and Biomolecular Engineering, The University of California, Berkeley, Berkeley,
California, United States (2) The Mcketta Department of Chemical Engineering, The
University of Texas at Austin, Austin, Texas, United States
With the world’s population growing rapidly, the need for clean water is greater than
ever. Among water purification methods, membrane-based separations draw attention
because of their energy efficiency (unlike distillation, they do not require an energyintensive phase-change step), small footprint, and ability to eliminate trace
contaminants. In particular, desalination using reverse osmosis (RO) membranes is an
economically competitive method for obtaining clean water from salt water. As a result,
60% of the production in desalination plants worldwide relies on RO membranes, and
the market share is expected to increase in the coming years. However, only a few
membrane materials and formation methods are used in industry today, and current
desalination membranes often lack the chemical stability for use with chlorine, a
disinfectant used in over 98% of all water treatment facilities. Moreover, most
membranes currently used in industry are prepared by solvent processing using large
volumes of hazardous solvents. Despite the negative environmental impact, solvent
processing is the only method to form thin film membranes on the order of 10-200 nm
thickness. Therefore, there is a great need to prepare highly chlorine-tolerant
desalination membranes without using toxic solvents.
Here, in stark contrast to conventional solvent processing, robust ion-exchange
membranes based on chlorine-tolerant sulfonated polysulfones were prepared by
solvent-free melt processing for water purification and desalination, for the first time.
Sulfonated polysulfones have been explored as candidate materials for desalination and
power generation because of their low cost, excellent transport properties, and strong
chlorine tolerance. Sulfonated polysulfone thin film membranes were produced without
using solvent with the aid of adequate miscible additives. The transport mechanism in
the polymer membranes is studied from the fundamental perspectives of polymerpenetrant interactions and templating diffusion pathways for selective transport of small
molecules. The transport of small molecules in resultant membranes is significantly
affected by different membrane formation methods.

POLY 358: Fluorescent, polymer-encapsulated nanocrystals for digital
microfluidics applications
Nicholas P. Godman1, nicholas.godman.2@us.af.mil, Urice N. Tohgha1,2, Clark
Jarnagin1,3,2. (1) Air Force Research Lab, WPAFB, Ohio, United States (2) Azimuth
Corp., Fairborn, Ohio, United States (3) Chemistry, Wright State University, Dayton,
Ohio, United States
Digital microfluidics (DMF) is an emerging liquid-handling technology capable of rapidly
and autonomously controlling multiple droplets across an array of electrodes. DMF is an
attractive microfluidics technology due to the inexpensive materials platform (printed
circuit board), lack of experimental consumables (tips, plates, etc.), low sample/reagent
consumption (picoliter to microliter), no sample cross-reactivity, and multiplexing of
different tests. Recent advances in DMF have enabled the miniaturization and
automation of chemical and biochemical laboratory processes. Herein, we report on the
usage of DMF to shuttle discrete droplets of fluorescent, polymer-encapsulated
nanocrystals and investigate mixing and quenching behavior of the materials using the
open-source platform OpenDrop. The stability and performance of electrically
modulated nanofluid droplets are investigated by varying the amphiphilic solubilizing
polymer, altering the size of the QDs, and the addition of surfactants to the nonconducting medium. The speed and stability of the droplets are dependent upon the
voltage magnitude and step-rate and the addition of surfactant. Various fluoropolymers
are also investigated as dielectric layers for the DMF device.

POLY 359: Electrochromic fabric devices: Next generation material for adaptive
camouflage
Robert Daniels1, robert.daniels@uconn.edu, Sneh Sinha2, Omer Yassin1, Matthew
Baczkowski2, Gregory Sotzing1,2. (1) Chemistry, University of Connecticut, Stafford
Springs, Connecticut, United States (2) Polymer Program, University of Connecticut,
Storrs, Connecticut, United States
Adaptive camouflage is camouflage that reacts quickly to changes in its surroundings.
Electrochromic materials, which change color based on an applied charge, show
promise as next generation adaptive camouflage. In this study, all organic electrodes
were fabricated by screen printing commercially available PEDOT:PSS onto PET
synthetic leather followed by the spray coating of an electrochromic polymer onto the
working electrodes. A polyelectrolyte solution was drop cast onto the fabric devices and
coated with commercially available fabric protectors. Control devices containing no
electrochromic polymer were switched between light and dark blue at +2 V and -2 V
respectively and found to have a ΔE value of ca. 10 measured by UV Vis reflectance
spectroscopy. Devices sprayed with the electrochromic polymer were switched between
blue and red at +2 V and -1 V respectively and found to have a ΔE value of 9.9. Devices
were shown to be hydrophobic by switching with water droplets on top of the electrodes.
This method allows for metal-free fabrication of planar electrochromic fabric devices that
are conformable to base objects and find applications in both military and fashion.

POLY 360: Molecular modeling of polycyanurates to predict thermophysical
properties
Levi Moore2, levi.m.moore@eagles.usm.edu, Neil Redeker1, Kamran B. Ghiassi2. (1)
ERC, Inc., Lancaster, California, United States (2) Air Force Research Laboratory,
Edwards AFB, California, United States
Di(cyanate ester)s are thermosetting materials used as high-temperature resins for
composites in high-performance alternative energy, electronics, and aerospace
applications. The di(cyanate ester) monomers crosslink via cyclotrimerization to form a
triazine ring as the crosslink junction, leading to a highly crosslinked system. Modeling
of thermosetting materials has largely been dominated by epoxy-based systems, while
di(cyanate ester) systems have not been explored due in part to their complex
crosslinking mechanism. A series of di(cyanate ester) resins was modeled using the
Materials Science Suite from Schrodinger, LLC. A distance-based and highly modular
crosslinking algorithm allows for diverse crosslinking chemistries, including di(cyanate
ester) monomers, to be explored. Calculation of thermophysical properties like density,
coefficient of thermal expansion (CTE), and glass transition temperature are possible.
These properties, as well as the crosslinking mechanism and challenges therein, will be
discussed.

POLY 361: Surface passivation of aluminum nanoparticles with novel
perfluoroalkyl carboxylic acids for improved processability of 3D-printable
fluoropolymer composites
Nathan J. Weeks1,4, nathanweeks719@gmail.com, Enrique Gazmin1, Joseph Mates5,
Jena McCollum3, Scott T. Iacono2. (1) Department of Chemistry and Chemistry
Research Center, USAFA, Colorado Springs, Colorado, United States (2) Department
of Chemistry, United States Air Force Academy, Colorado Springs, Colorado, United
States (3) University of Colorado Colorado Springs, Colorado Springs, Colorado, United
States (4) Laboratories for Advanced Materials, United States Air Force Academy,
Colorado Springs, Colorado, United States (5) Aerospace Systems Directorate, Air
Force Research Laboratory, Edwards AFB, California, United States
Improving the performance of composite energetic materials comprised of a solid metal
fuel and a source of oxidizer (known as thermites) has long been pursued. The
performance of thermites involving aluminum as the fuel can be dramatically improved
by utilizing nanoscale aluminum particles (n-Al) leading to vastly higher reaction
velocities owing to the high surface area of n-Al. Despite the benefits of the increased
surface area, there are still several problems inherent to nanoscale reactants including
increased particle aggregation and higher viscosity composited materials. The higher
viscosity of n-Al composites is cumbersome for formulations of 3D-printable thermite
composite energetics, especially at the high mass loadings of n-Al necessary for
delivering the industry standard properties required by most propellent and pyrolant
applications of thermite energetic composites. To control the viscosity of high mass
loaded n-Al energetics for use in melt processable composites, the surface of the n-Al
was passivated with monolayers of perfluorooctanoic acid. In this work, we detail the
melt processing of polyvinylidene difluoride (PVDF) loaded with perfluorooctanoic acid
(PFOA) passivated n-Al and report on the resulting bulk composite thermal and
mechanical properties.

POLY 362: Sensing study of nitro-explosives using FRET pair of fluorescent
copolymers
Vishal Kumar, vishalkumar.bij111@gmail.com, Soumitra Satapathi. Physics, Indian
Institute of Technology Roorkee, Roorkee, India
Explosives detection in the field and transit is a massive challenge being addressed all
over the world. Our endeavor has been to solve this problem using fluorescent polymers
i.e. particularly interesting for PL based rapid detection as they exhibit large signal
amplification due to the delocalization and rapid diffusion of excitons throughout the
individual polymer chains.
Here, we report a Förster resonance energy transfer (FRET) based sensor system for
the highly selective detection of NACs such as TNP, DNT and TNT. The sensor system
is composed of a copolymer Poly[(N,N-dimethylacrylamide)-co-(Boc-Trp-EMA)](RP)
bearing tryptophan derivative in the side chain as donor and dansyl tagged copolymer
P(MMA-co-Dansyl-Ala-HEMA)(DCP) as acceptor. Initially, the inherent PL
of RP copolymer is quenched by non-radiative energy transfer to DCP which only
happens once two molecules are within Förster critical distance (R0), through longrange dipole–dipole interactions. The excellent spectral overlap (6.08×1014 nm4M-1cm-1)
between donors’ emission and acceptors’ absorption profile makes them an efficient
FRET pair i.e. further confirmed by the high rate of energy transfer from RP to DCP i.e.
0.87 ns-1 and 64% FRET efficiency. This FRET pair exhibited a specific PL response to
NACs such as DNT, TNT and TNP with 5.4, 2.3 and 0.4 μM LODs with estimated sternvolmer constant (KSV) values 6.9 × 103, 7.0 × 103 and 1.6 × 104 M-1,respectively. The
detection of NACs occurs by PL quenching of FRET signal by photo-induced electron
transfer from electron-rich FRET pair to electron-deficient NAC molecules. The
mechanistic details of molecular interactions are established by time-resolved PL and
steady state absorption spectroscopy that signifying both dynamic and static quenching
as lifetime of FRET system (0.73 ns) is reduced to 0.55, 0.57 and 0.61 ns DNT, TNT
and TNP, respectively.
In summary, the simplicity and sensitivity of this novel FRET sensor opens up the
possibility of designing optical sensor for various NACs in one single platform for
environmental monitoring and future field based study.

POLY 363: Selective catalyst deactivation for high-temperature resin systems
Rusty Blanski1, rblanski@gmail.com, Tim S. Haddad2, Jerry A. Boatz1, Kamran B.
Ghiassi3. (1) US Air Force, Santa Clarita, California, United States (2) RQRP Bldg 8451,
ERC, AFRL, Edwards AFB, California, United States (3) Air Force Research Laboratory,
Edwards AFB, California, United States
Cyanate ester monomers are currently utilized in high-temperature thermoset resin-fiber
composites. The resin is cured, typically with a transition metal catalyst, and forms a 3D
polycyanurate thermoset network. Once cured, the catalyst is entrained in the network
and cannot be removed economically. An issue with the catalyst is that it remains active
and maintains the ability to degrade the composite leading to a reduction in physical,
mechanical, and chemical properties. A potential solution to this issue is the use of a
catalyst that can be selectively deactivated. After polymerization, the catalyst can be
rendered inactive via an external stimulus. This work focuses on three different
methodologies to determine the viability of selective deactivation. One such
methodology is the use of steric crowding to deactivate the metal center. The second
method incorporates the use of a disulfide-containing ligand. The disulfide is cleaved
and the sulfur then coordinates to the metal center deactivating the catalyst. The third
method utilizes a protected sulfide group. A traditional ligand, such as an aromaticallysubstituted ethylenediamine system, has a protected sulfur group attached to the ligand.
Once the catalyst has performed the cure, the sulfur group is deprotected and
coordinates to the metal center thus deactivating the catalyst. This presentation will
focus on the disulfide and protected sulfide methodologies. Ligand synthesis, the
formation of metal catalysts, and their activity will be discussed.

POLY 364: Force-dependent color generation using a multifunctional
mechanophore
Molly E. McFadden, memcfadd@caltech.edu, Maxwell J. Robb. Division of Chemistry
and Chemical Engineering, California Institute of Technology, Pasadena, California,
United States
Stimuli-responsive polymers that provide a unique response that is coupled to a variable
external input create opportunities for realizing non-binary multifunctional materials.
Mechanochemically responsive polymers are an excellent platform for achieving novel
materials innovations and exploring fundamental mechanisms of force-coupled
reactivity, informing the next generation of mechanophore design. Mechanochromic
polymers have been designed for visual stress reporting and damage detection;
however, previously developed materials are limited to a single color transition that
qualitatively signals the existence or absence of stress without the ability to differentiate
between applied external forces of different magnitudes. Here, we report a
mechanophore capable of multiple force-activated transformations resulting in distinct
color states at different applied forces. The demonstration of force-correlated
mechanochromism is an important step toward the development of advanced,
quantitative remote sensing strategies to evaluate the status of polymeric materials in
demanding applications.

POLY 365: Mechanically activated fluorescence in polymer matrix composites
Meng Wang, mwang124@asu.edu, Matthew Green. Arizona State Univ, Tempe,
Arizona, United States
Polymer matrix composites (PMCs) offer design solutions to produce smart sensing,
conductive, or high performance (i.e., excellent thermomechanical properties)
composites for a number of critical applications. Nanoparticle additives, in particular,
carbon nanotubes and metallic quantum dots, have been investigated for their ability to
improve the conductivity, thermal stability, and mechanical strength of traditional
composites. Recently, these nanoadditives have been used to diagnose failure or
structural changes in the nanocomposites. Herein we report the use of quantum dots
(QDs) and fluorescently labeled carbon nanotubes (CNTs) to modify the
thermomechanical properties of PMCs. Additionally, we find that pronounced changes
in fluorescence emerge following plastic deformation, indicating that in these polymeric
materials the transduction of mechanical force into the fluorescence occurs in response
to mechanical activation. This force activation of fluorescence can serve as a general
strategy for the development of new PMC building blocks that impart polymeric
materials with desirable functionalities ranging from damage sensing to enhancements
in mechanical strength.

POLY 366: Design of polymeric additives to modify properties of marine coatings
to combat biofouling
AliReza Rahimi1, alireza.rahimi@ndsu.edu, Dean C. Webster2. (1) Coatings and
Polymeric Materials, North Dakota State University, Fargo, North Dakota, United States
(2) Dept 2760, North Dakota State University, Fargo, North Dakota, United States
Biofouling, settlement of marine organisms in seawater on sea vehicles/submerged
structures, can result in a series of drawbacks such as increased fuel consumption,
increased carbon emissions, decreased maneuverability and speed, shortened servicelife, and transportation of invasive species to non-native locations. Paints that contained
tin-based compounds were promising candidates for decades to address biofouling.
However, these tin-based formulations were banned worldwide due to their high toxicity
and negative effects on marine environments. Therefore, the focus to solve this problem
has shifted to a coating that is non-toxic. To this effect, Webster Group developed a
hydrophobic fouling-release self-stratifying siloxane-polyurethane coating that offers
durability, can be applied on a substrate via one step, and experiences weak/low
adherence of many organisms due to its low surface energy. The coating exhibited
fouling-release properties comparable or better than the commercial products while
withstanding deformations under a higher force load. Since all marine organisms cannot
be deterred with a hydrophobic system, there is a necessity to modify the surface
properties of the coating by introducing chemical moieties to reach a balance of
hydrophilicity and hydrophobicity. Thus, this talk will discuss how a series of polymeric
additives were designed, synthesized, and evaluated to attain an amphiphilic balance
for the system. The structures of the additives were confirmed with proton nuclear
magnetic resonance and Fourier transform infrared spectroscopy. The formulated
coatings were characterized by surface analysis techniques such as contact angle and
surface energy measurements and atomic force microscopy. Furthermore, coatings
were pre-leached in water tanks to ensure residual impurities are removed and then
were assessed with marine biological assays including C. Lytica (marine bacterium), N.
incerta (diatoms), A. amphitrite (barnacle), and Geukensia demissa (mussel).

Design of polymeric additives to modify properties of marine coatings to combat biofouling

POLY 367: Biobased degradable PE-like polymers with precisely spaced vitamin
C groups by acyclic diene metathesis polymerization
Oksana Suraeva1, oksuraeva@gmail.com, Carole Champanhac2, Frederik Wurm2, ingo
Lieberwirth2. (1) Physical Chemistry of Polymers, Max Planck Institute for Polymer
Research, Mainz, Germany (2) Max Planck Institut für Polymerforschung, Mainz,
Germany
Currently used plastics are mostly produced from petrochemical products. However,
there is a growing demand for bio-based plastics, which are produced from renewable
resources, to establish a more sustainable society and to solve global environmental
and waste management problems.
All fossil and bio-based polymers contain defects – branches, chain ends and inclusion
of functional groups – which are randomly distributed along the polymer chain. This
makes difficult to estimate their influence on properties and behavior of the polymer.
Acyclic diene metathesis (ADMET) polymerization is a unique strategy for achieving
polymers with precise control over the primary structure.
We present polyethylene-like, degradable amphiphilic polymer, which was polymerized
for the first time by metathesis polymerization. Polymer with molecular weight Mn ca.
13,000 g/mol with precisely spaced vitamin C groups in a polyethylene backbone was
obtained, properties and degradability of synthesized product were investigated.
Cytotoxicity test, and the cellular uptake measurement of the cyanine dyed polymer
shows, that vitamin C containing polymer is biocompatible. These properties make this
polymer promising material for biomedicine as drug delivery system protecting cargo
from possible free radical damage.

POLY 368: All for aluminum: Single-component, main group element mediated
group transfer polymerization
Michael Weger, michael.weger@tum.de, Bernhard Rieger. Chemistry, TU Munich,
Garching, Germany
Unlike different types of Lewis pairs as polymerization catalysts for acrylic monomers,
we herein report on organometallic aluminum(III) compounds with adapted Lewis
acidity, which show a surprisingly high polymerization activity without any further
initiator. Due to the variable ligand structure of these single-site aluminum organyls, this
work provides a new family of environmentally benign main group element catalysts
affording high-molecular weight products with surprisingly narrow dispersities. DFT
calculations, end group analysis and kinetic investigations clearly suggest a main group
element (MGE) group transfer polymerization (GTP) mechanism analogous to the
known metal-mediated GTP mechanism. The broad applicability of this MGE-GTP is
evidenced by the exemplary use of sterically and electronically diverse Michael-type
monomers. Even the controlled polymerization of the highly reactive acrylonitrile can be
achieved in a decent manner. Additionally, extended Michael-type structures like 4-vinyl
pyridine are accessible. Especially Al(III)-half metallocenes show an almost quantitative
initiator efficiency and, combined with the living character of the polymerization
reactions, they enable the facile preparation of polymer block architectures, actually of
unconventional monomer combinations.

Organometallic aluminum(III) compounds act as highly active, single-site polymerization
catalysts for a broad variety of Michael-type monomers. Kinetic and theoretical investigations as
well as end group analysis allow the postulation of a single-component, main group element
group transfer polymerization. The almost quantitative initiator efficiencies and the living
character of the polymerizations enable block copolymerizations.

POLY 369: Metallocarbene-containing polymers: New directions in
metallopolymer science
Johnathan Brantley, jbrant13@utk.edu, Breana Wilson. Chemistry, University of
Tennessee, Knoxville, Knoxville, Tennessee, United States
Metallopolymers are an emerging class of materials that have found an array of
applications, such as semiconductors, optical devices, and stimuli responsive materials.
While polymeric frameworks have been decorated with various organometallic
fragments, the incorporation of metallocarbene moieties within polymer architectures
has been largely overlooked. This paucity is surprising, given the broad synthetic utility
of metal carbenes (which could be leveraged for post synthetic tailoring of the bulk
material’s properties). Access to well-defined metallocarbene polymers, then, could
afford new platforms for the development of functional materials. Here, we report the
synthesis of metal carbene-containing polymers using ring opening metathesis
polymerization (ROMP). High degrees of polymerization were observed (> 800 repeats),
and the isolated materials exhibited excellent solubility and thermal stability. Moreover,
the carbene subunits could be incorporated into block copolymers (e.g. heterometallic,
non-metallic, etc.), which suggests this strategy is broadly applicable. The
metallocarbene polymers were also found to release carbon monoxide (CO) under the
action of multiple stimuli. As CO-releasing materials (CORMs) are increasingly sought
after for biomedical applications, the reported polymers could afford important insight
into design principles for next-generation CORMs.

POLY 370: Polyisobutylene chain-end modification via organocatalytic
nucleophilic conjugate additions
Ihor Kulai1, ihor.kulai@qatar.tamu.edu, Thomas Malinski2, David E. Bergbreiter2,
Mohammed Al-Hashimi1, Hassan S. Bazzi1. (1) Department of Science, Texas A&M
University at Qatar, Doha, Doha, Qatar (2) Department of Chemistry, Texas A&M
University, College Station, Texas, United States
Polyisobutylenes (PIB) are readily available commercial materials with broad range of
applications. Structural simplicity of saturated alkane backbone is vital for its chemical
inertness and biocompatibility. Due to very low glass transition temperature these
polymers remain liquid or flexible under broad range of temperatures. Thanks to these
valuable properties PIB has a broad range of practical applications and remains an
object of a continued research.
One of the most recent trends in this field is a preparation of selectively hydrocarbon
soluble functional materials based on highly reactive PIB oligomers. Such materials
were successfully used as supports for transition metal catalysts as well as metal or
organic solvent scavengers.
In most cases functionalization of PIB chain-end is a complex multistep synthesis with
one or several purification steps. Here, we propose an alternative strategy based on the
rich toolbox of organocatalytic reactions of conjugated double bonds. Highly reactive
PIB acrylate (PIBA) reacts with thiols or amines in a “click” fashion under mild
conditions (Scheme 1). This approach is particularly efficient in case of thiols
generated in situ from thiolactones. Quantitative chain-end functionalization was
confirmed with NMR spectroscopy as well as MALDI-TOF spectrometry.

Scheme 1. Nucleophilic conjugate addition reactions of PIBA.

POLY 371: Unexpected synthesis of segmented poly(hydroxyurea–urethane)s
from dicyclic carbonates and diamines by organocatalysis
Amaury Bossion1, Daniel Taton2, Haritz Sardon1, haritz.sardon@ehu.es. (1)
POLYMAT, University of Basque Country , San Sebastian, Spain (2) ENSCPB,
University of Bordeaux, Pessac, France
The toxicity of isocyanates has prompted the development of alternative and
sustainable routes towards industrially relevant based polyurethanes and poly(ureaurethane)s. Although some authors have recently reported the synthesis of high
molecular weights NIPUs at room temperature using activated 5-membered cyclic
carbonate with limited side reactions, NIPU synthesis from 5-membered cyclic
carbonates often requires high reaction temperatures, bulk conditions, long reaction
times and, last but not least, the use of a catalyst to achieve high molecular weights.
When a complete study of the effect of different organocatalysts on the step-growth
polyaddition of a five-membered dicyclic carbonate, with a diamine in bulk at 120 °C
was first carried out, we found that the reaction was found to be dramatically catalystdependent, higher rates being observed in the presence of strong bases. Surprisingly,
in the presence of strong bases, the as-formed urethane linkages entirely vanished with
time, as evidenced by FTIR and 13C NMR spectroscopies, while signals due to urea
bond formation progressively appeared. An advantage of the chemical transformation
occurring from urethane to urea linkages was further taken by optimizing the
polymerization conditions to access a range of poly(hydroxyurea–urethane)s (PHUUs)
with precise urethane to urea ratio in a one-pot process. We found that the application
temperature range of poly(hydroxyurea–urethane)s could thus be increased from 30 to
140 °C, as for regular polyurethanes. Altogether, this novel, straightforward, efficient,
and environmentally friendly strategy enables the access to non-isocyanate poly(urea–
urethane)s with tunable urethane-to-urea ratio from five-membered dicyclic carbonates
following an organocatalytic pathway.

POLY 372: Catalytic incorporation of polyolefins into functionalized (polar and
non-polar) block copolymers
Dylan Walsh, dwalsh5@illinois.edu, Tianwei Yan, Damien Guironnet. Chemical and
Biomolecular Engineering, UIUC, Urbana, Illinois, United States
Polyolefins account for almost half of the 300 million tons of polymers produced
annually. This strong market penetration comes from a combination of inexpensive
monomers, extremely efficient polymerization processes, and excellent mechanical
properties. Despite these great characteristics the incorporation of polar functionalities
are highly desired as this would extend the range of applications of these materials by
modifying surface and interfacial properties. Block copolymers containing polyolefin and
polar segments are among the most desirable due to the high tunability of their
chemical structure (morphology, architecture, and domain size). However, due to the
high oxophilicity of the insertion metal catalysts used in industry, commercial polyolefin
block copolymers have been limited to non-polar monomers.
Here we develop two approaches to produce polyolefins (HDPE, LLDPE and PP) block
copolymers with series of catalytic reactions. Cross metathesis or tandem
hydroformylation/hydrogenation are the key reactions enabling the formation of block
copolymers. These methodologies can quantitatively transform primary, secondary and
tertiary olefins to access common controlled polymerizations (ROP, anionic, or ATRP)
with no homopolymer formation. The catalytic nature of these polymerizations enable
high and large scale synthesis. Additionally, the range of monomers accessible by
controlled polymerizations makes this system a powerful platform to generate a wide
range of polyolefin containing materials.

POLY 373: Exploiting Lewis pair polymerization to overcome challenges in
chemo- and stereoselectivity
Michael L. McGraw, mlmcgraw@colostate.edu, Eugene Y. Chen. Chemistry, Colorado
State University, Fort Collins, Colorado, United States
Lewis Pair Polymerization (LPP) is a unique polymerization technique which exploits the
synergy and cooperativity of Lewis acid (LA) and Lewis base pairs. The LPP idea was
transpired from recent developments in organocatalytic zwitterionic polymerization
typically used in ring-opening and conjugate addition polymerizations, which were
limited by lack of control and limited monomer scope. The introduction of LAs to the
zwitterionic process mechanistically changes the nature of the polymerization and
affords greater control and tunability. These advantages are especially useful for the
polymerization of bio-derived monomers, which are highly functionalized compared to
those sourced from petroleum, where chemoselectivity is of great interest. Additionally,
LPP uniquely provides a means of influencing the growing chain end, which provides an
opportunity to control the stereoselectivity of addition; a challenge that is scarcely
addressed in organocatalytic polymerization literature but nonetheless essential for the
design of advanced stereoregular or crystalline materials. Herein, this presentation will
discuss our recent efforts in the development of LPP in the pursuit of more
chemoselective and stereoselective polymerization reactions.

POLY 374: Chemical synthesis of crystalline poly(hydroxyalkanoate)s from cyclic
diolides
Xiaoyan Tang, xytang0621@gmail.com, Eugene Y. Chen. Chemistry, Colorado State
University, Fort Collins, Colorado, United States
Naturally produced poly(hydroxyalkanoate)s (PHAs) are commercially implemented
biodegradable and biocompatible aliphatic polyesters found many applications in
biomedical, pharmaceutical, and packaging industries. However, currently high
production costs and low production volumes of biologically produced PHAs largely limit
their applications as commodity bioplastics. Natural PHAs are isotactic polymers
containing a chiral site in each repeating unit, and their properties span a wide range
depending on the length of the side aliphatic chain on the β-carbon. In the context of
creating a synthetic equivalent of naturally produced PHAs, both high isotacticity and
high molecular weight are typically required for practical use. Accordingly, we recently
developed a catalyzed chemical synthesis route to perfectly isotactic, highly crystalline,
and high molecular weight poly(3-hydroxybutyrate) (P3HB), the most prominent
member of PHAs, from racemic cyclic diolide (rac-DL) derived from bio-sourced
succinate. With enantiomeric molecular catalysts, kinetic resolution polymerization
of rac-DL automatically stops at 50% conversion and yields enantiopure (R,R)-DL or
(S,S)-DL with >99% ee and the corresponding poly[(S)-3HB] or poly[(R)-3HB] with
high Tm = 175 °C. Furthermore, we have expanded the monomer scope with different R
substituents (DLR) and obtained practically more useful crystalline and flexible
copolymers, the topic of which will be discussed in this presentation.

POLY 375: Segmented ionene nanocomposites
Meng Wang, mwang124@asu.edu, Matthew Green. Arizona State Univ, Tempe,
Arizona, United States
Segmented ionenes are a class of thermoplastic elastomers that contain a permanent
charged group within the polymer backbone and a spacer segment with a low glass
transition temperature (Tg) to provide flexibility. Ionenes are of interest because of their
synthetic versatility, unique morphologies, and ionic nature. Using phase changing
ionene-based nanocomposites could be extended to create reversible mechanically,
electrically, optically, and/or thermally responsive materials depending on constituent
nanoparticles and polymers. This talk will discuss recent efforts to utilize the synthetic
versatility of ionenes (e.g., spacer composition of PTMO or PEG) to prepare percolated
ionic domains in microphase separated polymers that display a range of
thermomechanical properties. Furthermore, by synthesizing two series of ionene
copolymers with either PEG or PTMO spacers at various ratios with 1,12dibromododecane will yield a range of ion contents (hard contents) and will impact
nanoparticle dispersion. Finally, the response to external stimulus (e.g., mechanical) will
be discussed and connected to varying chemistries and microstructural features of the
polymers.

POLY 376: Zwitterionic polyurethanes with tunable surface and bulk properties
Huifeng Wang1, hwang300@uic.edu, Yang Hu2, Dylan Lynch1, Megan Young1,
Shengxi Li3, Hongbo Cong3, Fujian Xu2, Gang Cheng1. (1) Chemical Engineering,
University of Illinois at Chicago, Chicago, Illinois, United States (2) Beijing University of
Chemical Technology, Beijing, China (3) University of Akron, Akron, Ohio, United States
To address the lack of blood compatibility and antifouling properties of polyurethanes
(PUs), a novel zwitterionic poly(carboxybetaine urethane) platform with excellent
antifouling and tunable mechanical properties is presented. poly(carboxybetaine
urethane) was synthesized via the condensation polymerization of diisocyanate with
carboxybetaine (CB)-based triols. Post-polymerization hydrolysis of triol-segments at
the interface generates zwitterionic CB functional groups that provide excellent
antifouling properties via the enhanced hydration capacities of CB groups.
Thermogravimetric analysis and differential scanning calorimetry measurement show
the high thermal stability of poly(carboxybetaine urethane)s with up to 305 oC
degradation temperature. Tunable mechanical properties and water uptakes can be
finely tuned by controlling the structure and ratio of CB-based triol cross-linker. This
study presents a new strategy to incorporate CB functional groups into the polyurethane
without a significantly changing of the synthesis method and conditions of PU. It also
provides deeper understanding on structure-property relationships of zwitterionic
polyurethane. Due to its superior antifouling properties than existing PU and similar
cost, mechanical, stability and processability, poly(carboxybetaine urethane) is of
enormous potential to replace current PUs and may open the new avenue to PUs for
more challenging biomedical applications in which the existing PUs cannot be used due
to calcification and poor antifouling properties.

POLY 377: Alkaline poly(ionic liquids) with methylpyrrolidinium,
methylpiperidinium, methylazepanium, methylazocanium, and methylazonanium
cations
Rui Sun, vickiesr@tamu.edu, Yossef A. Elabd. Department of Chemical Engineering,
Texas A&M University, College Station, Texas, United States
Low-cost polymers that possess high alkaline chemical stability could serve as anion
exchange membranes and enable long-lasting alkaline fuel cell performance, where the
alkaline fuel cell is a low-cost alternative to the well-adopted commercial proton
exchange membrane fuel cell. In this study, five styrene-based poly(ionic liquids) (PILs)
containing (covalently linked) saturated N-heterocyclic cations with various ring sizes
(i.e., methylpyrrolidinium, methylpiperidinium, methylazepanium, methylazocanium, and
methylazonanium) were synthesized and characterized. For PILs containing
methylpyrrolidinium, methylpiperidinium, methylazepanium, methylazocanium, high
alkaline chemical stability was observed after 4 weeks in 40 mol equiv of KOH (1.0 M in
D2O) at 80 °C as evidenced by 1H NMR spectroscopy. Additionally, ion conductivity of
all PILs increased by orders of magnitude with increasing water content, where a
master percolation power law curve was observed, i.e., similar conductivity versus water
volume fraction for all PILs regardless of cation size. These results provide insights on
incorporating styrene-based PILs containing saturated N-heterocyclic cations as novel
building blocks for anion exchange membranes.

POLY 378: Synthesis of bottlebrush polymers with quaternary ammonium
macromonomers for anti-marine fouling
Hathaithep Senkum1, Hathaithep.senkum@maine.edu, William Gramlich2. (1)
Chemistry, University of Miane, Orono, Maine, United States (2) Department of
Chemistry, University of Maine, Orono, Maine, United States
The adhesion of marine organisms on surfaces such as ship hulls, and fishing nets
causes higher fuel consumption and maintenance costs. To overcome these problems,
cationic polymers containing a quaternary ammonium moiety can be used to prevent
settlement. A challenge with linear polymers is that their flexible structures lead to
different morphologies when wet versus dry, likely changing their anti-fouling ability.
Bottlebrush polymers with dense branches off the polymer backbone are less flexible
and can help stabilize the structure. In this work, cationic macromonomer
homopolymerization, which has not been reported in literature, was demonstrated to
create bottlebrush polymers via ring opening metathesis polymerization (ROMP). Using
these methods, amphiphilic bottlebrush block copolymers of cationic polymers and
polystyrene (PS) were created. Prior to ROMP, the tertiary amine macromonomers of
poly(dimethylamino ethyl acrylate) (PDMAEA) were made via reversible additionfragmentation chain transfer (RAFT) polymerization to generate polymers with a
polymerizable norbornene end group (macromonomer). The PDMAEA macromonomers
were quaternized with hexyl halide and dodecyl halide to obtain quaternary ammonium
macromonomers with different quaternary ammonium substituents (PDMAEA-Ca-X
macromonomer, where a is the number of carbons in alkyl group and X is the halide
counter ion). PDMAEA-C6-Br was successfully polymerized by ROMP to cationic
bottlebrush polymers with targeted molecular weights and low dispersity by controlling
the ratio of macromonomer (MM) to catalyst. PDMAEA-C6-I also underwent ROMP, but
at a slower rate due to ligand exchange between the catalyst and macromonomer
halides. Amphiphilic bottlebrush block copolymerization was accomplished by
polymerizing PS MMs as the first block and PDMAEA-C6-Br MMs as the second block.
Block copolymers with a variety of block compositions were synthesized with desired
molecular weights and low dispersity.

Figure 1. (a.) Synthesis of cationic bottlebrush homopolymers via ROMP. (b.) Kinetic profiles of
ROMP of PDMAEA-C6-Br (MM) with different ratios of [MM]0 to [catalyst]0 as 25: 1, 50: 1,
74:1, and 100:1. (c.) Number average molecular weight (Mn) as a function of MM conversion for
these polymerizations.

POLY 379: Reduced graphene oxide embedded polymeric materials for nearinfrared induced therapeutic release
Yavuz Oz1, yavuz.oz1@boun.edu.tr, Rana Sanyal1,2, Rabah Boukherroub3, Sabine
Szunerits3, Amitav Sanyal1,2. (1) Chemistry, Bogazici University, Istanbul, Turkey (2)
Center for Life Sciences and Technologies, Bogazici University, Istanbul, Turkey (3)
Univ. Lille, CNRS, CentralLille, ISEN, Univ.Valenciennes, Lille, France
Reduced graphene oxide (rGO) containing materials are an emerging platform for
fabrication of drug delivery systems for the treatment of diseases such as cancer,
diabetes, etc. because of its high therapeutic loading ability via hydrophobic and ππ stacking interactions. In addition, its aromatic lattice structure endow rGO with good
photothermal heating ability under near infrared light (NIR) irradiation, which can be
utilized for stimuli-responsive therapeutic release. Graphene based polymeric materials
such as hydrogels, nanogels and fibers have also been successfully utilized for
photothermally triggered on-demand therapeutic release. Among these polymeric
materials, poly(ethylene glycol) (PEG) based hydrogels are widely used for the
encapsulation of therapeutics because they preserve the biological activity of these
therapeutics. Moreover, trapping rGO in the hydrogel matrix imparts hydrogels with very
good photothermal heating attribute. Herein, we will report fabrication of rGO embedded
PEG-based hydrogels and evaluate on-demand therapeutic release via photothermal
heating. Mixtures of well-dispersed rGO and PEG-based crosslinkers were photopolymerized under UV-irradiation to obtain rGO-containing hydrogels. Thereafter, stimuli
triggered on-demand release of loaded therapeutics in the hydrogel matrix was
demonstrated upon application of NIR light, without loss of its biological activity in the
process.

Near-infrared heating induced release of therapeutics from rGO-embedded hydrogels.

POLY 380: Anionic ionenes: Synthesis of "main-chain" polyanions for diverse
applications
Jason E. Bara1, jbara@eng.ua.edu, Paul Rupar2, Irshad Kammakakam1, Kathryn E.
OHarra1. (1) Chemical & Biological Engineering, University of Alabama, Tuscaloosa,
Alabama, United States (2) Chemistry, University of Alabama, Tuscaloosa, Alabama,
United States
Research interest in charged polymers that are based upon, derived from and/or able to
strongly interact with ionic liquids (ILs) has significantly accelerated in recent years. The
majority of these charged polymers take the form of polyelectrolytes, wherein the cation
and/or anion is a pendant from the polymer backbone. Ionenes are an analogous class
of ionic polymers wherein the charged moeities reside directly within the polymer
backbone rather than as pendants. Typically, the "free" couteranion associated with
ionenes is a halide or an inert molecular species such as trfilate(OTf-). While the
overwhelming majority of ionenes in the scientific and patent literature have cationic
backbones, a limited number of anionic ionenes are also known. Anionic ionenes are
highly attractive as they are likely to be more thermally stable and the "free" cation
counterion can either be an inert or reactive/catalytic species. However, anionic ionenes
are more synthetically challenging and the requisite species from they can be formed is
somehwat more limited than those available for cationic ionenes. This presentation will
detail our approaches to the synthesis of a variety of new types of anionic ionenes, their
physical properties, and application as gas separation membranes.

Anionic ionene archetype.

POLY 381: Rare-earth metal-mediated synthesis of radical-containing poly(dialkyl
vinylphosphonates): Novel materials for battery systems
Thomas M. Pehl, thomas.pehl@makro.ch.tum.de, Bernhard Rieger. Chemistry,
Wacker-Lehrstuhl für Makromolekulare Chemie, TU München, Garching bei München,
Germany
A challenge in the soaring process of replacing fossil-based power plants with ones
based on renewable, but not constantly available, resources is the compensation of grid
instabilities. Storage of high amounts of energy can be performed by redox-flow
batteries (RFBs), since power and charge of their galvanic cells can be scaled up. RFBs
can be based on redox-active metals or polymers. The advantages of polymer-based
batteries (e.g. consisting of TEMPO-subunits; TEMPO = 2,2,6,6-tetramethyl-1piperidinyloxyl) are their low costs, non-toxicity and simple design. To implement
polymers for this application, the solubility and the thermal and electrochemical
properties must be accurately tuned via changes in composition or microstructure.
Rare-earth metal-mediated group-transfer polymerization (REM-GTP) is an efficient tool
for precise and living-type synthesis of functional (co)polymers from Michael-type vinyl
monomers. Dialkyl vinylphosphonates (DAVPs) are of special interest due to their tailormade design, pendant group-dependent solubility and non-toxicity. Our group
established lanthanocene catalysts with the general structure (Cp3)La(thf) (Cp =
cyclopentadienyl, La = Gd-Lu) for a variety of differently substituted DAVPs.
Polymerization of di(1-methoxy-2,2,6,6-tetramethylpiperidinyl-4-yl) vinylphosphonate
(DMTVP) with (Cp3)Lu(thf) was conducted at room temperature to obtain high-molecular
weight PDMTVP with low polydispersity under mild conditions. Subsequent deprotection
with meta-chloroperbenzoic acid led to isolation of poly(di(TEMPO-4-yl)
vinylphosphonate) (PDTVP) with up to 95% conversion. Spectroscopic and
electrochemical properties were investigated using EPR-, SQUID- and CVmeasurements. The electric and ionic conductivity was tested with spin-coated PDTVP.
In summary, all these measurements indicate the high potential for TEMPO-based
vinylphosphonates for application in redox-flow batteries.

POLY 382: Synergistic effect of sulfur and chalcogen atoms on the enhanced
refractive indices of polyimides
Hyeonil Kim1,2, polymersyn@gist.ac.kr, Heung Cho Ko2, Nam-Ho You1. (1) Korea
Institute of Science and Technology, Jeollabuk-do, Korea (the Republic of) (2) Gwangju
Institute of Science and Technology, Gwangju, Korea (the Republic of)
This study developed new polyimides (PIs) containing chalcogen atoms in polymer
chains with an ultrahigh refractive index for for visible and near-infrared sensor
applications. A series of sulfur-containing polyimides (PIs) with chalcogen atoms were
successfully synthesized via conventional two-step polycondensation of 4,4'-[pthiobis(phenylenesulfanyl)]diphthalic anhydride (3SDEA) with four diamines: 4,4'oxydianiline (ODA), 4,4'-thiodianiline (TDA), 4,4'-selenodianiline (SEDA), and 4,4'tellurodianiline (TEDA). Due to the large atomic polarizabilities of the sulfur, selenium,
and tellurium atoms, the resultant PIs exhibited significantly high refractive indices in the
1.738−1.778 range at 637 nm, along with a transmittance higher than 90% at 650−1500
nm. In particular, TEDA-3SDEA showed refractive index of 1.778, which is the
highest nav value of a PI ever reported.
Furthermore SEDA-3SDEA TiO2 nanocomposites with 0.5, 1.0 and 3.0 wt% TiO2 were
synthesized to compare with TEDA-3SDEA PI. In case of SEDA3SDEA/TiO2 nanocomposites (NCs), the nav at 637 nm increased in the order of pristine
(0 %) (1.7618) < 0.5 wt% (1.7624) < 1.0 wt% (1.7688) < 3.0 wt% (1.7738). In
comparison with SEDA-3SDEA/TiO2 NCs and TEDA-3SDEA, the nav of TEDA-3SDEA is
higher than that of SEDA-3SDEA/TiO2 NC with 3.0 wt%, which indicates the advantage
of TEDA-3SDEA. In addition, the PIs exhibited good thermal stability, with high thermal
decomposition and glass transition temperatures (Td5% > 390 °C and Tg = 183–217 °C,
respectively).

Chemical structures of chalcogenide containing PIs with different atoms.

(a) UV−vis absorption spectra of PI films, (b) average refractive index curves of PI films
measured at different wavelengths (film thickness: ca. 10 μm).

POLY 383: Functionalization of chitosan oligomers: Towards bio-based products
with new functionalities
Ghislain David, ghislain.david@enscm.fr. ICGM, Montpellier, France
Chitosan is the fully or partially deacetylated form of chitin, the second most abundant
natural polysaccharide derived from exoskeletons of crustaceans and also cell walls of
fungi and insects. This low-cost biopolymer possesses very interesting properties, for
instance it is known to be biocompatible, biodegradable in the human body, nontoxic
and antibacterial. Interest in chitosan materials is quite recent compared to cellulose,
which has an age-long exploitation history. Therefore, chitosan is one of the most
promising materials derived from renewable resources and is currently explored very
intensively. In our group, we have designed a chemical platform to functionalize
oligomers of chitosan through 3 different reactions: epoxy-amine, thiol-ene and
phosphonation via Kabachnick-Fields. This chemical platform allowed performing a
wide range of functionalized chitosans (e.g. carrying alkyl chains, cationic groups,
phosphonic acids,…) with specific properties, which were evaluated. For instance,
chitosan was modified and used as a catalytic support in presence of potassium iodide.
We reported herein the high efficiency of this system toward the incorporation of carbon
dioxide (CO2) into epoxides. It demonstrates a very good thermal stability and is
recyclable more than five times without loss of activity. The optimal reaction conditions
were determined using allylglycidyl ether (AGE) as a model and extended to a wide
range of other epoxides. Cyclic carbonates were obtained with very high yield in a
couple of hours under mild conditions (2-7 bars, 80 °C) and no solvent.

Synthetic strategies to functionalize oligomers of chitosan

POLY 384: β-ketoadipic acid as a platform molecule
Nicholas A. Rorrer1, nicholas.rorrer@nrel.gov, Sandra Notonier1, Brandon Knott2,
Brenna A. Black2, Graham Schmidt1, Christopher W. Johnson1, Davinia Salvachua1,
Scott Nicholson3, Alberta Carpenter3, Mary J. Biddy1, Gregory Glenn4, Artur P.
Klamczynski4, Kelsey J. Ramirez2, Daren Peterson1, Michael F. Crowley2, William HartCooper4, Gregg Beckham1. (1) National Bioenergy Center, National Renewable Energy
Laboratory, Golden, Colorado, United States (2) Biosciences Center, National
Renewable Energy Laboratory, Golden, Colorado, United States (3) Strategic Energy
Analysis Center, National Renewable Energy Laboratory, Golden, Colorado, United
States (4) Agricultural Research Services, United States Department of Agriculture,
Albany, California, United States
Lignocellulosic biomass offers the potential to obtain new building block molecules that
are challenging to derive from petroleum and offer new functionality for material
applications. As an example, β-ketoadipic acid (ßKA), a C6 dicarboxylic acid with a βketone, can be obtained from the biological conversion of sugars or with high atom
efficiency from lignin-derived aromatic compounds. In this study, ßKA is produced from
glucose in an engineered strain of Pseudomonas putida KT2440. Subsequently, ßKA is
isolated from solution and polymerized into polyamines and polyesters. In polyamines,
the presence of the β-ketone enables materials with higher glass transition
temperatures and lower permeabilities than the incumbent adipic acid-based materials.
Molecular simulations indicate that is the result of the rigidity imparted by the β-ketone.
ßKA can also be copolymerized with PET to produce a material that maintains all the
requisite PET properties while and enable potential biodegradability. Supply chain
analysis is conducted on ßKA and its copolymers to reveal the sustainability benefits of
implementing biomass-derived monomers in polymers.

POLY 385: Effect of inorganic salts on the apparent viscosity of P(DAC-AM)
Tingting Chen, Luzi Zhang, Yuejun Zhang, zhyuejun@njust.edu.cn. Nanjing University
of Science and Technology, Nanjing, China, China
The poly(acryloyloxyethyltrimethyl ammonium chloride-co-acrylamide)(P(DAC-AM)) is a
kind of the extensively applied water-soluble cationic polymer, e.g. cationic
polyelectrolyte. In this paper, the effects of the salt concentration and salt valence of
inorganic salts, NaCl, LiCl, KCl, MgCl2, AlCl3, Na2SO4 and Na3PO4, on the apparent
viscosity (ηa) of P(DAC-AM) with cationicity of 10%, 50% ,90% and intrinsic viscosity of
5, 10, 15dL/g were investigated via the ηa determined by rotational viscometer. And the
interaction mechanism between the polymer and salt ions was also investigated. The
results showed that depending on the increase of salt concentration, the ηa firstly
decreased sharply to the inflection point which indicated the minimum volume of the
molecule shrinking, and then maintained the value or increased. The salt concentration
corresponding to the inflection point decreased with the increase of the salt ion valence
and the decrease of the cationicity of polymer. The value of ηa at the inflection point
increased as the intrinsic viscosity of polymer grown. The results showed the salt
concentration and the salt ion valence lain a notable impact on the stretch of the
cationic polymer molecule in the salt solutions. It was discovered that the phenomena of
the increase of the ηa of P(DAC-AM) in the multivalent salt solution after the inflection
points was caused by not only the increase of ηa of complex formed by the pure salts
themselves, but also the viscosity resistance of the charge and volume between the
polymer molecules and salt ions. And it was quantitatively obtained the contributions of
the increased ηa from interaction among the complex and between the polymer and
complex, respectively. Furthermore, the mechanism modes of the interaction between
the salt ions and P(DAC-AM) molecules in a wide range of salt concentration was well
described and illustrated.

POLY 386: Carbon dioxide switchable polymers as draw agents for forward
osmosis
Sarah Ellis2, Alex Cormier2, Pascale Champagne3, Philip G. Jessop2, Michael F.
Cunningham1, Michael.Cunningham@chee.queensu.ca. (1) Dept Chem Eng, Queens
Univ, Kingston, Ontario, Canada (2) Dept of Chemistry, Queens Univ, Kingston,
Ontario, Canada (3) Civil Engineering/Chemical Engineering, Queens University,
Kingston, Ontario, Canada
Current methods for obtaining potable water from wastewater or seawater include
distillation, pervaporation, reverse osmosis (RO) and forward osmosis (FO). Forward
osmosis utilizes a draw solution containing a draw agent, which is usually a dissolved
salt that can be easily removed. The draw solution has a higher osmotic pressure than
the feed water so that water will diffuse, without added pressure, from the feed solution
to the draw solution. In existing FO systems, the major energy costs are associated with
the separation of the draw agent from the diluted draw solution. An ideal draw agent
would require little energy to be removed or the energy required could be supplied
largely by low-grade waste heat or even solar heat. To meet these demands we are
developing novel draw agents based on CO2switchable polymers, whose properties can
be changed simply with the addition or removal of CO2gas at atmospheric pressure.
Under air or inert atmosphere, the polymers are neutral and hydrophobic but under a
CO2 atmosphere the polymers become positively charged and dissolve in water with
bicarbonate counteranions. Osmotic pressure is generated by the bicarbonate ions in
solution plus the swelling pressure of the polymers, allowing the FO process to occur
(Figure 1). After the FO step has been completed, the CO2is removed and the
polymers, now neutral and insoluble in the water, can be readily separated to yield
purified water.

Figure 1. Forward osmosis process using carbon dioxide switchable polymers.

POLY 387: Removal of volatile organic pollutants from water by nanoporous
crystalline polymer materials
Christophe Daniel, cdaniel@unisa.it, Gaetano Guerra. Dipartimento di Chimica e
Biologia, Università degli Studi di Salerno, Fisciano, Italy
The development of nanoporous materials is particularly relevant for various
applications such as molecular separation or gas storage. Conventional nanoporous
materials are usually constituted by amorphous or crystalline inorganic networks such
as silica or zeolites but in recent years the design of nanoporous polymer materials
have raised a great interest.
This research activity is due to the possibility to merge the properties of porous
materials with the typical characteristics of polymers as robustness, low cost, and
durability associated with easy processing to suitable products (i.e. films, fibers, foams,
aerogels,...). A large variety of porous polymers such as hypercrosslinked polymers
(HCPs), conjugated microporous polymers (CMPs), or polymers of intrinsic
microporosity (PIMs) have attracted a growing interest for applications in gas storage,
catalysis, and separations.
In addition to these nanoporous polymer materials, the formation of nanoporouscrystalline forms have been also discovered for two industrially relevant polymers:
syndiotactic polystyrene (s-PS) and poly(2,6-dimethyl-1,4-phenylene)oxide (PPO). In
particular three nanoporous crystalline forms have been described for s-PS (see
attached Figure) while two nanoporous crystalline forms have been observed for PPO.
These nanoporous crystalline phases which are obtained from co-crystalline host-guest
phases by suitable guest extraction procedures (e.g., by carbon dioxide in supercritical
conditions or substitution with a volatile guest) are able to absorb volatile organic
compounds (VOC) also when present in traces and have been proposed for
environmantal applications.
In this contribution different aspects relative to the prperaration, structure and sorption
properties of s-PS and PPO materials (films, fibers, aerogels, ...) with nanoporous
crystalline phases will be presented in order to illustrate the possible use of these
innovative materials in water treatment applications.

Lateral (A, B, C) and top (A’, B’, C’) views of the structure of the nanoporous crystalline forms of s-PS:
monoclinic δ (A, A’), triclinic δ (B, B’) and orthorhombic ε (C, C’).

POLY 388: Superhydrophobic polymers for oil and water separation and filtration
Rigoberto C. Advincula, rca41@case.edu. Macromolecular Science and Engineering,
Case Western Reserve University, Cleveland, Ohio, United States
Polymer and nanocomposite coatings play an important role in preventing corrosion,
influencing wetting properties, and enabling purification in any process industry. Oil and
water separation (emulsion breaking) including the use of solvent separation systems
are important for any industrial process that requires filtration and separation of waste
streams. In this talk, we will describe the used of nanostructured coatings for corrosion
mitigation and their use in oil-water separations and filtrations. The use and
characterization of polythiophenes, polbenzoxazines, and nanocomposite coatings is
described. We also describe the use polymer aerogels capable of efficient solvent and
oil/water separation. The nanostructuring mechanism during fabrication is based on
hierarchical roughness and house-of- card interactions where the charges generated on
the surface of the nanoplatelets compliments the chemistry that can be done on the
surface, e.g. with silane agents. The interest is in utilizing the capabilities of these
polymers and nanomaterials for non-fouling, anti-corrosion, selective super-wetting, and
separation of immiscible liquids.

