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POLY 1: New macromolecular architectures and new ATRP initiating systems 

Krzysztof Matyjaszewski, km3b@andrew.cmu.edu. CMU, Pittsburgh, Pennsylvania, 
United States  

New powerful ATRP initiating/catalytic systems allowed Cu level to be diminished to a 
few ppm. They are based on regeneration of activators via chemical means (ARGET, 
ICAR) but also using light, electrical current or mechanical forces providing temporal 
and spatial control of polymerization. These techniques were used for various vinyl 
monomers giving access to facile macromolecular engineering with precise control of 
molecular weights, dispersities, topology, composition and functionality of designed 
polymers. 

 
 
 



POLY 2: Kinetics of radical polymerizations deduced via SP-PLP-EPR 

Michael J. Buback, mbuback@gwdg.de, Hendrik Kattner. Univ Goettingen, Goettingen 
L Saxony, Germany  

The SP-PLP-EPR technique is perfectly suited for the in-depth understanding of 
kinetics and mechanism within the entire field of conventional and reversible 
deactivation radical polymerization. 

 

 
 
 

 

 

 



POLY 3: Ionic auxiliaries for stereocontrolled radical polymerization 

Benjamin Noble, Kam Fung, Stuart Ferrie, Michelle L. Coote, 
michelle.coote@anu.edu.au. Research School of Chemistry, Australian National 
University, Canberra, Australian Capital Territory, Australia  

Despite nearly 60 years of research, controlling the stereochemistry of free-radical 
polymerization remains elusive for most common monomers. Typically, Lewis acids are 
used to coordinate with the terminal and penultimate side chains of the growing polymer 
radical, and thereby constrain their relative orientation in the transition structure. 
Unfortunately, the control achieved usually is modest at best. Our theoretical studies 
suggest a key problem is the selectivity of Lewis acid binding. Even when terminal-
penultimate binding is optimized, this mode deactivates the propagating radical, and 
terminal-monomer binding, which catalyses propagation, dominates the propagation 
step. In that light, use of ionic auxiliary monomers such as (meth)acrylic acid salts, 
which contain a metal ion at every side chain, could potentially address this problem. 
Indeed, one of the highest levels of isotactic control achieved to date is in the 
polymerization of calcium methacrylate (80% meso diads). In an attempt to improve 
upon this, we have been examining the polymerization of other methacrylic and acrylic 
acid salts in the presence of various ligands. We have also been developing improved 
experimental approaches to converting the auxiliaries, post-polymerization. This 
presentation will outline our latest results, and discuss future prospects for 
stereocontrolled radical polymerization. 

 

 
 



POLY 4: RAFT 20 years later: Elements of RAFT navigation 

Graeme Moad, graeme.moad@csiro.au. Manufacturing, CSIRO, Clayton South, 
Victoria, Australia  

Selection of the RAFT agent for the monomers, desired product composition and 
architecture, and reaction conditions is of critical importance to obtaining optimal 
outcomes in RAFT polymerization. The factors that determine RAFT agent activity will 
be discussed with a focus on recent research aimed at the synthesis of sequence 
defined polymers. Some of this work has been highlighted in recent publications. 
 
 

 

 
 
 

  



POLY 5: Mechanistic studies of transition metal catalyzed radical termination 

Rinaldo Poli2, rinaldo.poli@lcc-toulouse.fr, S. M. Wahidur Rahaman2, Thomas Ribelli1, 
Krzysztof Matyjaszewski1. (1) CMU, Pittsburgh, Pennsylvania, United States (2) Lab de 
Chimie de Coordination, CNRS, Toulouse, France  

CuI complexes that show high activity in the catalytic radical polymerization by atom 
transfer (ATRP) have also been shown able to catalyze radical termination (CRT). This 
phenomenon has also been highlighted for certain FeII complexes. Recent mechanistic 
investigations using CuI/L have supported the idea that the key intermediate in CRT is 
R-CuII/L (R = polymer chain) resulting from radical addition and not H-CuII/L resulting 
from β-H atom transfer. The intimate mechanism of the subsequent steps leading from 
R-CuII/L + R to the regenerated CuI/L catalyst plus termination products, however, is 
elusive. This presentation will highlight recent experimental and computational 
investigations that bring light into this matter. 

 
 
Computed pathway of β-H atom abstraction leading to disproportionation 



POLY 6: Living radical polymerization using organic catalysts: Synthesis and 
applications 

Atsushi Goto, agoto@ntu.edu.sg. Nanyang Technological University, Singapore, 
Singapore  

We developed organocatalyzed living radical polymerization using iodide as a capping 
agent and organic molecules as catalysts. The catalysts are commercially available 
molecules such as amines and tetrabutylammonium iodide. The polymerizations are 
easy to operate, amenable to various monomers (including styrene, methacrylates, 
acrylates, acrylonitrile, and functional monomers) and various polymer architectures, 
and controlled by both thermal heating and photo irradiation, and hence may be useful 
for a range of polymer material designs. This polymerization is commercially used to 
produce block copolymers for pigment dispersion. The reaction mechanism, 
macromolecular design, and applications to materials will be presented. 

 

 
 
 

  



POLY 7: Electrochemistry for ATRP 

Armando Gennaro2, armando.gennaro@unipd.it, Francesco De Bon2, Francesca 
Lorandi2, Marco Fantin1, Abdirisak Ahmed Isse3. (1) Chemistry, Carnegie Mellon 
University, Pittsburgh, Pennsylvania, United States (2) Dept. Chemical Sciences, 
University of Padova , Padova Pd, Italy (3) Dept. Chemical Sciences, University of 
Padova, Padova, Italy  

The meeting between electrochemistry and ATRP has been marked by the introduction 
of the electrochemically mediated ATRP (eATRP), but this is just the tip of the iceberg 
of a powerful joint venture, which gives interesting stimuli to both of them. 
Electrochemistry can allow a deep understanding of ATRP processes, such as, for 
example, but not limited to, the kinetics and mechanism of activation, the 
thermodynamics of ATRP equilibrium, the role of Cu(0) in SARA ATRP, and so on. 
The concept behind eATRP is that the ratio of activator to deactivator catalyst is 
precisely controlled by an electrochemical redox process at an electrode surface, 
thereby rendering the eATRP process operational through an external stimulus. eATRP 
has shown versatility in synthesizing various soft materials with well-defined polymeric 
architectures. The setup has been simplified, moving from the three electrode 
potentiostatic system to a two electrode galvanostatic one, also in an undivided cell with 
a sacrificial anode. The possibility of substituting platinum with non expensive electrode 
materials such as stainless steel, without affecting the process performance, has also 
been demonstrated for both aqueous and organic media. 
However, eATRP has some limitations. A supporting electrolyte is typically required to 
achieve a suitable conductivity in aqueous or organic solvents. In this context, ionic 
liquids (ILs) are an attractive alternative to common organic solvents; they have the 
required conductivity and are generally good solvents for inorganic, organic and 
polymeric materials. We have recently reported that copper catalysts with traditional 
ligands and halide ions are stable in [BMIm][OTf] . 
We describe herein a polymerization system with the following characteristics: i) use of 
an IL as green solvent, ii) low catalyst loading (ppm levels of CuBr2/TPMA), iii) 
electrochemical (re)generation of the catalyst, thus avoiding chemical reducing agents 
and the associated byproducts, iv) simple extraction of the produced polymer, and v) 
facile catalyst recycling. 

 



POLY 8: Iron mediated controlled radical polymerisation 

Michael P. Shaver, michael.shaver@ed.ac.uk. School of Chemistry, University of 
Edinburgh, Limekilns, United Kingdom  

Iron can participate in both Atom Transfer Radical Polymerization (ATRP) and 
Organometallic Mediated Radical Polymerization (OMRP), and in fact the two 
mechanisms can often operate in concert to affect a controlled radical polymerization 
(CRP). This interplay is showcased in the CRP of styrenes and methacrylates mediated 
by iron complexes supported by amine bis(phenolate) ligands. We will discuss the 
conditions needed for exceptional control of these radical polymerizations, show the 
impact of the ligand framework on balancing propagation and termination reactions, and 
disclose organometallic-only conditions whereby control is affected solely through 
OMRP. These systems use a reactive Fe(II) precursor as the active complex, with the 
nature of the radical initiator (AIBN vs V-70) shaping the polymerization results. These 
optimizations are complemented by collaborative work at high pressures (Prof. Michael 
Buback) and theoretical investigations of competing reaction mechanisms (Prof. Rinaldo 
Poli) to shape a definitive picture of iron mediated controlled radical polymerisations. 

 

 
 
 

  



POLY 9: Designer polymers from palladium-catalyzed cross-coupling reactions 

David H. Howe, Andrew J. Magenau, amagenau@coe.drexel.edu. Material Science 
and Engineering, Drexel University, Philadelphia, Pennsylvania, United States  

Palladium-catalyzed cross-coupling was investigated for installing functional groups 
onto polymers derived from reversible addition-fragmentation chain-transfer (RAFT) 
polymerization. Cross-coupling products were realized utilizing a range of functional 
boronic acids under convenient reaction conditions with short reaction times, at near-
ambient temperatures, and using air-stable reagents. A custom monomer was 
synthesized bearing a reactive handle for subsequent cross coupling reactions and its 
chemical structure was verified using nuclear magnetic resonance. RAFT 
polymerization of this monomer revealed attributes of a reversible deactivation radical 
polymerization (RDRP) while yielding polymers with predetermined molecular weights 
and narrow dispersity values. Retention of living chain ends was evidenced by efficient 
chain extension and block copolymer formation. Fundamental experiments were 
performed to determine optimal reaction conditions to maximize funct1ionalizations 
during cross-coupling. The utility of this new functionalization strategy was explored by 
investigating structure-property relationships and by synthesizing complex polymeric 
architectures. 

 

 
 
 

  



POLY 10: Performance benefits driven by structure-property relationships: Fatty 
acid-derived polyester polyols 

Karl A. Schoene, kaschoene@aol.com. Elevance Renewable Sciences, Woodridge , 
Illinois, United States  

The recent advent of C18 diacid (i.e. 1,18-octadecanedioic acid) commercialization via 
natural oil metathesis provides a viable route to investigate a novel class of C18-based 
polyester polyols to address growing market demands for more sustainable 
polyurethane products. This presentation will highlight the unique performance 
attributes of C18 polyols compared to traditional polyesters, polyethers, and 
polycarbonate polyol reference materials. Depending on the structure of the diol 
comonomer, C18 polyols were designed with a broad range of physical properties from 
semi-crystalline solids that melt between 60 and 85°C to sub-ambient melting liquids 
with viscosities considerably lower than polycarbonates. Remarkably, polyurethanes 
constructed from C18 polyols overcome the Achilles’ heel of traditional polyester-based 
systems with hydrolytic stabilities comparable to those designed from polyether and 
polycarbonate polyols. Thermoplastic polyurethanes from C18 polyols exhibited 
substantially improved tear strengths over reference systems due to their soft segment 
crystallinities that displayed narrow melt transitions ranging from 35 to 75°C. These 
tunable thermal properties position C18 polyols as potentially valuable components of 
next-generation polyurethane hot melt adhesives and shape-memory materials. 
Furthermore, C18-based polyurethanes displayed excellent solvent resistance which is 
important for coatings applications. Low viscosities of C18 polyols are certain to enable 
improved processability of polyurethane formulations at high solids and reduced VOCs. 
Overall, C18 polyols are under development as specialty hydrophobic building blocks 
that aim to offer polyurethane providers differentiated performance at high renewable 
carbon content. 

 

 
 
 

  



POLY 11: Certified biodegradable mulch film: Ecological benefits and 
environmental fate 

Andreas Kuenkel, andreas.kuenkel@basf.com. Research Biopolymers, BASF SE, 
Ludwigshafen, Germany  

Biodegradable mulch films are used as alternative to PE-mulch film, but they need to 
fulfill two requirements: mechanical performance with stability during the application 
phase and complete biodegradation of the material after use. Polymer biodegradation 
commonly begins with the breakdown of the main chain – often enzymatically catalyzed 
– followed by the mineralization by microorganisms present in the respective habitat. 
Therefore elucidation of the interaction of microorganisms and their respective enzymes 
with polymer substrates is an important element of the present studies as well as 
insights into the specific soil microbes. Different technologies have been developed in 
our recent work to show the fate of the carbon atoms of biodegradable mulch films. 
Labelling of carbon atoms combined with different analytical methods allows to show 
exactly where these carbon atoms end up. In summary, recent studies show that ecovio 
mulch film is indeed biodegradable and the mass balance of the polymer can be closed. 

 

 
 
Technologies to clarify fate of polymers in soil 
 

  



POLY 12: Bio-based starting materials as an essential route to improved 
performance in macromolecules 

Andrew J. Guenthner1, andrewguenthner@gmail.com, Benjamin G. Harvey4, Matt C. 
Davis3, Josiah Reams2. (1) Aerospace Systems Directorate, Air Force Research 
Laboratory, Lancaster, California, United States (2) ERC Inc., Lancaster, California, 
United States (3) Navy Nawcwd Michelson Lab, Ridgecrest, California, United States 
(4) Chemistry, US Navy, Ridgecrest, California, United States  

Among the many purported benefits of the use of bio-based starting materials for the 
formation of both thermosetting and thermoplastic polymers, the role of biomaterials in 
enhancing the diversity of readily available chemical structures for applications outside 
of medicine has received relatively little attention. This benefit, however, offers not just 
the prospect of replacing existing materials with new ones that perform equally well, but 
also the prospect of achieving significantly better performance than would otherwise be 
possible. To illustrate these concepts, we relate experiences from a recent (and 
continuing) multi-year effort to develop bio-based thermosetting polycyanurate 
networks. These efforts have demonstrated that bio-based thermosetting polymers 
enable the development of more capable and robust quantitative structure-property 
relationships, provide combinations of properties that were not previously realized, and 
even offer drastic improvements in performance to levels previously thought 
unreachable. These benefits accrue because the use of bio-based starting materials 
involves fewer restrictions on the range of readily available chemical structures that can 
be explored and developed. 

 

 



POLY 13: Environmentally friendly high performance bio-derived polymers for 
DoD applications 

John La Scala1,4, johnlascala@gmail.com, Joshua Sadler1, Santosh Kumar Yadav4, 
Alexander Bassett2, Benjamin G. Harvey3, Gregory Yandek5, William Eck6, Joseph F. 
Stanzione2, Giuseppe Palmese4. (1) Composites and Hybrid Materials Branch, Army 
Research Laboratory, Wilmington, Delaware, United States (2) Dept. of Chemical 
Engineering, Rowan University, Glassboro, New Jersey, United States (3) Chemistry, 
US Navy, Ridgecrest, California, United States (4) Chemical and Biological Engineering, 
Drexel University, Philadelphia, Pennsylvania, United States (5) Air Force Research 
Laboratory, Edwards AFB, California, United States (6) Army Public Health Command, 
Aberdeen Proving Ground, Maryland, United States  

Polymer composite materials, adhesives, and coatings are derived from non-renewable 
petroleum sources, making their use unsustainable and causing their cost to be highly 
volatile. Furthermore, these polymer materials often contain toxic components or 
produce toxic emissions. To address these issues, we have used plant-derived 
renewable resources to develop a number of polymer technologies with properties and 
performance similar to that of petroleum-derived polymers. We formulated and 
developed fatty acid-based vinyl ester resins derived from plant oils and successfully 
demonstrated and validated them on weapons platforms across the DoD. We have 
been addressing toxicity issues associated with bisphenol, a component used in the 
production of many high performance polymers. Through use of polymers from lignin-
derived chemicals, such as guaiacol, and carbohydrate-derived isosorbide and furans, 
we have created a number of polymers with properties similar or superior to that of 
commercial polymers. Furthermore, we have shown that these bio-derived chemicals 
and polymers have reduced toxicity relative to the baseline commercial polymers. As a 
result, we are currently preparing diamines derived from carbohydrates and lignin to 
reduce the toxicity and improve the sustainability of polyimides and epoxies. 

 
Potential paradigm change in commercial and defense polymer manufacturing 



POLY 14: Innovation constraints and opportunities for biomaterials 

Karl J. Sanford, karl.sanford@dupont.com. DuPont, Palo Alto, California, United States  

This presentation will provide a perspective on the constraints and opportunities for the 
development of bio-based products. Synthetic biology methods and tools have 
improved the efficiency for design and operation of cell factories; however, in spite of 
this acceleration commercialization still runs into the limitations and difficulties 
associated with scale-up and the capital intensity associated with fermentation 
processes, especially for large volume materials. 
Value added products are few and far between in the industrial biotechnology sector. 
This presentation will address the challenges and opportunities for future 
endeavors. 

 

 
 
 

 



POLY 15: Sustainable development of new high performance materials and 
macromolecular therapeutic platforms 

Nathan Park, npark@us.ibm.com. IBM, San Jose, California, United States  

The development of new functional materials scaffolds with tailorable properties are 
critically important for a diverse array biomedical applications. In this context, 
polycarbonate based platforms stand out in terms of their biocompatibility, 
biodegradability, and breadth of functional groups that may be incorporated into the 
polymer backbone. These features have enabled the development of numerous 
polycarbonate based platforms for applications in drug delivery, injectable hydrogels, 
antimicrobials, and cancer therapy. In addition to polycarbonate materials, significant 
advances have been made in the area of repurposing and recycling PET into new, high 
value monomers. These can readily be incorporated into a diverse array of materials 
with applications as antifungal and antimicrobial compounds. 

 

 
 
 

  



POLY 16: Improving the performance of water-based PSAs with a bio-based 
material 

Corinne Lipscomb, celipscomb@mmm.com, Kevin Lewandowski. 3M Company, Saint 
Paul, Minnesota, United States  

Nanocellulose is a class of bio-based materials that are relatively new to the market. 
While nanocellulose comes in several forms, the properties of cellulose nanocrystals 
most resemble their inorganic nanomaterial counterparts with which industry is familiar. 
As such, cellulose nanocrystals were investigated as an additive in pressure sensitive 
adhesive (PSA) formulations, and specifically in water-based PSAs due to their already 
sustainable nature. It was found that the addition of cellulose nanocrystals to these PSA 
formulations resulted in improved performance as measured by several PSA properties. 

 

 
 
 

  



POLY 17: 2,5-furandicarboxylic acid (FDCA): A re-emerging biobased building 
block 

bahar fijten, bahar.yeniad@corbion.com. Corbion, Gorinchem, Netherlands  

2,5-Furandicarboxylic acid (FDCA) is a biobased building block which is considered to 
be a 'green' substitute for terephthalic acid (PTA) and can be polymerised with 
(biobased) monoethyleneglycol (MEG) in existing poly(ethylene terephthalate) (PET) 
facilities to form a 100% biobased polyester, poly(ethylene 2,5-furanoate) (PEF). PEF, 
in comparison to PET, offers superior barrier properties and attractive thermal 
properties, i.e. processability at lower temperatures due to a lower melting temperature 
(Tm) and the ability to withstand high temperatures due to a higher glass transition 
temperature (Tg). These properties make PEF an attractive alternative to PET, in 
particular for use as bottles or films in food packaging applications. The purity of FDCA 
is key to achieving good performance of the final product. The use of commercially 
available FDCA generally results in highly coloured, low molecular weight PEF, which is 
undesirable for packaging. Corbion Purac have recently developed a highly efficient 
biocatalytic process to produce FDCA from renewable resources economically. A 
proprietary salt-free purification process has been implemented to purify the obtained 
bio-FDCA. This enables the synthesis of so-called 'polymer-grade' FDCA, which can be 
directly polymerised, without any pre-modification, with bio-MEG via conventional (melt- 
and solid state post-) polycondensation techniques, to produce PEF with the desired 
properties. Providing an opportunity of FDCA as a biobased infrastructure drop-in for 
contempary PTA-PET. 
Corbion Purac's FDCA technology encompassing the conversion of sugars to 5-
(hydroxy-methyl)furfural (HMF), the biotransformation of HMF using proprietary bacteria 
strains to FDCA, the subsequent purification into pure FDCA, and finally the 
polycondensation with MEG to obtain PEF resin will be presented. The advantage of 
this technology and the remaining key challenges of each process step will be 
addressed. The (inherent) properties of the obtained PEF and their relevance to specific 
applications will also be discussed. 

 

 
 
 

 



POLY 18: New hybrid materials based on group 13 element-blocks 

Yoshiki Chujo, chujo@chujo.synchem.kyoto-u.ac.jp. Kyoto Univ Poly Chem Sch Eng, 
Kyoto, Japan  

A structural unit consisting of various groups of elements is called an "element-block." 
The design and synthesis of new element-blocks, polymerization of these blocks, and 
development of methods of forming higher-order structures and achieving hierarchical 
interface control in order to yield the desired functions are expected to encourage the 
creation of new polymeric materials that share, at a high level, electronic, optical, and 
magnetic properties not achievable with conventional organic polymeric materials as 
well as forming properties of molding processability and flexible designability that 
inorganic materials lack. 
Here, our recent research results concerning with these “element-block” materials are 
demonstrated. Especially, some examples of “Luminescent Group 13 Element-Blocks” 
exhibiting “Aggregation-Induced Emission” (AIE) properties are emphasized. 

 

 
 
New Hybrid Materials Based on Element-Blocks 

  



POLY 19: Self-assembled polymer antimicrobials against MRSA and other 
resistant pathogens 

Vincent M. Rotello, rotello@chem.umass.edu. Univ of Massachusetts, Amherst, 
Massachusetts, United States  

Multi-drug-resistant (MDR) bacteria are a rapidly emerging threat to human health, 
causing thousands of deaths each year in the US alone. The emergence of new 
antibiotic-resistant bacteria is rapidly accelerating, with strains now resistant to all 
known antibiotics beginning to be observed. In addition to their immunity to antibiotics, 
pathogenic bacteria are commonly found in biofilms, making the resulting infections 
particularly difficult to address. Biofilm formation causes persistent diseases and 
implant-associated infections, for example, the methicillin-resistant Staphylococcus 
aureus (MRSA) biofilms commonly found in wound infections. In our research we have 
used self-assembly of polymers to create new constructs that are highly effective 
against both dispersed and biofilms. These antimicrobials feature low toxicity against 
mammalian cells (including red blood cells), making them promising as therapeutics for 
both wound and internal infections. 

 

 
 
 



POLY 20: Printed organic solar cells: The Victorian (Australia) organic solar cell 
consortium 

Andrew B. Holmes, aholmes@unimelb.edu.au. School of Chemistry, Bio21 Institute, 
University of Melbourne, Melbourne, Victoria, Australia  

Over the past decade the Victorian Organic Solar Cell Consortium (consisting of the 
University of Melbourne, Monash University and CSIRO Manufacturing) has been 
collaborating with industrial partners to develop a range of solar cells printed on a 
polyethylene terephthalate (PET) substrate. This presentation will summaries progress 
in developing laboratory-scale organic bulk heterojunction, dye-sensitised and 
perovskite solar cells, and their translation to larger area printed modules on PET. 

 
 
Demonstration of printed organic solar cell module 



POLY 21: Synthesis of subnanoparticle using metallodendrimers 

Kimihisa Yamamoto, yamamoto@res.titech.ac.jp. Tokyo Institute of Technology, 
Yokohama, Japan  

We show that tinchlorides, SnCl2 and FeCl3 complexes to the imines groups of a 
spherical polyphenylazomethine dendrimer in a stepwise fashion according to an 
electron gradient, with complexation in a more peripheral generation proceeding only 
after complexation in generations closer to the core has been completed. The metal-
assembly in a discrete molecule can be converted to a size-regulated metal cluster with 
a size smaller than 1 nm as a molecular reactor. Due to the well-defined number of 
metal clusters in the subnanometer size region, its property is much different from that 
of bulk or general metal nanoparticles. 
Dendrimers are highly branched organic macromolecules with successive layers or 
“generations” of branch units surrounding a central core. Organic inorganic hybrid 
versions have also been produced, by trapping metal ions or metal clusters within the 
voids of the dendrimers. Their unusual, tree-like topology endows these 
nanometresized macromolecules with a gradient in branch density from the interior to 
the exterior, which can be exploited to direct the transfer of charge and energy from the 
dendrimer periphery to its core. 
Here we show that tin ions, Sn2+, complex to the imines groups of a spherical 
polyphenylazomethine dendrimer in a stepwise fashion according to an electron 
gradient, with complexation in a more peripheral generation proceeding only after 
complexation in generations closer to the core has been completed. By attaching an 
electron-withdrawing group to the dendrimer core, we are able to change the 
complexation pattern, so that the core imines are complexed last. By further extending 
this strategy, it should be possible to control the number and location of metal ions 
incorporated into dendrimer structures, which might and uses as tailored catalysts, 
building blocks, or fine-controlled clusters for advanced materials. 

  



POLY 22: Properties and supramolecular assembly of ligand-modified 
phosphonium polymers and their metallopolymer derivatives 

Rhett Smith2, rhett@clemson.edu, Monte Bedford1, Wang Wan2. (1) COMSET, 
Anderson, South Carolina, United States (2) Clemson University, Clemson, South 
Carolina, United States  

Phosphonium polymers featuring main-chain dibenzo-18-crown-6 (P18C6), bipyridyl 
(SLK1) or ferrocene (CAC1) have been prepared via step-growth polymerization. The 
influence of redox state and identity of the metal ion coordinated to backbone ligand on 
solution and film properties have been evaluated. Dynamic light scattering analysis 
reveals metal-coordination-induced formation of nanoparticles and analysis of films via 
TEM, SEM and AFM reveals deposition of uniformly-distributed nanoparticles in some 
cases. The influence of metal ions on wetting and critical surface energy was assessed 
by contact angle measurements and analysis of these data by the method of Zisman. 
Chromophore-modified ligand backbone components present in SLK1 also allow for the 
tuning of UV-vis absorption and photoluminescence properties via metal ion 
coordination and redox changes. The cationic ionomers in metal-free and metallated 
form were also examined for their ability to form layer-by-layer-assembled films with 
anionic polyelectrolytes. 

 

 
 
 

  



POLY 23: Construction of metallo-supramolecular rod-coil diblock copolymers 
and their assembled nanostructures in solution 

Yi-Tsu Chan, ytchan@ntu.edu.tw. Chemistry, National Taiwan University, Taipei, 
Taiwan  

To overcome the limitation of using kinetically inert metal centers for construction of 
terpyridine-based supramolecular copolymers, we design and synthesize a 
complementary complexation pair of terpyridine-based ligands with ZnII ions. The 
selective coordination process was elucidated by the time-dependent 1H NMR 
experiments and X-ray crystallography, suggesting that the sterically hindered 9-
anthracenyl substituents at terpyridinyl 6,6″-positions not only slowed down the 
formation rate of its homoleptic complex, but also provided additional π-stacking 
stabilization in the heteroleptic complex. This newly-developed self-recognition ligand 
pair was further applied to construction of a series of metallo-supramolecular poly(3-
hexylthiophene) (P3HT)-block-poly(ethylene oxide) (PEO) diblock copolymers through 
the chain-end functionalization of the respective well-defined homopolymers. The 
structural characterization of the resultant copolymers was carefully done by 1H and 
DOSY NMR experiments, and their self-assembled morphologies in polar environments 
were investigated by AFM and TEM. The result showed that the nanostructures 
assembled from the copolymers could be controlled by tuning the rod/coil block ratios. 
Building on the labile metal-ligand junction between two polymer blocks, the core-shell 
nanostructures could be readily manipulated by the decomplexation-recomplexation 
process. Our findings demonstrate that the novel complementary terpyridine 
coordination can provide facile access to construction of metallo-supramolecular rod-
coil copolymers and to engineering their self-assembled nanostructures. 

 

 
 
 



POLY 24: Folded polymeric frameworks to promote reaction activity and 
selectivity of metal and metal clusters 

Jie He2, jie.he@uconn.edu, Srinivas Thanneeru2, Alfredo M. Angeles Boza1. (1) 
University of Connecticut, Storrs, Connecticut, United States (2) Dept of Chemistry, 
University of Connecticut, Storrs, Connecticut, United States  

Metallofoldamers having polymeric frameworks can be used as synthetic mimics of 
metalloenzymes to catalyze analogous biological reactions. However, the role of 
polymer frameworks on the reaction activity and selectivity of metallofoldamers is 
currently not clear. In this talk, I will present our recent focus on the metal-containing 
single-chain polymeric nanoparticles (SCPNs) and show how polymer frameworks 
influence the catalytic activity of metal sites. Two examples will be discussed, including 
i) the design of copper-containing SCPNs for hydroxylation reactions; and ii) nickel 
sulfides-containing SCPNs for photocatalytic CO2 reduction. Metal-containing SCPNs 
consisting of folded polymers incorporated with metal complexes are prepared via 
intramolecular metal-ligand coordination with functionalized linear copolymers. The 
folded polymer backbone resembles the protein framework to provide a second 
coordination sphere to active sites. We will show how the chemical functionality and 
dynamics of polymeric frameworks modulate the coordination of metal sites and the 
catalytic activity/selectivity. 

 

 
 
 

  



POLY 25: Self-oscillating polymer gels as metal-containing functional materials 

Ryo Yoshida, ryo@cross.t.u-tokyo.ac.jp, Younsoo Kim, Ryota Tamate, Tsukuru 
Masuda, Michika Onoda, Aya M. Akimoto. Dept of Mater Eng, School Eng, The 
University of Tokyo, Tokyo, Japan  

In living systems, there are many autonomous and oscillatory phenomena to sustain life 
such as heart beating. We developed “self-oscillating” polymer gels that undergo 
spontaneous cyclic swelling–deswelling changes without any on–off switching of 
external stimuli, as with heart muscle. The self-oscillating gels were designed by 
utilizing the Belousov-Zhabotinsky (BZ) reaction, an oscillating reaction, as a chemical 
model of the TCA cycle. We have systematically studied these self-oscillating polymer 
gels since they were first reported in 1996 (JACS). Potential applications of the self-
oscillating polymers and gels include several kinds of functional material systems such 
as biomimetic actuators, mass transport systems and functional fluids. For example, it 
was demonstrated that an object was autonomously transported in the tubular self-
oscillating gel by the peristaltic pumping motion similar to an intestine. Further, self-
oscillating polymer brush surface like cilia, vesicles or colloidosomes undergoing cell-
like autonomous shape oscillations with buckling, was prepared. Besides, autonomous 
sol-gel oscillation and amoeba-like motion was realized utilizing well-designed block 
copolymer solution. In this presentation, our recent progress on the self-oscillating 
polymer gels is summarized. 

 

 



POLY 26: Mechanochemistry of hydrogels: Quantifying small numbers of bond 
breakages in weak materials 

Andrew P. Goodwin, andrew.goodwin@colorado.edu. Univ Colorado Boulder, Boulder, 
Colorado, United States  

This talk will focus on our recent efforts towards characterizing mechanochemical bond 
breakage in soft materials. Hydrogels are promising substrates and frameworks for cell 
growth and tissue engineering, particularly for cardiovascular repair and cartilage 
replacement. For these applications, it is important to maintain careful control over gel 
mechanical properties so that these hydrogels not only match the properties of the 
desired tissue for replacement but also retain their integrity for extended periods. Since 
the failure of hydrogels begins with the breakage of crosslinks within the structure, 
methods are needed to sense this initial breakage. However, most strategies that utilize 
mechanochemistry require large strain deformations to obtain signal. Here, we report 
two methods for quantifying bond breakage. It was hypothesized that nonspecific 
covalent bond breakage would produce radicals that would react with water to produce 
reactive oxygen species, which in turn could activate fluorophores sensitive to oxidation. 
First, it was found that gels loaded with the masked fluorophore 3-(aminophenyl)-
fluorescein became fluorescent during compression, even with as little as 5 kPa of 
pressure. The effect of compression on fluorescence activation was found to depend 
primarily on the strength of the crosslinking functional group in hyperbranched PEG 
hydrogels. Next, we found that because hydrogen peroxide was the dominant species 
produced by this process, the enzyme horseradish peroxidase could catalyze 
mechanochemical reactions resulting from strain on the hydrogels. As a result, new 
colorimetric and fluorimetric studies were developed that could quantify hydrogen 
peroxide production, and thus chemical bond breakage, with micromolar sensitivity. The 
ability to couple mechanochemical reactions with enzyme-catalyzed processes will be 
discussed as well. 

  



POLY 27: Multifunctional mechanochemical hydrogels as selective compartments 
and actuators in microfluidic applications 

Brigitte Voit1,2, voit@ipfdd.de, Dietmar Appelhans1, Andreas Krause1,2, David Gräfe1,2, 
Stefan Zschoche1, David Simon1,2. (1) Leibniz-IPF, Dresden, Germany (2) Department 
of Chemistry, Technische Universität Dresden, Dresden, Germany  

Responsive polymeric materials – summarized under the term smart soft matter – are 
becoming a highly studied field not only in basic synthetic approaches and sophisticated 
characterization, but especially with regard to their use in technical applications, e.g. as 
sensors and actuators in microsystems and microfluidic applications since they are able 
as volume gels to carried out mechanical work reacting on a chemical stimulus. In 
addition, compartimentalization becomes an issue for being able to localize specific 
actions and reactions e.g. by preparing nano- and microcapsules equipped with stimuli-
responsive shells and membranes or by patterning specific hydrogel compartments. We 
will report on the preparation and integration of responsive and biocompatible hydrogel 
dots and hydrogel dot arrays of high flow and shear stability in microfluidic channel and 
chamber reactors. Within those hydrogel microcompartments, enzymes could be 
integrated and stabilized which allowed to undertake various cascade enzyme reactions 
in the microfluidic setup for up to 4 weeks still keeping activity of the enzymes. 
Furthermore, mechanochemical, multiresponsive hydrogels are developed making use 
of an interpenetrating network approach (see Figure) as well as the concept of graft 
copolymer networks for retaining responsivity for up to four different stimuli in one 
hydrogel leading to high volume change. The hydrogels have been adapted for 
integration into microfluidic devices as mechanochemical gels, adjusting degree of 
swelling as well as mechanical stability and allowing their use as effective sensors and 
actuators accomplishing chemical valve function. First examples of their use as 
chemical transistors and the development of logical modules for achieving basic logic 
gate functions through a microfluidic setup will be also presented. 

 
Bisensitive IPN hydrogel in 4 different swelling states depending on the stimuli. 



POLY 28: Mechanochemical kinetics in elastomeric polymer networks: 
Heterogeneity of local forces results in nonexponential kinetics 

Dmitrii E. Makarov, makarov@mail.cm.utexas.edu, Ramesh Adhikari. University of 
Texas, Austin, Texas, United States  

A common approach to inducing selective mechanochemical transformations relies on 
embedding the target molecules (called mechanophores) within elastomeric polymer 
networks. Mechanical properties of such elastomers can also be modulated through the 
mechanochemical response of the constituent polymer chains. The inherent 
randomness in the molecular structure of such materials leads to heterogeneity of the 
local forces exerted on individual mechanophores. We report on coarse-grained 
simulations used to study the force distributions within random elastomeric networks 
and show that those distributions are close to exponential regardless of the applied 
macroscopic load, entanglement effects and/or network parameters. Exponential form 
of the distribution allows one to completely characterize the mechanophore kinetics in 
terms of the mean value of the force. At the same time, heterogeneity of the local force 
affects the kinetics qualitatively: While a narrow force distribution around the mean 
would lead to exponential kinetics, exponential force distribution results in highly 
nonexponential kinetics, with a fast kinetic phase involving highly loaded molecules 
followed by a slow phase dominated by unloaded molecules. 

 

 
 
 

  



POLY 29: Inherentely strained macromolecules: From molecular tensile machines 
to dielectric actuators 

Sergei Sheiko, sergei@email.unc.edu. Chemistry, UNC Chapel Hill, Chapel Hill, North 
Carolina, United States  

 
Mechanical activation of chemical bonds is usually regulated by external forces. 
However, many molecules exhibit inherent strain of their chemical bonds and angles as 
a result of constraints imposed by covalent bonding. Particularly strong strains are 
generated in brush-like macromolecules due to steric repulsion of densely grafted side 
chains. In addition to the tension amplification, macromolecular architecture allows for 
accurate control of strain distribution, which enables focusing the internal mechanical 
tension to specific sections within individual macromolecules. In this case, chemically 
identical bonds in self-strained macromolecules become physically distinct since the 
difference in bond tension leads to the corresponding difference in the electronic 
structure and chemical reactivity of individual bonds within the same macromolecule. 
We outline different approaches to the design of strained macromolecules along with 
physical principles of tension management, including generation, amplification, and 
focusing of mechanical tension at specific chemical bonds. We also show that molecular 
bottlebrushes and combs can be used as building blocks for the construction of 
inherently strained polymer networks that eliminate electromechanical instability and 
enables freestanding electroactuation. Through accurate control of the degree of 
polymerization (DP) of the side chains, the DP of the spacer between neighboring 
sidechains, and DP of the bottlebrush network strand, we obtained effective actuation 
properties on par with commercial actuators with the advantage of lighter weight, lower 
voltage operation, and ease of fabrication, which open new opportunities in soft-matter 
robotics. 
 

  



POLY 30: Time-temperature superpostion to investigate yield in glassy polymers 
by atomistic simulation 

James Moller4, mollerjc@miamioh.edu, Rajiv J. Berry1, Timothy Breitzman2, Gary S. 
Kedziora3. (1) Materials & Manufacturing Directorate, Air Force Research Lab, Dayton, 
Ohio, United States (2) Air Force Research Laboratory, Wright Patterson AFB, Ohio, 
United States (3) Engility Corp, Dayton, Ohio, United States (4) Miami University, 
Oxford, Ohio, United States  

The time scales that can be simulated feasibly by molecular dynamics (MD) is typically 
short compared to time scales pertinent to larger-scale phenomena. For example, the 
strain rates required to provide significant mechanical deformation in MD are often 
greater than those that can be physically observed. It has been both postulated and 
demonstrated with experiments that the effective strain rate range can be extended by 
utilizing the equivalency that can exist among elevated temperature and extended time 
in many material systems. 
In this work, strain rate-temperature shifts were applied to shear yield results from MD 
simulations of glassy polymers. Eyring’s theory is used to infer the activation energies of 
flow subunits associated with the onset of yield. Auto-correlation functions for angles 
associated with specific parts of the molecular structure are used to identify relevant 
flow units. The formalism of Tobolsky is used to shift yield strength results. In particular, 
it is important to confirm that the simulated material is not only in the glassy state, but 
also that the strain rate is not so large that the alpha-beta transition has been crossed. 
Here, the results for the range of strain rate and temperature, when superposed, show 
evidence of such a transition. 

 

 
 
Time-temperature superposition results 

  



POLY 31: 3D printing of mechanoresponsive polymers 

Bo Cao1, bocao@uw.edu, Andrew Boydston2. (1) Chemistry, University of Washington , 
Seattle, Washington, United States (2) Chemistry, University of Washington, Seattle, 
Washington, United States  

A flex-activated mechanophore, oxanorbornadiene, which undergoes cycloreversion 
reaction upon activation, was successfully 3D printed via digital light processing (DLP) 
printing. This allows for a rapid and accurate way to incorporate these functionalized 
mechanophores into objects with desired geometries. These complex scaffolds with 
customized structures can be easily fabricated by DLP printing to release small 
molecules in response to external mechanical impetus. By taking advantage of this 
technique, we can print geometries that are capable of concentrating localized strain to 
trigger high activation efficiency of mechanophores, relating the mechanophore 
activation to the object geometries in macroscopic scale. 

 
 

 
 
 

  



POLY 32: Getting a Better Grip Underwater 

Ali N. Dhinojwala, ali4@uakron.edu. Univ of Akron, Akron, Ohio, United States  

Underwater adhesion and friction is controlled by the presence of confined water. One 
simple approach to judge the surface affinity of water is to measure water contact 
angles. One then expects that surfaces with higher water contact angles will show high 
underwater adhesion and friction (hydrophobic attraction). In contrast, surfaces with low 
water contact angles are expected to show low underwater adhesion and friction due to 
the presence of bound water. These results have been verified using force 
measurements (normal and shear) and using surface sensitive spectroscopy. Even 
though the trends are clear for the two extreme cases (high and low water contact 
angles), the transition between high and low underwater adhesion/friction as a function 
of contact angles is not known. I will present measurements of friction, adhesion, and 
surface sensitive spectroscopy on gradient surfaces with water contact angles ranging 
from complete wetting to around 110o. The optimum surfaces for maximizing 
underwater friction and adhesion will be discussed. The connection between the results 
on model synthetic surfaces and biological adhesives will be presented. 

  



POLY 33: Adhesion and debonding mechanisms of pressure sensitive adhesives 
under water 

Joelle Frechette1, jfrechette@jhu.edu, Carlos Barrios2, Preetika Karnal1. (1) Johns 
Hopkins University, Baltimore, Maryland, United States (2) 3M Corporation, Mineapolis, 
Minnesota, United States  

Various factors influence the performance of conventional (or some) acrylic pressure 
sensitive adhesives (PSAs) including intrinsic properties such as composition, molecular 
weight and degree of crosslinking. Moreover, extrinsic properties such as surface 
energy and roughness of the substrate have a significant influence on tack and peel 
adhesion. While it is well-known that the adhesion of acrylic PSAs decreases when 
exposed to water, the relationship between the molecular architecture and the 
mode/mechanisms for debonding under water is poorly characterized. In this study, we 
investigate the bonding and debonding of acrylic PSAs, based on 2-Ethylhexyl Acrylate-
co-Acrylic acid, in aqueous environments. In particular, we investigate how water affects 
the initial spreading dynamics on glass substrates. We also use a small-angle peel test 
to characterize how the initial features of crack formation and propagation are altered in 
aqueous environments. Throughout, we investigate the role of molecular weight and 
degree of crosslinking on the spreading dynamics and mechanisms of failure in water. 

 

 
 
 

  



POLY 34: Stimulus responsive bioinspired adhesives for finely tunable adhesion, 
mechanical, and optical properties 

Hoyong Chung, hchung@fsu.edu, Irawan Pramudya, Rimantas Slegeris, Minkyu Kim. 
Florida State University, Tallahassee, Florida, United States  

Bioinspired adhesive is often used to describe an adhesive that is synthesized from 
biological monomers and/or synthetic material to form a strong bond at universal 
interfaces. The presentation will discuss five different types of bioinspired adhesive are 
synthesized by thermally initiated radical polymerization and ring opening metathesis 
polymerization of norbornene containing macromonomers. The synthesized adhesive 
polymers contain various special functional groups such as anthracene for 
photosensitive crosslinking/adhesion strength control, polyhedral oligomeric 
silsesquioxane (POSS) to enhance mechanical/optical properties, nitrobenzene for 
adhesion degradation, and azide for controlled crosslinking/mechanical properties. 
Overall, the talk will present comprehensive synthetic routes toward five adhesive 
polymers and their functional group - property relationships. 

 

 
 
 

  



POLY 35: Bioinspired supramolecular polymers for tissue sealing 

Diederik Balkenende, dirkb@berkeley.edu, Phillip B. Messersmith. Materials Science 
and Engineering, University of California, Berkeley, Berkeley, California, United States  

Pregnancy and birth are universally the most wonderful events in people’s lives, 
however in some cases surgery of the unborn child may be necessary to permit a 
healthy future into our world. To perform surgery, pediatric surgeons have to puncture 
the fragile amniotic sac during operation. Unfortunately, an absence of viable adhesive 
materials to heal or seal the amniotic sac post-surgery often results in preterm birth due 
to leakage of essential amniotic fluids and complete fracture of the amniotic sac. 
Because fetal surgery is usually performed early in gestation, preterm birth results in a 
low survival rate and therefore directly limits significant health benefits. Surprisingly, two 
decades of active investigation into commercial and novel sealants did not yield 
satisfying solutions. Inspired by the adhesive strength of Mytilus californianus in wet 
environments we developed a new (injectable) polymeric material based on orthogonal 
chemistries that results in tissue-like elastic properties, high toughness and excellent 
wet tissue adhesion (see image). Our work demonstrates that orthogonal 
supramolecular polymers are an attractive approach to tissue adhesives. Initial results 
showed that this novel polymeric sealant has high adhesive strength to bovine 
pericardium tissue compared to (commercial) medical sealants. To test the feasibility as 
fetal tissue sealant we plan experiments to determine the adhesive strength towards 
amniotic tissue. This work can easily be extended to other areas of medical adhesives 
through incremental changes to the (supramolecular) functional motifs and core 
monomers. 

 

 
 
 

  



POLY 36: Graphene goniometry 

Chao Sun1,2, chao.sun@northwestern.edu, Marc Miskin3,4, Paul McEuen5,6, William 
Dichtel7,2. (1) Chemistry, Northwestern University, Evanston, Illinois, United States (2) 
Chemistry and chemical biology, Cornell University, Ithaca, New York, United States (3) 
Laboratory of Atomic and Solid State Physics, Cornell University, Ithaca, New York, 
United States (4) Kavli Institue for Nanoscale Science, Cornell University, Ithaca, New 
York, United States  

Contact angle goniometry is widely used to probe the van der Waals interactions 
governing wetting. Graphene exhibits extraordinary flexibility and laminates surfaces 
with liquid-like characteristics, but there lacks a similar method for studying such van 
der Waals interactions governing the interface between graphene and substrates. Here 
we report a simple and accurate probing technique for graphene adhesion mimicking 
contact angle goniometry. We measure the advancing and receding mechanics of 
graphene adhesion using in situ fabricated graphene force sensors. These 
measurements reveal nuanced supramolecular adhesion mechanics involved in 
breaking and forming the van der Waals interface between a 2D polymer and self-
assembled monolayers. These results demonstrate a straightforward goniometric 
method for probing surface interactions governing thin film lamination and open up 
opportunities for manipulating the adhesion mechanics of 2D atomic membranes using 
supramolecular mechanisms. 

 
A complete delamination and re-lamination cycle of graphene tested by a graphene micro-
goniometer. 



POLY 37: Durable gels with ultra-low adhesion to ice 

Darryl Beemer, Wei Wang, Arun Kota, arun.kota@colostate.edu. Colorado State 
University, Fort Collins, Colorado, United States  

In this work, building on the principles of adhesion mechanics, we developed novel 
inexpensive, environmentally benign, non-corrosive PDMS gels that offer ultra-low 
adhesion to ice as well as good mechanical durability. We elucidated the mechanism of 
separation of ice from our PDMS gels via separation pulses. We envision that our 
durable PDMS gels with ultra-low ice adhesion strength as well as the improved 
understanding of the separation mechanism will enable universal deicing design 
strategies in aviation, maritime, power, automotive, and energy sectors.  

  



POLY 38: Self-lubricating organogels: SLUGs showing beyond biological surface 
wettability 

Atsushi Hozumi, a.hozumi@aist.go.jp, Liming Wang, Tomoya Sato, Chihiro Urata, 
Matt England. AIST, Nagoya, Japan  

 
In this study, we introduce novel functional coatings, which have named “Self-lubricating 
organogels (SLUGs)” , showing beyond biological surface wettability. SLUGs were 
prepared based on a cross-linking reaction of 2 types of polydimethylsiloxane (PDMS) 
with a Pt catalyst, and several organic guest fluids. When compatibility between the low-
surface-tension guest fluids and PDMS matrixes is decreased beyond a certain critical 
point, the guest liquids begin to gradually leach out to the outermost SLUG surfaces. By 
taking advantage of the syneresis behavior of these guest fluids, we can successfully 
achieve various dynamic/durable surface functionalities, similar or beyond those of 
living surfaces. 
For example, viscous emulsions can flow on the surface of our SLUG more freely than 
those on a non-syneretic organogel surface (images A and B). For anti-icing/snow 
applications, we can tune the syneresis temperature to achieve reversible thermo-
responsive properties. In this case, the syneresis gradually begins as the temperature is 
cooled below 0 °C, and the syneresis fluids returns back into SLUGs again by heating it 
to room temperature. Thanks to this smart thermo-responsive property, an ice-pillar or 
snow on SLUGs below 0 °C can easily slide off without any external force (image C). 
Moreover, we can successfully demonstrate regeneration of superhydrophobicity using 
n-octadecyltrichlorosilane or proryltrichlorosilane as an active guest fluid (images D and 
E). Some of the samples can survive even after 24 hours air-plasma/172 nm-vacuum 
UV light exposure. Our SLUGs undoubtedly show great potential for applications in 
dynamic, multifunctional, and self-healing coatings and have possibilities beyond those 
of biological surfaces. 

 
Various surface functionalities of SLUGs 



POLY 39: Designing durable icephobic surfaces 

Anish Tuteja, atuteja@umich.edu. Mat Sci Eng HH Dow Bldg, University of Michigan, 
Ann Arbor, Michigan, United States  

Ice accretion has a negative impact on critical infrastructure, as well as a range of 
commercial and residential activities. Icephobic surfaces are defined by an ice adhesion 
strength tice < 100 kPa. However, the passive removal of ice requires much lower values 
of tice, such as on airplane wings or power lines (tice < 20 kPa). Such low tice values are 
scarcely reported, and robust coatings that maintain these low values have not been 
reported previously. Here we show that, irrespective of material chemistry, by tailoring 
the crosslink density of different elastomeric coatings, and by enabling interfacial 
slippage, it is possible to systematically design coatings with extremely low ice-adhesion 
(tice < 0.2 kPa). These newfound mechanisms allow for the rational design of icephobic 
coatings with virtually any desired ice adhesion strength. By utilizing these mechanisms, 
we fabricate extremely durable coatings that maintain tice < 10 kPa after severe 
mechanical abrasion, acid/base exposure, 100 icing/de-icing cycles, thermal cycling, 
accelerated corrosion, and exposure to Michigan wintery conditions over several 
months. 

  



POLY 40: Dependence of thickness and cure temperature on peak removal 
energy for ice on Pt-cured PDMS coatings 

Sithara Nair2, nairss@vcu.edu, Kenneth J. Wynne1. (1) VCU Dept of Chem Engr, 
Richmond, Virginia, United States (2) Chemical and Life Science Engineering, Virginia 
Commonwealth University, Richmond, Virginia, United States  

Ice buildup on structures leads to several issues including reduced performance, 
structural damage, and power outages. To the degree possible, it is important to limit 
ice buildup and the energy required for removal. Understanding the mechanism of ice 
adhesion and dependence on variables including temperature, coating stiffness and 
surface morphology is key to minimizing adhesion. The thermodynamic work of ice 
adhesion wa is related to the receding contact angle θR of water by the equation wa ≈ 

γw(1+cos θR), where γw is the surface energy of water. Considering an elastomeric 
substrate and ice as a rigid cylindrical adherent, the Kendall model equates peak 
removal force (Pc) with work of adhesion (wa), modulus (K), thickness (t), and radius (a) 
by the equation Pc ∝ πa2(2waK/t)1/2. Hydrophobic materials, with low surface energy 
generally show low adhesion. Hence we chose to investigate the force required to 
remove an ice cylinder from a commercially available PDMS system (Sylgard 184) by 
focusing on two variables: coating thickness and cure temperature. We have previously 
established the dependence of θR on cure temperature of Sylgard 184. Here we report 
the tradeoff between coating thickness and θR by measuring Pc. Additionally, we 
examine the effects of test temperature on ice adhesion strength. 

 
 
A representative force vs. distance curve for a 16 µm thick Sylgard 184 coating on a glass slide 
cured at 100 °C 



POLY 41: Metal-containing ionic liquid-based, uncharged-charged diblock 
copolymers that form ordered, phase-separated microstructures and reversibly 
coordinate small protic molecules 

Douglas L. Gin1,2, gin@spot.colorado.edu, Zhangxing Shi1, Alyssa W. May3, Yuki 
Kohno2, Travis S. Bailey4,3. (1) Dept. of Chemistry & Biochemistry, University of 
Colorado, Boulder, Colorado, United States (2) Dept. of Chemical & Biological 
Engineering, University of Colorado, Boulder, Colorado, United States (3) Dept. of 
Chemistry, Colorado State University, Fort Collins, Colorado, United States (4) Dept. of 
Chemical & Biological Engineering, Colorado State University, Fort Collins, Colorado, 
United States  

A metal-containing ionic liquid (MCIL)-based, uncharged-charged block copolymer 
(BCP) platform is presented that exhibits periodic, phase-separated microstructures in 
the neat state and reversibly coordinates protic small molecules with an accompanying 
color change. This MCIL-based BCP system was made by sequential RAFT 
polymerization of first butyl methacrylate and then a styrenic phosphonium IL monomer 
with a cobalt(II) bis(salicylate) anion. Short BCPs of this system ranging from 35-b-35 to 
60-b-10 (uncharged-b-charged block ratios) show a range of ordered nanostructures 
(including lamellar (LAM), columnar hexagonal (HEX), and gyroid (GYR) by small-angle 
X-ray scattering after annealing in their neat states. These MCIL-based BCPs were also 
found to reversibly coordinate to H2O and small alcohols in their vapor form with a 
noticeable color change. The design, synthesis, and morphological behavior of these 
new MCIL-based BCPs will be discussed, as well the effect of reversible protic solvent 
coordination on their solid-state morphologies. 

 

 



POLY 42: Energy storage for controlled/living radical polymerization 

Sivaprakash Shanmugam, Cyrille Boyer, cboyer@unsw.edu.au. Chemical 
Engineering, UNSW Sydney, Sydney, New South Wales, Australia  

Photopolymerization systems for controlled/living radical polymerization (CLRP) have 
often been dependent on continuous irradiation to sustain radical production. Although 
this approach offers an opportunity to impose spatial and temporal control, it remains an 
energy inefficient process. As energy storage for CLRP remains an unexplored area in 
polymer chemistry, it may provide an opportunity for designing energy efficient 
polymerization. In this talk, we present a novel energy storage system which could 
mediate a CLRP using a very short exposition to visible light. The highlight of this 
system stems from the fact that irradiation as brief as 5 min allows storage of enough 
energy to perform continuous polymerization to reach high monomer conversions in the 
dark. In addition, these aqueous polymerizations do not require nitrogen purging as 
oxygen is required. Interestingly, the amount of oxygen present in the reaction mixture 
affects the rate of polymerization as a low concentration of oxygen results in slow 
polymerization rate. The system was found to be robust and versatile as it is able to 
accommodate different monomer families (acrylate, acrylamide, and methacrylate) and 
RAFT agents (dithiobenzoates and trithiocarbonates). Finally, this approach can help to 
solve one of the major limitations of photopolymerization pertaining to light penetration. 

 

 
 
The figure displays an efficient energy storage system for controlled/living radical 
polymerization. The system is activated under a short exposition to visible light. Subsequently, 
the polymerization can continue in the absence of light to reach full monomer conversion. 

  



POLY 43: Cyclodextrin polymer networks for water purification 

William Dichtel, wdichtel@northwestern.edu. Chemistry, Northwestern University, 
Evanston, Illinois, United States  

Porous polymers based on beta-cyclodextrin and rigid aromatic crosslinkers sequester 
trace organic pollutants from contaminated water streams with outstanding kinetics and 
uptake comparable to activated carbons. They may also be regenerated and reused 
under mild conditions and are less prone to fouling by natural organic matter. The 
synthesis of cyclodextrin-based polymers and their performance in removing a mixture 
of up to 83 pollutants under environmentally relevant scenarios will be presented. The 
opportunity to tailor the polymer structure to target perfluorinated compounds will also 
be described. 

 

 
 
 

  



POLY 44: Free-volume for enhanced ion conducting in polymer membranes 

Timothy M. Swager1, tswager@mit.edu, Lionel Moh2, Yoonseob Kim2. (1) MIT, 
Cambridge, Massachusetts, United States (2) NE47-465, MIT, Cambridge, 
Massachusetts, United States  

New membrane materials that make use of triptycene groups to produce internal free-
volume will be presented. Detailed transport and structure property studies will be 
presented that demonstrate that designed amounts of free volume can be used to 
create materials with improved ion conductivity. In particular materials that can behave 
as superior proton conductors at low hydration levels will be presented as well as new 
compositions for hydroxide ion conduction. New membrane designs can be used to 
create more efficient fuel cells capable of higher power output. 

 

 
 
 

  



POLY 45: Controlling chemoselectivity, stereoselectivity and topology in 
coordination polymerization of multifunctional acrylic and heterocyclic 
monomers 

Eugene Y. Chen, eugene.chen@colostate.edu. Colorado State University, Fort Collins, 
Colorado, United States  

Controlled polymerization methods often emphasize the capacity to effect a living 
polymerization process so that the polymer chain structure, especially the polymer 
molecular weight, molecular weight distribution and end groups, can be readily 
controlled. Although living polymerization methods are common nowadays, a precision 
polymer synthesis method that is not only living but also chemoselective and 
stereoselective is rare. Such an advanced precision polymer synthesis method is 
especially desirable for multifunctional vinyl and heterocyclic monomers, as it can 
simultaneously control the polymer architecture, functionality, and microstructure during 
such polymer synthesis, thus producing novel polymer structures inaccessible by other 
methods. In this context, this presentation will describe our recent and on-going efforts 
to develop various controlled coordination polymerization methods for polymerizing 
multifunctional linear and cyclic acrylic monomers and utilize them to construct robust 
crosslinked supramolecular stereocomplexes and sustainable polymers with complete 
recyclability. 

 

 
 
 



POLY 46: Visible light photoredox catalysts for organocatalyzed atom transfer 
radical polymerization 

Garret Miyake, garret.miyake@colorado.edu. University of Colorado Boulder, Boulder, 
Colorado, United States  

A further mechanistic understanding of organocatalyzed atom transfer radical 
polymerization using visible light photoredox catalysts has enabled the development of 
more efficient catalysts. Recent insights into catalyst design and their ability to 
synthesize well-defined polymers will be discussed. 

 

 
 
 

  



POLY 47: Polymer Opportunities Across NSF 

Andrew J. Lovinger, 30704547@acs.org. Division of Materials Research, National 
Science Foundation, Arlington, Virginia, United States  

This talk will address opportunities for polymer research at the National Science 
Foundation. While the Polymers Program in the Division of Materials Research remains 
the primary resource for enabling polymer research, there are many other programs in 
various divisions that fund significant numbers of polymer-related projects. These are 
mainly the Division of Materials Research (DMR), the Division of Chemistry (CHE), the 
Division of Chemical, Bioengineering, Environmental, and Transport Systems (CBET), 
and the Division of Civil, Mechanical, and Manufacturing Innovation (CMMI). Topical 
areas that are appropriate for each division and program will be described. 
 
The presentation will continue with discussion of recent trends in proposal submission 
and funding. A substantial part of the presentation will also address the coordination 
with other federal agencies and the three decadal-type workshops in polymer science 
and engineering sponsored by NSF and its federal counterparts. The latest one took 
place last year, was co-sponsored by AFRL/AFOSR, ARO, DOE/BES, FDA, NIST, and 
ONR, and organized by an external committee chaired by Prof. Frank S. Bates 
(University of Minnesota). Its report is being finalized. 
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POLY 48: Polymer research funding opportunities in the Division of Chemistry at 
the National Science Foundation 

Timothy E. Patten, nanotim2001@yahoo.com. National Science Foundation, Arlington, 
Virginia, United States  

The National Science Foundation (NSF) supports a wide range of research and 
education activities in polymer science and engineering through programs in multiple 
divisions and research directorates: primarily the Division of Chemistry (CHE), the 
Division of Materials Research (DMR), the Division of Chemical, Bioengineering, 
Environmental, and Transport Systems (CBET), and the Division of Civil, Mechanical, 
and Manufacturing Innovation (CMMI). CHE supports the subset of fundamental 
polymer science research encompassing novel chemistry of macromolecules and their 
complex structures, and the majority of polymer chemistry research in CHE is supported 
through the Macromolecular, Supramolecular and Nanochemistry Program (MSN) and 
the Chemical Catalysis Program (CAT). MSN supports fundamental chemical research 
into macromolecular synthesis, chemical modification and chemical properties, while 
CAT supports the development and study of new catalysts for polymerization and 
macromolecule modification. Mechanisms of support within CHE of interest to the 
polymer chemist will be presented as well as cross-foundation programs of relevance. 

 

 
 
 

  



POLY 49: Advancing technology through measurement science: The National 
Institute of Standards and Technology 

Eric K. Lin, eric.lin@nist.gov. Materials Science and Engineering Division, NIST, 
Gaithersburg, Maryland, United States  

The advancement of many important technologies for economic growth in the United 
States is dependent upon the availability of the technical infrastructure. For example, 
the spectacular success in the transformation of semiconductor technology into an 
industry was aided by technical developments in electron microscopy, advanced 
electrical measurements, and lithographic process control. The mission of the National 
Institute of Standards and Technology (NIST) is to promote U.S. innovation and 
industrial competitiveness by advancing measurement science, standards, and 
technology in ways that enhance economic security and improve our quality of life. NIST 
has a broad range of materials science activities that span topics from the Materials 
Genome Initiative to Advanced Manufacturing. This presentation will provide an 
overview of ongoing programs and priorities in materials science, including flexible 
electronics, directed self-assembly for advanced lithography, and membranes for clean 
water. Opportunities to engage with NIST will also be described including the nSoft 
consortium and activities under the Materials Genome Initiative. 

 

 
 
 

  



POLY 50: Polymers in aerospace applications 

Emilie J. Siochi, ejsiochi@cox.net. Advanced Materials & Processing Branch, NASA 
Langley Research Center, Newport News, Virginia, United States  

Polymers are employed in many of the most challenging problems in aerospace 
applications because of their tailorability. Some of the recent advances in aerospace 
use-driven polymer and composite development will be highlighted in this talk. These 
will include overviews of the development of high strength nanocomposites for 
lightweight structures, self-healing materials, engineered surfaces, and 3D printing of 
nanocomposites. The topics will be discussed in the context of materials research 
performed to support specific applications for which success was evaluated with the 
fabrication of a prototype part tested under conditions that simulate their use. 

 
 
 



POLY 51: Advanced materials for space exploration: Opportunities and progress 

Michael A. Meador, michael.a.meador@nasa.gov. MS 49 3, NASA Glenn Research 
Center, Cleveland, Ohio, United States  

Future long duration space exploration missions will require vehicles and systems that 
are lighter in weight, more durable, and more efficient than those available today. The 
Space Technology Mission Directorate is focused on meeting these challenges through 
a combination of grants, contracts, and intramural activities that span the gamut from 
concept development to technology demonstration. This presentation will highlight some 
of the challenges and needs in advanced materials and discuss some examples of 
recent progress with a focus on polymers, composites, and nanoscale materials. 

  



POLY 52: Regulatory science within US Food and Drug Administration 
 
Dinesh V. Patwardhan, dinesh.patwardhan@fda.hhs.gov. Food Drug Administration, 
Silver Spring, Maryland, United States  
 
Regulatory science within FDA is defined as the science of developing new tools, 
standards, and approaches to assess the safety, efficacy, quality, and performance of 
all FDA-regulated products. Regulatory science can also be viewed as a mechanism to 
reduce the potential gap between scientific discovery and their translation into 
innovative medical products or medical devices. One noteworthy aspect is that 
regulatory scientist within FDA cannot develop new medical devices. 
Office of Science and Engineering Laboratories (OSEL), one of the offices within 
CDRH, and is primary Office where regulatory science is organized and conducted 
within CDRH. OSEL is organized by scientific disciplines into four Divisions i.e. a) 
Division of Applied Mechanics, b) Division of Biology, Chemistry and Material Science, 
c) Division of Biomedical Physics, and d) Division of Imaging, Diagnostics, Software 
Reliability. As a result OSEL is able to respond to emerging and evolving regulatory 
science challenges in a nimble and efficient manner. 
 
FDA does not regulate constituent materials or polymers (henceforth referred to as 
“materials”); but regulates finished medical devices. This nomenclature is very 
important; because sometime we come across phrase such as “FDA approved 
polymers”; which is inaccurate. 
The presentation will highlight crosscutting areas e.g. biocompatibility (approximately 
defined as medical device material-tissue interface), and materials performance in 
context of medical devices. The presentation will also highlight other crosscutting areas 
such as nanotechnology, computational modeling, and toxicology and how they can 
intersect medical devices. 
 
Apart from direct contributions, materials and the expertise can also make an indirect 
contribution to regulatory science of medical devices. There are areas such as blood 
damage for blood contacting devices and long-term reliability of neural interface, in 
which underlying materials may have significant impact on ultimate device properties. 
Material expertise can also be used to fabricate phantoms or surrogates, which can help 
in effective regulation of some devices which are used in imaging modalities. 
The presentation will also highlight the need of collaboration between federal agencies 
to address common challenges, and benefiting all agencies involved. 
  



POLY 53: Perspectives on the USDA and its research portfolio 

H.N. Cheng, hncheng100@gmail.com, Thomas Klasson. Southern Regional Research 
Center, USDA Agricultural Research Service, New Orleans, Louisiana, United States  

The Agricultural Research Service (ARS) is the U.S. Department of Agriculture's chief 
scientific in-house research agency. It endeavors to find solutions to agricultural 
problems that affect Americans every day from field to consumers. Currently it has 690 
research projects within 17 National Programs, 2,000 scientists and postdocs, 90+ 
research locations, including overseas laboratories, and about $1 billion fiscal year 
budget. Its major goals are to 1) Ensure high-quality, safe food, and other agricultural 
products; 2) Assess the nutritional needs of Americans; 3) Sustain a competitive 
agricultural economy; 4) Enhance the natural resource base and the environment; 5) 
Provide economic opportunities for rural citizens, communities, and society as a whole; 
and 6) Provide the infrastructure necessary to create and maintain a diversified 
workplace. To achieve these goals, the agency identifies critical problems affecting 
American agriculture, mobilizes resources, fosters multi-disciplinary research, links 
research to program and policy objectives, and interacts with customers, stakeholders, 
partners, and beneficiaries to insure program relevancy. 
 
In this talk, an overview will be provided of ARS research portfolio, and selected 
examples given of programs with particular relevance to polymer science and 
engineering. 

 
 
Figure 1. Selected opportunities for agriculture research & development from field to consumers 
 



POLY 54: Synthesis and characterization of isocyanate-free polyureas 

Joseph M. Dennis, Limor I. Steinberg, Allison Pekkanen, Maruti Hegde, Timothy E. 
Long, telong@vt.edu. Department of Chemistry, Macromolecules Innovation Institute, 
Virginia Tech, Blacksburg, Virginia, United States  

Traditional nitrogen fertilizers, such as urea, are inefficient and harmful to the 
environment due to runoff, nitrate leaching, ammonia volatilization, and nitrous oxide 
emissions. Current controlled-release nitrogen fertilizers that utilize polymer-coated urea 
granules (PCUs) demonstrate excellent controlled-release properties, increasing 
fertilizer efficiency. However, the high cost and poor biodegradability of PCUs limits their 
commercialization. Introducing hydrogen bonding moieties (e.g. urea) results in high 
mechanical strength, while promoting biodegradability. Melt polymerization of polyureas, 
without the use of isocyanates, is economical and afforded high molecular weight 
polymers that are semi-crystalline and optically transparent. Incorporation of biosourced 
monomers into polyureas increased biocompatibility without compromising on 
mechanical properties. Various analytical techniques including TGA, DMA, and DSC 
identified these polyureas as tough thermoplastics, and compression molding provided 
insight into melt processability. Finally, the use of biosourced polyureas as fertilizers 
capitalizes on natural soil enzymes which readily hydrolyze polyureas to yield a 
feedstock of nitrogen. 

 
 
 



POLY 55: Second-generation studies of precisely designed polymer membranes 
for use in water purification and desalination 

Amanda R. Corcos1, amanda.corcos@northwestern.edu, Michio Matsumoto1, Lauren 
Valentino2, Benito J. Marinas2, William Dichtel1. (1) Northwestern University, Evanston, 
Illinois, United States (2) Civil and Environmental Engineering, University of Illinois at 
Urbana/Champaign, Urbana, Illinois, United States  

A relatively new class of polymers, covalent organic frameworks (COFs), offers great 
promise for controlling the porosity and composition of membranes at the molecular 
level. COFs are periodic 2D or 3D polymer networks whose dimensionality and 
composition are set by the shape of their building blocks, and the 2D variants assemble 
into layered structures with vertically aligned pores ranging from 1-4 nm. However, 
COFs are typically prepared as improcessable microcrystalline powders, which prevents 
their incorporation into membranes. We recently developed a robust interfacial 
polymerization (IP) method for the formation of imine COF thin films, and the reaction 
conditions can be modified to precisely control film thickness and obtain arbitrarily large 
surface area. We subsequently incorporated these first-generation films into composite 
NF membranes that reject a model organic compound and salt. This was the first 
successful trial of a COF NF membrane to enhance organic material and salt rejection 
in water purification and desalination studies. Current second-generation studies of this 
system will be presented here and include rationally varying the membrane composition 
to improve their performance by forming films with smaller actual or effective pore sizes 
and different linkages to enhance solute rejection. 

 

 
 
 

  



POLY 56: Studying permselectivity of desalination membranes using 
electrochemical impedance spectroscopy 

Devin L. Shaffer2, devin.shaffer@nist.gov, Kathleen E. Feldman2, Edwin Chan2, Gery 
R. Stafford2, Christopher M. Stafford1,2. (1) NIST, Gaithersburg, Maryland, United States 
(2) Materials Science and Engineering Division, National Institute of Standards and 
Technology, Gaithersburg, Maryland, United States  

Desalination processes operate at the nexus of food, energy, and water systems by 
producing new, climate-resilient water supplies to meet growing demands and by 
creating water reuse opportunities from sources, such as agricultural drainage water, 
that are typically managed as waste streams. Membrane desalination is the most widely 
used desalination technology because of its relative energy efficiency. Expanding the 
applications of membrane desalination requires further improvements in separation 
performance, and associated reductions in energy consumption, for the thin-film 
composite polymeric membranes that are the industry standard. Our research seeks to 
develop better-performing membranes by establishing structure-property relationships 
to guide membrane design. We used electrochemical impedance spectroscopy to study 
the permselectivity of polyamide membrane selective layers. An equivalent circuit was 
established to model the impedance response of thin polyamide films in electrolyte 
solutions. The resistive and capacitive behavior of the polyamide films provides insight 
into the intrinsic solute permeability of polyamide and its sorptive and diffusive 
components. 

 
 
 



POLY 57: High performance polyamide thin film composite (PA-TFC) desalination 
membranes modified by zwitterionic silanes 
Selda Erkoc Ilter1, erkocs@sabanciuniv.edu, Jalal Sharabati3, Farzin 
Saffarimiandoab3, Serkan Guclu3, Derya Yuksel Imer3, Ismail Koyuncu3, Serkan Unal2, 
Yusuf Z. Menceloglu1,2. (1) Faculty of Engineering Natural Sciences, Sabanci University, 
Istanbul, Turkey (2) Nanotechnology Research and Application Center, Sabanci 
University, Istanbul, Turkey (3) Environmental Engineering, Istanbul Technical 
University, Istanbul, Turkey  
Zwitterionic trialkoxysilane compounds were synthesized and used for the modification 
of PA-TFC reverse osmosis (RO) desalination membranes in order to enhance their 
performance. The essential of modification is simply based on sol-gel condensation 
reactions of zwitterionic trialkoxysilanes which were synthesized by the reaction of tert-
amine functional trialkoxysilanes and sultones. The membranes were modified by two 
different methods. In the first one, commercial composite RO membranes (Hydranautics 
SWC5 40) were coated by zwitterionic silane coupling agents in water at three different 
concentrations: 1.0, 1.5, and 2.0% (w/v). In the second one, zwitterionic silane 
compounds were used in the preparation of polyamide active layer of TFC membranes 
via interfacial polymerization (IP). The silane monomer (SPPT) was added to aqueous 
m-phenylenediamine (MPD) solution at different concentrations (5%, 10%, 25%, 50%, 
75% and 100% of MPD) in order to create interpenetrating polysiloxane-polyamide 
network during interfacial polymerization on polysulfone support layer (Figure 1). 
Surface characterization and composition analyses of modified membranes were 
performed by SEM, XPS, water contact angle (WCA) and zeta potantial measurements. 
Membrane performances were evaluated by permeability, salt rejection and organic 
fouling tests. Significant improvements on performances were observed. Figure 2 
shows the flux and salt rejection changes of modified membranes by interfacial 
polymerization. Compared to the control membrane, water flux increased from 25.3 to 
33.4 L.m-2.h-1 without loss of salt rejection. 

 
Figure 1. In situ zwitterionization by the incorporation of zwitterionic silane (SPPT) into the 
polyamide network of TFC membrane. 

 
Figure 2. All averaged performance results (32 g/L NaCl; 55 bar; 25 oC). 



POLY 58: Biopolyesters with triggered degradation for agricultural controlled 
release applications 

Margaret J. Sobkowicz3, sobko100@hotmail.com, Siwen Bi1, Bin Tan2. (1) UMass 
Lowell, Lowell, Massachusetts, United States (2) Plastics Engineering, University of 
Massachusetts Lowell, Lowell, Massachusetts, United States (3) Plastics Engineering 
Department, University of Massachusetts Lowell, Lowell, Massachusetts, United States  

A series of biobased and biodegradable copolyesters suitable for controlled release of 
agricultural and environmental active agents were synthesized and characterized in this 
work. Controlling the polymer crystallinity, hydrophobicity and surface area resulted in 
tailored degradation and release rates. The set of compositionally variant copolyesters 
were composed of 1,4-butanediol 1,6-hexamethylene diol, succinic acid and other 
biobased monomers, and their degradation was studied in lipase solution. The kinetics 
of degradation were modeled depending on the lipase concentration, crystallinity and 
thermal properties of the copolymers. The chemical structure, thermal properties and 
crystallization behaviors of these polymers were characterized using nuclear magnetic 
resonance (NMR), differential scanning calorimetry (DSC) and wide-angle X-ray 
diffraction (WAXD), respectively. Through variation of the polymer architecture, steady 
degradation rates up to 5 wt% per day were achieved. Techniques for loading the 
copolyesters with agricultural fertilizers were also explored including solution mixing, 
melt compounding and encapsulation. The ability of lipase-catalyzed degradation to 
tune the release of active compounds was quantified through phosphate assay. This 
work has the potential to achieve more targeted delivery of nutrients and other essential 
chemicals and prevent environmentally deleterious overdosing and runoff. 

 
 
 



POLY 59: Sequestering PFOA at environmentally relevant concentrations by a β-
cyclodextrin polymer network 

Leilei Xiao2,3, lx93@cornell.edu, Yuhan Ling1, Alaaeddin Alsbaiee2, Chenjun Li 1, 
Damian Helbling1, William Dichtel4,2. (1) Civil and Environmental Engineering, Cornell 
University, Ithaca, New York, United States (2) Dept of Chemistry Chemical Biology, 
Cornell University, Ithaca, New York, United States (3) Northwestern University, 
Evanston, Illinois, United States  

Perfluorooctanoic acid (PFOA) is a perfluorinated alkyl substances (PFASs) that 
contaminates many ground and surface waters. The limitations of current remediation 
methods motivate efforts to develop effective adsorbents. We developed a β-
cyclodextrin (β-CD)-based polymer network DFB-CDP that binds PFOA with more than 
ten-fold affinity with respect to granular activated carbon (GAC). Modest amounts of the 
polymer (10 mg L-1) reduce PFOA from environmentally relevant concentration 1 μg L-1, 
to <10 ng L-1, well below the 2016 US EPA advisory level (70 ng L-1). This polymer 
could also be regenerated multiple times by mild wash with MeOH. These results make 
DFB-CDP a promising adsorbent for treating PFOA-contaminated water. 

 

 
 
 



POLY 60: Quantification of oxidation of thermally- and photochemically aged 
polymeric materials under simulated advanced environmental degradation 

Melissa A. Maurer-Jones1, maujones@d.umn.edu, Elizabeth Hill3, Brian Hinderliter2, 
Robert Duckworth4, Alexander Carlberg1, Tana O'Keefe1, Andrew Bosio1. (1) Chemistry 
and Biochemistry, University of Minnesota Duluth, Duluth, Minnesota, United States (2) 
Mechanical and Industrial Engineering, University of Minnesota Duluth, Duluth, 
Minnesota, United States (3) Chemical Engineering, University of Minnesota Duluth, 
Duluth, Minnesota, United States (4) Oak Ridge National Lab, Oak Ridge, Tennessee, 
United States  

At the food-water-energy nexus, advanced materials will play a critical role. However, it 
is evident from plastics that are currently found in a variety of environmental 
compartments, either intentionally utilized (insulations/coatings) or unintentionally 
discarded (plastic pollution), these materials will break down in the environment causing 
unintended consequences such as failure of power cabling or microplastic formation. 
The goal of this work was to quantify oxidation in thermally and photochemically aged 
polyethylene and polypropylene samples that have been subjected to advanced ageing 
in Parr reactors. Oxidation was quantified with ATR-FTIR, and increased oxidation was 
observed as evidenced by the increased signal of carbonyl bands (~1700 cm-1) with 
ageing. Total oxidation was quantified using a small-molecule dopant to generate 
calibration curves. The oxidation was correlated to changes in polymer physics 
behavior, including measurements of the resistivity with electrochemical impedance 
spectroscopy and thermal characteristics with disc scanning calorimetry. Through 
quantification of oxidation and correlation to changes of polymer physics properties, this 
work aims to develop a model for predicting degradation of plastics, which has 
implications for new polymer design. 

 
 
 



POLY 61: Photoinduced metal free strategies for atom transfer radical 
polymerization 

Gorkem Yilmaz, Ceren Kutahya, Andrit Allushi, Cansu Aydogan, Simal Aykac, Yusuf 
Yagci, yusuf@itu.edu.tr. Istanbul Technical Univ, Maslak Istanbul, Turkey  

Atom transfer radical polymerization (ATRP) has become the most generally 
investigated and utilized strategy in recent years due to its distinguished advantages 
over the other controlled/living radical polymerization methods. Despite these 
outstanding features, one major drawback associated with ATRP considers the 
requirement of low oxidation state copper salts (Cu(I), in general), which are vulnerable 
to oxidation. Therefore, traditionally very high concentration of copper complexes is 
used. To overcome these limitations numbers of strategies have been proposed to 
reduce the catalyst concentration required. 
However, the necessity of using Cu(X)/L catalysts still remains. Recently, phenothiazine 
derivatives, perylene, pyrene and diaryl dihydrophenazines as photoactivators in 
conjunction with alkyl halides have been shown to realize photo-initiated ATRP of 
various monomers in the absence of Cu catalysts. The radical formation step considers 
an oxidative quenching mechanism, where an electron is transferred from the excited 
state photoactivator (or photosensitizer) to the alkyl halide. 
Another strategy involves the application of conventional Type II photoinitiators and 
certain dyes in conjunction with amines as electron sources and alkyl halides as 
initiators. In this particular case, the mechanism of radical formation occurs by a 
reductive quenching mechanism. 
The introduction of metal-free strategies led possibilities to concurrently apply them for 
block copolymer syntheses. For example, Hadjichristids and his coworkers suggested a 
novel metal-free strategy polymerize cyclic esters like ε-caprolactone and L-lactide, 
using a superbase (Phosphazene base P2-t-Bu) recently. We have utilized a metal-free 
ATRP strategy together with Hadjichristidis’s strategy to obtain block copolymers in a 
one-shot manner. For this purpose, a specific molecule bearing tertiary-bromide and 
primary-hydroxyl functionalities and used this to simultaneously realize the 
polymerization of various vinyl monomers and ε-caprolactone concurrently. 

 



POLY 62: Exploiting light to push the limits of controlled radical polymerization 

R. N. Carmean2, Charles A. Figg1, Georg Scheutz3, Tomohiro Kubo4, Michael B. Sims2, 
Troy E. Becker2, Brent S. Sumerlin2, sumerlin@chem.ufl.edu. (1) University of Florida, 
Gainesville, Florida, United States (2) Department of Chemistry, University of Florida, 
Gainesville, Florida, United States (3) Chemistry, University of Florida, Gainesville, 
Florida, United States  

Relying solely on mild ultraviolet irradiation of thiocarbonylthio compounds in the 
presence of vinyl monomers, a new avenue to well-defined ultrahigh molecular weight 
(UHMW) polymers has been developed. Through the use of aqueous conditions, 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 reversible-deactivation radical 
polymerization. In many cases, well-defined UHMW polymers can be obtained in 
minutes. The utility of the technique is further demonstrated through the synthesis of 
block copolymers, enabling access to a new field of well-defined UHMW materials. 

 

 
 
 

 



POLY 63: Photoswitchable dual radical and cationic controlled/living 
polymerization for various comonomer sequence distributions 

Kotaro Satoh, satoh@apchem.nagoya-u.ac.jp. Nagoya University, Nagoya, Japan  

In this study, we investigated dual radical and cationic controlled/living copolymerization 
of vinyl ether (VE) with acrylates in the presence of a Lewis acid and radical generator 
including thermal azo-initiator and photoradical initiator. In this system, a vinyl ether-
type trithiocarbonate was employed as a RAFT reagent to control both radical and 
cationic polymerizations. The alternating radical RAFT copolymerization proceeded 
without the cationic homopolymerization of IBVE in the presence of weak and bulky 
aluminum Lewis acid, whereas interconvertible controlled/living copolymerization via 
dual radical and cationic species was induced using a strong Lewis acid such as metal 
halides to generate various comonomer sequence distributions, such as partitioned 
multiblock and tapered block copolymers, depending on the loading concentration of the 
Lewis acid. More importantly, photo-irradiation allows the interconvertible 
copolymerization switchable between the dual active species through the on-off 
experiment, which resulted in the introduction of functional groups at any point during 
the controlled/living copolymerization. The dual cationic and radical copolymerization 
process was also amenable to the other combination of the monomers, such as vinyl 
esters. 

 
 
 



POLY 64: Light-sensitive alkoxyamines: Applications in material science 

didier gigmes, didier.gigmes@univ-amu.fr. Aix-Marseille University, Marseille, France  

Light-sensitive alkoxyamines, i. e. alkoxyamine bearing a chromophoric group either on 
the nitroxide moiety or on the alkyl moiety, are interesting compounds to release the 
corresponding nitroxide and alkyl radical under irradiation. In this lecture we will present 
our latest results on the synthesis, study and use of light-sensitive alkoxyamines in the 
context of polymer material science. More particularly, a focus on Nitroxide Mediated 
Photopolymerization and the use of alkoxyamines for fabrication of functional micro- 
and nanopatterns with complex controlled structures obtained upon UV lamp irradiation 
and direct laser writing will be discussed. 

 
 

 
 
Preparation of different patterns using light-sensitive alkoxyamines and direct laser writing 

  



POLY 65: Light-mediated ATRP of semi-fluorinated (meth)acrylates: Facile access 
to functional materials 

Craig J. Hawker1, Athina Anastasaki2, ath.anastasaki@gmail.com. (1) Univ of 
California, Santa Barbara, California, United States (2) University of California, Santa 
Barbara, Coventry, United Kingdom  

A highly efficient photo-mediated atom transfer radical polymerization (ATRP) protocol 
is reported for semi-fluorinated acrylates and methacrylates. Use of a commercially 
available solvent, 2-trifluoromethyl-2-propanol, (TFMP) optimally balances monomer, 
polymer, and catalyst solubility while eliminating transesterification as a detrimental side 
re-action. In the presence of UV irradiation and ppm concentrations of copper (II) 
bromide and Me6-TREN (TREN = tris(2-aminoethyl amine)), semi-fluorinated 
monomers with side chains containing between three and 21 fluorine atoms readily 
polymerize under controlled conditions. The resulting polymers exhibit narrow molar 
mass distributions (PDI ≈ 1.1) and high end group fidelity, even at conversions greater 
than 95%. This level of control permits the in situ generation of chain end functional 
homo- and diblock copolymers, allowing facile access to semi-fluorinated 
macromolecules using a single methodology with unprecedented monomer scope. This 
increased synthetic availability is anticipated to create opportunities across a variety of 
fields that exploit fluorine-containing polymers for tailored bulk, interfacial, and solution 
properties. 

 

 
 
 



POLY 66: Photoinduced oxygen reduction for living dark polymerization 

Cyrille Boyer, cboyer@unsw.edu.au. Chemical Engineering, UNSW Sydney, Sydney, 
New South Wales, Australia  

ABSTRACT: We will present an efficient photopolymerization process capable to store 
light energy to carry polymerization in dark condition.Photopolymerization systems 
depend on continuous irradiation to sustain radical production, which allows spatial and 
temporal control. Such system presents some limitation as it remains an energy 
inefficient process. In this talk, we will explore an energy efficient polymerization 
capable to store light energy and slowly release this energy into the system by carrying 
a living polymerization. In this contribution, we propose a novel energy storage system 
where light energy can be efficiently stored. A brief period of visible light irradiation in 
the presence of photo-organocatalyst and ascorbic acid is transformed into a chemical 
energy. Upon ceasing irradiation, the polymerization continues in dark. The highlight of 
this system stems from the fact that irradiation as brief as 5 minutes allow storage of 
enough energy to perform a continuous polymerization to reach high monomer 
conversions in the dark. In addition, these aqueous polymerizations do not require 
nitrogen purging as oxygen is required. Interestingly the amount of oxygen present in 
the reaction mixture affects the rate of polymerization. The system was found to be 
robust and versatile as it is able to accommodate different monomer families (acrylate, 
acrylamide and methacrylate) and RAFT agents (dithiobenzoates and 
trithiocarbonates). Finally, this approach can help to solve one of the major limitations of 
photopolymerization pertaining to light penetration. 

 



POLY 67: Controlled radical polymerization of ethylene: RAFT versus TeRP 

Arne Wolpers1, Cédric Bergebit1, Yasuyuki Nakamura2, Shigeru Yamago2, Vincent 
MONTEIL1, Franck D'Agosto1, dagosto@lcpp.cpe.fr. (1) CNRS, University of Lyon, 
C2P2 CPE Lyon, Villeurbanne Cedex, France (2) Institute of Chemical Research, 
Kyoto, Japan  

Polyethylene (PE) is the most widely used plastic in the world with ethylene being the 
most important feedstock for the chemical industry. While the two main industrial 
processes to produce PE—namely catalytic coordination-insertion and radical 
polymerizations (RP)—can provide a variety of different materials, more complex 
macromolecular architectures are difficult to obtain. In this context, for example 
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. 
Reversible-deactivation radical polymerizations (RDRPs) are an excellent candidate to 
produce these materials. The conditions commonly used to effectively produce PE via 
RPs (>200 °C, >1000 bar) are considered too harsh for existing RDRP techniques. Our 
group presented the first successful RDRP of ethylene by using RAFT with xanthates. 
Good control over molar-mass (MM) was obtained with dispersities lower than 1.5 and 
MM consistently increasing during polymerization up to an average of 1500 g mol-1. On 
the downside, the inherently low stability of the propagating polyethylenyl radical led to 
a significant side reaction generating dead PE from the RAFT intermediate radical 
species (see Scheme) and thus decreasing the percentage of livingness and chain-end 
functionalization. 
The presented work follows these initial studies on RAFT of ethylene. New systems are 
shown to tackle the detrimental side reaction and to grant a higher extent of living and 
functionalized chains during polymerization. In addition, this way, higher-molar-mass PE 
is obtained more easily, potentially paving the way for the synthesis of more complex 
architectures including the above-mentioned block copolymers with polar vinyl 
monomers. 
Eventually, we recently show that TeRP is an excellent candidate to control the 
polymerization of ethylene under similar conditions. This technique will be compared to 
RAFT in this context. 

 

 
 
 



POLY 68: Electron spin resonance observation of radical polymerization 
processes with various time resolutions 

Atsushi Kajiwara, kajiwara@nara-edu.ac.jp. NARA Univ of Education, Nara, Japan  

Both structural and kinetic investigations of radicals in polymerizations have been 
conducted by ESR technique with various time resolutions. 
Step by step observation of propagation processes of radical polymerizations can be 
achieved by ESR technique with various time resolutions. Initiation step of first radical 
addition reaction can be detected exclusively by time-resolved ESR spectroscopy. 
Propagating radicals with long propagated chain under steady state are observed by 
steady-state ESR. Oligomerization to polymerization steps in between above two 
processes can be observed by single-pulse pulsed laser polymerization electron 
paramagnetic resonance (SP-PLP-EPR) spectroscopy. As shown in Figure 1, these 
three methods can observe different phase of radical polymerization processes based 
on different time-resolution. Radicals model different chain lengths corresponding to the 
different propagation steps can be generated separately from model radical precursors 
prepared by atom transfer radical polymerization (ATRP) technique. 
In combination with three kinds of ESR technique and ATRP would provide various 
kinds of information on radical polymerization processes from different angles. These 
combination methods would clarify what happens during actual radical polymerization 
processes in molecular level. Results of direct detection of radicals under various time-
resolutions will be presented. 

 
 



POLY 69: Direct hydrophilic modification of polymer surface via surface initiated 
ATRP 

Atsushi Takahara1,3, takahara@cstf.kyushu-u.ac.jp, Yuji Higaki2. (1) Institute for 
Materials Chemistry Eng., Kyushu University, Fukuoka, Japan (2) Institute for Materials 
Chemistry Eng., Kyushu University, Fukuoka, Japan (3) WPI I2CNER, Kyushu 
University, Fukuoka, Japan  

The stable hydrophilic modification of solid polymer has been done by various 
approaches. However, most of them were not successful due to the surface 
reorganization after long tem exposure to air. The purpose of this study is to establish a 
stable surface modification method of polymer surfaces by surface initiated atom 
transfer radical polymerization (SI-ATRP) of electrolyte monomers. 
Compression molded sheets of bromo-functionalized polyethylene or polypropylene 
macroinitiators (PE-MI and PP-MI, respectively) were used to initiate the atom-transfer 
radical polymerization (ATRP) of 2-(methacryloyloxy)ethyl phosphorylcholine (MPC) 
under mild conditions to form a superhydrophilic grafted surface layer. The grafted 
polyolefin sheets showed excellent wettability and oil-detachment behavior in water. 
The PMPC-grafted PP sheets retained a water contact angle of less than 10°for over 
three years in air. 
A facile surface modification procedure for electrospun poly(butylene terephthalate) 
(PBT) fibers by SI-ATRP was proposed. ATRP initiators were introduced on the surface 
of PBT through aminolysis and chemical vapor adsorption. SI-ATRP was subsequently 
carried out to prepare a polymer-grafted layer at the PBT fiber surface without altering 
the fiber geometry. After modification with a zwitterionic poly(sulfobetaine), poly(3-(N-2-
methacryloyloxyethyl-N,N-dimethyl) ammonatopropanesulfonate) (PMAPS), the surface 
became super-hydrophilic. The surface properties were thermally stable due to the high 
melting temperature of the PBT crystallites and were maintained for a prolonged period. 

 
 

 
 
 



POLY 70: Designer polymer brushes by ATRP support metal nanoparticles at 
microfibers in electrospun mats: Applications in catalytically active membranes 

Gyula Vancso1, g.j.vancso@utwente.nl, Yan Liu3, Kaihuan Zhang3, Jinghong Ma2. (1) 
Chemical Technology, Univ of Twente , Enschede, Netherlands (2) Chemistry, Donghua 
University, Shanghai, China (3) University of Twente, Enschede, Netherlands  

We report on the preparation of microfibrous membranes that feature polymer brushes 
obtained via surface initiated ATRP polymerization, using electrospun PCL supporting 
fibers as substrates. The PCL encompassed mixtures of –OH and –Br terminated 
polymer chains, which allowed us to grow (by surface initiated polymerization) polymer 
brushes (e.g., temperature responsive PNIPAM, or PHEMA) in the pores of the 
electrospun, nanoporous films. The membranes were characterized by IR, SEM, DSC, 
and contact angle experiments. Metal (such as Ag) nanoparticles (as evidenced e.g. by 
TEM) were obtained within the brush-decorated microfibrous membrane mats in-situ by 
reducing metallic cations from electrolytes (such as Ag+ to Ag) using NaBH4 as reducing 
agent (see image). The thus obtained, catalytically active membranes were used in a 
proof-of-principle experiment in continuous flow catalysis to reduce 4-nitrophenol to 4-
aminophenol. 

 

 
 
 

  



POLY 71: Designing of a laccase super-catalyst 

Jing Su2,1, Artur Cavac-Paulo1,2, arturmcpaulo@gmail.com. (1) University of Minho, 
Guimaraes, Portugal (2) Textiles, University Jiangnan, Wuxi, China  

Polyethylene glycol (PEG) is described to enhance laccase polymerization phenolic 
compounds. The interactions between phenols and PEG is taught to be done via H-
bonds . PEG is believed to protect laccases of being entrapped inside the formed 
polymers since a complex between polyphenol and PEG is formed (see figure). In this 
work, we chemically link PEG to laccase. The data obtained revealed that the presence 
of PEG in the medium, as additive or linked to the enzyme, influences greatly the 
polymerization level. The presence of PEG as template did not promote a higher degree 
of polymerization but instead a higher amount of polymer formed corresponding to 
higher concentration of oligomers. A pegylated laccase is presented herein as a super 
catalyst with great potential for the polymerization of a vast number of monomers 
performed at green conditions. 

 

 
 
 

  



POLY 72: Adapting enzymes to non-natural polymeric substrates 

Doris Ribitsch1,2, Georg Steinkellner2, Karl Gruber2, Birgit Wiltschi2, Georg M. 
Guebitz1,2, guebitz@boku.ac.at. (1) Environmental Biotechnology, BOKU, Vienna, 
Tulln, Austria (2) ACIB GmbH, Graz, Austria  

In recent years, a lot of progress has been made related to the engineering of enzymes 
for functionalization, processing and degradation of non-natural polymers. Especially for 
polyesterases it has been shown that, apart from the active site architecture, sorption 
properties to their polymeric substrates are important targets for engineering. Rationale 
enzyme-engineering strategies led to remarkable enhancement of hydrolytic activities 
and clearly showed that the affinity between the enzyme and the polymeric substrates 
plays a key role in the enzymatic hydrolysis of synthetic polyesters. Here, different 
strategies for polyesterase engineering are presented, including fusion of different 
binding modules to catalytic domains, engineering of the enzyme surface or 
incorporation of non-canonical amino acids. 

 

 
 
Examples of engineered polyesterases 

  



POLY 73: Bioorthogonal protein engineering 

Yoshihiro Ito, y-ito@riken.jp. Nano Medical Engineering Laboratory, RIKEN, Wako-shi, 
Japan  

Bioothogonal protein engineering can be defined as specific incorporation of non-natural 
functional groups into proteins. Here three methodologies are shown (1,2). The first is 
enzymatic ligation of polypeptides which was prepared by gene-engineered proteins 
and peptides carrying non-natural residues. The second is enzymatic modification of 
gene-engineered proteins. The third is ribosomal synthesis using misacylated tRNA. 
As the exmples of enzymatic ligation and modification, we employed sortase and 
tyrosinase, respectivey. By these methods incoroporation of 3,4-dhydroxyphenylalanine 
which plays an important role in the uderwater adhesive proteins secreted from mussel 
into grwoth factor proteins were achieved. The bioinspired growth factors were adhesive 
onto various materials and enhanced cell grwoth or differentiation on its modified 
surfaces. The long-lasting effect and high local concentration of immobilized growth 
factors significatnly induced signal transduction into cells. 
Another approach usng ribosome and misacylated tRNA was employed for genetic 
pegylation. Polyethylene glycol (PEG) of different lengths was genetically incorported 
into the side chains of polypeptides using stop-anticodon and frameshift anticodon-
containing tRNAs which were acylated with PEG-containing amino acids. 
These engineering technologies will contribute the preparation of new functional 
proteins in the future. 

 
 



POLY 74: Structural and mutational analysis of PET-hydolyzing enzyme, Cut190, 
based on the 3D docking structure with model compounds of PET 

Takeshi Kawabata2, Masayuki Oda3, Satomi Inaba4, Nobutaka Numoto5, Fusako 
Kawai1, fkawai@kit.ac.jp. (1) Center for Fiber and Textile Science, Kyoto Institute of 
Technology, Kyoto, Japan (2) Institute for Protein Research, Osaka University, Suita, 
Osaka, Japan (3) Graduate School of Life and Environmental Sciences, Kyoto 
Prefectural University, Kyoto, Japan (4) Research & Utilization Division, Japan 
synchrotron Radiation Research Institute, Sayo, Hyogo, Japan (5) Medical Research 
Institute, Tokyo Medical and Dental University, Tokyo, Japan  

The cutinase-like enzyme, Cut190, from Saccharomonospora viridis AHK190 can 
degrade the inner block of polyethylene terephthalate (PET) in the presence of Ca2+, 
and its mutant, S226P/R228S, exhibited increased activity and higher thermostability. 
The crystal structures of the Cut190 S226P mutant in the absence and presence of 
Ca2+ were determined, and revealed the large conformational change induced upon 
Ca2+ binding. However, the substrate-bound 3D structures of Cut190 remained 
unknown. In this study, to determine the substrate-binding site and improve the enzyme 
activity, we first built 3D structures of a PET model compound bound to the crystal 
structures, using the distance restraints between the scissile carbonyl group of the 
compound and the catalytic site of the enzyme. We then mutated the putative substrate-
binding site predicted from the models, and experimentally determined the enzymatic 
activities of the mutants for the model substrate poly(butylene succinate-co-adipate). 
The mutated sites with decreased activity were consistent with the putative binding sites 
predicted by the 3D model from the Ca2+-bound crystal structure, suggesting that the 
structure of the Ca2+-bound state represents the active state. Notably, we generated two 
mutants with significantly increased activities. Additionally, we introduce the latest 
research on the enzyme-substrate interaction and the probable reaction mechanism of 
Cut190 and a polyester. 

 



POLY 75: Engineered cutinases for PET and cellulose acetate hydrolysis: Design, 
structure and properties 

Abhijit Shirke1, Glenn L. Butterfoss2, Richard A. Gross1, grossr@rpi.edu. (1) Center for 
Biotechnology and Interdisciplinary Studies (CBIS), Rensselaer Polytechnic Institute, 
Troy, New York, United States (2) Center for Genomics and System Biology, New York 
University, Abu Dhabi, Abu Dhabi, United Arab Emirates  

Nature provides powerful biocatalysts that can be deployed towards developing green 
polymer chemistry processes. In this context, one of several areas where biocatalysis 
has strong potential is for polymer recycling and surface modification reactions. 
Poly(ethylene terephthalate), PET, and cellulose acetate, CA, constitute a large volume 
of polymers employed for textile applications. While they possess desired thermo-
mechanical properties, there is often a need to surface modify these fibers to enhance 
surface hydrophilicity which is desirable to enhance textile properties such as dye-ability 
and comfort or to attach other molecules that can endow fibers with performance 
attributes. Furthermore, cutinases are potent hydrolases that can function as mild 
catalysts for the complete conversion of PET, polysaccharide esters, polyvinyl acetate 
and other important commodity polymers to their monomeric building blocks (i.e. 
enzyme-catalyzed plastic recycling). Cutinases are esterases secreted by 
phytopathogenic fungi that hydrolyze cutin (biopolyester coating found on leaves and 
fruits) which gives microbes access to interior plant tissues. This paper will discuss 
recent work in our laboratory towards cutinase: i) redesign, ii) biophysical and 
biochemical properties and iii) activity towards PET and CA conversion via complete 
hydrolysis to their corresponding building blocks. 

 
Figure A) ensemble of poses of BHET docked near the active site cleft of LCC (purple active 
site serine), B) two representative BHET docked positions with the distance of nearest cleavable 
ester bond from the active site serine (purple), C) ETETETE docked near the LCC active site 



POLY 76: Stable biocatalysts and traceable biomaterials through fluorinated 
protein design 

Jin K. Montclare1,2, montclare@nyu.edu. (1) Chemical and Biomolecular Engineering, 
NYU Tandon School of Engineering, Brooklyn, New York, United States (2) Chemistry, 
New York University, New York, New York, United States  

Through centuries of evolution, nature has developed biopolymers capable of folding 
and assembling into discrete structures with a functional consequence. By exploiting 
nature’s biosynthetic machinery we are able to integrate non-canonical amino acid into 
proteins to improve stability as well as endow new function. In particular, we investigate 
the impact of residue–specific incorporation of fluorinated amino acids on enzymes and 
biomaterials. For the enzyme work, we explore whether we can improve the stability of 
phosphotriesterase in conjunction with computational methods. In the case of 
biomaterials, we design novel self-assembling protein micelles bearing fluorinated 
amino acids for imaging through 19F MRI. These studies demonstrate the power of 
fluorinated amino acids in protein design. 
 

  



POLY 77: Biocatalysts immobilized onto nanosupports: Applications and 
advantages in green technologies 

Zoica Cerasela Dinu, cerasela-zoica.dinu@mail.wvu.edu. Chemical Engineering, West 
Virginia University, Morgantown, West Virginia, United States  

In the development of green technologies and devices, renewable, biocompatible and 
biodegradable materials must be designed and implemented while ensuring limited 
harsh byproducts synthesis or lifetime toxic decay. An ideal approach to meeting these 
standards consist of the implementation of green processes based on biocatalysis. The 
types of biocatalysts are either isolated enzymes, immobilized enzymes or whole-cell 
catalysts. In industrial processes, immobilization for instance was shown to improve the 
stability and recoverability of the enzyme, that led to increased reusability and cost 
effectiveness of the overall process when enzyme implementation was considered. 
Studies also showed that the increased ease of catalyst separation from product 
reduced product contamination and downstream separation complexity. 
 
Our lab has exploits a variety of approaches to control enzyme activity at interfaces in 
order to implement new and improved strategies that could allow for rational designed 
reaction sequences to lead to the optimal enzymatic routes for high product yields, all 
under energy efficient pathways. Specifically, an overview of immobilization methods 
and common results is presented followed by discussion of how implementation of 
these enzyme-based technologies improve adherence to the 12 principles of green 
chemistry. A strong focus on the carbon-based nanomaterials is encountered due to 
their unique properties (e.g., surface curvature, optical adsorptivity, controllable aspect 
ratios etc.). Optimization of the immobilization strategy and the choice of a suitable 
nanosupport are tailored for optimal performance of enzyme-nanomaterial conjugates 
when implementation is assessed. 
 

  



POLY 78: Investigation of protease-catalyzed L-aspartic acid diethyl ester 
oligomerization and active site computational modeling 

fan yang1, yangf3@rpi.edu, Filbert Totsingan1, Elliott Dolan2, Sagar D. Khare2, Richard 
A. Gross1. (1) Chemistry, Rensselaer Polytechnic Institute, Troy, New York, United 
States (2) Chemistry and Chemical Biology, Rutgars University, Piscataway, New 
Jersey, United States  

Poly(aspartic acid) is a biodegradable water-soluble polymer. It has been studied as an 
alternative to traditional anionic water-soluble polymers such as poly(acrylic acid). It 
also has potential uses in scaffolding for tissue growth, artificial skin, drug delivery and 
other biomedical applications. In our group, oligo(b-ethyl-aspartate) was synthesized by 
a green, efficient and cost-effective protease catalysis approach. Various proteases 
were evaluated as catalysts and a-chymotrypsin was found to be most efficient. Papain, 
which was highly active for the oligomerization of L-glutamic acid diethyl ester 
oligomerization was inactive for L-aspartic acid diethyl ester oligomerization. The 
efficiency of a-chymotrypsin for the synthesis of oligo(b-ethyl-aspartate) was studied 
under various conditions (pH, temperature, buffer concentration, solvent concentration, 
co-solvent and reactant/catalyst concentrations). The preferred reaction conditions were 
pH 8.5, 40 oC, and 5 min reaction time. Chain lengths distribution of the oligopeptide 
obtained was 8-25. To fully understand protease specificity for this reaction, 
computational modeling was performed using the Rosetta software. Simulations were 
run to determine the relative energies of substrate docking to papain and a-
chymotrypsin active sites in which the respective enzyme-acyl complexes of aspartate 
and glutamate had been formed. These calculations provided insights into molecular 
determinants of the substrate selectivity for peptide bond formation for the two 
proteases. 

 
 
 



POLY 79: Mathematical control in the coordination self-assembly of 
Archimedean/non-Archimedean solids 

Makoto Fujita, mfujita@appchem.t.u-tokyo.ac.jp. Dept of App Chem Grad Sch Eng, 
Tokyo, Japan  

We have been studying the chemical construction of various "molecular polyhedra" that 
are self-assembled from metal ions (M) and rigid bent organic ligands (L). Metals and 
ligands are mapped as nodes and edges of polyhedra. This approach has provided 
highly efficient and powerful methods to construct discrete giant molecular structures, 
and several groups have been intensively studying the self-assembly of coordination 
polyhedra whose framework topologies are described by Platonic or Archimedian solids. 
The largest structure we have synthesized is M30L60 icosidodecahedron, one of the 
Archimedian solids. Here, we unexpectedly obtained another M30L60 entity consisting of 
a simple combination of eight triangles and 24 squares, a polyhedron that is NOT 
depicted in any general textbook. We attempted to mathematically rationalize this 
unexpected polyhedron, and demonstrate a new series of self-assembled polyhedra 
based on a theory seldom discussed: the extended Goldberg polyhedra. The common 
Goldberg polyhedral are made up of hexagons and pentagons with three edges meeting 
at every node of the polyhedron. We simply extend this “trivalent” form to generate a 
new family of “tetravalent” Goldberg polyhedra, made up of squares and triangles. 
These extended tetravalent Goldberg polyhedra are not described in the literature, 
presumably because nothing like them has ever been discovered in the real world. 
However, the square planar geometry of palladium(II) ions has the potential to direct the 
self-assembly of these unnatural polyhedra, allowing us to synthesize them in the 
laboratory. We further demonstrate the self-assembly of M48L96, an extended Goldberg 
polyhedron, which was predicted by the theory. The embodiment of the tetravalent 
Goldberg polyhedra will have a knock-on effect in other fields, and may lead to, for 
example, the discovery of new virus capsids with this specific topology. 

 
X-ray crystal structure of the self-assembled M30L60 complex (d = 8.2 nm). 



POLY 80: Stimuli-responsive functional materials via hierarchical self-assembly 
involving coordination interactions 

Hai-Bo Yang, hbyang@chem.ecnu.edu.cn. Chemistry, East China Normal University, 
Shanghai, China  

Supramolecular self-assembly has always been one of the central subjects within 
supramolecular chemistry. With the aim to build the higher-order assemblies with the 
desired functioanlity, hierarchical self-assembly involving coordination interactions has 
been recently explored to construction of functional supramolecular systems in our 
group. By taking advantages of orthogonal nature of metal-ligand bond with other no-
covalent interactions such as CH-π interactions, π-π stacking, hydrogen bonding, 
hydrophobic/hydrophilic interactions, etc, a series of stimuli-responsive nanostructures 
and functional materials have been successfully obtained through hierarchical self-
assembly involving coordination interactions. For example, from the 120° pillar[5]arene 
containing dipyridyl precursor, a new class of multiple stimuli-responsive polymer gels 
were obtained via hierarchical self-assembly involving metal-ligand coordination and 
host-guest interactions (Figure 1). In addition, through combination of the π–π stacking, 
CH-π interactions, and hydrogen bonds of the periphery dendrons as well as 
coordination interactions, the ordered vesicle-like nano-structures were generated via 
hierarchical self-assembly from 120° dipyridyl building blocks decorated with 
poly(benzyl ether) dendrons as well as 120° di-Pt(II) acceptors, which featured bromide 
triggered encapsulation and release behavior. Notably, the first example of the 
branched rotaxane dendrimers up to the fourth generation was successfully realized as 
well by using the similar strategy. 

 

 
 
Figure 1. Multiple stimuli-responsive supramolecular polymer gels constructed through 
hierarchical self-sssembly involving coordination interactions. 



POLY 81: Self-assembly of multi-layered metallo-supramolecules with increasing 
complexity 

Xiaomin Qian, Heng Wang, Bo Song, Guangqiang Yin, Zhe Zhang, Lei Wang, 
Xiaopeng Li, xiaopengli1@usf.edu. Chemistry, University of South Florida, Tampa, 
Florida, United States  

Self-assembly as a powerful bottom-up approach has been extensively used by nature 
to create complex biological systems. Synthetic supramolecular chemistry aims to use 
the principles of biological self-assembly to construct artificial nanostructures using 
molecular building blocks with desired functions and properties. The corresponding 
abiological assemblies, however, still suffered from a lack of complexity and thus were 
unable to reach the high degrees of functionality found in natural systems. With the goal 
of increasing the complexity of metallo-supramolecules, we designed and assembled a 
series of concentric, multi-layered architectures. With direct self-assembly strategy, we 
initiated our study through building different generations of 2D structures using 
terpyridine ligand. In the ligand preparation, pyrylium and pyridinium salts chemistry 
significantly facilitated the synthesis of multitopic ligands. Such ligand with multiple 
binding sites provided high geometric constraints to induce the formation of discrete 
structures. Replacing terpyridine by pyridine, we were able to assemble 3D sphere-in-
sphere supramolecules with increasing complexity and stability. Ultimately, through 
further understanding of the design and self-assembly of supramolecular structures, we 
aim to advance the design, research and development of new synthetic materials with 
molecular level precision and high physical performance. 

 

 
 
 

  



POLY 82: Probing metallo-supramolecular assemblies by ion mobility mass 
spectrometry 

Kevin J. Endres, George R. Newkome, Chrys Wesdemiotis, 
wesdemiotis@uakron.edu. University of Akron, Akron, Ohio, United States  

Metal-ligand coordination is increasingly used for the generation of stimuli-responsive 
supramolecular polymers that can be tuned for biomedical or engineering applications. 
Coordinative self-assembly may lead to a single construct or a complex product mixture. 
In either case, electrospray ionization (ESI) interfaced with ion mobility mass 
spectrometry (IM-MS) is uniquely suitable for the conclusive characterization of the 
stoichiometries, structures, and architectures of the created supramolecules. 
Complexation of Ru2+ or Fe2+ ions with terpyridine (tpy) ligands is kinetically driven and 
irreversible. The architecture of the resulting complexes is dictated by the geometry of 
the ligand(s) and the synthetic route. Combining a tris-terpyridine ligand (L) with 60o 
angles between the tpy sites and Ru2+ ions in the molar ratio 4:6 is shown to yield a 3D 
nanosphere with the stoichiometry L4Ru6. IM-MS confirms the formation of a single 
L4Ru6 conformer with the expected architecture. The reaction outcome changes if L is 
first dimerized with Ru2+ and the tripod-shaped L2Ru dimer is reacted anew with Ru2+ in 
the molar ratio 2:4. Now, an isomeric L4Ru6 complex with a nanocage architecture is 
formed. Interestingly, self-assembly of L2R with Fe2+ produces two isomeric nanocages 
differing in the position of the Ru2+ vs. Fe2+ ions. Unlike these early transition metals, the 
late transition metal Zn2+ promotes self-assembly via reversible equilibria. This is 
observed for a tetradentate ligand (M) composed of a 18-crown-6 core functionalized 
with four tpy sites; according to ESI-IM-MS, self-assembly of M with two equivalents of 
Zn2+ ions yields a mixture of a cuboctahedron (M12Zn24), octahedron (M6Zn12), and bis-
triangle (M3Zn6). The relative proportions of these structures depend on the solvent and 
concentration of the solution subjected to ESI. It is noteworthy that M12Zn24 forms 
noncovalent adducts with metal salts, amino acids, and peptides. 

 
Self-assembly of terpyridine-functionalized 18-crown-6 and Zn2+ ions produces a mixture of 
equilibrating cuboctahedron, octahedron, and bistriangle complexes. Solvent and concentration 
determine which product predominates. 



POLY 83: Metal and ion containing polyurethanes 

Robert H. Lambeth2, robert.h.lambeth2.civ@mail.mil, Alice M. Savage1, MyVan H. 
Baranoski4, Frederick L. Beyer3, Nicole Zander3. (1) MSTB, U.S. Army Research Lab, 
Belcamp, Maryland, United States (2) US Army Research Lab, Aberdeen Proving 
Ground, Maryland, United States (3) US Army Research Laboratory, Aberdeen Proving 
Ground, Maryland, United States (4) RDRL-WMM-G (Baranoski), US Army Research 
Laboratory, Aberdeen Proving Ground, Maryland, United States  

Polyurethanes (PUs) are a versatile class of polymers which have found significant use 
in a wide range of applications including coatings, adhesives, foams, textiles, sealants 
and medical devices. They possess many desirable physical and mechanical properties 
such has weatherability, mar resistance, chemical resistance and high strength or 
toughness. Recently, more advanced and elegant molecular structures have been 
incorporated into PUs including various supramolecular units like multiple hydrogen-
bond forming units, metal-ligand bonds, or ionic groups. These groups have strong 
impacts on morphology and the resulting physical and mechanical properties and often 
confer multifunctionality to the material such as self-healing behavior. We have 
prepared segmented polyurethanes using either 2,6-bis(N-alkyl-benzimidazolyl)pyridine 
(BIP) type ligands or carbocationic aminocyclopropeniums (ACPs) as chain extenders. 
The ligand containing polymers were crosslinked with various Zn(II) salts while the 
influence of different types of counterion on properties was investigated. A second 
series of ACP PUs with a wide range of structural diversity were also prepared and 
characterized. 

 

 
 
 

  



POLY 84: Stimuli-responsive metallopolymer architectures: From immobilization 
to redox-responsive opals 

Christian Rüttiger, c.ruettiger@mc.tu-darmstadt.de, Daniel Scheid, Markus Gallei. 
Ernst-Berl-Institute, Technische Universität Darmstadt, Darmstadt, Germany  

Stimuli-responsive polymers in the bulk state or when immobilized at surfaces are 
known to influence the macroscopic material properties by triggered changes on a 
molecular level for instance by changing the polymer conformation. Common external 
stimuli, like temperature, change of solvent or light are well known, compared to much 
less investigated stimuli, like the addition of chemical oxidation/reducing reagents or the 
electrical field. For the latter, especially metallopolymers attracted a lot of attention in 
the last decades.1 The most prominent redox couples in fields of metallopolymers focus 
on ferrocene/ferrocenium and cobaltocene/cobaltocenium, which allow for a fast and 
reversible switching behavior accompanied with the presence or absence of charges. 
The oxidation/reduction cycles of metallopolymers could be utilized for redox-responsive 
cellulose substrates2, for switching the surface wettability3,for elastomeric ferrocene 
opals4, for the preparation of ion-selective nanoporous membranes5 and for the 
preparation of ceramic materials.6, 7 Moreover, metallopolymers as part of a block 
copolymer or particle structure are excellent candidates for preceramic materials 
yielding advanced ceramics after thermal treatment. The control over hierarchical 
structures and location of chemical functionalities is of scientific interest and can be 
achieved by using controlled synthesis concepts and processing routes tailoring the 
envisaged 0D, 1D, 2D and 3D nano- and microstructures. Within the presentation, 
colloidal crystallization by the so-called melt-shear organization technique and the self-
assembly of tailor-made block copolymers will be addressed.8 
 

 

 
 
 

 



POLY 85: Controlling nanomaterial morphology with metal ions 

Abigail Knight, aknight@berkeley.edu, Craig J. Hawker. Univ of California, Santa 
Barbara, California, United States  

Metal-ligand interactions are commonly required to elicit complex functions in many 
different classes of proteins, however, metal ions are infrequently implemented in the 
design of synthetic nanomaterials. In this work, we have synthesized a peptide-polymer 
amphiphile inspired by the amphiphilic siderophores released by marine bacteria. Like 
these natural siderophores, our synthetic polymer dynamically reorganizes in response 
to metal ions. With this work we have expanded on metal coordination as a tool in the 
toolbox of stimuli for smart materials. 

 

 
 
 

  



POLY 86: From metallomacrocycles to tunable metallosupramolecular cages and 
materials 

George R. Newkome1, newkome@uakron.edu, Ting-Zheng Xie2, Sourav Chakraborty3. 
(1) University of Akron, Akron, Ohio, United States (2) polymer science, University of 
Akron, Akron, Ohio, United States (3) Polymer Science, university of akron, Akron, 
Ohio, United States  

The rational design and construction of metallomacrocycles, switchable 
metallosupramolecular cages, and hierarchically self-assembled nanomaterials will be 
presented.[1] Precise control over both self-assembly processes and conformational 
interconversions is a big challenge due to the complexity of building blocks and difficulty 
in controlling the inherently weak, non-covalent interactions. To achieve this goal, we 
explored a new way to better control structural selectivity by combining directed 
geometry and modeling, rigid designer monomers, and variable coordination bonds 
along with dynamic and thermodynamic parameters. Adoption of tailored terpyridine-
based building blocks and different metal ions (Ru, Os, Fe, Zn, and/or Cd) gave 
metallosupramolecular cages with tunable conformations responding to specific stimuli, 
such as concentration, temperature, and counter ions.[2,3] Moreover, further self-
assembly beyond the supramacro- molecule will be discussed. Utilizing shape-tuned 
monomers possessing expanded hydrophobic effects, a series of made-to-order, 
shape-persistent supramolecules with a rigid triangular framework assemble into highly 
complementary nanobowls, which open avenues to develop smart designer materials. 

 
 
 



POLY 87: Response of copper carboxylate cross-linked polymer to mechanical 
stress 

Yuval Vidavsky, yv38@cornell.edu, Meredith Silberstein. Sibley School of Mechanical 
and Aerospace Engineering, Cornell University, Ithaca, New York, United States  

Non-covalent cross-linking interactions such as metal ligands can be used to tailor 
stiffness and structure of linear polymers while enabling interesting features like self-
healing, energy dissipation and extended stretching capability. Here we present a novel 
system for metal ligand cross-linked polymer and analyze its cross-linking cleavage and 
reversibility in response to mechanical stress. This system is composed from a low Tg 
acrylic polymer, which is cross-linked by a non-covalent copper(II) carboxylate. The 
linear polymer was synthesized from 2-ethylhexyl methacrylate with different ratios of 2-
carboxyethyl acrylate as a carboxylic acid side group. The cross-linking was performed 
by a simple carboxylate anion exchange reaction using copper acetate in different 
concentrations. Mechanical characterization was performed under quasi-static 
monotonic and cyclic tensile loading at different strain rates. Insights from this study 
provide better understanding of parameters that influence detachment and reformation 
of metal ligand cross-linking under mechanical stress in polymeric materials and will 
facilitate the design of new responsive materials. 

 



POLY 88: Functional poly (olefin sulfone) / carbon nanotube composites and their 
application as radiation detection sensors 

Lukas Zeininger, lukaszei@mit.edu, Timothy M. Swager. MIT, Cambridge, 
Massachusetts, United States  

Poly (olefin sulfone)s (POSs) are 1:1 alternating copolymers of sulfur dioxide and olefin 
monomers that are synthesized by free radical polymerization of an alkene in liquefied 
sulfur dioxide. POSs are known to undergo triggered depolymerization into their 
constituent monomers upon exposure to heat, base, or high energy radiation. We will 
present the development of novel optimized POS structures for the wrapping of 
nanomaterials, which serve as a platform for the detection, characterization, and 
dosimetry of ionizing radiation. Our sensory system makes use of carbon nanotubes 
(CNTs) integrated in an insulating POS polymer matrix that can undergo rapid 
depolymerization when subjected to gamma irradiation. Disassembly of the polymer 
matrix results in increased contacts between the carbon nanotubes creating an 
additional electrical pathway that is readily detectable by changes in resistance and 
capacitance of our sensor devices. This method is advantageous over present systems 
for the detection and dosimetry of ionizing radiation, which suffer from drawbacks 
including expensive and/or complicated manufacturing, need for operation at low 
temperatures, or voluminous size. We will further discuss the sensitivity of our small 
devices and the influence of an incorporation of high atomic number molecular or 
nanoparticulate components into our polymer matrix. 

 
 
POS-CNT radiation sensor device concept 



POLY 89: Addressing mechanochemistry with intramolecular cross-links 

Charles Diesendruck, cdiesendruck@gmail.com. Schulich Faculty of Chemistry, 
Technion - Israel Institute of Technology, Tel Aviv, Israel  

Understanding how materials are affected by mechanical stress is central for developing 
novel and robust materials with extended lifetimes. In this regard, the most fundamental 
process is the effect of mechanical stress on molecules, where mechanical energy is 
transduced into chemical energy by scission of chemical bonds, a process called 
mechanochemistry. While mechanochemical reactions have been abundantly studied, 
the use of polymer architecture as a motif for polymer mechanics has been mostly 
unexplored. In this talk, I describe the use of intramolecular cross-links to reinforce the 
molecular structure and reduce fragmentation due to mechanochemistry. A systematic 
study changing molecular weights, cross-link density and positioning was carried out to 
understand how each of these parameters affects the kinetics of the mechanochemical 
reactions. Importantly, we raised significantly the mechanochemical stability of 
methacrylate polymers in solution leading to polymers which are virtually invincible to 
shear in solution. 

 

 
 
 

  



POLY 90: Regio- and stereochemical effects in force-accelerated Diels-Alder 
reactions 

Guillaume De Bo, guillaume.debo@manchester.ac.uk. University of Manchester, 
Manchester, United Kingdom  

The reversibility of the Diels-Alder reaction makes it particularly suitable for the 
construction of intrinsic self-healing materials. Thermally mendable polymeric materials 
in particular have benefited from the versatility of the furan/maleimide couple, for which 
the cycloaddition and the retrocycloaddition occur at relatively low temperature. It is 
known that the substitution pattern of the reaction partners influences the thermal 
(retro)cycloaddition in terms of rate and product distribution. Equally, the endo and exo 
isomers of the Diels-Alder adduct present a different susceptibility towards the 
retrocycloaddition process. These characteristics could be exploited to finely tune the 
thermo-responsive properties of furan/maleimide-based materials. However, the 
influence of these modifications on the mechanical resistance of these materials is little 
explored. Here we investigate regio- and stereochemical effects in force-accelerated 
retro-Diels-Alder reactions in solution using ultrasounds 

 

 
 
Regio- and stereochemical effects in force-accelerated retro-Diels-Alder reactions. 

  



POLY 91: Marine glow biomimicry by nucleobase-containing shear responsive 
polymersome nanoreactors 

Omar Rifaie-Graham, omar.rifaiegraham@unifr.ch, Nikolas Galensowske, Charlie 
Dean, Sandor Balog, Nico Bruns. Adolphe Merkle Institute, University of Fribourg, 
Fribourg, Fribourg, Switzerland  

Marine glow is a beautiful example for a response of living organisms to mechanical 
forces. It is caused by dinoflagellates that get stimulated by turbulences in the water and 
then produce light in a bioluminescence reaction. However, nature counts with billions 
of years of evolution and more simple approaches must be employed for biomimicry. 
Because the membrane of polymersomes consists of two hydrophilic layers that 
enclose a hydrophobic one, polymersomes are simple mimics of the lipid membrane of 
cells and organelles. In order to prepare mechano-responsive polymersomes that 
change the permeability of their membrane in response to a mechanical stimulus, we 
took advantage of the mechanically induced melting of DNA. To this end, amphiphilic 
block copolymers were synthesized by RAFT polymerisation and the hydrophobic block 
was then functionalised with the complementary nucleobases adenine and thymine. The 
resulting PEG-b-poly(hexyl methacrylate-co-thymine methacrylate) and PEG-b-
poly(hexyl methacrylate-co-adenine methacrylate) were self-assembled into 
polymersomes. Adenine and thymine formed hydrogen bonds which could be disrupted 
by applying shear forces. Thus, the polar nucleobases were exposed to the polymer 
matrix, which increased the polarity of the hydrophobic leaflet and therefore changed 
the permeability of the membrane. This permitted the exchange of substrates across the 
membrane. Horseradish peroxidase was encapsulated into the force-responsive 
polymersomes. The resulting nanoreactors could be switched on by shearing the 
polymersome suspension. Luminol reacted with hydrogen peroxide in the presence of 
horseradish peroxidase containing polymersomes. As a result, luminescence was 
observed when shear was applied to the system. Therefore, these nanoreactors mimic 
the dinoflagellate marine glow and could find applications in the shear-induced release 
of active reagents and drugs. 

 



POLY 92: Water and its motion onto, across, off of, out from between, and 
through hydrophobic materials 

Thomas J. McCarthy, tmccarthy@polysci.umass.edu. Univ of Massachusetts, 
Amherst, Massachusetts, United States  

The words, "hydrophobic" and "hydrophilic" are used in common everyday language as 
well as in technical publications; in fact, one of them is used in the title of this abstract. 
Scientists and other technical personnel often try to quantify surface properties using 
these words, sometimes with prefixes such as "super", "ultra", or even "perfectly." They 
are generally not successful in their quantifiction. Several topics will be presented in this 
talk that may include: (1) A discussion about water and its aggregation state in different 
media and at interfaces, (2) The evaporation/condensation equilibrium and how 
topographic features near to but on either side of the Concus-Finn Inequality can drive 
the equilibrium in either direction, (3) An alternative explanation of the "Cheerios Effect" 
that uses floating objects of variable density that do not exhibit liquid/solid/vapor contact 
lines, (4) Water drops "hopping" from and "bouncing" off surfaces that contain defects of 
controlled size, shape and orientation (Figure 1a shows a frame from a high speed 
videotape recording of a drop that has reflected from a surface containing two defects), 
(5) The sorption and permeation of water into and through the "hydrophobic" material, 
PDMS. Figure 1b shows a photograph of two membrane-capped (exact same 
composition, but different thickness) vials at the same temperature. 

 

 
 
 

 



POLY 93: Wilhelmy Plate (WP) method for dynamic contact angle (DCA) 
measurements: Contact angles and insight into surface reorganization and 
surfaces with compositional gradients 

Kenneth J. Wynne, kjwynne@vcu.edu. Chemical & Life Science Engineering, Virginia 
Commonwealth U, Richmond, Virginia, United States  

Placing a water drop on a polymer surface provides a simple method for characterizing 
wettability of the outermost surface of a polymeric material. The water drop spreads if 
the surface is hydrophilic while it “beads up” if hydrophobic. In contrast to the sessile 
drop method, the Wilhelmy Plate (WP) method for dynamic contact angle (DCA) 
measurements interrogates a relatively large surface area, viz., a coated coverslip for 
the work discussed herein. In addition to advancing (θA), receding (θR) CAs and CA 
hysteresis (θΔ = θA - θR), findings will be presented that would be difficult to obtain by 
conventional sessile drop methods due to inherent inaccuracies and limitations. 
Examples of results from WP DCA include (1) a sensitive technique for the detection of 
leaching or diffusion of species from coatings (2) elucidation of whether changes in CAs 
vs immersion time are due to leaching of substances that changed the surface tension 
of water or to nanosurface reorganization of polymer chains, (3) the effect of changing 
network formation conditions that gives “sticky or slippery” wetting of water drops on 
Sylgard 184 silicone coatings (4) application of the WP method to polymer surface 
modifiers (SMs) that elucidated surprising “more is less” for compositional dependence 
of surface function and (5) characterization of functional gradients. 

 
 
Illustration of the WH DCA method: A. Immersion (θA) and emersion (θR) of a hydrophobic 
coating; B. Immersion and emersion of a hydrophilic coating. 
 



POLY 94: Solid-liquid work of adhesion 

Rafael Tadmor, tadmorrx@lamar.edu. Chemical Engineering, Lamar University, 
Beaumont, Texas, United States  

We measure directly solid-liquid work of adhesion using Centrifugal Adhesion Balance 
(CAB) which allows coordinated manipulation of normal and lateral forces to induce an 
increase in the normal force which pulls on a liquid drop while keeping zero lateral force. 
This method mimics a drop that is subjected to a gravitational force that is gradually 
increasing. The values obtained for the work of adhesion are independent of drop size 
and are in agreement with the Dupré estimate. 

 

 
 
Water drop about to detach from a glass surface 

  



POLY 95: Motion of drops on lubricant infused surfaces 

Doris Vollmer2, vollmerd@mpip-mainz.mpg.de, Martin Tress2,3, Stefan Karpitschka4, 
Frank Schellenberger2, Hans-Jurgen Butt1. (1) Max Planck Inst For Poly Res, Mainz, 
Germany (2) Physics of Interfaces, Max Planck Institue for Polymer Research, Mainz, 
Germany (3) Department of Chemistry, Univ of Tennessee Knoxville, Knoxville , 
Tennessee, United States (4) Physics of Fluids, Universiteit Twente, Enschede, 
Netherlands  

Textured substrates which are infiltrated by a lubricant form a new class of functional 
surfaces, called slippery surfaces. Slippery surfaces have several promising 
applications based on the fact that drops slide on these surfaces with almost zero static 
friction. Thus far, the motion of drops on slippery surfaces is still poorly understood. It is 
unknown what happens on the microscale when drops slide and how microscopic 
processes are related to macroscopic observations. 
To gain insight into the underlying mechanisms, we applied laser scanning confocal 
microscopy to visualise the drop, the lubricant, the textured substrate, and the meniscus 
towards the air. In contrast to macroscopic observations, which show a drop with 
moderate and constant contact angle sliding smoothly when tilting the surface by only 
few degrees, the confocal microscope images show a very different picture: The contact 
angle of the “hidden” interface (lubricant/drop) at the front and rear of the drop typically 
shows a sawtooth behavior when the drops slides of the substrate.The advancing 
contact angle can reach its fundamental limit of 180°. 
 
When in contact with air, the lubricant formed an annular wetting ridge, ending in a three 
phase air–drop–lubricant contact line. We visualized the shape of the interfaces and the 
related three-phase contact angles with micrometer resolution. Finally, results are 
compared to solutions of the generalized Laplace equations. In addition, confocal 
microscopy allowed us to distinguish whether the lubricant cloaked the drop or not. 

 

 
a) Sketch of a drop resting on a slippery lubricant-infused textured surface. The drop (red) 
resting on a micropillar array (blue) is surrounded by an annular wetting ridge (yellow) ending in 
a liquid three phase contact line. b) Confocal image of a micropillar array infiltrated with decanol 
(b) before and (c) after a water drop was deposited. 



POLY 96: Rational design of nanotextured surfaces capable of spontaneously 
recovering their superhydrophobicity 

Suruchi Fialoke, Amish Patel, pamish@seas.upenn.edu. Chemical Biomolecular 
Engineering, University of Pennsylvania, Philadelphia, Pennsylvania, United States  

Rough or textured hydrophobic surfaces are dubbed “superhydrophobic” due to their 
numerous desirable properties, such as water repellency and interfacial slip. 
Superhydrophobicity stems from an aversion of water for the hydrophobic surface 
texture, so that a water droplet in the superhydrophobic “Cassie state” contacts only the 
tips of the rough surface. However, superhydrophobicity is remarkably fragile and can 
break down due to the wetting of the surface texture to yield the “Wenzel state” under 
various conditions, such as elevated pressures or droplet impact. Moreover, due to 
large energetic barriers that impede the reverse transition (dewetting of the texture), this 
breakdown in superhydrophobicity is widely believed to be irreversible. Using molecular 
simulations and enhanced sampling techniques, we challenge this conventional 
wisdom. In particular, we show that water density fluctuations play an important role in 
dewetting the surface texture; by circumventing the classical dewetting pathways, 
fluctuations lead to a reduction in the free energetic barriers to dewetting. Importantly, 
an understanding of the mechanistic pathways to dewetting and their dependence on 
pressure allows us to augment the surface texture design, so that the barriers to 
dewetting are eliminated altogether and the Wenzel state becomes unstable at ambient 
conditions. Such robust surfaces, which defy classical expectations and can 
spontaneously recover their superhydrophobicity, could have widespread importance, 
from underwater operation to phase-change heat transfer applications. 

  



POLY 97: Thermodynamics of phase change on rough textured surfaces 

Neelesh A. Patankar, n-patankar@northwestern.edu. Mechanical Engineering, 
Northwestern University, Evanston, Illinois, United States  

Surface chemistry and topography of surfaces can be rationally designed to control 
heterogeneous phase transition. Six phase transitions that correspond to the three 
states of water/solvent should be systematically studied as a function of chemistry and 
topography of a textured surface. We have studied the thermodynamics some these 
transitions corresponding to liquid-vapor and liquid-solid phase changes. Consequently, 
conditions that could promote sub-cooled vapor, superheat liquid, and supercooled 
liquid have been identified, some of which have been experimentally explored. We 
propose underlying mechanisms responsible for observed properties. The ability to 
control phase next to textured surfaces can lead to development of surfaces that remain 
dry under water, promote boiling at low superheats, delay Leidenfrost point, and delay 
icing, among many possibilities. Application areas of interest include boiling and 
condensation heat transfer, atmospheric water harvesting, drag reduction, anti-icing, 
etc. 

 

 
 
Molecular dynamics simulations of sub-cooled vapor (left), superheated liquid (middle), and 
supercooled liquid (right) stabilized inside nanopores. 

  



POLY 98: Self-propelled jumping and catapulting upon drop coalescence 

Chuan-Hua Chen, chuanhua.chen@duke.edu. Duke University, Durham, North 
Carolina, United States  

When two liquid drops coalesce into one, the overall surface area is reduced and the 
released surface energy can be converted into kinetic energy, leading to self-propelled 
motion of the merged drop. To generate translational motion, the symmetry of the drop 
coalescence process must be broken. In this talk, we will first discuss two strategies to 
introduce asymmetry. One strategy is to place an impermeable solid surface on one 
side of the coalescing drops, e.g. a superhydrophobic substrate with minimal adhesion 
or a hydrophobic fiber with minimal contact with the drops. The other strategy is to 
arrange the coalescing drops asymmetrically, an example being the ballistospore 
launching system in which a spherical drop merges with a flattened drop. We will then 
elucidate the physical mechanisms through high-speed imaging and interfacial flow 
simulations. The two strategies to introduce asymmetry are illustrated with applications 
in both engineering and biology, including self-jumping drops to cool electronic hotspots 
and self-catapulting systems to discharge fungal spores. 

  



POLY 99: Ant rafts, frog tongues, cat mascara 

David Hu, hu@me.gatech.edu. Georgia Institute of Technology, Atlanta, Georgia, 
United States  

Shear-thinning fluids show up in surprising places. We begin with fire ants, which use 
small adhesive pads to link their bodies together into rafts to survive flash floods. These 
networks enable ants to flow like a fluid or spring back like a solid. Frogs catch their 
prey by accelerating their tongues at over twelve times earth's gravity. Their saliva 
enables them to both stick to and remove the insects when needed. The tongues of cats 
are covered in small pitcher-shaped spines that enable them to coat their fur evenly like 
mascara. 

 

 
 
A frog tongue grabs an insect at a rate 10 times faster than gravity. 

  



POLY 100: From polymer building blocks to single-molecule electronics 

Luis M. Campos, campos96@hotmail.com. Chemistry, MC3124, Columbia University, 
New York, New York, United States  

Craig inspires research 
in molecular transport. 
I will tell you how. 

 



POLY 101: Living polymerization of functional epoxides with MODs 

Nathaniel A. Lynd, nate.lynd@gmail.com. Department of Chemical Engineering, 
University of Texas at Austin, Berkeley, California, United States  

Polyethers derived from epoxides represent a versatile class of functional polymeric 
materials. Epoxide ring-strain depends little on monomer structure. This fact enables the 
potential for true compositional control of structure-property relationships in a 
macromolecular platform toolkit. Unfortunately, epoxides do not polymerize to high 
molecular weights and low dispersities by any method in common usage not requiring 
sophisticated synthetic skill and equipment. As a first step toward the democratization of 
polyether chemistry, our lab has developed a class of stable, crystalline mono-µ-oxo-
dialuminum (MOD) initiators that offer the control of anionic ring opening polymerization, 
but the tolerance of chemical functionality and access to high molecular weight of 
catalytic approaches. The MODs can be synthesized in a single step with purification 
afforded by direct crystallization from the reaction medium. The MOD-initiated living 
polymerizations create heterobifunctional materials at controlled molecular weights and 
with low dispersities. In this presentation the synthesis, mechanism, and versatility of 
MOD chemistry will be presented. 

 

 
 
 

  



POLY 102: Responsive polymeric nanoparticles 

Rachel K. OReilly, r.k.o-reilly@warwick.ac.uk. Dept of Chemistry, University of 
Warwick, Coventry, United Kingdom  

Precise control over the morphology of self-assembled polymers is currently the subject 
of intense research interest with various nano-sized architectures including; spherical 
micelles, vesicles, toroids, cylinders, worm-like micelles and rods being studied. 
Polymeric nanostructures are particularly attractive materials since their size, structure 
and function can be readily tailored to suit many desirable applications in nanoscience 
including drug delivery and catalysis through careful selection of the polymer structure 
and properties prior to self-assembly. Of particular interest is the ability for polymeric 
assemblies to exhibit transitions between different morphologies (and hence give rise to 
a change in physical properties) as a result of an alteration in the packing parameter of 
the constituent polymers in response to applied external stimuli. 

 

 
 
 

  



POLY 103: Design of polymeric cathode materials for metal-ion batteries 

Brett P. Fors, bpf46@cornell.edu. Chemistry and Chemical Biology, Cornell University, 
Ithaca, New York, United States  

The development of efficient electrical energy storage (EES) technology will be an 
enabling technology for a wide array of applications. Organic polymers represent a 
class of cathode materials that can offer high capacities, fast charge/discharge rates, 
and excellent stabilities for EES devices. This presentation will detail the design of next 
generation polymeric cathode materials for batteries and supercapacitors. These 
materials are synthesized from inexpensive starting materials and show both high 
energy and power densities. 

 

 
 
 

  



POLY 104: Supramolecular hydrogels as therapeutics and therapeutic delivery 
agents 

J Hedrick, hedrick@us.ibm.com. IBM Research, San Jose, California, United States  

Hydrogels produced from the self-assembly of synthetic polymers have an inexhaustible 
potential to serve as either a delivery matrix for a vast range of pharmaceutical, 
cosmetic and dietary products or as a therapeutic. Recent developments in polymer 
chemistry have enabled polymers to be synthesized with well-controlled composition 
and architecture. Highly versatile orthogonal functionalization strategies also allow 
gelation of such polymers and containment of drug payload through one or a 
combination of the following association mechanisms such as hydrophobic interactions, 
ionic interactions, hydrogen bonding, physical entanglement of macromolecules and 
chemical cross-linking of the matrix. A series of amphiphilic ABA triblock copolymers, 
consisting of a hydrophilic PEG middle block flanked on both ends by hydrophobic 
polycarbonate blocks bearing hydrophobic functionalities, were synthesized. These 
polymers are capable of forming hydrogels depending on the hydrophobic/hydrophilic 
balance of the polymers and solvent composition. A key advantage of such gel systems 
is that they are formed solely based on intermolecular physical interactions and does 
not involve the formation of covalent bonds. Viscoelastic behavior of the gels can be 
adjusted in a facile manner by varying the polymer concentration and ratio between the 
constituent blocks. Through careful selection of suitable constituent blocks, the loading 
of diverse variety of drug payloads with different chemical and physical characteristics 
can be achieved. In addition to serving as a depot for therapeutic delivery, we have 
shown that the gel can also serve as the therapeutic. Antimicrobial hydrogels have been 
shown to have broad-spectrum antimicrobial activity as well as the ability to eradicate 
biofilms. 

  



POLY 105: Accessing conjugated/saturated block copolymers via a single 
multitasking catalyst 

Anne J. McNeil, ajmcneil@umich.edu. Chemistry, University of Michigan, Ann Arbor, 
Michigan, United States  

The discovery of living, chain-growth methods for synthesizing conjugated polymers 
has, in principle, enabled access to more diverse sequences, including block and 
gradient copolymers. In practice, however, expanding these methods to include co-
monomers with non-aryl backbones has been limited. One reason is that the 
polymerization routes commonly used for generating saturated polymers (e.g., anionic, 
free radical, etc) are mechanistically distinct from the metal-catalyzed cross-coupling 
routes used to generate conjugated polymers. Recently, we successfully synthesized a 
conjugated/saturated diblock copolymer by focusing on a catalyst with a common 
intermediate between the two mechanistically distinct polymerizations. This talk will 
highlight the discovery and further development of this single, multitasking catalyst. 

 

 
 
 

  



POLY 106: Chalcogenide hybrid inorganic/organic polymers (CHIPs): A new class 
of transmissive polymeric materials for mid-IR imaging 

Jeffrey Pyun3, jpyun@email.arizona.edu, Tristan Kleine3, Laura E. Anderson3, Richard 
S. Glass2, Kookheon Char1, Robert A. Norwood3. (1) Seoul Natl Univ Sch Chem Eng, 
Seoul, Korea (the Republic of) (2) Chem Dept, Univ of Arizona, Tucson, Arizona, United 
States (3) University of Arizona, Tucson, Arizona, United States  

Infrared (IR) optical technology are widely used in optical communication, military and 
defense applications for high quality imaging in pure darkness. Currently, there exist 
numerous infrared inorganic transmitting materials, including semiconductors, alkali and 
alkaline earth metal halides, oxide glasses and chalcogenide glasses that are typically 
integrated into devices as lenses, or free standing windows. Specifically, chalcogenide 
glasses (e.g., zinc selenide-ZnS) are typically amorphous ionic solid networks that 
incorporate sulfide, selenide, or telleride counter anions. These materials also have high 
refractive index (n > 2.0) in the range of 2-5 microns while retaining high IR 
transparency and low losses. While both semiconductors, or amorphous chalcogenide 
glasses exhibit excellent optical properties as IR transmitting materials, these materials 
are also expensive and hazardous to handle and process during fabrication into device 
components. While polymeric materials offer numerous advantages for melt, or solution 
processing to fabricate mid-IR optical components, the vast majority of synthetic 
polymers possess prohibitively low refractive indices and poor IR transparency. To 
address these limitations, we have developed a new class of IR optical polymers based 
on chalcogenide hybrid inorganic/organic polymers (CHIPs), that possess the highest 
refractive indices of any synthetic polymer (n > 2.0 from 600-3000 nm) and excellent 
mid-IR transparency. We will discuss our recent efforts to prepare and process these 
materials into optical components for mid-IR imaging. [figure1] 

 
Figure 1:(a) schematic for poly(S-r-DIB) CHIPs (b) plot of refractive index vs. wavelength (nm) 
of conventional polymers (PS, PMMA) vs. high n poly(S-r-DIB) from 50-90 wt% sulfur (c) 
Thermal imaging of human subject through 80 wt% S8 poly(S-r-DIB) film (~1 mm) in the mid-
IR (3-5 μm) regime (d) Thermal imaging of human subject through PMMA film (~1 mm) in the 
mid-IR (3-5 μm) regime 



POLY 107: Partially fluorinated polyethers for spatiotemporal mapping of tissue 
oxygenation 

Frank A. Leibfarth, FrankL@email.unc.edu. Chemistry, Massachusetts Institute of 
Technology, Boston, Massachusetts, United States  

Molecular oxygen (O2) is a vital component of aerobic respiration, and thus its partial 
pressure (pO2) in various tissues can be considered a key physiological biomarker for 
pathologies known to alter the normal metabolic process. In particular, inadequate 
levels of tissue oxygenation have been linked to a variety of afflictions, including 
myocardial infarction, ischemic stroke, cancer, peripheral artery disease, deep vein 
thrombosis, and metabolic syndrome. Furthermore, tumor oxygenation has been 
identified as a significant factor affecting the efficacy of cancer therapy. Spatiotemporal 
mapping of tissue pO2, therefore, holds the potential to guide decision-making in the 
crucial early stages of treatment for various disease states. Oxygen quantification in 
vivo, however, remains a significant challenge for which there is an opportunity for more 
sensitive, universal, and versatile contrast agents. 
 
Magnetic resonance imaging (MRI) methods for interrogating tissue oxygenation are 
attractive due to the wide availability of MRI equipment and avoidance of expensive and 
short-lived radiopharmaceuticals. Specifically, 19F MRI has transformative potential to 
dynamically map oxygenation in tissue. The spin lattice relaxation rate (T1) of 19F is 
exquisitely sensitive to O2 concentration and it offers high spatial and temporal 
resolution and arbitrary tissue depth penetration. We report the synthesis of partially 
fluorinated epoxide monomers and their polymerization into partially fluorinated 
polyethers for use as 19F MR imaging agents. These novel polyether (co)polymers have 
a high density of chemically equivalent fluorine nuclei to ensure MRI sensitivity and 
have a low chemical shift dispersion for high resolution spatiotemporal mapping of 
tissue oxygenation. With this synthetic platform established, we will discuss current 
efforts in understanding the critical structure–property relationships for eventual 
translation to medical imaging. 

 



POLY 108: New approaches to well-defined functional materials 

Craig J. Hawker, hawker@mrl.ucsb.edu. Univ of California, Santa Barbara, California, 
United States  

The macromolecular architecture combined with the nature and number of functional 
units dictate the physical properties of soft materials. In this presentation we will review 
the emerging strategies for spanning the spectrum of structures between discrete, 
sequence defined materials and traditional diblock copolymers. 

 

 
 
 

  



POLY 109: Polymers and composites research needs within the vehicle 
technologies office 

H F. Wu, Felix.Wu@ee.doe.gov. Office of Energy Efficiency and Renewable Energy, 
Vehicle Technologies Office, U.S. Department of Energy, Washington, DC, District of 
Columbia, United States  

The U.S. Department of Energy's Vehicle Technologies Office (VTO) supports research, 
development, and deployment of efficient and sustainable highway transportation 
technologies that will improve fuel economy and enable America to use less petroleum. 
These technologies, include plug-in electric vehicles (also known as PEVs or electric 
cars), batteries, electric drive technologies, advanced combustion engines, lightweight 
materials, and alternative fuels, will increase Americans’ mobility and energy security, 
while lowering costs and reducing environmental impacts. VTO collaborates with 
industry, academia, and national laboratories to develop and deploy advanced vehicle 
technologies, including highly efficient combustion engines, lightweight materials, and 
electric drive vehicles. These technologies can lead to significant fuel economy 
improvements and replace oil with domestic fuels, setting the foundation for clean, 
efficient, sustainable, and cost-competitive vehicles. This plenary presentation will look 
at the current use of polymeric systems and polymer composite systems in the 
automotive industry and the potential that these materials offer for weight reduction and 
a corresponding fuel use reduction in future vehicles. The advantages of using 
polymeric composite material systems in future vehicles will be explored and the 
technology gaps that inhibit greater use of these materials will be investigated. 

 

 
 



POLY 110: Polymer science related research funding through the Division of 
Chemical Sciences, Geosciences, and Biosciences at the Department of Energy 

Christopher A. Bradley, chris.bradley@science.doe.gov. Office of Science, Basic 
Energy Sciences, Department of Energy, Germantown, Maryland, United States  

The Office of Basic Energy Sciences (BES) at the U.S. Department of Energy (DOE) 
supports a range of energy related research activities at both universities and the 
national lab system. Within the Chemical Sciences, Geosciences, and Biosciences 
(CSGB) Division, support for basic research related to polymeric materials is provided 
by multiple programs. This presentation will provide a general overview of DOE-CSGB 
and the specific programs that are of potential interest to the polymer research 
community. Topics of current interest as well as selected recent scientific highlights 
from polymer-related projects supported by DOE-CSGB will be presented. Finally, 
current funding opportunities and general guidance on submitting proposals to DOE-
CSGB will also be described. 

 

 
 
 

  



POLY 111: Directing soft matter assembly for optimizing stimuli-response and 
properties 

Bobby Sumpter, sumpterbg@ornl.gov. Center for Nanophase Materials Sciences/MS-
6494, Oak Ridge National Laboratory, Oak Ridge, Tennessee, United States  

Understanding the multiscale physicochemical processes that underlie the formation of 
morphologies and macroscopic physical, mechanical, electrical, and transport 
properties of soft matter such as polymers, requires a highly integrated approach where 
theory, modeling and simulation works in concert with precise synthesis, advanced 
experimental characterization and device measurements. This is the approach we use 
in the pursuit of understanding how to direct the nanoscale organization and dynamics 
of macromolecular nanomaterials and their nanocomposites in order to achieve desired 
structure, properties, and functionality. In this talk I will highlight some of our recent 
progress for designing novel polymer-based materials targeting applications for energy 
storage, energy conversion and lightweight structural materials. Because the properties 
and structure depend sensitively upon intra- and inter-polymer chain and solvent 
interactions, in-situ multimodal methods are key to experimentally understand and 
ultimately manipulate these interactions. Our work emphasizes both the development of 
in-situ capabilities (small-angle neutron and X-ray scattering, impendence and optical 
spectroscopy, 1st principles-informed large-scale coarse-grained molecular dynamics 
simulations) and the successful application to the design of an electrolyte-free polymeric 
“smart material” based on a thermo-controllable nanostructure. Overall, this work shows 
how semiconducting polymer processing can be achieved by utilizing water-soluble 
conjugated polymers in solutions for self-assembly based fabrication of stimuli-
responsive nanostructures and sensory materials.  

  



POLY 112: Polymer science at the Center for Integrated Nanotechnologies (CINT) 

Amalie L. Frischknecht, alfrisc@sandia.gov. Center for Integrated Nanotechnologies, 
Sandia National Labs, Albuquerque, New Mexico, United States  

I will provide an overview of polymer research currently being conducted at the Center 
for Integrated Nanotechnologies (CINT), a DOE-funded user facility located at both 
Sandia and Los Alamos National Laboratories. Polymer research at CINT is carried out 
in both the Soft, Biological and Composite Nanomaterials Thrust and the Theory and 
Simulation of Nanoscale Phenomena Thrust. Research ranges from synthesis, to 
experimental investigations of biopolymers, polymer self-assembly, and polymer 
nanocomposites, to molecular dynamics simulations of polymer assembly and 
dynamics. I will highlight several of these areas and also describe facilities and 
expertise available to users. 

 

 
 
Left: CINT logo. Middle: AFM images and simulations of ternary mixed polymer brushes. 
Right: Snapshots from MD simulations of an ion-containing polymer, showing nanoscale ionic 
aggregates. 

  



POLY 113: Opportunities for polymer research using neutrons at Oak Ridge 
National Laboratory 

Volker S. Urban, urbanvs@ornl.gov. Oak Ridge National Laboratory, Oak Ridge, 
Tennessee, United States  

Oak Ridge National Laboratory (ORNL) operates two neutron scattering user facilities 
(SNS and HFIR) that offer a wide array of experimental techniques. Applications of 
neutron techniques include understanding material properties of bio and synthetic 
polymers, the development of high performance fibers for challenging thermal and 
structural applications, as well as research on advanced manufacturing, battery 
technologies and energy storage, food and nutritional science, and pharmaceuticals to 
name a few. Neutron techniques share similarities with X-rays and both probes are 
often used in a complementary fashion. Neutrons are utilized where X-ray scattering 
does not render the results due to for instance a lack of scattering contrast, or where the 
material has to be kept in a sample environment in which X-rays cannot penetrate or 
where radiation damage issues with X-rays become a problem. 
 
ORNL is at present developing a third neutron source (STS) with 50 – 100x brighter 
scattering beamlines and smaller beam sizes that will be ideally suited for studying soft 
and hierarchical materials. Decades of ‘more neutrons on sample’ will for instance 
greatly increase the time-resolution with which changes induced by processing 
conditions like thermal quenches or shear can be observed with the neutron probe. Also 
mechanical deformation processes can be simulated in real time on the beamlines 
which offers unique possibilities in understanding the molecular behavior of for instance 
deformation induced crystallization or mechanical failure. Even more important will be 
the option to combine several techniques into a single experiment. When combining 
SANS and WANS one will have a direct probe over the structural length scales ranging 
from interatomic distances, via mesophases to long range order. For example, studies 
that simultaneously detect crystallization and conformation and orientation of individual 
polymer chains during polymer processing will become feasible for the first time. 

 



POLY 114: 11-BM complex materials scattering (CMS): A new SAXS/WAXS 
beamline at NSLS II 

Masafumi Fukuto, fukuto@bnl.gov. NSLS II, Brookhaven National Laboratory, Upton, 
New York, United States  

Complex Materials Scattering (CMS) beamline at the National Synchrotron Light Source 
II (NSLS II) at Brookhaven National Laboratory provides SAXS/WAXS and 
GISAXS/GIWAXS capabilities for materials science community. With the initial 
construction phase completed in August 2016, the CMS beamline has been taking 
science commissioning users since January 2017 and will begin general user operation 
in summer 2017. In this talk, we will present the current status of the beamline, available 
techniques and sample environments, as well as our vision for the future development. 
Topics such as high-throughput sample handling, in situ sample environments, and 
automating beamline workflow will be discussed. The talk will also provide a brief 
summary of the suite of existing and planned scattering beamlines at NSLS II that are 
well suited to polymer science research. 

 

 
 
 

  



POLY 115: Dielectric phenomena in polymers and multilayered dielectric films 

Lei Zhu, lxz121@case.edu. Dept of Macromolecular Sci Eng, Case Western Reserve 
University, Cleveland, Ohio, United States  

High dielectric constant and low dielectric loss are desirable electrical properties for 
next-generation polymer dielectrics that show promise for applications in pulsed power, 
power electronics, and printable electronics. Unfortunately, the dielectric constant of 
polymers is often limited to 2-5, much lower than that of inorganic dielectrics, because 
of the nature of hydrocarbon covalent bonds for electronic and atomic polarizations. It is 
essential to understand the fundamental physics of different types of polarization and 
the associated loss mechanisms in polymers. In this Perspective, we discuss the 
characteristics of each polarization and explain how to enhance the polarization using 
rational molecular designs without causing significant dielectric losses. Among various 
approaches for high dielectric constant and low loss polymers, the multilayer film 
technology is of particular interest because a multilayer film is a unique one-dimensional 
system with tailored material choices, layer thicknesses, and interfaces. By minimizing 
the disadvantageous polarizations and enhancing the advantageous polarizations, 
multilayer films hold promise as advanced dielectrics for future polymer film capacitors. 

 



POLY 116: Conductive and gas separation properties of imidazolium-containing 
poly(ionic liquid) network membranes prepared from thiol-Ene ‘click’ 
photopolymerization 

Kevin M. Miller, kmiller38@murraystate.edu, Harry B. Fannin, Abby Bratton. 
Department Of Chemistry, Murray State University, Murray, Kentucky, United States  

Thiol-ene ‘click’ photopolymerization has been utilized as a way to incorporate 
imidazolium-containing ionic liquid groups into the backbone of covalently crosslinked, 
poly(ionic liquid) (PIL) networks for the purposes of investigating their conductive and 
gas separation properties. Imidazolium-containing ‘ene’ monomers were 
photopolymerized with commercially available multifunctional thiols in the presence of 
the photoinitiator DMPA. Variations in crosslink density and counteranion were explored 
in an attempt to determine the thermal, mechanical and conductive operational 
windows. Thiol-ene PILs employing the [NTf2] counteranion were found to exhibit 
promising conductivities (10-6 to 10-5 S/cm at 25 °C). In addition to the standard PIL 
properties mentioned above, the ability of these PILs to separate carbon dioxide from 
nitrogen and methane was explored using a time-lag measurement apparatus. The pure 
PIL membranes did not exhibit a high permeability for CO2 (7-9 Barrers), however, upon 
the introduction of the free IL [emim][NTf2] (resulting in PIL gels), an increase in 
permeability and selectivity was observed. The results and trends from these studies 
will be discussed. 

 

 
 
 

  



POLY 117: Facile synthesis of thiolene semicrystalline polymers and their 
applications in ultra-sensitive temperature sensors 

Kejia Yang1, kejia.yang@utdallas.edu, Jesse C. Grant4, Jonathan T. Reeder3, Walter 
Voit2. (1) Chemistry, The University of Texas at Dallas, Richardson, Texas, United 
States (2) UT Dallas, Richardson, Texas, United States (3) Northwestern University, 
Evanston, Illinois, United States (4) Biomedical Engineering, UT Dallas, Richardson, 
Texas, United States  

PPTC materials are temperature sensitive composites that undergo changes in 
morphology with temperature increase. Devices fabricated with PPTC materials exhibit 
extraordinarily large changes in resistance when heated above a certain threshold 
temperature, commonly over six orders of magnitude. This feature makes the use of 
PPTC materials in thermal sensing devices highly desirable because of their high 
sensitivity, flexibility, and low cost. Polymers that are used in commercially available 
PTC devices are typically semi-crystalline polymers that undergo main chain 
crystallization and have melting points which are highly dependent on the length of the 
polymer chains and/or the tacticity, neither of which is not easily tunable. 
In this presentation, we will be discussing our work on the synthesis of side-chain 
crystalline thoilene-based polymers, of which the melting points only depend on the 
length of the side chains, via simple radical polymerization. We will also present their 
applications in the fabrication of ultra-sensitive temperature sensors; the sensors exhibit 
a sensitivity of up to an order of magnitude per centigrade. 

  



POLY 118: Achieving novel relaxor ferroelectric behavior in a nylon terpolymer 

Zhongbo Zhang1,2, zxz202@case.edu, Lei Zhu2. (1) Chemistry, Case Western Reserve 
University, Cleveland, Ohio, United States (2) Dept of Macromolecular Sci Eng, Case 
Western Reserve University, Cleveland, Ohio, United States  

Novel ferroelectric polymers, featured by narrow electric displacement-electric (D-E) 
hysteresis loop, are attractive for electric energy storage applications due to their high 
dielectric constant and low loss property. Currently, only poly(vinylidene fluoride) 
(PVDF)-based copolymers (e-beamed) and terpolymers with confined ferroelectric 
domain size show novel ferroelectric behavior. It is desired to achieve novel 
ferroelectricity in other polymers such as nylons by carefully modifying the chemical and 
crystal structures. In this presentation, a nylon terpolymer of nylon 11, nylon 12 and N-
methylated nylon 11 (11-12-NM11) will be introduced to show relatively narrow 
hysteresis loop. The purpose of copolymerizing nylon 11 and nylon 12 is to introduce 
chemical and structural defects (i.e., dangling amide groups and kinked bonds) into the 
mesomorphic phase and to reduce the size of ferroelectric domains. In addition, this 
terpolymer also comprises the third monomeric unit, N-methylated nylon 11, in order to 
achieve pinning effect. The presence of methyl groups in crystalline phase is evidenced 
by wide-angle x-ray diffraction (WAXD). With the help of N-methylation of amide groups, 
the nylon terpolymer exhibits narrow hysteresis loop at 75 oC, which is slimmer than the 
hysteresis loop of nylon 11 homopolymer and nylon copolymer of 11 and 12 and thus 
indicates the pinning effect from methyl groups. 

 

 
 
Ferroelectric behavior of homopolymer of nylon 11, copolymer of nylon 11-12 and terpolymer 
of 11-12-NM11. 

  



POLY 119: Effect of interfacial polarization on electric insulation properties for 
multilayer polymer films 

Xinyue Chen, xxc291@case.edu. Macromolecular science and engineering, Case 
Western Reserve University , Cleveland, Ohio, United States  

With recent developments, polymer film capacitors become increasingly important for 
advanced power applications. In this work, dielectrical properties of polycarbonate 
(PC)/poly(vinylidene fluoride) (PVDF) multilayer films with a composition of 50/50 
(vol./vol.) were compared between 32- and 256-layer films. It was observed that the 
256-layer film with thinner PVDF and PC layers exhibited a lower breakdown strength, a 
higher electric conductivity, and a higher ion loss than the 32L film with thicker PVDF 
and PC layers. These differences in dielectric properties were attributed to the 
difference in the interfacial polarization due to permittivity and conductivity contrasts 
between PVDF and PC. Space charges at the PC/PVDF interfaces could serve as 
effective traps to prevent leakage current through the film, leading to enhanced 
electrical insulation. For the 256-layer film, the interfacial charges were much less than 
those in the 32-layer film with thicker PC, because thinner PVDF layers could not 
effectively block space charges. As a result, the 256-layer film was less insulating than 
the 32-layer film. The interfacial polarization in the 32- and 256-layer films was proved 
by thermally stimulated depolarization current (TSDC) spectroscopy. 

 
Schematic of interfacial polarization in PVDF layers and subsequent electronic conduction in PC 
layers for PC/PVDF multilayer films. 



POLY 120: Reduction of ionic conduction loss in multilayer polymer films for 
electric energy storage application 

Huadong Huang1, huanghd86@gmail.com, Xinyue Chen2, Lei Zhu1. (1) Dept of 
Macromolecular Sci Eng, Case Western Reserve University, Cleveland, Ohio, United 
States (2) Macromolecular science and engineering, Case Western Reserve University , 
Cleveland, Ohio, United States  

The past decades have witnessed the increasing interest in polymer film capacitors with 
enhanced energy density, low dielectric loss, and high temperature tolerance for 
advanced electrical and power applications. The state-of-the-art multilayer coextrusion 
technology at Case Western Reserve University has been demonstrated to be a 
promising strategy for this purpose. In these multilayer films, a high breakdown 
dielectric polymer [e.g., polycarbonate (PC) or polysulfone (PSF)] is multilayered with a 
high energy density polymer [e.g., poly(vinylidene fluoride) (PVDF) and its random 
copolymers]. It is found that impurity ion conduction in PVDF layers, rather than PVDF 
dipole switching, is responsible for the dielectric loss. In this study, unipolar electric 
poling at a temperature slightly below the glass transition temperature (Tg) of PSF was 
utilized to drive the impurity ions from the PVDF layers to the PSF layers. After cooling 
far below the Tg of PSF, these impurity ions were trapped in the frozen PSF layers. 
Consequently, the dielectric loss from impurity ion conduction could be effectively 
reduced. In the future, we will investigate the effect of interfacial charges to further 
enhance the insulation properties for multilayer films. 

 

 
 
 

 



POLY 121: Lessons for controlled radical polymerizations from low ceiling 
temperature polymers 

Tomasz Kowalewski, tomek@andrew.cmu.edu. Dept of Chemistry, Carnegie Mellon 
University, Pittsburgh, Pennsylvania, United States  

Using as a departure point the anionic polymerization of formaldehyde, this presentation 
will focus on discussing the factors responsible for the impact of chain end groups on 
the thermodynamic stability of polymer chains. Computational surveys of different 
scenarios will be carried out using DFT and Valence Bond Theory calculations. The 
main emphasis will be placed on the implications of findings for CRP conditions. 
Furthermore, an attempt will be made to relate the revealed trends to the fundamental 
underpinnings of the covalent bond. 

 



POLY 122: Scope and limitations of the ATRP of butadiene 

Alexandru D. Asandei, alexandru.asandei@uconn.edu. Univ of Connecticut, Storrs 
Mansfield, Connecticut, United States  

While the controlled radical polymerization (CRP) of conventional monomers such as 
styrene and acrylates has seen tremendous progress over the last two decades, the 
metal mediated CRP of reactive, gaseous monomers such as dienes, is still in its 
infancy. To this end, we have carried out a comprehensive investigation of the reaction 
variables in the ATRP of butadiene including the type of ATRP, the nature of the halide, 
initiator, ligand, as well as solvent and temperature effects. The rational selection of 
these parameters towards the minization of side reactions in the synthesis of well-
defined polybutadiene with high chain end functionality, suitable for the ATRP synthesis 
of block copolymers will be presented. 

 

 
 
 

 



POLY 123: Ambient temperature transition-metal-free dissociative electron 
transfer reversible addition-fragmentation chain transfer polymerization (DET-
RAFT) of methacrylates, acrylates and styrene 

Tamaz Guliashvili, tguliashvili@cytosorbents.com. R&D, Cytosorbents Inc. , 
Monmouth Junction, New Jersey, United States  

Inorganic sulfites as reducing agents were successfully used in combination with typical 
reversible addition–fragmentation chain transfer (RAFT) agents for the controlled DET-
RAFT (DET: dissociative electron transfer) of methacrylates, methyl acrylate (MA), and 
styrene (Sty) near room temperature. The polymerizations were first-order with respect 
to monomer conversion and polymers with narrow molecular weight distributions, and 
“living” features were obtained. MALDI-TOF experiments demonstrated the integrity of 
the chain-ends and clearly showed the absence of SO2 in the polymer chains. Kinetic 
studies revealed that an increase of either temperature or concentration of sulfites 
provided faster reactions, without loss of control. Ab initio quantum chemistry 
calculations suggested that in the presence of the reducing agent the RAFT agent 
undergoes one-electron reduction to a stable radical anion that can then undergo 
fragmentation to yield the initiating carbon-centered radical. The new metal-free DET-
RAFT developed proved to be versatile and robust, as it could be also used for the 
polymerization of different relevant monomers, such as glycidyl methacrylate (GMA), 2-
(diisopropylamino)ethyl methacrylate (DPA), and 2-(dimethylamino)ethyl methacrylate 
(DMAEMA). 

 

 



POLY 124: Poly(thio acrylates): Expanding the radically polymerizable monomer 
toolbox 

Caglar Becer, r.becer@qmul.ac.uk. School of Engineering and Materials Science, 
Queen Mary University of London, London, United Kingdom  

Radically polymerizable monomers such as acrylates, acrylamides, and styrenes have 
been investigated for their corresponding polymers for many years. However, 
thioacrylates are a forgotten class of monomers and has not been studied for decades. 
Herein, we present a simple synthetic approach to prepare various thioacrylate 
monomers as well as their controlled radical polymerization for the first time. Four 
different thioacrylate (TA) monomers namely, ethyl thioacrylate, phenyl thioacrylate, n-
propyl thioacrylate and isopropyl thioacrylate have been polymerized via RAFT 
polymerization. A trithiocarbonate chain transfer agent was utilized to control the molar 
mass and dispersity of thioacrylate polymers. Homopolymers of thioacrylates with 
different degree of polymerizations were prepared and their block copolymerizations 
were studied with ethylacrylate and thioacrylates. All obtained polymers were analyzed 
in details using GPC, NMR, TGA, DSC and water contact angle. 

 

 
 
 

  



POLY 125: Correlation of reduction potential, equilibrium constant, and control 
mechanism in cobalt mediated radical polymerization 

Chi-How Peng, chpeng@mx.nthu.edu.tw, Fu-Sheng Wang, Hong-Hsun Lu, Guang 
Hong Zheng. Chemistry, National Tsing Hua University, Hsinchu, Taiwan  

Cobalt mediated radical polymerization (CMRP) has been recognized by the highly 
efficient control to radical polymerization of unconjugated monomers such as vinyl 
acetate (VAc) and was reported to be mediated by reversible termination (RT) and 
degenerative transfer (DT). These two mechanisms could be distinguished 
experimentally by the radical source and thermodynamically by the equilibrium constant 
of cobalt(II) and organo-cobalt(III) species. Since the core reaction in CMRP is the 
redox reaction between Co(II) and Co(III) complexes, the reduction potential (E1/2) was 
proposed to be correlated to the equilibrium constant (Keq), and thus control 
mechanism. A series of cobalt complexes have been used in CMRP of methyl acrylate 
as the mediators and a linear relationship between log(Keq) and E1/2 was established 
and could be used to estimate the Keq of CMRP using other complexes. With the 
enriched database of Keq values, the control mechanisms of CMRP were quantitatively 
defined by CoII/CoIII equilibrium constant. The connection of reduction potential, 
equilibrium constant, and control mechanism would contribute to the in-depth 
understanding of CMRP process. 

 
 



POLY 126: Sulfur free RAFT in emulsion - efficient and scalable block copolymers 

David M. Haddleton1, D.M.HADDLETON@WARWICK.AC.UK, Nikolaos Engelis1, 
Ataulla Shegiwal1, Athina Anastasaki1,2. (1) Chemistry, University of Warwick, Coventry, 
United Kingdom (2) Engineering, UCSB, Santa Barbara, California, United States  

Sulfur free reversible addition-fragmentation chain transfer polymerisation (RAFT) is a 
versatile tool for the controlled synthesis of methacrylic block and comb-like 
copolymers. Sulfur free RAFT (SF-RAFT) utilises vinyl terminated macromonomers 
obtained via catalytic chain transfer polymerisation (CCTP) of methacrylates as a chain 
transfer agent (CTA), and thus precluding adverse aspects of the normal RAFT reaction 
such as toxicity of dithioesters and precludes any polymer work up requirements. This is 
applied to a range of narrow dispersity block and multi block copolymers (PDI < 1.2) and 
comb-like macromolecules by employing emulsion polymerisation allowing for the 
preparation of relatively large quantities (~50 g) of copolymers promptly and 
straightforwardly. Copolymers are characterised using 1H NMR, size exclusion 
chromatography (SEC), thermogravimetric analysis (TGA) and matrix-assisted laser 
desorption/ionization time of flight mass spectroscopy (MALDI-TOF-MS) techniques. 
The application of this chemistry in dispersants and coatings will be described 

 



POLY 127: Polymerization-induced self-assembly in non-polar media 

Steven P. Armes, s.p.armes@sheffield.ac.uk. Univ of Sheffield Dept of Chem, 
Sheffield, United Kingdom  

The efficient, reproducible synthesis of bespoke organic nanoparticles of controlled size, 
morphology and surface functionality in concentrated solution is widely regarded to be a 
formidable technical challenge. However, we have recently demonstrated that 
polymerisation-induced self-assembly (PISA) is a highly versatile, potentially scalable 
platform technology that allows substantial progress to be made towards addressing 
this important problem. The basic principles of PISA are generic: a wide range of 
diblock copolymer nano-objects can be readily prepared in either water, ethanol or n-
alkanes. In PISA, a soluble precursor 'A' block is chain-extended using a second 
monomer that forms an insoluble 'B' block in the chosen solvent. As this second 'B' 
block grows in the monomer/solvent reaction mixture, micellar nucleation occurs at 
some critical chain length, leading to the formation of sterically-stabilized nanoparticles. 
Depending on the relative volume fractions of the 'A' and 'B' blocks, the copolymer 
morphology can be either spheres, worms or vesicles. In collaboration with a range of 
industrial partners, various applications are being explored for this platform technology 
at U. Sheffield. Some of these formulations will be discussed in this talk, with PISA 
syntheses conducted in non-polar media being particularly emphasised. In this context 
we show that small-angle X-ray scattering (SAXS) is a powerful characterization 
technique that (i) sheds light on the evolution in copolymer morphology during PISA and 
(ii) indicates the precise mechanism of vesicle growth under such conditions. 

 

 
 
Schematic representation of polymerisation-induced self-assembly (PISA) 

  



POLY 128: Synthesis of acrylic gradient copolymers using surfactant-free 
emulsion RAFT polymerizations 

Devon A. Shipp, dshipp@clarkson.edu, Ishah Alshehri. Chemisty Biomolecular 
Science, Clarkson University, Potsdam, New York, United States  

Gradient copolymers, which have a compositional change that occurs gradually across 
each polymer chain, are of both practical and academic interest. They have potential in 
a variety of applications, such as compatibilizers, pressure-sensitive adhesives, wetting 
agents, vibration dampers, and shape memory polymers. However, realization of these 
applications has been hampered in part because of the lack of knowledge regarding the 
relationship between structure/composition and properties, which in turn has been 
restricted because of difficulties in their synthesis. One avenue to make gradient 
copolymers with specific compositional gradient is to use starved-feed emulsion 
polymerizations coupled with a reversible-deactivation radical polymerization (RDRP), 
such as reversible addition-fragmentation chain transfer (RAFT) polymerization. Here 
we report the synthesis and characterization of an all-acrylic gradient copolymer using 
starved-feed emulsion RAFT polymerization. 

 



POLY 129: To achieve well-defined and highly-living polystyrene over 500 kg/mol 
with high polymerization rates via a two-stage RAFT emulsion polymerization 

Kun Yan, yingwu luo, yingwu.luo@zju.edu.cn. chemical engineering and 
bioengineering, Zhejiang University, Hangzhou, China  

Highly living polymer with over 100 kg/mol molecular weight is very difficult to achieve 
by controlled/living radical polymerizations since the unavoidable side reactions of 
irreversible radical termination and radical chain transfer to monomer reaction become 
significant. We will report that over 500 kg/mol polystyrene with high livingness (~90%) 
and narrow molecular weight distribution (PDI~1.2) could be synthesized by a facile 
two-stage reversible addition-fragmentation transfer emulsion polymerization. The 
monomer conversion reaches over 90% within about 10 hours. We will also touch on 
the polymerization kinetics. It is revealed that the high livingness of the product should 
be ascribed to extremely low initiator concentration and the dramatic reduction in 
irreversible radical chain transfer to monomer reaction rate. The polymerization rate 
remains high even at very low initiator concentrations. As the initiator concentrations is 
decreased to very low levels, both molecular weight distribution (PDI) and particle size 
distribution (PSD) unexpectedly broaden in an accelerating rate due to the slow 
activating/deactivating rates between particles with and without a radical inside. The 
two-stage monomer feeding policy can much decrease PDI. It is estimated that the rate 
constant of the irreversible radical chain transfer to monomer reaction (CM) should be 
only about 1/6 to 1/4 of the well-accepted value in the conventional radical 
polymerization. 

 
GPC curve movement in the synthesis of high molecular weight PS 



POLY 130: Building biomaterials from bio-based materials 

Kathryn E. Uhrich1,2, kathryn.uhrich@gmail.com. (1) Chemistry, Rutgers University, 
Plainfield, New Jersey, United States (2) Chemistry, University of California, Riverside, 
Riverside, California, United States  

Significant and promising advances have been made in the polymer field for controlled 
and sustained bioactive delivery. Traditionally, small molecule bioactives have been 
physically incorporated into biodegradable polymers; however, chemical incorporation 
allows for higher drug loading, more controlled release, and enhanced processability. 
Moreover, the advent of bioactive-containing monomer polymerization and hydrolytic 
biodegradability allows for tunable bioactive loading without yielding a polymer residue. 
In this work, we highlight our research on utilizing bio-based monomers to create novel 
polymers with tunable physical properties. Utilizing bio-based polyols and carboxylic 
acids, as one example, we’ve synthesized novel oligomeric polyesters with a range of 
properties suitable for applications in cosmetics as well as for personal care and 
pharmaceuticals formulations. 

 

 
 
 

  



POLY 131: Robust renewable polymers with complete thermal and chemical 
recyclability 

Eugene Y. Chen, eugene.chen@colostate.edu. Colorado State University, Fort Collins, 
Colorado, United States  

Polymers that are easily degradable or depolymerizable back to their monomers usually 
do not have the physical integrity and mechanical strength to be practically useful. 
Hence, a key challenge in the field of recyclable polymers has been the design of next-
generation polymers that are not only physically and mechanically robust, but also 
thermally and/or chemically depolymerizable, at the end of their useful life, back to 
monomers for reuse. In this context, this talk will present our recent and on-going efforts 
towards developing such robust yet recyclable polymers. 

 

 
 
 

  



POLY 132: Toward mechanically robust bioplastics by controlling 
macromolecular architectures 

Chuanbing Tang, tang4@mailbox.sc.edu. Dept of Chemistry Biochemistry, University 
of South Carolina, Columbia, South Carolina, United States  

Availability, cost and performance are three of top matrices for developing biobased 
polymers, when we consider the fierce competition from petrochemical-based 
counterparts. We have demonstrated macromolecular architectures are critical to 
material properties in conjunction with unique complexity of natural biomass. In the 
presentation, I will talk about how to utilize macromolecular architectures to tune the 
properties of sustainable bioplastics and elastomers from renewable molecular 
biomass. 

 

 
 
 

  



POLY 133: Synthesis of polymers from renewable delta-hexalactones with 
selectable pendent groups 

Anushka Vithanage2, Thomas J. Schwartz1, William Gramlich2, 
william.gramlich@umit.maine.edu. (1) Chemical and Biological Engineering, University 
of Maine, Orono, Maine, United States (2) Department of Chemistry, University of 
Maine, Orono, Maine, United States  

Commercial renewable polyesters such as polylactic acid can replace some fossil-
based polymers, but suffer from several drawbacks such as low moisture resistance, 
brittleness, and low glass transition temperature, limiting their applicability. To overcome 
these issues, renewable polyesters are needed that have improved properties over 
existing materials. Functionalized delta-hexalactones (alkoxytetrahydro-2-pyrones) as 
seen in Figure 1a can be chemically derived from glucose through a 
hydroxymethylfufural intermediate, providing a new route to lactone monomers with 
selectable pendent groups. In this work, this functionality was varied to yield a library of 
monomers (Figure 1b). Ring opening transesterification polymerization (ROTEP) of 
these monomers was studied and demonstrated that despite having a bulky pendent 
group next to the active site, polymerization followed controlled kinetics. 
Thermodynamic analysis of the polymerization confirmed that it followed equilibrium 
polymerization behavior consistent with other six-membered lactones. Polymerization 
and thermal properties of the polymer could be varied by changing the pendent group. 

 

 
 
 

  



POLY 134: Synthetic, functional thymidine-derived polydeoxyribonucleotide 
analogs from a 6-membered cyclic phosphoester 

Yi-Yun T. Tsao, cm759250@gmail.com, Karen L. Wooley. 3255 TAMU, Texas AM 
University, College Station, Texas, United States  

A grand challenge that crosses synthetic chemistry and biology is the scalable 
production of functional analogs of biomacromolecules. We have focused our attention 
on the use of deoxynucleoside building blocks bearing non-natural bases to develop a 
synthetic methodology that allows for the construction of high molecular weight 
deoxynucleotide polymers. Our 6-membered cyclic phosphoester ring-opening 
polymerization strategy will be demonstrated, herein, by an initial preparation of novel 
polyphosphoesters, comprised of butenyl-functionalized deoxyribonucleoside repeat 
units, connected via 3’,5’-backbone linkages. A thymidine-derived bicyclic monomer, 
3’,5’-cyclic 3-(3-butenyl) thymidine ethylphosphate, was synthesized in two steps 
directly from thymidine, via butenylation and diastereoselective cyclization promoted by 
N,N-dimethyl-4-aminopyridine. Computational modeling of the 6-membered 3’,5’-cyclic 
phosphoester ring derived from deoxyribose indicated strain energies at least 5.4 
kcal/mol higher than the 6-membered monocyclic phosphoester, 2-ethoxy-1,3,2-
dioxaphosphinane 2-oxide. These calculations supported the hypothesis that the 
strained 3’,5’-cyclic monomer can promote ring-opening polymerization to afford the 
resulting poly(3’,5’-cyclic 3-(3-butenyl) thymidine ethylphosphate)s with low dispersities 
(PDI < 1.10). This advanced design combines the merits of natural product-derived 
materials and functional, degradable polymers to provide a new platform for functional, 
synthetically-derived polydeoxyribonucleotide-analog materials. 

 

 
 
 

 



POLY 135: Semi-renewable CO2-derived polycarbonates and block copolymers 
for biomedical applications 

NI YI, ni.yi10@imperial.ac.uk, Charlotte K. Williams. Chemistry, University of Oxford, 
Oxford, United Kingdom  

The alternating copolymerizations of epoxides and CO2 or anhydride are used to 
prepare di-hydroxyl end-capped polycarbonates or polyesters. The hydroxyl end groups 
are used to form block copolymers by initiating ROP of lactones or cyclic 
phosphoesters. The block copolymers also feature alkene groups in each repeat unit 
which are either terminal (vinyl) or internal alkene substituents. The alkene groups are 
reacted to form functionalized polymers targeted for biomedical applications – For the 
first example, the reaction with thiol-amines and subsequent quaternization allows the 
formation of antimicrobial surfaces. Alternatively, the alkenes are differentially reacted to 
produce alternating sequences of (ABAB)n repeats, where A features a hydroxyl 
substitute and B includes groups such as amine or acid. Finally, the scope to apply 
brush copolymers in bone tissue engineering will be highlighted. 

 

 
 
 



POLY 136: Functionalizable, biobased aliphatic polyesters via the alternating 
copolymerization of epoxides and cyclic anhydrides 

Maria J. Sanford2, mjs657@cornell.edu, Geoffrey W. Coates1. (1) Cornell Univ, Ithaca, 
New York, United States (2) Chemistry and Chemical Biology, Cornell University, 
Ithaca, New York, United States  

Aliphatic polyesters are of interest due to their biodegradability, ability to be biosourced, 
and high biocompatibility. Through catalyst development for the alternating 
copolymerization of epoxides and anhydrides we are able to incorporate numerous 
biobased monomers and introduce functionality into a wide range of materials. Control 
over unwanted side reactions, even at full conversion, allows facile access to partially 
renewable aliphatic polyesters including well-defined block copolymers, which can be 
easily functionalized leading to a diverse array of polymer structures and properties. 
Catalyst and biosourced monomer development and block copolymer synthesis will be 
discussed. 

 

 
 
 

  



POLY 137: Preparation and characterization of bio-based polyesters and 
polycarbonates derived from xylochemicals 

Silvio Curia1, curia@rowan.edu, Joseph R. Mauck2, Alexander Bassett3, Joseph F. 
Stanzione2. (1) Chemical Engineering, Rowan University, Glassboro, New Jersey, 
United States (2) Dept. of Chemical Engineering, Rowan University, Glassboro, New 
Jersey, United States (3) Rowan University, Glassboro, New Jersey, United States  

The utilization of wood-derived building blocks (xylochemicals) to replace fossil-based 
precursors is an attractive research subject of modern polymer science. The continuing 
development of new bio-based feedstocks opens opportunities to increase the resource 
base from which chemical and materials engineers can draw to meet specific polymer 
property requirements. Recently, significant efforts have transpired to obtain bio-based 
polymers and copolymers with enhanced thermomechanical properties for a wide 
variety of applications. 
In continuing these efforts, we have prepared and examined novel linear polyesters and 
polycarbonates derived from xylochemicals. Bio-based bisphenolic analogues were 
synthesized via electrophilic aromatic condensations of lignin-based building blocks. 
These bisphenolics were subsequently polymerized with multiple diacid 
chlorides/diacids to prepare a series of polyesters with varied and well-defined 
thermomechanical properties. Additionally, the same monomers were used for the 
synthesis of polycarbonates. 
These novel thermoplastics were characterized to assess their structure-property 
relationships and compared to industrial, fossil-based “equivalents”. The results of our 
study illustrate that these new polymers are valid alternatives to petroleum-based 
materials currently employed in the plastics industry. 

 



POLY 138: Glycerol-based divinylglycol as platform synthon for new bio-sourced 
polymers 

Lea Bonnot1,2, lea.bonnot@enscbp.fr, Etienne Grau1,2, Henri Cramail1,2. (1) LCPO, 
Pessac, France (2) University of Bordeaux, Bordeaux, France  

 
The current world consumption of polymer based materials such as plastics goes 
against the depletion of fossil resources, thus the synthesis of more sustainable 
thermoplastics polymers from renewable feedstocks is no longer an option. 
DiVinylGlycol (DVG), a C6 vicinal diol obtained from glycerol, represents one potential 
molecule platform to provide original bio-sourced polymers. In this study, the 
polymerizability of DVG through various polymerization methodologies was investigated 
in order to design new bio-sourced polymers with original physico-chemical and thermo-
mechanical properties. Hence, we recently investigated the synthesis of bio-based 
polyesters and copolyesters using differents di-esters to form polymers with pendant 
reactive vinyl groups. 
In this presentation, we will discuss the synthesis of these new polymers and the study 
of their thermo-mechanical properties, and then the post-functionalization of the 
pendant double bonds will be broached. 

 

 
 
Figure 1: Toward new bio-sourced polymers 

  



POLY 139: Boosting the voltage of the dye-sensitized solar cell 

Curtis P. Berlinguette, cberling@chem.ubc.ca. CHEMISTRY, THE UNIVERSITY OF 
BRITISH COLUMBIA, Vancouver, British Columbia, Canada  

 
High power conversion efficiencies (PCEs) in the dye-sensitized solar cell (DSSC) are 
contingent on the rate of dye regeneration by the electrolyte being faster than 
competing interfacial reactions. Our program is therefore interested in affecting different 
dye…electrolyte interactions as a means of boosting cell photovoltages. We have 
successfully demonstrated an enhancement in photovoltage where, for example, 
intermolecular halogen bonding interactions exist between a nucleophilic electrolyte 
species and a photo-oxidized dye immobilized on a titanium oxide surface. A series of 
optical, transient absorption, and X-ray absorption spectroscopic measurements on a 
homologous series of dyes have collectively been used to resolve that the photovoltage 
is responsive to halogen bonding interactions that exist only between the oxidized dye 
and the electrolyte. These results are surprising in that it shows that a distinct minority 
of dyes on the surface have a profound effect on DSSC performance. These results, as 
well as other data pertinent to other intermolecular interactions, will be presented to 
highlight how strikingly weak interfacial interactions can have a profound effect on the 
performance of the DSSC. 

  



POLY 140: Towards photoactive carbon nanomembranes: Facing the challenges 
of bottom-up and top-down approaches 

Andreas Winter1, andreas.winter@uni-jena.de, Patrick Endres1, Maria Küllmer2, 
Christof Neumann2, Andreas Winter2, Andrey Turchanin2, Ulrich S. Schubert1. (1) 
Laboratory of Organic and Macromolecular Chemistry, Friedrich Schiller University 
Jena, Jena, Germany (2) Institute of Physical Chemistry, Friedrich Schiller University 
Jena, Jena, Germany  

The investigation on new potential energy sources represents a main topic in current 
scientific research. In this respect, the artificial photocatalysis and the development of 
molecular photocatalysts play an important role. The incorporation of photoactive 
species into 2D or 3D structures allows realizing tailor-made heterostructures for 
specific applications: Light harvesting, electron transfer from donor to acceptor sites or, 
eventually, photocatalysis. In particular, Ru(II) dyes are potent photo-sensitizers which 
may either act as photocatalyst themselves or are able to facilitate the conversion of 
light and induce an electron-transfer process. Carbon nano-membranes (CNMs) are a 
rather new class of ultrathin freestanding membranes that can be prepared by treatment 
of appropriate self-assembled monolayers (SAMs) with an electron beam. In order to 
immobilize metal complexes, as designated photosensitizers, onto CNMs two different 
synthetic strategies are evaluated: The top-down and the bottom-up approach. 
Basically, the former one relies on the binding of pre-formed complexes to appropriately 
functionalized CNMs, whereas the latter one involves the coordination of metal centers 
to ligand-equipped CNMs. 

 

 
 
 

 



POLY 141: Electron transfer across ultra-thin, insulating oxide films facilitated by 
dendrimer-encapsulated Pt nanoparticles 

Richard M. Crooks, crooks@cm.utexas.edu, Nevena Ostojic. The University of Texas 
at Austin, Austin, Texas, United States  

Electrocatalytic oxygen reduction at carbon electrodes fully passivated by Al2O3 is 
reported. Specifically, pyrolyzed polymer film (PPF) electrodes were prepared and then 
coated with pinhole-free Al2O3 layers ranging in thickness from 2.5 to 5.7 nm. All of 
these ultrathin oxide film thicknesses completely passivated the PPF electrodes, 
resulting in no faradaic current for either inner-sphere or outer-sphere electrochemical 
reactions. The electrodes could, however, be reactivated by immobilizing Pt dendrimer-
encapsulated nanoparticles (DENs), containing an average of 55 atoms each, on the 
oxide surface. These PPF/Al2O3/Pt DEN electrodes were completely stable under a 
variety of electrochemical and solution conditions, and they are active for simple 
electron-transfer reactions and for more complex electrocatalytic processes. This 
approach for preparing well-defined oxide electrodes opens the door to a better 
understanding of the effect of oxide supports on reactions electrocatalyzed by metal 
nanoparticles. 

 

 
 
 



POLY 142: Dynamic multi-component machinery: Nanorotors and nanosliders in 
action 

Michael J. Schmittel, schmittel@chemie.uni-siegen.de, Pronay Biswas, Abir Goswami, 
Indrajit Paul, Suchismita Saha. Dept of Chem. Biol. Univ. Siegen, Siegen, Germany  

Biological machines and processes have been serving as insightful masterpieces for 
chemists working in the field of artificial machines (see Nobel-prize laureates 2016) and 
systems chemistry. Despite some outstanding progress in more recent years, the 
benchmark achieved with artificial multi-component machinery is still rather modest and 
far below the level of intricacy reached by biological machines. Organisms, cells, 
machines and every-day devices are typically made up from more than 10-100 distinct 
components. For biological machines that arise by self-assembly from a variety of 
ingredients this means that each component has to find its proper place in space and 
even in time (for example in any moving machine), because just a single interference 
may be sufficient to compromise or even erase the desired function. 
 
Thus, implementation of emergent functions in multicomponent assemblies is at present 
one of the chief challenges. Our heteroleptic coordination tool kits with their high level of 
constitutional control in combination with self-sorting offers new chances for the rational 
design of multicomponent assemblies with tuneable properties, as guided by 
compositional, constitutional and conformational changes. As a result, our research has 
led to functional nano-assemblies in areas, as diverse as supramolecular fusions, 
metal-ion sensing, nanoswitches, reversible communication, dynamic polymers, and 
nanorotors. 
 
The present talk will address a topical selection of functional supramolecular machinery 
from our recent work, with an emphasis on multi-component nanorotors/nanosliders and 
nanosliders for catalysis. 

 
Four-component nanorotor in motion 



POLY 143: Electropolymerized films of redox-active ruthenium complexes for 
near-infrared electrochromism and resistive memory 

Yu-Wu Zhong, zhongyuwu@iccas.ac.cn. Institute of Chemistry, Chinese Academy of 
Sciences, Beijing, China  

Electrochromism refers to the reversible absorption and color changes between two 
redox states. In contrast to the frequently studied electrochromism in the visible region, 
electrochromic materials with distinct near infrared (NIR) absorption spectral changes 
are much less well-known. In the past, metallopolymers have received much interest for 
electrochromism by manipulating charge transfer transitions between metals and 
ligands. 
In this symposium, the use of strongly-coupled diruthenium complexes for NIR 
electrochromism will be discussed. These ruthenium complexes contain a ruthenium-
carbon bond which significantly decreases the Ru(II/III) potential and enhances the 
ruthenium-ruthenium electronic coupling. As a result, strong intervalence charge 
transfer (IVCT) transitions are observed in the mixed-valence (II-III) state, which are 
however absent in the low (II-II) or high (III-III) homovalent states. By using reductive or 
oxidative electropolymerization of vinyl- or triphenylamine-functionalized diruthenium 
complexes, metallopolymeric films were in situ deposited onto electrode surfaces. 
Spectroelectrochemical measurements indicate that these films are NIR electrochromic 
with good contrast ratios and coloration efficiency. By using films that are 
electrochromic at two or three wavelengths, flip-flop and flip-flap-flop logic gates with 
memory functions are demonstrated. 
In addition to NIR electrochromism, metallopolymeric films are useful in resistive 
memory. Using films of a tetrapyridinepyrazine-bridged diruthenium complex as the 
active layer, the Au/polymer/ITO sandwiched solid device exhibits rewritable flash-
memory behavior with an ON/OFF current ratio over 1000. 
In summary, this project shows that electro-active metallopolymeric films can be readily 
prepared by reductive or oxidative electropolymerization of a suitable substrate. The 
obtained thin films are useful for NIR electrochromism, molecular logic gates, and 
resistive memory. The applications of metallopolymers in various optoelectronic devices 
are believed to be greatly expanded in the near future. 

 



POLY 144: Multi-photon absorption in metal alkynyl-containing oligomers and 
dendrimers 

Mark G. Humphrey, mark.humphrey@anu.edu.au. Research School of Chemistry, 
Australian National University, Canberra, Australian Capital Territory, Australia  

We have been studying the nonlinear optical (NLO) properties of metal alkynyl 
complexes, in studies ranging from small complexes to dendrimers. While our early 
focus was on molecular quadratic and cubic NLO coefficients, materials with multi-
photon absorption (MPA) properties have become of increasing interest for applications 
such as microfabrication, bioimaging, photodynamic therapy, and frequency 
upconversion lasing. We have recently been exploring the MPA behaviour of rod-like, 
star, and dendritic OPVs and oligo(phenylenethynylene)s (OPEs) bearing 
bis(diphosphine)ruthenium moieties (e.g. examples in figure); the results of these 
studies will be presented. 

 
 
 



POLY 145: Luminescent boron polymers for biomedical imaging 

Cassandra L. Fraser2,1, fraser@virginia.edu, Christopher A. DeRosa2, Scott Seaman1, 
Caroline Kerr2, Margaret Daly2, Alexander S. Mathew1,2, Meng Zhuang2, Fang Wang2, 
James N. Demas2, Gregory M. Palmer3, Mark W. Dewhirst3, Shayn M. Peirce1, Song 
Hu1, Jaideep Kapur4, Rebecca R. Pompano2. (1) Department of Biomedical 
Engineering, University of Virginia, Charlottesville, Virginia, United States (2) 
Department of Chemistry, University of Virginia, Charlottesville, Virginia, United States 
(3) Department of Radiation Oncology, Duke University, Durham, North Carolina, United 
States (4) Department of Neurology, University of Virginia, Charlottesville, Virginia, 
United States  

Difluoroboron β-diketonate poly(lactic acid) (BF2bdkPLA) materials are useful imaging 
agents in biology and medicine. BF2bdk dyes are bright, photostable and color tunable 
across the visible range via ligand structure or dye loading. Furthermore, dye PLA 
materials are dual emissive, enabling ratiometric oxygen sensing, wherein the 
fluorescence signal serves as the standard and oxygen sensitive phosphorescence, as 
the sensor. Strategies for optimizing photostability and fluorescence and 
phosphorescence wavelengths, including singlet-triplet energy gaps and relative 
intensities, will be discussed. Portable, cost effective camera imaging is possible for 
dyes with good fluorescence and phosphorescence peak separation and alignment with 
camera RGB channels. Oxygen sensitivity is readily modulated via halide heavy atom 
substitution and polymer molecular weight to generate materials adapted for different 
biological contexts, with anoxic, hypoxic and full (0-100% O2) dynamic ranges. Dye-PLA 
conjugates are synthesized from dyeOCH2CH2OH initiators via ring opening 
polymerization of lactide or caprolactone monomers. Alternatively, dye-PLA-PEG 
analogues (PEG = poly(ethylene glycol)) are prepared by post polymerization 
modification. Phenolic dyeOH compounds are coupled with PLA-PEG via a Mitsunobu 
reaction. Dyes are fabricated as nanoparticles via nanoprecipitation for tissue 
application or IV delivery. Recent results in cells, tissues and in vivo will be presented, 
in tumor, wound, brain and immunological models. 

 



POLY 146: Metal containing polymers for anion conductivity 

Gregory N. Tew, tew@mail.pse.umass.edu. Polymer Science and Engineering, 
University of Massachusetts, Amherst, South Deerfield, Massachusetts, United States  

 
Supramolecular chemistry has evolved into a powerful strategy for the creation of new 
materials. Metal-ligand bonds exhibit both strong and directional interactions in which 
the selection of metal ion and ligand can guide the strength of the association. To this 
end, we have established a program to incorporate metal binding ligands into polymers 
and copolymers to create new materials with tunable properties. A focus on networks 
will be discussed along with their conductivity as a function of metal ion. 

 

 
 
 

 



POLY 147: Quantifying force-activity relationships in polymer mechanochemistry 

Stephen Craig, stephen.craig@duke.edu. Department of Chemistry, Duke University, 
Durham, North Carolina, United States  

A rich palette of reactions have been triggered via polymer mechanochemistry, but 
quantitative studies of the force dependencies of these reactions are still relatively rare. 
This talk will present methods for quantifying those force-activity relationships, and 
insights into both mechanophore and polymer behavior that emerge from their 
application. 

 

 
 
 

  



POLY 148: Chelating polymers to investigate coordination complex 
mechanochemistry 

Matias Horst, matias.horst@duke.edu, Kacey Hall, Katherine J. Franz. Duke 
University, Durham, North Carolina, United States  

Mechanochemistry is the study of the activation of chemical bonds through force. 
Despite recent advances in the mechanochemistry of organic molecules, little is known 
about how metal-ligand bonds respond to this exact, vectorial stimulus. Mechanical 
activation, one form of which is bond scission, occurs stochastically due to thermal 
fluctuations in already strained bonds. Single-molecule force spectroscopy (SMFS) 
represents the only method developed to date that can apply sufficient force for bond 
activation while simultaneously quantifying molecular-level response. By analyzing 
polymer chains containing a high monomer fraction of non-integral mechanically active 
species, we can continue to load remaining mechanophores after some units have 
already been activated. Probing many connected coordination complex-based 
mechanophores allows us to obtain an ensemble average value of the force necessary 
for their activation. 
We hope to drive dissociation of chelated metal centers from metallopolymers using 
force. High molecular weight polymers incorporating a nitrogenous tridentate ligand and 
a coblock to promote microscope tip adhesion have been synthesized by entropy-driven 
ring opening metathesis polymerization through a novel procedure. The repeating, 
unspecific metal-binding motif permits facile synthesis of thermally stable 
metallopolymers from a wide range of transition metals. Current work focuses on 
probing the mechanochemical properties of these resulting species by SMFS. These 
data could better enable our field to draw upon the rich array of transition metals and 
the unique reactivity they exhibit as we develop compounds that selectively release 
small molecules in response to the diverse mechanics found in many human 
pathologies, nanoscale force probes to explicate material failure or cellular 
mechanotransduction, or catalysts that are only active following an exquisite mechanical 
activation event. 

 



POLY 149: Single-molecule mechanochemical sensing 

Hanbin Mao, hmao@kent.edu. 038 SRB, KSU Chemistry, Kent State University, Kent, 
Ohio, United States  

In this talk, I will discuss a new sensing strategy that exploits mechanochemical 
principles of biological molecules, DNA in particular. Mechanochemical coupling 
describes the interaction between chemical bonds in a molecule and mechanical stress 
experienced by the molecule. It is a key subject in the newly emerged field, 
mechanochemistry, which has led to a number of exotic applications in materials 
chemistry. However, mechanochemical principles have not been well explored in 
chemical sensing. Using force-based single-molecule techniques, such as optical 
tweezers, our group has been able to measure piconewton force change in single DNA 
molecules or nanoassemblies whereupon individual analyte molecules bind specifically. 
Such a sensing strategy has allowed us to detect picomolar concentrations of specific 
targets in biological samples. 

 

 
 
 

  



POLY 150: Single molecule force spectroscopy studies of disulfide and thioester 
bonds 

Daniel Echelman, Julio Fernandez, jfernandez@columbia.edu. Biological Sciences, 
Columbia University, New York, New York, United States  

We have developed a suite of techniques for single-molecule force spectroscopy to 
observe the cleavage and reformation of disulfide and thioester bonds—one protein and 
one bond at a time. With atomic force microscope (AFM) or magnetic tweezers (MT)-
based assays, we can monitor single bond cleavages in real time as discrete changes 
in the length of the unfolding or refolding parent protein. The mechanochemistry of 
disulfide and thioester bonds present two differing pictures of biological force-dependent 
reactivity. Cysteine-cysteine disulfide bonds are a ubiquitous structural feature in 
proteins and are commonly thought to serve a stabilizing function. We observe that 
various small molecules, including 1,4-DL-dithiothreitol (DTT) and tris(2-
carboxyethyl)phosphine (TCEP), can reduce disulfide bonds with rates that increase 
with increasing force, offering insights into the mechanisms of each transition state. In 
contrast, certain oxidoreductase enzymes, such as human thioredoxin, reduce the 
disulfide bond with a negative force dependence, owing to the orientations of the 
stretched Cys-Cys bond within the enzyme active site. We have also developed an 
assay to investigate the mechanochemistry of thioester bonds that are ubiquitous in 
central metabolism. Studying a native cysteine-glutamine thioester bond in a bacterial 
adhesin, we find that thioester cleavage by small molecule amine nucleophiles is 
strongly inhibited by force, observable only at forces below ~25 pN. Notably, this low-
force range is more typical for cellular processes, and may afford a physiological 
reactivity switch. Force spectroscopy provides for a novel and robust assay of the 
mechanochemistry of disulfide and thioester bonds that play central roles in the activity 
of numerous biological molecules and that are difficult to study using traditional bulk 
assays. 

  



POLY 151: Polymer mechanochemistry with supramolecular mechanophores 

Christoph Weder, christoph.weder@unifr.ch. University of Fribourg, Adolphe Merkle 
Institut, Fribourg, Switzerland  

While mechanochemical transduction processes are omnipresent in nature, the 
exploitation of this general principle in artificial materials is only slowly emerging. So far, 
relatively few mechanically responsive motifs (“mechanophores”) are known, which can 
be integrated into macromolecules, break upon application of sufficient mechanical 
force, and report this event by a change of their optical characteristics. Due to their 
dynamic, stimuli-responsive nature, non-covalent interactions represent a versatile 
design element for mechanophores that can bestow polymers with mechanochromic 
luminescent (MRL) behavior and other functions. Several types of mechanophores that 
rely on this general design approach and exploit hydrogen-bonds, pi-pi interactions, or 
metal-ligand binding will be discussed and the solution and solid-state 
mechanoresponsive characteristics of (supramolecular) polymers containing these 
elements will be presented. 

 

 
 
 

 



POLY 152: Bioinspired design of modular dynamic polymers 

Zhibin Guan, zguan@uci.edu. 1102 Nat Sci II, Univ of California, Irvine, California, 
United States  

Modular multi-domain architecture is commonly used in biopolymers as a molecular 
strategy to combine apparently orthogonal properties such as strength, toughness, and 
elasticity. Inspired by Nature, my laboratory has designed a series of biomimetic 
modular polymers with folded nano-domains as the repeat units. These new material 
manifest an exciting combination of key mechanical, as well as adaptive, properties that 
have until now proven difficult to achieve in man-made systems. In some of our designs, 
we applied multi-step organic and polymer synthesis to construct modular poly-domain 
polymers incorporating folded modules through well-defined, complementary 
supramolecular interactions. Alternatively, we employed biosynthesis to create protein-
based modular polymers through an interdisciplinary effort combining computation, 
protein engineering, and single-molecule studies. To understand structure-property 
relationship, we employed single molecule force spectroscopy (SMFS) to build a direct 
correlation between the single molecule nanomechanical properties of a biomimetic 
modular polymer and the mechanical characteristics of the resulting bulk material. In 
this presentation, I will discuss about our biomimetic design concept, synthesis, and 
SMFS studies and finally structure-property correlation. 

 
 
 



POLY 153: Tunable superomniphobic surfaces for sorting droplets by surface 
tension 

Sanli Movafaghi2, Wei Wang2, Ari Metzger2, Daisy D. Williams2, John D. Williams2, 
Arun Kota1, arun.kota@colostate.edu. (1) Colorado State University, Fort Collins, 
Colorado, United States (2) Mechanical Engineering, Colorado State University, Fort 
Collins, Colorado, United States  

Manipulation of droplets on super-repellent surfaces (i.e., surfaces that are extremely 
repellent to liquids) has been widely studied because droplets exhibit high mobility on 
these surfaces due to the ultra-low adhesion, which leads to minimal sample loss and 
contamination. Although droplet manipulation has been demonstrated using electric 
fields, magnetic fields, guiding tracks and wettability gradients, to the best of our 
knowledge, there are no reports of droplet manipulation methods that can sort droplets 
by surface tension on super-repellent surfaces. In this work, we utilized tunable 
superomniphobic surfaces (i.e., surfaces that are extremely repellent to virtually all 
liquids) to develop a simple device with precisely tailored solid surface energy domains 
that, for the first time, can sort droplets by surface tension. Droplet sorting occurs on our 
device entirely due to a balance between the work done by gravitational force and the 
work expended due to adhesion (that depends on liquid surface tension), without the 
need for any external energy input. Our devices can be fabricated easily in a short time 
and each device can be reused many times to sort droplets by surface tension. Further, 
these devices can be readily used to estimate the surface tension of miscible liquid 
mixtures that in turn enables the estimation of mixture composition. This is particularly 
useful for in-the-field and on-the-go operations, where complex analysis equipment is 
unavailable. We envision that our methodology for droplet sorting will enable 
inexpensive and energy-efficient analytical devices for personalized point-of-care 
diagnostic platforms, lab-on-a-chip systems, biochemical assays and biosensors. 

  



POLY 154: Bioinspired, hierarchically structured materials: From water repellency 
to water harvesting 

Shu Yang, shuyang@seas.upenn.edu. University of Pennsylvania, Philadelphia, 
Pennsylvania, United States  

Bio-organisms with exquisite array of hierarchical organization with multiscale structures 
provides us fascinating examples with remarkable surface effects such as lotus leaves 
that repel water, butterfly wings with dazzling iridescence yet water repellent and 
directional, and Namib desert beetle using bumpy scales for frog harvesting. Taking the 
cues from nature, we design and fabricate surfaces of different types of wetting states to 
capture, steer, and purify water by tailoring surface chemistry, topography, and porosity. 
Specifically, we spray coat chain-like silica nanoparticles with amphiphilic chemistry, 
leading to the formation of fractal structures as superamphiphobic coatings. Via dip 
coating of chain-like silica nanoparticles, followed by surface passivation, we create 
ultrathin hierarchical nanoparticle coatings that are not only superhydropobic but also 
anti-reflective, omni-transparent, highly robust against impact pressure and continuous 
water condensation, as well as demonstrating fast recovery of the superhydrophobicity. 
Further, we prepare hierarchical polymer pillar arrays from anodized aluminum oxide 
(AAO) porous membrane by combination of top-down lithography and anodization. The 
combination of micro- and nanostructures dramatically increases the wettability contrast 
and surface roughness vs. the non-patterned regions; the nano-roughness prevents the 
formation of extremely small water droplets condensed from atmosphere (~1 - 40 μm in 
diameter). In agreement with theory prediction, we observe that water droplets are 
nucleated and grown selectively in the grooves between the microposts as the vapor 
pressure increases, whereas water droplets are randomly nucleated on a flat surface 
and surfaces consisting of microposts or nanopillars only. 

 

 
 
Fig. Images showing an iridescent superhydrophobic coating (left), a transparent 
superhydrophobic coating (middle), and selective water nucleation and growth on hiearchical 
pillars (right). 

  



POLY 155: Effect of surface texture in achieving large slip lengths on drag 
reducing robust super-hydrophobic surfaces (SHSs) 

Wonjae Choi, wxc111930@utdallas.edu. University of Texas at Dallas, Richardson, 
Texas, United States  

It is known that the presence of air pockets on the SHS facilitates the liquid-slip 
phenomenon over the surface and subsequent reduction of wall shear stress. The slip 
length on SHSs is, unfortunately, negatively coupled with the stability of the air pocket, 
limiting the applicability of the technology. The focus of this study is to investigate the 
feasibility of using SHSs covered with hierarchical texture to simultaneously achieve 
large drag reduction and robustness against pressure perturbation. The core hypothesis 
is that hierarchically textured SHSs can increase the fraction of air without 
compromising the robustness of the water-air interface, which leads to robust drag 
reduction. The role of micro and nano scales is studied independently to understand the 
contribution of each scale towards the drag reduction. Studies using rheometry confirm 
the dependence of slip length on the surface texture. Drop impact tests and water 
immersion tests confirm the robustness of the air layer, entrapped on the SHSs, against 
large pressure perturbations. A visualization of flow over the SHSs in turbulent regime 
showed a viscous drag reduction of up to 30% for a flow with a Reynolds number of Reτ 
~ 1000 defined with viscous length scale 

  



POLY 156: Visible light guided manipulation of liquid wettability on 
photoresponsive surfaces 

Gibum Kwon1, gbkwon@ku.edu, Divya Panchnathan3, Mohammed Ashraf Gondal2, 
Gareth H. McKinley3, Kripa K. Varanasi3. (1) Department of Mechanical Engineering, 
University of Kansas, Lawrence, Kansas, United States (2) King Fahd university of 
Petroleum and Mineral, Dhahran, Saudi Arabia (3) Department of Mechanical 
Engineering, Massachusetts Institute of Technology, Cambridge, Massachusetts, 
United States  

Photo-responsive titania (TiO2) surfaces have demonstrated wettability change upon 
exposure to ultraviolet light. However, their applications are often limited either by the 
inability to respond to visible light or the need for special treatment (that is, storage in 
dark or heat) to recover the original wetting state. Sensitizing TiO2 surfaces with visible 
light-absorbing materials (e.g., organic dyes) has been utilized in photovoltaic 
applications to efficiently absorb solar radiation and convert it to electrical energy. 
Here we demonstrate that a dye-sensitized TiO2 surface can change its wetting state 
upon visible light illumination. We show that this wettability change arises due to a 
photo-induced voltage established between the liquid and the underlying surface upon 
incident illumination. A systematic study of the relationship between the energy levels of 
the dye and the liquid reveals that the highest occupied molecular orbital (HOMO) 
energy level of the dye and the reduction potential of the liquid govern the ensuing 
wetting behaviors. Utilizing the photo-induced wettability change of our surfaces, we 
demonstrate light guided manipulation of liquid droplet motion along the surface. Further 
we show demulsification of surfactant-stabilized brine-in-oil emulsions via interfacial 
coalescence of brine droplets on our dye-sensitized TiO2 surface under visible light 
illumination. Such surfaces thus offer a wide range of potential applications including 
microfluidic devices with customizable wettability, solar-driven oil clean-up and 
demulsification techniques. 

 
a) A schematic of contact angle measurement of a liquid droplet on a dye-sensitized TiO2 surface 
submerged in oil upon illumination. b) Photographs of KCl droplets placed on a dye-sensitized 
TiO2 surface submerged in oil before (top) and after (bottom) illumination. c-d) Demulsification 
of a surfactant-stabilized brine-in-dodecane emulsion via photo-induced interfacial coalescence 
of brine droplets above the membrane coated with dye-sensitized TiO2 film. 



POLY 157: Slippery surfaces prevent adhesion of biological matter 

Joanna Aizenberg, jaiz@seas.harvard.edu, Stefan Kolle, Steffi Sunny. Harvard 
University, Cambridge, Massachusetts, United States  

Living organisms and biological substances are among the most difficult and persistent 
sources of surface fouling, particularly in medical and marine settings. The ability of 
organisms to adapt, move, cooperate, evolve on short timescales, and modify surfaces 
by secreting proteins and other molecules enables them to colonize even state-of-the-
art antifouling coatings, and small surface defects can trigger protein aggregation and 
blood clotting. Attempts to combat these issues are further hindered by conflicting 
requirements at different size scales and across different species. Our recently 
developed concept of Slippery, Liquid-Infused Porous Surfaces (SLIPS) provides a 
defect-free, dynamic liquid interface that overcomes many of these problems at once. A 
single surface is able to prevent adhesion of a broad range of genetically diverse 
bacteria, including many pathogenic species that underlie widespread hospital-acquired 
infections, as well as marine algae. The same approach resists adhesion of proteins, 
cells, and blood, preventing clogging and thrombus formation inside medical tubing and 
catheters. At a larger scale, the slippery interface repels insects, barnacles and 
mussels, which slide off and actively avoid the coated surface. We are currently 
developing this strategy to solve longstanding fouling issues in a wide range of medical, 
marine, and other settings. 

 
 
 

  



POLY 158: Antifogging abilities of nanotextures 

David Quéré, david.quere@espci.fr. ESPCI-Paris, Paris, France  

We discuss how some specific hydrophobic textures (with special size, and special 
shape) have the ability to make water condensing on the surface depart from the 
surface (antifogging behaviour). We show how antifogging can be characterized, using 
different tests, and optimized. We also describe the velocity of drops at departure - a 
key parameter for evacuating efficiently the micro-droplets resulting from condensation. 
 

  



POLY 159: Bio-inspired atmospheric water generation 

Kyoo-Chul Park, kpark@northwestern.edu. Northwestern University, Evanston, Illinois, 
United States  

Designing surfaces that enable droplets to grow rapidly and be shed as quickly as 
possible by capturing vapor and small airborne droplets is fundamental to dew and fog 
harvesting systems, thermal power generation, distillation towers, etc. However, cutting-
edge approaches suffer from intrinsic trade-offs that make it difficult to optimize both 
growth and transport at once. Here we present engineered surface designs based on 
principles derived from biological examples that synergistically couples droplet growth 
and transport and outperforms other synthetic surfaces in terms of atmospheric water 
generation. Inspired by an unconventional interpretation of the role of the beetle's bump 
geometry in promoting condensation, we show how to maximize vapor diffusion flux at 
the apex of convex millimetric bumps by optimizing curvature and shape. Integrating 
this apex geometry with a widening slope analogous to cactus spines couples rapid 
drop growth with fast directional transport, by creating a free energy profile that drives 
the drop down the slope. This coupling is further enhanced by a slippery, pitcher plant-
inspired coating that facilitates feedback between coalescence-driven growth and 
capillary-driven motion. We further observe faster onset and a greater volume of 
collected water compared to other surfaces. We envision that our fundamental 
understanding and rational design strategy can be applied to a wide range of liquid 
collection applications and can be further combined with fog harvesting. 

 

 
 
 

  



POLY 160: Wettability patterning for efficient fluid handling in lab-on-chip and 
heat-transfer applications 

Constantine Megaridis, cmm@uic.edu. University of Illinois at Chicago, Chicago, 
Illinois, United States  

Manipulation of liquids on planar surfaces in a precise and efficient manner is a key 
component of creating compact multifunctional fluid management devices. Utilizing 
wettability patterning, we achieve liquid transport by laying diverging superhydrophilic 
tracks on a superhydrophobic background. Liquid transport on such surfaces harnesses 
the force arising from the spatial contrast of surface energy as well as geometric 
differences in the spreading area on the substrate in order to induce pumpless motion. 
The technology allows for rapid liquid transport of droplets at rates up to 350 μL s−1. 
Taking inspiration from the venation of the banana leaf, we scale up this technology by 
creating an intricate pattern consisting of interdigitated superhydrophilic/hydrophilic 
regions. When applied in a vapor-condensing environment, this bioinspiried design is 
capable of inducing a 20% improvement in condensate collection and a 34% heat 
transfer improvement on patterned aluminum substrates. Lastly, we take advantage of 
the added ability of these tracks to diverge an orthogonally-impinging laminar liquid jet 
and transport the liquid efficiently away from the impinging spot. This approach can be 
utilized to selectively cool chip areas that are difficult to access physically. The potential 
for cooling multiple hot-spot areas by a single jet is demonstrated by minimally 
displacing the jet to feed different tracks or splitting the liquid between multiple tracks for 
simultaneous advective cooling. The present wettability-patterning techniques are not 
limited only to solid impermeable substrates, but can be extended to porous substrates 
where directional permeation and wicking through the medium can be realized in ways 
that allow precise multi-dimensional fluid management tasks. 

 
Demonstration of the varying techniques the aforementioned technology is capable of being 
applied too. This includes, but not limited to, droplet mixing, enhanced condensation, impinging 
jet transport, and selective cooling. 



POLY 161: Synthesis of tapered bottlebrush polymers using sequential ring-
opening metathesis polymerization 

John B. Matson1,2, jbmatson@gmail.com, Scott Radzinski1,2. (1) Chemistry, Virginia 
Tech, Blacksburg, Virginia, United States (2) Macromolecules Innovation Institute, 
Virginia Tech, Blacksburg, Virginia, United States  

Polymer chemists continue to search for polymer topologies that expand both 
fundamental and applied understanding of polymer science. We discuss here a new 
class of polymer topology termed tapered bottlebrush polymers. Traditional 
bottlebrush polymers are comprised of a linear polymer backbone with densely grafted 
side chain polymers of a single molecular weight. The tapered bottlebrush polymers 
discussed here are comprised of side chain polymers of systemically varied molecular 
weights designed to produce cone-shaped macromolecules. The synthetic method used 
to produce these polymers utilizes ring-opening metathesis polymerization (ROMP) in a 
sequential grafting-through polymerization. In addition to synthetic methods, rheological 
studies on these polymers will also be discussed. 

 

 
 
 

  



POLY 162: Polymerization of silyl ketenes: A combined computational and 
experimental approach 

Daniel Lambrecht2, Emily Pentzer1, ebp24@case.edu. (1) Chemistry, Case Western 
Reserve University, Cleveland, Ohio, United States (2) Chemistry, University of 
Pittsburgh, Pittsburgh, Pennsylvania, United States  

Applications of polymeric materials are influenced by processing conditions and polymer 
architecture, yet are ultimately dictated by the chemical composition of the polymer 
backbone. Functional groups present on the polymer backbone dictate interchain 
interactions that define thermal and mechanical properties, as well as the ability of the 
polymer to degrade or self assemble. Moreover, the ability to control polymer molecular 
weight and molecular weight dispersity provide a route to identify, and possibly tune 
structure-property relationships. Chain growth polymerization of traditional monomers 
can yield hydrocarbon backbones with a variety of pendant groups (e.g., radical 
polymerization of terminal olefins and ring opening metathesis polymerization of 
strained cyclic olefins) or hydrolysable polyesters (e.g., ring opening polymerization of 
lactones). As such, the design of polymers with novel chemical composition will expand 
the usefulness of polymeric materials. 
This work will report the polymerization of silyl ketenes, of the general form 
(SiR3)HC=C=O, which can polymerize through either the C=C or the C=O to yield three 
distinct backbone functionalities. In contrast to alkyl or aryl ketenes, silyl ketenes are 
stable due to the beta-silicon effect and thus can be prepared in large quantities and 
stored over time. The reactivity pattern of silyl ketenes is distinct from common 
monomers, such as terminal olefins or cyclic esters or olefins. This presentation will 
report the polymerization of silyl ketenes using alkoxide initiatiors and will explore the 
reaction both computationally and experimentally. The impact of solvent, temperature, 
catalyst, and silyl substituents on the polymerization of silyl ketenes will be reported. 
This work not only gives insight into the design principles for new monomers, but also 
yields polymers with unique properties and applications, distinct from current materials. 

 



POLY 163: Macromolecular self-assembly from carbohydrates 

Guosong Chen, guosong@fudan.edu.cn. Dept of Macromolecular Sciences, Fudan 
University, Shanghai, China  

Our research is on the interface of macromolecular self-assembly and glyco-science. 
Recently, we developed a new strategy to construct protein assemblies by using 
carbohydrate interactions and p-p stacking. 3D protein crystalline frameworks and 
microtubules were obtained. Meanwhile, we first utilized the deprotection chemistry of 
carbohdyrate to induce to assembly of glycopolymers. By using different protect groups 
with different deprotection ratio, the kinetics of assembly was controlled. These 
assembled nanomaterials were utilized to polarize macrophages, especially tumor 
associated macrophages, which might be useful in cancer immunotherapy. 

 

 
 
 

  



POLY 164: Using crystallization driven assembly for the preparation of novel 
nanomaterials 

Rachel K. OReilly, r.k.o-reilly@warwick.ac.uk. Dept of Chemistry, University of 
Warwick, Coventry, United Kingdom  

Crystallization-driven self-assembly (CDSA) is a novel tool in the solution polymer self-
assembly toolbox and has been utilized to create an impressive range of hierarchical 
block copolymer structures. Unlike in conventional solution self-assembly, where the 
range of morphologies obtained are determined by varying the relative block 
composition of each block, in polymers assembled via CDSA, the formation of micelles 
with low interfacial curvature is favored. However, despite advances in CDSA there are 
relatively few examples where the aggregate morphology can be readily controlled to 
form nanostructures whose size can be controlled in 2 dimensions. 

 

 
 
 

  



POLY 165: Sequence-defined polymers: The need for multi-functionality and 
absolute precision 

Filip E. Du Prez, filip.duprez@ugent.be. Ghent Univ Poly Chem Div, Gent, Belgium  

Polymer chemists have made great progress in the preparation of highly functionalized 
and complex polymer architectures with defined structure-property relationships in the 
last decades, yet these structures do not reach the same potential as their natural 
counterparts (DNA, RNA & proteins). Thus, in the last decade, efforts have increased to 
achieve control over the primary structure of macromolecules in hopes of creating a 
stronger and/or unique correlation between properties and structure1. Many different 
methods have been explored for the synthesis of such sequence-controlled 
macromolecules: iterative reactions on a solid or soluble support, flow reactors, small 
molecular machines, multicomponent reactions, etc. 
 
In our research, multifunctional sequence-defined oligomers were obtained on solid 
support from a protecting-group-free two-step iterative protocol, based on the inherent 
functionalization features of a thiolactone unit.2,3 Aminolysis with ethanolamine of the 
latter entity liberates a thiol that reacts with an acrylate, present in the same medium. 
Subsequently, a thiolactone can be reinstated by means of an α-isocyanato-γ-
thiolactone. Different acrylates and acrylamides were used to incorporate diverse 
functionalities in the oligomers (see figure). The reaction conditions were closely 
monitored in order to fine-tune the applied strategy as well as facilitate the translation to 
an automated protocol, executed in a peptide synthesizer. For example, automation 
allows for the preparation of decamers in less than 36 hours, which are of similar purity 
as those produced in a conventional solid phase reactor. 
 
The importance of the versatile monomer alphabet, the monodispersity of the obtained 
structures and the fact that many chemical functionalities can be combined in one single 
structure will be exemplified by writing/reading a sentence and a QR-code. 

 
Synthesis of multifunctional, information containing macromolecules: writing and reading 
with organic material 



POLY 166: CROP and RAFT: A versatile mechanism combination with respect to 
thermo-responsive polymers 

Ulrich S. Schubert, ulrich.schubert@uni-jena.de. Laboratory for Organic and 
Macromolecular Che, Friedrich-Schiller-University Jena, Jena, Germany  

The cationic ring-opening polymerization (CROP) of 2-oxazolines and the reversible 
addition fragmentation chain transfer (RAFT) polymerization both represent techniques 
that provide access to polymers with well-defined molar mass and end groups. Despite 
the fundamental differences in polymerization mechanism, thermo-responsive polymers 
can be obtained using both techniques. While in particular the hydrophilic poly(2-
oxazoline)s (POx) feature excellent “stealth behavior” when applied for biomedical 
purposes in vivo, the robustness of RAFT polymerization is perfect to introduce a wide 
range of functional moieties without the need to apply protection group chemistry. 
Utilizing the advantage of either polymerization technique, we combined a range of 
thermo-responsive building blocks in varying polymeric architectures such as di- and tri- 
block copolymers via direct end-functionalization of the living POx w-chain end starting 
from both monofunctional as well as bifunctional CROP initiators. On the other hand, 
the polymerization of POx macromonomers gave access to a multitude of comb and 
graft copolymers with poly(methacrylate) backbone that recently revealed extraordinary 
potential for use in drug delivery in first in vivo studies. 

 

 
 
 



POLY 167: Next generation hemostatic materials based on NHS-ester 
functionalized poly(2-oxazoline)s 

Jan van Hest4,3, j.vanhest@science.ru.nl, Marcel Boerman3, Edwin Roozen5, Maria-
Jose Sánchez-Fernández5, Bram Keereweer6, Rosa Felix Lanao3, Johan Bender1, 
Richard Hoogenboom2, Sander Leeuwenburgh5, John Jansen5, Harry van Goor5. (1) 
GATT Technologies BV, Wijchen, Netherlands (2) Ghent University, Terneuzen, 
Netherlands (3) Bio-organic chemistry, Radboud University, Utrecht, Netherlands (4) 
BIomedical Engineering, Eindhoven University of Technology , Eindhoven, Netherlands 
(5) Radboud University Medical Center, NIjmegen, Netherlands (6) GATT technologies, 
Nijmegen, Netherlands  

In order to prevent hemorrhage during surgical procedures, a wide range of hemostatic 
agents have been developed. However, their efficacy is variable and the majority of 
these agents are derived from animal or human material and/or use bioactive 
components to accelerate coagulation. In this presenatation, we report on a synthetic, 
non-bioactive hemostatic product by coating N-hydroxysuccinimide ester (NHS)-
functional poly(2-oxazoline)s (POx-NHS) onto gelatin patches, which act by formation of 
covalent crosslinks between polymer, host blood proteins, gelatin and tissue to seal the 
wound site and prevent hemorrhage during surgery. We studied different process 
parameters (including polymer, carrier and coating technique) in direct comparison with 
clinical products (Hemopatch® and Tachosil®) to obtain a deeper understanding of this 
class of hemostatic products. We successfully prove the hemostatic efficacy of POx-
NHS as polymer powders and coated patches both in vitro and in vivo against 
Hemopatch® and Tachosil®, demonstrating that POx-NHS are excellent candidate 
polymers for the development of next generation hemostatic patches. 

 
 



POLY 168: Smart synthetic materials inspired by nature 

Richard Hoogenboom, richard.hoogenboom@ugent.be. Ghent University, Terneuzen, 
Netherlands  

Proteins can be regarded as the smart materials from nature as they are responsible for 
a wide range of adaptive responses to changes in environmental conditions. As a 
polymer chemist, a protein can be seen as a, perfectly defined, polymer chain that is, 
however, limited to about 20 amino acid building blocks in combination with 
sophisticated supramolecular interactions. As synthetic polymer chemists, we have a 
much wider toolbox for making smart synthetic polymer structures potentially allowing 
us to make even more sophisticated smart and responsive materials. Based on this 
philosophy, my research group works on poly(2-oxazoline)s, responsive polymers and 
supramolecular materials. Within this award lecture, I will present three recent highlights 
out of these three research areas. 

 

 
 
 

  



POLY 169: Air Force Office of Scientific Research (AFOSR): Funding 
opportunities 

Kenneth Caster, kcchem83@gmail.com. Air Force Office of Scientific Research, APO, 
Armed Forces Pacific, United States  

The US Government supports basic and applied research across many disciplines 
using multiple funding agencies. This presentation will cover tools and processes used 
by the Air Force Office of Scientific Research (AFOSR) to fund basic research projects. 
Topics to be addressed include funding streams; Broad Agency Announcement, BAA; 
white papers; proposal submission and selection; funding timelines; program reviews; 
working with DoD laboratories; and communications all from the mindset of the program 
officer. A short list of “dos/don’ts” will be provided. While the focus is on AFOSR, the 
discussion will be relevant to working with other DoD funding agencies. The 
presentation will also include a very short overview of the AFRL, AFOSR, and the 
Organic Materials Chemistry program. 

 
 

 
 
 

  



POLY 170: Polymer research at the Air Force Research Laboratory Materials and 
Manufacturing Directorate 

Timothy J. Bunning, tbunning@woh.rr.com. Air Force Research Laboratory, 
Beavercreek, Ohio, United States  

A myriad of research and development activities on various aspects of polymers is 
conducted with the directorate. This ranges from the synthesis of new high performance 
polymer systems, polymer matrix composites, photonic and electronic polymer systems, 
polymer/nanoparticle inclusions, and biopolymer thin films. This talk will overview recent 
activities in a several of these areas. 

  



POLY 171: Bioinspired synthetic adhesives: Catechol sidechain effects on Tg and 
polarity 

Matthew A. Bartucci1, Ngon T. Tran1, Daniel Knorr2, Joseph Lenhart2, Joshua A. 
Orlicki2, joshua.a.orlicki.civ@mail.mil. (1) ORISE, Belcamp, Maryland, United States (2) 
Weapons and Materials Research Directorate, US Army Research Laboratory, 
Aberdeen Proving Ground, Maryland, United States  

A growing body of literature has keyed on the desirable properties of mussel foot 
proteins, which provide adhesion under wet and dirty environments that frustrate most 
commercial adhesives. Sequencing of the interfacial protein residues has revealed that 
nearly a third of the repeat units consist of 3,4-dihydroxyphenylalanine (DOPA) which 
have pendent catechols. 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, with several examples of workable 
systems present in the literature. To contribute to this community, we have synthesized 
a library of polyacrylate-co-1-[2-(3,4-dihydroxyphenyl)ethyl]-maleimides (PAMs) that 
vary in their aliphatic side-chain length on a common polymer backbone, allowing for 
control over both Tg and backbone polarity. In an attempt to isolate the fundamental 
polymer physics characteristics required for a successful catechol-enabled synthetic 
adhesive, a series of experiments were conducted to explore surface properties, 
polymer morphology, and thermal characteristics. In addition, the propensity for the 
synthetic polymers to adsorb adventitious moisture has been quantified, and the 
resulting shift in Tg has also been characterized. It is expected that the modest 
adhesive performance garnered by the library will provide fundamental insight for the 
coupling of established adhesive chemistries with novel bioinspired approaches, 
allowing for the rational design of improved interfacial adhesion in adverse 
environments. 

 

 
 
 



POLY 172: Army Research Office: Polymer chemistry for the next generation 
warfighter 

Dawanne E. Poree, deporee@gmail.com. Army Research Office, Raleigh, North 
Carolina, United States  

The US Army Research Office Polymer Chemistry Program seeks to understand the 
molecular-level link between polymer microstructure, architecture, functionality, and the 
ensuing macroscopic properties. Research in this Program may ultimately enable the 
design and synthesis of functional polymeric materials that give the Soldier new and 
improved protective and sensing capabilities as well as capabilities not yet imagined. 
This Program is divided into two research thrusts: (i) Precision Polymeric Materials 
which supports research aimed at developing new approaches for synthesizing 
polymers with precisely-defined microstructure (monomer sequence and tacticity), 
architecture, and functional group location; and on exploring how changes in molecular 
structure and composition impact macroscopic properties; and (ii) Complex Polymer 
Systems which focuses on controlling polymer assembly to enable complex structures 
with diverse functions and new properties as well as on developing polymers that exhibit 
programmed molecular responses to external stimuli and exploring the 
assembly/incorporation of multiple responsive groups into a single polymeric materials 
system to engender complex responsive behavior. Within these thrusts, high-risk, high-
payoff research is identified and supported to pursue the Program’s long-term goal. 

 
 



POLY 173: Investments in the chemical sciences at the Defense Sciences Office 
of DARPA 

Anne Fischer, fischer.ae@gmail.com. Defense Sciences Office, Defense Advanced 
Research Projects Agency, Arlington, Virginia, United States  

The Defense Science Office (DSO) at the Defense Advanced Research Projects 
Agency (DARPA) identifies and pursues high-risk, high-payoff research initiatives 
across a broad spectrum of science and engineering disciplines—sometimes reshaping 
existing fields or creating entirely new disciplines—and transforms these initiatives into 
radically new, game-changing technologies for U.S. national security. This talk will 
provide an overview of DSO and discuss current investments related to polymer 
science, such as the Folded Non-Natural Polymers with Biological Function (Fold F(x)) 
program. Fold F(x) participants are discovering new therapeutics, diagnostics and 
catalysts by synthesizing and rapidly screening billion-member sequence-defined 
polymer libraries to identify structures with desired function. The talk will highlight some 
advances realized in the Fold F(x) program and discuss future research needs. 

  



POLY 174: Organocatalytic strategies to functional materials: mRNA delivery 

Robert M. Waymouth, waymouth@stanford.edu. Dept of Chemistry, Stanford 
University, Stanford, California, United States  

Organocatalytic polymerization reactions provide a versatile platform for the generation 
of well-defined functional macromolecules. We have developed expedient catalytic 
oxidative lactonization reactions for the synthesis of functionalized lactones. Oxidative 
lactonization of substituted diethanolamines affords aza lactones (morpholinones). The 
organocatalytic ring-opening polymerization of these lactones generates poly(α-amino 
esters) which are key components of functional materials for the delivery of messenger 
RNA into living animals. Functional delivery of messenger RNA (mRNA) to tissues in 
the body is key to implementing potentially transformative strategies for vaccination, 
protein replacement therapy and genome editing, collectively impacting approaches for 
the prevention, detection and treatment of disease. Here we report the step-economical 
synthesis and evaluation of a new, tunable and effective class of synthetic 
biodegradable materials: charge-altering releasable transporters (CARTs) for mRNA 
delivery into cells. 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 translation. With demonstrated 
utility in both cultured cells and animals, this new mRNA delivery technology should be 
broadly applicable to numerous research and therapeutic applications. 

 

 
 
 

  



POLY 175: Nurturing the industry-academia partnership: From 3D printing of 
polyimides to water-soluble ionomers 

Timothy E. Long1, telong@vt.edu, Maruti Hegde1, Allison Pekkanen2, Christopher 
Williams3, Callie Zawaski3, Viswanath Meenakshisundaram3. (1) Department of 
Chemistry, Macromolecules Innovation Institute, Virginia Tech, Blacksburg, Virginia, 
United States (2) Virginia Tech, Blacksburg, Virginia, United States (3) Department of 
Mechanical Engineering, Virginia Tech, Blacksburg, Virginia, United States  

3D printing, or additive manufacturing, provides diverse opportunities to create 
previously unattainable geometric structures through a layer-by-layer process. 
Harnessing macromolecular structures and chemistries, along with the method of 
printing, demonstrated successful 3D part generation tunable to particular applications. 
First, microstereolithography of poly(amic diethyl acrylate ester)s yielded soft 3D 
organogels. Upon thermal imidization, this organogel transforms into a 3D structured 
thermoplastic polyimide which is unachievable in conventional manufacturing. 
Furthermore, the backbone of the polyimide exhibited versatility through processing of 
both rigid-rod, insoluble thermoplastics and amorphous, melt-processable 
thermoplastics. 
The versatility of 3D printing provides structural resolution of poly(ether ester) ionomers 
through low temperature material extrusion for the inclusion of biologics. Typical melt 
polymerization of poly(ether ester) ionomers from poly(ethylene glycol) and sulfonated 
isophthalate provided large volumes of water-soluble polymer capable of complete ion 
exchange. The incorporation of divalent counterions such as calcium, magnesium, and 
zinc provide an increase in melt viscosity necessary for low temperature material 
extrusion 3D printing. Filament of poly(ether ester) ionomers with a calcium counterion 
revealed successful, flexible filament for subsequent processing. 3D printed structures 
maintain shape upon printing with no oozing from the nozzle, successfully 
demonstrating material extrusion from filament for the first time below 80 °C. By tuning 
polymer structure, printing type, and printing parameters, diverse structures for vastly 
different applications can be easily created. 

 



POLY 176: Polymer electrolytes for lithium batteries 

Nitash P. Balsara, nbalsara@berkeley.edu. Univ of California, Berkeley, California, 
United States  

The need for creating safe electrolytes for lithium batteries is significant given the 
continued safety problems associated with current lithium-ion batteries. Nonflammable 
polymer electrolytes offer a possible solution but the rate of lithium ion transport is too 
low for practical applications. In this talk, I will discuss some of the fundamental factors 
that limit ion transport in polymers. Polymer electrolytes obey Ohm’s Law, i.e. in the limit 
of small applied potentials, the current generated at steady state is proportional to the 
applied potential. The underpinnings of this observation, which remains to be 
established, will be discussed. Will we discuss both homogeneous and nanostructured 
polymer electrolytes. The talk will conclude with the relevance of these material in the 
emerging clean energy landscape. 

 

 
 
Dependence of transference number of a polymer electrolyte as a fucntion of salt concentration 
measured using three techniques 

  



POLY 177: Phase behavior, dynamics and properties of hybrid nanoparticles 

Ramanan Krishnamoorti, ramanan@uh.edu. Univ of Houston, Houston, Texas, United 
States  

 
Polymer grafted nanoparticles are fascinating materials that bridge the gap between 
colloidal particles and star-polymers. We have studied the structure and dynamics of 
highly grafted hybrid nanoparticles in the bulk and in dilute solutions and have 
elucidated the structure of the polymer chains and the arrangement of the nanoparticles 
as functions of polymer molecular weight and solvent quality. Extending these to 
polymer blends wherein the matrix (unattached) chains is attracted to the grafted 
polymer chains has allowed us to determine the relationship between segment 
compatibility and polymer dewetting. The consequences of the unique structure and 
dynamics of these grafted polymer chains on interfacial properties and as mobility 
control agents for enhanced oil recovery will be discussed in this talk. 

  



POLY 178: Designing polymer-based electrolytes with high lithium ion 
transference number and conductivity 

Bryan D. McCloskey1,2, bmcclosk@gmail.com. (1) Chemical and Biomolecular 
Engineering, University of California Berkeley, Berkeley, California, United States (2) 
Energy Storage and Distributed Resources, Lawrence Berkeley National Laboratory, 
Berkeley, California, United States  

Single ion conducting polymer electrolytes have been studied for many years as a 
promising means to create a high lithium ion transference number electrolyte. A high 
transference number electrolyte would eliminate concentration polarization, the buildup 
of concentration gradients within the battery electrolyte during operation, thereby 
allowing rapid charging and increasing the accessible energy density. Current state of 
the art polymer electrolytes still suffer from low conductivity at moderate to room 
temperature. In this presentation, we discuss the creation of a new single-ion 
conducting polysulfone-co-poly(ethylene glycol) copolymer (PSf-co-PEG) and leverage 
its large accessible miscible composition window to probe the established 
understanding of ion conduction. We demonstrate the inherent tradeoff between 
segmental motion and ion content, clearly illustrating the challenges facing polymer 
electrolyte design. We further demonstrate the existence of the compensation effect, a 
positive correlation between the prefactor and apparent activation energy, within the 
Vogel-Tammann-Fulcher equation. The compensation effect has significant implications 
for any polymer electrolyte system, as its existence predicts that the maximum in 
conductivity for any given system will occur as the prefactor tends to low values. We 
show that blending of a small molecule diluent is sufficient to break the apparent trend 
in the PSf-co-PEG system, indicating a clear path to an electrolyte with optimal 
transport properties. When this strategy is fully extended to electrolytes in which single-
ion conducting polymers are entirely dissolved in nonaqueous solvents, an 
unprecedented combination of liquid-like conductivities (1.3 mS/cm at 25 oC) and Li+ 
transference numbers (>0.95) is obtained for certain electrolyte compositions. 

  



POLY 179: Facile, new strategies for controlling the patterning of polymers 

Craig J. Hawker, hawker@mrl.ucsb.edu. Univ of California, Santa Barbara, California, 
United States  

 
New modular approaches to engineer surfaces via photochemistry is presented. An 
array of functional building blocks can be used to produce complex features on surfaces 
leading to hierarchically patterned substrates. 

 

 
 
 

 



POLY 180: High performance and antifouling coatings from spray layer-by-layer 
deposition 

J Hedrick, hedrick@us.ibm.com. IBM Research, San Jose, California, United States  

Poly(1,3,5-hexahydro-1,3,5-triazine)s (PHTs) are a recently discovered class of 
thermosets, whose network formation proceeds by condensation polymerization of 
aromatic diamines with formaldehyde, through hemiaminal and imine intermediates. In 
order to expand the range of aldehydes that can form highly crosslinked networks using 
more environment-friendly processes, we developed a facile layer-by-layer spray 
coating deposition technique to deposit multifunctional amines such as branched 
poly(ethylenimine) on glass substrates and crosslink it with glyoxal. The coatings were 
modified by the chemical incorporation of PEG, negatively-charged moieties, fluorinated 
compounds as well as poly(propylene oxide) (PPO) for the preparation of antimicrobial 
substrates to prevent bacterial adherence, as this field has emerged as a critical 
scientific and technologic challenge other the past decades. Indeed, the prevention of 
pathogen (cross-)contamination or colonization remains an ongoing global healthcare 
challenge, both medically and financially. It is estimated that, each year, in the US 
alone, approximately 2 million people suffer from nosocomial infections, 4.5% of which 
lead to death. Moreover, diagnosis and treatment are alusive, mostly owing to the 
complexity of the biofilms’ composition and difficulty to penetrate and fully eradicate 
them, as well as the recent emergence of antibiotic resistant bacteria strains. In the 
case of the BPEI/glyoxal/PPO coating, the hydrophobic nature of the PPO modifier 
induced “micro-precipitation” of domains of the coatings leading to texturing of the 
surface. Functionalized BPEI/glyoxal materials successfully inhibited the attachment of 
bacteria at the surface, with up to 90% reduction of the metabolic activity of S. Aureus 
after a 7-day incubation period. 

  



POLY 181: Controllable ROMP tacticity by harnessing the fluxionality of 
stereogenic-at-Ru complexes 

Amir H. Hoveyda, hoveyda@bc.edu. Department of Chemistry Merkert Chemistry Ctr, 
Boston College, Chestnut Hill, Massachusetts, United States  

Readily accessible and easy-to-handleRu catalysts capable of generating all-Z 
polynorbornene and polynorbornadiene by ring-opening metathesis polymerization 
(ROMP) with controllable selectivity, ranging from ~50 to ≥95% syndiotactic, will be 
presented. It is demonstrated that the rate of non-metathesis based polytopal 
isomerization and levels of syndiotacticity may be fine-tuned by the adjustment of 
monomer concentration and catalyst structure. 

 

 
 
 

  



POLY 182: Waste plastics for new materials production: Design and reversibility 
in polymer networks 

Jeannette Garcia, jmgarcia@us.ibm.com. Chemistry and Materials, IBM, San Jose, 
California, United States  

Of the ~32 million tons of plastic produced annually in the US municipal solid waste 
stream, less than 10% of it is recycled. Although consumer compliance with best 
recycling practices may partially contribute to these low numbers, technological 
challenges remain a primary limiting factor for plastics recycling. Current recycling 
techniques rely mostly on primary recycling, that in which a used polymer is melted and 
remolded, which requires nearly pristine input; e.g., singly used, uncontaminated 
plastics. Furthermore, during the melt and remolding process required for primary and 
mechanical recycling, reprocessed polymers exhibit diminished thermal and mechanical 
properties compared to virgin materials. Therefore, a need for the re-purposing of 
polymer waste and alternate recycling technologies has arisen. This talk will focus on 
waste polymers as monomer sources for the synthesis of value-added materials that 
demonstrate improved thermal and mechanical properties. Experimental methods and 
conditions for depolymerization of polymers and repolymerization as well as 
computational modeling will be discussed. 

 

 
 
 

  



POLY 183: New polymers and strategies for drug delivery applications 

Julien Nicolas, julien.nicolas@u-psud.fr. UMR CNRS 8612, Univ Paris-Sud, Chatenay-
Malabry, France  

This lecture will present our recent achievements in the field of macromolecular 
engineering for biomedical applications, and especially the use of controlled radical 
polymerization as a tool for the design of: 
(i) Degradable vinyl materials by radical ring-opening polymerization (rROP) using cyclic 
ketene acetal (CKA) monomers. In particular, 2-methylene-4-phenyl-1,3-dioxolane 
(MPDL) was copolymerized with oligo(ethylene glycol) methyl ether methacrylate 
(OEGMA) by NMP to produce well-defined and degradable PEG-based copolymers. 
(ii) Polymer prodrug nanoparticles. We developed of new class of polymer prodrug 
nanoparticles by using the "drug-initiated" method, which consisted in the controlled 
growth of hydrophobic polymers from anticancer drug-bearing alkoxyamines or chain 
transfer agents to prepare, by NMP or RAFT, well-defined and high drug content 
polymer prodrug nanoparticles with in vitro and in vivo anticancer activity. 

 

 
 
Drug-initiated synthesis of polymer prodrug nanoparticles 

  



POLY 184: Tertiary structure-based prediction of how ATRP initiators react with 
proteins 

Sheiliza Carmali3, Krzysztof Matyjaszewski1, Alan J. Russell2, alanrussell@cmu.edu. 
(1) CMU, Pittsburgh, Pennsylvania, United States (2) ICES 1203 Hamburg Hall, 
Carnegie Mellon University, Pittsburgh, Pennsylvania, United States (3) UCL School of 
Pharmacy, London, United Kingdom  

Polymer-based protein engineering (PBPE) by surface-initiated atom transfer radical 
polymerization (ATRP) induces structural changes to the protein by generating protein-
polymer conjugates with dense polymer shells that impact protein function. Protein-
polymer conjugate properties are considerably influenced by the site of modification on 
the protein surface combined with the chemical and physical properties of the polymer. 
In this presentation, we have focused on determining the site and rate of reaction 
between amine-reactive ATRP initiators and protein amino groups as a step forward in 
controlling protein-initiator reactions. We performed a systematic characterization of the 
reaction between a bromine-functionalized N-hydroxysuccinimide amine-reactive ATRP 
initiator and the amino groups in two model proteins, lysozyme and chymotrypsin. The 
tertiary structures of the proteins were used to predict computationally α-amino group 
and lysine side-chain exposed surface area (ESA) and analyze the chemical and 
structural environment of the amino groups. A probe radius resembling the size of the 
initiator was used in the ESA calculations to accurately model amino group accessibility 
to ATRP initiator molecules. Enzymatic and chemical digestion studies of protein-
initiator complexes followed by peptide mass mapping were used to identify initiator 
modification sites. Experimental data showed that the rate of initiator-protein 
modification at each amine site was primarily dependent on surface accessibility. 
Further refinements of the prediction of where the initiator modified the protein, and in 
what sequence, were achieved by considering pKa, steric hindrance, local charge and 
environment of each amino group. These factors were combined to generate a rules-
based decision tree that could be used to predict the site and relative reactivity of the 
amino groups on any protein when modified with ATRP initiators. We are now using the 
decision tree to predictably modify other proteins for polymer-based protein engineering. 

  



POLY 185: Biocatalytic precipitation ATRP as assay for malaria diagnostics 

Nico Bruns1, nico.bruns@unifr.ch, Jonas Pollard1, Omar Rifaie-Graham1, Samuel 
Raccio1, Sandor Balog1, Sebastian M. Rusch2, Hans-Peter Beck2. (1) Adolphe Merkle 
Institute, University of Fribourg, Fribourg, Switzerland (2) Swiss Tropical and Public 
Health Institute, Basel, Switzerland  

Malaria remains one of the most socioeconomic devastating infectious diseases world-
wide. Highly sensitive, yet inexpensive and robust diagnostic methods are an essential 
tool in the fight against this disease. However, currently available methods are either not 
sensitive enough or are too laborious and expensive for malaria eradication campaigns. 
Here, we present a novel assay for the detection and quantification of the malaria 
biomarker hemozoin that achieves very high sensitivity, yet employs simple organic 
reagents that are cheap and stable. Solubilized hemozoin is used to catalyze the 
polymerization of N-isopropylacrylamide (NIPAM) under activator regenerated by 
electron transfer atom transfer radical polymerization (ARGET ATRP) at 37 °C. The 
precipitation polymerization leads to the formation of a suspension of nanoparticles. As 
a result, the transparent assay solution turns turbid. The increase in optical density of 
the solution scales quantitatively with the concentration of hemozoin. The method 
combines dual amplification of the analyte by its catalytic activity and polymer chain 
growth with the high stability of ATRP reagents and a simple optical readout. Thus, the 
assay is ideally suited for malaria diagnostics under low resource settings, such as 
encountered in many malaria endemic regions of the world. 

 
 
Hemozoin-catalyzed precipitation ATRP of NIPAM allows to quantify the concentration of the 
malaria biomarker by turbidity measurements. 



POLY 186: CRP polymers that stabilize therapeutic proteins in vivo and during 
storage 

Heather D. Maynard, maynard@chem.ucla.edu. UCLA, Los Angeles, California, United 
States  

Reversible addition fragmentation chain transfer (RAFT) polymerization and atom 
transfer radical polymerization (ATRP) were employed to synthesize biomimetic 
polymers. These polymers were rationally designed to stabilize proteins both by 
increasing pharmacokinetics and stability to storage conditions such as fluctuations to 
temperature and solution agitation. The polymers can be made with or without end 
groups by using functionalized chain transfer agents or initiators. Thus, they can be 
added or conjugated to proteins. Studies of protein stabilization to aggregation and 
denaturation in the presence of the polymers were undertaken. Investigation of protein 
activity in vitro and in vivo in the presence of polymer attached or conjugated were 
completed. The protein-polymer conjugates in particular were subjected to in vivo 
pharmacokinetic tests to quantify blood plasma levels over time. The synthesis of the 
polymers and conjugates, and the results of the stability and biological investigations 
will be presented. 

 

 
 

Polymers synthesized by CRP stabilize therapeutic proteins 

  



POLY 187: Harnessing enzymatic processes to create well-defined polymers by 
RAFT 

Alex Danielson2, Dylan Bailey Van-Kuren2, Joshua Bornstein2, Melissa Lucius2, 
Cameron Williams2, Katherine Makaroff2, Jason Berberich1, Richard C. Page2, Dominik 
Konkolewicz2, d.konkolewicz@gmail.com. (1) Chem, Paper, Biomed Eng, 64 Eng 
Bldg, Miami University, Oxford, Ohio, United States (2) Department of Chemistry and 
Biochemistry, Miami University, Oxford, Ohio, United States  

Enzymes are ubiquitous in biological systems, efficiently performing the complex 
functions needed in living organisms. Recent efforts to utilize enzymes for controlled 
polymerizations have focused on enzymatic ring opening polymerization and atom 
transfer-radical polymerization. Due to its facile compatibility with a wide range of 
monomers, reversible addition-fragmentation chain transfer polymerization (RAFT) is a 
excellent platform for the synthesis of well defined polymers. However, limited examples 
of enzymatic processes to enhance RAFT have been demonstrated in the literature. 
Here we develop and systematically study the use of horseradish peroxidase (HRP) as 
an enzyme to catalyze radical formation needed for RAFT polymerization. HRP is an 
oxidoreductase, and is found to catalyze radical generation that can promote rapid 
RAFT polymerization. The HRP catalyzed RAFT polymerizations were found to be 
efficient and provided well defined polymers in as little as 25 min to >90% conversion. 
Kinetics analysis showed a well-controlled polymerization, with linear first order kinetics 
after an induction period and linear evolution of Mn with conversion. Mechanistic studies 
suggest a complex reaction mechanism underlies the generation of radicals. In addition 
to making well defined homopolymers, block copolymers and complex protein-polymer 
conjugates have been created using RAFT polymerization using HRP as a efficient 
RAFT-initase. It is anticipated that the availability of HRP and the high efficiency of 
enzymatically initiated RAFT polymerization will make this method useful for the 
synthesis of complex water-soluble polymers. 

 
Schematic Description of the Enzymatically initiated RAFT process 



POLY 188: Learning from peptides how to solubilize problematic small molecule 
drugs: Specifically interacting polymers via CRP 

Hans Boerner, h.boerner@HU-berlin.de. Department of Chemistry, Humblodt 
Universität zu Berlin, Berlin, Germany  

Recently enormous efforts have been spend to advance polymer synthesis methods, 
enabling monomer sequence control.1 Methods of controlled radical polymerization 
played one major role to precisely position functionalities in synthetic polymers.2 After 
principles of advanced precision polymer synthesis routes have been established, one 
of the upcoming challenges will be finding applicable sequences to demonstrate the 
potentials of fully synthetic polymers, which exhibit a defined monomer sequence. Here 
we summarize recent advances and present our approach to extract interesting primary 
structures by combinatorial means and finding minimal sequences by sequence 
analysis to design precision polymers (Fig.1). Those polymers offer the possibility to 
mimic aspects of functional biomacromolecules with non-biological monomer building 
blocks and might enlarge the functional space available for polymers useful for drug 
delivery,3 adhesives4 or nanoengineering of surfaces.5 
 
Figure 1. Abstracting principles from peptides toward the design of precision polymers 
 
 

 

 
 
 

  



POLY 189: Main-chain degradable polymer nanoparticles as gene delivery vectors 

Yongsheng Gao3, Verena Böhmer2, Dezhong Zhou3, Tianyu Zhao 3, Wenxin Wang3, 
Jos M. Paulusse1,2, jpaulusse@gmail.com. (1) Biomolecular Nanotechnology, 
University of Twente, Hengelo (O), Netherlands (2) Nuclear Medicine and Molecular 
Imaging, University Medical Center Groningen, Groningen, Netherlands (3) Charles 
Institute of Dermatology, University College Dublin, Dublin, Ireland  

Macromolecular architectures play a pivotal role in nanomedicine, as they allow for 
accurate tuning of physicochemical properties and surface functionality. Moreover, 
these nanostructures are readily accessible through controlled radical polymerization 
techniques. Degradability of the nanostructures is an important issue that still has 
received only limited attention. Little is known about the fate of nanostructures in the 
human body, though preventing unwanted side effects is of utmost importance. 
 
We set out to develop a platform technology that enables endowing vinyl polymers and 
their resulting macromolecular architectures with degradability and responsiveness. 
Radical ring opening polymerization of cyclic allyl sulfides is incorporated in existing 
approaches towards micro- and nanostructures to render the resulting materials 
responsive and/or degradable. We will present here our results on reducible polymer 
nanoparticles, prepared via controlled crosslinking polymerization, in gene delivery. 

 

 
 
 

  



POLY 190: New polymer based linkers for antibody drug conjugates (ADC) for 
oncology applications 

John Chiefari, john.chiefari@csiro.au, Judith A. Scoble, Charlotte Williams, Fei Huang, 
Timothy Adams, Luisa Pontes-Braz, Xiaowen Xiao, Andrew Riches, Wioleta Kowalczyk, 
Xiaojuan Hao, Graeme Moad, Ezio Rizzardo. Manufacturing, CSIRO, Clayton South, 
Victoria, Australia  

We have developed a new polymer based antibody drug conjugate (ADC) linker 
technology using the versatility of the RAFT process. The ability of RAFT to access 
polymers with a defined size, composition and architecture gives rise to this approach 
addressing key clinical and technical challenges with current ADC linker systems. 
Primarily amongst these is the ability to load multiple copies of a cytotoxic agent onto 
the polymer linker whilst still maintaining a single point of attachment to the antibody. 
This talk will describe synthesis of a range of stable water soluble polymers, and various 
synthetic approaches to construct a therapeutic antibody-polymer-drug conjugates, 
where the polymer acts as a linker for both a small molecule cytotoxic drug as well as a 
therapeutic protein (see Figure). 
In order to understand the influence of polymer structure, composition and size on 
biological performance, we report on the results of two, first in class, ADME studies. 
These studies assess the pharmacokinetics of a range of homo-polymer and co-
polymer antibody-fragment conjugates, in animal models (seven RAFT polymer linkers 
and one control). All of the antibody fragment-polymer conjugates investigated had 
increased elimination phase half-lives over the PEGylated control, and although 
differences were observed within the circulating half-life between the conjugates arising 
from the different polymer compositions, the excretion volume is fairly consistent. 
This result confirms that this range of RAFT polymers are a suitable platform for delivery 
of proteins and targeted delivery of small molecule drugs. 
In addition, we have conjugated an ADME optimised, complex, high molecular weight, 
terpolymer containing a number of cytotoxic drugs, attached via cleavable linkers, to 
antibody fragments and the results of a drug-loaded polymer-antibody fragment 
conjugate in vivo efficacy study will be reported. 

 



POLY 191: Versatile types of PGMA-based nucleic acid delivery systems via 
ATRP 

FJ Xu, fujian_xu@yahoo.com. State Key Laboratory of Chemical Resource 
Engineering, Beijing Lab of Biomedical Materials, Beijing University of Chemical 
Technology, Beijing, China  

Gene therapy shows much promise in tackling various genetic diseases and cancers, 
viral infection, and cardiovascular disorders. The most challenging task in gene therapy 
is the design of efficient gene delivery nanovectors. Recently, our group has 
successfully designed of different kinds of functionalized poly(glycidyl 
methacrylate)(PGMA)-based gene vectors via ATRP for efficient plasmid DNA gene 
delivery. Such kinds of PGMA-based vectors possess plentiful flanking secondary 
amine and hydroxyl groups and exhibit much lower cytotoxicity. 

 

 
 
Different types of PGMA-based gene carriers (PGRs) 
 

  



POLY 192: Biomimetic anchors for antifouling polymer brush coatings 

Li Qun Xu3, KoonGee Neoh1, En Tang Kang2, cheket@nus.edu.sg. (1) National Univ of 
Singapore, Singapore, Singapore (3) Fac Mat & Energy, Southwest University, 
Chongqing , China  

The catechol-functionalized poly(dopamine methacrylamide)-co-poly(PEG methyl ether 
methacrylate) (PDMA-co-PPEGMEMA) copolymers were assembled with branched 
poly(ethyleneimine) (PEI) on the stainless steel (SS) surface via catechol-amine 
reaction in a layer-by-layer manner to provide an antifouling surface. The catechol and 
amino-containing PPEGMEMA and poly(N-hydroethyl acrylamide) (PHEA) undergo self-
cross-linking under mild basic condition via catechol-amine reaction, and can be 
deposited onto the SS surface to form the antifouling coating. The catechol-containing 
zwitterionic PEG was prepared via epoxide-amine chain-extension polymerization 
between dopamine and PEG diglycidyl ether, followed by alkylsulfonation with 1,3-
propanesultone to introduce sulfobetaine moieties. The as-prepared zwitterionic 
polymers can be deposited onto various substrates under mild basic condition to 
combat biofouling. Tannic acid was reacted with 2-bromoisobutyryl bromide to introduce 
the alkyl bromide atom transfer radical polymerization (ATRP) initiator. The resulting 
tannic acid derivative can be anchored onto the SS surface for the subsequent surface-
initiated ATRP (SI-ATRP) of antifouling/antibacterial [2-
(methacryloyloxy)ethyl]trimethylammonium chloride (META), 2-methacryloyloxyethyl 
phosphorylcholine (MPC) and sulfobetaine methacrylate (SBMA). Tannic acid was also 
functionalized with maleimido moieties via Williamson ether synthesis. The as-obtained 
tannic acid derivative can be deposited onto the SS surface for grafting of thiolated 
chitosan with antifouling/antibacterial properties via thiol-maleimide conjugation 
chemistry. Tannic acid was conjugated with bromo-containing agarose via Williamson 
ether synthesis. The tannic acid-functionalized agarose can be deposited onto the SS, 
Ti and silicon surfaces under mild basic conditions. The as-formed agarose coatings 
can inhibit the adsorption of protein as well as the adhesion of bacteria and cells. 

 
 
Biomimetic anchors for antifouling polymer brush coatings 



POLY 193: Synthesis, properties, and degradation of practical sustainable 
elastomers 

Marc A. Hillmyer, hillmyer@umn.edu. University of Minnesota, Minneapolis, 
Minnesota, United States  

Polylactide is an incredible material that comes from renewable feedstocks, can be 
used in place of polystyrene or polyethylene terephthalate, and can readily compost 
back to the building blocks from which it came. It is arguably the most useful synthetic 
thermoplastic prepared commercially from biobased feedstocks. On the elastomer front, 
however, there is really no practical parallel that has a low glass transition temperature, 
can be readily crosslinked or incorporated into block polymers, and can easily degrade. 
I will describe our various efforts to prepare such sustainable (and hopefully practica) 
elastomers from renewable resources that are not only high performing, but can also be 
biodegraded through enzymatic action or that can be chemically recycled through 
depolymerization strategies. The presentation will focus on new aliphatic polyesters and 
strategies to incorporate them into practical elastomers based on traditional 
crosslinking, polyurethane chemistry, and block polymers. I will also cover our 
collaborative efforts aimed at understanding and characterizing the enzymatic 
degradation of these materials. 

 



POLY 194: Synthesis of novel polyamides by direct polymerization of levulinic 
acid 

Caglar Becer, r.becer@qmul.ac.uk, Manuel Hartweg. School of Engineering and 
Materials Science, Queen Mary University of London, London, United Kingdom  

A robust, direct and efficient approach has been developed for the utilization of levulinic 
acid (LevA) as a building block in the synthesis of polyamides. In this approach, there is 
no need for converting LevA to a cyclic monomer as the carboxylic acid and ketone 
groups are sufficient for incorporation into a polyamide. Optimization of reaction 
temperature, solvent, reactants as well as heating source have been performed for the 
Ugi multicomponent reaction. The obtained polyamides were characterized in details 
using GPC, NMR, MALDI ToF MS, and TGA. 

 

 
 
 

  



POLY 195: Isocyanate-free routes to polyurethanes and poly(hydroxyl urethane)s 

Henri Cramail, cramail@enscbp.fr, Etienne Grau, Océane Lamarzelle. LCPO, Peesac, 
France  

Thermoplastic poly(hydroxyurethane)s (PHUs) raised industrial and academic research 
curiosity, since their synthesis is achieved via the ring-opening of bis-cyclic carbonates 
with diamines, enabling the replacement of phosgene and isocyanates employed in the 
classical polyurethane (PU) manufacture. Combining PHUs synthesis and bio-based 
compounds, a large platform of fatty acid-based cyclic carbonates as 
poly(hydroxyurethane) precursors has already been synthesized by 
epoxidation/carbonation routes. However, such monomers exhibited a slow 
polymerization rate towards amines, due to the electron-releasing alkyl chains, which 
deactivate the cyclic carbonates. An alternative route consists in inserting a heteroatom 
nearby the cyclic carbonate to improve/activate its reactivity. Herein, the synthesis of 
new activated lipidic cyclic carbonates from glycerol carbonate and epichlorohydrin has 
been achieved, leading respectively to an ester or an ether linkage in β position of the 
carbonate. After kinetic investigations of the cyclic carbonate aminolysis on model 
compounds, the corresponding activated bis-cyclic carbonates were polymerized with 
two diamines and exhibited enhanced reactivities. A specific focus on the side reactions 
that could occur in both model reaction and polymerization is also discussed. On the 
other hand, a new route to access bio-based diamines using mild and green conditions 
has been set up through an optimization of aliphatic alcohol oxidation into the 
corresponding nitriles, followed by an hydrogenation. The resulting diamines were 
subsequently polymerized with activated cyclic carbonates in order to obtain fully bio-
based poly(hydroxy urethane)s. 

 

 
 
 

  



POLY 196: Diisocyanate-free polyurethane synthesis with bio-sourced 
polyhydroxyls 

Christopher H. Komatsu, chris.komatsu@chem.tamu.edu, Samantha L. Kristufek, 
Kevin T. Wacker, Karen L. Wooley. 3255 TAMU, Texas AM University, College Station, 
Texas, United States  

Polyurethanes are an important class of polymers that are used for a multitude of 
industrial applications. However, the toxicity and non-renewability of the monomer diols, 
catalysts, and in particular, the diisocyanate reagents have led to the investigation of 
more environmentally-friendly alternatives. Polymerizations involving the reaction of 
diamines with cyclic carbonates and the use of diols with methyl or phenyl dicarbamates 
have been studied extensively. Nonetheless, there has been limited research using the 
more labile di(p-nitrophenyl)carbamates with diols to form polyurethanes. Inspired by 
the potential for di(p-nitrophenyl)carbamates to exhibit increased reactivity over methyl 
or phenyl dicarbamates, the work that will be presented has involved screening of 
conditions for polyurethane synthesis using di(p-nitrophenyl)carbamates, organocatalyst 
bases, and bio-sourced diols such as methyl 4,6-O-benzylidene-α-(D)-glucopyranoside. 
Unlike the linear dimethyl and diphenyl carbamates researched thus far, this system 
does not require excessive temperatures or reduced pressures to achieve reasonable 
polymer chain growth. Thus, a rigorous optimization of the molecular weight by varying 
reaction parameters was undertaken and will be discussed. Additionally, these polymers 
are soluble in non-polar organic solvents, unlike some of the polyhydroxyurethanes 
produced by condensation of diamines with cyclic carbonates. The other bio-sourced 
diols screened will probe the compatibility of these di(p-nitrophenyl)carbamates with 
primary, secondary, and even tertiary alcohols. Thus, this work will also add to the 
existing library of bio-sourced and renewable monomers to replace petrochemical 
feedstocks in polyurethane synthesis. The properties of the resulting polyurethanes will 
also be discussed. The fundamental study of this new class of diisocyanate analogue is 
expected to have far-reaching implications for improving the sustainability of 
polyurethane synthesis, with the alternative synthetic route being of broad interest. 

 



POLY 197: Bioadvantaged nylon from 1,3 hexenedioic acid produced via an 
integrated bio- and electrocatayltic process 

Eric W. Cochran2, ecochran76@gmail.com, Jean Philippe Tessonnier2, Sanaz 
Abdolmohammadi2, John Matthiesen2, Nacu Hernandez1. (1) Iowa State University, 
Ames, Iowa, United States (2) Chemical and Biological Engineering, Iowa State 
University, Ames, Iowa, United States  

In this talk we share recent work leading to a partially unsaturated biobased nylon-6,6. 
This new material is produced from 1,3-hexenedioic acid; currently only available as a 
costly research chemical, we have developed a process that, at scale, would be highly 
competitive with its saturated analogue, adipic acid. Our process combines bio- and 
electrocatalysis to convert glucose into 1,3 hexenedioic acid in a single pot. An 
engineered strain of Saccharomyces cerevisiae was used as the initial biocatalyst for 
the conversion of glucose into muconic acid; subsequently, muconic acid was further 
electrocatalytically hydrogenated to 3-hexenedioic acid in 94% yield despite the 
presence of biogenic impurities. Bio-based unsaturated nylon-6,6 (unsaturated 
polyamide-6,6) was finally obtained by polymerization of 3-hexenedioic acid with 
hexamethylenediamine. Properties and opportunities for this bioadvantaged nylon 
analog will be discussed. 

  



POLY 198: New methodology to prepare degradable functional polyesters from 
sustainable 1,3-dioxolan-4-ones 

Michael P. Shaver, michael.shaver@ed.ac.uk. School of Chemistry, University of 
Edinburgh, Limekilns, United Kingdom  

Biodegradable aliphatic polyesters built from sustainable feedstocks are a promising 
solution to address challenges in the sustainability of modern plastics. Limited monomer 
scope in ring-opening polymerization has concomitantly limited accessible polymer 
properties. We recently developed a family of monomers that are built from (often) 
renewable resources and use the elimination of small molecules to access aliphatic 
polyesters, circumventing traditionally challenging monomer syntheses. Elimination of 
formaldehyde or acetone from easy-to-synthesise 1,3-dioxolan-4-ones produces an 
array of structurally divergent polyesters. The polymers are prepared with high retention 
of stereochemistry, meaning isotactic polymers are easily prepared from natural 
enantiopure feedstocks. Reaction kinetics, structure/property relationships, copolymers 
of traditional cyclic esters, and direct recycling of waste paraformaldehyde showcase 
the scope of this new reaction in polymer chemistry. 

 

 
 
 

  



POLY 199: Sustainable epoxy resin thermosets offer distinct mechanical 
properties and cell proliferation responses modulated via carbohydrate structure 

Quanxuan Zhang, Haley Phillips, Anatolii Purchel, Theresa M. Reineke, 
treineke@umn.edu. Chemistry, University of Minnesota, Minneapolis, Minnesota, United 
States  

Epoxy resins are ubiquitous in high-performance applications due to their excellent 
mechanical strength, thermal and chemical resistance, strong adhesion, and low 
shrinkage after curing. Bio-based epoxy resins derived from natural products such as 
carbohydrates and seed oils offer tremendous potential for creating new polymeric 
materials. Sugars and their derivatives also offer biodegradability and functionality such 
as the presence of multiple hydroxyl groups that impart highly cross-linked polymer 
networks. We have developed epoxy resins using fully-sustainable feedstocks by 
designing and synthesizing hydrophobic trehalose- and β-cyclodextrin-based carboxylic 
acid hardeners for curing with epoxidized soybean oil. The carbohydrate-based 
hardeners were created via functionalization with succinic anhydride and heptanoyl 
chloride. The resulting hardeners were homogeneously formulated and crosslinked 
through their terminal carboxylates with epoxidized soybean oil. Numerous properties of 
these systems have been characterized including their thermal, mechanical, and in vitro 
biocompatibility properties. Resin films were also examined for their ability to promote 
cell adhesion and proliferation. The films created with the cyclodextrin-based feedstocks 
promoted cell adhesion and proliferation similar to the poly(DL-lactide-co-glycolide) 
control. However, the trehalose-based films completely mitigated cell adhesion and 
growth. The disparate mechanical and cell adhesion properties and favorable physical 
characteristics supports the potential of these materials as tunable surfaces for 
applications ranging from adhesives and antifouling coatings to wound healing and 
tissue engineering. 

 

 
 



POLY 200: Levulinic acid: A valuable platform chemical for fermentative 
syntheses 

Richard Ashby, rick.ashby@ars.usda.gov, Daniel Solaiman. USDA/ARS/ERRC, 
Wyndmoor, Pennsylvania, United States  

In 2004 the DOE included levulinic acid (LA) as a top platform molecule because of its 
production from renewable resources in large yields and its broad application potential 
as a precursor for many valuable chemical derivatives. While LA and its chemical 
derivatives have high application potential, use of LA as a fermentation feedstock is less 
well-established. In this paper, we discuss the use of LA as a precursor in microbial 
fermentations specifically those involved in the synthesis of bacterial 
polyhydroxyalkanoates (PHA). Under appropriate growth conditions, specific strains of 
Pseudomonas, Azohydromonas and Burkholderia demonstrated the utilization of LA in 
the presence of a co-substrate to produce short-chain PHA biopolymers. These 
polymers include poly-3-hydroxybutyrate-co-3-hydroxyvalerate, the terpolyester poly-3-
hydroxybutyrate-co-3-hydroxyvalerate-co-4-hydroxyvalerate in varying monomeric 
ratios, and the homopolymer, poly-3-hydroxyvalerate. The use of LA as a fermentation 
feedstock as well as varying polymer compositions broadens application potential of 
both LA and the resultant biopolymers. 

 

 
 
Levulinic acid: Feedstock for short-chain PHA biosynthesis 

 

 



POLY 201: Exploring the scope of enzymatic ATRP: From controlled radical 
polymerization of challenging monomers to confined biocatalytic polymerizations 
in nanoreactors and on surfaces 

Nico Bruns1, nico.bruns@unifr.ch, Jonas Pollard1, Bernadetta Gajewska1, Samuel 
Raccio1, Csaba Fodor2, Maria Valentina Dinu3, Kasper Renggli4, Moh Divandari5, 
Edmondo Maria Benetti5. (1) Adolphe Merkle Institute, University of Fribourg, Fribourg, 
Switzerland (2) Zernike Institute for Advanced Materials, University of Groningen, 
Groningen, Netherlands (3) Petru Poni Institute of Macromolecular Chemistry, 
Romanian Academy, Iasi, Romania (4) Department of Biosystems Science and 
Engineering, ETH Zürich, Basel, Switzerland (5) Department of Materials, ETH Zürich, 
Zürich, Switzerland  

While peroxidase-initiated free radical polymerizations have long been known and 
extensively investigated, it only emerged in recent years that peroxidases and other 
metallo-enzymes can also control radical polymerizations following an atom transfer 
radical polymerization (ATRP) mechanism. This has opened the possibility to mediate 
enzymatically the synthesis of vinyl, acrylate and acrylamide polymers with well-defined 
molecular weight and narrow molecular weight distribution. Here, we are going to show 
how biocatalytic ATRP (bioATRP) can significantly broaden the scope of ATRP. Three 
examples will illustrate this. Laccase was used to polymerize N-vinylimidazole, a 
monomer that cannot be polymerized in a controlled way by classical ATRP. The 
enzyme could be removed after the polymerization quantitatively from the polymer, 
yielding narrowly dispersed poly(N-vinylimidazole) with no detectable traces of copper 
ions. Such polymers are ideally suited for drug delivery purposes. Moreover, enzymes 
can be enclosed into nanoreactors due to their size and their rich surface chemistry. 
Thus, it was possible to confine biocatalytic ATRP into polymersomes and protein cage 
nanoreactors, e.g. to fill polymersomes with a polymer. The third example is that 
biocatalytic ATRP allows to fine-tune surface-initiated “grafting from” polymerizations by 
adjusting the affinity between the surface and the proteins. Hemoglobin-catalyzed ATRP 
allowed to synthesize poly(N-isopropyl acrylamide) grafts with predetermined 
thicknesses in 4 nm steps. Protein repellent monomers could also be polymerized, but 
the increase in brush thickness was considerably lower. 

 
Scope of enzymatic ATRP 



POLY 202: Cuttable electrochromic display sheets using metallo-supramolecular 
polymer 

Masayoshi Higuchi, HIGUCHI.Masayoshi@nims.go.jp. National Institute for Materials 
Science, Tsukuba, Japan  

Liquid crystal displays (LCDs) and organic electroluminescent displays (OELDs) are 
equipped in most of the electronic devices we use in our everyday life. However, it is 
impossible to cut these displays into various shapes because it is necessary to seal the 
contents. In addition, since these displays require continuous power supply to maintain 
their functions, they must be always connected with a power source. I introduce new 
electrochromic display sheets cuttable with scissors using metallo-supramolecular 
polymers (Figure). Fe(II)-based metallo-supramolecular polymer was synthesized by 1:1 
complexation of Fe(II) diacetate with bis(terpyridyl)benzene. The polymer is soluble in 
polar solvents such as methanol and was sprayed onto a flexible ITO plastic substrate 
to form a coating layer stable against moisture and oxygen. Another flexible ITO 
substrate was covered with a solid-state electrolyte including lithium perchlorate as an 
electrolyte. The display sheet was fabricated by lapping the EC polymer-coated 
substrate and the electrolyte-covered substrate. In the obtained display device, the blue 
color of polymer layer disappeared electrochemically when a voltage (3 V) was applied 
between the two ITO electrodes. This electrochromic behavior is based on the redox 
between Fe(II) and Fe(III). The metal-to-ligand charge transfer (MLCT) absorption from 
Fe(II) to the ligand exists in the polymer, but the absorption disappears by the oxidation 
of Fe(II) to Fe(III). The display requires only a few seconds of electrical input to switch 
visual information, and the display will last even after power supply is discontinued. 
Accordingly, we successfully developed a sheet type display device capable of 
functioning while being detached from a power source and after being cut into a shape. 

 
Fig. An electrochromic display sheet cuttable with scissors. 



POLY 203: Simple and modular: Extending photo-driven charge separation in 
tailored multidonor-photosensitizer-multiacceptor polymer assemblies 

Michael Jaeger1, michael.jager.iomc@uni-jena.de, Robert Schroot1, Tina 
Schlotthauer1, Starla Glover2, Leif Hammarstrom2, Ulrich S. Schubert1. (1) Laboratory 
for Organic and Macromolecular Che, Friedrich-Schiller-University Jena, Jena, 
Germany (2) Department of Chemistry - Ångström Laboratory, Uppsala University, 
Uppsala, Sweden  

In this contribution, the modular design and synthesis of novel polymer-based 
photosystems is presented, aiming at efficient light-induced charge separation. 
Emphasis is put on simple and short syntheses routes and facile preparation of the 
materials. A case study of a modularly assembed photosystem is detailed. The triad 
assembly features a single central Ru(II) sensitizer sandwiched between two polymer 
chains bearing multiple triarylamine and naphthalenediimide units, respectively. Upon 
excitation, the efficient charge separation was observed (>96%) with long lifetimes (400 
ns). In addition, an significant prtion of an additional, even longer-lived, component 
(2,400 ns, 30%) is observed, whcih assigned to the possibility of secondary charge 
transfer within the polymer chains. These novel results demonstrate the feasablity of 
using tailored polymer-based photosystems for energy conversion and/or to provide 
local redox gradients to power molecular machines. 

 

 
 
 

  



POLY 204: Synthesis and self-assembly of a redox-active, superatom-containing 
polymer 

Anastasia Voevodin1, av2612@columbia.edu, Xavier Roy2, Luis Campos1. (1) 
Columbia University, New York, New York, United States (2) Department of Chemistry, 
Columbia University, New York, New York, United States  

Metal-containing polymers feature the inherent electronic, magnetic, and optical 
properties of metal atoms while also maintaining the modularity of organic polymer 
systems. The metal-containing polymers reported thus far have been limited in scope 
and concentration of metal atoms included per monomer unit. Superatoms are 
composed of a discrete number of atoms forming a pseudo-spherical molecular cluster 
behaving as one entity. This presentation will introduce a novel superatom-containing 
polymer that is redox-active and can be easily self-assembled into nanosctructures. The 
superatom, composed of cobalt selenide, is functionalized as a pendant cluster onto a 
norbornene backbone. Ring opening metathesis polymerization is employed to 
synthesize superatom-containing homopolymers and block copolymers with high 
molecular weights and polydispersities. These polymers contain an electron rich 
superatom composed of Co6Se8 capped with phosphine ligands, forming a redox-active 
monomer and polymer. The functionalized monomer can be polymerized to synthesize 
a library of block copolymers with targeted architectures. This work describes new 
opportunities for continued advancement of metal-containing polymers as functional 
materials. 

 
A. Synthesis of superatom-containing polymer B. Block Copolymer containing superatom-
containing block and hydrophobic block for self-assembly C,D: TEM imaging of self-assembled 
block copolymer 



POLY 205: Ferrocene-containing BODIPY and aza-BODIPY supramolecular arrays 
for light-harvesting, fluorescent markers, and molecular electronics 

Victor Nemykin, Victor.Nemykin@umanitoba.ca. Chemistry, University of Manitoba, 
Winnipeg, Manitoba, Canada  

A number of ferrocene-containing (aza)BODIPYs and their analogues (Figure 1) have 
been prepared and characterized by steady-state and time-resolved spectroscopy, 
electrochemistry, and X-ray crystallography.[1-3] Influence of the metallocenyl 
substituents’ connectivity on the formation of redox-induced mixed-valence and 
photoinduced charge separated states will be discussed. 
 

 

 
 

  



POLY 206: Metal-ligand interactions: A versatile tool in polymer chemistry 

Ulrich S. Schubert4, ulrich.schubert@uni-jena.de, Stefan Bode1, Martin D. Hager3, 
Andreas Winter2. (1) FSu Jena, Jena Thuringia, Germany (2) Laboratory of Organic and 
Macromolecular Chemistry, Friedrich Schiller University Jena, Weimar, Germany (3) 
Laboratory of Org. Macromol. Chemistry, Friedrich Schiller University of Jena, Jena, 
Germany (4) Laboratory for Organic and Macromolecular Che, Friedrich-Schiller-
University Jena, Jena, Germany  

Metallopolymers combines the properties of metal-ligand interactions as well as 
polymers and, thus, can be utilized as a multifunctional building unit in polymer science. 
In 20 years of research within the Schubert group, many different aspects of 
metallopolymers were investigated revealing results ranging from self-assembly to a 
range of applications. Thus, block copolymers connected by a ruthenium-bis-terpyridine 
complex enables the design of highly ordered structures and, furthermore, the synthesis 
of nano-porous membranes (see Figure 1).[1] Additionally, the benefit of certain metal-
complexes to absorb or to emit light could also be applied for optical active polymeric 
materials, e.g., white-emitting materials, which could also be processed using inkjet 
printing.[2] Finally, the reversibility of the supramolecular interaction was utilized as a 
central element to design self-healing polymeric films. For this purpose, a 
metallopolymer network was synthesized featuring dynamic metal-ligands interactions, 
which are the precondition of scratch healing ability.[3] Consequently, this contribution 
will summarize the main findings of 20 years research on metallopolymers of the 
Schubert group. 
 

 
 
Figure 1: Schematic representation of self-assembly behavior of polystyrene-b-poly(ethylene 
glycol) copolymer linked by a ruthenium(II)-bis-terpyridine complex and the subsequent 
oxidation of the PEG-block to a nano-porous membrane. 



POLY 207: Mechanically unravelling metallosupramolecular polymers 

Laura Neumann1, laura.neumann@unifr.ch, Stephen Schrettl1, Svilen Kozhuharov2, 
Milad Radiom2, Plinio Maroni2, Sandor Balog1, Dominic A. Urban1, Michal Borkovec2, 
Christoph Weder1. (1) University of Fribourg, Adolphe Merkle Institut, Fribourg, 
Switzerland (2) CHIAM Sciences II, University of Geneva Sciences, Geneve, 
Switzerland  

Directional supramolecular interactions can form non-covalent bonds, which play an 
important role in many biomimetic materials. Accordingly, an improved understanding of 
these interactions and the influence of different stimuli is desirable. Metal-ligand (ML) 
complexes are of particular interest, because their interaction strength and dynamic 
nature can be tuned by simple variation of the metal ions, ligands, or counter-ions. To 
explore the response of ML complexes to mechanical force, single molecule force 
spectroscopy (SMFS) can be employed. This approach is expected to provide insights 
into the mechanically-induced scission and reversible formation of the ML complexes. 
 
Our studies are based on the use of single chain polymeric nanoparticles (SCPNs) that 
are prepared from methylbenzimidazolyl pyridine side-chain functionalized polymers by 
formation of intramolecular ML complexes with Fe2+, Zn2+, and Eu3+ ions. The 
successful formation of nanoparticles was demonstrated by means of dynamic light 
scattering, Taylor dispersion measurements, and atomic force microscopy imaging. The 
forced unfolding of these SCPNs by means of SMFS was used to investigate the 
complex scission events under mechanical stress at the molecular level. The 
dissociation of intramolecular ML complexes was reflected by discrete transitions in the 
recorded extension profiles (Figure 1c,d). Fitting of the profiles to the worm like chain 
(WLC) model of elasticity yielded the persistence length of the polymers and their force 
constant. More importantly, the rupture force of the intramolecular complexes for the 
different SCPNs could be successfully determined. This permits for an analysis of the 
binding parameters of these dynamic bi- and trifold coordinated ML complexes. The 
results serve to advance our understanding of the mechanical properties of these ML 
complexes on a molecular level, which is an important step towards the development of 
ovel biomimetic- and mechanoresponsive materials. 

 
 
Figure 1: (a) Schematic depiction of the SMFS experiments with a single chain polymeric 
nanoparticle (SCPN). (b) Force versus extension profile for the polymer in absence of metal ions. 
(c) Fe2+–SCPN and (d) Zn2+–SCPN extension profiles with transitions. The transitions 
correspond to dissociations of intra-chain ML complexes. 



POLY 208: Homochiral emissive [Ir8Pd4]16+ coordination cages 

Eli A. Zysman-Colman, subscriptions@zysman-colman.com. School of Chemistry, 
University of St Andrews, St Andrews, United Kingdom  

The combination of transition metal ions and multitopic organic bridging ligands has led 
to the preparation of numerous supramolecular architectures. These assemblies 
generally possess rigid scaffolds and large internal cavities that promote intercalation of 
guest species and have found applications in host-guest chemistry, gas separation and 
catalysis. Surprisingly, despite the great interest in developing photophysically active 
functional 3D nanomaterials, only a handful of examples of phosphorescent 
supramolecular architectures have been developed to date.1-3 Herein, we report the 
self-assembly between enantiopure Λ-, Δ-[Ir(C^N)2(qpy)]PF6 metallo-ligands (where 
C^N is a cyclometalating ligand and qpy is 4,4':2',2'':4'',4'''-quaterpyridine) with square 
planar Pd2+ ions, leading to the formation of rare examples of homochiral and emissive 
supramolecular cages of the composition of Λ-, Δ-[Ir8Pd4]16+. The cages provide an 
adequate interior pocket to host large anionic guest molecules including mononuclear 
iridium(III) complexes, where energy transfer is observed between donor guest and 
acceptor cage. 
 

 

 
 
 

  



POLY 209: Harnessing photochemistry and photophysics for responsive metallo-
supramolecular materials 

Alexis Ostrowski, alexiso@bgsu.edu. Department of Chemistry, Bowling Green State 
University, Bowling Green, Ohio, United States  

 
By designing metallo-supramolecular materials with specific metal-coordination 
moieties, we can integrate the unique photochemistry of metal-coordination complexes 
into polymeric materials. Our group has shown that ligand design is critical to tune the 
overall mechanical properties of metallo-supramolecular materials. In addition, materials 
made from metal-coordination groups that show photo-labilization showed softening of 
the material with light irradiation. 
New work has focused on tuning the excited state dynamics and photochemical 
mechanisms of the metal-coordination bonds to change the overall properties and 
photo-response of the metallo-supramilecular materials. 
Such photoresponsive metallo-supramolecular materials have been used to create 
advanced materials that show photo-healing, and for next-generation tissue engineering 
scaffolds with patterned interfaces in mechanical properties. 

 

 
 
 

 



POLY 210: Enhancing our understanding of mechanochromism using the 
naphthopyran mechanophore 

Abby J. Halmes, abby.halmes@gmail.com. Chemistry, University of Illinois, Urbana 
Champaign , Illinois, United States  

Mechanical force can be used to activate chemical transformations of mechanically 
sensitive molecules, called mechanophores. These force sensitive molecules are then 
incorporated into polymers which transduce an external load to a particular covalent 
bond within the mechanophore. Color changing mechanophores are valuable for 
damage sensing applications and we have recently reported a new mechanochromic 
mechanophore based on naphthopyran. Intriguingly, experimental and theoretical 
studies of three different regioisomers revealed that only one is mechanochemically 
active, being converted to its colored merocyanine form under mechanical force. In 
order to enhance fundamental understanding of the naphthopyran mechanophore 
system, we have expanded the investigation to include a comprehensive series of 
regioisomers to probe the effect of regiochemistry on the efficiency of mechanophore 
activation. This research will provide insight into structure-mechanochemical activity and 
toward achieving the rational design of new mechanophores. 

 

 
 
 

 



POLY 211: Towards mechanochromic materials based on non-covalent 
interactions 

Céline Calvino, celine.calvinocarneiro@unifr.ch, Stephen Schrettl, Christoph Weder. 
University of Fribourg, Adolphe Merkle Institute, Fribourg, Switzerland  

The development of mechanoresponsive materials is inspired by mechanosensory 
neurons or color changing chromatophores that can translate mechanical stimuli into a 
materials response. To artificially prepare such materials, non-covalent bonds are 
potentially useful mechanoresponsive moieties of tunable strength. In this context, we 
are exploiting supramolecular interactions to prepare materials which, upon mechanical 
activation, exhibit a macroscopic response such as a change of color. 
Here we explore the reversible coordination between amines and thiourea-carrying 
naphthalimide-based chromophores to prepare damage-sensing polymeric materials. In 
solution and in the solid state, primary, secondary, and tertiary amines coordinate to the 
thiourea-motif, inducing a substantial red-shift of the chromophore absorption and a 
color change from yellow to purple. Preliminary experiments demonstrate the 
responsive nature of these chromophore-amine complexes, as grinding of purple 
complex/polycaprolactone blends induced a color change to yellow that indicates 
complex dissociation. Bifunctional chromophores were subsequently blended with 
acrylic polymers carrying secondary amines and the material exhibited the purple color 
of the thiourea-amine complex with its absorption band at 530 nm. Upon tensile 
deformation, transmittance measurements showed that the intensity of the band of the 
complex decreased, while the signal for the non-coordinated chromophore at 390 nm 
increased in intensity. Moreover, the original spectra were recovered after release of the 
mechanical stress. Thus, the new material displays a reversible visual indication of 
mechanical deformation. In addition, these chromophores were embedded together with 
amine-containing microcapsules in different polymer matrices. Amine-chromophore 
complexes form upon rupture of the capsules, providing a facile pathway toward 
damage-reporting polymeric materials. 

 
Figure 1. Thiourea-carrying naphthalimide-based chromophores can reversibly coordinate with 
amines. Blending these chromophores with polymers carrying amines yields mechanically 
responsive materials and their response upon tensile deformation was followed by transmittance 
measurements with the solid samples. 



POLY 212: Toward the design of mechanochemically active molecules and new 
methods of activation 

Maxwell J. Robb1,2, maxwell.j.robb@gmail.com. (1) University of Illinois at Urbana-
Champaign, Urbana, Illinois, United States (2) Beckman Institute for Advanced Science 
and Technology, Urbana, Illinois, United States  

The use of mechanical force as a stimulus for productive chemical transformations in 
polymers and polymeric materials sets the stage for innovation in both fundamental and 
applied research. While the principles informing the functional and structural design of 
mechanically sensitive molecules called mechanophores remain underdeveloped, the 
discovery of new mechanophores continues to elevate our understanding and ability to 
harness the relationship between mechanical force and reactivity. This talk will highlight 
recent advances including a mechanically-facilitated retro-Staudinger cycloaddition and 
the development of a new mechanochromic force probe for stress sensing in polymeric 
materials. In addition, an unconventional method of activation for probing 
mechanochemical reactivity at materials interfaces will also be discussed. 

 
 
Mechanochromism of the naphthopyran mechanophore 

  



POLY 213: Mechanochemistry: A make-or-break deal? 

Yoan C. Simon, Yoan.Simon@usm.edu. Adolphe Merkle Institute, University of 
Fribourg, Marly, Switzerland  

Although the concept of breaking bonds by mechanical action has been around since 
the advent of polymer science, mechanochemistry has known a regain in interest in the 
past decade thanks to the ability to control polymeric structures. In this contribution, we 
will give an overview of our work in the field focusing on our efforts in the field of 
covalent mechanochemistry. From new mechanophores to multimechanophore 
systems, we will present some of the contributions of the group and emphasize some of 
the rationale behind the work from molecular to macroscopic responses, successes and 
failures, where they led us as well as some of the future perspectives. 

 

 
 
 



POLY 214: Understanding the mechanochemistry of molecular ladders 

Zhixing Chen1, zc2187@columbia.edu, Lily Chen2, Jaron Mercer1, Xiaolei Zhu5, Todd 
J. Martinez3, Noah Z. Burns2, Yan Xia4. (1) Stanford University, Stanford, California, 
United States (2) Chemistry, Stanford University, Stanford, California, United States (3) 
Chemistry Department, Stanford University, Stanford, California, United States (4) MC 
5080, Stanford University, Stanford, California, United States  

Ladderane molecules bearing multiple fused cyclobutane rings are not only structurally 
fascinating but also exhibit intriguing chemistry. We discovered interesting 
mechanochemistry of ladderane derivatives, undergoing tandem unzipping to gives 
conjugated oligoene upon applying force. The detailed mechanism and structure-activity 
relationship were studied both experimentally and computationally. These results 
establish ladderane derivatives as privileged mechanophores for generating conjugated 
structures under mechanical stimuli. 

 

 
 
 

  



POLY 215: Mechanochemical generation of semiconducting polyacetylene from 
insulating poly(ladderene) 

Yan Xia, yanx@stanford.edu. MC 5080, Stanford University, Stanford, California, 
United States  

Conjugated polymers represent a major class of functional materials with distinct 
optical, electronic, thermal and other properties from non-conjugated polymers. In an 
effort to develop synthetic materials that transduce mechanical force into multifold 
drastic changes in their intrinsic properties, we developed mechanochemically 
responsive insulating poly(ladderene) that unzips to form semiconductive polyacetylene 
via an extensive rearrangement of the macromolecular structure in response to force. 
The poly(ladderene) was synthesized by direct metathesis polymerization of ladderene 
and the mechanochemically formed polyacetylene exhibited remarkably long 
conjugation length and uniform trans-configuration and self-assembled into 
semiconducting nanowires, as indicated by several spectroscopy and microscopy 
techniques. This design opens new avenue in force-responsive materials for connecting 
mechanical inputs with distinct optical/electronic properties and rich functions of 
conjugated polymers. 

 

 
 
 

  



POLY 216: Engineering the wettability of surfaces with thiol-ene 
photopolymerization 

Li Xiong, Derek L. Patton, derek.patton@usm.edu. Polymer Science and Engineering, 
University of Southern Mississippi, Hattiesburg, Mississippi, United States  

This presentation will focus on our group’s recent efforts to use thiol-ene 
photopolymerizations to fabricate thin, crosslinked polymer networks containing 
functionality aimed at tailoring the surface chemical functionality and morphology of the 
films. For example, the spray-deposition of nanoparticle-laden thiol-ene resins provides 
surfaces with hierarchical morphologies exhibiting both micro- and nanoscale 
roughness. The wetting behavior of such films can be tailored from superhydrophilicity 
to superamphiphobicity by judicious choice of monomer constituents. Here, we present 
a facile process to produce superhydrophobic surfaces using poly(dimethylsiloxane) 
(PDMS) as a polymeric porogen for photo-curable thiol-ene resins. Removal of the 
PDMS with a simple solvent wash provides multi-scale hierarchically structured 
surfaces that exhibit static water contact angles greater than 150°. Importantly, the 
superhydrophobic wetting state is achieved with resins containing 50% less silica 
nanoparticles relative our previously reported work. Removal and replenishment of the 
porogen provides a route to surfaces with switchable wetting properties. 

 

 
 
Spray-coated thiol-ene surface containing PDMS as a porogen - (left) before and (right) after 
extraction.  
 

  



POLY 217: Influence of fugacity on wetting and adhesion characteristics of 
fluorosilicate-containing surfaces 

Andrew J. Guenthner2, andrewguenthner@gmail.com, Tim S. Haddad3, Josiah 
Reams3, Michael D. Ford3, Jeffrey R. Alston3, Sebnem Inceoglu5, Jeffrey R. Lince4, 
Joseph M. Mabry1. (1) RQRP, Air Force Research Lab, Tehachapi, California, United 
States (2) Aerospace Systems Directorate, Air Force Research Laboratory, Lancaster, 
California, United States (3) ERC Inc., Lancaster, California, United States (4) MS M2-
271, The Aerospace Corp, Los Angeles, California, United States (5) Lawrence 
Berkeley National Laboratory, Berkeley, California, United States  

A variety of fluorosilicate compounds exhibit surface energies < 20 mJ/m2, however only 
some of these compounds are practically useful for the creation of oleophobic or 
superoleophobic surfaces. One of the less recognized factors that influences the 
usefulness of fluorosilicates for low-energy-surface applications is the fugacity (that is, 
the rate of migration in response to chemical potential differences). For instance, 
compounds with a high fugacity may sublime away at surfaces, limiting the durability of 
oleophobic surfaces even in the absence of mechanical damage. On the other hand, 
compounds with a very low fugacity may not migrate to surfaces fast enough to 
concentrate sufficiently, thereby limiting the oleophobicity of solid mixtures containing 
these compounds. Fluorodecyl-substituted silicates based on T8 and M2 silicate 
moieties were utilized to investigate these effects in mixtures with PMMA in films formed 
by spin casting, using a wide variety of techniques including profilometry, contact angle 
measurements, X-ray photoelectron spectroscopy, Auger electron spectroscopy with 
mapping, scanning electron microscopy with energy dispersive spectroscopy (including 
mapping), solubility analysis, and thermgravimetric analysis. 

 



POLY 218: Super-hydrophilicity and antifouling behavior of zwitter ionic polymer 
brushes 

Atsushi Takahara2,3, takahara@cstf.kyushu-u.ac.jp, Yuji Higaki1. (1) Institute for 
Materials Chemistry Eng., Kyushu University, Fukuoka, Japan (2) Institute for Materials 
Chemistry Eng., Kyushu University, Fukuoka, Japan (3) WPI I2CNER, Kyushu 
University, Fukuoka, Japan  

Polymers chemically grafted to the surface of substrates are typical soft interfaces 
known as polymer brushes. Surfaces formed from polyelectrolyte brushes, whose 
polymers composed of a polyelectrolyte, are particularly attractive because of their 
potential in applications including superhydrophilicity, antifouling, and adhesion 
systems. In this presentation, our recent researches on control of wettability and 
antifouling behaviour through precise design of polyelectrolyte brush surface are 
presented. We started from fundamental science including precise polyelectrolyte 
synthesis and characterization of immobilized polyelectrolyte brushes. On the basis of 
fundamental studies, we have successfully controlled super-hydrophilicity and 
antifouling properties. 

 
 
Schematic representation of super-hydrophilicity and antifouling behavior in water for zwitter 
ionic polymer brushes 

 



POLY 219: Role of particle structure in superhydrophobicity of treated-
diatomaceous earth coatings 

Frank D. Blum, fblum@okstate.edu, Bhishma R. Sedai. Chemistry, Oklahoma State 
University, Stillwater, Oklahoma, United States  

Three different types of diatomaceous earth (DE) particles have been treated with 3-
(heptafluoroisopropoxy)propyltrimethoxysilane (HFIP-TMS) and coatings made with low 
molecular mass polystyrene. Differences in the untreated particles were found and 
evidence from contact angles, electron microscopy, pore size distribution and surface 
area analysis (via Brunner-Emmett-Teller, BET, methods) were correlated with the 
behavior of the coatings using the different particles. The different particles required 
different amounts of fluorosilane to achieve superhydrophobicity in the coatings. 

 

 
 
 

  



POLY 220: Polymer coated nanoparticles dispersed in kerosene: The effect of 
oleophobicity on droplet combustion 

Michael Bello, Dylan Smith, Michelle L. Pantoya, michelle.pantoya@ttu.edu. 
Mechanical Engineering, TEXAS TECH UNIVERSITY, Lubbock, Texas, United States  

Liquid propellants benefit from solid particle additives that can optimize combustion 
performance by promoting phase change heat transfer. In this study, aluminum (Al) 
nanoparticles with and without self-assembled monolayer surface functionalization were 
combined with kerosene to examine the changes in droplet regression behavior 
associated with manipulating particle surface chemistry. Aluminum nanoparticles were 
coated using a long-chain perfluorinated carboxylic acid as the surface binding moiety 
to induce an oleophobic surface. The resulting particles are thus comprised of self-
assembled monolayers (SAM) of perfluorohexadecanoic acid (PFHD) (C15F31COOH) 
around the alumina (Al2O3) shell encapsulating the Al core. The PFHD SAM serves 
many functions including altering particle wettability and acting as a surfactant that 
facilitates a stabilized dispersion of particles in kerosene. The Al-PFHD particles are 
more oleophobic compared with the more oleophilic surface associated with the 
amorphous alumina shell on aluminum particles. Mixtures with Al-PFHD exhibit a two 
stage regression behavior with average regression rate increased by about 11% when 
compared to pure kerosene. Further analysis using a thermogravimetric analyzer (TGA) 
showed that Al-PFHD particles in kerosene exhibit boiling at reduced temperatures that 
may enhance energy transport during droplet combustion by phase change and 
convection. These results provide new insight bridging the gap between materials and 
heat transfer towards achieving the goal of designing particle additives that improve 
liquid propellant combustion. 

 



POLY 221: Utilization of perfluorocyclopentene to synthesize fluorinated 
organically modified silicas with tunable surface energy 

Abby R. Jennings1, abbyrroth@yahoo.com, Emeline Lochmaier2, Carl Thrasher2, 
Adam Wilkins2, Scott T. Iacono2. (1) Chemistry Research Center, United States Air 
Force Academy, Colorado springs, Colorado, United States (2) Department of 
Chemistry, United States Air Force Academy, Colorado Springs, Colorado, United 
States  

Fluorine has long been included in a variety of compounds for its low surface energy, 
resulting in materials with unique thermal, wetting, and self-cleaning properties. When 
married with silicon containing substances, or more specifically organic silicas, low 
surface energy materials with increased thermal, chemical, and insulating ability are 
typically obtained. Consequently, one of our focuses is to develop novel fluoro-silicon 
containing materials, which include polyhedral oligomeric silsesquioxanes, silica nano-
sized particles, silica aero- and xerogels, polymers, and composite structures. By taking 
advantage of perfluorocyclopentene’s unique reactivity, a new class of fluorinated 
materials with tunable surface energies was developed. This work will highlight 
monomer development, synthesis, and various methodologies utilized for obtaining the 
fluoro-silicon containing materials. Furthermore, the characterization and potential 
applications will also be briefly discussed. 

 
 
 



POLY 222: Facile, fast, and scalable fabrication of slippery liquid-infused porous 
surfaces using layer-by-layer assembly enabled by in-situ proton transfer 

Geyunjian Zhu2, gz18@zips.uakron.edu, Nicole Zacharia1. (1) Dept. of Polymer 
Engineering, University of Akron, Akron, Ohio, United States (2) Polymer Engineering, 
University of Akron, Akron, Ohio, United States  

Slippery liquid-infused surfaces (SLIPS) have attracted tremendous research attention 
for their excellent hydrophobic, anti-icing, anti-fouling, and anti-thrombogenic properties 
amongst others. Here we report the simple fabrication of a SLIPS type surface based on 
sequential deposition of charged polymers using scalable methods. The facile 
fabrication of SLIPS is based on the state of the art layer-by-layer (LBL) assembly using 
branched polyethylenimine (BPEI) and Nafion in methanol. Driven by electrostatic 
attraction which is induced by in-situ proton transfer from the sulfonic acid group on 
Nafion to the amine group on the BPEI, the LBL assembly allows fast deposition of 
multilayer films onto the PET substrate. The use of organic solvent enables the 
homogeneous buildup of hydrophobic functional groups on the surface and the fast 
evaporation rate makes it possible to carry the fabrication process to roll to roll 
techniques. In addition, this LBL fabrication process can also be carried out via spray 
coating, another readily scalable technique, on various surfaces including glass, silicon 
wafer, and metal. The SLIPS fabricated by both techniques show great dewetting 
properties against water, organic solvents, and biologic fluids. By varying the deposition 
conditions, however, it is all possible to create water pinning surfaces from the same 
system showing that geometry rather than chemistry is the predominant effect. The 
highly transparent optical property and mechanically flexible property afford the potential 
of the SLIPS to be made into stick-on films which can be applied to various surfaces. 

 



POLY 223: Stealth polyethylene brushes 

Wesley Farrell, wfarrell14@gmail.com, Lee J. Richter, Kathryn Beers. National Institute 
of Standards and Technology, Silver Spring, Maryland, United States  

Modification of a surface’s properties though the covalent attachment of polymer 
brushes is an area which has been extensively studied for several decades. Despite the 
extensive work in this field and the ubiquity of polyethylene, reports of polyethylene 
brushes are surprisingly scarce. This can be attributed to the fact that the ‘grafting-from’ 
approach is limited due to the difficulty of tethering a transition metal catalyst to a 
surface in the proper orientation, while the ‘grafting-to’ strategy is challenging given the 
insolubility of high molar mass polyethylene, and the difficulty associated with producing 
polyethylene with suitable reactive end-groups. In this work, we have sought to prepare 
narrow dispersity polyethylene brushes under ambient conditions through the grafting of 
monotelechelic, linear polyalkenamers, made through ring-opening metathesis 
polymerization, which are soluble in common organic solvents at room temperature, 
followed by hydrogenation. In this way, the unsaturated polyalkenamer acts as a 
‘stealth’ polyethylene, ultimately allowing for the preparation of high molar mass 
polyethylene brushes under mild conditions. The synthesis and characterization of 
these polymers will be discussed, along with properties of the resulting surfaces and the 
introduction of short chain branching. 

 
 
 

  



POLY 224: Understanding and controlling interfacial boundaries in 3D printed 
polymer-carbon composites 

James P. Lewicki, lewicki1@llnl.gov. Material Sciences Division, Lawrence Livermore 
National Laboratory, Livermore, California, United States  

Additive manufacture (AM) of composite materials to form parts, structures and devices 
with enhanced materials property sets and novel functionality is a rapidly growing area 
of materials science. As new manufacturing processes and materials feedstocks are 
rapidly developed and applied in this area, there is an increasing need to characterize, 
understand & control the physical microstructure of AM composite materials. Proper 
characterization of filler phase, voids, defects and engineered structure at a range of 
size scales and at different stages of an AM process is essential to the optimization and 
rational development of this potentially disruptive new technology and control of the 
multiple interfacial boundaries between materials and printed structure are key to the 
development of these processes. Here we present an overview of our efforts in the area 
of additive manufacture of carbon fiber/polymer composites and the use of a range of 
imaging and spectroscopic analysis methodologies to assess the efficiency of 
developmental printing processes in terms of phase adhesion, defects, interlayer 
diffusion, as well as the degree of ordering and alignment of fiber structures within 
printed parts (see Figure 1). The development of a combined experimental diagnostic 
and computational approach to understanding and optimizing fiber filled AM processes 
will be discussed as well as the unique challenges associated with controlling the multi-
scaled, interfacial structure of carbon fiber filled polymer composites. 

Figure 1. Left: An X-ray CT reconstruction of an experimental print-head for an AM 
carbon fiber printing process. We observe the presence of a series of voids which have 
formed in the resin extrudate, potentially indicative of phase separation of the ink and 
cavitation on printing. Left: X-ray CT image of a 3D-Printed Carbon fiber filled composite 
where the 7µm diameter fibers have been preferentially aligned on one axis. Both the 
degree of alignment, presence of unwanted voids and the degree of fiber/polymer 
adhesion may be assessed. 



POLY 225: 50 Years of macromolecules: Block polymers – pure potential 

Frank S. Bates, bates@cems.umn.edu. Univ of Minnesota, Minneapolis, Minnesota, 
United States  

Macromolecules published two articles related to block polymers in the inaugural year 
1968, followed by a total of 18 papers over the first 5 years in print. Since then the pace 
has quickened with over half of more than 5,000 publications on this subject that have 
appeared in the journal during the last 50 years occurring in the past decade. This 
lecture will highlight selected current developments in the field while reflecting on the 
extraordinary impact of the journal on topics ranging over: (i) molecular precision made 
possible by remarkable advances in polymer synthetic chemistry; (ii) prediction of 
myriad states of self-assembly in solution, bulk and thin film systems; (iii) equilibrium 
versus non-equilibrium states generated through various forms of processing; (iv) the 
broad spectrum of properties and products derived from these materials; and (v) a 
prospective and a few prognostications. 

 



POLY 226: Conjugated conducting and semiconducting polymers: Beyond 
optoelectronic applications 

Yueh-Lin Loo, lloo@princeton.edu. Andlinger Center for Energy and the Environment, 
Princeton Univ, Princeton, New Jersey, United States  

The demonstration of metallic conductivity in iodine-doped polyacetylene by Alan 
McDiarmid, Hideki Shirakawa and Alan Heeger spurred a new field almost forty years 
ago, with visions of low-cost, easily processable wires having conductivities that rival 
copper and semiconductor inks that can be integrated into mechanically flexible circuit 
elements and solar cells. Polymer transistors today can exhibit mobilities that rival those 
of amorphous silicon counterparts and polymer solar cells today have demonstrated 
power-conversion efficiencies in the teens. This talk will briefly review the substantial 
progress this field has made towards polymer-based opto-electronics and highlight 
recent utility of conjugated polymers in applications beyond conducting wires, 
transistors and solar cells. Increasingly, conjugated polymers are being explored as 
color-changing elements in electrochromics, active ingredients in thermoelectrics for 
converting heat to electrical energy, strain gauges for monitoring structural health, and 
chemo- or thermo-resistive sensors in wearables. I will share examples of such 
applications from my laboratory and those of others, and discuss the unique attributes 
and challenges brought about by introducing conjugated polymers to replace their 
inorganic semiconductor counterparts. 
 
Image: artistic rendition of a conducting polyaniline strain gauge by Merrill Edmonds and 
Melda Sezen-Edmonds 

 



POLY 227: Just two words: Sustainable polymers 

Marc A. Hillmyer, hillmyer@umn.edu. University of Minnesota, Minneapolis, 
Minnesota, United States  

At the dawn of the journal Macromolecules a half century ago, even optimistic 
proponents of synthetic polymers could not have predicted the ubiquity of synthetic 
polymers. Ultimately, the future success of the polymer industry will rely on the 
development of sustainable polymers. These are materials derived from renewable 
feedstocks that are safe in both production and use and that can be recycled or 
disposed of in ways that are environmentally innocuous. Meeting these criteria in an 
economical manner cannot be achieved without a strong scientific foundation and 
transformative basic research. In this presentation, I will give my perspective and 
outlook on research areas that will be critical to embrace in the coming half century to 
foster and enable the robust, economical, and realistic penetration of sustainable 
polymers into a landscape dominated by materials from fossil resources that can wreak 
environmental havoc. Topics will include (i) efficient catalytic conversion of biomass and 
abundant waste products to useful monomers, (ii) high(er)-performance sustainable 
plastics, elastomers, and thermosets, and (iii) programmed degradation, chemical 
recycling, and compatibilization of polymers. 

 
 
 



POLY 228: Shape-changing photodegradable hydrogels as dynamic 3D cell 
culture environments 

Andrea M. Kasko1,2, akasko@ucla.edu. (1) Department of Bioengineering, UCLA, Los 
Angeles, California, United States (2) California Nanosystems Institute, Los Angeles, 
California, United States  

Engineering cell culture environments that mimic both the 3D structure and the dynamic 
nature of tissues is a major challenge in tissue engineering. Self-folding materials allow 
the generation of cell-friendly structures with 3D complexity across a range of length 
scales that are difficult to achieve with printing and lithography. Folding is induced by 
differential stresses generated within a flexible or elastic material. Polymeric materials, 
and hydrogels in particular, are well-suited for self-folding applications because they 
undergo pronounced volume and modulus changes in response to cell-friendly stimuli 
such as water, pH or temperature, to generate differential stresses within. While self-
folding hydrogels have been reported, heterogeneities that lead to differential swelling 
must be pre-patterned into the material, and thus the shape change occurs as soon as 
the material is placed in a physiologically relevant environment (lacks temporal control). 
Furthermore, only a few examples utilizing these materials with live cells have been 
reported. We have designed photodegradable hydrogels incorporating ortho-nitrobenzyl 
moieties that permit encapsulation or cell seeding on swollen planar films. Thin sheets 
are programmed to undergo a 2D to 3D shape change in response to light which 
induces irreversible folding of the hydrogel sheet due to differential swelling of the 
degraded and non-degraded regions. This bottom-up approach enables the use of 
simple 2D precursors to create biologically relevant 3D structures such as tubes and 
folded containers for cell encapsulation. Unlike other shape-changing polymer systems, 
the o-NB hydrogel system requires no laminated bilayers, pH change or elevated 
temperatures to induce shape-change. Furthermore, photodegradation based shape-
change enables external temporal control of folding that can be induced at time points 
of choice during cell culture. 

 

 
 
 

  



POLY 229: Sequence defined polymers 

Craig J. Hawker, hawker@mrl.ucsb.edu. Univ of California, Santa Barbara, California, 
United States  

The scope and accessibility of sequence-controlled multiblock copolymers is 
demonstrated by sequential polymerization of functional monomers leading to a library 
of penta- and nona-block copolymers. Key to the success of this strategy is high 
conversions (>98%) for each iterative monomer addition, yielding excellent block purity 
and low overall molar mass dispersities (PDI < 1.16). This synthetic approach 
constitutes a simple and versatile platform for expanding the access and availability of 
tailored polymeric materials. 

 

 
 
 

  



POLY 230: Future fabricated with light: Continuous liquid interface production to 
drive additive manufacturing 

Joseph M. DeSimone1,2, desimone@unc.edu. (1) Carbon, Inc., Redwood City, 
California, United States (2) Department of Chemistry & Department of Chemical and 
Biomolecular Engineering, University of North Carolina at Chapel Hill & North Carolina 
State University, Chapel Hill & Raleigh, North Carolina, United States  

Despite the increasing popularity of 3D printing, also known as additive manufacturing 
(AM), the technique has not developed beyond the realm of rapid prototyping. This 
confinement of the field can be attributed to the inherent flaws of layer-by-layer printing, 
and in particular, anisotropic mechanical properties that depend on print direction, 
visible by the stair-casing surface finish effect. Indeed, “3D printing” is a misnomer: it is 
actually 2D printing over and over again. This lecture will describe a new advance in 
additive manufacturing that is rapid, continuous, and no longer layer-by-layer that 
promises to advance industry beyond basic prototyping to 3D manufacturing. The new 
Continuous Liquid Interface Production (CLIP) technology harnesses light and oxygen 
to continuously grow objects from a pool of resin instead of printing them layer-by-layer. 
CLIP capitalizes on the fundamental principle of oxygen inhibited photopolymerization to 
generate a continual liquid-interface of uncured resin between the growing part and the 
exposure window. This interface eliminates the necessity of an iterative layer-by-layer 
process, allowing for continuous production. CLIP technology raises the state-of-the-art 
in additive manufacturing in three ways: 
● GAME-CHANGING SPEED: 25-100 times faster than conventional 3D printing 
● COMMERCIAL QUALITY: produces objects with consistent mechanical properties 
● MATERIAL CHOICE: enables a broad range of polymeric materials 
Moreover, continuous production enables advantages including the fabrication of large 
overhangs without the use of supports, reduction of the stair-casing effect without 
compromising print time, and isotropic mechanical properties. Combined, these 
advantages result in multiple indicators of layerless and monolithic fabrication using 
CLIP technology. 

 



POLY 231: Macromolecules: From five years before its birth to its 25th 
anniversary 

Andrew J. Lovinger, alovinger@gmail.com. Former Associate Editor of 
Macromolecules, Arlington, Virginia, United States  

The creation of Macromolecules was the result of intense efforts across the polymer 
community, including through the National Research Council, the American Physical 
Society, and the American Chemical Society starting in 1963, i.e. five full years before 
the journal was launched. I will describe these activities leading to the birth and growth 
of the journal, as well as the selection of its name and first editor. I will then discuss the 
operations, goals, and policies over the first 25 years of Macromolecules, which set the 
standards for its growth and further evolution. The talk will conclude with a brief 
summary of its 25th anniversary commemoration. 

 

 
 
 

 



POLY 232: Molecular hydrodynamic analysis of pharmaceutical PEG created by 
varying initiation sites 

Ulrich S. Schubert, ulrich.schubert@uni-jena.de, Ivo Nischang. Laboratory for Organic 
and Macromolecular Che, Friedrich-Schiller-University Jena, Jena, Germany  

Molecular characteristics and solution behaviour of synthetic macromolecules play a 
crucial role in the life sciences, particularly for pharmaceutically-relevant 
macromolecules. Complementary hydrodynamic analytical methods are required to 
reconcile the structural understanding of macromolecules in solution, used in healthcare 
and biomedical applications. Here, we present a molecular hydrodynamic study of in-
house prepared, low dispersity poly(ethylene glycols)s (PEGs), that are derived from 
varying initiation sites by the living anionic ring opening polymerization of ethylene 
oxide. Chain termini of the PEG not only include the diphenyl used as kinetic model, but 
also the FDA approved methoxy and new iso-fructose, the latter being a candidate for 
studies concerned with targeting cancer. The readily narrow dispersities of the PEGs 
but varying α-ends find numerous applications that require biocompatibility, stealth 
behaviour, and facile conjugation to suitable biopharmaceuticals. 
In this contribution we outline a self-consistent hydrodynamic approach, comprising 
sedimentation-diffusion analysis of sedimentation velocity data from analytical 
ultracentrifugation experiments and viscometry. This approach details estimations for 
intrinsic viscosity, sedimentation coefficients, translational diffusion coefficients, and 
hydrodynamic volumes in a purely solution-based fashion. More importantly, it allows for 
interrelation and consistency evaluation of all parametric macromolecular characteristics 
through hydrodynamic invariants, considering experiments performed under rotational 
and translational friction. This as well allows derivation of absolute molar mass values. 
The results pave the way for potential replacement of pharmaceutically-relevant PEGs 
by alternative macromolecules, e.g. poly(oxazoline)s. 

 
 



POLY 233: Polymer self-assemblies driven by triple-helix formation 

Jing M. Ren2,1, jing.ren@unimelb.edu.au, Abigail Knight2, Bas van Ravensteijn2, 
Raghida Bou Zerdan2, David Lunn2, Allison Abdilla2, Jimmy Lawrence2, Shaoguang Li2, 
Dong Sub Kim2, SangHo Lee2, Greg G. Qiao1, Craig J. Hawker2. (1) Chemical and 
Biomolecular Engineering, University of Melbourne, Melbourne, Victoria, Australia (2) 
Materials Research Laboratory, Materials, Chemistry and Biochemistry, University of 
California, Santa Barbara, California, United States  

Helices are central structural motifs of biologically important macromolecules such as 
DNAs, peptides and collagens, which support and facilitate essential chemical 
processes in living organisms. Whilst many synthetic helical polymers have been 
developed to mimic the structures and functions of the natural analogues, most well-
studied artificial helices adopt single-stranded conformation. Multi-stranded synthetic 
helices are unique and their applications in materials science are under explored. This 
presentation discloses the use of triple-stranded synthetic helix formation as the driving 
force to obtain isotropic and anisotropic polymer assemblies in solution. 

 

 
Figure 1.Diagrams illustrating the formation of a) PMMA triple-helix, and b) polymer micelles 

through PMMA triple-helix stereocomplexation. 
 



POLY 234: Nanoparticle opioid delivery system that covalently incorporates novel 
fentanyl derivatives for extended controlled release 

Marina Kovaliov, marina.kovaliov@ahn.org, Devora Cohen-Karni, Saadyah Averick. 
Neuroscience Institute, Allegheny Health Network, Pitssburgh, Pennsylvania, United 
States  

Prescription opioids are a crucial component of modern medicine due to the 
antinociceptive effects of these compounds. Unfortunately, there has been an increase 
of mortality in recent years from prescription opioid abuse. Opioid receptor agonists 
form the backbone of pharmaceutical management of pain. We seek to discover new 
sustained release methods of delivering mu opioid receptor agonists in an intrinsically 
abuse deterrent formulation. Therefore we synthesized of a novel opioid polymer 
delivery system that covalently incorporates novel fentanyl derivatives directly into a 
polymer’s chain end. Our opioid delivery system can alleviate the addictive reward 
potential of opioids by slowly releasing them from a polymer while maintain longer 
circulation times. Fentanyl polymers were synthesized from two novel fentanyl based 
polymerization initiators, with different analgesic potency, by Ring Opening 
Polymerization (ROP). We used poly(lactic acid) (PLA) and poly(lactic-co-glycolic acid) 
(PLGA) to prepare fentanyl chain-end functional biodegradable polymers which were 
formulated into well-defined biocompatible nanoparticles. The nanoparticles were able 
to deliver therapeutically relevant doses for up to six days in a mouse model of acute 
nociception from one subcutaneous dose of nanoparticles. Using our novel chemically 
functionalized fentanyl polymerization initiators; we could utilize advances in material 
science, polymer chemistry, and controlled drug release. By controlling the rate that 
opioids are released from the polymer we may limit abuse potential and control the 
therapeutic onset, preventing the immediate “high” associated with prescription opioid 
abuse. 

 
 
Schematic representation of controlled release showed by Fen-PLA nanoparticles. 

  



POLY 235: Multi-functional nanocarrier of docetaxel and miRNA-34a modulator 
for treating prostate cancer 

FENG LIN, gneflin@gmail.com, DI WEN, Ram Mahato. Pharmaceutical Sciences, 
University of Nebraska Medical Center, Omaha, Nebraska, United States  

Chemoresistance remains a significant problem in prostate cancer therapy. Repeated 
treatment with docetaxel (DTX) often develops chemoresistance due to cancer stem cell 
(CSC) proliferation. As a key negative regulator of CD44+ prostate CSCs, miRNA-34a 
has been proved to inhibit tumor growth and metastasis. However, the poor intracellular 
delivery and rapid in vivo degradation have hampered the clinical application of miR-
34a. In this study, we propose to use a small molecule termed rubone for the treatment 
of DTX resistant prostate cancer by restoring miR-34a expression to reverse 
chemoresistance. We rationally designed a multi-functional micellar system by 
integrating drug delivery as well as pH and reduction responsive properties in an 
amphiphilic copolymer named poly (ethylene glycol)-block-poly (2-methyl-2-carboxyl-
propylene carbonate-graft-diisopropanolamino ethanol-graft-rubone). At physiological 
pH 7.4, the copolymer formed micelles in aqueous solution with a particle size around 
48 nm and specifically dissociated in the acidic endocytic vesicles of tumor cells due to 
protonation and ionic bond breakup in the micellar core. Dissociation of micelles would 
lead to quick release of encapsulated DTX and facilitate cleavage of disulfide bond by 
exposure to glutathione. Compared to DTX alone, the combination of DTX and rubone 
showed enhanced tumor cytotoxicity in vitro. Formulated DTX and rubone exhibited 
similar inhibition efficacy in resistant prostate cancer cells. Finally, we aims to determine 
the therapeutic efficacy, biodistribution and toxicity of this micellar delivery system in 
orthotopic prostate tumor bearing mice. 

 
Illustration of multi-funtional drug delivery system 



POLY 236: Helical polycarbodiimides for biomedical applications 

Januka Budhathoki-Uprety1, bjanuka@gmail.com, Nicholas Sobol1, Eric Price2, 
Kimberly Edwards1, Rachel E. Langenbacher1,3, Prakrit V. Jena1, Jason S. Lewis1, 
Daniel A. Heller1,3. (1) Memorial Sloan Kettering Cancer Center, New York, New York, 
United States (2) University of Saskatchewan, Saskatoon, Saskatchewan, Canada (3) 
Weill Cornell Medical College, New York, New York, United States  

Polycarbodiimides are semi-rigid helical polymers with highly tunable properties. This 
class of polymer system allows the integration of terminal alkyne functional side chains 
to quickly synthesize a library of polymer derivatives. The facile conjugation of functional 
groups to the polymer backbone upon postmodification can yield a diverse panel of 
water-soluble, amphiphilic polymers. 
We are developing polycarbodiimides as research tools for biomedical applications. Our 
molecular imaging probes based on these polymer-conjugates are potentially ideal for 
cancer research due to their potential for use in multi-modal, multimeric targeting, and 
imaging moieties. This class of materials is completely new to the biomedical sciences. 
In vivo, the polymers allow for the alteration of biodistribution and pharmacokinetics by 
taking advantage of the modularity of the polymer system through microstructure 
optimization. For imaging and sensing applications, polycarbodiimides can be 
developed to undergo supramolecular self-assembly with single-walled carbon 
nanotubes driven by π-π interactions between the graphitic carbon nanotube surface 
and the phenyl side groups on the polymers to result in water soluble photoluminescent 
nanoscale optical probes. Such probes were used to target specific sub-cellular 
compartments including the nucleus. Nanotube surface chemistry derivatization with 
polymers plays a critical role in the stability, interactions with biological systems, and the 
modulation of carbon nanotube photoluminescence, providing opportunities to develop 
molecular probes, imaging agents, and optical biosensors with specificity to desired 
bioanalytes. Thus, polycarbodiimides are emerging class of polymer materials for a 
wide range of biomedical applications. 

 
Helical polycarbodiimide for biomedical applications 



POLY 237: HDACi conjugated poly(ε-caprolactone) for the delivery of doxorubicin 

Ruvanthi Kularatne2, rnk130030@utdallas.edu, Katherine E. Washington3, Chandima 
Bulumulla4, Michael C. Biewer5, Mihaela C. Stefan1. (1) Dept Chem UT Dallas, 
Richardson, Texas, United States (2) University of Texas at Dallas, Richardson, Texas, 
United States (3) Chemistry, University of Texas at Dallas, Heartland, Texas, United 
States (4) Chemistry and Biochemistry, University of Texas at Dallas, Richardson, 
Texas, United States (5) Dept of Chemistry, University of Texas at Dallas, Richardson, 
Texas, United States  

For regulation of gene transcription, coiling and uncoiling of the chromatin fiber is 
crucial. Histone acetyltransferease (HAT), unfolds the chromatin fiber to make it 
transcriptionally active by the acetylation of histone. Histone deacetylase (HDAC) folds 
the chromatin fiber to make it transcriptionally inert. The activity of HDACs are inhibited 
by histone deacetylase inhibitors (HDACi). Thus, HDACis will lead to hyperacetylation of 
the histones and eventually induce cell cycle arrest, apoptosis, differentiation, 
senescence etc. Herein, we report a HDACi conjugated poly(ε-caprolactone) for the 
delivery of doxorubicin. The homopolymer of γ-(4-phenyl butyrate)-ε-caprolactone was 
synthesized using the NdCl3●3TEP/TIBA catalytic system. This novel catalytic system 
developed in our group, preferentially formed the homopolymer, whereas the tin 
octonoate, zinc undecylenate and 1,8-Diazabicyclo[5.4.0]undec-7-ene (DBU) catalysts 
preferentially formed transesterified product over the polymer. Nanoparticles were 
formed using the solvent evaporation method by using poly(ethylene glycol) (PEG) as a 
surfactant and the synthesized poly(γ-(4-phenyl butyrate)-ε-caprolactone) (poly PBA). 
Doxorubicin (DOX) was used as the anticancer drug and was encapsulated inside the 
nanoparticles. Cellular uptake, cytotoxicity studies and drug release kinetics were 
carried out for the formed nanoparticles. Cytotoxicity studies showed the enhanced cell 
death for the DOX loaded nanoparticles due to the combination activity of DOX and 
HDACi. The nanoparticles were characterized using DLS and TEM. 1H NMR, 13C NMR 
were used to characterize the monomer and the polymer. SEC with triple point 
calibration was used to obtain a more accurate molecular weight for the synthesized 
polymer. 

 

 
 
 

 



POLY 238: Macrolactone-derived polyesters: Alternative materials in electrospun 
fibres for biomedical application 

Fernando C. Oliveira1, fernandooliveira@rcsi.ie, Dinorath Olvera 2, Daniel Kelly 2, Scott 
Kimmins1, Andreas Heise1. (1) Pharmaceutical and Medicinal Chemsitry , Royal College 
of Surgeons in Ireland, Dublin, Ireland (2) Trinity Biomedical Sciences Institute., Trinity 
College Dublin, Dublin, Ireland  

Polymers from macrolactones are promising new biomaterials dues to their attractive 
properties, e.g. renewable sources, mechanical properties, non-toxicity and 
biocompatibility. Here we evaluated unsaturated polyglobalide (PGl) for its utilization as 
a synthetic polymer for tissue engineering. To produce the scaffolds, electrospinning of 
PGl was done with and without simultaneous crosslinking. PGl fibres (PGl-F) of an 
average diameter of 8.78 µm were produced using dichloromethane (DCM) under 
optimized electrospinning parameters, such as, concentration of polymer solution, 
voltage, flow rate, and distance of tip to collector plate. Crosslinked fibres (PGl-Xl) were 
produced during the electrospinning process using photo-induced thiol-ene ‘click 
reaction’. The swelling degree of PGl-Xl was on average 14,2±1.1%, and the SEM 
images show that the fibres morphology are kept after swelling with DCM (Figure 1), 
which confirm the potential for drug encapsulation by swelling. Comparing the 
mechanical properties, the PGl-Xl showed tensile strength on average 290% higher 
than uncrosslinked PGl-F. Both samples were degradable (over 90 days) in an aqueous 
environment, each losing on average 27.6 ± 4 wt. % and 34.3 ± 1.5 wt. %, respectively. 
Moreover, the characteristics of the PGl and PGl-Xl fibres were studied including 
crystallinity, thermal properties, swelling degree, and contact angle. The biocompatibility 
was evaluated by seeding adult mesenchymal stem cells (MSCs) onto PGl and PGl-Xl 
scaffolds, and the long term viability was quantified by measuring the DNA content. The 
results show that DNA content was higher after 14 days of culture compared to day 0, 
which confirm that PGl and PGl-Xl are biocompatible. Our work has shown that these 
novel polyester fibres could be used as biomaterial for both tissue engineering and drug 
delivery systems. 

 



POLY 239: Molecular design of stretchable and biodegradable semiconducting 
block copolymers 

Fumitaka Sugiyama1,2, fsugiyama@ucsd.edu, Darren J. Lipomi1. (1) UC San Diego, 
San Diego, California, United States (2) JSR Corporation, Tokyo, Japan  

Stretchable and biodegradable electronic materials with properties matching that of 
human skin has the potential to lead a new class of wearable and implantable 
healthcare devices. Biomedical sensors require stretchable/deformable, durable 
materials to ensure reliable performance for long-lifetime use. Biodegradable devices, 
on the other hand, improve quality of life by precluding a second surgery to remove an 
implantable device, and reduce the waste of wearable devices. One class of materials 
required for the development of such devices is stretchable and biodegradable 
semiconductors which can be used in various kinds of devices (e.g., mechanical, 
thermal, optical, or chemical devices). Currently, the only reported approach to making 
these materials mechanically compliant is based on silicon nanomembranes, and 
requires microfabrication techniques that can be expensive. Polymer semiconductors, 
on the other hand, have great potential for scalable and printable manufacturing. 
In this presentation, we report the synthesis and characterization of novel BCPs 
including a diketopyrrolopyrrole (DPP)-based polymer and Poly-ε-caprolactone (PCL) 
(Figure. 1a). We examined BCPs having different weight ratio of each segment, and 
high ratio of PCL (> 50wt%) show significant improvement of elongation at break (> 
200%) (Figure. 1b, c). On the other hand, PCL segments were degradable by base 
etching, which supports biodegradability (Figure. 1d). The approach shown this work 
can be applied for any donor-acceptor polymers synthesized by coupling 
polymerization. 

 
Figure 1. (a)Chemical structure of BCPs, (b)Stress-strain curves, elongation at break, and tensile 
modulus of BCPs and PDPP-HDT (reference), (c) Optical micrographs of cracking behavior of 
three BCPs and Blend films at ε=100% strain on PDMS (scale bar, 500mm), (d) AFM height 
image of BCP thin films after exposure to an alkaline solution (scale bar, 300nm). 



POLY 240: Optimized synthesis and understanding of tetrafluoroterephthalonitrile 
linked β-cycldextrin polymers 

Max Klemes3, Maxklemes@gmail.com, Marta Chiapasco4, Alaaeddin Alsbaiee1, 
Chenjun Li2, Yuhan Ling2, Damian E. Helbling2, William Dichtel3. (1) Dept of Chemistry 
Chemical Biology, Cornell University, Ithaca, New York, United States (2) School of Civil 
and Environmental Engineering, Cornell University, Ithaca, New York, United States (3) 
Department of Chemistry, Northwestern University, Evanston, Illinois, United States (4) 
Maastricht Science Program, Maastricht University, Maastricht, Limburg, Netherlands  

The accumulation of anthropogenic micropollutants (MPs) is an emerging problem in 
municipal and waste water streams. Recently, porous β-cyclodextrin polymers (P-
CDPs) linked with tetrafluoroterephthalonitrile (TFN) have shown promise in the fast 
removal of a wide variety of MPs with low fouling from natural organic matter in 
simulated surface waters and outperform activated carbons for MP removal. However, 
the synthesis of this polymer was low-yielding, and the structure and statistical 
repeating unit was poorly understood. In this research, TFN linked CDPs have been 
produced in high yields and a better understanding of the polymers internal structure 
has been gained using elemental analysis, kinetic and thermodynamic uptake of model 
MPs, kinetic model studies, and accessible functional group analysis by inductively 
coupled plasma optical emission spectroscopy. Through these studies, methods of 
characterizing the repeating statistical unit of the polymer, the presence of previously 
undetected phenolic functional groups, and a modular way to control the concentration 
of these functional groups have been developed. These studies will enable the rational 
synthesis of P-CDPs with better performance and more controlled structure to target 
specific MPs. 

 

 
 
 

  



POLY 241: Chitosan-Cu(II) complex for ammonia removal in micro-polluted 
drinking water of the Dahuofang Reservoir in winter season of China 

Yunan Gao, gaoyunan01@163.com, Litao Zhou, Meiqiao Sun. Shenyang Jianzhu 
University, Shenyang, China  

The Dahuofang Reservoir is an important water source in Liaoning province of China. 
The average temperature of water is between 5-7C in winter season. The ammonia 
nitrogen pollution was main problem of the reservoir, the average concentration was 
high to 1.5mg/L in winter beyond the Standard of Drinking Water 3 times. Low 
temperature brought more difficulty for the water treatment processes. In China most 
drinking water treatment plants of northeast cities used the conventional treatment 
processes, and the conventional coagulants of polyaluminum chloride (PACl) was the 
most widely used, although it was more effective in removing turbidity, it has no ability to 
remove ammonia nitrogen. Chitosan has been used as a coagulant in drinking water 
treatment to solve the polluted problem. Because chitosan has a continuum of different 
copolymers of N-acetyl-D-glucosamine and glucosamine units, it has more reactive 
centres. For this study, the chitosan was chelated with transition-mental cation of 
copper acetate to form a new coagulant for ammonia removal under low temperature. 
Chitosan-Cu(II) complex was prepared as following: 100mg of chitosan were dissolved 
in 1ml of acetic acid (85% w/w) under agitation, then the chitosan solution was 
dissolved in copper acetate solution by stirring 16h at 160rpm to make 25% (w/w) 
complex solution. The NaOH(1%) solution was added to the complex solution to adjust 
pH 10.5, then washed with deionized water to pH neutral, after ultrafiltered the solution 
was put in vacuum drying oven at 60C for 24h, and then crushed to powder as 
coagulants. The chitosan-Cu(II) complex corresponding with PACl as coagulants were 
added to the sample water, the water was rapidly mixed at 100rpm for 2min followed by 
15min of low mixing at 50rpm. Then the water was settled for 30min, the supernatant 
from the top 5cm of the suspension was withdrawn for ammonia measurement. The 
results showed that the chitosan-Cu(II) has more effective in removal ammonia, the 
removal rate was high to 62% and the best dosages of chitosan-Cu(II) and PACl were 
2.0mg/L and 10mg/L respectively. 

 
 



POLY 242: One-step synthesis of cross-linked ionic polymer thin films in vapor phase 
and its application to an oil/water separation membrane 
 
Moo Jin Kwak, kmj6768@kaist.ac.kr, Munkyu Joo, Jihye Shin, Jiyeon Kim, Jae Bem You, 
Youngmin Yoo, Myung Seok Oh, Sung Gap Im. Chemical and Biomolecular Engineering, Korea 
Advanced Institute of Science and Technology, Daejeon, Korea (the Republic of)  
 
In spite of its huge research interest, ionic polymers could not have been synthesized in vapor 
phase, because the monomers of ionic polymers contain non-volatile ionic salts, preventing the 
monomers from vaporization. Here, we suggest a new, one-step synthetic pathway to form a 
series of crosslinked ionic polymers (CIPs) in vapor phase via initiated chemical vapor 
deposition (iCVD). 2-(dimethylamino)ethyl methacrylate (DMAEMA) and 4-vinylbenzyl chloride 
(VBC) monomers are introduced into the iCVD reactor in vapor phase to form a copolymer film. 
Simultaneously in the course of the deposition process, the tertiary amine in DMAEMA and 
benzylic chloride in VBC undergo a Menshutkin nucleophilic substitution reaction to form an 
ionic ammonium-chloride complex, leading to form a highly crosslinked ionic copolymer film of 
p(DMAEMA-co-VBC). To the best of our knowledge, this is the first report on the synthesis of 
CIP films in vapor-phase. The newly developed CIP thin film is further applied to the surface 
modification of the membrane for oil/water separation. With the hydrophilic and underwater-
oleophobic membrane whose surface is modified with the CIP film, excellent separation 
efficiency (>99%) and unprecedentedly high permeation flux (average 2.32×105 Lm-2h-1) are 
achieved. 

 
Synthetic concept of cross-linked ionic polymers using the iCVD polymerization process. 

 
(a) Image of oil/water mixture separation using the p(DMAEMA-co-VBC)-coated membrane. (b) 
Separation efficiency of mixtures (20% v/v). (c) Water content in filtrate. (d) Separation efficiency of 
hexane/water mixture (20% v/v) for 30 cycles. (e) Separation efficiency (red) and flux (blue) of the 
p(DMAEMA-co-VBC)-coated membrane for five cycles. (f) Image of the oil resisting property of the 
p(DMAEMA-co-VBC) membrane for hexane, corresponding to the breakthrough pressure of 1.5 kPa. 



POLY 243: Fine-tuning gas transport properties of triptycene-based polyimides 
through strategic macromolecular design 

Jennifer Weidman, jwiegan2@nd.edu, Ruilan Guo. Chemical and Biomolecular 
Engineering, University of Notre Dame, Notre Dame, Indiana, United States  

This work studies the unique molecule, triptycene, and its use as an architectural motif 
in polymeric membranes for use in gas separations. Triptycene is a bulky, shape-
persistent molecules built on a [2,2,2]-ring system. Composed of three benzene blades 
connected by a single hinge in a pinwheel shape, triptycene is efficient at disrupting 
chain packing when built into a polymer backbone, creating free volume and enhancing 
gas permeabilities. Additionally, small internal free volume cavities are trapped in the 
clefts of the triptycene blades, creating ultra-fine microporosity that can boost gas 
selectivities. In this work, a series of triptycene-based polyimides were synthesized 
through polycondensation reactions and characterized to elucidate the effect of 
triptycene on thermal, packing, and gas transport properties. Structural variations 
included linkage geometry, triptycene orientation, substituent groups, and chain rigidity. 
Integrating the triptycene molecule into the main chain across one benzene blade, 
leaving two blades protruding to disrupt polymer chain packing, proved efficient at 
creating free volume and enhancing gas permeabilities. Additionally, the introduction of 
bulky, electronegative CF3 groups neighboring the triptycene molecule led to further 
disruptions in chain packing, as evidenced by decreased glass transition temperature, 
increased fractional free volume, and increased gas permeabilities compared to the 
analog polymer with no CF3 groups. The effect of chain rigidity was also investigated 
through a series of copolyimides, based on the CF3-substituted triptycene polyimide 
structure, which contains relatively flexible ether linkages, and a novel rigid, triptycene-
based polyimide structure, in which the triptycene moiety is directly linked to the imide 
ring. It was found that a copolymer composition of 50 mol % of the rigid structure 
caused a 27 °C increase in glass transition temperature and a 2-fold increase in gas 
permeability. Across all of the triptycene-based polymers, there was little variation in 
gas selectivities, despite the enhancements in permeability, which can be attributed to 
the great sieving capability of triptycene’s internal free volume. 

 



POLY 244: Overview of plastics packaging 

Susan E. Selke, sselke@msu.edu. School of Packaging, Michigan State University, 
East Lansing, Michigan, United States  

Use of plastics in packaging continues to increase, with food packaging responsible for 
a large part of that growth. While plastics have significant advantages in providing 
needed functionality for packaging systems, they also are widely perceived by 
consumers to have significant disadvantages from an environmental perspective, 
including their persistence in the environment and difficulty in recycling. Packaging 
plastics are dominated by polyolefins (HDPE, LDPE, LLDPE, and PP) and polyester 
(PET). Polystyrene and PVC also have significant packaging use, with a variety of other 
plastics used in specialty applications. While there is much interest in biodegradable 
plastics, with the exception of PLA there is little use of such materials for food 
packaging. Forms of packaging plastics are varied, including bottles, jars, and other 
containers; blisters, trays, lids, and other molded shapes; and bags, pouches, wraps, 
labels, and other film-based materials. Plastic resins may be used alone, or in 
combination with other plastics or other materials in coextrusions, laminations, or coated 
structures. Access to curbside recycling for plastic containers is common, but plastic 
films are seldom collected at curbside. While drop-off sites for plastic bags are common, 
recycling rates are low. Efforts to improve functionality of plastic packages, reduce cost, 
extend product shelf-life, or provide other benefits increasingly result in complex 
structures containing multiple materials, which makes recycling more difficult. At the 
same time, from an environmental perspective the cost of wasted product is typically 
much larger than that of the package containing that product, so efforts to reduce 
packaging may be counterproductive if product loss or waste increases. 

 

 



POLY 245: Environmental policy to reduce food loss and waste: Measurement, 
leadership and best practices 

Lana Suarez, suarez.lana@epa.gov. Office of Resource Conservation and Recovery, 
US Environmental Protection Agency, Arlington, Virginia, United States  

In the United States, over 76 billion pounds of food waste are generated annually with 
almost 73 billion pounds of that wasted food going to landfills and combustion facilities. 
Over the past three decades food has occupied a larger and larger percentage of the 
non-hazardous waste stream generated in the U.S. and is the largest single source of 
material sent to landfills. The U.S. Environmental Protection Agency (EPA) is working 
with the U.S. Department of Agriculture as well as partners in the states, nonprofits, 
academia and industry to better measure and assess the impacts of food loss and 
waste. We are broadening the conversation to better understand the lifecycle of food 
and the important influences and linkages between food production, management, 
packaging and preservation. Sustainable management of food and sustainable 
packaging are priorities outlined in the EPA Sustainable Materials Management 
Program Strategic Plan. By understanding the critical influencers and impacts of the 
food system the U.S. can better tailor its actions to strive for the national goal of cutting 
food loss and waste in half by the year 2030. 

 

 
 



POLY 246: More for less: The connection between food waste and packaging 

Donna Visioli1, donna.l.visioli@dupont.com, Karlheinz Hausmann2, Sarah Perreard2, 
Sarah.Perreard@dupont.com. (1) Performance Materials, DuPont, Wilmington, 
Delaware, United States (2) Performance Materials, DuPont de Nemours International, 
Geneva, Switzerland  

Packaging is essential for protecting food. For food packaging applications, waste can 
be reduced by reducing both the packaging and the food waste due to improper or sub-
optimized packaging. For a number of years, reduction of packaging waste has been 
accomplished by the transition from rigid to flexible packaging. The impact of switching 
to flexible packaging incudes not only reduced weight, which impacts shipping cost, but 
also reduced package production cost. Further efforts to further reduce flexible 
packaging weight while maintaining integrity and enhancing durability require a well-
engineered approach to package design. 
Food waste can be reduced by increasing the shelf life of foods as a result of changing 
the package type. Greenhouse gas emissions due to food waste are reduced when the 
appropriate package is used. Case studies are which quantify these effects are 
described. 

 
 
Packaging and food waste reduction: a meat packaging example 

Engineering a packaging structure to maintain stiffness while reducing thickness and weight 



POLY 247: Understanding the science of food waste prevention: Quantifying the 
role of packaging 

Ronald L. Cotterman, Ronald.L.Cotterman@sealedair.com. Sealed Air Corporation, 
Duncan, South Carolina, United States  

One-third of all food produced – nearly 1.3 billion tonnes – ends up in garbage bins 
across the globe, only to make its way to landfills where it rots and emits greenhouse 
gases. It is shocking to note that this level of waste has continued to grow in recent 
decades and has reached unprecedented levels with enormous implications for 
business, for the environment and for society. 
 
To address the issue of food waste as it impacts our future, the environment and the 
long-term profitability of our industry, several case studies will be discussed where 
innovative packaging solutions can be leveraged to reduce waste. Using life cycle 
thinking, there is a balance between the use of packaging and the reduction of food 
waste, which depends on the specific food type. These examples will help guide the 
development of food waste prevention and sustainability strategies across the food 
supply chain. The value of wasted food exceeds $1 trillion each year, and there is a 
business case for food brands and grocery stores to not only manage food waste, but to 
prevent food waste from occurring in the first place while improving their own 
customers’ retail experience.  
 
Clear action steps are identified that leverage innovation, education and collaboration to 
bring sustainability benefits to consumers. Practical solutions, based on food packaging, 
storage and distribution are discussed that can be implemented to reduce the 
economic, environmental and social costs of food waste.  

 

 



POLY 248: Polymer packaging for consumer goods: Design for making, 
marketing, and having an impact 

Richard Hoch, Richard.Hoch@diageo.com. Diageo, Plainfield, Illinois, United States  

Diageo is the world’s leading premium drinks company with over 200 brands brands, old 
and new, large and small, global and local that are sold in over 180 countries at almost 
every price point in every category. Diageo’s ambition is to become one of the most 
trusted and respected consumer products company in the world. Great packaging is 
essential for our products. Consumers expect our packs to look beautiful, be functional, 
and sustainable. Packaging components made of polymeric materials are an important 
part of our product mix. They provide opportunities to achieve our 2020 sustainability 
goals of 15% total packaging weight reduction and 45% total recycled content. This 
presentation will focus on what makes great polymer packaging from the perspective of 
a consumer products company and the challenges toward increased use. 

  



POLY 249: Improving recyclability of plastic packaging 

Conrad MacKerron, mack@asyousow.org. As You Sow, Oakland, California, United 
States  

 
Packaging is 25% of total plastic production use 
Common multi-material laminates like toothpaste tubes never recycled 
Recyclability should be elevated as a priority in packaging material design by end user 
brands 
Promotes transition from Linear Economy to Circular Economy model 
Provides sufficient volume to qualify for collection and sorting 
Raw materials for inclusion as recycled content in new packaging (PET model) 
Flexible packaging second most widely used packaging 
--$34 billion annual sales in U.S. 
--Not recyclable – billions of pouches, sachets ending in landfills, litter on streets, 
oceans 
 
Engagement with brands 
--Colgate-Palmolive 
--Procter & Gamble 
--Unilever 
 
Recyclability is not enough 
--Brands need to provide at least shared responsibility for financing collection and 
recycling 
--Special focus on disruptive materials like MMLs. 
 
Long-term goal to slow plastics use 
--Wiser choices about when to use plastic will preserve its credibility 
--New Plastics Economy report seeks global protocol to limit uses of plastic 

 



POLY 250: Maximizing lifecycle benefits of plastic packaging: Saving food, 
enabling a circular economy, & more 

Jeff Wooster, jeff.wooster@dow.com. Dow Chemical, Houston, Texas, United States  

Plastic manufacturers play a key role in the design of materials and systems that 
maximize lifecycle benefits of their products. This requires not only understanding the 
fundamental materials science of the products they manufacture but also the full value 
chain system and all its impacts. Designing for the entire lifecycle of a product is 
essential to maximizing benefits by simultaneously minimizing raw material and energy 
consumption, maximizing product protection to avoid food waste and product loss, 
facilitating ease of use at each step along the value chain, and maximizing potential for 
capturing the value from material remaining at the end of the product’s useful lifespan. 
Dow applies scientific thinking to maximize performance at each stage of the lifecycle 
and offers solutions that improve overall system performance by designing products to 
meet the needs of the entire value chain. The presentation will include a review of 
Dow’s approach to lifecycle thinking and case study examples for optimized system 
performance.  

  



POLY 251: Light weight and highly recyclable: Polyethylene film 

Nina Butler, nina@morerecycling.com. More Recycling, Chapel Hill, North Carolina, 
United States  

Plastic film is one of the most efficient packaging materials in use today. From 
extending shelf life to reducing fuel consumption in transport, film use is on the rise as 
companies strive to reduce GHG emissions. Further GHG savings can be achieved 
through the use of post consumer resin in new products. The challenge is that few 
consumers know what and how to recycle plastic film. Instead of focusing on 
responsible handling of material, the focus has been on eliminating plastic material to 
prevent litter. The trade off, few consider, is the fact that we consume more fossil 
resources moving groceries to the kitchen table than the fossil resources needed to 
produce all of the plastics used in the United States. Educating the value chain and 
utilizing efficient networks for recovery and are critical steps to improved recovery of film 
as feedstock for US manufacturing and continued advancements in sustainable 
materials management. 

 

 
 
 

 



POLY 252: DuPont EveractTM: Development of renewable and high barrier FDCA-
based polyesters for beverage, food, and industrial packaging markets 

Andrew J. Duncan, andrew.j.duncan@dupont.com. Industrial Biosciences, DuPont, 
Wilmington, Delaware, United States  

The compound 2,5-furan dicarboxylic acid (FDCA) is of significant interest as a building 
block for new material development owing to its similarity to terephthalic acid, 
interesting structure-property relationships, and the opportunity to derive FDCA from 
renewable resources. DuPont Biomaterials is presently working in a strategic 
partnership with Archer Daniels Midland (ADM) to develop and commercialize a cost-
competitive route to the dimethyl ester of FDCA (FDME) from fructose. Bio-based FDCA 
and FDME offer a vast array of potential high-value chemical and polymer outlets. The 
associated family of polyesters (DuPont EveractTM) captures specific interest due to gas 
barrier properties that are enhanced compared to poly(ethylene terephthalate) (PET) 
and other incumbent polymers in the beverage, food, and industrial packaging markets. 
DuPont’s initial offering under development is poly(trimethylene 2,5-furandicarboxylate) 
(PTF), the sustainable 100% plant-based polyester produced from the polycondensation 
of FDME and 1,3-propanediol (DuPont Bio-PDOTM). PTF provides the opportunity to 
improve shelf life and decrease overall material use in packaging applications where 
gas barrier to permeants such as O2 and CO2 is critical. Increased shelf life and product 
retention through application of PTF enables reduced raw material consumption, 
increased in-spec product, and improved sustainability. This presentation will outline the 
current state of DuPont and ADM’s FDME development along with insights into PTF 
high barrier polyester. 

 

 
 
 



POLY 253: Sustainable polymers by controlled polymerization of biobased 
monomers 

Chuanbing Tang, tang4@mailbox.sc.edu. Dept of Chemistry Biochemistry, University 
of South Carolina, Columbia, South Carolina, United States  

Sustainable polymers from renewal resources have recently gained significant 
momentum in the hope of playing a bigger role in the commercial market. While natural 
polymers are widely used for making commodity products, more efforts have been 
focused on the exploration of biobased monomers, which could be turned into platform 
chemicals for molecularly engineering into macromolecules. In this presentation, I will 
detail our efforts in using controlled polymerization to prepare sustainable polymers 
from a variety of monomers derived from biomass. 

 

 
 
 

  



POLY 254: Functional polymers by CRP 

Rachel K. OReilly, r.k.o-reilly@warwick.ac.uk. Dept of Chemistry, University of 
Warwick, Coventry, United Kingdom  

The use of controlled radical polymerisation techniques for the synthesis of functional 
polymers and block copolymers is well-established. In this presentation, novel routes 
towards responsive and degradable polymers will be described. 

 

 
 
Schematic for the synthesis of degradable copolymers by RAFT/MADIX 

  



POLY 255: Well-defined polyvinylamine-based copolymers: Synthesis by 
organometallic-mediated radical polymerization and use in gene transfection 

Antoine Debuigne1, adebuigne@ulg.ac.be, Mathilde Dréan1,2, Christophe 
Detrembleur1, Christine Jérôme1, Patrick Midoux3, Philippe Guégan2, Jutta Rieger2. (1) 
Center for Education and Research on Macromolecules (CERM), Complex and 
Entangled Systems from Atoms to Materials (CESAM) research unit, University of Liege 
(ULg), Liege, 4000, Belgium (2) Institut Parisien de Chimie Moléculaire, Equipe Chimie 
des Polymères, Sorbonne Universités, UPMC Univ Paris 06 , Paris cedex 05, France 
(3) Centre de Biophysique Moléculaire, UPR4301 CNRS, University of Orléans, 
Orléans, France  

Polyvinylamine (PVAm) presents valuable properties like affinity for many supports, pH 
responsiveness, metal binding capacity, polyelectrolytes complexation, and is used in 
various applications including coatings, water purification or gas membrane separation. 
It is commonly prepared by free radical polymerization of N-vinyl monomers followed by 
deprotection and release of the masked amino functions. However, examples of 
controlled synthesis of polyvinylamine-based copolymers are scarce because of the 
high reactivity of the propagating radicals deriving from non-conjugated N-vinyl 
monomers due to the lack of resonance stabilization. The present communication aims 
at reporting an efficient platform for producing tailor-made PVAms. The strategy is 
based on the organometallic-mediated radical polymerization (OMRP) of N-
vinylacetamides followed by hydrolysis of the pendent amide moieties. In this case, 
cobalt(II) acetylacetonate is used as controlling agent. The synthesis of a series of well-
defined homopolymers, statistical and block copolymers with pendent primary and/or 
secondary amines having low dispersities, predictable molar masses and precise 
compositions, will be described. Finally, we will discuss the use of these polyvinylamine-
containing copolymers as gene transfection agents. Some of them demonstrated high 
DNA transfection level in combination with high cell viability. 

 



POLY 256: Polymersome nanoreactors by controlled polymerization methods 

Jan van Hest1,2, j.vanhest@science.ru.nl, Matthijs van Oers1, Zhipeng Wang1, Dave 
Williams2, Loai Abdelmohsen1. (1) Institute for Molecules and Materials, Radboud 
University, Nijmegen, Netherlands (2) Eindhoven University of Technology, Eindhoven, 
Netherlands  

Polymer vesicles, or polymersomes, are built up out of a bilayer membrane comprising 
amphiphilic block copolymers, which encloses an aqueous interior domain. We have a 
specific interest to use polymersomes for the positioning of enzymes and other catalysts 
in order to create nanoreactors. One of the prerequisites is that the membrane structure 
is semi-permeable, which is not a trivial task. Over the past couple of years we have 
developed different strategies to create porous membranes by employing well-defined 
block copolymers via controlled polymerization methods. First of all, using ATRP, we 
constructed amphiphilic block copolymers, of which the hydrophobic domain could be 
switched to a water soluble state. By blending this polymer with a non-responsive 
amphiphilic block copolymer, a bilayer was created of which the responsive polymer 
could be washed out using a pH change, leading to pores in the membrane. A second 
approach utilized the swelling of the polymer membrane with organic solvent. For this 
method to work well, block copolymers were created by CRP with crosslinkable units in 
the membrane to prevent it from full dissolution. With these stabilized polymersomes, 
catalytic reactions in biphasic media were made possible. Finally polymersomes with 
unusual tubular shaped and bowl-shaped morphologies were created via post-
modification and polymerization strategies, which allowed us to regulate catalytic 
activity. 

 

 
 
 

  



POLY 257: Controlled free radical polymerization for the preparation of functional 
polymer zwitterions 

Todd Emrick1, tsemrick@mail.pse.umass.edu, Cristiam F. Santa2, Matthew Skinner1. 
(1) Univ of Massachusetts, Amherst, Massachusetts, United States (2) Polymer science 
and engineering, University of Massachusetts Amherst , Amherst, Massachusetts, 
United States  

This lecture will describe the use of controlled/living radical polymerizations to prepare 
functional polymer zwitterions. The functional group tolerance of atom transfer radical 
polymerization, as well as reversible addition-fragmentation chain transfer (RAFT) 
polymerization, is key to realizing novel polymer materials with well-designed 
presentation of functional groups. This talk will specifically describe the integration of 
functionality directly into zwitterionic moieties to realize new advances in functional 
materials chemistry. 

 
 
 

  



POLY 258: RAFT-polymerization for the design of self-healing block polymers 

Ulrich S. Schubert3, ulrich.schubert@uni-jena.de, Marcel Enke4, Stefan Bode4, Martin 
D. Hager1, Felix H. Schacher2. (1) Laboratory of Org. Macromol. Chemistry, Friedrich 
Schiller University of Jena, Jena, Germany (2) IOMC, Friedrich-Schiller-University Jena, 
Jena, Germany (3) Laboratory for Organic and Macromolecular Che, Friedrich-Schiller-
University Jena, Jena, Germany (4) Friedrich-Schiller-University Jena, Jena, Germany  

Block copolymers offer the chance to tune the properties of polymeric materials. In 
particular for self-healing materials, block copolymers are very promising candidates 
featuring a combination of good mechanical performance and self-healing ability. 
However, the synthesis of these polymers is rather challenging since different functional 
groups have to be introduced within the block copolymer design. For this purpose, the 
RAFT-polymerization, as a possibility to control the polymeric structure, was utilized in 
order to synthesis a variety of ligand containing block copolymers in a controlled 
fashion. As hard segment polystyrene was applied, whereas the soft block was 
synthesized out of butyl acrylate and the ligand moiety (i.e. terpyridine). The subsequent 
crosslinking with different metal salts resulted in metallopolymers featuring self-healing 
properties. Furthermore, a phase-separation behavior was obsevered, which further 
enhance the self-healing process, which could be monitored using optical analysis. 
Finally, the mechanical properties of the films could investigated using nanoindentation 
and revealed a polymeric material with excellent mechanical behavior and self-healing 
ability. 

 

 
 
Figure 1: Self-healing of the crosslinked block polymer network out of styrene, butyl acrylate 
and terpyridine as ligand: a) Scratch, b) partial healing after 6 minutes at 100 °C, c) partial 
healing after 15 minutes at 100 °C and d) complete healing after 45 minutes at 100 °C. 

  



POLY 259: Smart CO2-responsive block copolymers 

Shaojian Lin, Patrick Theato, theato@chemie.uni-hamburg.de. Inst for Technical 
Macromolecular Chem, University of Hamburg, Hamburg, Germany  

Well-defined temperature and CO2-responsive triblock copolymers have been prepared 
via RAFT polymerization. They feature a temperature responsive segment based on 
P(AAm-co-AN), which exhibits an upper critical solution temperature (UCST) in water, 
and a CO2-responsive segment derived from PDEAEMA. Most importantly, the 
temperature responsive behavior (UCST) of this triblock copolymer could be controlled 
by the amount of CO2. Synthesis, applications and possibilties of these block 
copolymers are discussed. 

 

 
 
 

  



POLY 260: Aqueous RAFT at pH zero: Enabling controlled polymerization of 
unprotected acyl hydrazide methacrylamides 

Emily A. Hoff, Brooks Abel, Charles L. McCormick, Derek L. Patton, 
derek.patton@usm.edu. Polymer Science and Engineering, University of Southern 
Mississippi, Hattiesburg, Mississippi, United States  

In this presentation, we report the direct polymerization of monomer with hydrazide 
functional groups by aqueous reversible addition-fragmentation chain transfer (RAFT). 
Several examples of hydrazide functional polymers by post-polymerization modification 
have been reported; however, direct controlled polymerization of a hydrazide moiety 
has, until recently, yet to be achieved. We investigated the polymerization of hydrazide 
containing monomers directly by aqueous RAFT at various pH levels. Additionally, 
through the synthesis of a new CTA, we developed a method for low pH aqueous RAFT 
(pH < 1). We demonstrate that low pH aqueous RAFT polymerization of acyl hydrazide 
ethyl methacrylamide and 4-vinyl imidazole – two monomers that are typically difficult to 
polymerize in a controlled fashion – readily yields polymers with low PDIs. The 
synthesis of hydrazide polymers by controlled radical polymerization opens the door to 
new types of dynamic covalent polymer architectures. Furthermore, low pH aqueous 
RAFT provides access to polymers from new or intractable monomer types. 

 
 
 

 



POLY 261: Reversible deactivation radical polymerization (RDRP) of monomers 
bearing reactive functional groups: Possibilities and limitations 

Nicolay V. Tsarevsky, nvt@smu.edu, Davd C. McLeod, Zhaoxu Wang, Yannick 
Borguet, Shannon R. Woodruff. Department of Chemistry, Southern Methodist 
University, Dallas, Texas, United States  

The synthesis of well-defined polymers containing multiple pendant reactive functional 
groups by reversible deactivation radical polymerization techniques, including atom 
transfer radical polymerization, reversible addition-fragmentation chain-transfer 
polymerization, and nitroxide-mediated polymerization, of the corresponding functional 
monomers will be presented. The reactive functionalities of interest include epoxides, 
aziridines, as well as onium (phosphonium sulfonium, and pyridinium) salts. A number 
of chemical transformations (postpolymerization modifications) that the produced 
functional polymers undergo will be described in addition to applications in fields as 
diverse as drug delivery, catalysis, and sensing. 

 

 
 
 

  



POLY 262: Biomaterial diversity: The PHAome 

Guo-Qiang Chen, chengq@biomed.tsinghua.edu.cn. School of Life Science, Tsinghua 
University , Beijing, China  

Polyhydroxyalkanoates (PHA) is a family of diverse biopolyesters synthesized by many 
natural or engineered bacteria. Like the well established genomics, transcriptomics or 
proteomics that contain different arrangements of nucleotides or amino acids in DNA, 
RNA or protein polymer chains, PHA that contain different arrangements of various 
monomers can be called PHAomics. Unlike the above well-known“–omics”, the 
PHAomics contains also homopolymers of one monomer, random copolymersof two or 
more than two different monomers, and block copolymers of at least two homopolymers 
connected by covalent bond(s). The hydroxyl- group can be located in 2- to 5-position of 
the alkanoic acids depending on how long the fatty acids are.The oxygen in hydroxyl 
group can also be replaced by sulfur to become a polythioester. In addition, functional 
groups such as double bonds, triple bonds or benzene ring can be incorporated into the 
PHA side-chain to form functional PHAthat can be chemically modified to become 
different polymers. Furthermore, PHA having ultrahigh molecular weights or very low 
molecular weights exhibit different properties that may have some high values to 
expect. The diversity of PHA can be obtained by engineering the in situ fatty acid 
synthesis and/or fatty acid beta-oxidation cycle. The PHA synthase specificity also plays 
a key role in deciding the PHA structures. The supply of sufficient materials from the 
PHAomics will promote the discovery of new properties and new applications of these 
type of advanced materials. 

 

 
 
 

 

 



POLY 263: Synthetic biology for the lactate-based polymers and oligomers: 
Intracellular and secretory production 

SEIICHI TAGUCHI1,2, staguchi@eng.hokudai.ac.jp. (1) Tokyo University of Agriculture, 
Setagaya-ku, Tokyo, Japan (2) Hokkaido University, Sapporo, Japan  

 
In 2008, we reported the first incorporation of lactate (D-LA) into the 3-hydroxybutyrate 
(3HB) polymeric backbone in the microbial factory by using our D-LA-polymerizing 
enzyme (LPE). LPE was one of the artificially evolved PHA synthases through the long-
term enzyme engineering study. In the second generation, LPE has led us to further 
expand the range of structural diversity of PHA members other than D-LA-based 
polymers. As second targets, glycolic acid and D-2-hydroxybutyrate can also be 
polymerized by LPE to generate new copolymers. Like these, I expected to synthesize 
the chiral copolymers with various monomer compositions, owing to the extremely high 
enantio-selectivity and broad substrate specificity of LPE. In this conference, I will talk 
about the overview of biosynthesis and properties of LPE-catalyzed polymers. 
In contrast to intracellular production of high molecular weight polymers, I have been 
thinking about the possibility of “SECRETION” of polymerized products by microbial 
platform for long time. This should be a promising issue to overcome the cell volume 
limitation in the large amount of production of natural or chemical polymers (oligomers). 
Fortunately, we have met to the “SECRETION” of low-molecular-weight D-LA-based 
polymers [or D-LA-based oligomers (D-LAOs)]. As a second topic, I will talk about the 
first observation of microbial secretion of D-LAOs and its advanced microbial secretion 
platform through the chain transfer reaction and modified cultivation condition. 

 
 
 



POLY 264: Engineering of robust microbial cell factories for monomer production 

Laura R. Jarboe, ljarboe@iastate.edu. Dept Chem Eng, Iowa State Univ, Ames, Iowa, 
United States  

Microbial production of monomers, such as styrene and fatty acids, by microbial cell 
factories is often limited by product toxicity. Microbial utilization of cheap biomass-
derived sugars is similarly plagued by the presence of inhibitors. This microbial 
inhibition can in turn impact the process economics by increasing product separation 
costs or by requiring additional processing of the feedstock. One approach to mitigating 
this problem is increasing the robustness of the microbial cell factory, through both 
rational engineering efforts and evolution and reverse engineering of evolved strains. 
This talk will discuss our work to increase production of styrene and fatty acids, and 
utilization of thermochemically depolymerized biomass, with a focus on engineering of 
the microbial cell membrane at the level of the fatty acids tails, the phospholipid head 
groups, and the membrane-associated proteins and sugars. 

 

 
Production of bioreneawble fuels and chemicals often damages the membrane of the microbial 
cell factory, limiting process performance. Engineering of the membrane can increase cell 
robustness and production. 



POLY 265: Polymeric peptide pigments with sequence-encoded properties 

Rein Ulijn, rein.ulijn@asrc.cuny.edu. Thomas Graham Building, University of 
Strathclyde, New York, New York, United States  

Polymeric pigments, including melanins, are a family of heterogeneous biopolymers 
shared across the living world, providing UV protection, structural support, coloration 
and free radical scavenging that are of considerable interest for technological 
applications. Formed by oxidative oligomerization of catecholic small molecules, the 
physical properties of these materials are influenced by covalent and non-covalent 
disorder making it challenging to relate molecular composition with structure and 
functionality. We report the use of tyrosine-containing tripeptides as tunable precursors 
for polymeric pigments. In these structures, phenols are presented in a (supra-
)molecular context dictated by the peptide sequence by simply repositioning amino 
acids. Oxidative polymerization can be tuned, in a sequence dependent manner, by 
these supramolecular tyrosine-peptide nanostructures which results in peptide 
sequence-encoded properties such as UV absorbance, morphology, coloration and 
electrochemical properties over a considerable range. Short peptides have lower 
barriers to application and can be easily scaled, suggesting near-term applications in 
cosmetics and biomedicine. 

 

 
 
Melanin-like materials based on tripeptide assembly 

  



POLY 266: CAL-B catalyzed regioselective bulk polymerization of L-aspartic acid 
diethyl ester to α-linked polypeptides 

Filbert Totsingan, Robert Centore, centor@rpi.edu, Richard A. Gross. Center for 
Biotechnology and Interdisciplinary Studies (CBIS) and New York State Center for 
Polymer Synthesis, Rensselaer Polytechnic Institute, Troy, New York, United States  

Poly(aspartic acid), PA, is a biodegradable, water-soluble poly(amino acid) used for 
drug delivery, corrosion inhibition, superadsorbants and more. Established synthetic 
routes to α-linked PA include ring-opening polymerization (ROP) of the corresponding 
N-carboxyanhydride (NCA) monomer, solution and solid phase peptide synthesis. 
Protease-catalyzed peptide synthesis has several advantages to the above methods 
that include reduced use of protection-deprotection steps and toxic chemical reagents. 
Previous work showed oligomer mixtures from protease-catalyzed polymerization of L-
aspartic acid diethyl ester (LAspEt2) have a degree of polymerizations (DP) from about 
9-19. This paper reports the bulk immobilized CAL-B catalyzed polymerization of 
LAspEt2 catalyzed at 80 oC (24 h) to give primarily (~95%) α-linked PA (DPavg=50) in 
70% yield. One-dimensional proton (1H) NMR as well as 2D 1H-13C HMBC was used to 
assign the relative content of α- and β-links. All signals were assigned based on 2D 1H-
1H COSY and 1H-13C HSQC. Both conversion and yield gradually increase from 17% 
and 9%, respectively, at 2 h to 98% and 70%, respectively, at 24 h. Furthermore, from 2 
to 24 h the DPavg increases from 6 to 50. The semi-logarithmic plot of conversion vs. 
time, when fit by linear regression analysis, has an R2 of 0.9597. Hence, the 
polymerization does not proceed by a conventional step-growth mechanism but, 
instead, by chain growth. Furthermore, the DPavg linearly increases with conversion up 
to 90%. Thereafter, a large linear increase in DPavg from 37 to 50 occurs with a small 
increase in conversion (from 90% to 98%). This corresponds to a change in the 
dominant mechanism from chain to step-growth at high monomer conversions (>90%). 
The results of this study provide a simple, cost-effective and environmentally friendly 
route to α-linked PA with DPavg = 50 (Mn ≈5,800). 

 



POLY 267: Chemoenzymatic polymerization of unnatural amino acids 

Kousuke Tsuchiya, kosuke.tsuchiya@riken.jp, Keiji Numata. Enzyme Research Team, 
RIKEN Center for Sustainable Resource Science, Wako, Saitama, Japan  

Polypeptides are bio-based polymeric materials with various primary structures 
composed of 20 natural l-amino acids. The structural diversity in polypeptides offers a 
wide range of physical properties, which makes synthetic polypeptides attractive 
materials. Integrating unnatural amino acids into the polypeptide backbones enables the 
fabrication of novel functionalities by altering their structures. 
Chemoenzymatic polymerization of amino acid esters is facile, environmentally benign, 
and atom-economical method to synthesize polypeptides. In this work, we examined the 
feasibility of polymerizing the non-natural amino acids such as 2-isobutyric acid (Aib) 
and sarcosine (N-methylglycine, Sar) via chemoenzymatic polymerization using papain. 
The Aib units were successfully introduced into the polypeptide backbone through the 
use of an Aib-containing tripeptide ethyl ester (AlaAibAla) as a monomer (Fig. 1), 
whereas the Aib and Aib-containing dipeptide ethyl esters were not polymerized by 
using papain. The result indicate that appropriate modification of substrate affinity for 
papain is necessary for the chemoenzymatic polymerization of unnatural amino acid 
residues. The secondary structures of the polypeptides containing Aib units in the solid 
and solution phases were analyzed by IR and circular dichroism (CD) spectroscopies. 
The spectrum of poly(AlaAibAla) showed a distinctive peak corresponding to carbonyl 
group at 1660 cm−1, which is assignable to an α-helical conformation. In addition, the 
CD spectrum of poly(AlaAibAla) was typical of α-helix structures in which two negative 
peaks at 218 and 208 nm and a positive peak at 191 nm were detected. These results 
indicate that the introduction of Aib unit strongly induce the helical conformation even 
with a polyalanine backbone which most likely forms β-sheet structure. 

 
Fig. 1 Chemoenzymatic polymerization of Aib-containing monomers. 



POLY 268: Esterase-catalysed methotrexate conjugates 

Jennifer Noro, jennifer.noro@ceb.uminho.pt, Carla Silva, Artur Cavac-Paulo. University 
of Minho, Guimaraes, Portugal  

Methotrexate (MTX) is a dicarboxylic acid applied on the treatment of several types of 
malignancy, psoriasis, rheumatological diseases. Oral intolerance and reduced 
bioavailability lead to the need of alternative systems for delivery of MTX. Among 
various systems, liposomes and nanoparticles have been applied for site specific 
delivery of this drug. We found that the hydrophobization of MTX could be a great 
strategy to improve its bioavailability and reduce toxicology. MTX conjugation with 
triacylglycerols and other alcohols, including cyclodextrins and linear alcohols, was 
assisted by esterases (cutinase and lipase) trough ester linkage bonding. Those 
conjugates were fully characterized by NMR spectroscopy and MALDI-TOF. 

 

 
 
 

  



POLY 269: Enzymatic routes to advanced silicon-based materials 

Stephen J. Clarson, stephenclarson@gmail.com. Engineering, University of Cincinnati, 
Cincinnati, Ohio, United States  

There have been major developments in our knowledge of advanced silicon-based 
materials during the past 20 years. This is particularly true in biological systems and in 
bioinspired systems. Firstly, silicateins, silaffins, and membrane silicon transport 
proteins were identified and each of them represented a significant breakthrough in our 
understanding of silicon bioprocessing and of silicon biochemistry. Secondly, we have 
seen the application of biocatalysis to silicon-containing polymeric materials, one such 
example is the "sweet silicones" or sugar-silicone conjugates. Thirdly, it has been 
reported that heme proteins were able catalyze carbene insertion into silicon-hydrogen 
bonds to give silicon-carbon bonds. The modern aspects of enzymatic routes to 
advanced silicon-based materials in vivo and in vitro will be presented in this lecture. 

 

 
 
 

 



POLY 270: Functional metal-based nanomaterials from molecular and polymeric 
precursors 

Wai-Yeung Wong, rwywong@hkbu.edu.hk. Department of Applied Biology and 
Chemical Technology, The Hong Kong Polytechnic University, Hong Kong, Hong Kong  

Organometallic polymers represent an important research field due to their combination 
of unique and intriguing redox, electronic, magnetic, optical and catalytic properties and 
their ability to be easily processed and fabricated into thin films, fibers and other forms. 
Modern technology depends on fast, reliable data processing and storage. Hard 
ferromagnetic L1o FePt alloy nanoparticles (NPs) with extremely high 
magnetocrystalline anistropy are considered to be one of the most promising candidates 
for the next generation of ultrahigh-density data storage systems. The question of how 
to generate ordered patterns of FePt NPs and how to transform the technology to the 
practical application is challenging. As these metallopolymers can be readily shaped 
and patterned using various lithographic techniques, they offer a convenient synthetic 
route to patterned arrays of metal alloy NPs with control of their composition and density 
per unit area. However, many of the most desirable properties are exhibited by metal 
alloy NPs rather than single-component metal NPs. In this lecture, the recent advances 
in developing new functional metallopolymers (both main-chain and side-chain types) as 
precursors to magnetic metal alloy NPs and their lithographic patterning studies are 
promising as building blocks in high-density magnetic data storage media where the 
convenient and rapid patterning of magnetic NPs is highly desirable. In a related 
context, the synthesis, characterization and potential application of new photofunctional 
bottom-up metal complex nanosheets will also be presented. 

 

 
 
Chemical structures of some metallopolymer precursors in making magnetic metal alloy 
nanoparticles 

 



POLY 271: Photophysical properties of metallo-conjugated polymer-carbon 
nanotube hybrid materials 

Lili Du, Wenjuan Xiong, Haiting Shi, Kin Cheung Lo, David Lee Phillips, Wai Kin Chan, 
waichan@hku.hk. Department of Chemistry, University of Hong Kong, Hong Kong, 
Hong Kong  

We report the design and synthesis of a series of metallo-conjugated polymer 
incorporated with photosensitizers at the pendant chain and transition metal complex 
moieties on the main chain. Upon excitation of the sensitizing units, a rapid photo-
induced electron transfer (time constant of the order of ~100 ps) occurred between the 
sensitizer and the backbone. The relative energy level of the electron donor and 
acceptor can be fined-tuned by carrying the type of metal complex moieties 
incorporated to the conjugated main chain. The dynamics of the electron transfer was 
probed by ultrafast time-resolved transient absorption spectroscopy. It was observed 
that these metallo-conjugated polymers could anchor on the surface of single walled 
carbon nanotubes due to the strong π-π interaction between the polymer and the 
nanotube surface. The interaction between the polymer and nanotube surface was 
studied by molecular dynamics calculations. The polymer-nanotube hybrid formed very 
stable dispersion, which also showed a remarkable difference in photo-induced electron 
transfer dynamics. 

 

 
 
 

  



POLY 272: Monometallic, dimetallic and cluster endohedral fullerenes: New 
bonding motifs and unexpected properties 

Luis Echegoyen1, echegoyen@utep.edu, Wenting Cai1, Jesse Murillo1, Daniel Najera1, 
Ning Chen2, Chia-Hsiang Chen1. (1) Chemsistry, Univ. of Texas at El Paso, El Paso, 
Texas, United States (2) Chemistry, Suzhou University, Suzhou, China  

We recently isolated and characterized two new scandium carbide endohedral 
structures, <a href="mailto:Sc2C2@C2v(9)-C86">Sc2C2@C2v(9)-C86</a> and <a 
href="mailto:Sc2C2@Cs(hept)-C88">Sc2C2@Cs(hept)-C</a><a>88</a>. The former 
compound represents the first observation of the C2V(9) C86 cage and it possesses a 
distorted but ordered scandium cluster inside. The second compound is unique in that it 
possesses a heptagonal ring on its carbon surface, see Fig. 1. More importantly, this 
compound is a kinetically trapped product of the addition of a C2 unit to Sc2C2@C2v(9)-
C86, an important mechanistic result that reaffirms the “bottom-up” fullerene growth 
proposal. 
We have also made considerable progress with uranium-based endohedrals, obtaining 
the first X-Ray crystal structures of U@C74 and two isomers of U@C82 and found that 
the formal oxidation state of U varies with the isomeric cage. Remarkably, we have also 
obtained the crystal structures of U2@C80 (Ih) and of a totally unexpected uranium 
carbide, U2C@C80 (Ih), with a unique U-C bonding. Many other totally unexpected 
uranium endohedrals have been detected and are being isolated and characterized. 
Finally, we have also been involved in the synthesis and characterization of other 
Uranium-based endohedral fullerenes with formula: U2X@C78, where X= C, O, or N. 
The synthesis, purification and characterization of these interesting endohedral 
fullerenes will be presented and discussed. 

 
 

 



POLY 273: [Fe-Fe] hydrogenase mimetic metallopolymers from ATRP with long-
lived electrocatalytic activity 

William Brezinski3, Metin Karayilan3, Dennis L. Lichtenberger1, Richard S. Glass2, 
Jeffrey Pyun3, jpyun@email.arizona.edu. (1) Department of Chemistry and 
Biochemistry, The University of Arizona, Tucson, Arizona, United States (2) Chem Dept, 
Univ of Arizona, Tucson, Arizona, United States (3) University of Arizona, Tucson, 
Arizona, United States  

We will discuss our recent efforts on the synthesis of well-defined metallopolymers 
incorporating [Fe-Fe]-hydrogenase mimetic clusters via atom transfer radical 
polymerization as a route to improve the electrocatalytic activity of these materials for 
hydrogen evolution reactions (HER). Transition metal-sulfides, both as clusters and as 
materials, are known to catalyze a wide variety of chemical transformations. In biology 
iron-sulfur clusters play key roles in electron transfer processes and redox activation of 
small molecules. As one important example, the butterfly [2Fe2S] clusters in the active 
sites of [FeFe]-hydrogenase enzymes have been shown to reduce protons to molecular 
hydrogen at rates on the order of 10,000 molecules of hydrogen per enzyme per 
second. However, the electrocatalytic lifetime of these mimetic materials are often very 
short due to decomposition of the [2Fe2S] complex under HER conditions. To alleviate 
this limitation, we have pursued the preparation of metallopolymers from the functional 
[2Fe2S] clusters via ATRP of various vinylic comonomers to introduce well-defined 
polymers to site isolate the complex as in the enzyme during electrocatalysis. We will 
discuss in this presentation this new synthetic approach along with our recent 
electrocatalytic performance results of these novel metallopolymers. [figure1] 

 
 
Figure 1: Synthesis scheme for the synthesis of electrocatalytically active metallopolymers via 
ATRP 



POLY 274: Chemiresistors based upon metal functionalized carbon nanotubes 
and polymers 

Timothy M. Swager1, tswager@mit.edu, Shinsuke Ishihara1, Rong Zhu2, Bora Yoon2, 
Maude Desroches2. (1) MIT, Cambridge, Massachusetts, United States (2) Dept. 
Chemistry, MIT, Cambridge, Massachusetts, United States  

Covalent and non-covalent methods for the creation of functional assemblies with 
carbon nanotubes will be presented. Metal-organic polymers are used to wrap carbon 
nanotubes and provide selective sensors to molecular oxygen, chemical warfare 
agents, and gases. Covalent functionalization to attach ligands to the carbon nanotubes 
will also be presented as a general approach for metal ion incorporation into carbon 
nanotube materials. 

 

 
 
 

  



POLY 275: Controlled supramolecular polymerization of platinum acetylide 
complexes 

Feng Wang, drfwang@ustc.edu.cn. Department of Polymer Science and Engineering, 
University of Science and Technology of China, Hefei, China  

Metallo-supramolecular polymers are considered as ideal candidates for the 
development of intelligent soft materials. Platinum acetylide complex is an appealing pi-
conjugated metallo-building block due to its unique properties. Specifically, square 
planar geometry of Pt2+ ion facilitates the combination with other non-covalent bonds. 
Moreover, platinum acetylides demonstrates promising applications in electronics and 
photonics fields, due to its intriguing optical property. Herein, we have constructed novel 
supramolecular polymers based on the bis-alkynylplatinum terpyridine molecular 
tweezer/arene recognition motif, which represents a more versatile strategy for the 
fabrication of supramolecular polymeric assemblies. With the employment of 
anthracene derivatives and cyano-functionalized dienophile as the stimuli-responsive 
auxiliaries, supramolecular polymerization/depolymerization process could be precisely 
regulated in a facile manner. 
Up to now, the overwhelming majority of molecular tweezer/guest recognition systems 
are ADA- or DAD-types (D = donor, A = acceptor). They suffer from relatively low 
binding affinities and inconspicuous variations toward external stimuli. To address these 
issues, we have designed and constructed a novel heterodimeric DADA-type complex. 
By engineering of donor−acceptor and hydrogen-bonding interactions, it demonstrates 
1000 times enhancement for the complexation strength (Ka = 2.23 × 106 M−1) than the 
ADA-type counterpart. Moreover, by modulating the intermolecular hydrogen bonds 
involved in the system, its binding affinity exhibits significantly large variations toward 
external stimuli (∼102−103-fold change for Ka). The robust yet adaptive heterodimeric 
complex is employed as a tecton for the fabrication of high-molecular-weight 
donor−acceptor-type supramolecular polymers, demonstrating the efficiency and 
versatility to develop self-assembled materials via rational engineering of fundamental 
noncovalent recognition motifs. 

 



POLY 276: Red-light-responsive Ru-containing polymers for deep-tissue 
phototherapy 

Si Wu, wusi@mpip-mainz.mpg.de. Max Planck Institute for Polymer Research, Mainz, 
Germany  

We synthesized block copolymers (BCPs) that contain photoactivatable Ru complexes 
on the polymer side chain or backbone. The Ru complexes act as photocleavable 
moieties, singlet oxygen sensitizers, and anticancer agents. Depending on the 
molecular weight and chemical structure, the BCPs assembled into micelles, vesicles, 
large compound micelles and other nanostructures. The BCP assemblies can be taken 
up by cancer cells. Red light can pass through tissue and activate the Ru-containing 
BCP assemblies. We demonstrated anticancer activities of the photoactivatable Ru-
containing BCPs in vitro and in vivo. 

 

 
 
Schematic illustration of self-assembly and phototherapy using a red-light-responsive Ru-
containing block copolymer. 

  



POLY 277: Synthetic methodologies toward cationic metallocene derivatives and 
polymers 

Chuanbing Tang, tang4@mailbox.sc.edu. Dept of Chemistry Biochemistry, University 
of South Carolina, Columbia, South Carolina, United States  

Nearly a decade ago, polymers containing cationic metallocenes (or metallocenium) 
were at the stage of infancy. The last few years have overseen a significant growth of 
this class of polymers, as pushed by several research groups. Owing to the difficulty on 
direct derivatization of metallocenium by electrophilic substitution, recent breakthrough 
on the synthesis of mono-substituted cobaltocenium has paved an avenue to the 
preparation of various polymers. This talk will summarize these efforts in synthetic 
methodologies on metalloceniums and their polymers as well as a few applications. 

 

 
 
 

  



POLY 278: Degradable polymers and nanogels for protein stabilization 

Heather D. Maynard, maynard@chem.ucla.edu. UCLA, Los Angeles, California, United 
States  

The majority of therapeutic proteins are unstable during shipping and storage. Thus, 
polymers that can increase the stability of proteins to different temperatures, as well as 
mechanical agitation are important. Degradability is another crucial feature for some 
therapeutic targets, for example, in medicines where repeated injections are required. 
This talk will focus on polymers with side chain stabilizing moieties and degradable 
backbones. A small library of polymers was synthesized using ring opening 
polymerization and a post polymerization modification approach. The polymers were 
then tested in vitro for their ability to stabilize therapeutic proteins and were shown to be 
hydrolytically degradable. These polymers and other that were prepared as nanogels for 
protein and peptide stabilization will be discussed. Details of the synthesis, 
characterization and protein stabilization assays will be presented. 

 

 
 

Example of a degradable, protein stabilizing polymer 

  



POLY 279: Bio-derived polymers and copolymers with unique or advanced 
properties 

Eugene Y. Chen, eugene.chen@colostate.edu. Colorado State University, Fort Collins, 
Colorado, United States  

The increased use of biorenewable resources for the synthesis of specialty or 
commodity polymers, commonly referred as “renewable polymers”, “sustainable 
polymers”, or simply “bio-derived polymers, is largely motived by the recent 
sustainability development. On the other hand, much less attention has been paid to 
uncovering possible unique or advanced properties of such bio-derived polymers, as 
compared to their related polymers but derived from petrochemical resources. Realizing 
such benefits or gains in materials properties of bio-derived polymers will provide a 
significant boost for the bio-derived polymers, beyond just for “green” or “sustainable” 
considerations. In this context, this presentation will describe our recent and on-going 
efforts towards synthesizing several classes of bio-derived polymers that exhibit 
remarkably high resistance to heat and solvent, the ability to produce highly stable 
carbonaceous materials, the self-curing ability of unsaturated polyesters, the ability to 
form eutectic phases of copolymers, as well as complete thermal and chemical 
recyclability. 

 

 
 
 

  



POLY 280: Development of a new class of macromolecular prodrugs: Design, 
synthesis, scaling, and pre-clinical studies of brush-arm star polymer 
nanostructures prepared via ruthenium-initiated ring opening metathesis 
polymerization 

Jeremiah A. Johnson, jaj2109@mit.edu. MIT, Massachusetts Institute of Technology, 
Boston, Massachusetts, United States  

Despite extensive research efforts in the field of nanoparticle drug delivery over the last 
several decades, there are still relatively few examples of nanomaterial systems that 
have translated to clinical applications. There are several reasons why nanomaterials 
for drug delivery often fail to “leave the laboratory”, but a lack of synthetic reproducibility 
and scalability are amongst the most common. Even simple preclinical studies, which 
necessitate moving beyond murine models into higher organisms, will require at least 
tens to hundreds of grams of material. In our opinion, the key to enabling translation of 
complex nanomaterials is not to avoid multi-step organic synthesis entirely, but to use it 
the right time: rather than conducting multiple nanoparticle formulation and modification 
steps, which are notoriously difficult, we seek to build function into nanomaterials 
through the synthesis of complex small molecule building blocks, which are easy to 
make given the tools of organic synthesis. If these building blocks can be easily and 
reliably stitched together in high yield with high reproducibility to generate a desired 
nanomaterial, then the synthesis of arbitrarily complex nanomaterials can be decoupled 
from scalability. In this talk, I will describe the development of a new class of 
macromolecular drug delivery systems that can have both extremely high functional 
complexity but can also be prepared on large (~kilogram) scale. Our approach involves 
ruthenium-initiated ring-opening metathesis polymerization (ROMP) to generate well-
defined brush-arm star polymer (BASP) prodrugs of tunable sizes with no additional 
self-assembly, formulation, or processing steps. We propose that complex synthesis, 
metals, novel materials, etc. can all be used in real-world drug delivery applications 
given that the material design enables unprecedented function in a scalable format. 

 



POLY 281: Well-defined stimulus-responsive polypeptide based assemblies 

Jan van Hest2,1, j.vanhest@science.ru.nl, Lise Schoonen1,2, Jan Pille2,1, Mark van 
Eldijk3. (1) Institute for Molecules and Materials, Radboud University, Nijmegen, 
Netherlands (2) Biomedical Engineering, Eindhoven University of Technology, 
Eindhoven, Netherlands (3) Chemconnection, Oss, Netherlands  

Protein engineering has provided us with a unique tool to construct perfectly defined 
peptide-based block copolymers with tunable characteristics. In our research we focus 
on two specific polypeptides: the capsid protein of cowpea chlorotic mottle virus 
(CCMV) and elastin-like polypeptides (ELP). ELPs display LCST behavior: at lower 
temperatures and salt concentrations the polypeptides adopt a random coil 
conformation and are water soluble; raising temperature and/or salt concentration leads 
to a reversible conformational change which is accompanied with an increase in 
hydrophobicity and aggregation. The transition temperature can be governed by the 
amino acid sequence. We have designed block copolymers of a hydrophobic and a 
more hydrophilic ELP which assembled into well-defined micelles. Upon fusion of 
nanobodies to the hydrophilic domain, the ELP micelles were able to target specific cell 
types that expressed the receptor for which the nanobody had affinity. By mixing in a 
modular fashion different ELP blocks with different function, targeted particles for 
photodynamic therapy were obtained. 
In a second line of investigation, we combined ELPs with the capsid protein of CCMV. 
This capsid is reversibly assembled and disassembled upon changes in pH: the capsid 
is formed at pH 5 and is disassembled at pH 7.5. Using the ELP fusion, this assembly 
behavior could also be controlled by changing temperature or salt concentration. 
Furthermore, by modifying the ELP sequence, CCMV capsids were obtained, which 
assembled in a stable manner under physiological conditions. This opens perspectives 
for using them in biomedical applications. 

 

 
 
 

 



POLY 282: Dengue virus-mimicking pH-responsive framboidal block copolymer 
vesicles 

Steven P. Armes, s.p.armes@sheffield.ac.uk. Univ of Sheffield Dept of Chem, 
Sheffield, United Kingdom  

The Dengue virus is known to switch its surface morphology from topologically smooth 
to ‘bumpy’ on changing host and this morphological transition appears to be important 
for the efficient infection of humans. Moreover, such viruses possess pH-sensitive 
surface domains that enable efficient exit from the endosomes during infection. Herein 
we design fully synthetic Dengue virus-mimicking nanoparticles in order to target cancer 
cells. More specifically, sterile pH-responsive methacrylic triblock copolymer vesicles 
were prepared from diblock copolymer precursor vesicles via RAFT seeded emulsion 
polymerization of 2-(diisopropylamino)ethyl methacrylate (DPA). Microphase separation 
between the two immiscible hydrophobic membrane-forming blocks produces a 
distinctive framboidal morphology, with surface globule dimensions of the order of 20 
nm. In addition, the steric stabilizer layer comprises a binary mixture of two highly 
biocompatible water-soluble polymers, poly(glycerol monomethacrylate) (PGMA) and 
poly(2-(methacryloyloxy)ethyl phosphorylcholine) (PMPC). The PMPC chains are 
present at a relatively low level (3 mol %), but its phosphorylcholine groups are 
important because they promote efficient intracellular uptake via SRB-1 receptors. 
These framboidal vesicles are colloidally stable at neutral pH, but undergo irreversible 
dissociation on lowering the pH as the tertiary amine groups on the PDPA block 
become protonated and hence hydrophilic. Such vesicles are preferentially taken up by 
triple negative human breast cancer cells with highly expressed SR-B1 receptors and 
weakly expressed CD-36 receptors, whereas negligible uptake is observed for both 
human dermal fibroblasts and normal breast cancer cells that do not express the SRB-1 
receptor. Moreover, functional biomolecules (e.g. plasmid DNA) can be delivered to cell 
nuclei while maintaining high cellular viability. 

 
Reaction scheme for the synthesis of ABC triblock copolymer vesicles via RAFT-mediated 
polymerization-induced self-assembly (PISA). These vesicles have a distinctive framboidal 
morphology that mimicks that of the Dengue virus. 



POLY 283: Unlocking intracellular therapeutic targets through novel 
nanostructured biomaterials 

Millicent O. Sullivan, msullivan@udel.edu. University of Delaware, Newark, Delaware, 
United States  

Nucleic acid cargoes offer unmatched diversity in gene regulatory potential and 
therapeutics. My research program seeks to understand and control gene activation 
through nature-inspired approaches to control and quantify cell binding interactions and 
stability in stimuli-responsive polymer and peptide nanocarriers. 
 
We recently focused on designing new and highly tunable light-based strategies to 
deploy nucleic acids with control at cellular length scales. To this end, we have 
developed a new class of light-sensitive siRNA-binding polymers [mPEG-b-
P(APNBMA)], that provide biocompatibility and rapid application with proven on/off 
initiation of gene silencing and the ability to locally “dial-in” the level of siRNA 
deployment and gene regulation. These simple polymer/siRNA formulations provide 
unusually robust siRNA binding and 100% siRNA dormancy in 50% serum, yet siRNA 
release and efficient gene silencing are easily triggered by application of cytocompatible 
doses of light. 
 
Uniquely, our biomaterial design enabled the development and validation of a simple 
kinetic model that accurately predicted the extent of intracellular nanocarrier 
disassembly and silencing. Moreover, our constructs showed that maximal gene 
silencing could be achieved using concentrations of siRNA five-fold lower than typical 
formulations due to the ability to rapidly release sufficient amounts of siRNA to saturate 
the cellular RISC machinery. The ability of our nanocarriers to remain dormant prior to 
photo-triggered siRNA release allowed for the generation of cell patterns in gene 
expression with spatial control on cellular length scales and no detectable off-target 
effects. Furthermore, precisely tuned changes in nanocarrier structure enabled the 
modulation of protein and mRNA knockdown levels in murine fibroblasts and terminally 
differentiated human primary cells. These advances lead to increased precision, 
potency, and utility relative to other recent spatiotemporally-controlled nucleic acid 
delivery vehicles reported in the literature. 

 



POLY 284: Synthesis of polycyclic aromatic molecules and polymers 

Timothy M. Swager, tswager@mit.edu, Constantin Voll, Sarah Luppino, Cagatay 
Dengiz, Jens Engelhart. MIT, Cambridge, Massachusetts, United States  

We have had a long-term interest in generating novel reactions and methods for the 
formation of polycyclic aromatic molecules and polymers. These include the synthesis 
of graphene ribbons by annulation reactions, oxidative cyclization 
cascades/polymerizations, Diels-Alder reactions, sulfur extrusion to create C-C bonds, 
and transition metal coupling reactions. I will summarize these different methods and 
focus on some of our most recent efforts at creating new structures including oligo-
acene phenylenes and triptycene derived structures. Electronic interactions including 
homo-conjugation will be introduced for controlling the relative energies of electronic 
states. 

 

 
 
 

  



POLY 285: 5,5-disubstituted cyclopentadiene-based conjugated macromolecules: 
Design, synthesis, and application 

Agostino Pietrangelo, a.pietrangelo@rutgers.edu, Lei Chen, Md. Mahbubur Rahman, 
Xiaoxin Zhao. Chemistry, Rutgers University, Newark, New Jersey, United States  

This presentation describes a novel class of poly(acetylene)-inspired organic 
semiconductors that combine the desirable conjugation lengths typical of polyenes (e.g. 
poly(acetylene)) with the desirable stability, processability, and chemical flexibility 
typical of polyaromatics (e.g. poly(thiophene)). This feature is relevant to many 
electronic device applications that rely on organic materials to adopt non-aromatic 
quinoidal forms under operationally-relevant scenarios, a transition that can only be 
realized by breaking aromaticity among repeat units. Our strategies eclipse the routine 
poly(arylene-vinylene, -butylene, and -ethynylene)-based systems studied to date by 
exploring conjugated (macro)molecules comprised of cyclopentadiene-based 
constituents that are devoid of aromatic stabilization energies yet topologically akin to 
many common aromatic heterocycles. Our investigations seek to provide a fundamental 
understanding of the structural features that govern the physicochemical properties of 
these systems, insight that will be used to establish knowledge-driven design criteria for 
high performance organic semiconductors with implications in the (opto)electronics 
device industries. 

 
 
 



POLY 286: Polymers inspired by crystalline silicon 

Rebekka S. Klausen, klausen@jhu.edu. JHU/Chemistry Dept., Baltimore, Maryland, 
United States  

The application of strategic synthesis to organic materials chemistry leads to the 
isolation of innovative and well-defined materials inaccessible by top-down methods, but 
the smaller synthetic toolkit available to the silicon chemist limits the role of strategic 
synthesis in the design and preparation of silicon nanomaterials for optoelectronic and 
biomedical applications. Yet increased structural complexity in polysilanes has great 
potential to lead to novel properties. We describe a synthetic approach to increasing the 
complexity of the polysilane framework itself. Embedded within the crystalline silicon 
lattice is a chair cyclohexasilane. Inspired by this structure, we target the synthesis of a 
class of polymers we have named poly(cyclosilane)s which contain repeating 
cyclosilane subunits. We prepare novel donor-acceptor polymer architectures by 
borane-catalyzed post-polymerization functionalization with electron-deficient arenes. 

 

 
 
 

  



POLY 287: Non-benzenoid aromatics as subunits of pi-conjugated electronic 
materials 

John D. Tovar, tovar@jhu.edu. Johns Hopkins Univ, Baltimore, Maryland, United 
States  

The palate used to create high performance organic electronic materials is rich in 
aromatic building blocks, including numerous variations of benzene, thiophene and 
pyrrole rings. Over the past decade, more fundamental inquiries directed towards the 
physical organic chemistry of distinctly non-benzenoid examples that still satisfy 
“Hückel’s Rule” have indicated their promise as components of conjugated small 
molecules and polymers with extensive electronic delocalization. This presentation will 
highlight a couple vignettes from my research group in this regard, concerning new 
chemistries to access polycyclic aromatics containing boron centers (by way of 
borepins, a neutral boron-containing analogue of the tropylium ion) and new ways to 
access open-shell diradical states through platforms based on methano[10]annulene 
subunits. Photochemical creation and disruption of local aromatic substructures as a 
way to externally attenuate electronic properties will also be addressed. 

 

 
 
 

  



POLY 288: Alternative facts about thiophene rust 

Luis Campos, lcampos@columbia.edu. Columbia University, New York, New York, 
United States  

The combination of Barbarella’s pioneering work on thiophene-1,1-dioxide (TDO) 
coupled with the development of Rozen’s reagent has allowed us to engineer materials 
for organic electronics. The controlled chemical oxidation of thiophene engages the 
lone-pair electrons in sulfur to bond with oxygen, generating TDO, a non-aromatic, 
diene-like building block with a strong dipole moment. When coupled with other 
conjugated systems, TDO lowers the LUMO of the resulting material. This talk will 
discuss the controlled chemical oxidation of polymers, in addition to the exceptional 
physical properties that arise from small molecules and polymers containing TDO. 

 

 
 
 

  



POLY 289: Programmed twisting of conjugated materials with aromatic 
interactions 

Samuel W. Thomas, sam.thomas@tufts.edu. Chemistry, Tufts University, Medford, 
Massachusetts, United States  

Although side chain engineering has been important in controlling the packing of 
conjugated materials, this chemical space is typically reserved for imparting solubility to 
otherwise insoluble materials. This talk will describe the use of non-covalent interactions 
between side chain and main chain aromatic rings that control the conformations of 
phenylene-ethynylene (PE) oligomers in the solid state, and will thereby outline a new 
approach to using non-covalent interactions of conjugated materials to control their 
optical properties. In particular, cofacial interactions between highly fluorinated arenes 
on side chians and more electron rich arenes of the PE chromophores cause twisting of 
the conjugated backbones with inter-ring torsional angles between 55-80°. Substituents 
that affect the strengths of the cofacial aromatic interactions can determine whether 
such twisting of the PE chromophores occur, as determined by a combination of X-ray 
crystallography and optical spectroscopy. Such materials, espeically when substituted 
with long alkyl chains, display reversible piezochromism, consistent with force-induced 
changes in intramolecular and intermolecular electronic coupling. 

 

 
 
 

  



POLY 290: Singlet fission in pendent acene polymers 

Lauren Yablon3, lmyablon@gmail.com, Samual Sanders3, Elango Kumarasamy3, 
Matthew Sfeir1, Xiaoyang Zhu4, Hua Li5, Luis Campos2. (1) Ctr for Functional 
Nanomaterials, Bldg 735, Brookhaven National Laboratory, Upton, New York, United 
States (2) Columbia University, New York, New York, United States (3) Chemistry, 
Columbia University, New York, New York, United States (4) MC 4855, Columbia 
University Dept of Chemistry, New York, New York, United States (5) Suzhou 
University, Suzhou, China  

Singlet fission (SF), a process that converts one singlet exciton into two triplet excitons, 
has become increasingly popular because it enables single-junction solar cells to 
exceed the Shockley-Queisser limit. SF can occur between two acene chromophores 
that are bonded together (intramolecular SF, iSF) or interacting through space 
(intermolecular SF, xSF). We sought a system that would incorporate the best 
characteristics from both fields: the rapid generation and slow recombination of xSF 
systems, but the high degree of synthetic control over pi-pi overlap afforded to iSF. To 
achieve this goal, we designed polymers with pendent acene groups. We found that 
these polymers underwent SF in neat chloroform, and that SF rates were altered by the 
solvent quality. 

 

 
 
Transient absorption spectrum, absorbace spectra, and kinetic traces of pentacene polymer. 

  



POLY 291: Exploring multication side chain anion exchange membranes with 
varied backbones 

Liang Zhu, lxz165@psu.edu. The Penn state university, State College, Pennsylvania, 
United States  

Anion exchange membrane fuel cells (AEMFCs) have been developed as promising 
energy conversion devices for stationary and mobile applications due to their potentially 
low cost. To realize high-performance AEMFCs, new polymeric membranes are needed 
that are highly conductive and chemically stable. Here we report a systematic study of 
anion exchange membranes (AEMs) with multiple cations per side chain site to 
demonstrate how this motif can boost both the conductivity and stability of poly(2,6-
dimethyl-1,4-phenylene oxide)-based, and polyolefins-based AEMs. In addition, 
studying on how the arrangement of cations on the side chain and length of spacers 
between cations impact performance of multication AEMs was conducted. The highest 
conductivity, up to 99 mS/cm at room temperature, was observed for the triple-cation 
side chain AEM with pentyl or hexyl spacer. In addition to high conductivity, the 
multication side chain AEMs with pentyl or hexyl spacer showed good alkaline and 
dimensional stabilities. High retention of ion exchange capacity (IEC) (93% retention) 
and ionic conductivity (90% retention) were observed for the triple cation side chain 
AEMs with pentyl or hexyl spacer in degradation testing under 1 M NaOH at 80 ° C for 
500 h. Based on the high-performance triple-cation side chain AEM, a Pt-catalyzed fuel 
cell with a peak power density of 364 mW/cm2 was achieved at 60 ° C under 100% 
relative humidity. 

 



POLY 292: Chemical stability and ion transport in polymerized ionic liquid anion 
exchange membranes 

Kelly Meek1, kellymmeek@tamu.edu, Jacob Nykaza2, Rui Sun3, Carl L. Willis5, Yossef 
A. Elabd4. (1) Oak Ridge National Lab, Knoxville, Tennessee, United States (2) 
Teledyne Technologies, Cockeysville, Maryland, United States (3) Department of 
Chemical Engineering, Texas A&M University, College Station, Texas, United States (5) 
Kraton Polymers, Houston, Texas, United States  

Non-platinum (low-cost), long-lasting, solid-state alkaline fuel cells (AFCs) require anion 
exchange membranes (AEMs) that have high alkaline chemical stability, high hydroxide 
ion conductivity, and adequate mechanical properties. In this study, numerous 
polymerized ionic liquids (PILs) were synthesized with various covalently attached 
cations (butylimidazolium, butylmethylimidazolium, trimethylammonium, 
butylpyrrolidinium, trimethylphosphonium) and various backbone/cation pairings 
(backbones: ethyl methacrylate, undecyl methacrylate, undecyl acrylate, styrene; 
covalently attached cations: butylimidazolium, trimethylammonium, butylpyrrolidinium). 
Their alkaline chemical stability was quantified using 1H NMR spectroscopy, and the 
styrene/butylpyrrolidinium pairing proved to be highly chemically stable, with no 
degradation in 20 equivalents (0.5 M) KOH at 60 °C for 168 h. 
Considering the high alkaline chemical stability of the styrene/pyrrolidinium-based PIL, 
the conductivity and chemical stability of a PIL block copolymer (ABCBA pentablock 
terpolymer) with a styrene/pyrrolidinium-based PIL block was investigated. A high 
hydroxide conductivity of 43.4 mS cm-1 at 60 °C in liquid water was achieved and no 
degradation or loss of conductivity was observed in the membrane after 168 h in 1 M 
KOH at 60 °C. PIL block copolymers utilizing a styrene/pyrrolidinium backbone/cation 
pairing in the PIL block represent a promising chemistry for producing highly conductive, 
chemically stable, robust AEMs for implementation in future solid-state AFCs. 

 

 
 
 

  



POLY 293: Redox-active covalent organic frameworks for pseudocapacitive 
electrochemical energy storage 

Catherine R. Mulzer2,4, crd93@cornell.edu, William Dichtel1,3. (1) Chemistry and 
Chemical Biology, Cornell University, Ithaca, New York, United States (2) Department of 
Chemistry and Chemical Biology, Cornell University, Ithaca, New York, United States 
(3) Chemistry, Northwestern University, Evanston, Illinois, United States (4) Electronic 
Materials - Interconnect Technologies, Dow Chemical Company, Marlborough, 
Massachusetts, United States  

Covalent organic frameworks (COFs) are an emerging class of crystalline two- or three-
dimensional polymers with high surface area and predictable incorporation of 
functionality. Leveraging these properties for the development of COFs as 
electrochemical energy storage devices will be the topic of this presentation. Initial 
studies focused on the redox-activity of insoluble, polycrystalline COF powders, the 
limited electrical conductivity of which was subsequently improved by changing the COF 
morphology to crystalline, oriented thin films of the material. Electropolymerization of a 
conductive polymer into the COF pores further improved the material properties and 
achieved extremely fast charging rates. Overall, this work pioneered the use of redox-
active COFs as an energy storage platform that now rivals commonly used activated 
carbon materials. 

 
Graphical summary of redox-active COFs for electrochemical energy storage. The central image 
shows a cartoon depiction of COFs for energy storage surrounded by four of our contributions to 

the field of redox-active porous polymers. 



POLY 294: Polymer blend electrolytes 

Nathaniel A. Lynd, nate.lynd@gmail.com. Department of Chemical Engineering, 
University of Texas at Austin, Berkeley, California, United States  

Electrolytes in consumer lithium-ion batteries typically consist of mixtures of low 
molecular weight solvents and a lithium salt. A blending strategy enables the 
combination of both favorable dielectric and flow characteristics at blend compositions 
that maximize electrolyte performance. Macromolecular electrolytes may be formulated 
in a similar manner. Electrolytes comprised of binary blends of a variety of poly(ether)s 
with lithium bis(trifluoromethanesulfonyl)imide (LiTFSI) were prepared and studied as a 
function of salt and polymer composition. We report homopolymer blend behavior 
ranging from complete miscibility to immiscibility in the presence of LiTFSI. For 
example, blends of poly(allyl glycidyl ether) (PAGE) and poly(isopropyl glycidyl ether) 
(PiPGE) exhibited a decrease in cloud point temperature (Tcp) with increasing LiTFSI 
concentration. In equal weight binary blends of PAGE and PiPGE the Tcp decreased 
from 80 °C with no LiTFSI to 5 °C at 40 wt% LiTFSI. The ionic conductivities of the 
blend electrolytes exhibited maximum-deviation, or linear-combination behavior 
consistent with their blend phase behavior. 

 
 
 



POLY 295: Unraveling the mechanisms of low creep UHMwPE fibers 

Gert De Cremer, gert.cremer-de@dsm.com, John Severn, Romain Berthoud, An 
Philippaerts, Tom Engels, Peter Roozemond. DSM Materials Sciences Center, DSM, 
Geleen, Netherlands  

Utilizing the chain of knowledge has been core to the discovery and continual 
development of Dyneema® UHMwPE Fibers, which have allowed the humble 
polyethylene molecule to be used in securing super-tankers, stopping bullets, surgical 
sutures and many more challenging applications. 
For permanent mooring applications (e.g. securing off-shore windmills, tethering tidal 
energy devices, etc.) where Dyneema®’s light-weight high strength fibers are put under 
a static load for extended periods of time, controlling creep behavior is the key to 
success. This paper focuses on the different aspects of minimizing creep behavior: 
catalyst research, UHMwPE microstructure control, analytical technique development, 
processing of the powder into low-creep fibers and final application. We will 
demonstrate how this chain of knowledge has been exploited to increase our scientific 
understanding, innovation capability and extending the performance of this marvelous 
molecule and the fabulous fiber it forms. 

 

 
 
 

 



POLY 296: High performance lithium metal anode with a soft and flowable 
polymer coating 

Jeffrey Lopez2, jlopez12@stanford.edu, Allen Pei1, Yi Cui1, Zhenan Bao2. (1) Materials 
Science and Engineering, Stanford University, Stanford, California, United States (2) 
Chemical Engineering, Stanford University, Stanford, California, United States  

Lithium (Li) ion batteries (LIB) are an important energy storage technology, especially 
for the development of electric vehicles. However, two key challenges remain: (i) 
increasing the energy density and (ii) reducing the cost. To enable the ubiquitous 
utilization of electric vehicles, it is necessary to move forward to active materials that 
have increased Li storage capability. Li metal anodes have extremely high theoretical 
specific charge capacity compared to the graphite anodes used in commercial cells. 
However, the problems of lithium dendrite growth and low coulombic efficiency have 
proven to be difficult challenges to overcome. Fundamentally, these two issues stem 
from the instability of the solid electrolyte interphase (SEI) layer, which is easily 
damaged by the large volumetric changes during battery cycling. In this work, we show 
that by applying a highly viscoelastic polymer to the lithium metal electrode, the 
morphology of the lithium deposition became significantly more uniform. At a high 
current density of 5 mA/cm2 we obtained a flat and dense lithium metal layer, and we 
observed stable cycling Coulombic efficiency of ~97% maintained for more than 180 
cycles at a current density of 1 mA/cm2. The demonstration of a functional soft, 
viscoelastic polymer coating for improving Li metal electrodeposit morphology and 
electrochemical cycling represents a stark, but promising, deviation from conventional 
understanding. It has been reported that high modulus coatings or interfaces are 
effective for suppressing dendrite growth. However, in this case it is not mechanical 
stiffness but rather the extreme softness and intrinsic polymer flow that are utilized to 
improve electrode uniformity. 

 



POLY 297: Ion transport in homogeneous and nanostructured polymer 
electrolytes 

Ksenia Timachova1,2, ktimachova@berkeley.edu, Nitash P. Balsara1,2. (1) Chemical 
Engineering, UC Berkeley, Berkeley, California, United States (2) Lawrence Berkeley 
National Lab, Berkeley, California, United States  

Block copolymer electrolytes (BCEs) are an emerging class of nanostructured ion-
conducting materials where mechanical and electrical properties can be controlled 
independently. These electrolytes have the potential to replace traditional organic liquid 
electrolytes and enable higher energy density batteries with lithium metal anodes. 
Improving the performance of these electrolytes requires an understanding of the 
mechanisms that impede ion motion. Pulsed-field gradient NMR diffusion 
measurements suggest fundamental differences between the homogeneous and 
nanostructured polymer electrolytes, poly(ethylene oxide) (PEO) and polystyrene-b-
poly(ethylene oxide) (SEO) copolymer, respectively. While the NMR diffusion decay 
observed in PEO exhibited single-exponential behavior, more complex multi-exponential 
behavior was observed in the SEO. Additionally, the presence of salt in PEO slows 
down polymer segmental motion due to coordination between the lithium cation and the 
ether oxygens on the chain. This results in a decrease in the salt diffusion coefficient 
with increasing salt concentration at low salt concentration and a plateau at high salt 
concentrations. Surprisingly, the NMR-based salt diffusion coefficient in SEO is a non-
monotonic function of salt concentration: it first decreases with increasing salt 
concentration, reaching a minimum, then it increases with increasing salt concentration. 
We attribute this effect to chain stretching due to self-assembly in the BCE, which 
affects the coordination between lithium cations and ether oxygens. We are working on 
establishing the relationship between morphology, ionic conductivity, and the salt 
diffusion coefficients in BCEs, which are also affected by non-equilibrium conditions 
such as thermal history. We aim to provide a rational approach for using molecular 
design and processing to enhance ion transport in nanostructured electrolytes. 

 



POLY 298: Ionic liquid block polymer membranes: High strength and high 
conductivity 

Timothy P. Lodge1,2, lodge@umn.edu, Sujay Chopade2, Marc Hillmyer1. (1) Dept 
Chem Koltoff Smith Halls, University of Minnesota, Minneapolis, Minnesota, United 
States (2) Chemical Engineering & Materials Science, University of MInnesota, 
Minneapolis, Minnesota, United States  

Ionic liquids are an emerging class of solvents with an appealing set of attributes, 
including negligible vapor pressure, impressive chemical and thermal stability, tunable 
solvation properties, high ionic conductivity, and wide electrochemical windows. Block 
polymers provide a convenient platform for achieving desirable nanostructures by self-
assembly, with lengthscales varying up to several hundred nanometers. By combining 
designed block polymers and ionic liquids we have demonstrated materials with 
superior performance for a diverse set of applications, and in particular as membranes 
for gas separations, ion batteries, and fuel cells. 

 

 
 
 

  



POLY 299: Polycyclobutane (PCB) synthesized via photoreaction 

Qianli R. Chu, chuql@yahoo.com. Chemistry, U. of North Dakota, Grand Forks, North 
Dakota, United States  

Polycyclobutanes (PCBs) are polymers with cyclobutane building blocks in their 
backbones. Unlike flexible aliphatic chains and rigid aromatic rings, cyclobutane 
represents a unique semi-rigidity building block in polymers. A simple and generalized 
depiction of PCBs is shown below. PCBs consist of a wide range of promising materials, 
most of which can be synthesized at a low cost from olefin-containing multimers via 
photoreaction. Herein, we report a series of linear, ladder, and two-dimensional (2D) 
PCBs synthesized under mild conditions in quantitative yield via a two-step approach. 
The initial step requires the supramolecular self-assembly of a reversible non-covalent 
complex by electronically complementary π-π interaction. In the subsequent step, a [2 + 
2] photocycloaddition of the olefin covalently locks the supramolecular complex into a 
PCB in the solid state. Despite apparent ring strain, many PCBs have good thermal, 
photo, and chemical stability, showing potential in practical application. 

 

 
 
 

  



POLY 300: Effect of confined nanostructure on oxidative coupling polymerization 
of 3-hexylthiophene in the presence of FeCl3 particles 

Tomoyasu Hirai1,3, t-hirai@cst.kyushu-u.ac.jp, Yusuke Nagae2, Maseru Mukai1, 
Kazutaka Kamitani1, Maiko Nishibori4, Atsushi Takahara1,3. (1) Inst. Mater. Chem. Eng., 
Kyushu University, Fukuoka, Japan (2) Graduate school of Engineering, Kyushu 
University , Fukuoka, Japan (3) I2CNER, Kyushu University , Fukuoka, Japan (4) 
Faculty of Engineering Science, Kyushu University , Fukuoka, Japan  

A solvent free oxidative coupling polymerization of 3-hexylthiophene (3HT) within a 
nanocavity is reported. In general, oxidative coupling polymerization of 3HT in the 
presence of FeCl3 was performed in CHCl3 or CH2Cl2 containing halogens, which pose 
an environmental challenge. A side reaction at 4 position in 3HT is generated, in the 
case of oxidative coupling polymerization of 3HT in solvent free condition, leading to 
brunched structure. 
To overcome this problem, 3HT was placed in various kinds of nanocavities with 
different size. It is found that 3HT can be encapsulated in nanocavities lager than 1nm, 
which corresponds to the size of the molecule. The side reaction at 4-position is 
depending on the cavity size (Figure 1). When the oxidative coupling reaction is carried 
out in halloysite nanotube with 15 nm diameter and length of several micrometers, the 
side reaction at 4 position occurs. Whereas, this side reaction is regulated when the 
oxidative polymerization is performed in zeolite or metal organic framework (MOF) with 
about 1 nm cavity size. Moreover, the ratio of head to head (HH) and tail to tail (TT) 
contents of P3HT were controlled. The detail will be discussed in our presentation.  

 

 
 
Figure 1. Schematic illustration of 3HT oxidative coupling polymerization in nanocavity. 

  



POLY 301: Photoredox ring-opening polymerization of O-carboxyanhydride 

Rong Tong, rtong@vt.edu, Quanyou Feng. Chemical Engineering, Virginia Polytechnic 
Institute and State University, Blacksburg, Virginia, United States  

Poly(α-hydroxy acids) (PAHAs), including polylactide, are widely used in everyday 
applications ranging from clothing and packaging to agriculture and biomedicine. 
However, their utility for applications is greatly limited by the lack of side-chain 
functionality in PAHAs and in their monomers (lactones), which are usually synthesized 
by multistep methods that are difficult to scale up.Since 2006, O-carboxyanhydrides 
(OCAs), which can be prepared with a rich variety of side-chain functionalities, have 
emerged as an alternative class of highly active monomers for polyester polymerization. 
Unfortunately, current synthetic methods, especially those involving organocatalysts, 
result in uncontrolled polymerization i.The use of Zn-alkoxide catalyst cannot efficiently 
produce polymers with a high degree of polymerization. Because of the above-
described limitations, the development of a viable catalyst that can mediate controlled 
polymerization to prepare stereoregular, high-MW PAHAs is crucial. 
Visible-light photoredox catalysis has recently emerged as a powerful technique for 
radical polymerization and organic synthesis. Photoredox catalysts and nickel catalysts 
reportedly can be successfully combined for the decarboxylation of carboxylic acids and 
anhydrides via a catalytic cycle involving single-electron transfer. Nickel catalysts also 
mediate the ROP of N-carboxyanhydrides, structural analogues of OCAs. Here we 
report that a new Ni/photoredox catalyst system—to accomplish OCA decarboxylation—
could be merged with a Zn catalyst to mediate ring opening of OCAs in a manner similar 
to that observed for anhydrides, generating an active Zn-alkoxide chain end for chain 
propagation, thus enabling controlled synthesis of high-MW polymers (Figure 1). 

 
 
Figure 1. Controlled photoredox ring-opening polymerization of OCAs.Plots of Mn and 
molecular weight distribution. 



POLY 302: Lower hydrophobicity maximizes bactericidal activity and minimizes 
toxicity of peptidomimetic polyurethanes 

Steven Mankoci2, Chao Peng1, Elaheh Chamsaz3, Hazel A. Barton4, Abraham Joy2, 
abraham@uakron.edu. (1) Polymer Science, The University of Akron, Akron, Ohio, 
United States (2) Dept of Polymer Science, University of Akron, Akron, Ohio, United 
States (3) Polymer Science, University of Akron, Akron, Ohio, United States (4) Biology, 
University of Akron, Akron, Ohio, United States  

The increasing incidence of drug resistant strains of bacteria necessitates the 
development of new classes of antimicrobials. Host defense peptides, also known as 
antimicrobial peptides, are promising in this regard but have several drawbacks. Herein, 
we show that a peptidomimetic polyurethane with minimalist design features has a high 
antibacterial activity against Gram negative Escherichia coli, while exhibiting negligible 
hemolytic activity and minimal cytotoxicity towards mammalian cells. This synthetic 
polyurethane with peptidomimetic lysine-like functional moieties, demonstrated high 
selectivity against E. coli when compared to Gram positive Staphylococcus aureus. 
Structure-activity correlations with a set of peptidomimetic polyurethanes having valine-
like and lysine-like moieties indicated that maintenance of a hydrophilic nature and 
cationic charge are important considerations for high antibacterial activity and low 
toxicity. Minimizing the hydrophobic nature of the polyurethanes decreased the 
mammalian cell toxicity while maintaining the bactericidal activity of the polyurethanes. 
Control experiments with pexiganan, an analogue of the host defense peptide magainin, 
showed that the polyurethanes described here have high bactericidal activity, while 
having comparable hemocompatibility and lower mammalian cell toxicity. Overall, the 
results point to an encouraging new class of peptidomimetic synthetic polymers with 
selective bactericidal activity to Gram negative E. coli and low mammalian cell toxicity. 

 



POLY 303: Computational study of photo- and redox-switchable ring-opening 
metathesis polymerization (ROMP) 

Huiling Shao3, hus21@pitt.edu, Dominika N. Lastovickova4, Aaron Teator4, Gang Lu3, 
Peng Liu2, Christopher Bielawski1. (1) A1590, UT-Austin, Austin, Texas, United States 
(2) Department of Chemistry, University of Pittsburgh, Los Angeles, California, United 
States (3) Chemistry, University of pittsburgh, Pittsburgh, Pennsylvania, United States 
(4) University of Texas at Austin, Saylorsburg, Texas, United States  

We have studied the ROMP of cyclooctdiene and norbornene with the second 
generation Hoveyda-Grubbs catalysts bearing photo- and redox-switchable N-
heterocyclic carbene ligands. These catalysts are capable of undergoing reversible 
transformation between two different states in response to external stimuli such as light 
and redox reagents. Density functional theory calculations were performed to 
investigate the reaction mechanisms as well as the effects of ligands on reactivity and 
chemoselectivity. The computational results suggested the reactivity of the switchable 
catalysts depends on not only the electronic and steric properties of the ligand, but also 
the nature of the rate-determining step. 

 

 
 
 

  



POLY 304: Cyclic polybutadiene via ring-expansion metathesis polymerization 
(REMP) and measurement of topological purity 

Julian P. Edwards, jedwards@caltech.edu, Robert H. Grubbs. Chemistry, California 
Institute of Technology, Pasadena, California, United States  

Recent progress has been made in the synthesis and characterization of cyclic 
polybutadiene (PBD) prepared using a ruthenium-based ring-expansion metathesis 
polymerization catalyst which is tethered to a solid support via from both the N-
heterocyclic carbene (NHC) ligand and Hoveyda chelate. This catalyst system was 
envisioned to produce cyclic polymers from cycloolefin monomers in high purity and 
with controllable molecular weights and microstructures. The topological purity of a 
series of cyclic PBDs (molecular weights = 25 - 260 kg/mol) was determined using 
temperature gradient interaction chromotagrophy (TGIC) which seperates polymers by 
topology. Additionally, the cyclic PBD series was characterized rheologically to both 
quanitfy topological purity and to measure stress relaxation moduli versus molecular 
weight relationships. An analagous linear series of cyclic PBD was studied and showed 
different behavior in both solution and in the melt versus their cyclic counterparts. 

 
 

 
 
 

  



POLY 305: Novel fluorinated 2-alkyl-2-oxazolines: Three-fold increasing of 
reactivity in polymerization reaction 

Leonid Kaberov1, kaberovleonid@gmail.com, Bart Verbraeken2, Anna Riabtseva1, Jiri 
Brus1, Petr Stepanek1, Richard Hoogenboom2, Sergey Filippov1. (1) Institute of 
Macromolecular Chemistry AS CR, v.v.i., Prague, Czech Republic (2) Ghent University, 
Ghent, Belgium  

It is known that the synthesis of fluorinated 2-oxazoline-based homo- and copolymers 
suffers from extremely low activity of 2-perfluoroalkyl-2-oxazolines in cationic ring-
opening polymerization reaction (CROP), both in the initiation as in the propagation. 
The introduction of strong electron-withdrawing perfluoroalkyl substituents in the 2-
substituent of the 2-oxazoline ring significantly decreases the reactivity of the monomer 
and respective propagating chain ends as this diminishes the nucleophilicity of the imine 
drastically. 
We were able to overcome the bottleneck of the synthesis by the insertion of 
hydrocarbon spacer between 2-oxazoline ring and trifluoromethyl group. New fluorine-
containing 2-alkyl-2-oxazolines were synthesized (Figure 1) and their ability to 
polymerize by CROP was studied. The kinetic measurements show the gradual 
increase of the rate of polymerization with the increase of the length of hydrocarbon 
spacer under standard polymerization conditions. 
A number of fluorine-containing di- and triblock copolymers with 2-methyl-2-oxazoline 
(hydrophilic) and 2-octyl-2-oxazoline (hydrophobic) were synthesized. 
All synthesized polymers were studied by a series of physico-chemical methods such as 
dynamic light scattering (DLS), small angle X-ray scattering (SAXS), cryo-TEM 
microscopy, etc. It has been proven that the micellar-like structures are present in 
diluted aqueous solutions. 
 

 

 
 
Figure 1. Objects of research: 2-oxazoline with directly attached CF3-group and with spacers 

 



POLY 306: Dihydropyridazine and pyridazine polymers through click modification 
of polybutadienes with tetrazines 

Douglas A. Loy1,2, daloy@email.arizona.edu, Robb E. Bagge2. (1) Materials Science 
and Engineering, The University of Arizona, Tucson, Arizona, United States (2) 
Chemistry and Biochemistry, The University of Arizona, Tucson, Arizona, United States  

The carbon-carbon double bond in polybutadiene can be chemically modified to convert 
the commodity polymer into new materials. 1,2,4,5-Tetrazines react as dienes in inverse 
order cycloadditions with the carbon-double bond in polybutadienes, then lose nitrogen 
gas in a chelatropic elimination reaction to form dihydropyridazine groups. The 
dihydropyridazine groups appear to act as radical scavengers and antioxidants. In this 
paper, we describe the reaction of tetrazine, 3,6-dichlorotetrazine, dimethyl 1,2,4,5-
tetrazine-3,6-dicarboxylate with polybutadienes. Tetrazine modification of liquid 
polybutadienes increases the molecular weight and stiffness of the polymers until 
thermoplastics form that can be foamed by the nitrogen generated from the reaction. In 
polybutadiene modified with 3,6-dichlorotetrazine, the resulting 3,6-dichloro-1,4-
dihydropyridazine groups on the macromolecules can react with each other to afford 
thermoset foams. Oxidation affords aromatic pyridazines, allowing the change in color 
and fluorescence in the bulk polymer to be used to visually monitor the extent of 
reaction and the antioxidant capacity of the polymers. 

 

 
 
 

  



POLY 307: Synthesis of six-membered cyclic carbonate monomers for non-
isocyanate polyurethanes 

Sanyo Mathew, sanyo.mm@gmail.com, Robert H. Lambeth. U.S. Army Research 
Laboratory, Aberdeen Proving Ground, Maryland, United States  

 
In the current applications for polyurethanes, use of toxic isocyanate precursors is 
highly undesirable and development of green synthetic routes towards polyurethanes is 
of growing interest. The reaction between cyclic carbonates and amines to form 
polyhydroxyurethanes (PHU) is a promising green alternative to isocyanate based 
synthesis. Cyclic carbonates can have different ring sizes and it is known that the rate of 
polymerization for six-membered cyclic carbonate (6CC) monomers is higher than that 
of the more commonly studied 5-membered cyclic carbonate (5CC) monomers. 
However, synthesis of 6CC monomers is more challenging due to limited selection of 
precursors and the use of toxic reagents. Here, we report different synthetic 
methodologies that have been developed. In addition, we studied the kinetics of the 
reaction between primary amines and 6CC model compounds and explored the 
possibility of side reactions that occur which limit molecular weight build up and cause 
gelation. The effect of different catalysts and reaction conditions on the polymerization 
will also be discussed. 

 

 
 
 

  



POLY 308: Synthesis of regio- and stereoregular polymers via living ring-opening 
metathesis polymerization of biorenewable monomers accessed via Diels-Alder 
chemistry 

Mohamed Naguib1,2, Daniel Keddie1, d.keddie@wlv.ac.uk. (1) School of Sciences, 
University of Wolverhampton, Wolverhampton, West Midlands, United Kingdom (2) 
National Research Centre, Cairo, Egypt  

Currently the development of sustainable routes for the synthesis of polymer materials 
is a major focus in both academia and industry due to the limited availability of fossil 
resources and their negative contribution to climate change. The development of 
polymers obtained from “bio-derived” or “renewable” monomeric feedstocks is one of 
the main focal points within this field of research. 
 
In this context we have focused on the Diels-Alder synthesis of strained tricylic 
oxanorbornene analogues derived from functional renewable furans (such as furfuryl 
alcohol) and maleic anhydride. Following optimisation of the synthetic protocols, “bio-
derived” polymers with targeted molar mass and low molar mass dispersity are obtained 
via ring opening metathesis polymerization (ROMP). The polymers display high regio- 
(head-to-tail addition) and stereoregularity (predominantly trans). Block copolymers are 
also accessible, illustrating the living nature of the ROMP process. 
 
In this presentation several aspects of our work in this area will be discussed. 

 
 

 
 
 

  



POLY 309: Organocatalyzed synthesis of polythioethers 

Nathan Park1, npark@us.ibm.com, J Hedrick2. (1) IBM, San Jose, California, United 
States (2) IBM Research, San Jose, California, United States  

We report a highly efficient organocatalyzed route to polythioethers which requires low 
catalyst loadings, proceeds rapidly at room temperature, and is effective for several 
different monomers. Computational investigations of the reaction mechanism revealed 
an unexpected, dual-activation role for the organocatalyst. The remarkable reactivity of 
the catalyst systems enables the opens up new avenues for polythioether materials 
processing, fabrication, and functionalization with easy the removal of byproducts. 

 

 
 
 

  



POLY 310: Radical (Co)polymerization of cyclic ketene acetals 

Antoine Tardy1, Marc Maresca1, Didier Letourneur2, Didier Gigmes1, Catherine Lefay1, 
Julien Nicolas3, Yohann Guillaneuf1, yohann.guillaneuf@gmail.com. (1) Aix-Marseille 
Université, Marseille, France (2) Inserm U698, Paris, France (3) UMR CNRS 8612, Univ 
Paris-Sud, Chatenay-Malabry, France  

The ring-opening polymerization of cyclic ketene acetals (CKA) by free radical 
mechanism attracts considerable research interest since it presents an alternative route 
for the synthesis of aliphatic polyesters.1 These monomers can indeed undergo radical 
addition on their C=C double bond that subsequently leads to propagation by ring 
opening. 
 
By a theoretical approach based on DFT calculations combined with PREDICI 
modelings, the radical copolymerization of CKA and commun vinyl monomers was 
studied to find optimized CKA/vinyl monomer couples to obtain functionalized 
polyesters. Indeed, whereas polyesters based on lactones are widely used, such 
materials nevertheless exhibit severe limitations due to the absence of functionality on 
the polymer backbone, which could otherwise be used either for tuning their physical 
properties or for coupling various molecules of interest. Recently a few authors 
developed an elegant approach to prepare functionalized polyester-like structures 
based on the radical ring-opening copolymerization of CKA with traditional vinyl 
monomers.2 Whereas this approach is promising, severe limitations still remain: the 
unfavorable reactivity ratios of CKA compared to those of traditional vinyl monomers 
lead to a considerable difference between the fraction of 2-methylene-1,3-dioxepane 
(MDO) incorporated and the initial fraction in the co-monomer feed.2  
Optimized vinyl monomer/CKA couples are highly desired. Once this vinyl 
monomer/CKA couple has been selected, this system was further used to prepare 
interesting materials for biomedical applications such as antibacterial surfaces and 
bioelastomers.3 

 



POLY 311: Development of carbon nanotube composites for aerospace 
applications 

Emilie J. Siochi, ejsiochi@cox.net. Advanced Materials & Processing Branch, NASA 
Langley Research Center, Newport News, Virginia, United States  

State-of-the-art (SOA) carbon fiber reinforced polymer (CFRP) composites have 
excellent specific mechanical properties to support challenging requirements for 
lightweight aerospace structures. Future vehicle designs can benefit from even better 
mechanical properties that may be offered by emerging material systems such as 
carbon nanotubes (CNT). CNTs possess attractive nanoscale mechanical properties 
that can be useful in the fabrication of large structures if these properties are retained as 
they are scaled up to bulk formats. Recent advances in CNT production have yielded 
mechanical property enhancements in continuous CNT yarns at volumes that make it 
possible to evaluate their use in relevant space applications. The work to be presented 
summarizes recent progress that has been made in producing CNT composites with 
tensile properties that are comparable to those of unidirectional CFRPs. Processing 
optimization of continuous high strength CNT yarn that resulted in these performance 
characteristics will be discussed. The material property improvements achieved in this 
work enabled the demonstration of CNT composite overwrapped pressure vessels that 
will tested under simulated flight environments. 

 



POLY 312: Role of computational materials research in the development of light-
weight, high-strength carbon nanotube composites for space exploration 

Kristopher Wise, k.e.wise@nasa.gov. NASA Langley Research Center, Hampton, 
Virginia, United States  

As NASA continues planning for the Journey to Mars, it is becoming increasingly 
apparent that the insertion of new light-weight, high-strength materials will yield 
significant improvements in mission affordability and scientific capability. These 
materials will allow vehicle designers to reduce the mass of both structural and non-
structural components, which will enable them to meet the demand for increased life 
support and scientific payloads without increasing the overall mass of the spacecraft. 
While carbon fiber composites will see continued use, their specific strength and 
stiffness are not sufficient to meet the mass reduction requirements for the mission 
designs mentioned above. To address this gap, a multi-institution collaborative team 
has been working for the past few years to advance the properties of carbon nanotube 
(CNT) yarn- and sheet-based composites. This team has recently demonstrated CNT 
composites with uniaxial specific strengths and moduli nearly equivalent to those of 
state-of-the-art aerospace-grade carbon fiber composites. In an effort to accelerate the 
experimental progress being made, a parallel materials modeling program has also 
been established to provide insight into the structure and properties of this hierarchically 
structured material. The goal of this combined research team is to reach mechanical 
properties three times greater than current aerospace carbon fiber composites. This 
presentation describes recent progress and the current status of the modeling program, 
which spans the scales from atomistic molecular dynamics to systems analysis. 

 
 



POLY 313: What yields high-performance CNT materials? 

Matteo Pasquali, mp@rice.edu. Rice University, Houston, Texas, United States  

For over 25 years, carbon nanotubes (CNTs) have been at the forefront of new 
materials for space applications, because of their low density, high stability, and 
remarkable transport properties. Right now, the most pressing question for the CNT 
community is: how do we make macroscopic CNT materials with high strength and 
electrical and thermal conductivity? High properties have been attained in a number of 
unrelated studies; yet, the relative effects of CNT composition, macroscopic ordering 
(alignment, packing), and post-processing (doping, crosslinking) have not been 
“disentangled” so that each portion can be understood separately. 
I will discuss how various characteristics of CNT source materials affect strength and 
electrical conductivity in fibers that have been manufactured by the same method 
(continuous wet spinning in acid solvents) and have comparable alignment and packing. 
We use CNTs from over a dozen manufacturers and find that CNT aspect ratio is the 
most important parameter that controls strength and conductivity. CNT crystallinity, 
indexed by measuring the Raman G/D ratio, is important for electrical conductivity. 
I will also discuss results from a new method that still uses spontaneous CNT 
dissolution in acids but is simpler to implement and yields macroscopic fibers with 
milligram level source material. 
While these studies guide only indirectly property-development via direct-spinning of 
CNT fibers, they provide a solid foundation and concrete goals for bulk growth via CVD. 
They also highlight the need for characterization methods (particularly spectroscopy) 
that go beyond classification of number of walls and chirality and can capture the 
emergent mesoscale properties of CNT assemblies. 

 
 



POLY 314: Multi-responsive and multi-use polymeric materials 

Stuart J. Rowan, stuartrowan@uchicago.edu. Institute for Molecular Engineering, 
University of Chicago , Chicago, Illinois, United States  

A key challenge in any long-term trip into space is the limited amount of weight 
(equipment and materials) that can be brought along for the ride. One way to minimize 
load is to develop systems/materials that can be utilized in different ways depending on 
a given need. To this end, we have been interested in the development of multi-use 
materials, with a specific interest in responsive/adaptive polymers. The basic concept 
here is to develop materials that upon application of stimulus A will exhibit one property, 
but the application of stimulus B will illicit in a different behavior, etc. To this end we 
have been developing materials that can (1) heal, (2) sense, (3) exhibit shape memory 
behavior, (4) actuate, (5) act as an adhesive, (6) change stiffness and (7) be 
elastomeric. To achieve this, we use molecular design of the polymer components 
along with dynamic covalent bonds. The dynamic bond can be defined as any class of 
bond that selectively undergoes reversible breaking and reformation, usually under 
equilibrium conditions. The incorporation of covalent dynamic bonds allows access to 
structurally dynamic polymers, that have the ability to rearrange their molecular 
architecture upon exposure to an environmental stimulus. In such systems, the nature 
of the dynamic bond not only dictates which stimulus the material will be responsive to 
but also plays a role in the response itself. Thus, such a design concept represents a 
molecular level approach to the development of new multi-use, multi-responsive 
materials. Our latest results in this area will be discussed. 

 
 



POLY 315: Towards higher-performance materials for 3D printing with SLA: 
Accessing 3D structures of highly aromatic, engineering polyimides 

Maruti Hegde2, Viswanath Meenakshisundaram3, Clay Arrington4, Nicholas Chartrain5, 
Susheel Sekhar3, Danesh Tafti3, Christopher Williams6, Timothy E. Long1, 
telong@vt.edu. (2) Department of Chemistry and Macromolecules Innovations Institute 
(MII), Virginia Tech, Blacksburg, Virginia, United States (3) Department of Mechanical 
Engineering and Macromolecules Innovation Institute (MII), Virginia Tech, Blacksburg, 
Virginia, United States (4) Department of Chemistry and Macromolecules Innovation 
Institute (MII), Virginia Tech, Blacksburg, Virginia, United States (5) Department of 
Material Science and Macromolecules Innovation Institute (MII), Virginia Tech, 
Blacksburg, Virginia, United States  

The advent of 3D printing has revolutionized manufacturing in the past decade. In so far 
as stereolithography (SLA) is concerned, the polymeric resins commonly utilized 
generally have an aliphatic backbone with glass transition temperatures (Tg) < 100 oC. 
As far as we know, there have been no reports on using SLA for 3D printing all-aromatic 
high-performance polymers. All-aromatic polyimides represent a class of polymers with 
exceptional thermal and (thermo) mechanical properties. But their highly aromatic 
molecular structure renders processing challenges. We will present how 3D polyimide 
structures with micron-scale resolution can be produced using SLA. Synthesis of a 
soluble poly (amic diethyl acrylate ester) yields soluble photocrosslinkable precursor 
polymer that forms a thermoplastic polyimide upon thermal imidization. We will discuss 
the photo-crosslinking process and reaction kinetics using results from UV-Vis 
spectroscopy, photo-DSC and photo-Rheology. Detailed discussions on the morphology 
and mechanical properties of the final polyimide structures will be presented. The 
versatility of the strategy will be discussed using two contrasting polyimides i.e. a rigid-
rod, insoluble, engineering thermoplastic based on pyromellitic dianhydride (PMDA) and 
4,4’-oxydianiline (ODA) (commonly known as KaptonTM) and an amorphous, melt-
processable, engineering thermoplastic using 4,4’- bisphenol-A dianhydride (BPADA) 
and meta-phenylene diamine (mPD) (commonly known as UltemTM). 

 



POLY 316: Novel polyimide battery separator imbibed with room-temperature 
ionic liquids 

Rocco Viggiano, rocco.p.viggiano@nasa.gov, Mary Ann Meador. NASA Glenn 
Research Center, Cleveland, Ohio, United States  

The journey to Mars will require advancements in many existing technologies, including 
space power and energy storage systems. According to the 2015 NASA Technology 
Roadmaps, energy storage is a critical technology area to develop for both terrestrial as 
well as future long-term space missions. Currently, batteries represent one of the major 
areas in need of advancement, both in terms of energy density as well as safety. 
Recently, concerns regarding the fire safety of commercial lithium-ion batteries have 
prompted efforts to produce nonflammable battery components, namely the electrolyte 
and separator. Commercial lithium-ion batteries utilize polyolefin separators imbibed 
with a lithium salt dissolved in cyclic carbonates. This separator/electrolyte combination 
imparts good ionic conductivities in the range of 10-2 to 10-3 S/cm. However, the cyclic 
carbonates and polyolefin separator are inherently flammable. Room-temperature ionic 
liquids (RTILs) appear to be a safer alternative to cyclic carbonates. They offer good 
ionic conductivities, similar to those observed in cyclic carbonates, but are inherently 
nonvolatile and nonflammable giving them a safety advantage. Many promising RTILs 
for battery electrolytes are not compatible with commercial polyolefin separator 
materials. Polyimide aerogels possess an open-porous, fibrillar network architecture 
which offers a high degree of porosity (typically greater than 85% porous), required for 
lithium ion conduction, as well as good mechanical properties. Furthermore, these 
materials are compatible with all tested RTILs. By creating a polyimide gel and imbibing 
the gel with a RTIL containing a lithium salt instead of supercritically drying them to form 
aerogels, a nonflammable separator/electrolyte system with conductivities in the range 
of 10-3 S/cm has been demonstrated. 

 
 



POLY 317: One-step nitroxide-mediated polymerization for recyclable, 
reproccessable crosslinked polymer and polymer composite networks with full 
property recovery and design of unusually uniform polymer networks 

John M. Torkelson, j-torkelson@northwestern.edu, Kailong Jin, Lingqiao Li. 
Northwestern University, Evanston, Illinois, United States  

Conventional polymer networks cannot be recycled into high-value products because of 
permanent, covalent crosslinks. Rubber tires illustrate well the issues ranging from 
economic loss to environmental problems that arise with spent, crosslinked polymer. 
We have developed a simple, one-step strategy using nitroxide-mediated 
polymerization (NMP) to synthesize recyclable crosslinked polymer with dynamic 
covalent bonds from any monomers or polymers that contain carbon-carbon double 
bonds that are amenable to free radical polymerization. (See Advanced Materials 2016, 
28, 6746.) Using this strategy, we designed network polymers using polybutadiene and 
styrene monomer as models for recyclable tires, yielding full property recovery after 
multiple melt-reprocessing steps. No previous study has achieved direct formation of 
recyclable networks from commercial monomer/polymer without presynthesis or 
prefunctionalization and demonstrated full recovery of crosslinks after multiple 
reprocessing steps. We have also shown that this strategy works can work equally well 
with polymer composites, e.g. networks incorporating carbon black filler. We have also 
used one-step NMP to produce polymer networks from monomers with very good 
reprocessabiltiy and relative uniformity of chains between crosslinks. Examples of other 
novel material development using simple, one-step NMP will also be discussed. 

 
 
 



POLY 318: Advanced macromolecular architectures from RAFT polymerization 

Sebastien Perrier, s.perrier@warwick.ac.uk. University of Warwick, Coventry, United 
Kingdom  

Chemists are remarkably proficient at directing the synthesis of small molecules, but 
fine-tuning the structures of large molecules, such as those found in polymers, is far 
more taxing. Despite many years of research, the field of macromolecular engineering 
i.e. the preparation of large molecules with strict control over their size and chemical 
groups has many mountainous challenges yet to overcome. Nature provides endless 
examples of precisely engineered macromolecules; proteins, for instance, which contain 
amino-acid side-chains that are accurately positioned, often in a way that determines 
the proteins’ roles. Synthetic chemists have tried to recreate nature’s exceptional control 
over macromolecules, and in so doing they have designed new materials with precisely 
defined structures, for use in applications ranging from materials to medicine. 
The lecture will describe new synthetic paths to design macromolecules showing 
excellent control over their topology and functionality. These synthetic macromolecules 
are then exploited to directly form functional materials, or associated to biopolymers 
such as peptides to form natural / synthetic polymer conjugates. The exploitation of 
these well-defined macromolecules for the design of functional nanostructured materials 
via molecular self-assembly and self-organization will be discussed, with examples of 
applications in the material and biomedical fields. 

 



POLY 319: Use of biphasic microemulsion on regulating polymer-polymer 
reactions in CRP 

Haifeng Gao, gaohaifeng1@gmail.com. Department of Chemistry and Biochemistry, 
University of Notre Dame, Notre Dame, Indiana, United States  

This presentation discusses about our recent interest on using biphasic oil-in-water 
heterogeneous system to regulate the polymer-polymer reactions in the controlled 
radical polymerizations to construct branched polymers. Each hydrophobic latex 
confines the polymerization of monomers inside until complete conversion, producing 
one branched polymer per latex particle. The boundary and uniformity of the used 
discrete nanospace regulate the molecular weight and dispersity of the branched 
polymers. The effects of segregation and confined space effectively promote the 
polymer-polymer reactions inside each latex but stop the polymer-polymer reactions 
across latex particles. Meanwhile, the biphasic system also introduces partition of 
various components during the polymerization, which exhibits profound effect on 
initiation mechanism, polymerization kinetics and polymer structural control. Our results 
indicate the microemulsion system could be successfully applied in both ATRP and 
RFAT polymerizations, as well as the combined ATRP/RAFT in a concurrent system. 

 

 
 
 

  



POLY 320: Influence of molecular weight distribution shape on polymer 
properties 

Brett P. Fors, bpf46@cornell.edu. Chemistry and Chemical Biology, Cornell University, 
Ithaca, New York, United States  

A polymer’s dispersity reflects the ratio of its weight average and number average 
molecular weights (Mw and Mn, respectively). However, dispersity does not thoroughly 
describe the distribution of polymer molar masses in a sample. We hypothesize that 
changes in the composition of this distribution will influence material properties. This 
presentation will detail a modular approach for controlling the composition and shape of 
polymer molecular weight distributions using temporally controlled initiation. This 
method provides simple access to new materials and allows for the relationship 
between molecular weight distribution and polymer properties to be investigated. 

 

 
 
 

  



POLY 321: Manipulating polymers' functionality and topology thanks to thiol 
chemistry 

Coralie Teulère, Morgane Le Neindre, Renaud Nicolay, renaud.nicolay@espci.fr. 
Matière Molle et Chimie, ESPCI Paris, Paris, France  

A methodology that allows controlling both the functionality and topology of polymers 
prepared by radical polymerization using a single molecule will be presented. The 
methodology will be illustrated with on a monomer carrying a xanthate moiety that can 
be used to introduce branching points and/or pending functional groups. The rational 
design of the xanthate monomer, as well as the synthesis and characterization of 
functional linear, branched, grafted and bottlebrush copolymers will be discussed. 
Parameters and conditions allowing to control the degree of branching and functionality 
will be evaluated. The synthesis of branched polymers carrying pending polymerizable 
units as well as amphiphilic grafted and bottlebrush copolymers will be presented as 
examples of functional branched architectures accessible through this methodology. 

 

 
 
 



POLY 322: Sequence control of macromers via iterative sequential and 
exponential growth 

Michael J. Monteiro, m.monteiro@uq.edu.au, Faheem Amir, Zhongfan Jia. Australian 
Institute for Bioengineering and Nanotechnology, The University of Queensland, 
Brisbane, Queensland, Australia  

A general strategy through the use of direct azidation of alcohols allowed the sequence 
control of macromers via both the iterative sequential growth and iterative exponential 
growth methods. The chemistry was highly efficient in building polymers from a 
sequence of compositionally different macromers tethered together in close proximity. 
Using the DPPA/DBU method for near quantitative azidation of the benzyl alcohol 
moiety, sequence controlled polymers were made via a direct and one-step procedure 
for CuAAC activation. With four different macromers, spherical miktoarm star-like 
polymers of 50,000 molecular weight were prepared with a low dispersity, and the 
polymer coil size depended on the type of added macromer. Polymers made via the 
iterative methods opens the way for the design of advanced materials with predictable 
properties. 
 
Sequential growth of multifunctional telechelic polymer chains was used here to 
produce three, four or seven HO-functionalities equally spaced along the polymer 
backbone. The telechelic building block consisted of a halide group on one end and 
both a hydroxyl and alkyne group on the other end. The key was to maintain the halide 
end-group on the telechelic polymer chain during the CuAAC coupling reaction after 
each sequential growth. The HO-functionalities were then converted to azide groups 
allowing further CuAAC reactions with either alkyne polymeric dendrons and cyclics to 
produce equally spaced grafts along the backbone. The relative hydrodynamic volume 
ratio of these grafted structures to their corresponding linear analogues were lower but 
similar to that found from the graft (i.e. dendron or cyclic) itself. 

 
 



POLY 323: From double endgroup modification to precision macromolecular line-
ups 

Filip E. Du Prez, filip.duprez@ugent.be. Ghent Univ Poly Chem Div, Gent, Belgium  

The design and synthesis of tailor-made polymers for different applications requires a 
variety of synthetic methodologies to fine-tune the polymer structure and adjust its final 
properties. Introducing reactive functional handles in a post-polymerization modification 
step, often via ‘click’-type reactions, became a popular tool. Moreover, insertion of 
multiple functional groups per reactive handle can be a quite attractive feature. 
This presentation will focus, first, on the one-pot double modification of a variety of 
different polymers, made by copper-mediated polymerisation, containing a thiolactone 
end group. For this purpose, a functional amine opens the five-membered ring, 
releasing a thiol group. This thiol reacts orthogonally with an acrylate already present in 
the reaction medium, enabling the quantitative introduction of two distinct functionalities 
at the same reactive site. A series of different polymers containing a thiolactone end 
group were synthesized through RDRP of a thiolactone-containing initiator or 
modification of commercial hydroxyl-functionalized polymers with an isocyanate-
containing thiolactone. Libraries of functionalities were introduced by reaction with 
different amine/acrylate combinations.[1] 
 
This strategy was extended to the synthesis of a thiolactone-acrylate hetero-telechelic 
macromonomer. Upon addition of a functional amine, a multisegmented block 
copolymer was created with selected functionalities positioned at each segment 
connection and thus equally spaced along the polymeric backbone.[2] Finally, these 
materials were applied in the design of glyco- and amphiphilic polymers. 
 

 

 
 
One-pot double modification and precision macromolecular lineups by combination of RDRP 
and thiolactone-based chemistry 



POLY 324: Ultra-small polymer nanostructures from random/statistic copolymers 
by controlled radical polymerizations 

Guorong Sun1, guorong.sun@chem.tamu.edu, Lu Su1, Hannah Luehmann2, Kellie 
Seetho1, Sangho Cho1, Xun He1, Richen Li1, Yongjian Liu2, Karen L. Wooley1. (1) 
Department of Chemistry, Texas A&M University, College Station, Texas, United States 
(2) Mallinckrodt Institute of Radiology, Washington University, St. Louis, Missouri, 
United States  

Polymer-based nanostructures hold great potentials to overcome existing barriers in the 
accurate diagnosis and personalized treatment of cancer and cardiovascular diseases. 
Beneficial from the development of controlled polymerization methodologies, particularly 
the controlled radical polymerizations, polymer nanostructures with various 
compositions, sizes, and morphologies have been achieved, which lead to new 
diagnostic and therapeutic approaches with improved cancer care outcomes. In this 
regime, ultra-small polymer nanoclusters (PNCs), i.e., polymer nanoparticles with 
hydrodynamic diameter less than 10 nm, represent innovative pathway for clinical 
oncology and cancer research, due to their capacities on offering reliable renal 
clearance and enhancing active/targeting imaging and drug delivery. 
This presentation will highlight our recent works on developments of PNCs as novel 
molecular imaging agent and theranostic nanoplatform by applying functional 
random/statistic copolymers facilely prepared from reversible addition-fragmentation 
chain transfer (RAFT) copolymerizations. The design and synthetic routes to address 
challenges including achieving high blood operation concentration, manipulating cluster 
size, tuning in vivo biodistribution and pharmacokinetics, controlling therapeutic agent 
releasing, and maintaining low non-specific tumor accumulation to improve detection 
specificity, will be described in detail, along with promising results. 

 

 
 
 

  



POLY 325: Sequence-controlled polymers by using a latent monomer-based 
strategy 

Yuxuan Ji, Liuqiao Zhang, Zhengbiao Zhang, 2684629682@qq.com, Xiulin Zhu. 
Soochow University, Suzhou, China  

Herein, a novel methodology for preparing sequence-controlled polymers was illustrated 
by using a latent monomer, furan protected maleimde (FMI). At high temperature (110 
oC or above), the maleimde (MI) was de-protected by thermodynamically-controlled 
retro Diels-Alder (rDA) reaction, which was immediately involved in the cross 
polymerization with styrene (St). Atom transfer radical polymerization (ATRP) of St with 
FMI was found to create different sequence distribution compared to that of St with 
naked MI due to the slow release of MI via rDA. By implementing programmable 
fluctuations of temperature during ATRP of St and FMI, i.e., 40 oC (10.0 h)−110 oC (0.25 
h)−40 oC (10.0 h)−110 oC (0.5 h), “living” polymers with tailored sequence distribution 
was created. The temperature of 40 oC could not trigger the rDA reaction, therefore 
produced homo-poly(styrene) segments. While, at 110 oC, the rDA reaction prevailed 
and hetro-segments were obtained. By using different tandem temperature modes, 
several tailor-made sequences were produced. Functional furan protected MI with 
alkyne group was also used as a latent monomer in reversible addition-fragmentation 
chain transfer polymerization, further illustrating the desirable placements of alkyne 
groups along the polymer chain. This proof-of-concept, i.e., sequence control by a latent 
monomer, opened a novel avenue for fabricating sequence-controlled polymers. 

 

 

 
 
 

 

 



POLY 326: Multidentate block copolymer strategy to fabricate aqueous colloids of 
iron oxide nanoparticles for magnetic resonance imaging contrast enhancement 

Jung K. Oh, joh@alcor.concordia.ca. Chemistry and Biochemistry, Concordia 
University, Montreal, Quebec, Canada  

Colloidal superparamagnetic iron oxide nanoparticles (SNPs) have been extensively 
explored for various biomedical applications. In particular, successful in vivo MRI 
applications require control over surface chemistry of SNPs. During blood circulation, 
poor colloidal stability of SNPs in the presence of serum proteins could result in the 
occurrence of undesired aggregation, leading to decrease in their magnetic and MRI 
properties. Consequently, the design of optimal single coating layer on SNP surfaces is 
essential for enhanced magnetic properties and prolonged colloidal stability in biological 
environments. Furthermore, the choice of anchoring groups on SNP surfaces is 
important to facilitate stabilizing ligands being effectively bound to SNP surfaces. Our 
group has studied a multidentate block copolymer (MDBC) strategy to stabilize SNPs. 
We have synthesized well-defined MDBCs having pendant carboxylates and catechol 
groups as multidentate anchoring groups bound to nanoparticle surfaces. This coating 
yields small nanoparticles (hydrodynamic size <20 nm) with excellent colloidal stability 
under physiological conditions as well as magnetic resonance imaging contract 
enhancement in vitro and in vivo (animal models). 

 



POLY 327: Polymer nanocomposites with cellulose nanocrystals 

Christoph Weder, christoph.weder@unifr.ch. University of Fribourg, Adolphe Merkle 
Institut, Fribourg, Switzerland  

Cellulose nanocrystals (CNCs) have been widely used as a reinforcing component in 
polymer nanocomposites due to their ability to form percolation networks within a variety 
of matrices. Above the percolation threshold, the stress-transfer process is thought to 
be facilitated by the formation of a hydrogen-bonded CNC network. However, CNC 
aggregation can take place at high concentrations, which limits the amount of CNCs 
that can be added to a polymer and the potential reinforcement. This presentation will 
review several recent approaches to address this problem, which include the addition of 
a small amount of a judiciously selected polymeric dispersant that also serves as a 
binder among the CNCs, the use of CNCs with different aspect ratios, the decoration of 
CNCs with a “universal” surface agent, and the fabrication of single-component 
nanocomposites. 

 

 
 
 

  



POLY 328: Cellulose nanocrystals towards high-performance polymeric materials 

Jean-Marie Raquez2, jean-marie.raquez@umons.ac.be, Richard A. Gross1, Stephen 
Spinella1, Farid Khelifa2, Philippe Dubois3. (1) 4005B Biotechnology Bldg, Rensselaer 
Polytechnic Institute , Troy, New York, United States (2) University of Mons, Mons, 
Belgium (3) CIRMAP - SMPC, University of Mons UMONS, MONS, Belgium  

Cellulose nanocrystals (CNCs) are an attractive class of emerging renewable 
nanoparticles [1]. Cellulose is a semicrystalline polymeric material consisting of 
microfibrils that can be deconstructed into highly crystalline CNCs by controlled 
hydrolysis of amorphous domains. CNCs possess exceptional physical and chemical 
properties making them as promising nanofillers for polymeric composites [2]. In 
addition to their excellent mechanical properties, CNCs possess impressive optical 
properties due to the cholesteric structure observed in suspension [3]. Interestingly 
CNCs possess high surface areas relating to the presence of reactive hydroxyl groups 
at their surface, which facilitate their surface modification in order to fine tune their 
surface topochemistry and, therefore, to extend their applications. However, such 
modifications are critical to enable their dispersion within (bio)plastic matrices and to 
create strong fiber-matrix adhesion. Hence the lecture will highlight the benefits of these 
extraordinary nanofillers as self-assembled within different polymeric matrices using 
appropriated chemical modifications. Self-assembling CNCs into renewable polylactide 
matrix of exceptional mechanical properties and the design of acrylic matrix of well-
controlled iridescent properties will be here reported. 
 

 

 
 
 

  



POLY 329: Sustainable barrier materials based on polysaccharides in 
polyelectrolyte complexation 

Jeffrey M. Catchmark, jcatchmark@engr.psu.edu, Snehasish Basu. Ag. and Biol. Eng., 
Penn State University, University Park, Pennsylvania, United States  

High performance sustainable barrier materials are sought to replace synthetic 
polymers whose composition or manufacturing process presents ecological challenges. 
Polysaccharides are natural polymers already produced in large volumes for many 
industries including papermaking and food production. Cellulose, starch, chitin and their 
chemical derivatives including carboxymethyl cellulose and chitosan are among the 
highest volume least expensive biopolymers produced. These polymers, however, are 
highly hydrophilic and do not provide barrier performance against aqueous solutions. 
Exceptional barrier behavior using these polymers has been recently achieved by 
combining them in polyelectrolyte complexation. Specifically, cationic chitosan and 
anionic carboxymethyl cellulose have been combined under high shear forming 
nanostructured particles that electrostatically coalesce during dehydration forming a 
dense insoluble material. Current studies demonstrate that this material is resistant to 
the penetration of aqueous solutions (pH 3-9, 1M NaCl), oils and solvents. Remarkably, 
edible films less than 10 microns in thickness (approximately 4 mg/in2) formed on 
paperboard surfaces can meet the TAPPI T559 standard for grease resistance. This 
work demonstrates that electrostatic complexation can be used to produce sustainable 
polysaccharide-based materials with unprecedented performance useful for replacing 
synthetics or higher cost alternatives in many high volume applications including paper, 
packaging, food, textiles, construction and biomedical. 

 



POLY 330: Greener surface-active polymers from naturally occurring 
polysaccharides: Synthesis, characterization, cytotoxicity and biodegradability 

Rashmi S. Sharma1, rashmi.sharma94@gmail.com, Zarif Farhana Mohd Aris2, 
zariffarhana_mohdaris@student.uml.edu, Margery Pelletier3, 
Margery_Pelletier@student.uml.edu, Anna Barbeau3, 
Anna_Barbeau@student.uml.edu, Peter Gaines3, Peter_Gaines@uml.edu, 
Ramaswamy Nagarajan2, Ramaswamy_Nagarajan@uml.edu. (1) Chemistry (Polymer 
Science/Plastics Engineering), University of Massachusetts Lowell, Lowell, 
Massachusetts, United States (2) Plastics Engineering, University of Massachusetts 
Lowell, Lowell, Massachusetts, United States (3) Biological Sciences, University of 
Massachusetts Lowell, Lowell, Massachusetts, United States  

Surfactants synthesized using green chemistry methodology and derived from 
renewable resources have become a major research focus. Here we present a new 
approach for converting readily available polysaccharides (specifically pectin and pectic 
acid) derived from fruit waste into safely biodegradable surface-active polymers. 
Detailed structural characterizations of the products, along with surface and interfacial 
properties of these surfactants will be presented. To establish the overall safety of these 
polysaccharide-based surfactants, results of detailed cytotoxicity evaluations using 
human dermal fibroblast (HDF) will be presented. Biodegradation studies of these 
pectin-based surfactants in accordance to the Organization for Economic Cooperation 
and Development (OECD) guidelines also will be presented. This research establishes 
new methodologies to develop safer and biodegradable surfactants from renewable 
feedstock using ‘greener’ synthetic methods which can be utilized in biomedical and 
clinical settings as well as for commodity applications such as laundry detergents. 

 

 
 
 



POLY 331: Expanding the arsenal of sustainable polysaccharide derivatives via 
click (thiol-Michael) and click-like (olefin cross-metathesis) reactions 

Yifan Dong3, Xiangtao Meng1, Brittany L. Nichols2, Kevin J. Edgar4, kjedgar@vt.edu. 
(1) Macromolecular Innovation Institute, Virginia Tech, Blacksburg, Virginia, United 
States (2) Chemistry, Virginia Polytechnic Institute and State University , Blacksburg, 
Virginia, United States (3) Chemistry, Virginia Tech, Blacksburg, Virginia, United States 
(4) Department of Sustainable Biomaterials, Virginia Tech, Blacksburg, Virginia, United 
States  

Conventional methods for synthesis of functional derivatives of abundant, sustainable, 
natural polysaccharides are limited in scope, due to their harsh conditions and the low 
reactivity of many polysaccharide functional groups. As a result only cellulose 
derivatives have strong commercial importance, and among them only ca. a half-dozen 
ester types and ca. a half-dozen ether types are commonly made and used. More 
flexible, facile, and mild chemistries are needed to enhance utilization of these benign, 
abundant polymers that nature gives us, by greatly enhancing the available structural, 
functional, and property palettes available to the material designer. We report herein on 
our progress in developing olefin cross-metathesis, optionally integrated with thiol-
Michael addition, as a rapid, mild, flexible, efficient method for synthesis of 
polysaccharide derivatives with novel and diverse functionality. We will show that the 
methodology is suited for appending large, sensitive moieties to polysaccharides that 
would otherwise be difficult or impossible to attach. We will showcase the practical and 
versatile nature of these chemistries as applied to polysaccharide, and the ways in 
which we have avoided the potentially damaging side reaction of olefin self-metathesis. 

 

 
 
Fig. 1. General scheme of olefin CM followed by thiol-Michael addition 

  



POLY 332: High performance biomass-based plastics synthesized from various 
natural and unnatural polysaccharide 

Tadahisa Iwata1,2, atiwata@mail.ecc.u-tokyo.ac.jp. (1) Dept. of Biomaterial Sciences, 
The University of Tokyo, Bunkyo-Ku, Japan (2) RIKEN Institute/Harima Institute, Hyogo, 
Japan  

The increasing environmental and economic concerns on the utilization of 
petrochemicals have led researchers to rely on plant biomass as a feedstock for the 
synthesis of polymeric materials. Recently, our group succeeded to synthesize new 
thermoplastics from polysaccharides such as xylan, glucomannan, curdlan, pullulan , 
etc by esterification and found interesting thermal, mechanical, optical properties 
(Figure 1). Xylan is the most abundant hemicellulose with mainly b-(1→4) linked xylose. 
Konjac glucomannan (GM) is isolated from tubers of Amorphophallus konjac plants and 
consists of b-(1→4) linked D-glucose and D-mannose residues and the molecular ratio 
of glucose to mannose has been reported to be ca. 1.6. Curdlan is a linear 
polysaccharide with b-(1→3) linked glucose produced by Alcaligenes faecalis. Pullulan 
is a water-soluble extracellular polysaccharide produced by strains of fungus 
Aureobasidium pullulans, consisting of a chain of maltotriose units that alternate 
regularly between a-(1→6) linkages. In this paper, xylan, glucomannan, curdlan and 
pullulan ester derivatives are synthesized and thermal and mechanical properties are 
investigated. 
More recently, we succeeded the one-pot synthesis and development of unnatural-type 
bio-based polysaccharide, a-1,3-glucan. The synthesis can be achieved by in vitro 
enzymatic polymerization with GtfJ enzyme, one type of glucosyltransferase, cloned 
from Streptococcus salivarius ATCC 25975 utilizing sucrose, a renewable feedstock, as 
a glucose monomer source, via environmentally friendly one-pot water-based reaction 
(Figure 2). 

 
 
 

 



POLY 333: Biosynthesis of ultra thin nano fibrous bacterial cellulose (BC) film for 
new applications 

Fei Liu1, liuf5@rpi.edu, Mohammad H. Ibrahim1, Anthony Maiorana1, Michael 
McMaster2, Lu Li3, Shekar Mekala1, Kyle Peters2, Cameron Kee1, Kenneth D. Singer2, 
Nikhil Koratkar3, Richard A. Gross1. (1) Center for Biotechnology and Interdisciplinary 
Studies (CBIS) and New York State Center for Polymer Synthesis, Rensselaer 
Polytechnic Institute, Troy, New York, United States (2) Department of Physics, Case 
Western Reserve University, Cleveland, Ohio, United States (3) Department of 
Mechanical, Aerospace and Nuclear Engineering, Rensselaer Polytechnic Institute, 
Troy, New York, United States  

Thin film optoelectronic devices with high transparency and flexibility/stretchability have 
drawn much attention in the past several years. Recent success in this area includes 
the fabrication of transparent flexible electrodes and fully functioning electronic devices, 
such as transistors, generators, solar cells, and batteries. The layers of these devices 
are required to be some subset of mechanically robust, transparent, light weight, 
hydrophilic, hydrophobic, electrically conductive, high surface area, etc. However, the 
source for many of these films is non-sustainable in that they are derived from 
petroleum or are difficult-to-produce inorganic materials; this can substantially increase 
costs and environmental impact. In addition, most of these materials are difficult to 
chemically modify, which is a bottleneck to improving properties. Here, we have 
developed a simple robust method for preparing ultra-thin nanofibrous bacterial 
cellulose films via cultivation of the strain Gluconacenetobacter xylinus in shallow static 
liquid cultures. Physical properties, including morphology, roughness, thickness, 
transmittance, crystallinity index and average pore size are characterized by atomic 
force microscopy, UV-vis spectrophotometry, scanning electron microscopy and wide 
angle X ray diffraction. The thickness of bacterial cellulose mats was varied by 
controlling the culture broth depth so that films with predictable uniform thickness 
(between 280 and 2800 nm) result. The crystallinity index of these films was 92%. The 
highest transmittance mat, with thickness between 300 and 600 nm, was above 90% in 
the visible spectral region and as high as 96% in the near-infrared regime. To the best 
of our knowledge, this transmittance is much higher than any other flexible biobased 
materials with a fibrous network structure. 

 



POLY 334: Production of bacterial nanocellulose from waste fiber sludge and its 
use in papermaking 

Genqiang Chen1,2, chengenqiang@gmail.com, Guochao Wu2, Feng Hong1, Leif 
jonsson2. (1) College of Chemistry, Chemical Engineering and Biotechnology, Donghua 
University, Shanghai, China (2) Department of Chemistry, Umeå University , Umeå, 
Sweden  

Bacterial nanocellulose (BNC) is mainly synthesized by acetic acid bacteria. As plant 
cellulose, BNC is an unbranched polymer composed of beta-1,4-linked glucopyranose 
residues. However, BNC has much higher crystallinity and higher degree of 
polymerization (DP), as well as other attractive physiochemical properties. Due to the 
high cost of the medium (particularly the carbon source) used for cultivation of bacteria 
and low productivity, wider use of BNC is severely restricted. Pulp and paper mills 
normally produce large amounts of cellulose waste including fiber sludge, a residual 
stream of little or no value. In a biorefinery perspective, it would be desirable to convert 
waste cellulose to high value-added products. In this work, we investigated the 
possibility to produce BNC using an enzymatic hydrolysate of waste fiber sludge in a 
stirred-tank bioreactor. The potential benefits of including BNC in papermaking were 
also explored. Compared with synthetic glucose-based medium, the productivity of BNC 
from fiber sludge hydrolysate was significantly enhanced, although the DP was 
somewhat lower. The cultivation conditions used in stirred-tank bioreactors, including 
stirring speed, airflow and pH, were further investigated. After optimization, the BNC 
productivity was almost three times of that using synthetic glucose-based medium in 
shake flasks. Finally, the BNC produced from the fiber sludge hydrolysate was used as 
an additive in papermaking based on chemithermomechanical pulp (CTMP) of birch. 
Inclusion of BNC resulted in significant enhancement of tensile strength and tear 
resistance. For example, with 10% (w/w) BNC in the CTMP/BNC mixture the tear 
resistance was enhanced by 140%. Scanning electron microscopy images of the sheets 
showed that BNC cross-linked the CTMP fibers resulting in enhanced mechanical 
strength. 

 
Production of BNC from fiber sludge hydrolysate 

 



POLY 335: Synthesis and characterization of CO2 responsive cellulose 
nanocrystals via RAFT-mediated graft modification 

Joaquin Arredondo1, Philip Jessop3, Pascale Champagne2, 
champagne@civil.queensu.ca, Michael F. Cunningham1,3. (1) Dept Chem Eng, Queens 
Univ, Kingston, Ontario, Canada (2) Civil Engineering/Chemical Engineering, Queens 
University, Kingston, Ontario, Canada (3) Chemistry, Queen's University, Kingston, 
Ontario, Canada  

Cellulose nanocrystals (CNC) have become the subject of much attention from the 
scientific community due to their outstanding mechanical, optical and physical-chemical 
properties. There is interest in grafting different types of polymers onto CNC as their 
applications are often limited due to their poor dispersibility in low polarity and non-polar 
systems. The potential versatility and value of modified CNC can be enhanced even 
further if the polymers used in the grafting process are CO2 responsive. Stimuli 
responsive composites have shown promise in applications such as Pickering 
emulsifiers, water treatment and as polymer reinforcing agents. In this work, we report 
the grafting of CNC surfaces via grafting-from and grafting-to using reversible addition 
fragmentation chain transfer (RAFT). The CNC surfaces were first chemically modified 
with a RAFT agent capable of mediating polymerization of these monomers. A grafting-
from polymerization was then performed using the CO2 switchable monomers 
DEAEMA, DMAEMA and DPAEMA. The grafting-to approach was also undertaken as a 
comparative assessment where the respective CO2 responsive polymers were 
synthesized and fully characterized prior to grafting. 

 

 
 
 

  



POLY 336: New functional materials by modification of polyolefins with boron 

Frieder Jaekle, fjaekle@andromeda.rutgers.edu. Department of Chemistry, Rutgers 
University Newark, Newark, New Jersey, United States  

Organoborane polymers have emerged as an important class of functional materials 
with applications ranging from supported reagents and catalysts to sensing and 
detection of anions and biologically relevant species, self-healing, preceramic, and 
organic electronic materials. This presentation outlines some of our recent efforts on the 
efficient preparation and applications of borane-functionalized polyolefins. Polymers 
containing Lewis acidic tricoordinate borane groups and Lewis basic pyridylborate 
moieties, their self-assembly and applications as sensory and stimuli-responsive 
materials will be discussed. We will also introduce a new type of BN-substituted 
polystyrenes. 

 

 
 
 

  



POLY 337: Shape-memory polymers based on orthogonally bound 
interpenetrated supramolecular networks 

Julien Sautaux, julien.sautaux@unifr.ch, Sandor Balog, Lucas Montero de Espinosa, 
Christoph Weder. University of Fribourg, Adolphe Merkle Institute , Fribourg, 
Switzerland  

Supramolecular polymers (SPs) are formed by self-assembly of monomeric units, which 
are connected through dynamic non-covalent interactions such as hydrogen bonding or 
metal-ligand coordination. The reversibility of these bonds can be exploited to 
disassemble SPs back into their monomeric species. This can be achieved in a 
controlled manner by the application of a specific stimulus, such as temperature, light or 
a mechanical force. Most stimuli-responsive materials are based on a single type of 
supramolecular interaction; however, the combination of multiple (orthogonal) 
supramolecular interactions in one material allows, in principle, creating multi-
responsive shape-memory polymers. Despite many studies that have investigated the 
orthogonality of a number of supramolecular binding motifs for several polymeric 
systems in solution, very few reports have explored the potential of such interactions to 
create multi-responsive solid polymeric materials. 
 
This contribution will discuss the synthesis and properties of a new supramolecular 
polymer system based on two orthogonally bound interpenetrated supramolecular 
networks. Both networks are based on trifunctional polypropylene oxide backbones 
which are terminated by either 2,6-bis(1’-methylbenzimidazolyl)pyridine (Mebip) ligands 
or ureipyrimidinone (UPy) groups. Cross-linking is achieved by complexing the Mebip 
motifs to Zn2+ or UPy dimerization via hydrogen bonding, respectively. The orthogonal 
binding of the metal complex and hydrogen bonding motifs was established on the basis 
of UV-Vis titrations, dynamic mechanical thermal analysis, and small-angle X-ray 
scattering, which suggest that the properties of the networks are dictated by the phase 
segregation of the binding motifs into well-defined hard phases. The metal complexes 
and UPy dimers can be addressed selectively with orthogonal stimuli, which provide this 
material with shape-memory characteristics. 

 

 



POLY 338: Supramolecular block copolymer networks with metal-metal 
complexation 

Elena Dormidontova, elena.dormidontova@uconn.edu. Polymer Program, Institute of 
Materials Science and Physics Department, University of Connecticut, Storrs, 
Connecticut, United States  

Supramolecular networks have emerged as a promising platform for smart materials 
applications due to their versatile properties, high responsiveness to external stimuli and 
self-healing dynamic nature. We use a combination of Monte Carlo and Molecular 
Dynamics simulations to investigate self-assembly and rheological properties of 
supramolecular networks composed of diblock copolymer micelles interconnected by 
means of ligand-metal complexation. These systems possess two levels of self-
organization: 1) self-assembly of diblock copolymers into micelles and 2) reversible 
inter-micelle bridging by coordination bonding between metal ions and ligands attached 
to the hydrophilic blocks. The interplay of such weak reversible interactions can be quite 
complex and often difficult to characterize experimentally. Computer simulations can be 
very useful in exploring molecular mechanisms of self assembly and unraveling the 
main effects responsible for the observed properties. Using Monte Carlo simulations we 
analyze the extent of intra- and inter-micelle loops and bridges formed by metal-ligand 
complexation between diblock copolymer micelles. The effect of polymer concentration, 
hydrophilic block length, metal to oligomer ratio will be discussed. In the framework of 
non-equilibrium molecular dynamics simulations we investigate the evolution of 
supramolecular micelle network subjected to shear flow. The change in micelle shape, 
size and extent of crosslinking as a function of shear rate will be discussed. Computer 
modeling results will be compared with available experimental data and the implications 
of the obtained results for responsive material design will be outlined. 

 

 
 
Schematic presentation of diblock copolymer network with reversible metal-ligand complexation 



POLY 339: Dynamic molecular switching of helical metal complexes by a 
combination of external stimuli 

Hiroyuki Miyake, miyake@sci.osaka-cu.ac.jp. Osaka City Univ Chem Dept SCI, 
Osaka, Japan  

Dynamic molecular switching systems continue to be of interest as they are potentially 
applicable in nano-scaled dynamic molecular architecture. Labile metal-organic hybrid 
materials offer promising strategies for developing structurally and functionally defined 
dynamic supramolecules, in particular due to their characteristic coordination geometry, 
redox activity and other unique properties [1]. We have demonstrated that kinetically 
labile Co(II) complexes with chiral tetradentate ligands exhibit dynamic helicity 
induction/inversion phenomena upon achiral nitrate anion [2]. We applied this helicity 
switching systems to control the helical direction of the peptide chains upon nitrate 
anion [3] and also the length of helical complexes upon a combination of external stimuli 
(Fig. 1) [4-5]. I will present details and recent developments of the switching systems 
consisting of the helical metal complexes. 

 

 

Fig. 1 Redox responsive switching in cobalt complex. 



POLY 340: Dynamics of metal-ligand interactions: How to design self-healing 
metallopolymers 

Stefan Bode1,4, stefan.bode2@uni-jena.de, Marcel Enke1,4, Martin D. Hager2, Ulrich S. 
Schubert3. (1) Institute for organic and macromolecular chemistry, FSU Jena, Jena, 
Germany (2) Laboratory of Org. Macromol. Chemistry, Friedrich Schiller University of 
Jena, Jena, Germany (3) Laboratory for Organic and Macromolecular Che, Friedrich-
Schiller-University Jena, Jena, Germany (4) Jena Center for Soft Matter, Jena, 
Germany  

Metallopolymers combine properties of polymers and metal complexes. This behavior 
allows the design of multifunctional materials and, consequently, metallopolymers were 
already applied as sensors, in solar cells and as catalyst. However, a basic 
understanding of molecular processes can help to prepare materials with outstanding 
properties. For this purpose, the current study investigated how the dynamic behavior of 
the metal-ligand interaction will influence the self-healing ability of metallopolymers. 
Thus, a terpyridine containing copolymer was prepared and crosslinked by the addition 
of diverse metal salts. The obtained metallopolymer networks were further investigated 
regarding their scratch healing ability (Figure 1). Finally, the molecular processes were 
studied using Raman spectroscopy and revealed a slight opening and closing of the 
metal-ligand interaction during heating. Furthermore, the dynamics within the polymers 
could be investigated using rheological measurements showing that a flow of the 
material is present, which is a precondition for healing. Additionally, the healing 
behavior of metallopolymers can be predicted using simple rheology measurements. 

 

 
 



POLY 341: Creation of π-conjugated polymers having unique elements-blocks via 
organotitanium polymers 

Hiroki Nishiyama, nishiyama.h@echem.titech.ac.jp, Feng Zheng, Yoshimasa 
Matsumura, Shinsuke Inagi, Ikuyoshi Tomita. Tokyo Institute of Technology, Midori-Ku, 
Yokohama, Japan  

Organometallic polymers possessing reactive organometallic units in their main chain 
are attractive synthetic precursors for advanced functional materials that are hardly 
accessible by the conventional polymer synthetic methods. For example, π-conjugated 
polymers possessing versatile heteroatoms or elements-blocks are attractive synthetic 
targets that potentially exhibit unique optoelectronic features, while only a few reports 
described the synthesis of these materials. In the course of our works on the 
development of transformation reactions of organometallic polymers possessing 
reactive metallacycles such as titanacyclopentadiene units into π-conjugated polymers 
possessing versatile heteroatoms or elements-blocks, we would like to describe their 
synthesis through the elements-transformation of the organometallic polymers. 
Regioregular reactive organotitanium polymers, prepared by the reaction of diynes and 
a low-valent titanium complex, were converted into π-conjugated polymers possessing 
various elements-blocks such as 1,4-bismercapto-1,3-diene, 1,4-bisseleno-1,3-diene, 
thiophene, thiophene-1-oxide, selenophene, tellurophene, phosphole, stibole, bismole, 
and stannole (Scheme 1). Further chemical modifications of some polymers such as 
1,4-bismericapto-1,3-diene-, tellurophene-, and phosphole-containing polymers by 
oxidation, halogenation, alkylation, and complexation with metals were also performed 
to obtain unique elements-block-containing π-conjugated polymers. Also, polymers 
possessing phospholyl anion moieties, generated by contacting the phosphole-
containing polymers with lithium, were subjected to the reaction with various transition 
metals to obtain novel organometallic polymers possessing phosphametallocene units 
(Scheme 2). The resulting polymers proved to exhibit a variety of optoelectronic 
properties, depending on the nature of the elements-blocks. The designed synthesis of 
unique functional materials based on the present methods will also be described. 

 
 

 



POLY 342: From structure to function: Exploring applications for metal-
containing polymer and related systems 

Rumman Ahmed3,4, Arri Priimagi1, Piotr Wolanin3, Xiaoyu Li3, Liam MacFarlane3, Ian 
Manners2, Charl F. Faul3, charl.faul@bristol.ac.uk. (1) Aalto University, Espoo, Finland 
(2) Univ of Bristol Sch of Chemist, Bristol, United Kingdom (3) University of Bristol, 
Bristol, United Kingdom (4) Beckers Group, Liverpool, United Kingdom  

Metal-containing polymers are of wide-spread interest, and tuning of their structure and 
architectures is of importance when applications of these potentially functional materials 
are considered. 
 
Here we use ionic self-assembly, a facile noncovalent approach where oppositely 
charged building blocks are used to create assembled and hierarchical structures, to 
access non-conventional metal-containing block copolymer morphologies. We showed 
that intricate morphological control is possible through changes of block ratios of 
polyferrocenylsilane block copolymers and surfactant architecture, leading to the 
formation of hierarchical constructs containing helical structures in the solid state, with a 
pitch length of ca. 18nm. 
 
Exploiting the ability of polyferrocenyl-based polymers to be addressed through redox 
chemistries, we induced surface relief gratings (SRGs) into such materials by 
complexation with functional azobenzene surfactants. After SRG inscription, we show a 
degree of addressability, as well as the production of all-inorganic SRGs through 
plasma treatment. 
 
Further systems, related to crystallisation-driven self-assembled structures, are 
currently explored for the production of hierarchical structures and semiconductor 
devices. 

 
Helical PFEMS-b-qPFAMS(Surfactant) Complex 



POLY 343: Adaptable hydrogels with secondary reinforcement for regenerative 
medicine 

Sarah C. Heilshorn, heilshorn@stanford.edu, Huiyuan Wang. Stanford University, 
Stanford, California, United States  

While injectable hydrogels are able to be surgically implanted in a minimally invasive 
way, they typically rely either on polymerization in situ, which is difficult to control in a 
surgical setting, or are designed to be shear-thinning, which results in mechanically 
weak gels with fast erosion rates. To address these limitations, we have designed 
several injectable double-network hydrogels that undergo two stages of crosslinking: the 
first stage provides cell protection during injection and rapid hydrogel self-healing, while 
the second stage reinforces the hydrogel in situ to minimize erosion and to provide a 
dynamic range of tunable mechanical properties. Several different types of crosslinking 
strategies and engineered biopolymers have been employed in these designs, which 
allows for customization for a variety of clinical regenerative medicine applications. In 
this talk, a newly designed double-network hydrogel will be discussed to demonstrate 
the range of design variables that can be used in these formulations. The hydrogel 
undergoes ex situ chemical crosslinking through the formation of dynamic covalent 
hydrazone bonds by mixing two components together: hydrazine-modified elastin-like 
polypeptide (ELP) and aldehyde-modified hyaluronic acid (HA). In situ at physiological 
temperature, secondary physical crosslinking occurs via thermoresponsive aggregation 
of ELP to reinforce the network, resulting in a hydrogel with viscoelastic, stress-
relaxation behavior. The injectable, shear-thinning network provides encapsulated cells 
with mechanical protection during injection and significantly decreases membrane 
damage during transplantation by direct injection. These novel, double-network 
hydrogels combine the advantages of traditional physical and covalent crosslinking and 
have a wide tuning range of storage moduli (~ 50 to 5,000 Pa below 5 wt% polymer). 
These dynamically adaptable hydrogels will be useful in fundamental studies of cell 
mechanotransduction in response to viscoelastic, stress-relaxation properties and for 
injectable, minimally invasive, regenerative medicine applications. 

 

 
Adaptable hydrogels enable local cell remodeling of the polymeric matrix without causing 
permanent degradation to the network. 



POLY 344: Segmental bone defect regeneration using polymers: Doing what 
many said could not be done 

Matthew Becker, becker@uakron.edu. University of Akron, Akron, Ohio, United States  

A critical segmental defect is a bone void that will not fill without intervention. In adult 
patients, a critical bone defect generally has circumferential loss of >50% or a length of 
>2 cm. Bone healing is predicated on mechanical stability and a favorable biologic 
environment, icluding sufficient vasculature. Contemporary surgical techniques include 
induced membrane techniques, distraction osteogenesis, primary shortening, and 
amputation. Some of these techniques make use of autologous bone graft, allograft, 
and bone substitutes. While bone tissue engineering efforts have been ongoing for 
almost 20 years, the sucessful routine healing of segmental defects has remained 
elusive. Commonly available degradable polymers and their composites with ceramic 
and decellularized bone matrix have been pursued with limited success in large animal 
models. Many have prematurely concluded that degradable polymers that would aid in 
this effort do not exist. Further advances in both synthetic methodology and scaffold 
fabrication are needed to drive these efforts forward. Newer materials, including amino 
acid-based poly(ester urea)s (PEU) are very stong and can be designed to degrade at 
designated intervals. In this presentation, we will highlight our use of degradable 
poly(ester urea)s to stabilize segmental done defect repairs in a sheep tibia model and 
facilitate the regeneration of functional, weight bearing bone. 

 

 
 
The general chemical scheme for PEUs showing the degradable ester bond and the urea which is 
critical to the mechanical properties and the prevention of acidification during degradation is 
displayed at the top left. The bottom row from left to right show the surgical progression from 
pre-operative x-ray to bone resection to immediate post-operative as well as 4-week and 16-week 
timepoints. After 4 weeks, enough bone had encased the scaffold that the sheep was able to walk 
and gait unencumbered and at 16 weeks, the original defect was nearly healed both inside and 
outside the scaffold. 

  



POLY 345: Tailoring polymer structure for immunity 

Laura L. Kiessling1,2, kiessling@chem.wisc.edu. (1) Dept of Chemistry Biochemistry, 
University of Wisconsin Madison, Madison, Wisconsin, United States (2) Chemistry, 
MIT, Cambridge, Massachusetts, United States  

Our objective is merge advances in polymer synthesis with new findings in immunology 
to advance the design of immunomodulators. As scaffolds for synthetic vaccines, 
polymers can be tailored to display epitopes that are immunogenic and engage and 
activate co-receptors to promote immunity. Synergistically, polymers can be designed to 
target specific immune cell types. We have focused on generating polymers that target 
antigens to dendritic cells (DCs). These polymers exploit the features of lectin, which 
are important for the recognition, uptake, and processing of antigens. Despite these 
favorable properties for vaccine development, these DC lectins can be co-opted by 
pathogens for infection. These distinct activities depend upon the routing of antigens 
within the cell. Specifically, antigens routed to endosomal compartments are degraded 
and presented to T cells to promote immunity. Alternatively, pathogens like HIV can be 
trafficked to surface-accessible invaginated pockets to promote infection. We have 
found that the fate of glycosylated antigens is affected by their physical properties (e.g., 
size, length), which can be altered using controlled polymerization reactions. Our 
findings highlight that antigen structure can alter lectin-mediated uptake and trafficking. 
Our findings suggest polymer structure can be tailored to target reservoirs that harbor 
viral pathogens and to design effective vaccines. 

  



POLY 346: Polyelectrolyte complex mimics of membraneless organelles 

Matthew V. Tirrell1,2, mtirrell@uchicago.edu, Amanda Marciel1. (1) IME, University of 
Chicago, Chicago, Illinois, United States (2) Argonne National Laboratory, Chicago, 
Illinois, United States  

In nature, biopolymers partition into dynamic compartments to facilitate and regulate 
their interactions. These dynamic compartments are referred to as membraneless 
organelles (e.g., nucleolus, P bodies, stress and germ granules) and consist of 
biopolymer rich interiors that rapidly assemble and disassemble to form liquid droplets, 
hydrogels or fibril structures. However, the physical interactions that affect the 
formation, dissolution, and regulation of these assemblages are poorly understood, yet 
vital in determining their function in normal and disease states. Therefore, there is a 
strong need to investigate the underlying mechanisms that drive dynamic biopolymer 
complexation and develop an understanding of their biochemical function. Interestingly, 
polyelectrolyte complexes produced in vitro using simple homopolymers are strikingly 
similar to the membraneless organelles found in vivo. Under defined conditions, 
oppositely charged polyelectrolytes can form complexes consisting of a dense polymer 
rich phase (liquid coacervate or glassy precipitate) in a polymer depleted aqueous 
phase. In this work, we investigate the forces that govern membraneless organelle 
formation by engineering model polypeptide analogs and systematically studying their 
phase transition behavior. Using synthetic polypeptides we are able to modify the chain 
length (20 – 400-mer) and monomer sequence, while keeping the backbone chemistry 
constant. In addition, we are able tune the polypeptide sequence to study the effects of 
charge density and hydrophobicity on complexation. From a broad perspective, our 
work holds the potential to develop a basic understanding of protein/polyelectrolyte 
complexation, impacting design of novel functional biomimetic materials. 

 



POLY 347: Polymer-lipid amphiphiles as carriers for vaccine antigens and 
immunomodulators 

Darrell J. Irvine, djirvine@mit.edu. Massachusetts Inst of Tech, Cambridge, 
Massachusetts, United States  

Synthetic carriers that can target immunomodulatory drugs or vaccines to lymphoid 
organs or tumors are of great interest for increasing the safety and potency of 
immunotherapies. Two strategies recently developed in our lab for lymphatic and tumor 
targeting of immunomodulators will be described: Lymph node targeting is achieved 
clinically is sentinel lymph node mapping in cancer patients, where small-molecule dyes 
are efficiently delivered to lymph nodes by binding to serum albumin. To mimic this 
process in vaccine delivery, we synthesized amphiphiles designed to non-covalently 
bind vaccine antigens and adjuvants to endogenous albumin. These “albumin-
hitchhiking” amphiphiles were efficiently delivered to lymph nodes following injection, 
leading to as much as 30-fold amplified cellular immune responses and anti-tumor 
immunity. In a second approach, we have pursued the development of ways to target 
cyclic dinucleotides (CDNs), hydrophilic small molecule agonists of the STING 
transcription factor, to lymph nodes or tumors for cancer immunotherapy. We designed 
amphiphiles that non-covalently associate with CDNs via cooperative hydrogen 
bonding, enabling their incorporation into nanofibers or nanodiscs for localized or 
systemic delivery. This approach shows promise to increase the potency of CDNs in 
vivo while lowering systemic inflammatory side effects, through tissue-specific targeting. 

 

 
 
 

  



POLY 348: Self-assembly of heterogeneous polymers and biomolecules 

Monica Olvera De La Cruz, m-olvera@northwestern.edu. Northwestern Univ, 
Evanston, Illinois, United States  

Amphiphilic molecules are extensively used to disperse and deliver biomolecules and to 
synthesize functional hydrogels and membranes. They self-assemble into a large 
number of morphologies which functionalities can be enhanced or re-inforce by co-
assembling them with various components including multivalent salts or polymers. 
These mixtures lead to unique functional structures which can be either stable, 
metastable or unstable to full segregation of the component species. For example, 
added salt can lead to the dissolution of co-assembled cationic and anionic molecules 
unless the co-assembly is reinforced by short range interactions. We analyze here co-
assemblies of heterogeneous macromolecules that lead to stable hybrid functional 
structures and discuss their physical properties. 

 

 
 
 

  



POLY 349: Self-assembled protein nanocomplexes for intracellular antibody 
delivery 

Sung In Lim, Cyril Lukianov, Anshul Dhankher, Julie Champion, 
julie.champion@chbe.gatech.edu. Georgia Institute of Technology, Atlanta, Georgia, 
United States  

There is a long list of “undruggable” targets, protein-protein interactions inside cells that 
small molecule drugs cannot block. Antibodies, in particular, can be engineered to bind 
almost any protein and inhibit protein function but have not yet been used against these 
targets. This is primarily due to the significant, unmet challenge in delivering sufficient 
amounts of folded, functional antibodies inside cells. We have designed an intracellular 
antibody carrier using protein self-assembly and demonstrate the cytosolic localization 
and therapeutic activity of delivered antibodies. By utilizing a coiled-coil protein bundle 
and generic antibody-binding peptides, nanoscale complexes containing only protein 
are formed with antibodies. These nanocomplexes deliver significant amounts of IgG 
into cells and are non-toxic. More importantly, the delivered IgG is able to access the 
cytosol with its binding function intact. The modular design of the fusion protein enables 
easy modification to impart additional functionality, including endosomal escape 
peptides or cell targeting proteins, which can further improve the delivery profile. 
Characterization of cell and organism interactions with these complexes help explain 
their function and their application for delivery of intracellular antibody therapeutics to 
target a wide range of intracellular proteins that are responsible for human disease. 

 

 
 
 

  



POLY 350: Nonconventional luminogens with AIE characteristics 

Ben-Zhong Tang, tangbenz@ust.hk. Dept Chem, Hong Kong U Sci Tech, Kowloon, 
Hong Kong  

Efficient luminescent materials can find application in electronics, optics, biological 
sciences. Traditional luminophores suffer from the quenching effect upon aggregation 
formation, which have been known as aggregation-caused quenching (ACQ) effect. 
Considering the fact that luminophores are commonly used as solid films in their 
practical applications, strong solid-state emitters are urgently needed. In 2001, we found 
that some propeller-like molecules exhibit luminescence behavior that is exactly 
opposite to the ACQ luminophores: aggregate formation turned on up their 
fluorescence, changing them from weak fluorogens into strong emitters. We termed this 
novel phenomenon as aggregation-induced emission (AIE). 
Through detailed mechanistic study of the photophysical process, restriction of 
intramolecular motion was identified as a main cause for the AIE effect. Since then, we 
have developed a number of AIE-active functional nonconventional luminogens with 
emission colors covering the entire visible spectral region. We have also explored their 
high-tech applications as, for example, fluorescent chemical sensors, biological probes, 
immunoassay markers, in vivo imaging agents, polarized light emitters, stimuli-
responsive nanomaterials, and active layers in the fabrication of organic light-emitting 
diodes. 

 

 
 
 

  



POLY 351: Tailoring of electronic properties via intramolecular N→B-coordination 
in conjugated π-systems 

Frank D. Pammer, fpammer@gmx.com. Institute for Organic Chemistry II and 
Advanced Materials, Ulm University, Ulm, Germany  

In our work, we aim at taking advantage of intramolecular N→B-coordination to tailor 
the electronic properties of conjugated oligo- and polymers that may serve as electron 
accepting/electron transporting (n-type) semiconductors in organic electronic 
applications. The properties of the materials can be modified through choice of the N-
heterocyclic component, and by variation of the substituents on boron. We have 
demonstrated that electronically and structurally diverse molecular structures can be 
readily generated by strategies involving hydroboration and dipolar [3+2]-cycloaddition. 
Recently, we have shown that twofold hydroboration of a pyrazine-derived substrate 
with 9H-BBN or (C6F5)2B-H allows to vary the electron affinity of the resulting borane 
over a range of ca. 0.6 eV. An investigation of the corresponding radical anions by EPR-
spectroscopy, and single crystal analysis corroborated the π-delocalized nature of these 
radicals. Furthermore, the clean conversion and high yield of this synthetic strategy 
proved it to be suitable for polymer post-functionalization. 
 
In this talk, we will discuss our latest results on the extension of the above work, and on 
our efforts towards the preparation N→B-ladder polymers by post-functionalization. 

 

 
 
Electronically and structurally diverse conjugated N→B-ladder boranes can be readily generated 
by hydroboration of suitable oligomeric substrates. The clean conversion and high yield of this 
reaction also allow polymer post-functionalization. 

  



POLY 352: Unique solid-state luminescent properties of flexible “element-blocks” 
with group 13 elements 

Kazuo Tanaka2, kazuo123@chujo.synchem.kyoto-u.ac.jp, Yoshiki Chujo1. (1) Kyoto 
Univ Poly Chem Sch Eng, Kyoto, Japan (2) Department of Polymer Chemistry, 
Graduate School of Engineering, Kyoto University, Kyoto, Japan  

In the design of organic luminescent dyes, rigidity of molecular frameworks should be 
enhanced to suppress deactivation in the excited state and subsequently to improve 
emission efficiencies. Based on this guideline, a large number of luminescent materials 
have been developed. In contrast, we have recently found that flexible boron complexes 
can present unique solid-state emissive properties such as aggregation-induced 
emission, mechanochromic luminescence and stimuli-responsive chromic behaviors. In 
this presentation, development of the series of luminescent materials composed of 
group 13 elements will be demonstrated. In particular, the design strategies for 
obtaining aggregation-induced emissive molecules and their applications for various 
types of luminescent chromic materials will be focused in the presentation. 

 

 
 
 

  



POLY 353: Innovative organoboron building blocks for conjugated materials 

Frieder Jaekle, fjaekle@andromeda.rutgers.edu, Xiaodong Yin, Kanglei Liu. 
Department of Chemistry, Rutgers University Newark, Newark, New Jersey, United 
States  

The tuning of the electronic structure of conjugated materials by incorporation of 
heteroatoms is witnessing tremendous current interest. This presentation will focus on 
conjugated oligomers, macrocycles and polymers that contain electron-deficient borane 
moieties embedded in or attached to organic pi-systems. The dependence of their 
photophysical and electronic properties on structural features will be discussed in detail. 

 

 
 
 

  



POLY 354: Anodic halogenation of thiophene and selenophene rings in 
conjugated polymers 

Shinsuke Inagi, inagi@echem.titech.ac.jp, Naoki Shida, Hiroki Nishiyama, Ikuyoshi 
Tomita. Tokyo Institute of Technology, Midori-Ku, Yokohama, Japan  

The post-polymerization modification of thiophene- and selenophene-containing 
conjugated polymers is presented based on electrochemical reactions. Thiophene- or 
selenophene-containing polymers, which are known to be promising materials in 
optoelectronic devices, were prepared by Kumada catalyst transfer polymerization to 
give their homopolymers and block- or statistical copolymers with various side chains 
such as hexyl and 2-ethylhexyl groups. Thin films of the series of polymers were 
subjected to anoic chlorination, involving electrochemical oxidation of polymers and 
subsequent nucleophilic reactions by chloride anions used as a supporting electrolyte 
and a chlorine source (Figure 1). Selenophene-containing polymers were successfully 
modified with better reaction efficiencies than their thiophene analogues. Moreover, the 
dramatic inhibiting effect of a branched side chain on this solid-state reaction was 
observed and rationalized, which was very unexpected. Based on the basic tendency 
obtained here, we have finally demonstrated the selective modification of the single 
segment of a rod-rod block copolymer for the first time. 

 

 
 
Figure 1. Anodic chlorination of poly(3-alkylchalcogenophene)s. 

  



POLY 355: Benzoxaphospholes and related materials as luminescent materials 

John D. Protasiewicz, protasiewicz@case.edu. Case Western Reserve Univ, 
Cleveland, Ohio, United States  

1,3-R-benzoxaphospholes (R-BOPs) are unusual molecules for they are rare examples 
of low coordinate phosphorus compounds that possess significant photoluminescence. 
We have been working to prepare new related molecues (R2-BBOPs, R-NOPs, and R2-
NBOPs) and to integrate these building blocks into extended materials having 
increasing conjugation. Our latest work on these new materials, as well as their 
characterization by X-ray crystallography, electrochemistry, and UV-visible 
spectroscopy, and fluorescence measurements, will be discussed. 

 

 
 
 

  



POLY 356: π-Conjugated materals featuring chemically functional phosphorus 
moieties: Synthesis, characterization and potential sensor applications 

Derek P. Gates, dgates@chem.ubc.ca. Chem Dept, Univ of British Columbia, 
Vancouver, British Columbia, Canada  

The development of polymers featuring phosphorus and other main group elements in 
the backbone is a rapidly growing interdisciplinary area of research. The unique 
oxidation states and coordination numbers of phosphorus in the main chain impart 
chemical functionality, semi-conducting, optoelectronic and physical properties that are 
often quite different from their organic counterparts. One of the key barriers to the 
widespread development and application of phosphorus-containing polymers is the lack 
of general methods to link inorganic elements into long chains. We have successfully 
utilized phosphaalkenes, analogues of olefins, as building blocks to new polymers we 
call poly(methylenephosphines) (PMPs, Figure 1). This presentation will focus on the 
unusual mechanism of the polymerization of P=C bonds along with the novel emission 
properties of PMPs bearing fluorescent groups (FG) in the side chain. It will be shown 
that the fluorescence of the FG is highly sensitive to the chemical environment at 
phosphorus, with the phosphine being nonemissive whilst the phosphine oxide is 
fluorescent. A second class of P-containing polymer, poly(p-phenyleneethynylene 
phosphine) (PPYP, Figure 1) will also be discussed. These materials have been 
subjected to detailed photophysical characterization both in solution and in the solid 
state. Their emissive properties are also highly sensitive to the chemical environment at 
phosphorus making them attractive as potential sensor agents. 

 

 
 
Figure 1. New classes of π-conjugated polymers featuring phosphine functionalities in the main 
chain: poly(methylenephosphine) (PMP, FG = fluorescent group) and poly(p-
phenyleneethynylene phosphine) (PPYP). The emission properties of each polymer are highly 
dependent on the chemical environment at the phosphorus center. 

  



POLY 357: Understanding spatial and temporal concentration profiles in 
polymerization reactions initiated in air-saturated aqueous solutions by eosin and 
tertiary amines 

Hadley D. Sikes, sikes@mit.edu. Chemical Engineering, Massachusetts Institute of 
Technology, Cambridge, Massachusetts, United States  

Polymerization reactions that occur via a variety of mechanisms have been investigated 
in recent years as a means to provide signal amplification in biosensing assays. Eosin, 
an organic chromophore which can exist in multiple oxidation states, has been shown to 
be particularly useful for this purpose as it can rapidly initiate visible-light induced 
photopolymerization of acrylates in open air when used in combination with tertiary 
amines. The mechanism underlying this reactivity with sub-micromolar concentrations of 
eosin in aqueous monomer solutions initially containing millimolar concentrations of 
oxygen has not been conclusively established, although pathways for regeneration of 
eosin in the presence of oxygen certainly play a role. A reaction-diffusion model of this 
system along with observations from a set of real-time, coupled UV-visible and FT-NIR 
spectroscopy experiments will be presented as a means to better understand this 
unusual and useful chemistry. 

 

 
 
 

 



POLY 358: Polyelectrolytes in multivalent ionic media: New physics and new 
materials 

Matthew V. Tirrell, mtirrell@uchicago.edu. IME, University of Chicago, Chicago, Illinois, 
United States  

Multi-valent interactions in systems of polyelectrolytes can exhibit dramatic, non-
monotonic effects, for example, switching forces from repulsive to attractive, and back 
to repulsive again, in some cases. We have been studying these patterns of behavior 
with the surface forces apparatus (SFA) and with electrochemical methods, such as 
cyclic voltametry, which enables the quantitative determination of the number of multi-
valent ions residing in thin layers of charged polymers. At fixed ionic strength, all cause 
strong shrinkage and condensation of poly(styrene sulfonate) brushes over a narrow 
range of ratio multi-valent to mono-valent ions. When the multi-valent ion is an 
oppositely charged polymer, new fluid phases can form. Charged blocks in copolymers 
leads to materials with new types of ordered phases. Effects of these multi-valent 
interactions on supermolecular and biomolecular assembly will be discussed. There are 
many possibilities for the creation of new materials based on electrostatic assembly 
involving multi-valent interactions. 

  



POLY 359: Information-directed assembly of dynamic covalent molecular ladders 

Timothy F. Scott, tfscott@umich.edu, Tao Wei, Joseph C. Furgal. Department of 
Chemical Engineering, University of Michigan, Ann Arbor, Michigan, United States  

Nucleic acids present the most versatile class of materials for producing nanostructures 
to date and, through careful consideration of their residue sequence, can be designed to 
self-assemble via the hybridization of complementary strands into arbitrary structures 
with nanometer precision. Unfortunately, the versatility of nucleic acid assemblies is 
tempered by their thermal and mechanical instability, attributable to the weakness of the 
hydrogen bonds that hold the strands together. The substitution of the canonical nucleic 
acid base pairs with covalent inter-strand interactions precludes this instability and 
yields a unique and powerful nanofabrication strategy wherein the complex, information-
driven assembly of nucleic acids is combined with the strength of covalent bonds. 
Notably, the creation of exquisite nanostructures by self-assembly and the toughness 
imparted by covalent bonds are generally perceived as mutually exclusive owing to the 
prevalent irreversibility of covalent bond-generating reactions. Fortunately, several 
covalent interactions are known to be reversible under particular reaction conditions, 
enabling the error correction mechanism that is essential for the selective fabrication of 
supramolecular structures. As a result of the enormously greater strength and 
directionality offered by covalent bonds in comparison to the weaker interactions 
observed in biology, these 'dynamic' covalent chemistries offer an elegant approach to 
nanostructure assembly that combines complexity AND toughness. Here, we 
demonstrate the in situ deprotection and sequence-dependent, dynamic covalent self-
assembly of peptoid-based oligomers to afford molecular ladders with up to sixteen 
rungs. Moreover, we examine the ability of this approach to generate branched ladders 
that can assemble into larger, robust, multi-dimensional nanostructures. 

 



POLY 360: Pixelated polymers: Directing the self-assembly of liquid crystalline 
networks 

Timothy J. White1, timothy.white.24@us.af.mil, Anesia Auguste1, Brian Donovan1,2, 
Nicholas P. Godman1,2, Tyler Guin1,2, Benjamin Kowalski1,2. (1) Materials and 
Manufacturing Directorate, Air Force Research Laboratory, Centerville, Ohio, United 
States (2) Azimuth Corporation, Dayton, Ohio, United States  

Liquid crystalline materials are pervasive in modern society as the basis of the display 
industry. It has been long-known that liquid crystalline materials in polymeric forms also 
exhibit exceptional characteristics in high performance applications as transparent 
armor or bulletproof vests as well as in optics and photonics. A specific class of liquid 
crystalline polymeric materials referred to as liquid crystalline elastomers were predicted 
by de Gennes to have exceptional promise as artificial muscles, owing to the unique 
assimilation of anisotropy and elasticity. Subsequent experimental studies have 
confirmed the salient features of these materials, with respect to other forms of stimuli-
responsive soft matter, are actuation cycles of up to 400% as well “soft elasticity” 
(stretch at minimal stress). In the presentation, I will summarize our recent efforts in 
developing materials chemistry amenable to allowing arbitrary local control of the 
anisotropy within these materials. Enabled by these approaches, we have prepared 
complex actuators and mechanical elements from these materials. Notably, these 
materials are subject to mechanical design but homogenous in composition (lacking 
material/material interfaces). Relevance of this work to implementations in aerospace 
and commercial applications will be discussed. 

 

 
 
 

  



POLY 361: Photo-induced pinocytosis in synthetic vesicles 

Danielle Konetski, danielle.konetski@colorado.edu, Dawei Zhang, Christopher 
Bowman. UCB 596, Univ of Colorado, Chemical Biological Eng, Boulder, Colorado, 
United States  

Establishment of artificial cell systems capable of replenishing critical components for 
transcription and translation requires the incorporation of translocation machinery, which 
can be a complex and complicated process. Here, we present a novel, photo-induced 
pinocytosis behavior capable of internalizing compounds from the external environment. 
Through the incorporation of a photo-cleavable moiety onto a fraction of our 
phospholipid tails, we are able to spatiotemporally control the invagination of non-
spherical vesicles upon exposure to 365 or 405nm light. Incorporation of this photo-
cleavable moiety is made simple using the covalent attachment of a functionalized tail 
via CuAAC and is just one example of the simplified formation of modified lipids made 
possible through our designer lipid formation system. 

 

 
 
 

  



POLY 362: A new photoresist based on an “unzipping” polyester 

Carlton G. Willson2, willson@che.utexas.edu, Austin Lane3, Wontae Joo2, Di Liu2, 
Kensuke Matsuzawa2, Wade Wang2, Benjamin Cassidy2, Scott T. Phillips1, Andrew 
Dick2, Ryan A. Mesch2. (1) Pennsylvania State University, University Park, 
Pennsylvania, United States (2) Univ Texas, Austin, Texas, United States (3) Univ of 
Texas Dept Chem Engr, Austin, Texas, United States  

The synthesis of a new aliphatic polyester that spontaneously depolymerizes at room 
temperature when exposed to high energy radiation will be described. The 
depolymerization reaction is driven by formation of an aromatic product, toluene and a 
gas, carbon dioxide. Phase compatible blends of this polymer with a matrix resin such 
as m-cresol novolac or addition polymers derived from norbornene bearing 
hexafluoroisopropanol substituents constitute a very interesting new resist formulation. 
The polyester inhibits the base dissolution rate of thin films of these matrix polymers, 
but the radiolysis products do not. Hence, films of the blends function as sensitive 
positive tone resists. A single radiochemical event results in breaking many, many 
covalent bonds, hence the resist system demonstrates high sensitivity of the sort seen 
in acid catalyzed, chemically amplified resists (CARs). In principle, the new resists do 
not suffer from the bias and image blur limitations that are characteristic of the CAR 
design because there is no catalyst. The key, unzipping reaction does not require acid 
diffusion and the reaction once initiated is confined to a single chain. The synthesis of 
the new polyester and recent results of electron beam exposure studies of the new 
materials will be presented. 

 

 
 
 

  



POLY 363: Clicking together modular peptide assemblies 

Christopher J. Kloxin1,2, cjk@udel.edu. (1) Chemical and Biomolecular Engineering, 
University of Delaware, Newark, Delaware, United States (2) Materials Science and 
Engineering, University of Delaware, Newark, Delaware, United States  

Biomacromolecules of precise sequence are ubiquitous in nature and have folded 
structures with vast functionality from recognition to catalysis. Within these complex 
structures are common modular substructures, such as alpha helices and beta sheets. 
While nature uses these substructures as the major design element, the majority of 
synthetic polymers lack such modular design and as a result are less functionally 
sophisticated. Here, we present a combination of peptide noncovalent interactions and 
‘click’ chemistry to assemble monodisperse, non-biological coiled-coil peptide bundles 
into nanostructures that accommodate covalent crosslinking and functionalization. The 
formation of the coiled-coil bundles structures and the placement of the click functional 
groups are designed using computational models. The synthesis and implementation of 
non-natural click amino acids provides control over structural formation and stability, 
allowing us to explore unique path-dependent macromolecular assemblies. Our 
computationally directed synthetic approach enables us to create a host of unique 
responsive hierarchical nanostructures not possible through any other method. 

 
End-to-end click-based ligation of two coiled-coil bundles. Illustration of coiled-coil bundles 
(left) showing that each bundle has four functional groups, two on each bundle end, which then 
react via a thiol-Michael addition at slightly elevated pH. Preliminary TEM (right) reveals 
extraordinarily high aspect ratio peptide bundle polymers. 



POLY 364: Power of light in polymer chemistry: Smart, functional polymer 
materials formed by and interacting with light 

Christopher Bowman, christopher.bowman@colorado.edu. UCB 596, Univ of 
Colorado, Chemical Biological Eng, Boulder, Colorado, United States  

The use of photoinduced reactions and transformations in materials extends back for 
many decades, centuries and even millenia; however, its use has never been more 
widely spread than today. The benefits of spatiotemporal control, ambient, on-demand 
cure, energy efficiency and solvent-free curing have enabled this technology to become 
a ubiquitous part of modern life. Here, we will discuss various implementations of 
photopolymerizations, photoinduced reactions and phototriggered smart materials 
including the development of basic understanding of photopolymerizations, design and 
implementation of monomers, the development of novel photopolymerization reactions, 
and the establishment of smart materials based on polymer networks with photoinduced 
dynamic covalent chemistry. In particular, with a wide array of formulations, chemistries 
and mechanisms to choose from, the science of making a stimuli responsive material 
has been studied and documented extensively over the past decade. The benefits of 
forming smart polymers that respond to irradiation have been widely studied as the 
ability to trigger a response based on light exposure provides spatiotemporal control to 
the process. We will focus on the reaction processes and secondary functionalities that 
are incorporated into networks to enable tunable dynamic covalent chemistry within 
these polymer systems such that, as indicated in the illustration, covalently crosslinked 
polymer networks can be transformed from nearly purely elastic materials into 
viscoelastic materials capable of flowing upon exposure to light. Further, click reactions 
represent ideal candidates for pairing with photoinitiation and several examples will be 
discussed. The synergistic combination of click chemistries with photochemical initiation 
and polymer formation has been used to afford 4D control of polymer formation, 
structure and patterned assembly. 

 

 
 
 

  



POLY 365: Cytosine and ureido-cytosine acrylic triblock copolymers: Mechanical 
and morphological study on ABA triblock copolymers 

Xi Chen2, xichen9112@gmail.com, Robert B. Moore1, Timothy E. Long1. (1) Virginia 
Tech, Blacksburg, Virginia, United States (2) Chemistry, Virginia Tech, Blacksburg, 
Virginia, United States  

RAFT polymerization is a versatile and facile method to prepare ABA nucleobase 
triblock copolymers with controlled molecular weight and low polydispersity. Using poly 
(n-butyl acrylate) as the central block, and chain extension with nucleobase-containing 
blocks, such as poly (cytosine acrylate), produces a hard-soft-hard structure, imparting 
flexibility and structural integrity to the polymer. The flexible spacer in the cytosine 
acrylate segment promotes intermolecular recognition and facilitates self-assembly of 
polymer chains. Moreover, the complementary hydrogen bonding between cytosine 
segments promotes physical crosslinking and enhance mechanical performance. This 
thermally-reversible noncovalent interaction also enables melt processibility. Post-
functionalization of cytosine-containing triblock copolymers generates the corresponding 
ureido-cytosine polymers, increasing the propensity for physical interactions. Through 
systematic comparison of the thermomechanical properties and morphological behavior 
of cytosine and ureido-cytosine block copolymers, structure-property-morphology 
relationships illustrate key characteristics for novel thermoplastic elastomers. 

 
Synthetic scheme and cartoon representation of cytosine acrylate and ureido-cytosine acrylate 
containing ABA triblock copolymers. 



POLY 366: Mixed [2 : 6] hetero-arm star polymers based on Janus POSS with 
precisely defined arm distribution 
 
Yu Shao2,1, boukephalas@outlook.com, Shuaiyuan Han1, Jun Xu3, Shuguang Yang2, 
Jinlin He3, Wenbin Zhang1. (1) College of Chemistry and Molecular Engineering, Peking 
University, Beijin, China (2) Center for Advanced Low-dimension Materials, College of 
Materials Science and Engineering, Donghua University, Shanghai, China (3) College of 
Chemistry, Chemical Engineering and Materials Science, Soochow University, Suzhou, 
None Selected, China  
 
One important, yet less explored molecular parameter of star polymers is the 
distribution of arms in three dimensional (3D) space. Herein, we describe the synthesis 
of a series of mixed [2 : 6] hetero-arm star polymers whose arms are precisely arranged 
on a cubic scaffold of T8 polyhedral oligomeric silsesquioxane 
(POSS). The synthesis begins with regio-isomeric Janus POSS compounds (para-, 
meta-, and ortho-isomers) with two hydroxylethyl and six vinyl pendant groups. Two 
poly(ε-caprolactone) (PCL) chains are grown from the hydroxyls by Sn(Oct)2-mediated 
ring-opening polymerization. The vinyls are then converted to azides for subsequent 
“grafting” of six polystyrene (PS) arms onto POSS. The configuration of the final star 
polymers was thoroughly characterized by NMR, FT-IR, SEC, and MALDI-TOF mass 
spectrometry. This serves as the first few examples of mixed-arm star polymers with 
precise distribution of multiple arms, providing an intriguing platform for the study of 
their self-assembly. 

 
Synthesis route of mixed [2 : 6] hetero-arm star polymers. 

 
The 29Si NMR spectra of T8V6(OH)2 (A), T8V6PCL2 (B), and T8A6PCL2 (C) and the corresponding 
assignments. From top to bottom are para-, meta-, and ortho-adducts, respectively. This characterization 
shows the differences of configuration of the POSS cage. 
 



POLY 367: Preparation and cross-linking of all-acrylamide diblock copolymer 
nano-objects via polymerization-induced self-assembly in aqueous solution 

Sarah Byard1, sjbyard1@sheffield.ac.uk, Mark Williams1, Beulah E. McKenzie1, Adam 
Blanazs2, Steven P. Armes1. (1) The University of Sheffield , Sheffield, United Kingdom 
(2) BASF, Ludwigshafen, Germany  

Various carboxylic acid-functionalized poly(N’N-dimethylacrylamide) (PDMAC) 
macromolecular chain transfer agents (macro-CTAs) were chain-extended with 
diacetone acrylamide (DAAM) by reversible addition-fragmentation chain transfer 
(RAFT) aqueous dispersion polymerization at 70 °C to produce a series of PDMAC-
PDAAM diblock copolymer nano-objects at 20 % w/w solids via polymerization-induced 
self-assembly (PISA). TEM studies indicate that a PDMAC macro-CTA with a mean 
degree of polymerization (DP) of 68 or higher results in the formation of well-defined 
spherical nanoparticles with mean diameters ranging from 40 to 150 nm. In contrast, 
either highly anisotropic worms or polydisperse vesicles are formed when relatively 
short macro-CTAs (DP = 40-58) are used. A phase diagram was constructed to enable 
reproducible targeting of pure copolymer morphologies. Dynamic light scattering (DLS) 
and aqueous electrophoresis studies indicated that, in most cases, these PDMAC-
PDAAM nano-objects are surprisingly resistant to changes in either solution pH or 
temperature. However, PDMAC40-PDAAM99 worms do undergo partial dissociation to 
form a mixture of relatively short worms and spheres on adjusting the solution pH from 
pH 2-3 to around pH 9 at 20 °C. Moreover, a change in copolymer morphology from 
worms to a mixture of short worms and vesicles was observed by DLS and TEM on 
heating this worm dispersion to 50 °C. Post-polymerization crosslinking of concentrated 
aqueous dispersions of PDMAC-PDAAM spheres, worms and vesicles was performed 
at ambient temperature using adipic acid dihydrazide (ADH), which reacts with the 
hydrophobic ketone-functionalized PDAAM chains. The formation of hydrazone groups 
was monitored by FT-IR spectroscopy and afforded covalently-stabilized nano-objects 
that remained intact on exposure to methanol, which is a good solvent for both blocks. 
Rheological studies indicated that cross-linked worms formed a stronger gel compared 
to the linear precursor worms. 

 

 



POLY 368: Synthesis and self-assembly of brush block polymers with low Tg side 
chains 

Allegra L. Liberman-Martin2, alibermanmartin@gmail.com, Crystal Chu3, Robert H. 
Grubbs1. (1) Cal Tech 164-30, Pasadena, California, United States (2) California 
Institute of Technology, Temple City, California, United States (3) Chemistry and 
Chemical Engineering, California Institute of Technology, Pasadena, California, United 
States  

Brush block copolymers display unique properties due to their dense functionality, low 
entanglement, and rapid self-assembly. Using ruthenium-mediated ring-opening 
metathesis polymerization (ROMP) of norbornene-functionalized macromonomers, our 
group has harnessed these unique properties of the brush polymer architecture to 
access highly-ordered nanostructures. However, the use of low Tg side chains in brush 
block copolymers remains relatively unexplored. Herein, we describe the synthesis of 
brush block copolymers featuring side chains with Tgs below room temperature, 
including samples with grafted poly(dimethylsiloxane) (PDMS), poly(trimethylene 
carbonate) (PTMC), and poly(ethylene oxide) (PEO) blocks. These materials can be 
annealed at relatively low temperatures to form photonic crystals that reflect visible to 
near-IR light. The self-assembly of these copolymers has been investigated by SAXS 
and UV-vis spectroscopy. 

 

 
 
 

  



POLY 369: Synthesis and self-assembly of graft polymers with variable grafting 
density 

Tzu-Pin Lin, tplin@caltech.edu, Alice Chang, Robert H. Grubbs. California Institute of 
Technology, Pasadena, California, United States  

New approaches have been developed to enable facile control of grafting density, side-
chain length, and total backbone degree of polymerization. These synthetic advances 
were achieved by living ring-opening metathesis copolymerization of a macromonomer 
(PLA or PS) and a discrete diluent (DME or DBE) in different feed ratios. The 
consequences of grafting density variations have been studied in the context of block 
copolymer self-assembly. We found that systems with symmetric diblock (PLA-b-
DME)n-(PS-b-DBE)n bearing various grafting densities could self-assemble into lamella 
morphology. The lamella domain spacings, determined by small angle X-ray scattering 
(SAXS) experiments, reveal unusual scaling trends presumably associated with drastic 
changes in chain conformations resulting from grafting density variations. 

 

 
 
 

  



POLY 370: Synthesis and characterization of phospha-carborane containing 
ROMP based polymers 

gizem kahraman1, gizemkahramann@gmail.com, Tarik eren1, Evamarie Hey-
Hawkins2, Markus Gallei3. (1) Yildiz Technical University, Istanbul, Turkey (2) 
Universität Leipzig, Leipzig, Germany (3) Technical University Darmstadt, Darmstadt, 
Germany  

Boron-containing polymers were historically commercialized primarily for their chemical 
and thermomechanical resistance (e.g., Olin’s DEXSIL and Union Carbide’s UCARSIL). 
In addition, boron-containing polymers have been used to immobilize catalysts, as 
sensor materials, separation media, and optical materials. For instance, because of 
their remarkable stability, the icosohedral carbaboranes have been chiefly viewed as 
ideal candidates for the chemical/thermal strengthening of polymers. However, recently, 
there has been a growing interest in incorporating these boron clusters into tailored 
macromolecular structures by means of living or quasiliving polymerizations. This 
recrudescence stems from the rising awareness that carbaborane-based 
macromolecules can span a gamut of applications, for example, nonlinear optical 
materials, precursors for ceramics, boron neutron capture therapy of cancer (BNCT), 
etc. [1]. 
 
The research presented in this study focused on the development of novel functional 
hybrid organic-inorganic architectures containing chemically-tethered icosohedral 
carbaboranes. The motivation behind this work was to understand and overcome the 
challenges associated with the incorporation of inorganic boron clusters into a variety of 
well-defined polymeric architectures. This task was critical for the advancement of 
scientific understanding, as well as the improvement and implementation of novel hybrid 
materials towards technological applications. 

 



 
 

POLY 371: Synthesis of sugar-based poly(D-glucose carbonate) bottlebrushes 
towards tunable nano-morphologies in aqueous solution 

Mei Dong, mei_dong@tamu.edu, Lu Su, Hai Wang, Rachel A. Letteri, Jeniree A. 
Flores, Yingchao Chen, Yue Song, Karen L. Wooley. 3255 TAMU, Texas AM University, 
College Station, Texas, United States  

The synthesis of poly(D-glucose carbonate)s (PGC) bottlebrushes derived from bio-
based feedstocks is of great interest as a versatile platform for both fundamental studies 
of complex biocompatible nano-objects and application in nanomedicine and pollutant 
sequestration, among others. Hetero-grafted amphiphilic diblock molecular brushes, 
synthesized from glucose carbonate building blocks by grafting two different polymeric 
side chains sequentially along a polynorbornene backbone, were assembled in aqueous 
solution to form nanoscopic molecular frameworks with defined three-dimensional 
shapes. The hydrophobic norbornene-terminated macromonomer, norbornene-poly(D-
glucose carbonate) (NB-PGC) was synthesized by organocatalyzed ring-opening 
polymerization (ROP) of NB-PGC initiated by exo-5-norbornene-2-methanol. Ring-
opening metathesis polymerization (ROMP) of the hydrophobic NB-PGC 
macromonomers, followed by an N-hydroxysuccinimide (NHS) ester-functionalized 
norbornene afforded a hydrophobic bottlebrush connected to a linear NHS ester-
functionalized block. Post-polymerization reactions are anticipated to be easily adapted 
to allow for the incorporation of amine-functionalized cationic and anionic moieties. The 
combination of “grafting-through” and “grafting to” polymerization strategies for the 
hydrophobic and hydrophilic bottlebrushes, respectively, provided structural control and 
simultaneous incorporation of functional moieties. Variation of the hydrophobic volume 
fraction dictated the morphology of the nano-objects formed from the amphiphilic 
bottlebrushes upon assembly in aqueous solution, where vesicles were observed at the 
highest hydrophobic volume fraction and micelles were observed at lower hydrophobic 
volume fractions, as shown by transmission electron microscopy and dynamic light 
scattering. The construction of complex, functional nanoparticles from PGC-based 
materials with the potential to break down into natural by-products not only provides 
promise for fundamental studies, but also for numerous (bio)applications, due to the 
inherent versatility and ease of compositional and morphological manipulation. 

 



POLY 372: Heterofunctional thiol-ene polymerizations for the synthesis of 
sequence-ordered, biomimetic polymers 

Dillon Love3, dilo7362@colorado.edu, Kang-Min Kim6, John T. Goodrich3, Benjamin 
Fairbanks3, Weixian Xi2, Brady T. Worrell1,3, Sankha Pattanayak4, Mark P. Stoykovich3, 
Charles Musgrave5, Christopher Bowman3. (1) BCC-315, The Scripps Research 
Institute, La Jolla, California, United States (2) University of Colorado Boulder, Boulder, 
Colorado, United States (3) Chemical and Biological Engieering, University of Colorado 
Boulder, Boulder, Colorado, United States (4) Chemical and Biological Engineering, 
University of Colorado Boulder, Boulder, Colorado, United States (5) University of 
Colorado at Boulder, Boulder, Colorado, United States (6) Chemistry, University of 
Colorado Boulder, Boulder, Colorado, United States  

Traditional methods for polymer synthesis usually afford minimal control over the 
primary sequence and solid-phase synthesis of sequence-controlled, biomimetic 
polymers is limited by scalability. Utilizing thiol-X chemistries, first generating sequence-
controlled oligomers with the thiolate anion mediated thiol-Michael reaction and then 
polymerizing with the orthogonal thiyl radical mediated thiol-ene reaction, we have 
developed a method for producing sequence-ordered periodic copolymers that are 
capable of diverse side-group customization, with our primary focus being on attaching 
nucleobases and creating DNA-mimics. In this talk, I will focus on the characteristics of 
heterofunctional thiol-ene polymerizations in the context of synthesizing sequence-
ordered polymers, particularly, the effects of functional group chemistries on the 
reaction kinetics and the monomer structure on molecular weight evolution. Despite 
being well regarded as insensitive to most chemical functionalities, thiol-ene kinetics 
can be drastically suppressed by alkaline environments or by the presence of amines in 
the reaction mixture, which we determined through real-time kinetics and DFT 
calculations to be the result of the thiolate anion forming an exotic, two-atom three-
electron bond with a propagating thiyl radical and sequestering thiol-ene radical activity. 
Additionally, we have observed in the polymerization of small molecule, heterofunctional 
thiol-ene monomers that, due to the close proximity of the thiol and vinyl group, the 
reaction proceeds via a chain-growth molecular weight progression rather than the 
expected step-growth pathway. Using kinetic information and modeling, we determined 
the mechanism for this phenomena and have developed formulation conditions by 
which high molecular weight, linear polymers may be achieved by thiol-ene chemistries 
and how to generate sequence-ordered oligomers, with narrow dispersities, in a single 
reaction utilizing differences in reactivities among various thiol and vinyl substrates. 

 
The reaction schemes for (above) the retardation of thiol-ene reactions by thiolate anions and 
(below) the mechanism for chain-growth molecular weight evolution in heterofunctional thiol-
ene polymerizations. 



POLY 373: Utilizing hypervalent iodine compounds in the synthesis of branched 
polymers 

Rajesh Kumar, sai.rajeshchandra@gmail.com, Nicolay V. Tsarevsky. Chemistry, 
Southern Methodist University, Dallas, Texas, United States  

Highly branched polymers with multiple alkyl chloride functionalities at the chain ends 
were successfully synthesized via one-pot copolymerization of vinyl monomers and 
crosslinkers in the presence of 1-chloro-1, 2-benziodoxol-3(1H)-one (ClBIO) and 1-
chloro-2-hexyl-1,2-benziodazol-3(2H)-one (ClHBIO), which served both as initiators and 
efficient chain transfer agents. ClBIO and ClHBIO are heterocyclic hypervalent iodine 
(III) (HVI) compounds with labile I-Cl bonds, which can be cleaved homolytically upon 
heating to produce a Cl atom (which initiates the polymerization) and a 9-I-2 radical. 
Both ClBIO and ClHBIO were found to transfer Cl atoms to the propagating polymer 
chains very efficiently. Due to this transfer, during the copolymerization of vinyl 
monomers and crosslinkers, the gelation was significantly delayed compared to 
systems using conventional radical initiators (such as AIBN), even when high 
concentrations of crosslinker were employed. The transfer coefficients for the HVI 
compounds were determined, and the effects of crosslinker and HVI compound 
concentrations on the outcome of the copolymerizations were systematically studied. 

 

 
 
 

  



POLY 374: Controlled synthesis of isotactic poly (propylene oxide) using a 
bimetallic catalyst and chain shuttling agents 

Lilliana S. Morris, lsm227@cornell.edu, Ian Childers, Geoffrey W. Coates. Cornell 
University, Ithaca, New York, United States  

Poly (propylene oxide) (PPO) accounts for 5% of polymer production worldwide with 14 
million tons produced in 2011. Used commercially as an amorphous component in the 
synthesis of polyurethane foams, the vast majority of PPO manufactured is low 
molecular weight and atactic. A wide range of polymer properties can be accessed 
through control of molecular weight and tacticity. In 2008, our group reported the 
production of highly isotactic PPO using a bimetallic catalyst which showed excellent 
selectivity with a wide range of epoxides, but had little control over the molecular weight 
and dispersity of the polymers. Through combining a new bimetallic catalyst with chain 
shuttling agents, we have developed a system for the production of isotactic PPO with 
controlled molecular weight and dispersities. 

 

 
 
 

  



POLY 375: Comparison of graft block copolymers synthesized by grafting-from 
and grafting-through 

Michael J. Maher, maher154@umn.edu, Haley Schibur, Frank S. Bates. Chemical 
Engineering and Materials Science, University of Minnesota, Minneapolis, Minnesota, 
United States  

Graft polymers where the grafts consist of diblock copolymers can behave as tough 
thermoplastic elastomers. The impact of graft density and other variables on the 
physical properties of graft polymers is not fully understood. However, the synthesis of 
these polymers with controlled graft densities is challenging. In this presentation, a 
strategy to produce graft block copolymers (BCPs) with controlled grafting densities 
using grafting-through and grafting-from methods is discussed. Poly(4-
methylcaprolactone-block-D,L-lactide) macromonomers were synthesized from a 
polymerizable maleimide initiator. These macromomoners were then copolymerized 
using reversible addition-fragmentation chain-transfer (RAFT) polymerization with 
styrene and various amounts of N-ethylmaleimide to control grafting density. A kinetics 
study found that a macromonomer with a molecular mass of 12 kDa copolymerized at a 
similar rate to small molecules. However, incorporating a large number of grafts per 
chain (>5-10) was found to be limited by kinetics. To achieve a high number of grafts 
per chain, the grafting-from method was used. Macroinitiators of styrene, N-
ethylmaleimide, and N-(2-hydroxyethyl)maleimide were copolymerized by free radical 
polymerization. Subsequently, BCPs were grown off of the macroinitiator using ring-
opening polymerization. A comparison of the synthesis and mechanical properties of the 
graft BCPs will be discussed. 

 

 
 
 



POLY 376: Combined effect of side chain flexibility and hydrogen-bonding 
originated supramolecular crosslinking on polyester properties 

Qianhui Liu1, ql17@zips.uakron.edu, Chao Wang3, Yuanhao Guo3, Chao Peng1, 
Sukhmanjot Kaur1, Abraham Joy2. (1) Polymer Science, The University of Akron, Akron, 
Ohio, United States (2) Dept of Polymer Science, University of Akron, Akron, Ohio, 
United States (3) Polymer Engineering, The University of Akron, Akron, Ohio, United 
States  

In a secondary amide group containing polymer, hydrogen bonding forms as 
supramolecular crosslinking and contributes to regulate polymer properties, such as 
thermal property and mechanical property. The change of chain flexibility upon 
incorporation of amide groups also leads to different material behaviors. The two effects 
are sometimes difficult to observe simultaneously in many traditional polymers, such as 
polyamide and polyurethane, due to crystallization. 
 
In this work, amorphous polyesters with the same backbone structure but different 
numbers of hydrogen bonding amide – propyl groups in the side chain were synthesized 
via carbodiimide coupling of succinic acid and various functionalized diols. The effect of 
temperature on hydrogen bonding between amide groups were studied by temperature-
dependent infrared spectroscopy, and it showed that hydrogen bonding strength was 
proportional to amounts of amide groups and weakened with temperature in the testing 
range of 20 to 200. The polymer containing most amide – propyl groups had the largest 
amounts of amide groups where hydrogen bonding could form and act as 
supramolecular crosslinking. It had the highest Tg and Young’s modulus at room 
temperature indicating more supramolecular crosslinking made the material less flexible 
and stiffer. On the other hand, the material with longer flexible amide-propyl side chain 
turned to more flexible. Rheology measurements indicated the competing effects of side 
chain flexibility and supramolecular crosslinking on the material property. Hydrophilicity 
and hygroscopicity of the material increased with amide – propyl groups which were 
confirmed by water contact angle measurement and TGA. 
 
The balance between side chain flexibility and hydrogen bonding interaction provides 
the material with different performances and it is environmentally sensitive. Thus 
through controlling the number of amide groups and selecting operating conditions, 
specific properties such as viscosity and complex modulus could be achieved. 
Exploiting the two handles of chain flexibility and hydrogen bonding, we present a good 
understanding of structure property relationship for this class of materials. 

 



POLY 377: Technology advances for the journey to Mars: An industry perspective 

Charles Brumlik, cbrumlik@nano-biz.com. Nano-Biz, New York, New York, United 
States  

This panel discussion is focused on how advances by industry can contribute to human 
exploration of Mars. Panelists will provide a 15-20 minute overview of relevant 
technologies that are under development in their companies and field questions from 
the moderator and the audience. An opportunity for students and other attendees to 
network with panelists will be held at the end of this sesson. 

  



POLY 378: Universal tetherable initiator for metal oxide surfaces 

Jiajun Yan3, jiajuny@andrew.cmu.edu, Xiangcheng Pan4, Zongyu Wang5, Zhao Lu6, Li 
Liu7, JIanan Zhang6,8, Chien Ho7, Michael R. Bockstaller2, Krzysztof Matyjaszewski1. (1) 
CMU, Pittsburgh, Pennsylvania, United States (2) Carnegie Mellon University, 
Pittsburgh, Pennsylvania, United States (3) Department of Chemistry, Carnegie Mellon 
University, Pittsburgh, Pennsylvania, United States (4) Carnegie Mellon university, 
Wexford, Pennsylvania, United States (6) Department of Materials Science & 
Engineering, Carnegie Mellon University, Pittsburgh, Pennsylvania, United States (7) 
Department of Biological Sciences, Carnegie Mellon University, Pittsburgh, 
Pennsylvania, United States (8) Anhui University, Hefei, Anhui, China  

A universal tetherable initiator, derived from the fatty acid, for surface-initiated atom 
transfer radical polymerization (SI-ATRP) was designed and synthesized. Successful 
surface modification of a broad variety of metal oxide nanoparticles was demonstrated. 
Superparamagnetic magnetite nanoparticles were synthesized and functionalized in situ 
with ATRP initiators. A potential magnetic resonance imaging (MRI) contrast agent was 
thus prepared. The initiator was also used for grafting polymer brushes from flat 
aluminum foils using a simple, low-cost “paint-on” technique. A thermal responsive 
coating was grafted from the aluminum surface. 

 

 
 
 

  



POLY 379: Analysis of reaction order, surface mechanisms, and temperature 
effects in SARA ATRP 

Kyle F. Augustine, kaugusti@andrew.cmu.edu, Thomas Ribelli, Marco Fantin, Pawel 
Krys, Krzysztof Matyjaszewski. Department of Chemistry, Carnegie Mellon University, 
Pittsburgh, Pennsylvania, United States  

The mechanism of supplemental activator and reducing agent atom transfer radical 
polymerization (SARA ATRP) was investigated. The external orders in reagents for alkyl 
halide (RX) activation by Cu0 were examined in acetonitrile (MeCN) and 
dimethylsulfoxide (DMSO) and surface mechanisms of RX adsorption were considered. 
Using methyl 2-bromopropionate (MBrP) or ethyl α-bromophenylacetate (EBPA) and 
tris(2-(dimethylamino)ethyl)amine (Me6TREN) in DMSO and MeCN, RX activation was 
first order in initiators but a maximum rate was reached at higher concentrations except 
for the most active combination employing EBPA in MeCN, which was inverse order 
when [EBPA]0 > 66 mM. Rates either increased linearly and plateaued or reached 
maximum values with ligand at saturated [RX]0 = 88 mM. The rates increased with 
(S/V)0.9. Rate coefficients of RX activation and comproportionation between X-CuII/L and 
Cu0 were studied at various temperatures. 

 
 
 



POLY 380: Mechanically switchable atom transfer radical polymerization using 
low ppm of catalyst 

Zhenhua Wang1,2, zhenhua1@andrew.cmu.edu, Xiangcheng Pan1, Jiajun Yan1, Sajjad 
D. Silab1, Hesheng Xia2, Krzysztof Matyjaszewski1. (1) CMU, Pittsburgh, Pennsylvania, 
United States (2) Polymer Research Institute, Sichuan University, Chengdu, China  

Mechanically atom transfer radical polymerization (mechanoATRP) was successfully 
performed in ultrasound bath with low ppm copper catalyst. Polymerization of methyl 
acrylate in the presence of CuBr2/tris(2-pyridylmethyl)amine catalyst using ultrasound as 
external stimulus was well controlled. The kinetics of the polymerization followed an 
almost linear semilogarithmic plot of monomer consumption versus ultrasound agitation. 
The experimental molecular weights agreed well with the theoretical values with narrow 
molecular weight distribution. The effect of various types of barium titanate 
nanoparticles, loadings of nanoparticles and targeted degrees of polymerization were 
investigated. The polymerization can be temporarily controlled through the switchable 
on-off ultrasound agitation. 

 

 
 
 

  



POLY 381: Direct ATRP of methacrylic acid with mesohemin based catalysts 

Liye Fu2, liyef@andrew.cmu.edu, Antonina Simakova1, Yi Wang3, Marco Fantin2, Sipei 
Li2, Krzysztof Matyjaszewski2. (1) Carnegie Mellon University, Pittsburgh, Pennsylvania, 
United States (2) Chemistry, Carnegie Mellon University, Pittsburgh, Pennsylvania, 
United States (3) Department of Chemistry, Carnegie Mellon University, Pittsburgh, 
Pennsylvania, United States  

An iron-porphyrin mesohemin based catalyst, derived from the active center of proteins 
such as horseradish peroxidase, hemoglobin, etc., was evaluate for the direct atom 
transfer radical polymerizations (ATRP) of methacrylic acid. With mesohemin based 
catalysts, controlled radical polymerization of methacrylic acid was successful, providing 
poly(methacrylic acid) with Mn = 20,000 and with low dispersity (MWD<1.5) Successful 
synthesis and modification of mesohemin derivatives for this application was achieved. 

 

 
 
 

  



POLY 382: Polymer brushes grafted from cellulose with controlled grafting 
densities 

Lingchun Li2, lingchul@andrew.cmu.edu, Guojun Xie5, William F. Daniel3, Andrew 
Keith3, Benjamin Morgan3, Sergei Sheiko4, Krzysztof Matyjaszewski1. (1) CMU, 
Pittsburgh, Pennsylvania, United States (2) Department of Chemistry, Carnegie Mellon 
University, Pittsburgh, Pennsylvania, United States (3) UNC Chapel HIll, Carrboro, 
North Carolina, United States (4) UNC Chapel Hill, Chapel Hill, North Carolina, United 
States (5) Carnegie Mellon University, Pittsburgh, Pennsylvania, United States  

Brush-like macromolecules with different grafting densities and narrow molecular weight 
distribution (MWD) were synthesized by grafting side chains from cellulose-based 
backbones via atom transfer radical polymerization (ATRP). In order to prepare 
macroinitiators with controlled spacer length between initiating sites, acylation of 
cellulose was carried out in ionic liquids with a mixture of 2-bromoisobutyryl bromide 
and acetyl bromide with specific ratios. A series of linear macroinitiators with narrow 
MWD were obtained by fractional precipitation. (Meth)acrylate side chains were then 
grafted by ATRP from the cellulose-based macroinitiators. 1H NMR, GPC and atomic 
force microscopy (AFM) were used to characterize the well-defined structures of 
afforded molecular brushes. 

 

 
 
 

  



POLY 383: Heterografted molecular brushes as macromolecular surfactants 

Guojun Xie3, gxie@andrew.cmu.edu, Pawel Krys4, Robert D. Tilton2, Krzysztof 
Matyjaszewski1. (1) CMU, Pittsburgh, Pennsylvania, United States (2) Dept Chemical 
Eng, Carnegie Mellon Univ, Pittsburgh, Pennsylvania, United States (3) Chemistry, 
Carnegie Mellon University, Pittsburgh, Pennsylvania, United States (4) Chemistry; 
Mailbox MI-D, Carnegie Mellon University, Pittsburgh, Pennsylvania, United States  

A series of well-defined heterografted molecular brushes with poly(n-butyl acrylate) 
(PnBA) and poly(ethylene oxide) (PEO) side chains were synthesized and used as 
surfactants to stabilize water-in-oil emulsions. By using a synthetic strategy combining 
“grafting through” and “grafting from” methods via atom transfer radical polymerization 
(ATRP), structural parameters including graft length, graft ratio, and backbone length 
were systematically tuned. With PEO and PnBA grafts serving as hydrophilic and 
hydrophobic moieties, these molecular brushes were able to stabilize water-in-oil 
emulsions at extremely low surfactant concentration (0.005 wt %). The effect of graft 
length and composition were demonstrated by tunable behavior/performance during the 
generation of emulsions. A comparison between polymer brushes of different 
conformation and the diblock linear analogs indicated combining multiple hydrophobic 
and hydrophilic grafts into one molecule might enhance their adsorption at the interface 
but not necessarily favor the formation of smaller droplets. Pendant drop experiments 
indicated that heterografted molecular brushes could lower the interfacial tension, 
showing the emulsifying properties could be partially attributed to a decrease in the 
energy cost of emulsion formation. 

 

 
 



POLY 384: Supersoft networks based on crystalline triblock molecular 
bottlebrushes 

Guojun Xie5, gxie@andrew.cmu.edu, William F. Daniel6, Mohammad Vatankhah 
Varnoosfaderani6, Joanna Burdynska4, Qiaoxi Li7, Dmytro Nykypanchuk3, Oleg Gang1,8, 
Krzysztof Matyjaszewski2, Sergei Sheiko7. (1) Ctr Functional Nanomaterials, Bldg 735, 
Brookhaven National Lab, Upton, New York, United States (2) CMU, Pittsburgh, 
Pennsylvania, United States (3) Brookhaven National Laboratory, Upton, New York, 
United States (4) Carnegie Mellon University, Pittsburgh, Pennsylvania, United States 
(5) Chemistry, Carnegie Mellon University, Pittsburgh, Pennsylvania, United States (6) 
UNC Chapel HIll, Carrboro, North Carolina, United States (7) UNC Chapel Hill, Chapel 
Hill, North Carolina, United States (8) Department of Chemical Engineering and 
Department of Applied Physics and Applied Mathematics, Columbia University, New 
York, New York, United States  

The goal of this study is to demonstrate the effect of side chains on the formation and 
mechanical properties of physically cross-linked networks. For this purpose, a series of 
ABA triblock bottlebrush with amorphous poly(n-butyl acrylate) (PnBA) bottlebrushes as 
central B blocks and crystallizable poly(octadecyl acrylate-stat-docosyl acrylate) 
(poly(ODA-stat-DA)) as A blocks were synthesized. These materials were used to 
generate a series of reversible physical networks with bottlebrush strands bridging 
crystalline cross-links, which displayed very low moduli of elasticity of the order of 103 
−104 Pa. Densely grafted amorphous PnBA side chains are crucial for the extremely low 
moduli because such architecture facilitates disentanglement of the network strands 
and suppresses the formation of percolation in the crystalline phase formed by 
crystallization of the linear-chain tails. In this work, we showed that the cross-link 
density could be effectively controlled by the DP of the side chains. Shorter side chains 
allowed the association between crystallizable tails of neighboring bottlebrushes, while 
steric repulsion between longer side chains prevented network formation because of 
hindered phase separation and crystallization process. 

 

 
 
 



POLY 385: Nitrogen-enriched mesoporous carbons from PAN-based block 
copolymers and bottlebrushes 

Rui Yuan2, ryuan@andrew.cmu.edu, Maciej Kopeć2, Eric Gottlieb4, Guojun Xie2, Carlos 
Abreu5, Yang Song6, Tomasz Kowalewski3, Krzysztof Matyjaszewski1. (1) CMU, 
Pittsburgh, Pennsylvania, United States (2) Chemistry, Carnegie Mellon University, 
Pittsburgh, Pennsylvania, United States (3) Dept of Chemistry, Carnegie Mellon 
University, Pittsburgh, Pennsylvania, United States (4) SMC 3794, Carnegie Mellon 
University, Pittsburgh, Pennsylvania, United States (5) Department of Chemical 
Engineering, University of Coimbra, Pinhal de Marrocos, Portugal (6) Institute of 
Nuclear and New Energy Technology, Beijing, China  

Copolymer-templated nitrogen-enriched carbons (CTNCs) were prepared with two 
different architectures, polyacrylonitrile-block-poly(butyl acrylate) (PAN-b-PBA) block 
copolymers and bottlebrushes. Through atom transfer radical polymerization (ATRP), 
both structures were synthesized with precisely controlled molecular weight (MW) and 
narrow molecular weight distribution. These precursors were further pyrolyzed into 
CTNCs using a two-step thermal treatment. Carbons with surface area as high as ~560 
m2/g were obtained. More importantly, the relationship between MW of precursors and 
carbon nanostructure was studied, manifesting the importance of sufficient block length 
for porosity generation. The abundant mesopores, as well as nitrogen atoms enabled 
these CNTCs to be catalytically active in oxygen reduction reaction (ORR). 

 

 
 
 

  



POLY 386: Synthesis and design of smart protein-polymer biohybrids via ATRP in 
water 

Alan E. Enciso1, aenciso@andrew.cmu.edu, Sheiliza Carmali1, Antonina Simakova1, 
Alan J. Russell2, Krzysztof Matyjaszewski1. (1) Chemistry, Carnegie Mellon University, 
Pittsburgh, Pennsylvania, United States (2) ICES 1203 Hamburg Hall, Carnegie Mellon 
University, Pittsburgh, Pennsylvania, United States  

Biohybrid polymers are copolymers synthesized by covalent linking of natural (e.g. 
proteins) and synthetic polymers. Enzymes offer a perfect scaffold for the generation of 
polymeric biohybrids capable of performing a specific functionality. Polymer based 
protein engineering (PBPE) allows the development of versatile conjugates beyond the 
traditional pegylation. Besides, PBPE techniques are capable of conferring to the 
enzymatic biohybrids new properties that can trigger a change in their physical 
properties, have a superior performance, proteolytic stability, and improved activity in 
aqueous/organic solvents. We have performed the modification of Lipase 
(Thermomyces Lanuginosus), which is of significant interest for the biofuel, food, 
detergent, pharmaceutical, leather, textile, cosmetic, and paper industries. The 
challenges and advantages of the structural modification of the surface of lipase with 
thermoresponsive polyacrylamides (DMAPAAm, SBAAm, and NIPAM) will be 
presented. They are expected to improve the recovery of the catalytic entity and yield 
stability under harsh conditions. The successful polymerization conducted via aqueous 
AGET-ATRP using a “grafting from” approach and studies related to catalytic behavior 
will be addressed. 

 

 
 
Schematic representation for the synthesis of bioconjugates with thermoresponsive polymers. 

  



POLY 387: Ab-initio emulsion ATRP via ion-pair and interfacial catalysis 

Marco Fantin1, mfantin@andrew.cmu.edu, Francesca Lorandi2, Yi Wang1, Pawel 
Chmielarz1, Armando Gennaro2, Abdirisak Ahmed Isse2, Krzysztof Matyjaszewski1. (1) 
Chemistry, Carnegie Mellon University, Pittsburgh, Pennsylvania, United States (2) 
University of Padova, Padova, Italy  

ATRP in dispersed media typically requires super-hydrophobic catalysts that reside in 
the monomer droplets, from where the heterogeneous polymerization is controlled. This 
concept of “super-hydrophobic catalysis”, however, precluded the development of a true 
ab-initio emulsion ATRP, which involves generation of radicals in the aqueous phase, 
followed by micellar or heterogeneous nucleation and then diffusion of monomer into 
growing polymer particles. 
We present a new catalytic system for ab-initio emulsion ATRP of butyl acrylate and 
butyl methacrylate. The catalytic system was assembled in situ by mixing commercially 
available reagents such as CuBr2, NaBr, tris(2-pyridylmethyl)amine (TPMA), sodium 
dodecyl sulfate (SDS), and ascorbic acid as reducing agent. First, the hydrophilic 
complex CuI/TPMA activated a water-soluble initiator. After nucleation, the cationic 
copper complexes interacted strongly with the anionic surfactant, generating 
hydrophobic ion pairs that shuttled the catalyst into the growing polymer droplets. This 
enabled controlled polymerization via “ion-pair” catalysis. Most of Cu/L, however, was 
located at the droplets’ interface, enhancing polymerization control via “interfacial” 
catalysis. A stable latex with dispersity ~1.2 and excellent control over molecular weight 
was obtained. 
The properties of the latex could be tuned by using different initiators, different amount 
of surfactant, or different stirring rates. After polymerization, catalyst removal was 
simple because the hydrophilic copper complexes easily left the hydrophobic polymer 
particles. 

 

 
 
 



POLY 388: Synthesis and characterization of –NMe2 substituted pyridine based 
ligand for ATRP catalysts 

Thomas Ribelli3, tribelli@andrew.cmu.edu, Marco Fantin5, Pawel Krys4, Rinaldo Poli2, 
Krzysztof Matyjaszewski1. (1) CMU, Pittsburgh, Pennsylvania, United States (2) Lab de 
Chimie de Coordination, CNRS, Toulouse, France (3) Chemistry, Carnegie Mellon 
University, Pittsburgh, Pennsylvania, United States (4) Chemistry; Mailbox MI-D, 
Carnegie Mellon University, Pittsburgh, Pennsylvania, United States  

Synthesis and characterization of copper complexes used as catalysts in atom transfer 
radical polymerization (ATRP) bearing the tris((2-dimethylamino)methyl)amine 
(TPMANMe2) ligand was conducted. Cyclic voltammetry (CV) of [CuII(TPMANMe2)Br][Br] 
showed a redox potential of -520 mV vs. SCE in MeCN giving a catalyst that is 50 times 
more active than the most currently active system. Differential scanning CV (DS-CV) 
indicated an activation rate coefficient, ka, of 4 x 106 M-1s-1 for methyl-2-
bromopropionate (MBrP) which would correlate to KATRP values on the order of 10-2 for 
acrylate-based systems. Preliminary initiators for continuous activator regeneration 
(ICAR) ATRP experiments showed a well-controlled system at catalyst loadings down to 
50 ppm for acrylates. Due to the high values of KATRP, catalyst induced side reactions 
such as catalytic radical termination (CRT) are suppressed. 

  



POLY 389: Phototunable structurally tailored and engineered macromolecular 
(STEM) gels 

Julia L. Cuthbert, cuthbert.julial@gmail.com, Krzysztof Matyjaszewski. Department of 
Chemistry, Carnegie Mellon University, Pittsburgh, Pennsylvania, United States  

Structurally Tailored and Engineered Macromolecular (STEM) gels are part of an 
emerging field of smart materials. STEM gels are polymer networks containing latent 
initiator sites available for post-synthesis modification. One type of STEM gel was 
synthesized by controled radical polymerization. First, reversible addition-fragmentation 
chain transfer (RAFT) polymerization was used to copolymerize (meth)acrylate 
monomer, di(meth)acrylate crosslinker and inimer for the subsequent atom transfer 
radical polymerization (ATRP) grafting-from process. The resulting “mother” STEM gel 
was infiltrated with several monomers, which were grafted from the inimer sites by 
photo-activated ATRP. Photo initiation has the advantage of spatial control of the gel 
modification. The mechanical and chemical properties of the resulting “daughter” STEM 
gels were precisely tuned. After grafting poly(2-(dimethylamino)ethyl methacrylate, the 
swelling capacity of the gels increased by 37% to 200% depending on STEM gel 
composition and temperature. The daughter gel stiffness was tuned by the type of 
polymer grafted. 

 

 
 
 

  



POLY 390: Nanoporous carbon nanospheres templated from polyacrylonitrile 
particle brushes by surface-initiated atom transfer radical polymerization (SI-
ATRP) 

Jianan Zhang3,2, jianan@mail.ustc.edu.cn, Rui Yuan3, ryuan@andrew.cmu.edu, 
Jaejun Lee4, Zongyu Wang5, Jiajun Yan5, Danli Luo6, Michael R. Bockstaller1, Krzysztof 
Matyjaszewski5. (2) Department of Materials Science and Engineering, Carnegie Mellon 
University, Pittsburgh, Pennsylvania, United States (3) Department of Chemistry, 
Carnegie Mellon University, Pittsburgh, Pennsylvania, United States  

Nanoporous carbon spheres (NCSs) are important for adsorption, catalysis, separation, 
energy storage and biomedicine. Herein, nitrogen-doped NCSs were templated from 
core-shell structured polyacrylonitrile@poly(3-(triethoxysilyl)propyl methacrylate 
(PAN@PTESPMA) nanospheres, which were synthesized by miniemulsion 
polymerization of acrylonitrile and the subsequent surface-initiated atom transfer radical 
polymerization (SI-ATRP) of TESPMA. PTESPMA layer of brushes served as the 
structural units for the effective isolation of PAN cores as individual NCSs to prevent 
aggregations during carbonization process. NCSs with diameter of ca. 100 nm had high 
accessible surface area of ∼424 m2/g and high nitrogen content of 14.8 wt%. The 
typical nitrogen-doped NCSs showed good performance in CO2 capture with a capacity 
of 2.84 mmol/g and a high CO2/N2 selectivity of ca. 20 at 298 K. They are efficient 
electrocatalysts for oxygen reduction reaction (ORR) via the four-electron mechanism. 

 
Schematic illustration of the formation process of nanoporous carbon spheres. (a) Formation of 
PAN/PTESPMA particle brushes from PAN nanosphere cores by SI-ATRP, (b) ZnCl2 
impregnation, thermal treatment, and carbonization at 700 °C for 2 h under nitrogen atmosphere 
to stabilize the structure of the mesostructured PAN nanocomposites, and (c) HF etching to 
generate nanoporous carbon spheres. 



POLY 391: Visible light-induced atom transfer radical polymerization 

Sajjad Dadashi Silab, sajjad.silab@gmail.com, Xiangcheng Pan, Krzysztof 
Matyjaszewski. Chemistry, Carnegie Mellon University, Pittsburgh, Pennsylvania, 
United States  

Photoinduced atom transfer radical polymerization (ATRP) was successfully achieved 
under visible light LED irradiation using specific transition metal complexes including 
L/CuBr2 or L/FeBr3, or organic photoredox catalyst in a metal-free manner. A 
TPMA/CuBr2 catalyst was used under 392 nm LED irradiation to polymerize 
oligo(ethylene oxide) methyl ether methacrylate (OEOMA) in water. Polymers of 
OEOMA were synthesized with low dispersity (Mw/Mn : 1.12) using 22 ppm of L/CuBr2 
catalyst in the presence of excess Br anions in highly diluted (90 vol%) aqueous media. 
Moreover, in photoinduced Fe-catalyzed ATRP, well-controlled polymerization of 
methacrylate monomers was obtained by using ppm FeBr3 catalyst (100-200 ppm) 
under a blue LED (450 nm). Polymerizations were conducted in the presence of Br 
anion as ligand to yield well-defined polymers (Mw/Mn : 1.10-1.30). 
In the metal-free photoinduced ATRP, phenyl benzo[b]phenothiazine (Ph-benzoPTZ) 
was used as a visible light photoredox catalyst. The photoexcited state Ph-benzoPTZ 
photocatalyst under 392 nm LED irradiation was oxidatively quenched by alkyl halide 
initiators to form initiating radicals and photocatalyst radical cation. Control was 
achieved by deactivation of propagating radicals by the radical cation photocatalyst and 
bromine anions. Using visible light in these systems enabled temporal control over the 
polymerization by switching the light source on and off. High chain end functionality of 
the polymers was confirmed by chain extension reactions to efficiently form block 
copolymers. 

 

 
 
 



POLY 392: RAFT polymerization initiated by electrochemical reduction of 
diazonium salt 

Yi Wang4, ywang4@andrew.cmu.edu, Marco Fantin3, Sangwoo Park2, Krzysztof 
Matyjaszewski1. (1) CMU, Pittsburgh, Pennsylvania, United States (2) Carnegie Mellon 
University, Pittsburgh, Pennsylvania, United States (3) Chemistry, Carnegie Mellon 
University, Pittsburgh, Pennsylvania, United States (4) Department of Chemistry, 
Carnegie Mellon University, Pittsburgh, Pennsylvania, United States  

Radical addition-fragmentation chain-transfer (RAFT) polymerization of butyl acrylate 
(BA) via electrochemical reduction of a diazonium salt, 4-bromobenzenediazonium 
tetrafluoroborate (BrPhN2) was successful. Under a cathodic current, reduction of 
BrPhN2 yielded aryl radical, which acted as initiator in RAFT polymerization. 
Polymerizations under galvanostatic conditions was well controlled. When targeting 
DP=500, 58 % conversion was achieved in 10 h, with kapp = 0.099 h-1, Mn, app = 33,400, 
Mn, th = 37,500 and Mw/ Mn = 1.18. By matching the applied current with target DP, 
polymers with DP = 250, 500 and 1000 were prepared in a controlled manner. 

 

 
 
 

 



POLY 393: AutoATRP: Automated synthesis of DNA-polymer hybrids 

Sushil Lathwal, slathwal@andrew.cmu.edu, Xiangcheng Pan, Stephanie Mack, Jiajun 
Yan, Subha R. Das, Krzysztof Matyjaszewski. Chemistry, Carnegie Mellon Univeristy, 
Pittsburgh, Pennsylvania, United States  

DNA block copolymers were synthesized in high yields and with easy purification by 
incorporating an Atom Transfer Radical Polymerization (ATRP) initiator on the DNA and 
directly grafting polymer from it. This process was simplified by performing both the 
DNA synthesis and ATRP inside an automated MerMade4 DNA Synthesizer. The 
synthesizer was fitted with a UV source to prepare well-defined polymers using 
PhotoATRP at ambient temperature. Linear first order kinetic plots were observed for 
ATRP of n-butyl acrylate and experimental MWs closely matched the theoretical values. 
This method was extended to different acrylates and methacrylates, solvents (MeCN, 
DMSO) and light sources (Optical fibers, UV lamp). Diblock copolymers were 
synthesized with varied targeted degrees of polymerization (10, 50, 100) and showed 
high retention of chain-end functionality. Both hydrophobic and hydrophilic monomers 
were grafted from DNA macroinitiator to prepare well-defined hybrids. These results 
indicate a highly efficient and automated method for controlled synthesis of DNA-
polymer hybrids. 

 

 
 
 

  



POLY 394: Carbon coated ZnO nanoparticles from polymer capped ZnO 
nanocrystals 

Zongyu Wang4, zongyuw@andrew.cmu.edu, Siyuan Liu6, Yepin Zhao6, Jiajun Yan4, 
Clare Mahoney5, Rachel Ferebee2, Michael R. Bockstaller3, Krzysztof Matyjaszewski1. 
(1) CMU, Pittsburgh, Pennsylvania, United States (2) Wean 2313, Carnegie Mellon 
Univ, Pittsburgh, Pennsylvania, United States (3) Carnegie Mellon University, 
Pittsburgh, Pennsylvania, United States (4) Chemistry, Carnegie Mellon University, 
Pittsburgh, Pennsylvania, United States (5) Materials Science Department, Carnegie 
Mellon University, Pittsburgh, Pennsylvania, United States (6) Material Science and 
Engineering, Carnegie Mellon University, Pittsburgh, Pennsylvania, United States  

ZnO is one of the more important materials in semiconductor applications due to the 
specific electronic structure of the metal atoms characterized by a filled valence band, 
and an empty conduction band. ZnO also has also a great potential in photocatalysis 
and energy storage applications because of its physical and chemical stability, high 
oxidative capacity, low cost and readily availability. novella new synthetic strategy 
enables dispersion of zinc oxide (ZnO) particles in porous carbon structures, which 
could enhance the electrical properties of ZnO NPs. Octylamine (OA)-capped ZnO and 
poly(styrene-co-acrylonitrile) (PSAN)-capped ZnO nanoparticles (NPs) were 
synthesized by a thermal decomposition and “ligand exchange” method and ZnO-
carbon nanocomposites were synthesized through pyrolysis of a mixture of OA-capped 
ZnO NPs/PSAN and PSAN-capped ZnO NPs. The resulting ZnO-carbon materials 
exhibit high capacitance and good catalytic efficiency in a methylene blue degradation 
test, when compared to pure ZnO. Consequently the ZnO-carbon materials show 
promise in supercapacitor and water pollution treatment applications. 

 
 
 



POLY 395: Computational studies of copper-catalyzed and photoinduced metal-
free atom transfer radical polymerization 

Cheng Fang4,5, fangc86@gmail.com, Xiangcheng Pan6, Marco Fantin1,7, Armando 
Gennaro3, Krzysztof Matyjaszewski2, Peng Liu5. (1) Department of Chemistry, Carnegie 
Mellon University, Pittsburgh, Pennsylvania, United States (2) Department of Chemistry, 
CMU, Pittsburgh, Pennsylvania, United States (3) Univ Padua Dept SCI Chim, Padova 
Pd, Italy (4) Computational Modeling and Simulation Program, University of Pittsburgh, 
Pittsburgh, Pennsylvania, United States (5) Department of Chemistry, University of 
Pittsburgh, Pittsburgh, Pennsylvania, United States (6) Department of Chemistry, 
Carnegie Mellon University, PITTSBURGH, Pennsylvania, United States (7) 
Department of Chemical Sciences, University of Padova, Padova, Italy  

Atom transfer radical polymerization (ATRP) is among the most powerful and robust 
controlled radical polymerization techniques that facilitates macromolecular engineering 
by synthesis of polymers with precise molecular weights, low dispersities, and well-
controlled architectures. Good control over polymer structures via ATRP is largely 
attributed to the fast activation/deactivation equilibrium that can be governed by 
transition metal catalysts (particularly with copper catalysts) or photoredox catalysts. 
However, the detailed mechanism of ATRP has not been studied thoroughly at the 
atomic level, which hinders the rational design of better ATRP catalysts. In this study, 
we employ density functional theory (DFT) and Marcus Theory calculations to 
investigate both outer-sphere single electron transfer (OSET) and inner-sphere single 
electron transfer (ISET) pathways for photoinduced ATRP systems with phenothiazine 
derivatives as photoredox catalyst. In photoinduced ATRP, the activation phase occurs 
via a dissociative electron-transfer pathway, while an associative electron transfer 
involving a termolecular encounter is favored in the deactivation process. The computed 
activation barriers agree well with experimental kinetic data. On the other hand, ISET 
pathway is favored in the copper-catalyzed ATRP. The ISET halogen transfer transition 
states are investigated using DFT calculations for the first time. Calculations provided 
good agreement with experimental activation rate constants. The computational studies 
revealed important insights into the electronic and steric effects of ligands on the activity 
of Cu-ATRP catalysts. 

  



POLY 396: Ligand effects in the Cu-mediated ATRP of butadiene 

Hyun Yu, Vignesh Vasu, vignesh.vasu@uconn.edu, Joon-Sung Kim, Alexandru D. 
Asandei. Institute of Materials Science, Polymer Program, Univ of Connecticut, Storrs 
Mansfield, Connecticut, United States  

The controlled radical polymerization (CRP) of conventional monomers such as 
(meth)acrylates and styrene is currently well understood. However, the effect of the 
reaction variables in the CRP of reactive, gaseous, conjugated diene monomers has not 
yet been clarified. Towards this goal we have carried out a detailed investigation of 
effect of the nature of the copper ligand (amine vs. phosphine, aliphatic vs. aromatic, 
linear vs. branched etc.) on the livingness of the polymerization, and are presenting 
herein the rational selection of ligands promising for a controlled process. 

 

 
 
 

  



POLY 397: Effect of alkyl halide initiator structure in the Cu-catalyzed ATRP of 
butadiene 

Hyun Yu, Joon-Sung Kim, joon-sung.kim@uconn.edu, Vignesh Vasu, Alexandru D. 
Asandei. Univ of Connecticut, Storrs Mansfield, Connecticut, United States  

By contrast to the controlled radical polymerization (CRP) of typical monomers including 
styrene and (meth)acrylates which has been thoroughly studied over the last twenty 
years, the metal mediated CRP of conjugated dienes, is still very poorly understood. We 
have carried out an in-depth study of the effect of the reaction parameters in the ATRP 
of butadiene, and we are presenting herein the effects of the nature of the halide (Cl vs. 
Br), the C-X carbon (primary, secondary, tertiary) and nature of the stabilizing group 
(alkyl, ester, benzyl, etc) on the quality of this CRP. 

 

 
 
 

 

 



POLY 398: Iodine transfer polymerization of vinylidene fluoride with transition 
metal carbonyls under visible light 

Joon-Sung Kim1, joon-sung.kim@uconn.edu, Christopher P. Simpson1, Vignesh 
Vasu2, Alexandru D. Asandei1. (1) Institute of Materials Science, Polymer Program, 
University of Connecticut, Storrs Mansfield, Connecticut, United States (2) Institute of 
Materials Science, Polymer Program, University of Connecticut, Storrs, Connecticut, 
United States  

The effect of the transition metal and of halide initiator in the photomediated free radical 
and controlled radical polymerization (FRP, CRP) of vinylidene fluoride (VDF) was 
investigated with a series of unsubstituted and ligand substituted monomeric, dimeric 
and oligomeric group 6-11 transition metal carbonyls such as (Mo(CO)6, Fe(CO)5, 

Cr(CO)6), CpMn(CO)3, CpCo(CO)2, Cp2Ti(CO)2, (PPh3)2Ni(CO)2, AuCOCl, Mn2(CO)10, 
Re2(CO)10 Co2(CO)8, Cp2Fe2(CO)4, Cp*2Cr2(CO)4, Cp2Mo2(CO)6 Cp2W2(CO)6, Fe3(CO)12 
and Ru3(CO)12, Co4(CO)12) in conjunction with a representative set of alkyl- and 
perfluoroalkyl initiators including with CH3(CH2)5-Br, CH3(CH2)5-I, CH3-I, CCl3-Cl, CCl3-
Br, Br-(CF2)6-Br, CF3(CF2)3-I and I-(CF2)4,6-I. While Cl and Br initiators afforded a typical 
FRP, a CRP enabled by iodine degenerative transfer, was obtained using even catalytic 
levels of Mn2(CO)10 ~ Re2(CO)10 >> Cp2Mo2(CO)6 >> Cp2W2(CO)6 and perfluoroalkyl 
iodides. The effect of the reaction parameters on the CRP process and on the 
dependence of the relative ratios of the PVDF-CH2-CF2-I and PVDF-CF2-CH2-I chain 
ends on conversion was also evaluated. 

 
 
 



POLY 399: Synthesis of PVDF block copolymers by the quantitative radical 
activation of both PVDF-CH2-CF2-I and PVDF-CF2-CH2-I chain ends with transition 
metal carbonyls under visible light 

Vignesh Vasu, Christopher P. Simpson, Joon-Sung Kim, Alexandru D. Asandei, 
alexandru.asandei@uconn.edu. Univ of Connecticut, Storrs Mansfield, Connecticut, 
United States  

The iodine degenerative transfer (IDT) polymerization of vinylidene fluoride (VDF) 
proceeds with the unavoidable accumulation of the least reactive PVDF-CF2-CH2-I 
chain end to the detriment of the more reactive PVDF-CH2-CF2-I counterpart. Therefore, 
the synthesis of well-defined PVDF block copolymers requires the quantitative activation 
of both PVDF-I termini. Such activation was tested under visible light irradiation with a 
series of photolabile group 6-11 transition metal carbonyls including Mo(CO)6, Fe(CO)5, 

Cr(CO)6), CpMn(CO)3, CpCo(CO)2, Cp2Ti(CO)2, (PPh3)2Ni(CO)2, AuCOCl, Mn2(CO)10, 
Re2(CO)10 Co2(CO)8, Cp2Fe2(CO)4, Cp*2Cr2(CO)4, Cp2Mo2(CO)6 Cp2W2(CO)6, 
Fe3(CO)12, Ru3(CO)12, and Co4(CO)12. Depending of the complex, the activation of both 
PVDF-I chain ends was observed by either metal insertion or by radical iodide 
abstraction pathways. Mn2(CO)10, Re2(CO)10, Cp2W2(CO)6, Cp2Fe2(CO)4 and 
Cp2Mo2(CO)6 afforded the desired complete radical activation of both PVDF-CH2-CF2-I 
and PVDF-CF2-CH2-I chain ends, and were used in the synthesis of well-defined ABA 
triblock PVDF copolymers with styrene, methyl methacrylate, t-butyl acrylate, vinyl 
acetate, acrylonitrile and isoprene. 

 



POLY 400: UCST-type thermosensitive linear ABA triblock copolymer hydrogels 

Wenxin Fu, Bin Zhao, zhao@ion.chem.utk.edu. Department of Chemistry, University of 
Tennessee, Knoxville, Tennessee, United States  

While lower critical solution temperature (LCST)-type thermosensitive block copolymer 
hydrogels have been intensively studied for various applications, no thermoreversible 
injectable block copolymer hydrogels based on upper critical solution temperature 
(UCST)-type thermosensitive polymers have been reported. Here we present a class of 
thermoreversible physically crosslinked hydrogels from linear ABA triblock copolymers 
composed of a poly(poly(ethylene glycol) methyl ether methacrylate) (PPEGMMA) 
middle block and UCST-type thermosensitive poly(acrylamide-co-acrylonitrile) (P(AAm-
co-AN) outer blocks. The triblock copolymers are synthesized by reversible addition-
fragmentation chain transfer polymerization using a difunctional chain transfer agent. At 
appropriate block lengths and chemical compositions as well as sufficiently high 
polymer concentrations, the ABA triblock copolymers undergo reversible sol-gel 
transitions in water upon cooling, and the sol-gel transition temperature can be tuned by 
varying outer block length, AN molar content in the outer block, and polymer 
concentration. Dynamic light scattering study shows that the cooling-induced gelation is 
caused by the UCST behavior of the outer blocks of the ABA triblock copolymers. It is 
our belief that these UCST-type thermosensitive block copolymer hydrogels will have 
potential applications in many areas. 

 

 
 
 

  



POLY 401: Sequence-controlled vinyl polymers with bulky and transformable 
vinyl monomer 

Dongyoung Oh, oh@living.polym.kyoto-u.ac.jp, Makoto Ouchi, Mitsuo Sawamoto. Dept 
of Polymer Chemistry, Kyoto University, Kyoto, Japan  

Nature polymers, such as peptides and DNAs, are composed of repeating units (i.e., 
amino acids, nucleobases) carrying different side groups, and the order, i.e., sequence, 
is perfectly programmed to express sequence-oriented functions. On the other hand, 
vinyl polymers, which are typical synthetic polymers, are also constructed with repeating 
units (i.e., vinyl monomers) carrying various side groups. However, the chain-growth 
mechanism (typically radical polymerization) is totally unsuitable for sequence control 
due to the statistical propagation. 
In this work, we propose a new strategy to control sequence for vinyl polymers 
consisting same monomer derivatives by using metal-catalyzed living radical 
polymerization. Crucial is design of a bulky and cleavable pendant methacrylate (I) as 
the key monomer. The bulkiness would allow control of the single monomer addition to 
give the halogen-ended adduct. The bulky ester pendant in the adduct can be 
selectively transformed into less bulky pendant on demand via acidolysis and 
esterification. Thus, the cycle consisting of radical addition, acidolysis, and esterification 
could be repeated to give sequence-controlled polymers consisting of methacrylate 
units. 

 
 
 



POLY 402: Molecular design toward advanced control of alternating sequence 
based on radical alternating copolymerization 

Kana Nishimori, nishimori@living.polym.kyoto-u.ac.jp, Makoto Ouchi, Mitsuo 
Sawamoto. Dept of Polymer Chemistry, Kyoto University, Kyoto, Japan  

Considering the advanced functions of natural polymers on the basis of sequence, 
sequence control has been studied even for synthetic polymers, but the control and the 
sequence-oriented functions are still beyond our reach. In this work, our efforts have 
been directed to precise control of the initiation and propagation for alternating radical 
copolymerization with a pair of electron-rich and poor monomers toward sequence-
oriented functions. As the comonomer pair, styrene (St) and maleimide (MI) derivatives 
are used because various substitutes can be combined in their substituents, such as a 
structure-inducing group (i.e., for aggregation) and a functional counterpart. We have 
recently found that an electron-poor halide initiator showing a highly selective initiation 
to St allowed sequence analysis by MALDI-TOF-MS and combination of the simple 
derivatives resulted in disarray of the alternating sequence. On the basis of the 
sequence analysis, new monomers were designed toward precise control of the 
alternating sequence without error. 

 

 
 
Precise sequence control based on alternating copolymerization of St and MI toward sequence-
driven function 

  



POLY 403: In-chain ring and amphiphilic polyacrylamides: From precision 
synthesis to controlled self-assembly and functions 

Yoshihiko Kimura, kimura@living.polym.kyoto-u.ac.jp, Takaya Terashima, Mitsuo 
Sawamoto. Department of Polymer Chemistry, Graduate School of Engineering, Kyoto 
University, Kyoto, Japan  

Herein, we report synthesis, self-assembly, and functions of in-chain ring and 
amphiphilic polyacrylamides. Acrylamides have hydrogen-bonding amide groups nearby 
olefins, while the pendant structures are tunable to modulate the solubility and 
thermoresponsibility. Given these features, we designed acrylamide-based 
(co)polymers via living radical polymerization to create functional nanoaggregates via 
self-assembly with hydrogen-bonding and/or hydrophobic interactions in organic or 
aqueous media. 
1. In-chain ring polyacrylamides were synthesized by hydrogen bond-assisted living 
radical cyclopolymerization of bisacrylamides bearing hydrophilic poly(ethylene glycol) 
spacers (PEGnDAAm, n = 3-6) in 1,2-dichloroethane (Scheme 1a). In this solvent, the 
intramolecular hydrogen bonding interaction of amide groups dynamically places the 
two acrylamide units adjacently. As a result, well-controlled amide-functionalized 
polymeric crown ethers were obtained without gelation. Our hydrogen bond-assisted 
cyclopolymerization was further applicable to design amphiphilic 
cyclocopolyacrylamides carrying hydrophobic alkyl pendants. The copolymers formed 
nanoaggregates in chloroform via hydrogen-bonding interaction and captured 
ammonium salts with hydrophilic rings via size expansion (Scheme 1b). 
2. Amphiphilic random copolyacryamides were prepared by controlled or free radical 
random copolymerization of a hydrophilic PEG-bearing acrylamide and a hydrophobic 
dodecylacrylamide (DAAm). Confirmed by SEC, the copolymers with controlled 
molecular weight formed size-controlled nanoaggregates in water (containing 100 mM 
NaCl); the size and molecular weight of nanoaggregates increased with increasing 
DAAm content. In contrast, the copolymers with broad molecular weight distribution 
partially form necklace-type nanoaggregates in water (Scheme 1c). 

 
Scheme 1. (a) Synthesis and (b, c) Self-Assembly of In-Chain Ring and Amphiphilic 
Polyacrylamides in Aqueous or Organic Media. 



POLY 404: Bio-based functional styrene monomers derived from naturally 
occurring ferulic acid for poly(vinylcatechol) and poly(vinylguaiacol) via 
controlled radical polymerization 

Hisaaki Takeshima, takeshima@chiral.apchem.nagoya-u.ac.jp, Kotaro Satoh, Masami 
Kamigaito. Grad School of Engineering, Nagoya University, Nagoya, Japan  

A naturally occurring vinyl phenolic compound, 4-vinylguaiacol (4VG: 4-hydroxy-3-
methoxystyrene), which is derived from naturally occurring ferulic acid via 
decarboxylation, was used for the synthesis of well-defined bio-based polystyrenes with 
phenolic functions. Through one-step chemical conversions of 4VG, a series of 4VG 
derivatives protected with acetyl (Ac4VG), tert-butyldimethylsilyl (TBDMS4VG), or 
triethylsilyl (TBDMS4VG) groups as well as bis(triethylsilyl)-protected vinyl catechol 
(TES2VC) were synthesized with high yields (> 90%). The controlled radical 
polymerization of these bio-based styrene monomers successfully proceeded in the 
presence of appropriate RAFT agents to result in polymers with controlled molecular 
weights and dispersity. In addition, the copolymerization of TES2VC was investigated 
with various monomers, such as poly(ethylene glycol) acrylate and N-
isopropylacrylamide, to obtain amphiphilic copolymers with catechol-containing 
segments. 

 
Scheme 1. Synthesis of Bio-Based Functional Styrene Monomers Derived from Naturally 
Occurring Ferulic Acid 



POLY 405: Metal-free cooperative hydrogenation of RAFT chain end using 
hydrosilane and thiol 

Mineto Uchiyama2, uchiyama@chiral.apchem.nagoya-u.ac.jp, Kotaro Satoh2,1, 
Hirotsugu Ida3, Masami Kamigaito2. (1) JST-PRESTO, Kawaguchi, Saitama, Japan (2) 
Department of Molecular and Macromolecular Chemistry, Nagoya University, Nagoya, 
Japan (3) Tsukuba Research Center, Kuraray, Tsukuba, Japan  

This study was directed to the metal-free catalytic hydrogenation of various RAFT chain 
ends via cooperative reduction using the combination of hydrosilane and thiol. The 
hydrogenation of xanthate terminal of poly(vinyl acetate) was examined using 
triphenylsilane in conjunction with a catalytic amount of n-dodecanethiol under UV 
irradiation or in the presence of AIBN as a radical source. With both triphenylsilane and 
thiol, the reaction proceeded smoothly and the content of hydrogenated end was over 
95% by 1H NMR, whereas with triphenylsilane or thiol alone almost no reaction occurred 
(<10%). Furthermore, the hydrogenation of other RAFT terminals, such as polystyrene 
with dithiobenzoate and polyacrylate with trithiocarbonate, was also examined using this 
method. 

 

 
 
Figure 1. Metal-Free Cooperative Hydrogenation of RAFT Chain End Usind Hydrosilane and 
Thiol 



POLY 406: One pot synthesis of structurally controlled hyper-branched polymers 
by using a stimuli-responsive monomer 

Yangtian Lu, lu.yangtian.43z@st.kyoto-u.ac.jp, Shigeru Yamago. Inst of Chemical 
Research, Kyoto, Japan  

Hyper-branched polymers (HBPs) are promising in many applications due to their 
unique physical properties compared to the corresponding linear polymers.1 However, 
there is no practical method to synthesize HBPs with controlled structure over molecular 
weight, dispersity, branching density, and branching number. Here we report the 
synthesis of structurally well controlled HBPs by the copolymerization of vinyl telluride 1 
and methyl acrylate in the presence of organotellurium chain transfer agent 2.2 1 is a 
stimuli-responsive monomer, because it does not initiate polymerization but acts as a 
branching point after it reacted by generating radicals. Both 1 and methyl acrylate were 
consumed nearly equally, and structurally well controlled dendritic HPB 3 was obtained. 
The molecular weight, the number of branching points, and branching density were 
easily controlled by changing the relative amounts of the chain transfer agent, vinyl 
telluride, and acrylate monomer with maintaining low dispersity. 

 

 
 
 

  



POLY 407: Synthesis and morphology control of Ni(II)-NTA-end-functionalized 
block copolymer 

Chaeyeon Lee1, chaeyeonlee@pusan.ac.kr, Dasom Park1, Minsu Chae1, Mohammad 
Abdul Kadir3, Ji Eun Choi2, Jae Kwang Song2, Hyun-Jong Paik1. (1) Polymer science & 
Engineering, Pusan National University , Busan, Korea (the Republic of) (2) Korea 
Research Institute of Chemical Technology (KRICT), Daejeon, Korea (the Republic of) 
(3) Sadarpur Government College, Faridpur, Bangladesh  

The structure formation through self-assembly of block copolymers containing special 
functionalities on their terminus is the method to prepare surface-functionalized 
nanostructures and indicates great potential depending on the functions of chain end in 
diverse application fields. 
In this study, we demonstrate the synthesis of an amphiphilic block copolymer, Ni2+-
nitrilotiracetic acid-end-functionalized-poly(poly(ethylene glycol)methyl ether 
methacrylate)-block-polystyrene (NTA-p(PEGMA-b-St)) and the formation of various 
surface-functionalized structures via morphology control of the NTA block copolymer. 
The t-boc-protected-NTA-p(PEGMA-b-St) was synthesized by atom transfer radical 
polymerization (ATRP) and then Ni2+ was complexed with NTA after removal of t-boc 
protecting group. Phosphate buffer solution as a selective solvent was added to the 
solution of the NTA block copolymer in THF to induce self-assembly. The various 
morphologies including micelles, cylinders and vesicles were observed according to the 
water content of solution. The surface functioanlity of prepared vesicles was confirmed 
by reversible bioconjugation of hexahistidine tagged green fluorescent protein (His6-
GFP) onto the surfaces of polymeric vesicles through NTA-Ni2+-His interaction. The 
reversibility of the binding between vesicles and His6-GFP was demonstrated the 
fluorescent microscope analysis. 
This study suggests the facile approach to control the shape of surface-functionalized 
structures by introducing the self-assembly behavior of Ni2+-NTA-end-functionalized 
amphiphilic block copolymer. These NTA functionalized structures can be valuable for 
proper applications such as protein immobilization, nano-reactors and drug delivery 
system depending on their morphology. 

 
Morphology transition of Ni2+-NTA-end-functionalized block copolymer and protein 
conjugation 



POLY 408: Functionalization of reduced graphene oxide using thiol-ene reaction 
of RAFT polymerized polymer 

Minho Kwon, kwon01055660314@gmail.com, Taeheon Lee, Hyun-Jong Paik. 
Department of polymer science and engineering, Pusan National University, Busan, 
Busan, Korea (the Republic of)  

Graphene is considered as an important material because of its high electrical, good 
mechanical, optical, and thermal properties. However, there are challenges for 
utilization of graphene in various applications because it exists as multi-layered due to 
strong Vander Waals interaction between layers. 
In this study, we prepared thin layered graphene using polymer and graphene oxide wet 
cake. Poly(sodium 4-styrenesulfonate) (PSS) was first synthesized using reversible 
addition-fragmentation chain-transfer (RAFT) polymerization. The chain end functional 
group of the synthesized PSS, dithioester group, was converted into thiol group that 
could react with double bond on graphene oxide (GO) surface via thiol-ene click 
reaction. Functionalized GO (f-GO) was reduced using hydrazine hydrate. As a result, 
reduced f-GO (f-rGO) maintained their dispersibility because of steric and charge-
charge repulsion. The f-rGO was analyzed using transmission electron microscopy and 
showed 1~2 nm thickness. 

 
 
Overall scheme of prepared f-rGO 

  



POLY 409: Facile route to synthesis of bicyclic polystyrene using ATRP and click 
chemistry by one-pot 

Jihwa Ye, jihwa3737@gmail.com, Taeheon Lee, Hyerin Choi, Jonghwa Jeong, Hyun-
Jong Paik. Department of polymer science and engineering, Pusan National University, 
Busan, Busan, Korea (the Republic of)  

Polymers can have numerous topologies such as linear, star/multiarm, graft/comb, 
branched/dendrimer, network/gel and cyclic polymers. Among diverse polymeric 
architectures, cyclic polymers possess unique physical properties including smaller 
hydrodynamic volume and radii of gyration, reduced viscosity, and elevated glass 
transition temperature due to the absence of chain termini in contrast to other polymer 
topologies. Therefore, control of polymer topologies, in particular cyclic polymer, is of 
importance. 
Well-defined multi-cyclic polymers were prepared ring-closure method that be achieved 
through the bimolecular homotetrafunctional coupling of a tetra arm star polymer with a 
small molecule linker. Also, They can be synthesized in general by combining atom 
transfer radical polymerization(ATRP), azidation and copper(I)-catalyzed alkyne-azide 
cycloaddition(CuAAC) “click” chemistry. The combination of ATRP and click chemistry is 
widely used for preparation of cyclic polymers because the halide chain-end 
functionality converts into azido functionality easily and click chemistry is an 
orthogonally selective reaction with high efficiency for ring closure. 
However, this synthesis method consists of multiple steps with labor purifications of end 
product in each step. Therefore, one-pot method could be considered for efficient 
synthesis of multi-cyclic polymers to eliminate a tedious multi-step synthesis method. 
In this study, all reactions to prepare cyclic polymers were carried out in one pot. The 
synthesized bicyclic polymer was characterized by 1H NMR, FT-IR spectroscopy and 
SEC. Consequently, the maximum purity of bicyclic polystyrene was determined by 
Gaussian multiple peak fitting and peak integration of SEC trace and was found to be 
about 48% under dilute condition. 

 
One-pot synthesis of bicyclic polystyrene 



POLY 410: Cobalt complexes supported by soft-hard mixed donor chelating 
ligands as mediators in radical polymerization 

Christophe FLIEDEL, christophe.fliedel@lcc-toulouse.fr, Yasmine K. Redjel, Jean-
Claude Daran, Rinaldo Poli. Laboratoire de Chimie de Coordination, CNRS, Toulouse, 
France  

Cobalt(II) acetylacetonate, a cobalt complex stabilized by two chelating κ2-O,O ligands, 
has proven to be an efficient mediator for the controlled radical polymerization (CRP) of 
less active monomers (LAMs) such as vinyl acetate. We were interested in replacing 
one of the two O atom by a soft S or P donor to evaluate the influence of such 
modification in the ligand architecture on the performances of the resulting [Co(O,D)2] 
(D = S, P) complexes in radical polymerization. The reversible formation of a metal-
carbon(polymer) bond being the key factor governing the organometallic-mediated 
radical polymerization (OMRP) equilibrium, the tuning of the coordination sphere around 
the Co center may strongly affect its ability to control the polymerization process. 
Ligands and complexes synthesis, solution and solid-state characterization and 
evaluation in CRP will be presented. 

 

 
 
 

  



POLY 411: Polymerization of less active monomers mediated by pentadentate 
(O,S,N,S,O) cobalt complexes 

Lucas Thevenin, lucas.thevenin@lcc-toulouse.fr, Christophe FLIEDEL, Rinaldo Poli, 
Jean-Claude Daran. Lab de Chimie de Coordination, CNRS, Toulouse, France  

Over the past decades, the development of reversible deactivation radical 
polymerization (RDRP) processes has been an important field of research. An important 
discovery has been the demonstration that Co(acac)2 efficiently mediates the controlled 
polymerization of less active monomer (LAMs) such as vinyl acetate (VAc), N-
vinylpyrrolidone (NVP), vinylimidazolium salts, and even ethylene. The control 
mechanism, so-called Organometallic Mediated Radical Polymerization (OMRP), 
involves the reversible formation of a metal-polymer bond. Both degenerative transfer 
(DT) and reversible termination (RT) mechanisms may interplay with four-coordinate 
cobalt complexes. Use of a pentadentate ligand, on the other hand, only allows OMRP-
RT. In the latter case, therefore, the stereo-electronic factors governing the OMRP-RT 
equilibrium may be assessed. We will present here the synthesis of a new pentadentate 
dianionic (O,S,N,S,O) proligand and its cobalt complexes (Scheme). The solution 
behavior, redox-properties and structural features will be discussed. Finally, the 
performances of these cobalt complexes in CRP of LAMs will be presented. 

 

 
 
Scheme. 

  



POLY 412: Metal migration and interface structuring in catalytic nanoreactor 

FLORENCE GAYET2,3, florence.gayet@lcc-toulouse.fr, Ahmad Joumaa2,3, Si Chen2,3, 
Eric Manoury2,3, Muriel Lansalot1, Franck D'Agosto1, Rinaldo Poli2,3. (1) CPE Lyon Bat 
308F, C2P2 CNRS/CPE/UCBL, Villeurbanne Cedex, France (2) Lab de Chimie de 
Coordination, CNRS, Toulouse, France (3) Université de Toulouse, UPS, INPT, F-
31077 , Toulouse, France  

Remarkable progress in controlled polymerization makes it possible to build 
macromolecules with controlled size, architecture, composition and functionality. We 
have recently latexes of designed hydrosoluble nanoreactors, synthetized by a 
straightforward RAFT emulsion polymerization technology, which consist of a 
hydrophilic shell and a cross-linked hydrophobic core containing covalently bound 
tris(aryl)phosphines.These nanoreactors have been used to perform 1-octene 
hydroformylation under aqueous biphasic conditions as they offer the possibility of 
ligand immobilization for catalyst recovery and recycling. 
We will present the swelling capacity of the hydrophobic cores by organic compounds, 
the coordination chemistry inside the cores with rhodium and iridium precatalysts as 
well as interparticle metal migration studied by NMR and DLS at both natural (ca. 5) and 
strongly basic (13.6) pH. These investigations allow us to make hypotheses on the 
water/hydrophobic core interface structuring and on mechanisms of mass transport to 
and from these nanoreactors. 

 

 
 
 

  



POLY 413: Alkyl and fluoroalkyl manganese pentacarbonyl complexes as models 
of OMRP dormant species 

Roberto Morales Cerrada1,2, roberto.morales@lcc-toulouse.fr, Jean-Claude Daran1, 
FLORENCE GAYET1, Christophe FLIEDEL1, Vincent Ladmiral2, Rinaldo Poli1, Bruno M. 
Ameduri2. (1) LCC - CNRS UPR8241, Toulouse, France (2) IAM, ICGM - CNRS 
UMR5253, Montpellier, France  

Fluoropolymers exhibit many interesting properties such as high chemical, UV and 
thermal resistance, low flammability and surface energy. However, macromolecular 
engineering is challenging because fluorinated olefins can only be (co)polymerized 
radically and are associated to very reactive radicals. In addition, unsymmetrical 
monomers such as vinylidene fluoride (VDF), H2C=CF2, suffer from inverted (head-to-
head and tail-to-tail) monomer addition defects, leading to dormant species that are 
even more difficult to reactivate than the regular ones obtained after head-to-tail 
addition. This is noted in both iodine-transfer polymerization (ITP) and reversible 
addition−fragmentation chain-transfer polymerization. In VDF polymerization, successful 
reactivation of all chains could be achieved in ITP through the use of reactive Mn(CO)5 
radicals generated from Mn2(CO)10 under visible light irradiation. Mn(CO)5 radical 
abstracts the iodine atom from all PVDF-I chain ends to yield I-Mn(CO)5, but the 
possible direct radical chain trapping to yield PVDF-Mn(CO)5 was not addressed. This 
would correspond to the dormant species of a putative organometallic mediated radical 
polymerization (OMRP) process. This contribution presents the synthesis and full 
characterization of several new R-Mn(CO)5 complexes (R = alkyl, fluoroalkyl) and the 
analysis of their Mn-R bond strengths. The possible use of these complexes as initiators 
in controlled radical polymerization of monomers will also be shown. 

 

 
 
OMRP mechanism mediated by alkyl or fluoroalkyl manganese pentacarbonyl complex 

  



POLY 414: Core cross-linked miktoarm star polymers via RAFT polymerisation for 
drug delivery across biological barriers 

Sri R. Vanarasi1,2, sri.vanarasi@monash.edu, Kellie Tuck3, John Chiefari2, Neil R. 
Cameron1. (1) Department of Materials Science & Engineering, Monash university, 
Melbourne, Victoria, Australia (2) Manufacturing, CSIRO, Melbourne, Victoria, Australia 
(3) School of Chemistry, Monash university, Melbourne, Victoria, Australia  

Brain cancers such as glioblastoma multiforme are some of the most dangerous 
cancers with an alarmingly high mortality rate. It is reported to have the lowest survival 
rates at less than 20% over 5 years. There are many reasons for this but a major one is 
the ineffective delivery of anticancer drugs to the tumor location. This is due to the 
presence of certain barriers in the brain (for example, the blood-brain barrier, BBB), 
which protect the brain from harmful materials and also restrict the entry of useful 
therapeutic molecules. 
 
We undertook an investigation to develop a new non-invasive BBB targeting approach, 
involving the synthesis and evaluation of a range of cross-linked mikto-arm star 
polymers as candidates for the delivery of anticancer therapeutics across the BBB. 
 
Using the RAFT process, well-defined hydrophobic poly (butyl methacrylate) and 
hydrophilic poly (PEG methacrylate) arm polymers with different chain lengths were 
prepared. These were reacted with a dimethacrylate cross-linker to give miktoarm star 
polymers with particle sizes ranging from 120-300 nm. A monomeric conjugate of 
antineoplastic drug SN38 was prepared and incorporated into the structure during either 
arm synthesis or cross-linking. Thus, exploring the importance of the position of the 
drug molecule inside a star polymer is reported. Imaging agent, Fluorescein-o-
methacrylate is incorporated into the core of the star polymer to track the polymer in 
different in-vitro environments. 
 
This presentation will highlight the synthetic approach to a range of mikto arm star 
polymer conjugates and will explore structure-property relationships such as 
hydrophobicity/hydrophilicity, cross-link density, and drug loading. An in vitro evaluation 
of the efficacy of these mikto-arm polymers to cross a BBB model system will be 
reported. 

 
Illustration of core cross-linked star polymer synthesis 



POLY 415: Designing poly(vinylidene fluoride)-based architectures by reversible 
addition-fragmentation tranfer (RAFT) process 

Marc Guerre2, marc.guerre@enscm.fr, Bruno M. Ameduri1, Vincent Ladmiral3. (1) Ecole 
Nat Sup Chim Montpellier, Montpellier, France (2) ICGM-IAM, Ecole Nationale 
Supérieure de Chimie de Montpellier, Montpellier, France (3) Macromolecular Eng 
Architectures, Institut Charles Gerhardt, Montpellier Cedex, France  

Poly(vinylidene fluoride), PVDF, is an interesting fluoropolymer endowed with 
remarkable properties such as thermal stability, chemical inertness to solvents, oils, 
acids (but not to bases), and piezo-, pyro- and ferroelectric properties. Ironically, 
although VDF was the first monomer to be polymerized using controlled radical 
polymerization technique, PVDF-based well-defined architectures are still very much 
underdeveloped. This is most probably due to peculiar polymerization behavior and 
which impairs perfect control. The Radical Addition Fragmentation Transfer (RAFT) and 
more specifically the Macromolecular Design Via the Interchange of Xanthate (MADIX) 
has been shown to be a very efficient RDRP technique of VDF. Our contributions in this 
area allowed a much better understanding of the mechanism of polymerization, 
limitations, and extended, via the well-known thiocarbonylthio chemistry, the diversity of 
PVDF-based architectures. 
Recently, we investigated the VDF RAFT dispersion polymerization protocols in the 
presence of PVAc macro-CTAs allowing the polymerization-induced self-assembly 
(PISA) of PVAc-b-PVDF block copolymers and resulted into original ovoidal flakes 
crystalline (1–5 μm) block copolymer morphologies. Although they are formed under 
polymerization-induced self-assembly conditions, the morphologies of these BCP 
structures were undeniably governed by the crystallization of PVDF. 

 
PVDF-based architectures synthesized by RAFT techniques 



POLY 416: Engineering materials for bio-applications 

Yang Li1, ly@mail.buct.edu.cn, Cyrille Boyer2, Fu-Jian Xu1. (1) State Key Laboratory of 
Chemical Resource Engineering, Beijing Lab of Biomedical Materials, Beijing University 
of Chemical Technology, Beijing, China (2) University of New South Wales, Sydney, 
New South Wales, Australia  

The development of medical progress essentially depends on bio-materials. Bio-
materials have been engineered via modern polymerizations to suit a wide variety of 
applications. Various nanoparticles have been optimized by ATRP and RAFT approach 
to yield well-defined designable and repeatable structures. The introduced polymer 
chain contains functional and reactive side (core) units have emerged as important 
building blocks for the preparation of novel materials, finding applications in a wide 
range of biomedical and materials researches. The first example is that we prepared 
macromolecular ligands for positive MRI imaging via “grafting to” strategy. Such 
macromolecular ligands have the potential to serve as components of Gd MRI agents 
as there are enhanced effects on relaxivity, allowing for lower Gd concentrations to 
achieve contrast, while potentially imparting control over pharmacokinetics. The second 
example is multi-functional particles were designed which providing potential 
applications in stimuli-responsive controlled drug release theranostic applications. The 
third example is hydrogel dressings in wound healing applications. The engineered 
hydrogel presents mechanical support, 3D-scaffold, constantly moist and promoting 
growth properties and may serve as a micro environment for skin regeneration. 

 

 
 
 



POLY 417: Anodic fragmentation of alkoxyamines: Generating nitroxides with 
electricity 

Benjamin B. Noble1, benjamin.noble@anu.edu.au, Long Zhang2,3, Simone Ciampi3, 
Michelle L. Coote1. (1) Research School of Chemistry, Australian National University, 
Canberra, Australian Capital Territory, Australia (2) University of Wollongong, 
Wollongong, New South Wales, Australia (3) Curtin University, Perth, Western 
Australia, Australia  

 
Alkoxyamines are widely used as initiators and mediators for Nitroxide Mediated 
Polymerization (NMP). NMP relies upon establishing an optimal equilibrium between the 
dormant alkoxyamine and active polymer radical. Unfortunately, relatively high 
temperatures (ca. 80-120 °C) are needed to maintain sufficient levels of alkoxyamine 
homolysis, and at those temperatures unwanted side reactions limit the scope and utility 
of the process. Herein we demonstrate that the one-electron oxidation of an 
alkoxyamine leads to a radical-cation intermediate that fragments at room temperature 
to release a nitroxide. Digital simulations of experimental voltammetry measurements 
indicate decomposition of the alkoxyamine radical-cation is rapid and irreversible. In 
contrast, high-level ab initio calculations suggest that the decomposition of isolated 
radical-cation is energetically unfavourable. In this work, we examine the importance of 
static charges in the fragmentation of this alkoxyamine radical-cation and discuss how 
nitroxide stability can be predictably controlled at room temperature. 

 

 
 
 

  



POLY 418: Color-coding visible-light polymerizations to elucidate mechanisms 

Charles A. Figg2, figg@chem.ufl.edu, James D. Hickman2, Georg Scheutz2, 
Sivaprakash Shanmugam1, Bryan S. Tucker2, Richard Carmean2, Cyrille Boyer1, Brent 
S. Sumerlin2. (1) Chemical Engineering, UNSW Sydney, Sydney, New South Wales, 
Australia (2) Department of Chemistry, University of Florida, Gainesville, Florida, United 
States  

Controlled radical photopolymerization techniques rely on specific wavelengths to 
initiate propagation processes through either photolysis, electron-transfer catalysts, or 
photodegradable initiators. We report mechanistic investigations into aqueous visible-
light reversible addition fragmentation chain-transfer (RAFT) polymerizations of 
acrylamides using Eosin Y as a photoinduced electron-transfer (PET) catalyst. The 
photoinduced polymerization was found to be dependent upon the irradiation 
wavelength and reagents, where either reduction or oxidation of the PET catalyst leads 
to inherently different radical initiation steps. The mechanistic understanding of the role 
of PET catalyst, wavelength, and reducing agent allowed a redox sensitive monomer to 
be successfully polymerized under only one PET-RAFT polymerization condition. 
Therefore, this study provides fundamental insight into visible-light photopolymerizations 
and allows for a facile means to precise polymeric materials without the need for 
different catalysts. 

 

 
 
 

 



POLY 419: Controlled radical polymerization of t-BoC protected styrenic sulfides: 
Chalcogenide hybrid inorganic/organic polymers (CHIPs) with phototunable 
refractive indices for integrated optics 

Tristan Kleine1, tristankleine@gmail.com, Roland Himmelhuber2, Robert A. Norwood2, 
Jeffrey Pyun1. (1) Chemistry and Biochemistry, The University of Arizona, Tucson, 
Arizona, United States (2) College of Optical Sciences, The University of Arizona, 
Tucson, Arizona, United States  

Tristan S. Kleine†, Roland Himmelhuber¥, Robert A. Norwood¥, Jeffrey Pyun† 
 
†Department of Chemistry and Biochemistry, The University of Arizona, 1306 E. 
University Blvd., Tucson, AZ, 85721, ¥College of Optical Sciences, The University of 
Arizona, Tucson, AZ, 85721. 
 
Our group has been heavily involved in the investigation of ultra-high refractive index 
materials based on chalcogenide hybrid inorganic organic polymers (CHIPs), and while 
these materials exhibit some of the highest refractive indices in literature, they cannot 
be polymerized by controlled methods. Our more recent efforts attempt to address this 
issue by designing and synthesizing monomers bearing chalcogen units, but that can be 
polymerized by conventional CRP methods such as RAFT. In doing so, it was deemed 
necessary to synthesize a protected, thiol-bearing monomer which could be carried 
through the polymerization, and was necessary to afford control, but that could be 
quantitatively removed after polymerization and afford the desired high refractive index 
of n = 1.643 (at 623 nm) after deprotection [figure 1]. It should be noted that the radical 
polymerization of a similar monomer, phenyl vinyl sulfide, has been reported in 
literature, but with poor control via RAFT and that the radical polymerization of an 
analogous monomer, phenyl vinyl sulfone, does not occur to high degree of 
polymerization. A unique advantage to the design of this new polymer is the crosslinking 
event that occurs rapidly after deprotection allowing for the material to act as a 
photoresist. We have successfully demonstrated this capability and are exploring the 
material’s application in integrated optical devices. 

 
Figure 1: Polymerization and photoinduced, tandem crosslinking and refractive index change of 
poly(St-S-BoC) 



POLY 420: Realizing biomimetic binding motifs for nano cellulose (NC) via CRP 

shivshankar R. mane, shivshankar.mane@gmail.com. Department of Chemistry, 
Laboratory for Organic Synthesis of Functional Systems,, Humboldt-Universität zu 
Berlin, Berlin, Germany  

Controlled radical polymerization (CRP) opened the realm to make sequence-defined 
polymers feasible, which enable to mimic protein based binding motifs. Over the past 
decade, the incorporation of peptide segments to synthetic polymers has been widely 
exploited; but peptido mimetic segments, which mimic functions of peptides are at the 
onset to be realized with precision polymers. These precision regime can open up new 
avenues to develop novel polymeric materials, useful to fulfill various tasks in the fields 
of materials and biomedical sciences. 
Cellulose is the most abundant polymer in nature and has attracted researcher due to 
its properties such as high strength, stiffness and biodegradable nature as well as low 
cost. Most importantly, nano cellulose (NC) is highly gained industrial attention because 
of potential applications in the field of composite materials, food additives, and 
suspension stabilizers as well as cosmetic and pharmaceutical industry. 
Herein we summarize our efforts to exploit CRP methods for the synthesis sequence 
controlled polymers to mimic biological binding motifs for nano cellulose. The phase 
display biopanning is used to identify peptide segments that are responsible for binding 
NC. Abstracting the binding motif found in peptides enabled to design similar mimetic 
binding motifs, which could be successfully synthesized by reversible addition-
fragmentation chain transfer (RAFT) polymerization method to demonstrate NC binding 
behavior. 
 
 

 
 
Figure 1. Representation for polymer based biomemitic motifs for binding nano cellulose. 

  



POLY 421: Directing oxidative folding of single polymer chain by sequence-
controlled polymerization 

Emmanuelle Schue1, emmanuelle.schue@hu-berlin.de, Jean-Francois Lutz3, Hans 
Boerner2. (1) Department of Chemistry, Humboldt Universität zu Berlin, Berlin, Germany 
(2) Department of Chemistry, Humboldt-University Berlin, Berlin, Germany (3) Precision 
Macromolecular Chemistry, Institut Charles Sadron, Strasbourg, France  

Nature a regime of absolute sequence control, proteins fold in solution into highly 
complex conformations, which are responsible for the various biological properties of 
proteins. In recent years, an increasing interest has been shown toward the 
development of synthetic polymer materials with a similar degree of structural 
organization as protein. Synthesis routes for cyclic, multi-cyclic polymer chains, by using 
supramolecular or covalent bonds have already been developed. 
In present work, we explored a study of single polymer chain folding by using dynamic 
covalent bridges such as disulfide and diselenide bonds. Most importantly, free selenol 
exhibits fast oxidative dimerization to form diselenide bridge that can be orthogonal to 
disulfide bridge formation. The opportunities for two steps folding process and use of 
these reversible bonds are responsible to control single chain self-assembly behaviour. 
First, the design and synthesis protocols of building blocks containing side reactive 
functionalities (selenol and thiol moieties) were established. Sequence-controlled 
macromolecules exhibiting precisely positioned pendant functional groups were 
synthesized by controlled radical polymerization and characterized successfully. Thiol 
and selenol side groups were exploited to induce controlled intramolecular cross-linking 
via disulfide and diselenide bridges and studied its oxidative folding behavior as well. 

 

 
 
Oxidative folding of linear synthetic polymer chains. 

  



POLY 422: Nitroxide-mediated polymerization: A versatile platform for telechelic 
redoxactive polymers and efficient polymer-based photosystems 

Michael Jaeger, michael.jager.iomc@uni-jena.de, Robert Schroot, Tina Schlotthauer, 
Ulrich S. Schubert. Laboratory for Organic and Macromolecular Che, Friedrich-Schiller-
University Jena, Jena, Germany  

Among the controlled radical polymerization techniques, NMP offers an elegant way to 
prepare telechelic polystyrenes with augmented redoxactive centers directly from 
functionalized initiators. Such end groups are utilized to construct precisely controlled 
polymer architectures in a simple and modular fashion, e.g., block-copolymers with an 
internal redox cascade (Image 1) or block-copolymers featuring single interjacent 
photosensitzer unit (Image 2) - or both. Such hierarchical macromoelcular architectures 
can be tailored to mimick elementary processes of light-induced charge separation - 
combining excellent quantum effciencies (96%) with microsecond charge separation 
lifetime. In this regard, the progress in the divergent synthesis and simplified purification 
protocols is described to illustrate the feasability to design, prepare and utilzes such 
novel functional macromolecules. 

 
 

 



POLY 423: Thermally-induced exchange of copolymer chains between spherical 
diblock copolymer nanoparticles 

Erik Cornel2, ejcornel1@sheffield.ac.uk, Steven P. Armes1. (1) Univ of Sheffield Dept of 
Chem, Sheffield, United Kingdom (2) Chemistry, University of Sheffield, Sheffield, 
United Kingdom  

Spherical diblock copolymer nanoparticles can be directly prepared in oil via 
Polymerization-Induced Self-Assembly (PISA). An oil-soluble (poly(lauryl 
methacrylate)(PLMA) macro-CTA was chain-extended with methyl methacrylate (MMA) 
to form an oil-insoluble PMMA block that forms spherical nanoparticles via Reversible 
Addition-Fragmentation Chain-Transfer (RAFT) dispersion polymerization. Both PLMA-
PMMA and core-deuterated PLMA-PMMA-d8 nanoparticles were prepared. DLS and 
SAXS studies indicated that a spherical particle diameter of approximately 23 nm was 
obtained in each case. Chain extension of PLMA with MMA resulted in high conversion, 
as determined using 1H NMR spectroscopy. This technique cannot be used to monitor 
the conversion for MMA-d8,. However, GPC analysis showed almost identical molecular 
weight distributions for the two block copolymers. 1H NMR analysis of the purified 
PLMA-PMMA diblock copolymer indicates a methoxy signal at 3.5 ppm for the PMMA 
block. This signal is absent for the partially deuterated PLMA-PMMA-d8 but 13C NMR 
analysis of this latter copolymer indicates a distinctive splitting pattern for the carbon 
atoms linked to deuterium nuclei. This supports the formation of the desired PLMA-
PMMA-d8 diblock copolymer. The PLMA-PMMA and PLMA-PMMA-d8 nanoparticles 
were mixed together in a 1:1 weightratio, and heated to 150 °C to stimulate copolymer 
exchange between nanoparticles. These copolymer dispersions were then redispersed 
in a dodecane/dodecane-d26 mixture with the scattering length density equal to that of 
homogeneously mixed PMMA and PMMA-d8 core. Small-angle neutron scattering 
(SANS) was used to assess whether copolymer chain exchange between nanoparticles 
occurred. SANS data obtained before heating is consistent with the combined scattering 
from the two types of nanoparticles in isolation. After heating to 150 °C, the new 
scattering curve could only be well-fitted by assuming contrast conditions equivalent to 
entropic mixing of the PMMA and PMMA-d8 core-forming blocks. Thus SANS provides 
direct experimental evidence for the exchange of diblock copolymer chains between 
these sterically-stabilized nanoparticles on heating to 150 °C. 

 

 
 



POLY 424: H2O2 enables convenient removal of RAFT end-groups from block 
copolymer nano-objects prepared via polymerization-induced self-assembly in 
water 

Craig P. Jesson1, cjesson1@sheffield.ac.uk, Victoria Cunningham1, Joseph Lovett1, 
Mark J. Smallridge2, Nicholas J. Warren3, Steven P. Armes1. (1) Dainton Bldg, Univ 
Sheffield, Sheffield, United Kingdom (2) GEO Specialty Chemicals, SOUTHAMPTON, 
United Kingdom (3) University of Leeds, Leeds, United Kingdom  

RAFT-synthesized polymers are typically colored and malodorous due to the presence 
of the sulfur-based RAFT end-group(s). In principle, RAFT end-groups can be removed 
by treating molecularly-dissolved copolymer chains with excess free radical initiators, 
amines or oxidants.1,2 Herein we report a convenient method for the removal of RAFT 
end-groups from aqueous dispersions of diblock copolymer nano-objects using H2O2. 
This oxidant is relatively cheap, has minimal impact on the copolymer morphology and 
produces benign side-products that can be readily removed via dialysis. We investigate 
the efficiency of end-group removal for various diblock copolymer nano-objects 
prepared with either dithiobenzoate- or trithiocarbonate-based RAFT chain transfer 
agents. The advantage of using UV GPC rather than UV spectroscopy is demonstrated 
for assessing the kinetics and extent of end-group removal.3 
 

 

 
 
 

  



POLY 425: Novel functional and responsive polymer scaffolds from 
controlled/living radical polymerisation 

Paul Wilson1,2, p.wilson.1@warwick.ac.uk, Kristian Kempe2,1, Thomas Davis2,1, David 
M. Haddleton1,2. (1) Department of Chemistry, University of Warwick, Coventry West 
Mids, United Kingdom (2) Monash Institute of Pharmaceutical Sciences, Monash 
University , Melbourne, Victoria, Australia  

Post-polymerization modification is a well-established method of tuning polymer 
properties and installing desirable functionality into polymer compositions. Traditionally, 
in chain-growth polymerization, monomers with reactive pendent groups such as 
epoxides, thiolactones, azlactones, activated esters, aldehydes/ketones, protected 
alkynes, etc., capable of undergoing ‘click’-type reactions have been employed to 
construct functional polymer scaffolds. 
Recently, disubstituted maleimides (DSM) and organic arsenicals incorporated at the α-
chain end of polymers have been exploited for efficient, highly selective reactions with 
thiol or disulfide bond containing proteins and peptides. Whereas DSMs have attracted 
a great deal of attention due to their reactivity, retained maleimide functionality and 
prevailing fluorescent properties, organic arsenicals have not yet been considered as 
functional motifs. Arsenic can exist in two biologically relevant oxidation states, (As(III), 
As(V)) which are chemically distinct. For example, As(V) forms labile arsonate esters 
upon reaction with alcohols, whereas it prefers to undergo electron transfer reactions 
with thiols resulting in reduction of the arsenic centre. Conversely, the resulting As(III) 
centres exhibit a remarkable preference for forming covalent bonds with soft 
nucleophiles, particularly thiols, which is further enhanced for chelating dithiols. 
Herein, DSM and As-functional (co)polymer scaffolds have been prepared by 
controlled/living radical polymerisation. DSM-functional polymers have been exploited 
for reversible and sequential thiol exchange reactions and strategies for post-
polymerisation modification of As(V) / As(III) functional scaffolds have been investigated 
using a variety of diols (As(V)), monothiol reagents (As(III)) and biological molecules 
such as peptides. Amphiphilic block copolymers have also been synthesised and 
assembled in solution to form higher-order aggregates wherein the As-functionality has 
been investigated as a responsive stabiliser via direct reductive coupling or cross-linking 
using polythiol reagents. 

 

 
 
Polymeric arsenicals by controlled/living radical polymerisation 

 



POLY 426: Well-defined grafted copolymers using single unit insertion and chain 
extension by RAFT 

Guillaume Moriceau2, g.moriceau@warwick.ac.uk, Guillaume Gody2, Matthias 
Hartlieb2, Joby Winn3, Hyungsoo Kim1, Antonio Mastrangelo3, Timothy Smith3, 
Sebastien Perrier2. (1) Mail Drop 152B, The Lubrizol Corporation, Wickliffe, Ohio, United 
States (2) Chemistry, University of Warwick, Coventry, United Kingdom (3) Lubrizol 
Limited, Hazelwood, United Kingdom  

The radical copolymerization of electron donor-type monomers (styrene) with electron 
acceptors (maleic anhydride) permits the design of almost perfectly alternating 
copolymers due to low propagation rate coefficient (kp) compared to high cross-
propagation rate coefficient (kcp). This exceptional feature has been used to achieve 
sequence-controlled alternating copolymers, polymer end-chain functionalization and 
single monomer unit insertion. Here we present our use of sequential single monomer 
unit insertion and chain extension in a one-pot RAFT copolymerization process to 
produce multisite copolymer with functionalizable units (maleic anhydride) inserted at 
precise locations in the polymer chain. A well-defined polystyrene backbone (c.a. 5,700 
g mol-1 – Dispersity= 1.4) with four functionalizable areas (every 10 units on average) 
was achieved and subsequent esterification of the maleic anhydride units with aliphatic 
alcohols was performed in order to prepare well-defined branched architectures. 

 

 
 
 

 



POLY 427: Nitroxide-mediated radical ring opening polymerization of cyclic 
ketene acetals 

Antoine Tardy1, Didier Gigmes1, Catherine Lefay1, Julien Nicolas2, Yohann Guillaneuf1, 
yohann.guillaneuf@gmail.com. (1) Aix-Marseille Université, Marseille, France (2) UMR 
CNRS 8612, Univ Paris-Sud, Chatenay-Malabry, France  

In addition to the control of the architecture, conventional radical polymerization has the 
drawback that polymerization of traditional vinyl monomers proceeds by chain addition 
with the creation of carbon - carbon bonds, leading to non degradable polymer chains. 
Unlike this received wisdom, some cyclic monomers bearing vinyl or exomethylene 
groups can be polymerized by a radical pathway through a ring-opening mechanism. 
Among them, cyclic ketene acetals were reported as suitable monomers for radical ring-
opening polymerization (rROP) and presented the advantage to produce similar 
polymers to classic aliphatic polyesters but through a radical pathway. 
 
The control of such monomers by CRP techniques could lead to the preparation of 
block copolymers containing a degradable block using only a radical polymerization 
mechanism. We thus combined the polymerization of CKA monomers with NMP that 
allows us to prepare both homopolymers and copolymers having well defined structures 
and good degradability properties. A careful kinetic analysis performed for both 
polymerization processes highlighted both the side reactions occurring during the 
homopolymerization and also the nature of the controlling system in the 
copolymerization process. 
 
The better understanding of these two polymerization modes should lead to 
improvements in the preparation of well-defined polymers by the combination of NMP 
and rROP of CKAs. 

 
 
 



POLY 428: Radical ring-opening polymerisation: New and improved monomer 
synthesis for polyesters from a self-controlled radical polymerisation 

Jens Gaitzsch2, jens.gaitzsch@unibas.ch, Jenny Folini2, James C. Anderson1, 
Wolfgang Meier2. (1) Dept of Chemistry, University College London, London, United 
Kingdom (2) Department of Chemistry, University of Basel, Basel, Switzerland  

Controlled Radical Polymerisation is a powerful and robust technique to produce multi-
responsive amphiphilic block-copolymers for macromolecular self-assembly into 
micelles or vesicles. However, while responsive vesicles can be formed readily, they are 
all based on vinylic or acrylic polymers, which is why they lack biodegradability. 
Biodegrable vesicles are less often reported, are not responsive and synthetically more 
demanding. We thus work on radical ring-opening polymerisation (RROP) from cyclic 
ketene acetals (CKAs). This method forms polyesters from a radical polymerisation and 
pontentially allows for responsive polyesters. 
The main drawback for RROP is the synthesis of the monomers. The only route known 
went via an intermediate haloacetal (Acetal pathway, Figure 1) and included elevated 
temperatures in both steps of the synthesis. We introduced a cobalt catalyst and the 
ring formation now works at room temperature in a mix-and-stir approach. In addition, 
we also developed an entirely new carbonate route towards CKAs (Figure 1, Carbonate 
Route). Via the new route, the CKA is formed from an intermediate carbonate and a 
consecutive Petasis-methenylation step. Our carbonate route now exclusively enables 
the production of the first pH sensitive CKA (Figure 1) and opens the door towards pH 
sensitive polyesters via RROP. 
We have thus deployed modern organic chemistry to improve polymer chemistry. With 
its help we improved the acetal pathway and introduced the carbonate route, producing 
previously inaccessible monomers. The radical ring-opening polymerisation step itself 
then holds a key advantage – free radical polymerisation produces a narrowly dispersed 
polymer (Dispersity of 1.14), making RROP a self-controlled radical polymerisation. 
Classic controlled radical polymerisation, on the other hand, proof to not yield a polymer 
at all with our CKAs. We already synhesised an amphiphilic block-copolymer from this 
method and now want to create biodegradable micelles and polymersomes (Figure 1) 
from them. 

 
Figure 1: Cyclic ketene acetals (CKA) can be produced from the corresponding diols via an 
intermediate acetal or an intermediate carbonate. The CKA is then polymerized towards a 
degradable polyester using (free) radical ring-opening polymerisation. 



POLY 429: Recyclable sulfonamide “polysoaps” via RAFT copolymerization for 
removal of hydrocarbon impurities from water for remediation applications 

Phillip D. Pickett1, phillip.pickett@eagles.usm.edu, Christopher R. Kasprzak2,1, Brooks 
Abel3,1, Mason Dearborn1, Charles L. McCormick1. (1) Polymer Science and 
Engineering, University of Southern Mississippi, Hattiesburg, Mississippi, United States 
(2) Chemistry and Biochemistry, California Polytechnic State University, San Luis 
Obispo, San Luis Obispo, California, United States (3) Chemistry and Chemical Biology, 
Cornell University, Ithaca, New York, United States  

Stimuli-responsive amphiphilic copolymers are currently an area of extensive research 
in polymer science. They have become increasingly important for environmental and 
biological applications due to their behavioral characteristics in aqueous solution. For 
example, structurally-tailored statistical amphiphilic copolymers or “polysoaps” can self-
assemble into micelles or other architectures in water at various concentrations. 
Polysoaps may be differentiated from small molecule surfactant micelles in their 
capability to self-assemble into unimolecular micelles with no dependence on 
concentration. Such micelles offer great potential for dispersion of hydrophobic 
molecules in water at high dilution. We have recently synthesized sulfonamide-
containing homopolymers by reversible addition-fragmentation chain transfer (RAFT) 
polymerization that exhibit changes in aqueous solubility in response to a CO2 stimulus. 
Upon purging with CO2 these homopolymers become water insoluble, resulting in 
polymer precipitation or phase separation. In this work, pH/CO2-responsive polysoaps 
have been prepared via statistical RAFT copolymerization using sulfonamide-based 
methacryloyl sulfmethazine (mSMZ) as the hydrophilic monomer and 4-hexyl-phenyl 
methylacrylamide (4HPhMA) as the hydrophobic monomer. By varying the composition 
and structure of the respective monomers, the behavioral characteristics and phase 
behavior (pH/CO2-dependence) of the micelles can be tailored for specific applications. 
When CO2 is flushed into the system the polysoap solubility parameters change due to 
the sulfonamide’s responsive functionality, resulting in phase separation or precipitation. 
Purging with N2 results in an increase in pH and resolubilization of the polysoap; this 
process can be repeated multiple times. The reversibility and recyclability of these 
polysoaps demonstrate high potential as sustainable materials for environmental 
remediation. 

 



POLY 430: Synthesizing functional materials through palladium catalyzed post-
polymerization modification 

David H. Howe, dhh28@drexel.edu, Riki McDaniel, Andrew J. Magenau. Material 
Science and Engineering, Drexel University, Philadelphia, Pennsylvania, United States  

Reversible addition-fragmentation chain-transfer (RAFT) polymerization was utilized to 
synthesize a new aryl-bromide containing acrylamide homopolymer, as well as 
statistical and block copolymer variants, with precise molecular weight control and 
narrow dispersity. Synthetic versatility of this functionalization strategy was 
demonstrated by installing a structurally diverse set of chemical functionalities as 
polymer pendant groups through palladium-catalyzed cross-coupling reactions with 
boronic acids and esters. Installation of chemical handles with reactive double-bonds 
and Diels-Alder compatible moieties were investigated for their utility in creating well-
defined and complex macromolecular architectures. 

 

 
 
 

  



POLY 431: Radical depolymerization of poly(olefin-sulfones) 

Ryan D. Fenyves1, ryanfeny@buffalo.edu, Jiajun Yan1, Derrick Wells2, Liyang Wang2, 
Hang-ah Park2, Zhenhua Wang1, Xiangcheng Pan1, Christopher J. Bettinger2, Krzysztof 
Matyjaszewski1. (1) Chemistry, Carnegie Mellon University, Pittsburgh, Pennsylvania, 
United States (2) Department of Material Science and Biomedical Engineering, 
Carnegie Mellon Universiity, Pittsburgh, Pennsylvania, United States  

Depolymerizable polymers, when triggered, can unzip into the corresponding 
(co)monomers. Poly (olefin-sulfones) have low ceiling temperatures, typically below 60 
C, and can depolymerize in the presence of a base and exposure to gamma rays. In 
this work we showed that by heating the polymer above the ceiling temperature and 
activating the polymer chains by hydrogen abstraction using radical chemistry, we 
triggered the depolymerization into the initial components leaving very small residual 
material behind. Poly(1-hexene-sulfone) (PHS) and Poly(1-butene-sulfone)(PBS) were 
synthesized achieving copolymers with molecular weights >500,000. Using two heating 
method: one holding at 100 C for 1 hr the other 130 C for 5 mins, a maximum mass loss 
of 80% was achieved with a mixture of 10% TBEHP+5% BPO wt%. This is a step 
towards a tough material that can be produced on a large scale and triggered to 
disappear by simple heating. 

 

 
 
 

  



POLY 432: Synthesis and characterization of gradient copolymers made by semi-
batch reversible-deactivation radical polymerizations 

Ishah Alshehri, alshehih@clarkson.edu, Devon A. Shipp. Chemisty Biomolecular 
Science, Clarkson University, Potsdam, New York, United States  

Gradient copolymers are novel materials whose composition changes gradually along 
the length of the polymer chains. Given such chemical composition, gradient 
copolymers possess unique properties distinct from the corresponding block or random 
copolymers, e.g., thermal properties, compatibility, and micellization. Reversible-
deactivation radical polymerizations (RDRPs), such as atom transfer radical 
polymerization (ATRP), and reversible addition-fragment chain transfer polymerization 
(RAFT) polymerization have successfully demonstrated their ability to provide novel will-
defined macromolecular architectures in homogenous and heterogeneous systems with 
a wide range of functional monomers. Here we report the use of RDRPs to produce 
gradient copolymers specifically with a broad glass transitions (Tg). 

 
 
 



POLY 433: Synthesis of block copolymers containing urea and pyridinium: A 
synergy of hydrogen bonding and ionic interactions 

Mingtao Chen4,3, mc7@vt.edu, Samantha Talley2,3, Lindsey Anderson2,3, Robert B. 
Moore1,3, Timothy E. Long1,3. (1) Virginia Tech, Blacksburg, Virginia, United States (2) 
Chemistry, Virginia Tech, Blacksburg, Virginia, United States (3) Macromolecules 
Innovation Institute, Virginia Tech, Blacksburg, Virginia, United States (4) Chemistry, 
Virginia tech, Blacksburg, Virginia, United States  

Secondary interactions in polymers provide a unique platform to introduce directional 
and/or reversible intra- and inter-molecular interactions which improve 
thermomechanical properties and promote micro-phase morphology. Extensive studies 
focused on the structure-property relationship of one specific type of secondary 
interaction in polymers, such as hydrogen bonding and ionic interaction. However, 
current literature lacks fundamental understanding of block copolymers with multiple 
secondary interactions. Herein, we synthesized a series of ABA triblock copolymers with 
hydrogen bonding (urea) and ionic interactions (pyridinium) in the outer blocks. RAFT 
polymerization afforded the well-defined neutral triblock copolymers and post-
polymerization quaternization of the side-chain pyridine allowed the synthesis of ABA 
triblock copolymers with both urea and pyridinium groups along the side chains. Upon 
quaternization, thermal gravimetric analysis (TGA) and differential scanning calorimetry 
(DSC) of the charged block copolymers evidenced an improvement of thermal stability 
and the appearance of crystalline domain. Wide angle X-ray scattering (WAXS) further 
confirmed the crystalline domain after quaternization. Variable temperature FTIR (VT-
FTIR) revealed the different temperature responses of urea hydrogen bonding pre- and 
post-quaternization. Through the detailed study of these complex block copolymers, we 
observed, for the first time, crystallinity in block copolymers induced by quaternization. 

 
Wide angle X-ray scattering (WAXS) demonstrated the appearance of crystal domain upon 
quaternization. 



POLY 434: ARB-type step-growth polymerization using CuAAC (copper catalyzed 
azide-alkyne cycloaddition) with sequence-controlled monomers synthesized by 
atom transfer radical addition (ATRA) and polymerization (ATRP) 

Gabrielle J. Pros, prosg@duq.edu, Tomislav Pintauer. Chemistry and Biochemistry, 
Duquesne University, Pittsburgh, Pennsylvania, United States  

Building copolymers with strict sequence control has been difficult to accomplish due to 
the order of monomer addition being solely governed by the relative rates of 
polymerization. One way of obtaining polymers with perfectly controlled sequences is to 
first use copper-catalyzed atom transfer radical addition (ATRA) to build alkyne-
terminated "monomers.” Sequential ATRA reactions were performed with propargyl 2-
bromoisobutryate (PBiB) and various acrylates, such as methyl, ethyl, and 
tetrahydrofurfuryl acrylate, using 1 mole percent of catalyst and achieving nearly 
quantitative conversions with photo-initiated methods after 12 h. The halogen moiety 
was converted to an azide, and CuAAC was used to perform an ARB-type step-growth 
polymerization. The overall reaction sequence is detailed in Scheme 1. Furthermore, 
this methodology was extended to larger polymer units synthesized by ATRP. Reaction 
conditions were optimized for temperature, catalyst regeneration method, concentration 
of monomer, and duration. Polymers were analyzed by 1H NMR spectroscopy, MALDI-
TOF, and Q-TOF mass spectroscopy. 

 

 
 
Scheme 1. Reaction scheme for ARB-type step-growth polymerization utilizing ATRA for 
sequence control. 

  



POLY 435: Controllable preparation of novel high performance, multifunctional 
polymer materials 

Xiang Gao1, gaox@zju.edu.cn, yingwu luo1, Shiping Zhu2. (1) Chemical and Biological 
Engineering, Zhejiang University, Hangzhou, China (2) Chemical Engineering, 
McMaster University, Hamilton, Ontario, Canada  

The talk will introduce the authors’recently work in controllable preparation of novel high 
performance, multifunctional polymer materials through living radical polymerization 
method. The breakthrough of living/controllable radical polymerization in the 1990s 
enabled the precise regulation of the polymer chain sequence during free radical 
polymerization, which provided huge opportunities for developing novel polymer 
materials. However, although the method has been placed with great expectations, so 
far few large-scale industrial applications have been reported. One of the key issues is 
that the polymer materials obtained by this method tend to have a low molecular weight. 
When their molecular weight is low, the polymer materials always give poor mechanical 
properties and are not applicable in many areas. The main reason is that in living radical 
polymerization the side reaction of radical termination still exists as in the conventional 
free radical polymerization, so it is difficult to obtain high molecular weight when 
maintaining the livingness. 
We have carried out a series of fundamental research studying the radical termination 
reaction in living radical polymerization and proposed the “migration termination” 
mechanism, “latex particle activation/deactivation” mechanism etc. A many-shot living 
radical emulsion polymerization method was developed which realized the controllable 
preparation of polymer materials with high molecular weight and narrow distribution. 
Based on this technique, the studies on the relationship between polymer chain 
sequence and their properties were carried out. A conventional methyl acrylate/styrene 
copolymer was changed to multi-shape memory smart material, polymer electrolyte with 
high ionic conductivity for lithium-ion battery and 3D printable multi-shape memory 
materials by simply redesigning its chain sequence. A novel electrode binder for lithium-
ion battery based on block copolymer was developed and successfully applied in 
industries. 

 
Preparation of novel polymer materials via chain sequence design 



POLY 436: Planet-satellite nanostructures from noble metal nanoparticles and 
RAFT-star polymers: Formation and distance scaling behavior 

Christian Rossner, christian.rossner@stud.uni-goettingen.de, Wentao Peng, Qiyun 
Tang, Marcus Mueller, Philipp Vana, pvana@uni-goettingen.de. University of 
Goettingen, Niedersachsen, Germany  

RAFT polymers can be used directly to cover gold nanocrystals with a polymer layer, 
due to the affinity of RAFT end groups to the gold surface. When RAFT polymers with 
star topology are grafted to a gold nanoparticle core, some of their branches provide 
free, not surfacebound end groups in the polymer shell. These end groups can 
subsequently be used for the linking of the core-shell structure to other components. 
Such approach can result in planet-satellite nanostructures. 
Because the chain length of star branches can be controlled by virtue of the RAFT 
process, planet-satellite structures with a small dispersion with respect to planet-satellite 
distance can be obtained. In fact, it can be shown that these planet-satellite distances 
are determined by the length of star branches, both in the dried and colloidally 
dispersed state. 
These nanostructures will be applied to prepare nanopatterned surfaces for the 
investigation of tumor growth in the future. 

 
Planet-Satellite Nanostructures From Nanoparticles and RAFT-Star Polymers 



POLY 437: Free-standing, flexible, superomniphobic films 

Hamed Vahabi2, vahabi.education@gmail.com, Wei Wang3, Sanli Movafaghi4, Arun 
Kota1. (1) Colorado State University, Fort Collins, Colorado, United States (2) 
Mechanical Engineering, Colorado state university, Fort collins, Colorado, United States 
(3) Mechanical Engineering, Colorado state university, Fortcollins, Colorado, United 
States  

Fabrication of most superomniphobic surfaces requires complex process conditions or 
specialized and expensive equipment or skilled personnel. In order to circumvent these 
issues and make them end-user-friendly, we developed the free-standing, flexible, 
superomniphobic films. These films can be stored and delivered to the end-users, who 
can readily attach them to virtually any surface (even irregular shapes) and impart 
superomniphobicity. The hierarchical structure, the re-entrant texture, and the low solid 
surface energy render our films superomniphobic for a wide variety of liquids. We 
demonstrate that our free-standing, flexible, superomniphobic films have applications in 
enhanced chemical resistance and enhanced weight bearing. 

 

 
 
 

  



POLY 438: Metamorphic superomniphobic surfaces 

Hamed Vahabi, hvahabi@colostate.edu. Mechanical Eng., Colorado state university, 
Fort collins, Colorado, United States  

Superomniphobic surfaces are extremely repellent to virtually all liquids. By combining 
superomniphobicity and shape memory effect, we developed metamorphic 
superomniphobic (MorphS) surfaces that transform their morphology in response to 
heat. Utilizing our MorphS surfaces, we demonstrate the distinctly different wetting 
transition of liquids with different surface tensions and elucidate the underlying physics. 
Both ex-situ and in-situ wetting transitions on our MorphS surfaces are solely due to 
transformations in morphology of the surface texture. We envision that our robust 
MorphS surfaces with reversible wetting transition will have a wide range of applications 
including rewritable liquid patterns, controlled drug release systems, lab- on-a-chip 
devices, and biosensors. 

  



POLY 439: Droplet manipulation to detect surface tension 

Sanli Movafaghi2, sanli.movafaghi@gmail.com, Wei Wang3, Ari Metzger2, Daisy D. 
Williams2, John D. Williams2, Arun Kota1. (1) Colorado State University, Fort Collins, 
Colorado, United States (2) Mechanical Engineering, Colorado State University, Fort 
Collins, Colorado, United States  

Recent years have witnessed a significant spike in manipulation of liquid droplets 
because of their applications in microfluidic diagnostics, drug discovery, biosensing, etc. 
Particularly, droplet manipulation on super-repellent (i.e., extremely repellent to liquids) 
surfaces has been widely studied using different methods because droplets exhibit high 
mobility, minimal contamination and minimal sample loss on such surfaces. However, to 
the best of our knowledge, there are no studies that employ super-repellent surfaces to 
sort droplets based on surface tension. In this work, we synthesized tunable 
superomniphobic surfaces (i.e., surfaces which are extremely repellent to virtually all 
liquids) with fluorinated, flower-like TiO2 nanostructures. We demonstrate that the 
surface chemistry, and consequently the solid surface energy of our superomniphobic 
surfaces can be tuned using UV irradiation. This allows us to systematically tune the 
mobility of droplets with different surface tensions on our superomniphobic surfaces. 
Each of these surfaces with same surface texture, but different solid surface energy 
allows certain high surface tension liquid droplets to freely roll past the surface while 
“trapping” other low surface tension liquid droplets due to adhesion. Leveraging this 
selective mobility of droplets based on their surface tension, we fabricated a simple 
device with precisely tailored discrete surface energy domains that, for the first time, 
can sort droplets by their surface tension. The novelty of our work lies in the design of 
discrete and tunable superomniphobic domains as well as the ability of the device to 
sort droplets by surface tension. We envision that our droplet sorting device will enable 
inexpensive and analytical devices for personalized point-of-care diagnostic platforms. 

 



POLY 440: Wetting transitions in polymer nanograsses and restoring 
superhydrophobicity by skin shedding 

Roland Hönes, roland.hoenes@imtek.de, Vitaliy Kondrashov, Haosu Huai, Jürgen 
Rühe. Department of Microsystems Engineering – IMTEK, University of Freiburg, 
Freiburg, Germany  

We have fabricated a set of polymer nanograss surfaces with virtually identical 
geometry, but different surface chemistry by double replication of common silicon 
masters of the “black silicon” type, obtained by cryogenic SF6/O2 plasma etching. 
Additionally, the same process was used to generate nanograss-carrying, transferrable 
foils and we show how to increase sample size by multiple lithography steps side by 
side on one support. 
This process proved generally applicable to soluble thermoplastics. Thus, by choosing 
polymers with different surface energy, all three possible wetting regimes for highly 
rough surfaces were realised—superwetting, superhydrophobicity, and the intermediate, 
sticky Wenzel regime. The locations of and the phenomena close to the transitions 
between these three wetting regimes them were studied. 
For superhydrophobic surfaces, extremely rough micro- or nanoscale structures are 
necessary, but these are easily damaged, leading to loss of water repellency. We 
demonstrate a novel approach to restore superhydrophobicity after mechanical 
damage: snake-like skin shedding. When the original surface layer is scratched, 
superhydrophobicity is lost for the moment, but this leads to dissolution of a sacrificial 
layer below. Thus, the original, damaged layer is shedded, a new superhydrophobic 
surface is uncovered, and superhydrophobicity is restored. This strategy is 
biomimetically inspired by the natural skin shedding of reptiles and other animals. To 
realise this, we have used our nanograss-carrying foils: Superhydrophobic Si nanograss 
was covered with a layer of water-soluble polymer, and a film of superhydrophobic 
polymer nanograss was deposited on top. After scratching the surface, simple exposure 
to water proved sufficient to successfully restore superhydrophobicity. 

 

 
 
 

 

 



POLY 441: Surface and interfacial structure of alkyl-side-chain polymer film and 
its correlation with the peel force 

Fumiya Mori1, m-fumiya@lion.co.jp, Shin-ichiro Kabashima1, Tetsuro Kawakami5, 
Takaichi Yamamoto3, Takayuki Miyamae4, Ken-Ichi Iimura2. (1) Functional Materials 
Science Research Laboratories, Lion Corporation, Tokyo, Japan (2) Department of 
Applied Chemistry, Utsunomiya University, Utsunomiya Tochigi, Japan (3) Ono 
Laboratories, Lion Specialty Chemicals Co., Ltd., Hyogo, Japan (4) Nanomaterial 
Research Institute, National Institute of Advanced Industrial Science and Technology, 
Ibaraki, Japan (5) Hirai Laboratories, Lion Specialty Chemicals Co., Ltd., Tokyo, Japan  

Adhesion technology is indispensable in our daily life. Among them, it could be 
mentioned that adhesives are useful due to their ability to adhere by pressure only 
without chemical reactions. They are used in various fields such as the automobile and 
building industry. In order to improve adhesion/abhesion performance, it is important to 
analyze and control the molecular structure at the interface. However, there are few 
reports regarding analysis in the molecular scale. Therefore, we tried to clarify the 
mechanism of the adhesion/abhesion processes at molecular scale. 
A release agent, which is coated on the side of the adhesive tapes, is used for 
controlling the peel force of adhesive tape. The alkyl-side-chain polymer poly(ethylene-
co-vinyl-n-octadecyl carbamate) (PEVODC) is widely used as a release coating. We 
investigated the structures and physical properties of PEVODC films whose peel force 
was reduced by annealing process at 100 °C. 
Although the surface free energy and the surface roughness were believed to be the 
crucial factors affecting peel force, we found their contribution to be rather insignificant. 
By using sum frequency generation (SFG) and X-ray diffraction (XRD) , the orientation 
and the crystallinity of the alkyl side chain of the polymer at the interface were found to 
be important factors affecting the peel force at the PEVODC/adhesive interface. A 
highly ordered crystalline domain generated by annealing process at the surface seems 
effective for the reduction of the peel force. Furthermore, it is indicated that intercalation 
of the polymer chains of both adhesives and release agents followed by the 
entanglement of polymers play an important role in the adhesion/abhesion process. 

 
Structure of adhesive tape 



POLY 442: Michael addition as a means to design solvent-free adhesives: 
Networks based on reactive telechelic oligomers 

Tyler White1,2, bwhite26@utk.edu, Alison Schultz1,2, Mingtao Chen1,2, Philip J. Scott1,2, 
Timothy E. Long1,2. (1) Department of Chemistry, Virginia Tech, Blacksburg, Virginia, 
United States (2) Macromolecules Innovation Institute, Virginia Tech, Blacksburg, 
Virginia, United States  

Most adhesives used industrially are neoprene based, and contain organic solvents 
such as toluene. These solvents are volatile, and are deleterious to health and the 
environment. The Michael addition of telechelic oligomers provides a solvent-free 
pathway to create new network based adhesives. Two facile reactions of a telechelic 
diol allowed for the successful synthesis of a Michael donor and Michael acceptor with 
identical oligomeric backbones. Rheology revealed that the crosslinking kinetics 
increased significantly with increasing temperature and wt% of catalyst. In situ FTIR 
monitored the disappearance of the Michael acceptor during the reaction, and 
confirmed the kinetics shown in rheology. A 90° and 180° peel test was employed to 
determine the maximum load of the adhesive applied to three types of industrial rubber. 
The oligomer based networks showed maximum loads which were comparable or 
greater than solvent-based neoprene adhesives. Solvent-free adhesive networks were 
successfully synthesized from telechelic oligomers via the Michael addition reaction. 

 

 
 
 

 



POLY 443: Elucidating dopamine adhesion via surface chemistry 

Shuying Xu, Yunshi Zhou, My Linh Le, Wei Chen, weichen@mtholyoke.edu. Chemistry 
Dept, Mount Holyoke College, South Hadley, Massachusetts, United States  

The generality of mussel-inspired dopamine-melanin (DM) deposition at the solid-
solution interface has generated a lot of interest in the scientific community in the last 
decade. Even though the adhesion mechanism has been elusive, dopamine oxidation 
and the formation of aggregates held together by covalent bonding, π-π stacking, 
charge transfer and/or hydrogen bonding have been implicated. The interaction 
between the dopamine-melanin layer and the underlying substrate, however, is not at all 
well understood. In this research, dopamine adsorption was carried out on a range of 
substrates from native silicon wafer (Si-OH) to silicon wafers containing covalently 
attached polydimethylsiloxane (Si-PDMS), amine-functionalized PDMS (Si-PDMS-NH2), 
and thiol-functionalized PDMS (Si-PDMS-SH). We hypothesize that the DM layer 
interacts primarily with Si-OH via hydrogen bonding, with PDMS via hydrophobic 
interactions, and with PDMS-NH2 and PDMS-SH via hydrophobic interactions and 
covalent bonding. The DM growth kinetics on these substrates and the stability of the 
DM films in acid, base, and organic solvents were examined. AFM images of the DM 
film growth kinetics on Si-OH and Si-PDMS show distinctly different adhesion and 
growth mechanisms. Full characterization using dynamic water contact angles, 
ellipsometric thickness, and AFM imaging will help elucidate the effects of surface 
chemistry and energetics on dopamine adhesion mechanisms and DM thin film stability. 

 
AFM height images (size: 1.25 x 5 μm; data scale: 10 nm) of dopamine-melanin growth kinetics 
on Si-OH and Si-PDMS. 



POLY 444: Stimuli-responsive electrospun superhydrophobic fabrics and their 
applications 

Ho Sun Lim, limhs@sm.ac.kr. Department of Chemical & Biological Engineering, 
Sookmyung Women's University, Seoul, Korea (the Republic of)  

Nanostructured smart materials with surface properties that switch in response to 
external stimuli play an important role in a variety of applications in nano/microsystems, 
materials science, biotechnology, and medicine. In particular, multi-scale surface 
nanostructures with a large surface-to-volume ratio are an essential prerequisite for 
maximizing the performance of such smart devices and systems. In this study, we 
demonstrated multifunctional electrospun polyelectrolyte fabrics with switchable 
superhydrophobicity as well as oleophobicity. To produce this smart fabric, we used a 
strategy that combines electrospinning to fabricate nanofibrous templates with 
nanopores and a simple coating of the polyelectrolyte that can exchange counterions 
with various hydration energies. The ion exchange of polyelectrolyte embedded in 
nanoporous fibrous webs leads to switchable wetting behavior in water and oil. This 
electrospun fabric was also utilized as chemical filters for the efficient removal of sulfur 
dioxide (SO2) from waste gas streams. This kind of electrospun polyelectrolyte fabric 
might provide a valuable solution in functional filters, membranes, and templates in a 
wide range of applications such as the desalination of seawater, demineralization, and 
decontamination. 

 

 
 
A schematic diagram of a counterion-exchangeable, multifunctional polyelectrolyte fabric. 
Photographs of water, octane, and hexadecane droplets on the poly(METAC-co-TSPM) fibrous 
webs upon ion exchange from SCN to HFS ions. 

  



POLY 445: Water droplet impact on slippery liquid infused porous surface (SLIPS) 

YAWEN LIU, yl118@zips.uakron.edu, Nicole Zacharia. Dept. of Polymer Engineering, 
University of Akron, Akron, Ohio, United States  

Slippery liquid infused porous surface (SLIPS) are surfaces which are inspired by the 
Nepenthes pitcher plants and that have good ability to repel liquids such as water. They 
show low contact angle hysteresis and comparatively high contact angle. We use 
nano/microstructured substrates to lock the lubricating fluid onto the surface. In this 
work we studied the impact of water drops on our slippery surface as well as on dry, 
superhydrophobic surfaces. The droplet impact on superhydrophobic surfaces and 
SLIPS are different, and therefore by combining these two different types of surfaces we 
are able to create different effects of water drop impact. The effect of the viscosity of the 
lubricant is also studied by observing the movement of the water droplet a boundary line 
created by patterning a surface to include both types of water repellency 
(superhydrophobicity and SLIPS). One advantage to using lubricants of different 
viscosities is to isolate the influence of thermodynamics and dynamics between our 
surface and the water. We found that water droplet when dropped onto such a boundary 
tends to move to the SLIPS portion of the surface. The changes in water contact line 
are imaged with a high speed camera. The tilt of the surface was also investigated in 
this work. These preliminary results give some insight into how surfaces might be 
created that can be used to actively manipulate the motion of water drops. 

 
 
 



POLY 446: Cellulose fiber wettability: Effects of fiber alignment and acid sizing 

Han Kim1, hkim171@jhu.edu, Molly McGath2, Andrea Hall2, Patricia McGuiggan3. (1) 
Biomedical Engineering, Johns Hopkins University, Baltimore, Maryland, United States 
(2) Heritage Science for Conservation, The Sheridan Libraries, Johns Hopkins 
University, Baltimore, Maryland, United States (3) Materials Science and Engineering, 
Johns Hopkins University, Baltimore, Maryland, United States  

Acid formation, accumulation, and migration in cellulose based materials are areas of 
focus important in conservation science to improve the longevity of artifacts. This work 
documents the effects of acids on cellulose fiber wettability to better understand the 
behavior of naturally aged papers that have potentially produced acids, been doped with 
acids (sizing), or been contaminated with acids over time. Different fiber alignments 
(grain directions) and acid sizing were tested with water and acid solutions to observe 
the migration rate of liquids through cellulose. Fiber orientation was confirmed using 
light microscopy and further characterized with atomic force microscopy. Wettability and 
contact angle techniques were performed using a Tensiometer to characterize wetting 
behaviors. It was found that changes in fiber orientations caused a predictable trend in 
contact angles between the paper and liquid interface, signifying a relationship between 
fiber orientation and liquid absorption. Tests were conducted using different acids of 
varying concentrations to observe the effects on wetting rate. The overall trend showed 
a faster wetting rate with acids compared to tests performed with deionized water. 
Paper previously doped with different acids also showed the same trend when wet with 
deionized water. This presents a baseline for studying the effects of acids in aged, sized 
documents that have either produced acids, been exposed to acids due to storage 
conditions, or been previously treated for conservation. 

 

 
 
 

 



POLY 447: Robust and elastic polymer membrane with tunable properties for gas 
separation 

Bingrui Li2, ciacleebing@gmail.com, Pengfei Cao1, Tao Hong4, Kunyue Xing4, Dmitry 
N. Voylov6, Shiwang Cheng5, Alexander Kisliuk1, Shannon M. Mahurin3, Alexei P. 
Sokolov4, Tomonori Saito2. (1) Oak Ridge National Laboratory, Knoxville, Tennessee, 
United States (2) Chemical Sciences Division, Oak Ridge National Laboratory, 
Knoxville, Tennessee, United States (3) MS 6201, Oak Ridge National Laboratory, Oak 
Ridge, Tennessee, United States (4) Chemistry, University of Tennessee, Knoxville, 
Tennessee, United States (5) Oak Ridge National Laboratory, Oak Ridge, Tennessee, 
United States  

ACS Fall 2017 Meeting Abstract 
Division of Polymer Chemistry: Advances in Wettability & Adhesion 
Bingrui Li, Peng-Fei Cao, Tao Hong, Kunyue Xing, Dmitry N. Voylov, Shiwang Cheng, 
Alexander Kisliuk, Shannon M. Mahurin, Alexei P. Sokolov, and Tomonori Saito 
 
Polymer membranes with the capability to process massive volumes of gas are 
especially promising for practical applications of gas separation. Although many efforts 
have been devoted to develop polymer membranes with increased selectivity and 
permeability, the gas-separation performance and membrane lifetime are still negatively 
affected by weak mechanical performance, low plasticization resistance and poor 
physical aging tolerance. Herein, we report a series of urethane-rich PDMS-based 
polymer network (U-PDMS-NW) with improved mechanical performance for gas 
separation. The cross-link density of U-PDMS-NWs is tailored by the molecular weight 
(Mn) of PDMS. The U-PDMS-NWs show up to 400% elongation and tunable Young’s 
modulus (1.3 to 122.2 MPa), ultimate tensile strength (1.1 to 14.3 MPa) and toughness 
(0.7 to 24.9 MJ/m3). All of the U-PDMS-NWs reveal excellent thermal resistance and 
aging tolerance, high gas permeability (>100 Barrer) and tunable gas selectivity (up to 
CO2/N2~ 41 and CO2/CH4~ 16). With well-controlled mechanical property and gas 
separation performance, we anticipated that the U-PDMS-NW can be applied as 
polymer-membrane platform not only for gas separation application, but also for other 
applications, such as microfluidic channels and stretchable electronic devices. 

 



POLY 448: Light-induced modification of pores in hierarchical electrospun 
membranes for separation of oil/water emulsions 

Hong Suk Kang, hongsukk@seas.upenn.edu, Shu Yang. University of Pennsylvania, 
Philadelphia, Pennsylvania, United States  

The separation of finely mixed oil from water is a significant environmental challenge 
nowadays due to the increased incidence of the worldwide oil spill and wastewater 
pollution. Membranes that have selective oil/water wetting properties have received 
significant attentions recently. In particular, membranes with hierarchical architectures, 
which integrate different sizes of pores in tandem, are of great interests due to their 
potentials for achieving large flux, high selectivity, and mechanical durability. However, 
it remains challenging to modify the pore size of the top skin layer in the nanoscale 
without sacrificing the flux, thus limiting the size of the oil/water droplets that can be 
filtered. Here, we utilize photofluidization of the electrospun fiber network made from 
azobenzene-containing polymer (polydisperse orange 3, PDO 3) to precisely and 
minutely control the pore size of hierarchical membranes ranging from micro- to nano-
scale. It is well known that azobenzene polymers can undergo trans- to cis- 
isomerization under irradiation by visible light; even below the glass transition 
temperature (Tg), the polymer chains can move around, leading to photofluidization. 
Accordingly, we first fabricate the microporous membranes from PDO 3 on a highly 
porous supporting layer, the electrospun fiber network from polycaprolactone (PCL), 
followed by partial melting the PDO 3 fiber scaffold to shrink the pore size by controlling 
the light exposure dosage. After the light irradiation, the PCL supporting layer remains 
intact, leading to the formation of a hierarchical membrane with modified nanopores in 
the PDO 3 skin layer and micropores in the PCL support layer. We show that the 
fabricated hierarchical membranes can be utilized for gravity driven separation of water-
in-oil emulsion droplets with size as small as 50 nm while maintaining high flux (ca. 
15,000 L m-2 h-1 bar-1 for surfactant-free emulsions and ca. 1,000 L m-2 h-1 bar-1 for 
surfactant-stabilized emulsions). 

  



POLY 449: Role of calcium chloride in promoting water-responsive behavior in 
elastomeric foams 

Gabriel Gedler1,2, Boran Zhao1,2, bxz114@case.edu, Stuart J. Rowan1, Ica Manas-
Zloczower1, Donald L. Feke2. (1) Department of Macromolecular Science & 
Engineering, Case Western Reserve University, Cleveland, Ohio, United States (2) 
Department of Chemical and Biomolecular & Engineering, Case Western Reserve 
University, Cleveland, Ohio, United States  

The fundamental mechanisms associated with the shape-memory behavior of polymeric 
foams used for absorption applications have been investigated. The activation of water-
responsiveness of such foams was achieved through the use of calcium chloride 
(CaCl2) that induces attractive interactions between surfaces internal to the foam and 
allows an initially compressed state to be maintained. These forces are eliminated in the 
presence of sufficient amounts of water, thus allowing the foam to recover its shape, 
and thereby producing a water-responsive effect. CaCl2-water-polymer adhesive 
interactions and capillary pressure effects are strongly related to the mechanical 
recovery behavior of the foams. This shape-memory behavior was achievable without 
any alteration in the material composition due to the high elasticity of the foams which 
exhibit a broad glass-transition temperature close to room temperature. Relationships 
between processing parameters, shape-memory effects and water-uptake behavior of 
the foams have been analyzed. 

 

 
 
 



POLY 450: Block copolymers containing fluorinated polyurethanes as 
hydrophobic/oleophobic additives to thermoplastics 

Liying Wei3, liying@g.clemson.edu, Tugba Demir2, Philip Brown1, Igor A. Luzinov1. (1) 
Clemson University, Clemson, South Carolina, United States (2) Material Science and 
Engineering, Clemson University, Clemson, South Carolina, United States (3) Materials 
Science and Engineering, Clemson University, Central, South Carolina, United States  

Original fluorinated polyurethane oligomers (FPUs) were prepared by reacting perfluoro 
alcohols with 1,6-hexamethylene diisocyanate (HDI) or 4,4’-methylene-bis(phenylene 
isocyanate) (MDI) in the presence of dibutyltin dilaurate catalyst. Then, fluorinated 
polyurethane block copolymers were also synthesized based on polyethylene 
isophthalate (PEI) and FPUs via melt polymerization. FPUs and block copolymers were 
solvent-blend with polyethylene terephthalate (PET) at various concentrations to obtain 
hydrophobic/oleophobic polyester films of different compositions. The effect of 
annealing treatment on the wettability of the films was also investigated. The results 
indicated that the contact angle (CA) with water and oils were significantly increased by 
introducing fluorinated polyurethane materials. The CA was also enhanced through 
annealing treatment due to the surface segregation of the fluoro species, resulting in a 
higher concentration of fluorine on the surface. Furthermore, the surface morphology of 
the films was changed during annealing because of the rearrangement and 
reorganization of the fluorocarbon chains. 

 
Contact angle of water for 5 wt% PET/fluorinated species blended films 

 
contact angle of hexadecane for 5 wt% PET/fluorinated species blended films 



POLY 451: Understanding self-healing function in cement-polymer composites: 
Ab initio molecular dynamics simulations 

Manh Thuong Nguyen1, manhth.nguyen@gmail.com, Vanda Glezakou3, Roger 
Rousseau2, Carlos Fernandez1. (1) PNNL, Richland, Washington, United States (2) IIC, 
PNNL, Richland, Washington, United States (3) FCSD, Pacific Northwest National 
Laboratory, Richland, Washington, United States  

We present a detailed, large-scaled ab initio molecular dynamics investigation of the 
interfaces of calcium-silicate-hydrate (CSH) and a model polymer. This study identifies 
the bonding motifs between the polymer functional groups and cement’s surface binding 
sites, thereby explaining macroscopic observations by experiments and the self-healing 
mechanism between the polymer and cement. On stable (cured) CSH surfaces, the 
polymer only weakly adheres through coordination and weak hydrogen bonding 
interactions and can be easily mobilized. On fractured CSH surfaces, the polymer 
anchors through strong ionic Ca-O bonds resulting from deprotonation of polymer 
hydroxyl groups. The overall healing and elasticity properties of the composites very 
likely stems from a flexible hydrogen bonding network and ionic bonds that can be 
readily adapted to surface morphology. As a result, the S-S bridges remain intact and 
available to maintain the self-healing properties of the polymer. We identify 
spectroscopic signatures that can be used to confirm the proposed surface chemistry. 
Effects of water on the dynamics and adhesion of the polymer on CSH will also be 
discussed. 

 

 
 
 

 



POLY 452: Robust and durable lubricant coating surfaces with excellent liquid-
repellent property 

Chi Zhang, cz23@zips.uakon.edu. Polymer Engineering, Univ. of Akron, Akron, Ohio, 
United States  

Lubricated or liquid infused surfaces (LIS) have become an exciting emerging class of 
self-cleaning and “slippery” surfaces, created by infusing a textured surface with a liquid 
or lubricant. However, they are facing the challenges such as high production cost and 
fluorinated compounds involvements. In our work, we have demonstrated by grafting 
low surface tension polydimethylsiloxane (PDMS) rubber layer on the surface as a 
reservoir, LIS can also be fabricated. The good chemical affinity between PDMS and 
silicone oil is responsible for this excellent self-cleaning slippery surface. This surface 
can maintain its water repellency property under extreme conditions such as high 
temperature and water steam. Ice formation is delayed and the mobility of the 
condensed water droplets is promoted on this surface as compared to the analogous 
surface without the tethered PDMS chain layer. 

 

 
 
 

  



POLY 453: Comparison of HPLC and UHPLC analysis of polymer additives with 
PDA and mass detection 
 
Jennifer Gough2, Marian Twohig2, Michael Jones1, michael_jones@waters.com. (1) 
Scientific Operations, Waters Corporation, Wilmslow, Cheshire, United Kingdom (2) 
Scientific Operations: Chemical Materials Division, Waters Corporation, Milford, 
Massachusetts, United States  
 
Introduction 
Polymer manufacturers rely on their analytical and quality control services for the 
characterization of their raw materials. One aspect of polymer analysis is the 
qualification and quantification of polymer additives such as Irganox 1010.1 The use of 
legacy methods and instrumentation for analysis can lead to long analysis times and tell 
only part of the story. However, transferring legacy high performance liquid 
chromatography (HPLC) methods to an ultra high performance liquid chromatography 
(UHPLC), with photodiode array (PDA) and added mass detection can provide the 
information in shorter time frames with an assigned mass to charge ratio (m/z) for 
unique peak and impurity identification.2 The addition of mass detection can identify 
Irganox 1010 and unknown impurity peaks in order to see subtle changes that may 
affect product quality: enabling accurate monitoring of process control parameters. 
Methods 
For the HPLC and UPLC sample analysis, polymer additives were dissolved in 
isopropanol. A mobile phase consisting of 2mM ammonium formate in water [A] and in 
acetonitrile [B] was used with a phenyl column, 4.6 x 150 mm, 5.0 µm (HPLC) and 4.6 x 
75 mm, 2.5 µm (UHPLC). The column temperature was maintained at 40 °C. PDA and 
mass detection were used. 
Results 
Assigning a mass to charge ratio in an ultra chromatographic separation can help 
confirm impurities in raw materials in a timely manner when UHPLC, mass detection 
and PDA are combined. The mass detector brings confidence to peak identity 
unavailable through PDA alone, and enables the QC chromatographer to reduce 
ambiguity with access to identity information while reducing further testing. 
Novel Aspect 
Mass detection does not need to be only for mass spec experts. It is a self calibrating 
tool with default settings that can support improved confidence in detection of qualitative 
and quantitative analysis. When combined with a UHPLC separation, mass detection 
impurity analysis for polymer raw materials can be quickly established and maintained. 

 



POLY 454: Sequence analysis of cyclic thermoresponsive polyester copolymers 
using ion mobility tandem mass spectrometry 

Nicolas Alexander1, alexandni@gmail.com, John P. Swanson2, Craig Hoffman1, Chrys 
Wesdemiotis1,2, Abraham Joy2. (1) Chemistry, University of Akron, Akron, Ohio, United 
States (2) Polymer Science, University of Akron, Akron, Ohio, United States  

Tandem mass spectrometry (MS2) via collisionally activated dissociation (CAD), coupled 
with ion mobility (IM) separation, has been employed to determine the sequence of 
macrocyclic polyester copolymers with thermoresponsive properties. The polyesters 
were synthesized by polyesterification of succinic acid with two diols functionalized with 
different, bioinspired amide pendants. MS analysis confirmed the formation of cyclic and 
linear chains composed of two different polyester repeat units, N and P. MS2 
experiments on a sodiated homopolymeric trimer showed that fragmentation 
encompasses ring opening by 1,5-H rearrangement over an ester group and 
consecutive dissociation of the ring-opened species via the same mechanism. The 
sequence of the copolymeric tetramer N2P2 was elucidated based on the dimeric NN, 
NP (or PN), and PP fragments generated by CAD of the sodiated ion. The block 
architecture was found to predominate. The IM dimension enabled the examination of 
singly sodiated cyclic or linear chains that overlapped with higher charge states of larger 
oligomers. The sequencing strategy described in this study should be generally 
applicable to polymers with ester groups in the backbone. The architectural information 
deduced by such sequencing would significantly facilitate structure/property correlations 
and the design of copolymers with the desired physical properties. 

 
 
 



POLY 455: HPMA-based drug delivery system and its interactions of human 
serum albumin: SAXS, ITC, and NMR study 

Sergey Filippov1, Leonid Kaberov1, kaberovleonid@gmail.com, Xiaohan Zhang2, Bart-
Jan Niebuur2, Petr Chytil1, Tomas Etrych1, Florian Wieland3, Nadiia Velychkivska1, 
Larysa Starovoytova1, Dmitri Svergun4, Christine M. Papadakis2. (1) Institute of 
Macromolecular Chemistry AS CR, v.v.i., Prague, Czech Republic (2) Physik Dept, Soft 
Matter Physics, Tech Univ Munchen, Garching, Germany (3) Technische Universität 
Dortmund, Dortmund, Germany (4) European Molecular Biology Laboratory (EMBL), 
Hamburg, Germany  

Polymer drug carriers based on N-(2-Hydroxypropyl)methacrylamide (HPMA) 
copolymers bearing cholesterol moieties have been studied extensively over the past 
few years, to understand the aggregation behavior and shape of the copolymers in 
dilute aqueous solutions. Above certain concentration, micelle-like nanoparticles (NPs) 
having ellipsoidal shape are observed. However, there is a lack of knowledge on the 
behavior of these drug carriers in human blood environment. Human serum albumin 
(HSA) was chosen for this study as a basic protein, which is the main component of 
human blood plasma. We use fluorescence life-time correlation spectroscopy (FLCS), 
isothermal titration calorimetry (ITC), nuclear magnetic resonance (NMR), and small 
angle X-ray scattering (SAXS) to investigate HPMA copolymers that are dissolved in an 
aqueous solution of HSA to reveal the interaction between the NPs and HSA. 
This research was funded by a grant No. 15-10527J the Grant Agency of the Academy 
of Sciences of the Czech Republic. 

  



POLY 456: Coupled UV-Vis/FT-NIR spectroscopy for the real-time investigation of 
photopolymerization kinetics using mixed photoinitiating systems 

Kimberly Childress1, kimchildress12@gmail.com, David Glugla3, Jeffrey W. 
Stansbury2. (1) Chemical and Biological Engineering, University of Colorado Boulder, 
Boulder, Colorado, United States (2) MS8310, University of Colorado Denver, Aurora, 
Colorado, United States (3) Electrical, Computer & Energy Engineering, University of 
Colorado Boulder, Boulder, Colorado, United States  

Light-induced polymerization reactions are frequently encountered in application areas 
such as UV-cured coatings and visible light cured dental materials due to the excellent 
spatiotemporal control and rapid polymerization. The photoinitiator and the 
photoinitiating system largely contribute to the extent of conversion and are therefore 
integral to the efficiency of the polymerization. Mixed photoinitiating systems may have 
the ability to increase polymerization efficiency as a result of access to extended 
activation wavelengths and the potential for synergistic “cross-talk” between the 
initiators that could result from either an energy transfer from the excited state of one 
photoinitiator to the ground state of a second initiator or some other mechanism that 
could expedite the rate of polymerization. Mixed initiating systems are also used in 
photocuring of orthogonal hybrid polymerizations. Current work has focused on study of 
the interaction between BAPO and DMPA (Irgacure 819 and Irgacure 651, 
respectively), two Type I photoinitiators that undergo bond cleavage upon irradiation at 
different wavelengths (LEDs at 365, 405, and 440nm). The recent development of a 
coupled UV-Vis/FT-NIR spectroscopic technique allows for the simultaneous, real-time 
monitoring of kinetic parameters involving both initiators and monomers. Some work 
has been done previously to investigate monomer conversion and the rate of 
polymerization, but little has been done to monitor the photoinitiator. The incorporation 
of UV-Vis allows for the observation of not only photoinitiator consumption, but also the 
formation of intermediate and decomposition products on the millisecond timescale. The 
photoinitiator and by-product spectral overlap and thus necessitate the use of 
deconvolution techniques to individually monitor the absorbance profiles. 

 
Schematic representation of the coupled UV-VIS/FT-NIR set-up with synchronization between 
the shutter and absorption acquisition. 



POLY 457: Kinetic study of polymerization of furfuryl methacrylate using electron 
spin resonance 

kyoungho kim3, rodgh7@gmail.com, Taeheon Lee3, Atsushi Kajiwara1, Hyun-Jong 
Paik2. (1) NARA Univ of Education, Nara, Japan (2) Polymer Science and Engineering, 
Pusan National University, Busan, Korea (the Republic of) (3) pusan national university, 
Pusan, Korea (the Republic of)  

Electron spin resonance (ESR) spectroscopy has been a powerful tool to understanding 
both the kinetics and mechanism of radical polymerizations. In this study, propagating 
radicals of furfuryl methacrylate (FMA) were estimated by steady-state ESR during 
radical polymerization. The polymerization of FMA was analyzed through the time-
resolved ESR to compare the kinetic constant of radical addition reaction to the vinyl 
group and furan ring. Tetrahydrofurfuryl methacrylate (THFMA) which can generate 
radicals at the only methacrylate double bond and 2-butyl furan (BF) which can 
generate radicals at only furan ring were also measured by time-resolved ESR under 
polymerization process. In steady-state ESR analysis, we confirmed that methacrylate 
radicals were mainly generated in FMA polymerization through the high similarity 
between spectra of FMA and butyl methacrylate polymerization. Furthermore, the 
results of time-resolved ESR indicated that diphenylphosphonyl radicals prefer to attack 
methacrylate double bonds than furan ring double bonds almost 40 times by comparing 
each kinetic constant of FMA, THFMA and BF under polymerization process. 

 
 
Figure 1. The two kinds of the double bond in FMA can participate radical polymerization. 
 



POLY 458: Spectroscopic analysis of random tetra-polymer: Poly(PMI-AMS-AN-
St) 

DONGWOO KIM, gkszjaxk@gmail.com, Hyun-Jong Paik, Byoungjae Kim. Polymer 
Science and Engineering, Pusan National University, Busan, Korea (the Republic of)  

N-phenylmaleimide (PMI) monomer is usually used for excellent heat resistance and 
has been copolymerized with various other monomers to have a suitable combination of 
properties. In respect of thermal properties, especially PMI random copolymers 
containing styrene (St) in the backbone are used for various applications through 
blending with acrylonitrile-butadiene-styrene resin. 
Structural analysis of these copolymers has been a challenge especially when a 
polymer contains more than one monomer units or structurally similar units. In the 
random copolymers, there are influences due to different structural units on either side 
of a particular monomer unit. Hence, it is difficult to interpret the structure using one 
method of spectroscopy in random copolymer in contrast to a conventional 
homopolymer. 
In this study, we investigated the composition and molecular structure of the tetra-
polymer, poly(N-phenylmaleimide-co–α-methlystyrene-co-acrylonitrile-co-styrene) 
(Poly(PMI-AMS-AN-St)) through FT-IR, 1H and 13C NMR spectrophotometer. Initially, 
the presence of the functional group was confirmed through FT-IR and the composition 
of PMI in comparison to styrenic units was confirmed through a calibration curve. 
Finally, the content analysis of each unit, PMI, AMS, AN and St was carried out using 
1H and 13C NMR spectroscopy. 

 
Figure 1 13C-NMR spectrum of the tetra-polymer in CDCl3, poly(PMI-AMS-AN-St) 



POLY 459: Dynamic analysis of responsive liquids in elastic coaxial nanofibers 

Jeffrey Lundin, jeff_lundin@hotmail.com, Daniel Ratchford, Ramagopal Ananth, 
Riccardo Casalini, James H. Wynne. Naval Research Laboratory, Washington, District 
of Columbia, United States  

Mechanically induced changes in confinement of liquid crystals encapsulated in 
elastomeric polymer coaxial fibers is presented. The combination of simple nano-scale 
fabrication via coaxial electrospinning with confinement sensitive responsive behavior of 
liquid crystals provided an opportunity to develop understanding that will enable 
dynamically tunable materials. Herein, coaxial electrospinning was used to fabricate 
aligned elastomeric polymer nanofibers that contained encapsulated responsive liquid 
crystals. The effect of confinement, as well as the interfacial chemistry between liquid 
crystal and polymer were evaluated by mechanical actuation of liquid crystal containing 
coaxial nanofibers. Polarized microscopy coupled with mechanical actuation was 
employed to elucidate the effects of dynamic confinement on the encapsulated liquid 
crystals TIàN and director orientation. DSC analysis was utilized to demonstrate effects 
on liquid crystal transition temperatures. Stress-strain behavior of the materials were 
characterized by dynamic mechanical analysis. The interplay between confinement and 
interfacial ordering on the encapsulated liquid crystals are discussed. 

 

 
 
 

  



POLY 460: Design and synthesis of novel indole based donor-acceptor-donor 
type polymer and investigation of its electrochromic properties 

Buket Bezgin Carbas2,3, Arif Kivrak1, akivrak@yyu.edu.tr, Emrah Kavak1. (1) 
Department of Chemistry, Yuzuncu Yil University, Van, Turkey (2) Department of 
Energy Systems Engineering, Karamanoglu Mehmetbey University, Karaman, Turkey 
(3) Conductive Polymers and Energy Applications Laboratory, Karamanoglu 
Mehmetbey University, Karaman, Turkey  

The purpose of this research is to synthesize a novel monomer, namely, 1-metyl-2,3-
di(thiophen-2-yl)-1H-indole (DTI) and to present optical and electrochemical 
characterization of its corresponding polymer film, P(DTI). The donor thiophene unit was 
matched with acceptor indole unit in consideration of donor-acceptor-donor approach in 
order to achieve DTI monomer. This monomer was electropolymerized in the medium 
0.1 M LiClO4/Ethanol:ACN solution mixture and a conductive indole based polymer, 
P(DTI) was obtained. The spectroelectrochemical studies show that P(DTI) has a band 
gap of 2.45 eV and a color change from pale green to dark green with a switching time 
of 0.9 s during oxidation and a high coloration efficiency (286 cm2/C) at 830 nm. 
Furthermore, P(DTI) shows good environmental and redox stability with a retention of 
85% after 1500th switching. 

 

 
 
 

  



POLY 461: Design of electrochromic polymer structures based on poly(3,4-
propylenedioxythiphene)s for high color contrast with long term bistability 

Yeonghwan Heo, herssigger@naver.com, Eunkyoung Kim. Dep. of Chemical 
Biomolecular Eng., Yonsei University, Seoul, Korea (the Republic of)  

Poly(3,4-propylenedioxythiphene) derivatives(PRs) were explored as an electrochromic 
polymer for high color contrast with long term bistability. As the energy level of the PRs 
was critical to bistability of the polymer, HOMO level of PRs was tuned and three 
different PRs were prepared in 3 steps. As synthesized PRs showed electrochromic 
color contrast (~70%) with a bistability longer than 2hr, at an optimized condition. 
Further increase in color contrast was obtained by optimizing the structure of 
electrochromic layer and monomeric units, without the decrease of bistability. Design 
principle and electrochromic properties of PRs in a 2-electrode device will be presented. 

 

 
 
 

  



POLY 462: Cationic conjugated polyelectrolytes with branched side chains: 
Synthesis, Photophysics and Applications 

Zhiliang Li1, zhiliang@chem.ufl.edu, Yun Huang3, Kirk S. Schanze2. (1) UNIVERSITY 
OF FLORIDA, Gainesville, Florida, United States (2) Chem Dept, University of Florida, 
Gainesville, Florida, United States (3) Chemistry, University of Florida, San Antonio, 
Texas, United States  

Conjugated polyelectrolytes are wildly studied water soluble fluorescent polymers in 
many fields of chemistry, like for sensing ions, small molecules and biomacromelocules. 
Our group has developed a few biosensors for some biologically important small 
molecules, biomacromolecules based on the interactions between Conjugated 
polyelectrolytes and the targeted molecules. In this work, we synthesize a new 
nucleotides triphosphates sensor using a cationic Conjugated polymer with branched 
ammonium pendants. Upon the hydrogen bonding and electrostatic interaction between 
the ammonium group and the phosphate group, molecules that bearing more than one 
phosphate groups like PPi, nucleotide triphosphates such as ATP and its analogous 
UTP, GTP and CTP can effectively quench the fluorescence by aggregation induced 
fluorescence quenching mechanism. But very interestingly, only ATP and GTP cause a 
red shift on the fluorescence emission peak. Based on the difference from emission, we 
are able to apply principle component analysis for discriminating those phosphates. 

 

 
 
 

  



POLY 463: Clickable conjugated polyelectrolyte platform for two-photon cell 
imaging 

Yun Huang1,2, yhuang1990@gmail.com, Kirk S. Schanze2. (1) Chemistry, University of 
Florida, San Antonio, Texas, United States (2) Chemistry, University of Texas at San 
Antonio, San Antonio, Texas, United States  

Conjugated polyelectrolytes have been developed into a class of materials for use in 
multiple disciplines such as optoelectronic devices, chemo- and bio-sensors. Among 
them, poly(fluorene) derivatives are promising materials for two-photon cell imaging and 
photodynamic therapy (PDT) because of the large two-photon absorption (TPA) cross 
sections within the biological tissue transparency window (700–1000 nm). However, its 
application is constrained because there are limited methods to achieve post-
polymerization modification with bio-active moieties directly in water with high yield and 
convention, so the polymer structure needs to be redesigned from the beginning to 
induce different targeting groups. Herein, we designed a clickable conjugated 
polyelectrolyte platform with polyfluorene backbone, solubilizing groups, and vinyl-
terminated side-chains, which can be modified by different bio-active moieties in water. 
Without adding a toxic metal catalysis as in CuAAC, thiol–ene reactions can be 
triggered in water with high yield and conversion. The copolymer precursor is 
synthesized by three different fluorene derivatives, using microwave-assisted Suzuki-
Miyauara cross-coupling with tuned reaction conditions to minimize Heck coupling side 
products. Then, the charged solubilizing groups are produced from the copolymer 
precursor, forming the clickable CPE platform. The clickable CPE platform exhibits good 
solubility in water without aggregation indicated by the narrow fluorescence emission 
band. Post-polymerization modifications can be performed with multiple thiol-terminated 
bio-activated moieties directly in water by a radical intermediated thiol–ene reaction for 
different applications without redesigning the whole structure from the beginning. 

 

 
 
Illustration of the post-polymerization modification using the clickable conjugated 
polyelectrolyte platform 

 

 



POLY 464: Chloride-promoted direct arylation polycondensation: An efficient 
synthesis of high molecular weight π-conjugated polymers 

shotaro hayashi1, shayashi@nda.ac.jp, Toshio Koizumi2. (1) National Defense 
Academy, Yokosuka, Japan (2) Natl Defense Acad Dept of Chem, Yokosuka 
Kanagawa, Japan  

Direct arylation (polycondensation) has been attracted attention in recent years. We 
have developed a chloride-promoted Pd-catalyzed phosphine-free direct C-H arylation 
for highly efficient synthesis of high molecular weight π-conjugated polymers. Among 
halide ions, chloride ion played a crucial role for highly efficient C-H activation. 
Synthesis of high molecular weight π-conjugated polymers based on thiophenes, 
selenophenes and fluoroarenes was achieved by our chloride-promoted conditions. 

  



POLY 465: Single-ion polymer brush electrolytes for lithium metal batteries 

Sipei Li2, sipeil@andrew.cmu.edu, Alex Mohamed3, Vikram Pande3, Venkat 
Viswanathan4, Jay Whitacre3, Krzysztof Matyjaszewski1. (1) CMU, Pittsburgh, 
Pennsylvania, United States (2) Chemistry, Carnegie Mellon University, Pittsburgh, 
Pennsylvania, United States (3) Carnegie Mellon University, Pittsburgh, Pennsylvania, 
United States  

Single-ion electrolytes are battery electrolytes with anions immobilized in an 
electrochemical charge/discharge process. Such electrolytes reduce the ionic gradient 
concentration near anode and thus hold promise in preventing dendrite growth. Here a 
single-block single-ion polymer electrolyte, poly(LiTFSI attached poly(ethylene glycol) 
methyl ether methacrylate) (poly(PEGMA-TFSI-Li+)), was prepared by combining photo-
induced metal free atom transfer radical polymerization (ATRP) and click chemistry. The 
covalent attachment of ion pairs onto a conductive backbone made the lithium ions 
highly delocalized. The brush-like backbones further reduced the polymer crystallinity. 
Therefore, the polymers showed high ionic conductivity (> 10-4 S/cm at 90 oC) and high 
transference number (> 0.97). The dependence of ionic conductivity on degree of 
polymerization was studied by synthesizing well-defined brush-like polymers with 
degree of polymerization of 7, 14 and 30. The exchanged current density was 
calculated in terms of ionic conductivity and transference number using Monroe and 
Newman model. 

 

 
 

  



POLY 466: Controllable electrical and photonic characteristics via molecular 
structural variation of electroactive polymers 

Wafaa Abousamra1, wabousamra13@students.desu.edu, Dan Yang2, Omar Melton3, 
Shehu Isah4, Young-Gi Kim2, June-Ho Jung5, Sabina Besic5, Michael Birschbach5, Von 
Ebron5, Ramil Mercado5, Patrick J. Kinlen6, Hai-Long Nguyen7. (1) Chemistry, Deleware 
State University, Middletown, Delaware, United States (2) Chemistry, Delaware State 
University, Dover, Delaware, United States (4) Chemistry, Deleware State University, 
Dover, Delaware, United States (5) Crosslink, Saint Louis, Montana, United States (6) 
Boeing, Helena, Montana, United States (7) U.S.ARDEC, Wharton, New Jersey, United  

The structural changes of conjugated polymers provide realistic and promising 
characteristics that used to make the conjugated macromolecules good candidates for 
the application to energy and electronic devices. Elucidation on the fundamental 
intermolecular interaction between the conjugated backbones that are modified using 
several building blocks and between the backbones and non-covalent building blocks is 
one of the key matters to understand the broad picture that provides high impact on 
corresponding performance of the devices. 
In this research, a series of electroactive polymers (EAPs) modifying the polymer 
backbone and changing non-covalent bonding ions were attempted to improve the 
electrical and photonic properties from corresponding conjugated macromolecules, for 
which impressive characteristics were observed. 

  



POLY 467: Application of fluorescein derivatives as initiators in 
photopolymerization reactions of dimethacrylate resins using blue light LED 

Bruno Henrique H. Sacoman Torquato da Silva, bruno_sacoman@hotmail.com, 
Rafael T. Alarcon, Carolina Gaglieri, Giovanny C. Santos, Gilbert Bannach, Luiz Carlos 
C. da Silva Filho. Chemistry, São Paulo State University, Bauru, Brazil  

The polymers photochemistry has been attracting interest of several research groups in 
recent years due to its widely use in dentistry, with applications in restoration material, 
sealing, and cementation to dental adhesives. The urethane dimethacrylate (1, UDMA) 
is one of the most used monomers in photopolymerization reactions, due to their good 
properties, such as better mechanical properties, low odor and hydrophobicity. 
Fluorescein derivatives represent an important class of hetorocyclic because these 
molecules have several photochemical applications, such as: dyes in solar cells and 
chemical sensors. 
In this work, we describe the use of fluorescein derivatives as photoiniator in 
polymerization reactions of dimethacrylate resins, using as initiator blue light LED (430-
490 nm). 
The fluorescein derivatives (2a-d) used in this study (Figure 1) were synthesized 
previously from the reaction between phenol and anhydride derivatives in the presence 
of NbCl5 as Lewis acid. 
The photoinitiating solutions were prepared by the dissolution of 20 mmol of fluorescein 
derivative (Figure 1) and 20 mmol of Ethyl-p-dimethylaminobenzoate coinitiator) in 
ethanol. Aiming to obtain the polymer, we have reacted 0.01 mmol of UDMA monomer 
with photoinitiating solutions in the presence of blue light LED (proportion of 20%mol). 
The degree of conversion (DC) was calculated by FTIR by monitoring the band near of 
1640 cm-1 (C=C), every 10 seconds of reaction (Table 1). 
Analyzing the Table 1, we conclude that the fluorescein derivatives are good 
photoinitiators in the polymerization reaction of UDMA monomers. It was obtained 
polymers with high degree of conversion (above 68%). The best result was observed to 
compound 2b (82.84% of DC), that can be explained due to chlorine atoms in structure, 
which assist the formation of the triplet excited state in the dye, promoting the radical 
formation and consequently faster polymerization reaction. 

 
Figure 1. Fluorescein derivatives used in this study 

 
Table 1. Conversion degree (%) of monomers to polymers with different initiators systems 



POLY 468: Synthesis of novel fluorescent polymers for the fluorescent detection 
of bisphenol A and its derivatives 

Daniel Jones, derg28@gmail.com, Mindy Levine. Chemistry, University of Rhode 
Island, Kingston, Rhode Island, United States  

Bisphenol A (BPA) is commonly used for the production of polycarbonates, a class of 
strong, durable, and easy to mold plastics that are used in a wide variety of consumer 
goods. Over the last few decades research on the health effects of BPA has found that 
BPA is an endocrine disrupter which in chronic low dose exposure has been linked to 
health effects including: prostate cancer, breast cancer, type II diabetes, and early onset 
puberty. These health concerns have spurred some companies to replace BPA with 
structurally similar derivatives, the health effects of which have not been fully 
researched yet. Our group has developed a rapid and easy to use fluorescent detection 
system for BPA and its derivatives. Our system uses fluorescent polymers to detect 
bisphenols through changes in the fluorescence signal. 

 

 
 
 

  



POLY 469: Cyano-containing oligo(phenylene vinylene) chromophores in free 
radical polymerizations of vinyl monomers 

Brad Davis2, brad.j.davis@eagles.usm.edu, Phillip D. Pickett2, Charles L. McCormick1, 
Joseph Lott2. (1) Univ of Southern Mississippi, Hattiesburg, Mississippi, United States 
(2) University of Southern Mississippi, Hopkins, Minnesota, United States  

Oligo(phenylene vinylene) (OPV)s are fluorescent chromophores offering the ability to 
tailor photoluminescent color, solubility, and stimuli response at the molecular level. 
Recently, aggregation induced emission (AIE) has been observed for OPVs with the 
cyano groups located at the β position (β-cyano-OPVs). This family of chromophores is 
highly emissive in the solid state but show near complete fluorescence deactivation in 
solution. With the long-term goal of exploiting this phenomenon in polymeric systems as 
an orthogonal instrumental approach to monitor polymerizations or phase transitions, as 
well as for the realization of novel smart materials, the current study has explored the 
effect of β-cyano-OPVs on the polymerization of acrylate monomers, namely methyl 
acrylate (MA) and methyl methacrylate (MMA). A β-cyano-OPV with hydroxyl terminated 
polyethylene glycol tails was synthesized (PEG-OPV). Reaction kinetics and monomer 
conversion were monitored in a series of standard free radical polymerizations 
containing ‘free’ PEG-OPV. 1H-NMR measurements were used to track the conversion 
and revealed that the presence of the conjugated chromophores can have a profound 
effect on polymer growth. The severity of the effect was correlated to both the 
concentration of the chromophore as well as the structure of the propagating chains. 
Additionally, fluorescence was measured in situ to monitor the increase in emission 
intensity with the progression of the reaction. This response is consistent with the 
restriction of intramolecular rotations inherent for the AIE process. 

 
 
 



POLY 470: Selective activation by substrate photoexcitation for polymer 
synthesis 

Julia A. Kalow, jkalow@northwestern.edu. Department of Chemistry, Northwestern 
University, Evanston, Illinois, United States  

Photoredox catalysis has brought to light exciting avenues for the spatiotemporally 
controlled synthesis and modification of polymers. In these reactions, a photoexcited 
transition-metal or organic dye (photocatalyst) performs single-electron transfer to 
oxidize or reduce the polymer, thus activating the polymer for bond-forming reactions. 
Alternatively, one can envisage that the polymer can be directly photoexcited, enabling 
a single-electron transfer event from a non-photoactive catalyst or reagent with the 
appropriate redox potential. Since different wavelengths of light deliver different 
amounts of energy, selectivity can be obtained in the presence of multiple functional 
groups or substrates with different absorption cross sections by using narrow-bandwidth 
light sources (e.g. light-emitting diodes). We will describe our efforts to apply this 
strategy towards the development of controlled polymerizations mediated by visible 
light. 

 

 
 
 

  



POLY 471: Secondary structures of PEG-functionalized rod-coil block copolymers 
based on (R)- and (S)-triazolepolycarbodiimides 

Oleg V. Kulikov3, oleg.kulikov.chem@gmail.com, Dumindika Siriwardane1, Bruce M. 
Novak2. (1) Chemistry, University of Texas at Dallas, Richardson, Texas, United States 
(2) School of Natural Sciences Mathematics, University of Texas at Dallas, Richardson, 
Texas, United States (3) Chemistry, MIT, Cambridge, Massachusetts, United States  

A series of helical rigid-rod (R)- and (S)-polycarbodiimides having PEG2K,10K, and 20K 
groups attached to aromatic or aliphatic side chains have been successfully synthesized 
from their respective alkyne polycarbodiimide precursors using CuI-catalyzed 
azide/alkyne cycloaddition (CuAAC). AFM, TEM and SEM studies revealed the 
formation of different types of aggregated morphologies, i.e., micro- and nanospheres, 
fiber-like crystallites, lamellar structures, and spheroids. In general, heavily PEGylated 
scaffolds comprised of ~ 44 ethylene oxide segments are prone to form round shaped 
secondary structures, especially, in the bulk as evident by SEM measurements. AFM 
data suggested that spherical aggregates are preferred motifs in a wide range of 
concentrations. Overall, these self-assembly studies on polycarbodiimides with a 
hydrophobic rigid rod main chain and flexible hydrophilic periphery are of interest to 
provide a basic layout for prospective biomedical applications such as drug delivery. 

 



POLY 472: Small molecular study for dynamic exchange of the thiol-Michael 
reaction 

Progyateg Chakma2, chakmap@miamioh.edu, Dominik Konkolewicz3, Borui Zhang1. 
(1) Miami University, Oxford, Ohio, United States (2) Chemistry and Biochemistry, 
Miami University, Oxford, Ohio, United States  

The thiol-Michael reaction has been extensively studied and utilized in various 
applications in the last few decades. Still there are very limited studies being reported 
on dynamic nature of this reaction in small molecular scale. The thiol-Michael reaction is 
reported to be reversible in elevated temperature and high pH solution. In our quest to 
better understand this click reaction, here we are reporting the dynamic exchange of 
thiol and thiol-Michael adduct with different Michael acceptors using proton NMR. Two 
distinct thiols were used as Michael donors and various Michael acceptors with different 
electrophilic character were used. All the experiments were carried out in DMF and in 
60 0C, 75 0C, and 90 0C. The data suggests that the thiol-Michael adducts dissociate at 
elevated temperatures via retro-Michael addition and the vinyl groups further react with 
other free thiols to give new thiol-Michael adducts. Kinetic and equilibrium position were 
investigated. Further kinetic experiments are in process to correlate the structure of the 
reagent to the rate of this reaction. These results will help to get better understanding of 
the reversible nature of this reaction in different systems and proving to be useful for 
Dynamic Combinatorial Chemistry (DCC) and self-healing materials. 

 

 
 
 

  



POLY 473: Chiral recognition of optically active carboxylates using 
poly(phenylacetylene) with chiral receptors 

Ryosuke Sakai1, r_sakai@asahikawa-nct.ac.jp, Yoshinobu Mato1, Satoshi Umeda1, 
Katsuyuki Tsuda1, Toshifumi Satoh2, Toyoji Kakuchi2. (1) Department of Materials 
Chemistry, Asahikawa National College of Technology, Asahikawa, Japan (2) Fac of 
Eng, Div of Biotec, Hokkaido University, Sapporo, Japan  

Because enantiomer forms a diastereomer with optically active compounds, such as 
protein and nucleic acid, in vivo, human body often shows a physiological activity 
dependent on the enantiomer. Therefore, discrimination of chiral molecule is very 
important in a wide range of areas, including organic and pharmaceutical chemistries. 
Today, high-performance liquid chromatography (HPLC) measurement has been known 
as a reliable and practical method for the chiral discrimination. However, because of 
some drawbacks, such as long measuring time and complicated sample preparation, 
the development of simple and facile procedure to determine the chirality of chemical 
compounds has been desired. In this work, we designed and synthesized 
poly(phenylacetylene) with L-phenylalanine-derived amide receptors for the realization 
of the colorimetric chirality sensing. 
A THF solution of the obtained polymer (poly-1) was pale yellow in color, which was 
due to the π-conjugated system in the main chain structure. Upon the addition of 
tetrabutylammonium salts of D- and L-Leu, the polymer solution immediately turned to a 
different color dependent on the chirality of the Leu anions, i.e., orange for D-Leu and 
reddish purple for L-Leu. The UV-vis absorption measurements of poly-1 with L-Leu 
clarified that a drastic bathochromic shift occurred in the absorption due to the 
conjugated polymer backbone. Along with this shift, the maximum absorption 
wavelength (λmax) reached to 546 nm. On the other hand, no significant spectral change 
was observed in the absorption spectrum for the case of D-Leu. Tus, the difference of 
the λmax values was more than 100 nm. Similar chirality-dependent color difference was 
also observed for other chiral carboxylate anions. In addition, poly-1 was demonstrated 
to be able to estimate the enantiomeric excess of chiral carboxylate anions. Hence, 
poly-1 could be applicable to both qualitative and quantitative colorimetric chirality 
sensing of chiral carboxylates. Through some instrumental analyses and several 
examinations using model compounds, multiple chiral amide receptors arrayed along 
the polymer backbone was suggested to play a crucial role in this chiral recognition. 

 
Figure. Synthesis of poly-1. 



POLY 474: Structure-property relationships of ureido-cytosine and cytosine-
containing copolymers 

Xi Chen2, xichen9112@gmail.com, Keren Zhang2, Robert B. Moore1, Timothy E. Long1. 
(1) Virginia Tech, Blacksburg, Virginia, United States (2) Chemistry, Virginia Tech, 
Blacksburg, Virginia, United States  

Aza-Michael addition allows reaction of nucleobase with 1,4-butanediol diacrylate to 
prepare nucleobase acrylate monomers. Copolymerization of cytosine acrylate with n-
butyl acrylate produces poly (cytosine acrylate-co-n butyl acrylate) (poly (CyA-co-nBA)) 
random copolymers. Post-functionalization of poly (CyA-co-nBA) using isocyanate 
affords corresponding ureido-cytosine copolymer poly (UCyA-co-nBA). In this study, 
three pairs of random copolymers with different CyA and UCyA contents (3.4, 5.8, and 
10.1 mol%, respectively) were synthesized for structural and property characterization. 
Thermogravimetric analysis (TGA) revealed a two-step weight loss of polymers, with 
UCyA polymers exhibited T5% weight loss at lower temperatures than CyA. Moreover, 
incorporation of nucleobase contents increased the polymers' glass transition 
temperature (Tg), and UCyA polymers showed higher Tg s than their CyA controls. 
Rheology analysis demonstrated a better thermomechanical performance of UCyA 
polymers, reflecting as an extended rubbery plateau due to the physical crosslinking 
provided by self-complementary hydrogen bonding. Morphological study of those 
polymers will offer further evidence of how hydrogen bonding affects the polymer’s self-
assembly behavior. 

 
Rheology temperature sweep of cytosine acrylate (CyA) random copolymer and ureido-cytosine 
acrylate (UCyA) random copolymer with 3.4 mol% nucleobase content. 



POLY 475: Micellar properties of Pluronic® F127 in relation to polymeric 
structural synthesis 

Jesse D. Hudspeth1, jdhudspeth@crimson.ua.edu, Martin G. Bakker2. (1) Chemistry, 
The University of Alabama, Arvada, Colorado, United States (2) Dept of Chem, Univ of 
Alabama, Tuscaloosa, Alabama, United States  

Micelles, or molecular bubbles, have a multitude of applications in chemistry and 
industry from aiding in drug delivery mechanisms to the synthesis of uniformly porous 
structures. Pluronic® F127 (PF127) was investigated for its micelle properties; namely, 
the concentration at which micelles form (the critical micelle concentration) and how 
these micelles change on addition of polymer precursors and during the formation of 
polymers. For the determination of micelles, absorbance was measured against varying 
concentrations of PF127 in a binary solvent (50/50 %wt) of water and ethanol. The 
fluorescence quenching of resorcinol was utilized later to facilitate results. The critical 
micelle concentration was found to be 2.25×10-4±1.13×10-4M. For the investigation of 
micelle-solution interactions, carbon monolith precursor solutions were made containing 
micelles and fluorescence emission spectra were compared to spectra without micelles. 
The results show PF127's ability to aggregate into micelles and thus provide a structural 
framework for polymeric porous materials. 

 
Polymer precursor solution containing pyrene as a probe before fluorescence emission spectrum 

analysis. 

 
The effect of resorcinol on pyrene fluorescence in the presence of F127 micelles. 



POLY 476: Synthesis and analysis of various shape of multicyclic polystyrenes 

Taeheon Lee1, taeheon_lee@pusan.ac.kr, Joongsuk Oh3, June Huh4, Taihyun Chang3, 
Hyun-Jong Paik2. (1) Department of polymer science and engineering, Pusan National 
University, Busan, Busan, Korea (the Republic of) (2) Polymer Science and 
Engineering, Pusan National University, Busan, Korea (the Republic of) (3) Department 
of Chemistry and Division of Advanced Material Science, , Pohang University of 
Science and Technology (POSTECH), Pohang, Korea (the Republic of) (4) Department 
of Chemical and Biological Engineering, Korea University, Seoul, Korea (the Republic 
of)  

The control of polymer architecture has been of great interest in the development of 
new polymeric materials. Therefore, various polymer topologies were developed such 
as star-like, comb-like, dendrimer, and cyclic polymers with in-tune properties. In 
particular, cyclic polymers especially have attracted significant attention due to their 
unique properties associated with chain topologies. Thus, researchers have endeavored 
to prepare various cyclic polymers which include sun-, tadpole-, 8-, manacle-shaped 
cyclic polymer, etc. Their complex molecular topologies offer new opportunities to tune 
dynamic and thermo mechanical properties without changing chemical species of the 
polymers. 
Our group has also synthesized multi-cyclic polymers such as bi-cyclic, tri-cyclic, 8-
cyclic polymers using combination of atom transfer radical polymerization (ATRP), 
azidation and copper-catalyzed alkyne azide cycloaddition click reaction. However, in 
the course of multi-cyclic polymer synthesis, high molecular weight impurities are also 
observed due to undesired side-reactions in a multi-functional reaction due to various 
reasons. Therefore we try to obtain pure cyclic product by separating the concurrently 
obtained high molecular weight impurities using fractionation of solvent gradient normal 
phase liquid chromatography through preferential column interaction. In our researches, 
bi-cyclic polymer, tri-cyclic polymer and 8-cyclic polymers were synthesized and 
analyzed using size exclusion chromatography, MALDI-TOF. The purity of the cyclic 
polymers was also examined by using two-dimensional liquid chromatography. 
Furthermore, the glass transition behavior of the high-purity multicyclic polymers was 
investigated by differential scanning calorimetry. 

 



POLY 477: Synthesis and characterizations of phenolphthalein anilide based 
poly(ether sulfone) block copolymers containing quaternary ammonium and 
imidazolium cations as anion exchange membrane materials 

Aruna K. Kumar Mohanty1, akmohanty07@gmail.com, Nowon Kim2, Hyun-Jong Paik1. 
(1) Polymer Science and Engineering, Pusan National University, Busan, Korea (the 
Republic of) (2) Environmental Engineering, Dong-eui University, Busan, Korea (the 
Republic of)  

In this work, a class of phenolphthalein anilide based poly(ether sulfone) (PES) block 
copolymers containing pendent quaternary ammonium (QA) and imidazolium (IM) 
groups were prepared as anion exchange membranes by reaction involving nucleophilic 
substitution, benzylic bromination, quaternization and anion exchange with hydroxide 
ions, and evaluated for use as anion exchange membranes. While methyl-substituted 
monomer was used in the synthesis of the precursor hydrophilic oligomer to avoid use 
of carcinogenic chloromethylation reagents for halomethylation, cardo phenolphthalein 
anilide was used in the hydrophobic oligomer to improve the dimensional and thermal 
stability. Highly reactive hexafluorobenzene (HFB) as a linkage group was utilized for 
relatively low temperature (e.g., 105 oC) coupling between two oligomers to prevent any 
possible randomization the hydrophilic-hydrophobic sequences in the final 
functionalized polymers. The transparent and flexible membranes of PES-QA and PES-
IM obtained by solution casting showed hydrophobic/hydrophilic phase separated 
morphology in atomic force microscopy. The water uptake, swelling ratio, conductivity, 
and chemical stability of the resultant copolymer membranes were also investigated. 
The hydroxide conductivity of the ionomer membranes (IEC~1.5 mequiv./g) was 5-19 
mS/cm and 2-11 mS/cm at 30 oC and 80 oC, respectively. The PES-QA and PES-IM 
membranes showed good chemical stability in terms of good dimensional integrity and 
without significant loss of weight in high pH solution up to 168 h. 

 
 



POLY 478: Amphiphilic brush block copolymers to prevent marine biofouling 

Hathaithep Senkum, Hathaithep.senkum@maine.edu, William Gramlich. Department 
of Chemistry, University of Maine, Orono, Maine, United States  

Adhesion of marine fouling on surfaces such as ship hulls, pipelines, and fishing nets 
causes higher fuel consumption and maintenance costs. Amphiphilic block copolymer 
coatings are a promising method to prevent adhesion as they can microscale phase 
separate on surfaces. However, morphologies of the dry linear amphiphilic copolymers 
change upon wetting, which presents a challenge to target effective anti-biofouling 
morphologies under use. Bottlebrush amphiphilic block copolymers with dense 
branches of a hydrophilic domain and a hydrophobic domain off the polymer backbone 
are less flexible and may stabilize the original morphologies on the wet surface so that 
they can be target to prevent fouling. To create these materials, bottlebrush amphiphilic 
block copolymers were synthesized via a grafting-through ring opening metathesis 
polymerization (ROMP) approach, using hydrophobic and hydrophilic macromonomers 
of polystyrene (PS) and poly(dimethylamino)ethyl acrylate (PDMAEA), respectively. 
Both macromonomers were synthesized via reversible addition fragmentation chain 
transfer (RAFT) polymerization of PS and PDMAEA with chain transfer agents 
possessing an oxanorbornene end group for subsequent ROMP. After polymerization, 
cationic charges were introduced to the PDMAEA by a quaternization reaction to target 
active anti-biofouling mechanisms. To generate different surface morphologies, the 
bottlebrush block copolymers were synthesized with varied side chain lengths and the 
degrees of macromonomer polymerization. 

 

 
 
 

  



POLY 479: Unified approach for surface-initiated atom transfer radical 
polymerization (SI-ATRP) 

Kali Miller2, kalim863@gmail.com, Alexandria Stanton2, alexdstanton@gmail.com, 
Lydia Kisley3,2, Nathan W. Reed2, Ryan C. Bailey2,1, Paul V. Braun4. (1) Chemistry, 
University of Michigan, Ann Arbor, Michigan, United States (2) Chemistry, University of 
Illinois, Urbana, Illinois, United States (3) Beckman Institute, University of Illinois 
Urbana-Champaign, Urbana, Illinois, United States (4) Materials Science and 
Engineering, University of Illinois, Urbana, Illinois, United States  

The emergence of atom transfer radical polymerization as a powerful synthetic 
approach has been enthusiastically received across the polymer community. The highly 
controlled nature of ATRP makes it ideal for specialty applications, particularly surfaces. 
ATRP is an excellent way to modify highly confined architectures without obstructing 
flow, and lends increased chemical stability while providing interesting adsorption and 
catalytic opportunities. In addition, ultrathin hydrophobic or antifouling coatings have 
gained much interest along with the creation of thin film chemical gradients for the 
separation and concentration of analytes on sensor surfaces. As the field matures, 
however, the desire has emerged to standardize the synthetic procedures in the applied 
fields. While much excellent work has been released regarding specific ligands, 
solvents, initiators, and metals necessary to optimize each type of polymerization, 
uniform approaches appropriate for general polymer growth is lagging. Herein, we 
present the details of a broadly applicable ATRP synthesis of hydrophobic, hydrophilic, 
and clickable polymer brushes and their characterization by gel permeation 
chromatography, spectroscopic ellipsometry, confocal Raman spectroscopy, and 
nuclear magnetic resonance. This synthesis method allows for rapid production of 
polymers of interest, appropriate for even novice polymer scientists to quickly master. 

 

 
Figure 1. Surface functionalization process. Silicon wafers are first activated with oxygen plasma 
and then exposed to the initiator solution, which forms a self-assembled monolayer on the 
surface. Polymerization is initiated from the surface using ATRP, resulting in mechanically and 
chemically stable polymer brushes. 



POLY 480: Anionic polymerization of (E,E)-alkyl sorbate assisted by N-
heterocyclic carbene (NHC) 

Yuhei Hosoi2, 25111126@stn.nitech.ac.jp, Akinori Takasu1, Shin-ichi Matsuoka2. (1) 
Dept of Env Tech Sch of Eng, Nagoya, Japan (2) Nagoya Institute of Technology, 
Nagoya, Japan  

In the past decade, research on organocatalysis using organic compounds as catalysts 
has been actively studied in polymer synthesis. Anionic polymerization of methyl 
methacrylate (MMA) catalyzed by N-heterocyclic carbene (NHC) is already reported. 
In our laboratory, we polymerized alkyl sorbates assisted by NHC in some organic 
solvents. The current study specifically forcuses on a commonly used NHC, 1,3-di-tert-
butylimidazolin-2-yildene (ItBu). In N, N-dimethylformamide (DMF) at 25 °C, poly (methyl 
sorbate) [poly(MS)] with number-averaged molecular weight (Mn) of 3.5 × 103 (Mw / Mn = 
2.1) was obtained in conversion of 93 %. The structure was confirmed by 1H and 13C 
NMR and IR spectra, which revealed that the propagation proceeded via 1,2-addition as 
well as 1,4-addition. 
In toluene, although the polymerization did not occur in the absence of any additive, 
complete monomer consumption was observed in the presence of methylaluminum 
bis(2,6-di-tert-butyl-4-methylphenoxide) (MAD) to afford the poly(MS) with 1,4-trans 
structure with Mn of 19.1 × 103 (Mw / Mn = 2.4). 
Next, the polymer obtained was hydrogenated to remove the influence of magnetic 
anisotropy, and we confirmed that the diastereoselecivity of the polymer was controlled. 
As the result, 88% of threo diastereoselectivity was observed. 
Finally, we also examined the possibility of ring-closing of backbiting of the growing 
ester enolate to the nucleophilic carbon directly bonded to the NHC. In the presentation, 
we will report the results of ring-closing to afford cyclic poly(MS). 

 
 
 



POLY 481: Characterization of PMMA-b-PDMS-b-PMMA with stereoregular PMMA 
block prepared by living anionic polymerization 

Hitoshi Shimamoto1, h.shimamoto.969@s.kyushu-u.ac.jp, Tomoki Kato1, Masanao 
Sato1, Tomoyasu Hirai2, Atsushi Takahara2. (1) Graduate school of Engineering, 
Kyushu University , Fukuoka, Japan (2) Inst. Mater. Chem. Eng., Kyushu University, 
Fukuoka, Japan  

When two kinds of polymethyl methacrylate (PMMA) consisting of isotactic and 
syndiotactic are mixed, multi helical structure so called stereocomplex is formed. 
However, an effect of formation in stereocomplex of triblock copolymer on physical and 
mechanical properties is not established. 
To solve this problem, we designed and prepared novel poly (methyl methacrylate) 
PMMA-b-poly(dimethyl siloxane) PDMS-b-PMMA triblock copolymer with well-controlled 
stereoregularity (Figure 1). Figure 2a) shows WAXD line profile of a mixture of (it-
PMMA)-b-PDMS-b-(it-PMMA) and st-PMMA. The diffraction indicates that st-PMMA and 
it-PMMA components formed stereocomplex. Interestingly, the polymer solution lost 
fluidity when stereocomplex was formed (Figure 2b)). This result implies that the mixture 
formed gel with stereocomplex parts formed crosslinking block. The detail will be 
discussed in our presentation. 

 
Figure 1. Synthesis strategy of PMMA-b-PDMS-b-PMMA with well-controlled stereoregularity. 

 
Figure 2. a) WAXD line profile for stereocomplex composed of (it-PMMA)-b-PDMS-b-(it-

PMMA) and st-PMMA. b) Photograph of the obtained stereocomplex gel. 
 



POLY 482: Synthesis of graphene ribbons via Diels-Alder cycloadditions of 
poly(terphenylene ethynylene)s 

Thomas S. Hughes, thughes@siena.edu, Thomas Dietsche. 227 Morrell Science Ctr, 
Siena College Chemistry Biochem, Loudonville, New York, United States  

3-iodo-3"-ethynyl-para-phenylene was polymerized via Sonogashira coupling to give 
poly(para-terphenylene ethynylene). The resulting polyyne underwent backbone Diels-
Alder cycloaddition with tetraphenylcyclopentadienone to give a poly-(para-phenylene). 
Analogs of these polyphenylenes bearing alkyl substituents were also synthesized, in 
order to increase their solubility. Oxidation of these polyphenylenes has been 
investigated, in order to fabricate soluble graphene nanoribbons. Various substituted 
cyclopentadienones also allow the incorporation of different functional groups along the 
edge of the nanoribbon, in order to create either electron-rich or electron-deficient 
graphenes. 

 

 
 
Graphene Nanoribbons via Poly(arylene ethynylene) Polymerization and Backbone Modification 

  



POLY 483: Block copolymers derived from polysobutyene oliomers 

Ying-Hua Fu, yinghuafu95@tamu.edu. Chemistry, Texas A&M University, College 
Station, Texas, United States  

Alkene-terminated polyisobutylene is a commercially available hydrocarbon oligomer 
that has served as a precursor to recyclable catalysts and ligands in prior work by our 
group. In this paper, we describe methods to use these same polyisobutylene starting 
materials to make polyisobutylene block copolymers with monomers like methyl 
methacrylate, benzyl methacrylate, tbutyl acrylate and N-isopropylacrylamide. Several 
approaches to these block copolymers have been explored. The simplest uses 
hydroboration to form a tris(polyisobutyl)borane that can be activated with adventitious 
oxygen to form block copolymers from tbutyl acrylate, benzyl methacrylate and methyl 
methacrylate. While this route yields block copolymers, the blocks derived from the 
added monomer form in an uncontrolled manner and have degrees of polymerization 
much larger than that of the starting polyisobutylene oligomer. Alternative routes that 
employ polyisobutylene bound a-bromoesters in ATRP chemistry in contrast produce 
blocks of a more controlled size using monomers like methyl methyacrylate, N-
isopropylacrylamide, and N-acrylosuccinimide. Similar control was also achieved using 
PIB-bound RAFT agents. The a-bromoesters and RAFT agents were all prepared in 
relatively short synthetic sequences starting with the same alkene-terminated 
polyisobutylenes that were used to form the alkylborane macroinitiators. 

 

 
 
 

  



POLY 484: Le Chatelier’s principle driven depolymerization of functionalized 
polyisobutylene at 25o C 

Christopher Watson1, cwats14@tamu.edu, Dustin Tan1, David E. Bergbreiter2. (1) 
Chemistry, Texas A&M, College Station, Texas, United States (2) Texas AM Univ, 
College Station, Texas, United States  

Polyisobutylene (PIB) is commonly used in both the industrial and commercial setting 
for numerous purposes such as a copolymer in rubber and lubrication. In previous work 
within our group, we had noted that attempts to arylate alkene terminated PIB led to 
formation of tert butyl toluene at reflux. Later work showed that this process occurs at 
room temperature when triflic acid was used. In this work we have investigated the 
degree of this polymer degradation as a function of acid strength, solvent, and the 
terminal functional group on the PIB. Large amounts of degradation only occur with very 
strong acid at ambient temperature. While the solvent has to be an arene, the reaction 
is less successful with electron-rich arenes like anisole. We postulate that this 
mechanism proceeds via loss of an isobutylene unit after protonation of the terminal 
group on functionalized PIB. The excess isobutylene that forms can then be protonated 
at which point it is consumed by the arene solvent. This excess solvent allows for a Le 
Chatelier driven degradation of the polymer chain as the normally minimal isobutylene 
unit is removed. While this reaction is reversible in the same way as the direct attack on 
the PIB cation, the large excess of the arene solvent drives this formation of tert-
butylated arene, insuring complete degradation of the polyisobutylene. This process 
avoids the high temperature normally needed for such processes and making a 
potentially useful byproduct. 

 

 
 
 



POLY 485: Polymer synthesis and characterization of methacrylate polymers with 
pendant carbazole groups 

Marek Jurca2, mjurca@clemson.edu, Iurii Bandera1, Tucker McFarlane3, Oleksandr 
Klep3, Deanna Worley1, Jarmila Vilcakova4, Petr Saha4, Stephen H. Foulger1. (1) 
Clemson University, Anderson, South Carolina, United States (2) MSE, Clemson 
University, Clemson, South Carolina, United States (3) Materials Science and 
Engineering, Clemson University, Anderson, South Carolina, United States (4) Tomas 
Bata University , Zlin, Czech Republic  

Interest in the memristor has grown in recent years as it shows great promise for a 
variety of applications such as modelling synaptic response and new computing 
concepts. The memristor is a passive circuit element that is capable of having multiple 
conductivity states based on the electrical current that has been previously applied to 
the device. Traditionally, polymeric memristors have been dominated by bistable 
devices that only show a high conductivity 'on' state and a low conductivity 'off' state. 
Poly(2-(9H-carbazol-9-yl)ethyl methacrylate) (PMAK) is a polymer that has been 
demonstrated to show bistabilty through the conformation changes of the attached 
carbazole groups. However, in this polymer, the carbazole groups are constrained. 
Therefore, this work focuses on altering the flexibility of the carbazole groups allowing 
the polymer to achieve more conductivity states. This is achieved by the lengthening of 
the alkyl chains connecting the pendant carbazole moieties with the polymer backbone, 
which allows control over the electrical properties of the device. Carbazole polymers 
were prepared by two different polymerizations - free radical and reversible addition-
fragmentation chain transfer (RAFT), while varying the length of the side chain attaching 
the carbazole group. These polymers were characterized using nuclear magnetic 
resonance (NMR) for structure and gel permeation chromatography (GPC) for 
molecular weight. These polymers were thermally and optically characterized before the 
polymers where used in the fabrication of two-terminal devices. The voltage-current 
characteristics of these devices were then studied. These polymers were successfully 
synthesized, and it was found that the length of the alkyl chains influences the electric 
properties; however, all these polymers exhibit memristive behaviour of varying 
degrees. 

 
 

Structure of polymers studied where n = 2, 3, 4, 5, 6, 9, 11 

 



POLY 486: New approaches towards rational design of graft polymer 
architectures 

Tzu-Pin Lin1, tplin@caltech.edu, Alice Chang2, Robert H. Grubbs1. (1) California 
Institute of Technology, Pasadena, California, United States (2) Chemistry, California 
Institute of Technology, Pasadena, California, United States  

We have developed a new copolymerization technique that enables control over 
grafting densities as well as side-chain distributions in graft polymer design. Our method 
therefore allows access to a wide range of graft polymers with various topologies. The 
consequences of topological differences have been studied by AFM, TEM, SEM, and 
SAXS. 

 

 
 
 

  



POLY 487: Controlled ring-opening polymerization of O-carboxyanhydrides by 
photoredox organometallic catalysts 

Quanyou Feng, quanyou@vt.edu, Rong Tong. Virginia Polytechnic Institute and State 
University, Blacksburg, Virginia, United States  

Poly(α-hydroxy acids) are important biodegradable polymers with wide applications. 
Attempts to synthesize them from O-carboxyanhydrides with pendent functional groups 
by various methods, including methods involving organocatalysts or organometallics, 
have been plagued by uncontrolled polymerization, including epimerization for some 
monomers, which hampers the preparation of stereoregular high-molecular-weight 
polymers. Herein we describe an effective protocol that combines photoredox Ni/Ir 
catalysis with the use of a Zn-alkoxide for efficient ring-opening polymerization, allowing 
for the synthesis of isotactic polyesters with expected molecular weights (>140 kDa) and 
narrow molecular weight distributions (Mw/Mn < 1.1). Multiblock copolymers can also be 
prepared using such photoredox polymerization conditions. Mechanistic studies indicate 
that the use of a low temperature (–20 °C) and photoredox Ni/Ir catalysis synergistically 
accelerates ring-opening and decarboxylation of the monomer for chain propagation 
while avoiding the formation of the undesired Ni-carbonyl complex. 

 

 
 
Figure 1. Reaction scheme of controlled photoredox ring-opening polymerization of O-
carboxyanhydrides, irradiated by either LED or sunlight. 

  



POLY 488: Effect of aromatic boronic acid on characteristics of polybenzoxazine 
based on phenol and p-amino methyl benzoate 

Halil Ipek, ihalil@metu.edu.tr, Jale Hacaloğlu. Middle East Technical University, 
Ankara, Turkey  

 
During the last decades, polybenzoxazines with various advantageous that overcome 
the shortcomings of traditional phenolic and epoxy resins such as releasing 
condensation by-products and using acid or base catalysts for polymerization, have 
received significant attention both academically and industrially. They exhibit excellent 
properties such as high thermal stability, glass transition temperature and modulus and 
low water absorption and dielectric constant. In addition they have near-zero shrinkage 
upon curing. Benzoxazine monomers can easily be prepared either in solution or in 
liquid phase from reactions of phenols, amines and their functional derivatives and 
formaldehyde. 
 
In this study, our main aim is to prepare composites of polybenzoxazine with improved 
thermal characteristics by incorporation of aromatic diboronic acid, benzene-1,4-
diboronic acid, (BDBA). For this purpose, firstly, the benzoxazine monomer based on 
phenol and p-amino, methyl benzoate, (Pab) was synthesized and characterized by 
FTIR, NMR and Mass Spectrometry techniques. The thermal polymerizations of pure 
benzoxazine monomer, (PPab) and benzoxazine monomer in the presence of 15 wt% 
BDBA, (PPab/BDBA) were achieved by multi-step curing program. The disappearance 
of the exothermic ring opening polymerization peak in the differential scanning 
calorimetry, DSC, curves of the polymers confirmed polymerization of the monomers by 
the applied curing program. Thermogravimetry Analyses, TGA, and direct pyrolysis 
mass spectrometry, DP-MS, were applied to investigate the thermal characteristics of 
the polymer samples. 

 
 
 



POLY 489: Synthesis and copolymerization with styrene of novel bromo and 
chloro ring-disubstituted propyl 2-cyano-3-phenyl-2-propenoates 

William S. Schjerven, WSCHJERV@depaul.edu, Sara Rocus, Jessica Bates, Alex T. 
Boyd, James Burke, Jenna L. Crosby, Shawn B. Sundquist, Cheska C. Zoleta, Anna K. 
Zurek, Percy L. Bromby, Gregory B. Kharas. Chemistry, DePaul University, Chicago, 
Illinois, United States  

Novel trisubstituted ethylenes, ring-disubstituted propyl 2-cyano-3-phenyl-2-
propenoates, RPhCH=C(CN)CO2C3H7 (where R is 2-bromo-4-methyl, 2-chloro-6-
methyl, 3-chloro-4-methyl, 2,5-dibromo, 3,5-dibromo, 2,3-dichloro, and 2,4-dichloro) 
were prepared and copolymerized with styrene. The monomers were synthesized by 
the piperidine catalyzed Knoevenagel condensation of ring-substituted benzaldehydes 
and propyl cyanoacetate and characterized by CHN elemental analysis, IR, 1H and 13C-
NMR. All the ethylenes were copolymerized with styrene in solution with radical initiation 
(ABCN) at 70C. The composition of the copolymers was calculated from nitrogen 
analysis, and the structures were analyzed by IR, 1H and 13C-NMR, GPC, DSC, and 
TGA. Decomposition of the copolymers in nitrogen occurred in two steps, first in the 
200-500C range with residue (7-12% wt.), which then decomposed in the 500-800C 
range. 

 

 
 
 



POLY 490: Synthesis of fluorine-rich block copolymers through ring-opening 
metathesis polymerization and their in-situ micellization behavior in solution 

Youngjin Kim2, yjkimyou@snu.ac.kr, Yunshik Cho2, Jeewoo Lim1, Kookheon Char2. (1) 
Chemical and Biological Eng, Seoul National University, Seoul, Korea (the Republic of) 
(2) Seoul Natl Univ Sch Chem Eng, Seoul, Korea (the Republic of)  

Fluorine-rich block copolymers (BCPs) are applied in a variety of fields ranging from 
medicine to optics. However, it is difficult to synthesize well-defined fluorine-rich BCPs 
because blocks bearing long perfluoroalkyl chains have both hydrophobicity and 
lipophobicity, resulting in severe lack of solubility. Herein, we report the synthesis and 
self-assembly behavior of fluorine-rich BCPs prepared from norbornene monomers 
bearing perfluoroalkyl chains through the controlled ring-opening metathesis 
polymerization (ROMP) using Grubbs 3rd catalyst and their micelle formation. We first 
prepared the first block with a norbornene monomer with high solubility in solvent, 
followed by the addition of a second norbornene monomer bearing fluorine moieties. 
Due to the low solubility of the fluorine-rich block, the BCPs undergo the in-situ self-
assembly during polymerization, yielding micelles in solution. The packing parameter 
increases like typical polymeric micelles when the degree of polymerization for the 
fluorous norbornene block is increased. We also observe the morphology of micelles 
can be further modified by the introduction of a small volume fraction of fluorous 
solvents. The size of fluorous BCP micelles decreases as time elapses and eventually 
reach the equilibrium structure. 

 
 
 
 
 
 
 
 
 
 
 
 

Polymer micelle in chloroform   Polymer micelle in chloroform+fluorous solvent 

 
 

  



POLY 491: New functional polylactides for biomedical applications 

Pranav Kalelkar1, k13pranav@gmail.com, David M. Collard2. (1) Chemistry , Georgia 
Institute of Technology, Atlanta, Georgia, United States (2) Chemistry and Biochemistry, 
Georgia Institute of Technology, Atlanta, Georgia, United States  

 
Polylactide (PL) is an aliphatic polyester that can be obtained from renewable 
resources. It is both biocompatible and biodegradable. Medical devices made out of PL 
have been approved by FDA for use in humans. However, a major limitation of PL is the 
lack of reactive functional groups appended along the backbone. We have synthesized 
a variety of copolymers of PL that bear functional groups, including azido, chloro, thiol 
and bromo substituents, along with an analog that contains α,β-unsaturated esters. The 
presence of functional groups will enhance the utility of PL by virtue of the ability to 
attach peptides, proteins and drug molecules. We demonstrate the utility of these 
copolymers for a variety of biomedical applications. 

 

 
 



POLY 492: New type of biocompatible polymer: Polymeric analogue of DMSO 

Sipei Li3, sipeil@andrew.cmu.edu, Hee Sung Chung3, Antonina Simakova2, Zongyu 
Wang4,3, Sangwoo Park2, Saadyah Averick1, Krzysztof Matyjaszewski3. (1) Laboratory 
for Biomolecular Medicine, Allegehny Health Network, Pittsburgh, Pennsylvania, United 
States (2) Carnegie Mellon University, Pittsburgh, Pennsylvania, United States (3) 
Chemistry, Carnegie Mellon University, Pittsburgh, Pennsylvania, United States  

A novel polymeric analogue of DMSO, poly(2-(methylsulfinyl)ethyl acrylate) 
(polyMSEA), was prepared by atom transfer radical polymerization (ATRP). Well-
defined linear polymers were synthesized using low amounts of copper catalyst (100 
ppm). Two types of star polymers were synthesized by either an "arm-first" approach or 
a “core-first” approach using a biodegradable beta-cyclodextrin core . The polymer 
showed high hydrophilicity and water solubility. The lower critical solution temperature 
(LCST) of poly(MSEA) was estimated to be ca. 140 °C by extrapolating the LCST of a 
series of copolymers with N-isopropylacrylamide (NIPAM). Both the linear polymer and 
star polymer showed low cytotoxicity, at concentrations up to 3 mg/mL. 

 

 
 
 

  



POLY 493: Copolymerization and their physical properties of transparent 
poly(methyl methacrylate-co-isobornyl methacrylate-co-N-cyclohexylmaleimide) 

Kun-Young Ko, kkonyong91@gmail.com, Suhee Jang, Oh Young Kim, Seok-Ho 
Hwang. Dept Polymer Science Eng, Dankook University, Yongin Gyeonggi, Korea (the 
Republic of)  

Poly(methyl methacrylate) (PMMA) is a commercial polymer of many highly attractive 
transparent polymers due to its excellent transparency, low refractive index, low thermal 
expansion, highly weather resistance, and low birefringence. Thus PMMA has been 
commonly used as a replacement part of glass. Unfortunately, due to relatively low 
glass transition temperature (Tg; nearly 100°C) of commercialized PMMA, it has been 
significantly restricted its utilitarian applications as an optical material when excellent 
thermal stability is required such as optical lenses and diffusing sheet for LCD backlight. 
Thus, it is important to develop high heat-resistance of general PMMA without 
damaging its own advantages. It is well known that introducing of a chemically rigid 
structural unit into a polymer chain or side chain should make them improve its Tg. 
In this study, we developed a new acrylic polymers exhibiting high heat-resistance and 
good thermal stability using a solution copolymerization method and combing bulky 
acrylates including isobornyl methacrylate (IBOMA) and N-cyclohexylmaleimide (CHMI) 
with methyl methacrylate (MMA) monomer. The monomers composing the bulky rigid 
structure of the copolymers should expect to enhanced Tg and Td due to a strong ring 
structure located in side-chain and backbone, respectively. 

  



POLY 494: Development and analysis of a thin film nanocomposite membrane: 
Resistance to chlorine 

Abdulmajeed Altalhi, aaltalhi42@students.tntech.edu, Holly A. Stretz. Department of 
Chemical Engineering, Tennessee Technological University, Cookeville, Tennessee, 
United States  

The degradation of polyamide nanofiltration media by chlorine decreases the efficiency 
and life time an expensive membrane which can be used in conjunction with reverse 
osmosis as one stage in the purification of produced water. Adding Montmorillonite 
nanoparticles may increase the chlorine-resistance of thin film composite polyamide 
membrane. However, understanding the degradation and the protection requires 
quantitative analysis of a membrane which is microns thin and grown in-situ on a 
polysulfone support. Thermogravimetric analysis can be used as an indirect method to 
detect the degradation state of the polyamide. Early controls have been analyzed using 
nonisothermal degradation models to determine kinetic parameters for both control 
polyamide composed of m-phenylenediamine and trimesoyl chloride and the 
nanocomposite. Future work will involve using TGA kinetic parameters as a correlative 
measure of the effects of chlorination on the membrane. 

 



POLY 495: Electrospun transient polymer nanocomposites as rigid supports for 
microelectronic devices 

Chengjian Shi2, cs2297@cornell.edu, Amanda Leonardi2, Peter ohlendorf2, 
Christopher K. Ober1. (1) Cornell Univ, Ithaca, New York, United States (2) Cornell 
University, Ithaca, New York, United States  

Transient polymers with triggered decomposition properties have attracted attention in 
recent years in a variety of fields that range from lithography to transient microelectronic 
devices. Poly(phthalaldehyde) (PPA) and poly(propylene carbonate) (PPC) are prized 
for their efficient degradation due to acid/base instability of the polymer chains. By 
incorporating either a UV irradiation or heat triggered stimulus, a released acid or base 
will cleave the backbone of the polymers, and cause a significant decrease in 
decomposition temperature. However, the relatively low mechanical strength of PPC 
and the brittleness of PPA limit their use in the solid-state applications. In this case, 
organo-modified montmorillonite (OMMT) was used to increase the stiffness of PPC as 
well as PPA. Processing of these polymers via electrospinning resulted in highly aligned 
polymer chains with exfoliation of the OMMT in the polymer matrix and led to a 
enhancement of mechanical behavior. Since the electrospun nanofiber mats were 
porous, characterized by large specific surface area and lower density compared to 
solid polymeric films, the deprotection rate of acid/base from the generator would be 
higher and resulted in rapidly degradation. The integrity of the nanofiber mats was 
improved by fusing the junction points between nanofibers, using post-processing 
methods. Above all, in this investigation, we have demonstrated an improvement of 
mechanical strength of these promising transient materials to support their use a device 
substrates without compromising degradation properties. 

 

 
 
 

  



POLY 496: Gemini monomers: A new approach towards high performance 
polymeric materials 

Rahul Shahni2, rahul.shahni@und.edu, Zhihan Wang3, Qianli R. Chu1. (1) Chemistry, 
U. of North Dakota, Grand Forks, North Dakota, United States (2) Chemistry, 
UNIVERSITY OF NORTH DAKOTA, GRAND FORKS, North Dakota, United States (3) 
Chemistry, University of North Dakota, Grand Forks, North Dakota, United States  

High-performance polymeric materials are revolutionary because these materials can 
challenge traditional materials such as steel in terms of mechanical properties, while still 
having the properties of conventional polymers such as resistance to the chemicals and 
being lightweight. Gemini monomer is a name that can be given to the family of 
synthetic monomers possessing, in sequence, a monomer unit, a covalent linker and 
another monomer unit. Gemini monomers have a tendency to form multiple covalent 
bonds, which makes them different from conventional monomers. A novel polyester is 
synthesized from gemini monomer, symmetric di-ester using solvent free 
polymerization. The polymerization of gemini was studied by FT-IR, revealing the 
mechanistic insight of the polymerization method employed. Among the more striking 
properties of novel polyester from this polymeric material are, they are chemically 
resistant to most organic and inorganic solvents suggesting a highly cross-linked 
network; the most intriguing is the dilation in size up to 7 times when they are treated 
with concentrated Sulphuric acid. 

 

 
 
 

  



POLY 497: Structure-property relationships of moisture permeable triphasic 
polyisobutylene-based thermoplastic elastomers 

Jie Wu, jie.wu@usm.edu, Robson F. Storey. School of Polymers and High Perf 
Materials, The University of Southern Mississippi, Hattiesburg, Mississippi, United 
States  

Owing to the excellent chemical resistance, impermeability, and mechanical damping of 
polyisobutylene (PIB), block copolymers containing PIB segments show great 
performance as barrier elastomer membranes. Via the introduction of a third hydrophilic 
phase, the moisture transmission capability of these materials can be enhanced. A 
potential application of a terpolymer with such composition is clothing designed to 
protect personnel from harmful chemicals and yet allow for the transport of perspiration 
water for comfort. In prior work, a combination of living carbocationic polymerization 
(LCP) with atom transfer radical polymerization was used to synthesize linear 
poly(acrylic acid-b-styrene-b-isobutylene-b-styrene-b-acrylic acid) (PAA-PS-PIB-PS-
PAA) pentablock terpolymers, and their morphology as well as physical properties were 
studied. However, at low PAA contents, the PAA domains of the polymers are 
constrained within the rigid PS blocks, limiting water transmission and swelling. This 
resultant morphology is likely due to the better miscibility between PAA with PS rather 
than PIB. Thus by changing the HB to a polymer with more favorable interactions 
towards PIB, e.g. poly(ethylene oxide) (PEO), different morphologies could be obtained. 
In this study, linear PEO-PS-PIB-PS-PEO pentablock terpolymers were synthesized via 
a combination of LCP and azide/alkyne cycloaddition (CuAAC) "click" reaction 
technique. PS-PIB-PS (SIBS) core with molecular weight of 35,000 g/mol (with PIB 
segment of 20,000 g/mol) was first synthesized by LCP of IB followed by sequential 
addition of styrene. The native sec-benzylic chloride end groups were then substituted 
with azide groups using NaN3 in a methyl cyclohexane/dimethylformamide cosolvent 
mixture. Alkyne-terminated PEO with molecular weight of 5,000 g/mol was synthesized 
by reaction of commercial mono-hydroxyl PEO with propargyl bromide. The PEO blocks 
were then coupled to the SIBS core using CuAAC technique to give the terpolymer. The 
morphology and bulk properties of films cast from these materials were investigated. 

 
 



POLY 498: Melt stable, linear and branched polyamides for selective laser 
sintering applications 

Justin Sirrine3, sirrine@vt.edu, Camden Chatham1, Christopher Williams2, Timothy E. 
Long3. (1) Mechanical Engineering, Virginia Tech, Blacksburg, Virginia, United States 
(3) Chemistry, Virginia Tech, Blacksburg, Virginia, United States  

Polyamide 12 (PA12) , or nylon 12, is a workhorse semicrystalline polymer employed for 
selective laser sintering (SLS), an additive manufacturing (AM) technique that fuses 
polymer particles together in a layer-by-layer fashion to produce a 3D object. Powder 
recyclability is an issue with this AM process, which is thought to be caused by 
molecular weight growth and chain scission in PA12 powder near the sintered object. In 
this work, novel and melt-stable PA12 molecular architectures are explored through use 
of an anionic dispersion polymerization. This reaction is based in the literature and 
produces polymer microspheres with minimal purification after polymerization. 
Thermogravimetric analysis (TGA) and dynamic scanning calorimetry (DSC) probe 
thermal transitions in these PA12 microspheres. Finally, melt rheology demonstrates 
melt stability over SLS-relevant time scales, and scanning electron microscopy (SEM) 
probes particle shape and size as a function of polymerization conditions. 

 
 
 



POLY 499: Effects of branch number and chain length on mechanical properties 
of Smart cross-linked films from star-shape poly(ε-caprolactone) 

Dr. Swapan Kumar K. Saha1,2, swapan@buft.edu.bd, Mitsuhiro Ebara1, Takao 
Aoyagi1,3. (1) Biomaterials Center, National Institute for Materials Science, Tsukuba, 
Japan (2) Department of Natural Sciences, BGMEA University of Fashion & 
Technology, Dhaka, Bangladesh (3) Dept. of Materials and Applied Chemistry, Nihon 
University, Tokyo 101-8308, Japan  

Biodegradable aliphatic polyester, poly(ε-caprolactone) (PCL) has been attracting much 
attention as biomedical and environment-friendly materials. Researchers either 
developed thermally stable cross-linked PCL materials or modify their functionality to 
improve mechanical properties. [1,2] However, the effects of branch number and chain 
length at each branch of the cross-linked PCL films on their mechanical properties have 
not been widely investigated. To understand the effects of branch number and chain 
length at each branch, in this study, a cross-linked PCL films were produced from 
branched PCL macromonomers with different branch numbers (2, 3 & 4) and chain 
lengths (20, 50 & 100 CL units) at each branch. Synthesized polymers, 
macromonomers and cross-linked films were characterized by GPC, 1H NMR, DSC, and 
tensile testing. 
Our study shows, at 25 °C i.e. below the softening temperature in the cross-linked 
materials (Ts), strain-at-break of the cross-linked films increased with the increase of 
chain length at each branch of cross-linked. At 60 °C i.e. above the Ts, both the tensile 
strength and Young’s modulus of the films increased with the increase in branch 
number. On the other hand, tensile strength and strain-at-break of the films increased 
and Young’s modulus of the films decreased with the increase in chain length at each 
branch. It is interesting that above the melting temperature (Tm) of PCL, the cross-linked 
PCL films retained their mechanical strength. The softness/ stiffness of the cross-linked 
materials could be controlled by modulating the branched numbers and the chain length 
at each branch of the PCL macromonomer. This study would be useful for the selection, 
preparation, and application of cross-linked PCL materials in various biomedical 
applications. 

 



POLY 500: Cross-linked films from star-shape poly(ε-caprolactone): Effects of 
branch number and chain length on elastic properties 

Dr. Swapan Kumar K. Saha1,2, swapan@buft.edu.bd, Mitsuhiro Ebara2, Takao 
Aoyagi2,3. (1) Dept.of Natural Sciences, BGMEA University of Fashion & Technology, 
Dhaka, Bangladesh (2) Biomaterials Center, National Institute for Materials Science , 
Tsukuba, Japan (3) Dept. of Materials and Applied Chemistry, Nihon University, Tokyo 
101-8308, Japan  

Among the biodegradable aliphatic polyesters, poly(ε-caprolactone) (PCL) has received 
significant attention due to their potential applications in a wide range of areas as 
biomedical materials and environment-friendly materials. PCL is well known to be a 
semi-crystalline polymer, however due to low thermal stability; new cross-linked PCL 
materials were developed to improve the mechanical properties. [1,2] In this 
presentation, authors will demonstrate the effects of branch number and chain length at 
each branch of cross-linked PCL films. Cross-linked PCL films were produced from 
branched PCL macromonomers with different branch numbers (2, 3 & 4) and chain 
lengths (20, 50 & 100 CL units) at each branch and characterized by DSC, and tensile 
testing. 
This investigation indicate that melting temperature (Tm) or softening temperature in the 
cross-linked materials (Ts) of each series slightly decrease with the increase of branch 
number. For the cross-linked PCL, the Ts decreased with the increase of branch number 
and the decrease of chain length at each branch. The strain-at-break increased with the 
increase of chain length at each branch of cross-linked materials at 25 °C. At 60 °C i.e. 
above the Ts, tensile strength, Young’s modulus and strain-at-break of all the cross-
linked films decreased significantly compare with those at 25 °C. It is interesting that 
strain-at-break of the films increased with the increase in chain length at each branch. 
The elasticity of the thermo responsive cross-linked PCL materials could be controlled 
by modulating the branched numbers and the chain length at each branch of the PCL 
macromonomer. The information obtained from the investigation would be useful for the 
selection, preparation, and application of cross-linked PCL materials in various 
applications. 

 



POLY 501: Macromolecular properties of naturally-aged and artificially-aged 
paper materials characterized by chromatography and spectroscopy 

Andrew Davis, adavi@loc.gov, Amanda Jones. Preservation Research & Testing, 
Library of Congress, Catonsville, Maryland, United States  

A primary goal of the Preservation Research and Testing labs at the Library of 
Congress is to accurately and rapidly predict the degradation behaviors of paper-based 
materials. At minimum, quantitative analytical techniques are required to assess the 
current condition of an object. However the natural degradation of most paper media 
occurs on timespans exceeding the careers of individual researchers. Objective lifecycle 
analysis is therefore a daunting task for these cellulosic and bio-sourced cultural 
heritage materials. 
 
Here we present results from size-exclusion chromatography (SEC) and infrared and 
optical spectroscopies to characterize the macromolecular structures of variously aged 
paper materials. This research takes advantage of the Library of Congress’s access to 
the original test books from the W. J. Barrow Research Laboratory. Cellulose-based 
materials in the Barrow collection span a half-millenium of natural aging, with paper 
sourced from a mix of flax, cotton, and wood as the paper industry evolved. Each of the 
1000 individual books have been previously characterized for chemical content, pH, and 
mechanical properties, but they lack polymer-scale characterization. Improvements in 
instrumentation and experimental procedures have markedly improved the current state 
of molecular characterization of cellulose by SEC, a method unavailable at the time of 
the original Barrow studies. Molecular weight distributions were found to be a strong 
indicator of paper’s physical integrity, enabling micro-sampling SEC methods to 
substitute for destructive mechanical testing (a strict impossibility for Library collections 
items). Subtleties in the molecular weight distributions and IR spectra were also 
compared between natural and artificially aged cellulose materials. This ongoing work 
supports the broader goal of assessing how artificial aging of cellulose materials using 
heat and humidity mimics the natural aging processes of wood- and cotton-based 
papers. 

 
 
Aged books from the Library of Congress and molecular weight distributions of cellulose from 
papers naturally aged up to 400 years. 



POLY 502: Polyol and polyurethane prepared from rubber seed oil by 
hydorformylation 

Jian Hong1, hongjian2006@gmail.com, yang xiaoqin2, Xianmei Wan1, Zhifeng Zheng2, 
Zoran S. Petrovic1. (1) Kansas Polymer Research Center, Pittsburg State University, 
Pittsburg, Kansas, United States (2) Southwest Forestry University, Kunming, China  

Renewable raw materials are being increasingly used to satisfy the quest for 
sustainability and environmental concerns. In the search for new vegetable oils as 
platform for new polymers, rubber seed oil (RSO) was relatively little investigated. High 
free fatty acid content of 13% in crude RSO is impediment for many applications 
including biodiesel, but can be beneficial when strong bonding with substrate is desired. 
RSO was used to prepare a polyol via hydroformylation/hydrogenation. The polyol had 
hydroxyl number 244 mg KOH/g and acid number of 21 mg KOH/g. The polyurethane 
prepared from this polyol and diphenylmethane diisocyanate was highly crosslinked with 
gel content of 98.1 % and 50 % swelling degree of toluene. It was a tough plastics at 
room temperature (Tg: 44 oC) with tensile strength of 25.4 MPa, and elongation 16.7 %. 
When used as wood adhesive, it displayed extraordinary shear strength characterized 
by substrate wood failure at 7.3 MPa rather than the adhesive bond. 

 
 
 



POLY 503: Method for characterization and control of degradation in biopolymer 
thin films 

Preetam Anbukarasu1, anbukara@ualberta.ca, Dominic Sauvageau1, Anastasia 
Elias1,2. (1) Chemical and Materials Engineering, University of Alberta, Edmonton, 
Alberta, Canada (2) Leibniz-Institut für Polymerforschung, Dresden e.V., Germany  

Degradable biopolymers such as polyhydroxybutyrate (PHB) are increasingly attractive 
for applications in bio-implants, renewable films and packaging. The stability and 
degradability of these materials can be affected by both the processing parameters and 
the environmental conditions under which the degradation is carried out. Degradation 
can be challenging to measure, particularly for samples with small masses and 
dimensions, such as thin films. We have developed an optical sensing system that 
enables sensitive monitoring of degradation in polymer thin film. In this system, the 
surface of the polymer film is patterned with a diffraction grating, and the sample is 
exposed to conditions enabling degradation. Monitoring the diffraction efficiency of the 
polymer film over time provides sensitive, real-time information about the surface 
stability of the polymer. In this contribution, we utilize this diffraction system to examine 
the effect of film thickness on the crystallinity and enzymatic degradation of PHB films. 
The physical properties of solvent cast PHB films of varying thicknesses were examined 
by atomic force microscopy (AFM, lamellar orientation) and x-ray diffraction (XRD, 
crystallinity). Using the diffraction system, we quantitatively determined that decreasing 
the film thickness of PHB, causes them to degrade faster. However, an extremely 
constrained ultra-thin film of PHB (thickness of ~ 40 nm) was found to exhibit resistance 
to enzymatic degradation, resulting in a discontinuous shift in the degradation rate as 
the PHB film thickness is decreased. This effect could be leveraged to design PHB films 
with tunable enzymatic degradation behavior. 

 

 
 
 



POLY 504: Electrospinning of biopolymers and biopolymeric composites from 
ionic liquids 

Oleksandra Zavgorodnya2, ozavgorodnya@ua.edu, Julia L. Shamshina1, Robin D. 
Rogers1,2. (1) 525 Solutions, Inc, Tuscaloosa, Alabama, United States (2) Chemistry, 
The University of Alabama, Tuscaloosa, Alabama, United States  

Electrospining of biopolymers as an alternative to synthetic plastic has gained 
significant attention due to raised concerns for the environment. Among the biopolymers 
that can be used for electrospinning, native chitin, extracted from crustacean shells 
using the ionic liquid (IL) 1-ethyl-3-methylimidazolium acetate ([C2mim][OAc]) can be 
electrospun into interconnected fiber networks. Electrospinning of chitin results in high 
surface area nanofibrous mats which are unique due to the presence of N-acetyl group 
in chitin structure that can easily be converted into reactive amines and be used for 
tethering any functionality to the structure. Furthermore, chitin can be electrospun with 
variety of biopolymers including cellulose to yield composite nano- and microfibrous 
materials or can be used as a support for applications in catalysis. However, practical 
application of electrospun chitin and chitin composites requires scale-up. Here, we will 
present our efforts to develop large scale electrospinning and ultimate applications for 
the resulting products. 

 

 
 
 

  



POLY 505: Gelatin mediated polymerization of styrene in emulsion-based gels 

Gu Xu, guxu@brewerscience.com. R&D, Brewer Science Inc., Rolla, Missouri, United 
States  

This paper reports the results of polymerization of styrene using gelatin, a natural 
biopolymer, as a catalyst in emulsion-based gels (EBGs) under mild conditions. The 
EBGs, consisting of gelatin (5-11%), a surfactant (cetyltrimethylammonium bromide, 2-
4%), water (30-35%) and styrene (50-60%), were formed with white appearance by 
simple mechanical mixing. Styrene conversion to polystyrene ranged from 2 to 55% 
after 7 days of polymerization in a 30°C oven depending on gelatin concentration. 
Analysis of the mesitylene-soluble fraction of polystyrene by gel permeation 
chromatography (GPC) showed that they have very high weight average molecular 
weight, greater than 400,000 daltons, with molecular weight distribution ranging from 2 
to 5. Without the presence of gelatin, the conversion of styrene to polystyrene in pure 
styrene and similar emulsions was determined to be zero after the same processing 
conditions. Based on these results, it is believed that gelatin molecules catalyzed the 
polymerization of styrene in the EBGs. 

 
Gelatin Mediated Polymerization of Styrene in Emulsion-Based Gels 



POLY 506: Improvement reactivity of silk fibroins through covalently grafting of 
tyrosine-rich polypeptide 

Ping Wang, wxwping@163.com, Xueke Zhu, Li Cui, Qiang Wang, Xuerong Fan. 
Jiangnan University, Wuxi, China  

Bombyx mori silk fibroin has potential applications in the biomedical field owing to its 
satisfactory biocompatibility. In the present work, a tyrosine-rich polypeptide (P) with the 
sequence of GKGYGGYGK was grafted onto fibroin molecules using a natural cross-
linking agent of genipin (GP), aiming at improving the reactivity of the fibroin-based 
materials. Incubation of the polypeptide-grafted fibroin membrane was subsequently 
carried out, with a mushroom tyrosinase (MT) and a model functional macromolecule of 
ε-Poly-L-Lysine (ε-PL). The changes in the structure and composition of the silk fibroin 
before and after polypeptide grafting were examined by means of SEC and amino acid 
analysis. The results indicated that the polypeptide was covalently bonded to fibroin 
chains and evidently promoted the succeeding enzymatic coupling of ε-PL with fibroins, 
resulting in a higher content of ε-PL compared to the control. The obtained antibacterial 
activities against S. aureus and E. coli for the fibroin membrane treated with GP/P and 
MT/ε-PL was more satisfactory than others. Cytotoxicity testing reveals that polypeptide 
grafting did less impact on the biocompatibility of silk fibroins. The present work 
provides a novel method to improve the reactivity of silk fibroins and it can be utilized for 
bio-functionalization of silk fibroin. 

 

 
 
Fig. 1 Schemes of genipin-mediated grafting of polypeptide onto fibroin chains (a) and 
tyrosinase-catalyzed functionalization of silk fibroins (b). 

 



POLY 507: Synthesis and characterization of starch-poly (vinyl acetate) graft 
copolymers using horseradish peroxidase 

Jin Xu, jinxu@jiangnan.edu.cn, Wei Zhao, Qiang Wang, Xuerong Fan. Jiangnan 
University, Wuxi, China  

Horseradish peroxidase (HRP)-mediated graft polymerization in the presence of 
hydrogen peroxide (H2O2) and acetylacetone (Acac) has been successfully applied to 
the synthesis of starch-poly (vinyl acetate). The graft copolymer was characterized by 
Fourier transform infrared (FT-IR), elemental analysis, nuclear magnetic resonance (1H 
NMR and 13C NMR), and pyrolysis gas chromatography (PGC). FT-IR, elemental 
analysis, NMR and PGC confirmed that vinyl acetate (VA) was grafted onto starch 
successfully. The effects of pH, VA content, HRP dosage, incubation temperature and 
time on grafting percentage (GP) and grafting efficiency (GE) were also investigated. 
The GP and GE under optimal conditions reached 39.39% and 35.22%, respectively. 

 
Fig. 1 Catalytic synthesis process of the enzymatic reaction 



POLY 508: Supergiant cyanobacterial exopolysaccharides, sacran, having 
anomalous gel properties 

Maiko Okajima2, k-maiko@jaist.ac.jp, Tatsuo Kaneko1. (1) Jaist Sch Materials SCI, 
Nomi, Japan (2) Japan Advanced Institute of Science and Tech, Ishikawa, Japan  

Sacran is a supergiant cyanobacterial exopolysaccharide with an extremely high 
absolute molecular weight over 10 Mg/mol (molecular length: over 30 um) and a very 
high rigidity parameter, r, of 3.8 to exhibit a liquid crystalline (LC) phase at an extremely 
low concentration of 0.3 wt%. From this, it is found that sacran formed rigid rods with an 
extremely high aspect ratio of X~1600 (from Flory’s lattice theory). When sacran LC 
aqueous solution is cast and annealed at a temperature range of 70-140 degC, 
anisotropic hydrogels are formed by immersion in water, where the thickness change of 
the film by swelling is 70 fold higher than the width change. Increase in the film 
thickness or decrease in sacran chain length reduced the swelling anisotropies, 
indicating that LC chains with micrometer-scale size comparable with a thickness of 
self-standing film showed cooperative effects to align along the substrate surface during 
drying. Thus uniaxially-swelling hydrogels are efficiently created. 
Additionaly we find Divinylsulfone (DVS) works as a chemical cross-linker of sacran 
chains in a dilute aqueous solution to form hydrogels, but some of the added DVS 
remains in the hydrogel without cross-linking. The remaining DVS cross-links further 
with the pre-formed networks of sacran chains in LC state during slow drying to produce 
in-plane oriented xerogels. The xerogels show heterogeneous anisotropy in the 
successive swellings steps; the linear swelling ratio in the thickness direction is 10,000-
40,000 fold higher than that in the width direction, due to the molecular orientation of the 
sacran hydrogels. X-ray diffraction imaging of the hydrogels reveal not only the 
orientation of the xerogel films but also the unusual orientation of water molecules 
binding to sacran networks in the hydrogel state. 

 
Anisotropically swollen hydrogels of LC sacran 



POLY 509: Controlled photodegradation of biomass derived polymers 

Ravichandranath Singathi2, ravi.singathi@ndsu.edu, Jayaraman Sivaguru3, Mukund 
P. Sibi1, Dean C. Webster4. (1) Chemistry Molec Biology, NDSU Dept 2735, Fargo, 
North Dakota, United States (2) Chemistry, North Dakota State University, Fargo, North 
Dakota, United States (3) Chemistry and Biochemistry, North Dakota State University, 
Fargo, North Dakota, United States (4) Dept 2760, North Dakota State University, 
Fargo, North Dakota, United States  

Polymeric materials and other high performance materials derived from biomass are 
best alternatives to petroleum-based chemicals. The usage and applications of 
bioresources for production of feedstock chemicals not only slows down the depletion 
rate of fossil fuels but also helps to overcome environmental concerns by enabling 
sustainable methods in industry and academia. The ability of these polymeric materials 
to degrade by employing light can be can be controlled spatiotemporally by 
incorporating structurally engineered monomers with photolabile chromophore 
(phototriggers) as building blocks of the polymer. This poster will highlight about 
synthetic strategy and key steps for development of photolabile monomers derived from 
biomass for transformation into make smart network polymers and also details about 
targeted photodegradation to reproduce the monomeric units for reusability. 

  



POLY 510: Isocyanate-free polyurethanes based on biocompatible monomers 

Allison Pekkanen4, Emily Wilts3, emilyw16@vt.edu, Joseph M. Dennis3, Ryan J. 
Mondschein2, Timothy E. Long1. (1) Virginia Tech, Blacksburg, Virginia, United States 
(2) Chemistry, Virginia Tech, Blacksburg, Virginia, United States (3) Macromolecules 
and Interfaces Institute, Virginia Tech, Blacksburg, Virginia, United States (4) School of 
Biomedical Engineering and Sciences, Virginia Polytechnic and State University, 
Blacksburg, Virginia, United States  

Polyurethane chemistry provides routes to diverse polymers for a wide range of 
applications, from foams to high performance polymers. Conventional polyurethane 
polymerization includes highly toxic diisocyanate monomers, which limits its application 
in biological settings. The production of isocyatate-free polyurethanes begins with end-
capping reactions of diols with carbonyl diimidazole, providing a favorable leaving 
group. Upon the addition of diamines in stoichiometric amounts, the polymerization 
proceeds to produce polyurethanes with imidazole by-products. The control of hard and 
soft segments relies entirely on monomer manipulation and dispersity, as this synthetic 
route avoids the chain-extension reaction to produce polydisperse segments. This 
reaction enables the addition of functional groups along polymer backbones, due to its 
selectivity to primary amines and alcohols. Precisely-tuned polymer structure tailored for 
a specific biological application to match the biochemistry, cell type, and tissue modulus 
of a target application. 

  



POLY 511: Polydopamine surface modification of membranes by enzymatic 
polymerization 

Rodolfo Cruz Silva, rcruzsilva.rcen@gmail.com. COI Aqua innovation center, Shinshu 
University, Nagano, Nagano, Japan  

Polydopamine coatings have recently gained attention as membrane surface 
modifications. These coatings can offer improved antifouling properties or can be used 
as a functionalization method for further chemical modifications. Previously, the 
chemical spontaneous chemical polymerization of polydopamine has been reported to 
occur in slightly alkaline media. The resulting polydopamine polymer has a complex 
structure, that is suspected to be highly crosslinked. In the chemical oxidation, air is the 
oxidizing agent, and the rate of this reaction is very slow, with typical polymerization 
times of 24 h. In this work, we used horseradish peroxidase to catalyze the enzymatic 
oxidation and polymerization of dopamine. The oxidation takes place quickly and a thin 
coating is deposited on the walls of the reactor. The polymer was characterized by XPS, 
FTIR, XRD and TGA while the coating and the polydopamine colloids were 
characterized by SEM and XPS. The enzymatically synthesized polydopamine showed 
similar spectroscopic features compared to the chemically synthesized one. We used 
this chemical route to modify several types of membranes, such as electrospun 
nonwovens of polyacrylonitrile and polyvinylidene fluoride, polysulfone nanofiltration 
membrane and polyamide reverse osmosis membrane. The polydopamine coating 
showed good adhesion on these polymeric substrates, as well as for inorganic surfaces 
such as glass, silicon (Figure 1) and stainless steel. This method represents a green 
chemistry approach for the fast surface modification of membranes with polydopamine 
using an enzymatic polymerization method. 

 

 
 
Figure 1. Enzymatic polydopamine coatings deposited on a) glass and b) silicon substrates. 

 



POLY 512: Self-assembly of porphyrin conjugated sophorolipids for 
optoelectronic applications 

Kyle C. Peters1, kcp24@case.edu, Shekar Mekala2, Michael McMaster1, Fei Liu2, 
Richard A. Gross2, Kenneth D. Singer1. (1) Physics, Case Western Reserve University, 
Cleveland, Ohio, United States (2) Center for Biotechnology and Interdisciplinary 
Studies (CBIS), Rensselaer Polytechnic Institute, Troy, New York, United States  

Bio-based, self-organizing molecules are of considerable interest as optoelectronic 
materials due to their functionality that facilitates structural modifications, sophisticated 
structures that introduce chirality and their synthesis by mild-sustainable biocatalysis. 
This work is focused on molecules designed to mimic nature’s light-harvesting and self-
aggregation characteristics for potential material applications as organic 
semiconductors and nonlinear optics. Among these potential candidates, photoactive 
porphyrin chromophores show promise for providing optoelectronic and highly tunable 
structure and morphology. In addition, a distinct class of microbially produced glycolipid 
biosurfactants known as sophorolipids show promise for providing the driving 
mechanism for self-assembly through carbohydrate hydrogen bonding groups, yielding 
supramolecular ribbon structures. Herein we explore a novel class of self-assembling 
functional compounds designed to exploit the self-organizing characteristics of 
sophorolipids with the natural light-harvesting abilities of porphyrin dyes. We report on 
spectroscopic studies of sophorolipid-porphyrin conjugated molecules in solution. 
Temperature-dependent linear absorption (UV-vis) spectra indicate the presence of self-
aggregation while circular dichroism studies show the formation of helical J-aggregates. 
Comparative studies reveal that fine-tuning the distance between sophorolipid 
hydrogen-bonding sites and the porphyrin core alters the spectroscopic and self-
assembled properties, providing insight into tunable pathways for optoelectronic and 
nonlinear optical materials. 

 



POLY 513: Biobased oligomeric esters for personal care applications 

Jason Hackenberg2, Nicholas D. Stebbins2, Yue Cao1, yuecao@ucr.edu, Kathryn E. 
Uhrich2. (1) Chemistry, University of California, Riverside, Riverside, California, United 
States (2) Chemistry and Chemical Biology, Rutgers University, New Brunswick, New 
Jersey, United States  

Petroleum-based polymers are found in widespread applications of polymeric materials. 
Our research efforts have focused on utilizing bio-based monomers to create novel 
polymers with tunable physical properties to replace petroleum-based ingredients in 
personal care and cosmetic formulations (for use as, e.g., viscosity modifiers, 
surfactants, film-formers). Oligomers derived from renewable sources (e.g. plant 
feedstocks) are prepared with different molecular weight distributions. These oligomers 
exhibit tunable physical properties that vary as a function of oligomer molecular weight 
and end-group, affording materials with unique thermal and rheological properties. This 
presentation will focus on polymer synthesis and characterization as well as 
applications of these bio-based polyesters. 

 

 
 
 

  



POLY 514: Crosslinked cottonseed oil polymer synthesis and characterization 

Rangana Wijayapala1, htw21@msstate.edu, Deonante Frazier1, Bill Elmore1, Charles 
Freeman2, Santanu Kundu1. (1) Dave C Swalm School of Chemical Engineering, 
Mississippi State University, Mississippi State, Mississippi, United States (2) School of 
Human Sciences, Mississippi State University, Mississippi State, Mississippi, United 
States  

Traditional plastics are usually obtained from petroleum feedstocks. The petroleum-
based plastics are not readily degradable and can stay in landfills for long time without 
any significant deterioration. In this study, a crosslinked polymer was synthesized from 
cottonseed oil. Unsaturated fatty acids, the major components of cottonseed oils, were 
initially epoxidized. Average epoxides content was estimated to be about 5.5% with 
yield of 87%, as determined by 1H-NMR technique. A network polymer was then formed 
by crosslinking the epoxidized oil with maleic anhydrate. Mechanical properties of these 
polymers were altered by varying the amount of maleic anhydrate and the modulus 
increased with increasing maleic anhydride content. Polymerization method exhibited 
yield in the range of 68-80%. Our results provide a new synthetic strategy to obtain 
polymers from cottonseed oil. 

 

 
 
Crosslinked cottonseed oil polymer 



POLY 515: Effective manipulation of reaction thermodynamics using H-bonding 
catalysts 

Partha Datta, partha_datta@my.uri.edu, Jinal Pothupitiya, Matthew K. Kiesewetter. 
Chemistry, University of Rhode Island, Kingston, Rhode Island, United States  

The classic definition of a catalyst is to accelerate the rate of a reaction by lowering the 
activation energy without disrupting the reaction equilibrium. This perspective assumes 
that a catalyst would not interact with substrate or product or would do so equally. 
However, when such interactions occur unevenly, a change in the chemical equilibrium 
can be observed if the strength of the interaction is energetically proximal to the reaction 
enthalpy. We have discovered such a catalytic system in hydrogen-bond mediated ring-
opening polymerization (ROP) of cyclic esters. The reverse reaction for the ROP of δ–
valerolactone and ε–caprolactone is favored when thiourea H-bonding catalysts are 
applied. The binding and ROP equilibria are coupled such that the amount of thiourea 
present alters the total amount of monomer remaining at thermodynamic equilibrium. 
The result is an effective shift in the ROP equilibrium constant (Keq = 1/[M]eq) for 
several catalysts and monomers. It is possible to isolate the monomer once the reaction 
reaches equilibrium. Because increasing amounts of H-bond donating catalyst favor the 
formation of monomer (vs polymer), such catalysts could be applied for the chemical 
recycling of polymers. 

 

 
 
 

  



POLY 516: Bisphenol A diglycidyl ether-based aromatic non-isocyanate 
polyurethane 

Jian Hong1, jhong@pittstate.edu, Olivera Bilic1, Ivan J. Javni1, Jamie M. Messman2. (1) 
Kansas Polymer Research Center, PSU, Pittsburg, Kansas, United States (2) Materials 
Engineering, National Security Campus, Leawood, Kansas, United States  

Non-isocyanate polyurethanes (NIPU) is a promising material to replace traditional 
polyurethane (PU). It is because NIPU not only has an advantage of much less toxic 
than traditional PU but also has comparable thermal and mechanical properties by 
altering molecular structures. To achieve essential characteristics that meet 
requirements for application in Additive Manufacturing (AM), carbonated bisphenol A 
diglycidyl ether (DGEBA) was used to react with diamines (Isophorone diamine and 
Jeffamin THF 100) with different ratio of soft and hard segments. The obtained NIPUs 
had Tg in the range of 20-60 oC. It was found that with the ratio of 35:65 (soft:hard) 
NIPU’s break stress was 5.0 MPa with break elongation of 500 %. The synthesized 
NIPUs will be used as additives to improve polylactic acid (PLA) processing properties. 

 

 
 
 



POLY 517: Synthesis of siloxane-based cyanate ester elastomers for potential 
use in high temperature and insulating applications 

Abby R. Jennings3, abbyrroth@yahoo.com, Aimee M. Morey2, Andrew J. Guenthner1, 
Scott T. Iacono4. (1) Aerospace Systems Directorate, Air Force Research Laboratory, 
Lancaster, California, United States (2) Chemistry, United States Air Force Academy, 
Colorado Springs, Colorado, United States (3) Chemistry Research Center, United 
States Air Force Academy, Colorado springs, Colorado, United States (4) Department 
of Chemistry, United States Air Force Academy, Colorado Springs, Colorado, United 
States  

Cyanate ester resins (CEs) and networks are characterized by a number of desired 
properties, including low dielectric constants, high flame retardancy, increased thermal 
stability, high glass transition temperatures, and improved mechanical strength. As a 
result this type of material is useful for high performance applications including 
automotive, biomedical, military, and aerospace technology corridors and is one of the 
focuses of the Chemistry Research Center at the US Air Force Academy and also in 
collaboration with the Air Force Research Laboratory, Aerospace Systems Directorate 
for high temperature resin development. This work will highlight the preparation of CE 
elastomers from readily available starting materials utilizing hydrosilylation chemistry. 
The elastomers were fully characterized and the results of these studies will be 
discussed in detail. Potential applications of the CE elastomers will also be mentioned. 

 

 
 
 



POLY 518: Role of isomeric polyamic diacrylate ester precursors on morphology 
and mechanical properties of 3D printed PMDA-ODA 

Clay Arrington1, ybc@vt.edu, Maruti Hegde1, Viswanath Meenakshisundaram2, 
Christopher Williams2, Timothy E. Long1. (1) Department of Chemistry and 
Macromolecules Innovation Institute (MII), Virginia Tech, Blacksburg, Virginia, United 
States (2) Department of Mechanical Engineering and Macromolecules Innovation 
Institute (MII), Virginia Tech, Blacksburg, Virginia, United States  

The ability to create 3D structures of PMDA-ODA (KaptonTM) with stereolithography 
(SLA) raises important questions regarding digital resolution and properties. When 
reacted with hydroxyethyl acrylate, pyromellitic dianhydride (PMDA) affords two 
isomeric products: para-PMDA-HEA and meta-PMDA-HEA. Separation of the isomers 
via multiple recrystallizations and subsequent polymerization with 4,4’-oxydianiline 
yields polyamic diacrylate esters which display variances in solubility and solution 
viscosity. Utilization of the isomeric polyamic diacrylate esters dissolved in N-
methylpyrrolidinone (NMP) for 3D printing with SLA enables production of 3D structures 
with differences in part resolution and part fidelity. Likewise, thermal imidization of the 
printed isomeric polyamic esters produces polyimide parts that exhibit differences in 
morphology and mechanical properties primarily attributed to polymer chain alignment. 
Elucidation of these discrepancies with WAXS and SAXS aims to determine the impact 
of isomeric polyamic ester precursors on 3D polyimides prepared with SLA. 

 
 
 



POLY 519: Gel-like carbon dots 

Yiqun Zhou2, YXZ431@miami.edu, Roger M. Leblanc1. (1) Univ of Miami Dept of 
Chem, Coral Gables, Florida, United States (2) Chemistry, University of Miami, Miami, 
Florida, United States  

Carbon dots, as a promising nanomaterial, have been widely synthesized and applied in 
bioimaging, biosensing and drug delivery. However, gel-state carbon dots have seldom 
been mentioned. Herein, citric acid and 1,2-ethylenediamine were employed to 
synthesize gel-like carbon dots (G-CDs). At different reaction temperatures, G-CDs 
were characterized to exhibit different properties, which revealed the influence of 
temperature on their structure. When it came to the purification and separation, a new 
systematic method was exploited. Compared with traditional dialysis or HPLC, G-CDs 
were purified and separated by acetone wash and reversed-phased TLC, respectively. 
As a result, G-CDs obtained four photoluminescent components, among which the 
highest quantum yield was 55%, which was nearly two times of that of G-CDs. In terms 
of application, G-CDs have been prepared as invisible ink for an inkjet printer and 
photostability of the printed contents was maintained for several months. Also, G-CDs 
can be used to detect the ions, especially Fe3+, which endows the possibility of G-CDs 
to be used in the biosensing of Fe3+ in vivo. 

 

 
 
 

 

 



POLY 520: Flexible polyimide aerogels for use as substrates for conformal, 
lightweight antennas 

Jessica Cashman1, jessicacashman@outlook.com, Mary Ann Meador1, Baochau 
Nguyen2, Haiquan Guo2, Brock Delong1. (1) NASA Glenn Research Center, Cleveland, 
Ohio, United States (2) Ohio Aerospace Institute, Cleveland, Ohio, United States  

Polyimide aerogels are desirable for many aerospace and commercial applications due 
to their high porosity, low density, low thermal conductivity, and their superior 
mechanical properties. They have also been demonstrated as lightweight substrates for 
antennas since they also possess very low dielectric constants approaching 1 as 
density decreases. Increasing the flexibility of the aerogel would allow them to be used 
as conformal antennas which would reduce drag and also save space in the aerospace 
vehicles. In this research, we demonstrate that the flexibility can be increased 
depending on the polyimide oligomer backbone structures. We have substituted up to 
75 mol % of the aromatic diamines typically used in polyimide aerogels with either 1,3-
bis(4-aminophenoxy)-2,2-dimethylpropane (BAPN) or 1,12-diaminododecane (DADD). 
With only aromatic diamines in the backbone, the aerogels are only flexible as very thin 
films (about 0.5 mm thick). Using the aliphatic diamines, DADD or BAPN, leads to 
aerogels with a high bend radius even when the aerogels are 2-3 mm thick. Structure 
property relationships of the aerogels will be discussed, including how the aliphatic 
diamines affect mechanical properties and pore structure. 

 
 



POLY 521: Improving the Processing Characteristics of Cyanate Ester Monomers 
for Production of Spacecraft Structures 

Andrew J. Guenthner2, andrewguenthner@gmail.com, Gregory Yandek5, Matt C. 
Davis4, Jason T. Lamb3, Kevin Lamison3, Michael D. Ford3, Josiah Reams3, Kamran B. 
Ghiassi1, Denisse Soto1,7, Jerry A. Boatz6, Joseph M. Mabry2. (1) Air Force Research 
Laboratory, Lancaster, California, United States (2) Aerospace Systems Directorate, Air 
Force Research Laboratory, Lancaster, California, United States (3) ERC Inc., 
Lancaster, California, United States (4) Navy Nawcwd Michelson Lab, Ridgecrest, 
California, United States (5) Aerospace Systems Directorate, Air Force Research 
Laboratory, Edwards AFB, California, United States (7) Naval Sea Warfare Center, 
Indian Head, Maryland, United States  

Recently, cyanate ester resins have proven to be especially useful for the production of 
spacecraft structures on the Mars Curiosity rover (as well as the Juno and Orion 
spacecraft) due in large part to the ease of fabricating specialty composite structures 
with matrices formed by infusion of cyanate ester monomers. Both the low melting point 
and low viscosity of cyanate ester monomers contribute significantly to the ease of 
fabrication, however, at times, achieving these properties results in other performance 
trade-offs. A number of methods that have been developed to facilitate the lowering of 
both melting points and viscosities in cyanate ester monomers will be illustrated. These 
include co-polymerization of differing monomers, the use of mixed stereoisomers, 
alteration of the monomer structure to resist crystal growth, and even manipulation of 
the conformational entropy of the molten resin. Taken together, these techniques, all of 
which have been proven experimentally, represent a highly useful toolkit for the 
development of resins for spacecraft structures that meet unique performance 
requirements. 

 



POLY 522: Introduction of Long Chain Branching in Poly(ether imide)s: Branched 
Architectures for Improved Melt Processability 

Josh Wolfgang1, joshw21@vt.edu, Joseph M. Dennis1, Timothy E. Long1, Roy Odle2. 
(1) Macromolecules and Interfaces Institute, Virginia Tech, Blacksburg, Virginia, United 
States (2) SABIC Innovative Plastics, Mount Vernon, Indiana, United States  

Poly(ether imide)s, PEIs, are thermally stable thermoplastics with uses in engineering, 
industrial, and medical fields. Their high mechanical strength, chemical resistance, and 
heat resistance are desirable qualities for a range of demanding applications. However, 
processability is a common difficulty for many applications with fine features. When 
utilized in small percentages, long-chain branching (LCB) is known to improve 
processability by lowering the melt viscosity while maintaining bulk mechanical 
properties. We synthesized multiple long-chain branched PEIs. We investigated the 
LCB-PEIs melt rheology, in order to further understand the effect of long-chain 
branching on processability. The LCB-PEIs showed significantly improved melt 
viscosities while their thermal stability remained similar to that of linear PEIs. Many 
analytical techniques, including differential scanning calorimetry, dynamic mechanical 
analysis, and size-exclusion chromatography, provided an in-depth understanding of 
structure-property relationships. 

 
 
 

 



POLY 523: Polyester-based photocatalytic nanocomposite microsponges for 
water treatment 

Miranda C. Trentle, trentle@uab.edu, Fei Liu, Veronika A. Kozlovskaya, Eugenia P. 
Kharlampieva. Department of Chemistry, University of Alabama at Birmingham, 
Birmingham, Alabama, United States  

Despite significant progress in the synthesis of nanocomposite materials, integration of 
several components with various functions remains a big challenge, which significantly 
limits control over nanocomposite properties. We have developed photocatalytic 
microsponges based on incorporation of titania nanoparticles into porous polylactic acid 
(PLA) matrices for environmentally friendly water purification, which is depicted in 
Figure 1. These hybrid macroparticles are designed to effectively absorb organic 
impurities from water followed by their degradation. PLA is used as a biodegradable and 
biocompatible polymer and has been widely utilized for applications in delivery and 
bone graft scaffolds. Titania nanoparticles represent photocatalytically active nanofillers 
capable of degradation of organic compounds under solar irradiation. Titania 
nanoparticles are integrated with PLA by using ‘as mixed’ and ‘in-situ grown’ 
approaches. We found that the hybrid systems effectively absorbed and degraded 
organic impurities such as Rhodamine 6G from water. We also demonstrated that the 
sorption capacity, dye degradability, and PLA disintegration were controlled by varying 
concentration of incorporated titania. The hybrid degradable systems can be applied as 
novel non-toxic photocatalytic materials for environmental cleanup of contaminated 
waters. 

 

 
 
Figure 1. Schematic illustrating the absorption and degradation of contaminants by the 
photocatalytic microsponges. 



POLY 524: Development of sustainable photoactive polymer systems based on 
metal-terpyridine ligand dynamics 

Dong-Cheol Jeong, kindman0813@gmail.com, Jookyeong Lee, Changsik Song. 
Sungkyunkwan University, Suwon, Korea (the Republic of)  

Photo-active polymers are one of the most important materials because of their 
potential applications in solar energy conversion and photo-catalytic systems. Many 
research groups have developed separately efficient photo-catalytic systems or self-
healing materials. Although significant developments of photo-active materials have 
been achieved but there are still remaining problems. Especially organic photoactive 
polymers are limited in terms of both applications and commercialization due to its low 
stability and short life time. In our systems, we envisaged regenerative photoactive 
polymer systems could be successfully achieved through metal-tpy interaction, resulting 
in biomimetic, sustainable photoactive systems. To develop the stability of photoactive 
polymer, we synthesized a polymers functionalized with terpyridine (tpy). Tpys can 
reversibly bind to metal ions (e.g., Fe2+, Zn2+, Co2+, and Mg2+) and those metals are 
easily removed by addition of stronger ligands such as EDTA and halides. Tpy 
functionalized polymers can fabricate photoactive thin film with MWNTs hybrid and 
photoactive gel with metal-ligand interaction that showed photocurrent generation and 
photocatalytic activity. Assembly was achieved by addition of Mg2+, as confirmed by red-
shifted ligand absorptions (~330 nm) due to the planarization of pyridine groups by 
binding to Mg2+. Disassembly was accomplished by using TBAF due to higher binding 
affinity of F- to Mg2+ than tpy, returning the tpy ligands to the pristine, free state. The 
photocatalytic polymer complex was showed promoting visible light induced photo-
oxidative coupling of benzylamine to N-benzyl benzaldimine. Additionally, the 
photocatalytic activity was recovered through re-assembly, and repeated several times 
without significant decrease of its efficiency. The self-assembly of photocatalytic 
systems based on metal-ligand interaction will enable self-repairable photoactive 
materials. 

 
 
Self-assembled photoactive polymer systems 



POLY 525: Boron nanoparticles with intense blue fluorescence for tracking 
immune cells 

Meng Zhuang, mz6fz@virginia.edu, Christopher A. DeRosa, Kristen Richey, Maura 
Belanger, Rebecca R. Pompano, Cassandra L. Fraser. Department of Chemistry, 
University of Virginia, CHARLOTTESVILLE, Virginia, United States  

Fluorescence imaging with multicolor dyes provides a method for monitoring cell 
behaviors in immunology. However, commercially available bright blue fluorophores 
compatible with common microscope filters are rare. Difluoronboron β-diketonates show 
excellent optical properties, including two-photon absorption, large extinction 
coefficients and high quantum yields. In this study, intense blue difluoroboron 
dibenzoylmethane (BF2dbm) polymer conjugates were synthesized. Biodegradable 
polyesters such as poly(D,L-lactic acid) (PDLLA), poly(L-lactic acid) (PLLA), and poly(ε-
caprolactone) (PCL) were grown from BF2dbm initiators via ring opening polymerization 
to yield single component dye-polymer materials. Polymers were fabricated as 
nanoparticles via nanoprecipitation. Block copolymers with hydrophilic poly(ethylene 
glycol) (PEG) and corresponding dye-PLLA-PEG and dye-PCL-PEG nanoparticles were 
also prepared for improved aqueous solubility. To determine optimal materials and 
conditions for cellular uptake and imaging, nanoparticle stability at 37 °C was tracked 
over time in deionized water, PBS buffer and RPMI cell culture medium via 
luminescence spectroscopy and dynamic light scattering. To test the ability to label 
cells, the nanoparticles were incubated with murine (mouse) splenocytes. PDLLA and 
PCL nanoparticles were rapidly internalized, providing a bright blue fluorescence signal 
easily imaged on a microscope or fluorescent plate reader using a standard 4',6-
diamidino-2-phenylindole (DAPI) filter set. The nanoparticles did not significantly affect 
cell viability, indicating their potential for use as a labelling method. 

 
 
 



POLY 526: Self-assembly of metallo-supramolecules with concentric geometry: 
From second generation to fourth generation 

Heng Wang, zehengwang@gmail.com, Xiaomin Qian, Xiaopeng Li. Chemistry, 
University of South Florida, Tampa, Florida, United States  

In an effort of generating metallo-supramolecules with further complexity, higher 
generations of concentric hexagon shaped supramolecules, i.e., the third and fourth 
generation, were designed and synthesized, beyond our previous reported second 
generation ring-in-ring hexagons. Challenges on synthesizing the corresponding 
hexatopic and octatopic terpyridine ligands were overcome through stepwise 
condensation of bitopic terpyridine intermediates based on pyrylium and pyridinium 
chemistry. The self-assembled metallo-supramolecular concentric hexagons were fully 
characterized by NMR techniques, electrospray ionization-mass spectrometry (ESI-MS), 
ion-mobility mass spectrometry (IM-MS), and transmission electron microscopy (TEM). 
The stability of various generation concentric hexagons was carefully studied by 
gradient tandem-mass spectrometry (gMS2). It is noteworthy that the stability of the 
concentric hexagon structure was significantly enhanced along with the increasing 
generation and density of coordination sites (DOCS). 

 
 
 



POLY 527: Way to mussel-inspired self-healing metallopolymers 

Stefan Bode1, stefan.bode2@uni-jena.de, Marcel Enke4, Martin D. Hager2, Ulrich S. 
Schubert3. (1) Institute for organic and macromolecular chemistry, FSU Jena, Jena, 
Germany (2) Laboratory of Org. Macromol. Chemistry, Friedrich Schiller University of 
Jena, Jena, Germany (3) Laboratory for Organic and Macromolecular Che, Friedrich-
Schiller-University Jena, Jena, Germany (4) Laboratory of organic and macromolecular 
chemistry, FSU Jena, Jena, Germany  

Mussel byssus threads feature the outstanding property of self-healing. Thus, the 
threads are able to heal a damage and to restore their mechanical properties. This 
phenomenon is based on dynamic metal-ligand interaction, i.e. zinc(II) and histidine. 
The transfer of this biological system into artificial materials is quite challenging and the 
first was the synthesis of a histidine monomer. The subsequent polymerization resulted 
in ligand-containing copolymers, which were further investigated using isothermal 
titration calorimetry (ITC). These measurement revealed a dependency of the chosen 
zinc(II) salt on the complex stability, which could also be associated with the healing 
properties in the corresponding metallopolymer networks. Thus, the dynamic of the 
metal-ligand interaction is a crucial parameter for the design of artificial mussel-inspired 
self-healing polymers. However, further work is required in order to transfer the 
complexity of the natural system completely into synthetic polymers. 

 

 
 
Figure 1: Self-healing experiments of a histidine containing copolymer crosslinked with zinc(II) 
acetate: (a) film without scratch, (b) scratches, (c) healing after 17 h at 80 °C, (d) new scratches, 
(e) incomplete healing after 17 h at 70 °C and (f) healing after 34 h at 70 °C. 



POLY 528: Self-assembly of emissive tetraphenylethylene-based supramolecular 
rosettes 

guangqiang Yin, yin1@usf.edu, Heng Wang, Xiaopeng Li. Chemistry, University of 
South Florida, Tampa, Florida, United States  

In this study we report the design of three generations of ligands with the full 
conjugation of tetraphenylethylene (TPE) and 2,2':6',2"-terpyridine (TPY) to construct 
emissive materials. Due to the bulky size of the TPY substituents, the intramolecular 
rotations of ligands were partially restricted even in dilute solution, and thus leading to 
emission in both solution and solid states. Furthermore, TPE-TPY ligands were 
assembled with Cd(II) through coordination to introduce additional restriction of 
intramolecular rotation (RIR) and immobilize fluorophores into metallo-macrocycles, or 
rosettes-like scaffolds. Using ditopic ligand, a mixture of macrocycles was obtained; 
while, discrete hexameric and heptameric rosettes were assembled with tetratopic and 
hexatopic ligands, respectively, through multivalent interactions. Those three 
supramolecular rosettes were fully characterized by multinuclear NMR (1H and 13C) 
analysis, 2D NMR spectroscopy (COSY, DOSY and NOESY), ion-mobility mass 
spectrometry (IM-MS). More importantly, the fluorescent behavior of TPE-TPY ligands 
was preserved in these rosettes, which displayed tunable emissive properties with 
respect to different generations. 

 
 



POLY 529: Development of borinic acid polymers as new supported catalysts and 
multi-stimuli responsive materials 

Monika K. Baraniak, monika.baraniak86@gmail.com, Wen-Ming Wan, Frieder Jaekle. 
Department of Chemistry, Rutgers University-Newark, Newark, New Jersey, United 
States  

Boron-containing polymers represent a promising class of inorganic and organometallic 
polymers due to their unique properties. The attachment of Lewis acidic borane groups 
has been utilized in the development of supported reagents and immobilized catalysts, 
separation media, sensor systems, stimuli-responsive materials, and biomaterials. 
Boron-functionalized polymers can be synthesized through direct polymerization of 
boron-containing monomers or via post-modification procedures (Scheme 1). 
 
In 2014, our group reported the first example of a well-defined borinic acid polymer 
(PBA) with strong luminescence, high stability, and multiple stimuli-responsive 
properties. We investigated the role of H-bonding interactions in the self-assembly of 
these materials into larger supramolecular aggregates and their reversible association 
with hydrogen bond acceptors. Borinic acids are also of interest as catalysts, for 
example, in peptide synthesis. This presentation will discuss our current efforts at 
developing new well-defined borinic acid polymers for catalysis and materials science 
applications. 

 

 
 
Scheme 1. Methods for the synthesis of organoboron polymers. 



POLY 530: Supramolecular alternate co-assembly driven by metallophilic Pt…Pt 
interactions 

gao zhao, gaoz@mail.ustc.edu.cn. Department of Polymer Science and Engineering, 
University of Science and Technology of China, Hefei, Anhui, China  

Engineering of multi-component π-conjugated molecules into well-ordered arrangement 
has aroused significant attention. The alternated arrangement, which is highly mimic for 
natural, showing promising prospects for photo-functional applications. 
Herein, we sought to takes advantage of metallophilic Pt…Pt interactions to enhance 
the hetero-complexation charge transfer complex over than the homo-complexation. 
Based on this consideration, two organoplatinum(II) monomers 1-2, are designed and 
synthesized (Scheme 1). 1 bears positively-charged electron-deficient 
alkynylplatinum(II) terpyridine units. The bulky tert-butyl groups on 1 could significantly 
prevent self-association and thereby enhance solubility in chlorinated solvents. 2 bears 
neutral alkynylplatinum(II) diphenylpyridine units. When mixing an equimolar amount of 
1 and 2 in MCH, the fascinating with dramatic color changes and emergence of new 
emission bands in the near-IR region was realized. Optical behaviors derived from 
metal-metal interactions is convenient for monitoring their co-assembly processes and 
understanding the thermodynamics for the supramolecular polymerization. More 
importantly, the alternated co-assemblies 1-2 features bathochromic-shifted 3MMLCT 
absorption in the visible light region, which stimulated us to investigated their 
photosensitizer behaviors to generate the singlet oxygen (1O2), which to the best 
knowledge of us is the first example of alternated co-assembly based on 
alkynylplatinum(II) terpyridine system to generate 1O2 and use as a photocatalyst. More 
importantly, it leads to promising applications of the assemblies in optically-functional 
supramolecular materials. 

 
Scheme 1. a) Three ways of muticomponent supramolecular polymerization. b) Molecular 
structures of acceptor 1, 3 and donor 2. Representation of the possible supramolecular structures 
that can be formed by D and A monomers. 
 



POLY 531: Immobilized stimuli-responsive metallopolymers and preceramic block 
copolymer architectures 

Christian Rüttiger, c.ruettiger@mc.tu-darmstadt.de, Markus Gallei. Ernst-Berl-Institute, 
Technische Universität Darmstadt, Darmstadt, Germany  

Stimuli-responsive polymers are known to influence material properties like the change 
of polarity and interaction in the bulk state or the wettability when immobilized at 
surfaces. Compared to classical stimuli like the change of solvent, light or temperature, 
the electrical field or the addition of chemical oxidation/reducing reagents are much less 
investigated. Redox-responsive polymers especially metallopolymers attracted 
enormous attention in the recent past. The immobilization of redox-switchable 
metallopolymers on paper substrates by surface-initiated atom transfer radical 
polymerization, also referred to as “grafting from” technique, leads to feasible switchable 
porous materials.1 Furthermore, block copolymers consist of two or more polymer 
segments covalently connected to each other and are in focus of researchers in the last 
decades. Tremendous research interests are due to the unique capability of forming 
fascinating nanostructures in the bulk state comprising lamellae, cylinders, spheres and 
co-continuous structures or by self-organization in (selective) solvents.2 By using 
metallopolymers as part of a block copolymer structure, well-ordered preceramic 
materials yielding in advanced ceramics after thermal treatment can be obtained.3 In the 
present work, different synthetic strategies for the design of functional block copolymers 
starting from iron, cobalt-, and silicon-containing monomers will be addressed.4, 5 By 
taking advantage of controlled radical or anionic polymerization, as well as 
postmodification strategies, several hierarchical metallopolymer architectures with well-
controlled nano-sized structures in the bulk state can be obtained. These polymers are 
feasible as redox-responsive and structured preceramic materials. 
 

 

 
 
 

  



POLY 532: Boron-functionalized polymers: BN-substituted polyolefins and 
poly(Lewis acids) 

Huina Lin1, hl519@scarletmail.rutgers.edu, Wen-Ming Wan2, Andrew Baggett3, Fei 
Cheng1, Shih-Yuan Liu3, Frieder Jaekle1. (1) Rutgers University-Newark, Newark, New 
Jersey, United States (2) China University of Petroleum, Qingdao, China (3) Boston 
College, Boston, Massachusetts, United States  

The incorporation of boron into polystyrene-type polymers has attracted considerable 
interest due to potential applications in material science, nanotechnology and catalysis. 
In this presentation I will discuss two specific classes of boron-functionalized 
polyolefins: 1. We have designed and successfully prepared a new class of B-N 
substituted polystyrene. The replacement of a C=C unit with an isosteric BN unit in 
benzene significantly affects the aromaticity and photophysical properties. These 
polymers exhibit different solubility, thermal characteristics and photophysical properties 
compared with the respective all-carbon polystyrene analogues. 2. The attachment of 
borane moieties to polyolefins can also give rise to polymer-supported Lewis acids. 
These polymers are of interest in anion recognition, supramolecular polymer chemistry, 
and catalysis. 

 

 
 
 

 



POLY 533: Side-chain oligothiophene-containing polymers for dielectrics 

Tianyu Zhu1, tzhu@email.sc.edu, Chuanbing Tang2. (1) Chemistry and Biochemistry, 
University of South Carolina, Columbia, South Carolina, United States (2) Dept of 
Chemistry Biochemistry, University of South Carolina, Columbia, South Carolina, United 
States  

Ever-increasing interest has been focused on the design and preparation of various 
dielectric materials for energy storage due to their potential applications in modern 
electronics. In recent decades, polymer dielectric has advantages such as relatively 
high electric breakdown strength, low dielectric loss, and light weight. We designed and 
prepared a series of Side-chain oligothiophene-containing polymers with polyolefins as 
polymeric backbones by means of ring-opening metathesis polymerization. We 
systematically studied how macromolecular architecture impacted the crystallinity, 
mechanical and dielectric properties of different polymers. Our results indicated that a 
higher terthiophene density improved dielectric permittivity, but it also in turn limited 
mechanical flexibility of materials. As a result, balancing the effects of polarizable group 
density and flexible, but robust architecture is critical in achieving novel dielectric 
polymers with higher energy density and charge/discharge efficiency. 

  



POLY 534: Organoboron chelate based luminescent polymers 

Abdullah F. Al.Ahmadi, investah2011@gmail.com, Frieder Jaekle. Department of 
Chemistry, Rutgers University-Newark, Newark, New Jersey, United States  

Conjugated polymers have gained high attention for their electronic and optical 
properties, and the ease of processing. Polymers that contain heteroatoms such as 
boron, silicon, phosphorus etc exhibit unique optical properties. Boron containing 
polymers have attracted special interest because the electron deficient boron atom can 
dramatically change the electronic and optical properties through p-π* interaction and 
formation of Lewis acid-base interaction. Thus, incorporating boron into the π-
conjugated polymer backbone introduces additional possibilities of tuning the electronic 
properties.  
We have prepared polymers that are derived from a new class of organoboron ladder 
compounds. The obtained polymers exhibit strong emission and red-shifts in the UV-Vis 
offering striking evidence of successful extension of π-conjugation. The developed 
materials have potential for applications such as OLED and imaging or sensory 
materials. 

 

 
 
 

  



POLY 535: Conjugated polyelectrolytes for dye-sensitized solar cell applications 

Ru He1, chasehe@ufl.edu, Charles J. Zeman1, Zhenxing Pan1, Kirk S. Schanze1,2. (1) 
Department of Chemistry, University of Florida, Gainesville, Florida, United States (2) 
Department of Chemistry, University of Texas at San Antonio, San Antonio, Texas, 
United States  

Exploring the application of conjugated polyelectrolytes (CPEs) as metal-free 
alternatives for Ru-based complexes in dye-sensitized solar cells (DSSCs) is of interest. 
In this work, we synthesized two series of poly(phenylene ethynylene)-thiophene based 
polymers bearing the same carboxylic acid functionalized side chains but with different 
linkages between backbone and side chains (-O-CH2- linkage, P1-O-n; -CH2- linkage, 
P2-C-n). By changing the amount of end-capping reagent, CPEs with different degree of 
polymerizations were obtained (P1-O-n, n= 7, 13, 17; P2-C-n, n= 10, 12, 18). The 
effects of polymer molecular weight and aggregation on the efficiency of dye-sensitized 
solar cells were studied. Aggregation of CPEs led to lower cell efficiency since the 
increased polymers particle size in solution can influence the film morphology and 
decreased the effective surface coverage by polymers on TiO2. Molecular weight didn’t 
have obvious effects on cell efficiency in the range of molecular weight we have studied 
when CPEs are molecularly dissolved in solution with relatively constant particle sizes. 
Transient absorption (TA) measurements of CPEs/TiO2 thin films provided an insight 
into the charge injection and recombination processes. Charge injection from CPEs to 
TiO2 occurs within 2 ps and the recombination of as-obtained polymer cations and 
electrons are at a much slower time scale (μs), which makes CPEs a promising 
candidate for DSSCs applications. However, the decays of polymer cations peaks 
involve several ultrafast charge recombination processes, limiting the overall charge 
transfer efficiency from CPEs to TiO2. Understanding these ultrafast charge 
recombination processes helps to design new CPE structures to reduce undesired 
ultrafast charge recombination and achieve higher cell efficiency. 

 
Schematic representation of charge transfer in CPEs/TiO2 interface 



POLY 536: Reduction of bacterial attachment on ceramic surfaces: Using 
amphiphilic molecules to enhance surface retention and prevent attachment 

Jeannette Marine1, Jmarine88@gmail.com, Carl Myers2, Kathryn Uhrich3,4. (1) 
Chemistry, Stony Brook University, Selden, New York, United States (2) Colgate-
Palmolive, Piscataway, New Jersey, United States (3) Rutgers University, Piscataway, 
New Jersey, United States (4) University of California - Riverside, Riverside, California, 
United States  

Water-soluble linear polymers with high-acid functionality are commonly used in oral 
care formulations to provide benefits including but not limited to, active complexation, 
delivery, and inhibition of the deposition and growth of bacteria, commonly referred to 
as ‘anti-attachment’. Unfortunately, structure activity relationship studies of these 
polymers are scarce; without theses studies the ability to design a polymer with a 
desired property (e.g. anti-attachment) is not feasible. Multifunctional anti-attachment 
amphiphilic molecules (AMs) featuring a sugar backbone, hydrophobic arms, a 
polyethylene glycol tail, and a chemical anchor were found to effectively deposit on soft 
ceramic surfaces and reduce bacterial adhesion. The chemical compositions of the AMs 
were fine-tuned to provide AMs that coordinate with ceramic surfaces to form self-
assembled monolayers with controlled release. A graft-to approach was used to 
investigate the effect of the chemical anchor on the AM deposition and retention. The 
chemical composition, absorption/desorption, and wettability properties of the bioactives 
and bioactive coated surfaces were investigated using nuclear magnetic resonance, X-
ray photon spectroscopy, quartz crystal microbalance, and contact angle. In addition, 
ability of the AMs to provide anti-bacterial attachment on a ceramic surface was 
evaluated in vitro using bacterial repulsion assays. The correlation between surface 
retention and anti-attachment properties of the AMs demonstrates the feasibility and 
tunability of using these polymers as bioactive agents that provide anti-attachment 
benefits on ceramic surfaces. 

 
 



POLY 537: SEC/MALS/VISC/DRI study of mechanochemical copolymer 
degradation 

Andre M. Striegel1, andre.striegel@nist.gov, Mallory J. Morris1,2. (1) MS 8392, NIST, 
Gaithersburg, Maryland, United States (2) Florida State University, Tallahassee, Florida, 
United States  

The cavitation events produced by ultasonic irradiation of a polymer solution result in 
non-random, near-midchain scission of linear polymers, as a result of transient 
elongational (fast transient) flows created during bubble implosion and collapse. The 
polymers eventually reach a limiting molar mass Mlim beyond which degradation is no 
longer possible. The ultrasonic degradation of block, random, and alternating copolymer 
solutions, along with the degradation of solutions the respective homopolymers, was 
studied by size-exclusion chromatography with on-line multi-angle static light scattering, 
viscometry, and refractometry detection (SEC/MALS/VISC/DRI). This allowed isolation 
of the effects of monomeric arrangement on copolymer degradation. Decreases in both 
molar mass and size were observed for all polymers studied, except for those with 
molar mass near or below their Mlim. Differences in limiting molar mass were observed 
between the alternating and the other types of copolymers, indicating that monomeric 
arrangement influences ultrasonic degradation. Persistence length was identified as a 
key comparative parameter for a priori prediction of relative Mlim. 

 
 
 



POLY 538: Mechanochromic block copolymers based on cyclodextrin host-guest 
inclusion complexation 

Edward A. Apebende2, edward.apebende@unifr.ch, Gerhard Wenz1, Nico Bruns2. (1) 
Campus Saarbruecken, Saarland University, Saarbruecken, Germany (2) Adolphe 
Merkle Institute, University of Fribourg, Fribourg, Fribourg, Switzerland  

Cyclodextrin host-guest inclusion complexations have been utilized to design a wide 
range of polymer architectures such as star shaped polymers, block copolymers etc1. 
We report here the design and synthesis of a mechanochromic supramolecular block 
copolymer based on this interaction of β-cyclodextrins. The block copolymer is formed 
from a hydrophilic poly(ethylene glycol) block functionalized with β-cyclodextrin and a 
hydrophobic poly(lactic acid) block functionalized with anthracene. The formation of the 
block copolymer is driven by the inclusion of anthracene moieties into the hydrophobic 
core of the β-cyclodextrins. This can be observed as an increase in molecular mass 
corresponding to the sum of the molecular masses of the two blocks. The amphiphilic 
block copolymer self assembles into polymer vesicles in water. Ultrasonication induces 
the collapse of the vesicles as the complexes break down, liberating both 
homopolymers. This is detectable by the appearance of a UV-VIS signal at 375 nm that 
corresponds to anthracene from the liberated poly(lactic acid) block. 

 

 
 
 

  



POLY 539: Bio-based multi-responsive shape memory polymers using natural 
oils and cellulose nanocrystals 

Meghan Lamm, mgradle@email.sc.edu, Zhongkai Wang, Chuanbing Tang. Dept of 
Chemistry Biochemistry, University of South Carolina, Columbia, South Carolina, United 
States  

Shape Memory Polymers (SMPs) are a unique class of smart materials with the ability 
to deform and reform shapes under certain stimuli. These materials switch between an 
entropically-disfavored temporary shape and a permanent shape after introduction to 
the stimuli. This switch is based on a series of transitions, such as glass transition 
temperatures or melting points. So far, most of these materials have been prepared 
mainly using petroleum based polymers. We have developed a bio-based approach 
utilizing surface-initiated ATRP (atom transfer radical polymerization), via a combination 
of cellulose nanocrystals (CNCs) and soybean oil based polymers, which are 
crosslinked using TAD chemistry or epoxy resins, to create robust, sustainable, and 
potentially scalable SMPs.The resulting heterogeneous polymers and films can be 
easily characterized using XPS, DLS, DSC, DMA, and NMR to confirm chemical 
compositions and mechanical properties. The shape memory properties, resulting from 
both dynamic hydrogen bonding of secondary amide groups closely associated with Tg 
and permanent chemical crosslinking, are responsive to a variety of stimuli including 
temperature, water, and organic solvents with excellent shape fixity and recovery. 
Overall, these mechanically robust polymers show promise as biomass based SMPs to 
complement/replace current petroleum based counterparts. 

 

 
 
 

 



POLY 540: Tough and multi-stimuli responsive liquid crystal elastomers 

Hyun Kim, hyun0225@gmail.com, Vinay Naik, Sarvesh Ramachandran, Taylor Ware. 
Bioengineering, University of Texas at Dallas, Richardson, Texas, United States  

Approaches for the synthesis, fabrication, and processing of responsive materials that 
integrate robust mechanical properties and reversible multiple stimuli responsibilities are 
of considerable interest. Liquid crystal elastomers (LCEs) are well-known for large strain 
and thermally-induced reversible shape change. However, the engineering applications 
of LCEs are often limited by the poor mechanical properties (strength, modulus, 
toughness) and the low actuation stress as compared to other engineering polymers 
and actuators. Furthermore, the biomedical applications of these shape-morphing 
materials are significantly restricted by harsh ques of actuation triggering such as high 
temperatures. To overcome these two significant limitations, weak mechanical 
properties and harsh actuation triggers, we describe systems of LCEs that exhibit robust 
mechanical properties and the high work capacities by introducing crystallinity in LCEs. 
Notably, crystallized LCEs exhibit moduli two orders of magnitude higher and toughness 
five times higher than nematic elastomers (Figure 1). These LCEs are capable of high 
load bearing during actuation, up to 1.3 MPa, and high work capacity, up to 730 kJ/m3. 
Moreover, we demonstrate various bio-friendly actuation stimuli sources such as visible 
light and electricity by synthesizing LCE nanocomposites. We believe that these 
approaches for the synthesis, fabrication, and processing of LCEs, which integrate 
advantages of semi-crystallinity, liquid crystallinity, and nanomaterials, provide 
promising solutions to improve performance of smart materials for both engineering and 
biomedical applications. 

 
 

Figure 1. Improved stiffness and toughness by introducing crystallinity in LCEs. 



POLY 541: 3D printing reversible shape-changing polymeric structures 

Cedric Ambulo2, cpa160130@utdallas.edu, Julia J. Burroughs2, Jennifer Boothby1, M. 
Ravi Shankar3, Taylor Ware2. (1) Bioengineering, The Uinversity of Texas at Dallas, 
Richardson, Texas, United States (2) Bioengineering, University of Texas at Dallas, 
Plano, Texas, United States (3) Industrial Engineering, University of Pittsburgh, 
Pittsburgh, Pennsylvania, United States  

Stimuli-responsive polymers that undergo reversible, complex shape-change can be 
synthesized by programming the molecular alignment of liquid crystal elastomers 
(LCEs). Alignment within LCEs has been accomplished through mechanical straining 
and surface treatments, but these techniques do not enable fabrication of 3D structures 
with locally controlled molecular alignment. Here we use additive manufacturing to 
spatially program molecular order in 3D creating LCE structures capable of reversible 
shape-change. Specifically, we use direct-write printing followed by photopolymerization 
of liquid crystal oligomers to create these active structures. We use this new processing 
method to print actuating structures with zero, positive, and negative Gaussian 
curvature each encoded with topological alignment patterns. By printing LCE structures 
with regions of both negative and positive Gaussian curvature, we leverage the 
continuous actuation of the heat responsive material to design structures that undergo 
reversible snap-through actuation in ~5 ms once a critical temperature is reached [Fig. 
1]. The snapping actuation of these complex 3D structures is similar to nature’s Venus 
Flytrap and man-made toy ‘poppers’. This new manufacturing technique allows for 
simultaneous control of geometry and molecular order in active soft matter. We expect 
these smart structures can translate to applications in soft actuators, biomedical devices 
and tissue engineering. 

 

 
 
Fig. 1: An LCE structure with controlled molecular alignment and printed Gaussian 
curvatures exhibiting snap-through transitions upon heating and cooling. 
 

 



POLY 542: Ultrafast digital printing towards four dimensional shape changing 
materials 

Limei Huang1, 11328032@zju.edu.cn, Ruiqi Jiang2, Jingjun Wu1, Jizhou Song2, Hao 
Bai2, Bogeng Li2, Qian Zhao1, Tao Xie1. (1) Teaching Building #10, room 2101, Zhejiang 
University, Hangzhou, China (2) zhejiang university, HangZhou, ZheJiang, China  

Stimuli-responsive shape-changing polymers have vast technological potential (e.g. 
biomedical and aerospace). Their geometric shapes play essential roles towards their 
ultimate functions, yet they are to a large extent limited by traditional processing 
techniques. The digital nature of 3D printing has led to its unparalleled flexibility in 
producing complex shapes, but its typical layer by layer process severely limits its 
printing speed consequently its practical potential. We introduce a concept to digitally 
encode arbitrary spatio-chemical heterogeneity into a two dimensional polymer film 
using visible light triggered polymerization of commercial monomers. Subsequent 
swelling and/or desolvation releases the stresses from the heterogeneity, turning the 
planar film into highly controllable three dimensional designer shape(s). The process is 
highly versatile in that it permits the use of a wide variety of printing precursors, 
enabling thus ease incorporation of a fourth dimension in its stimuli-responsiveness. 
The overall printing process employs fast light curing and does not involve any speed 
limiting mechanical movement, leading to ultrafast printing in the 30 sec range 
compared to hours for typical 3D printing. Besides the principle, we show in this 
presentation that our concept can be readily expanded to a varieity of shape-shifting 
materials such as hydrogels and shape memory polymers. 

 



 
POLY 543: Controllable porosity of stimuli-responsive polymers via additive 
manufacturing 

Julia Burroughs1, jjb130130@utdallas.edu, Cedric Ambulo3, Jennifer Boothby2, M. 
Ravi Shankar4, Taylor Ware1. (1) Bioengineering, The University of Texas at Dallas, 
Richardson, Texas, United States (2) Bioengineering, The University of Texas at Dallas 
, Richardson, Texas, United States (3) Bioengineering, The University of Texas at 
Dallas, Plano, Texas, United States (4) Industrial Engineering, University of Pittsburgh, 
Pittsburgh, Pennsylvania, United States  

Liquid crystal elastomers (LCEs) are stimuli-responsive polymers that are capable of 
reversible, complex shape change. All methods of patterning shape change rely on 
controlling the orientation of the liquid crystal (LC) molecules within the elastomer. 
Current methods are incapable of creating complex patterns in 3D structures as they 
rely on surface patterning or bulk mechanical alignment. With the use of direct-write 3D 
printing, we exploit the ability to orient LC molecules with shear force to generate 3D 
monoliths with programmed molecular orientation. Shear force in the 3D printing 
process creates alignment in the LC oligomer ink, and photopolymerization creates 
crosslinks which lock the material in the printed orientation. We use this process to 3D 
print materials with controllable complex alignment and porosity [Figure 1]. We vary the 
fill density of the print from 10% to 100% and characterize the effects of porosity on 
macroscopic shape change. Furthermore, we demonstrate that alignment in the pore 
walls leads to structures that can reversibly change pore size by a factor of >20%. 
These results demonstrate a new way to fabricate smart, porous structures. 

 
 

Figure 1: 3D printed porous LCE structure 



POLY 544: Engineering photoresponsive polymer networks for the oral cavity 

Devatha P. Nair1, devathanair@gmail.com, Gannon Kehe2, Manju Saraswathy1. (1) 
School of Dental Medicine, UNIVERSITY OF COLORADO, Denver, Colorado, United 
States (2) Chemical And Biological Engineering, UNIVERSITY OF COLORADO, 
Denver, Colorado, United States  

Polymer networks with acrylated azobenzenes moieties within highly crosslinked 
composite restorative networks are formulated and optimized for conditions under which 
consistent mechanical performance and disruption of oral biofilms can be achieved. 
Azobenzene polymer networks are stable until exposed to specific stimuli and have 
been previously utilized to form biocompatible matrices for tissue engineering. However, 
when combined with traditional composite restorative materials such as MMA/TEGDMA, 
the trans–cis–trans isomerization cycles of the azo-groups can be engineered to enable 
on-demand change in shape of the material while maintaining glass transition 
temperatures ≥ 100 °C. As failed composite restorations are responsible for 60-70% of 
the recorded failures among the hundreds of millions of restorations performed each 
year, the azobenzene-based polymer network can be engineered to function as a 
glassy coating on existing dental composite materials and be applied using current 
clinical techniques while maintaining the outstanding aesthetic and mechanical 
properties of composite restorative. 

 
 
 

  



POLY 545: Exploring the uses of a two-stage thiol-acrylate reaction for liquid 
crystal elastomers 

Morgan Barnes2, mg69@rice.edu, Rafael Verduzco1,2. (1) Dept of Chemical and 
Biomolecular Eng, Rice University, Houston, Texas, United States (2) Materials Science 
and NanoEngineering, Rice University, Houston, Texas, United States  

Liquid crystal elastomers (LCEs) are reversible shape-memory materials that require 
alignment of the liquid crystals to exhibit shape responsiveness. Typically, LCEs are 
limited to a single alignment technique depending on the chemistries used. Here we 
explore the versatility of a two-stage reaction where liquid crystal monomers are first 
formed into oligomers (or a network) via a thiol-acrylate reaction. Then, excess 
acrylates are photo-polymerized to lock in the desired alignment. The ability to quickly 
polymerize a viscous oligomer solution (or unreacted acrylates in a network) at room 
temperature opens the pathway to designing LCEs using many different techniques 
such as thin film cells, stereo-lithography, and two-photon polymerization. This poster 
will present a variety techniques used to create LCEs from the same thiol-acrylate 
building blocks. 

 

 
 
 

  



POLY 546: Dual-cure polymer networks with improved imprintability: Engineering 
a first-stage supramolecular network 

John T. Goodrich, john.goodrich@colorado.edu. Chemical and Biological Engineering, 
University of Colorado Boulder, Boulder, Colorado, United States  

Dual-cure networks in the past have been based on a first stage material that has 
already been polymerized past the gel point. This forms an elastomer, which can be 
imprinted and remolded through shape memory before the second stage cure traps the 
material in this new geometry. Here I present a new approach to dual-cure networks in 
which the first-stage material is polymerized below the extent that would cause it to form 
a covalently crosslinked network. The system studied in this research is a first-stage 
polymerization between a difunctional isocyanate and a multifunctional thiol and a 
second-stage urethane methacrylate homopolymerization. The inclusion of 
thiolurethanes and urethanes introduce hydrogen bonding to the system. 
 
Covalently crosslinked networks have the advantage of being easier to work with than 
linear polymer systems because they do not have the ability to flow, which can cause 
problems with imprinting a non-level surface. However, incorporating hydrogen bonding 
groups into the system will form a supramolecular network and prevent flow of the 
material until the pressure and temperature of imprinting are great enough to overcome 
these hydrogen bonding forces. This ability to flow under the right conditions does 
however give supramolecular networks some advantages over covalent networks when 
it comes to imprinting. Viscous flow allows for a greater extent of deformation and a 
higher accuracy of imprinting than a covalent network is capable of. In addition, viscous 
flow will be able to relax most of the stresses from imprinting, which does not take place 
in a covalent network. The use of shape memory for imprinting traps these stresses into 
the final second-stage polymer, and they can have a negative effect on the mechanical 
properties of the material. 

 



POLY 547: The power of genomic solutions and data-driven health intelligence 

J. Craig Ventler, mtull@jcvi.org. J. Craig Venter Institute and Human Longevity, Inc., 
Rockville, Maryland, United States  

This talk will discuss how the combination of state-of-the-art DNA sequencing and 
expert analysis with machine learning, will help change medicine to a more data-driven 
science and empower efficient solutions for human health. 

 

 
 
 

  



POLY 548: Human exploration of Mars: Challenges, opportunities and progress 

Janet Kavandi, janet.l.kavandi@nasa.gov. NASA Glenn Research Center, Cleveland, 
Ohio, United States  

Long duration human exploration missions to Mars will require significant advances in 
propulsion systems, lightweight structures (including radiation shielding), power 
generation and storage, astronaut health and performance management, as well as 
capabilities to live and work on the surface of Mars. Chemistry is central to developing 
these needed advances by enabling the development technologies such as ultra-
lightweight, multifunctional materials; high power density batteries and fuel cells; high 
selectivity and specificity low power demand sensors for the detection of chemical and 
biological species; and processes to convert the Martian soil and atmosphere to 
oxygen, fuel, and advanced materials. Other applications include thermal insulators, 
shape memory alloys, cryogenic storage and transfer of fuels, detrimental effects on 
materials due to atmosphere, temperature, and radiation, and the physical chemistry 
effects of fluids and combustion. This presentation will provide an overview of the 
technical challenges and opportunities for future human exploration of Mars as well as 
provide a few examples of technologies that are currently under development. 

  



POLY 549: Using addition-fragmentation chain transfer in polymer networks to 
achieve stress relaxation and improve material performance 

Christopher Bowman2,1, christopher.bowman@colorado.edu, Nancy Sowan1, Han 
Byul Song2, Lewis Cox3. (1) Material science and engineering, univerrsity of colorado 
boulder, Boulder, Colorado, United States (2) UCB 596, Univ of Colorado, Chemical 
Biological Eng, Boulder, Colorado, United States (3) Mechanical Engineering, 
univerrsity of colorado boulder, Boulder, Colorado, United States  

Covalent adaptable networks (CANs) are smart, crosslinked polymers, based on 
dynamic covalent chemistry that enables bond rearrangement within the networks in 
response to the application of a specific applied stimulus. This behavior gives CANs the 
ability to act as a bridge between thermosets and thermoplastics, given that they can be 
remolded after polymerization while maintaining many useful proprieties associated with 
thermosets such as the mechanical strength and solvent resistance. Taking a lesson 
from controlled radical polymerization approaches that incorporate reversible 
termination or transfer reactions, specifically, CANs with bonds that participate in 
reversible addition-fragmentation chain transfer (RAFT), exhibit radically triggered 
adaptability. This behavior leads to several distinct advantageous material 
characteristics. For example, incorporation of the RAFT functionalities into the 
backbone of the polymer networks permits spatio-temporal control of the network 
rearrangement in response to an applied stress during light irradiation. 
Herein, we demonstrate the ability of RAFT to relax stress in glassy networks formed by 
copper(I)-catalyzed azide-alkyne (CuAAC) polymerizations by designing different 
monomers containing allyl sulfide moieties. CuAAC, as a highly efficient and orthogonal 
click reaction, produces rigid triazoles as a product which enhances mechanical 
performance and forms glassy networks. The influence of RAFT rearrangement on the 
mechanical performance and shrinkage induced stress was examined. Additionally, 
nano/micro topographical patterns were created in CuAAC networks by post-
polymerization stress relaxation in the glassy state. Furthermore, we demonstrated a 
fundamentally new approach to improve composite behavior via localized stress 
relaxation in glassy composites. 

 



POLY 550: Sequence-controlled poly(styrene-co-maleic anhydride) via RAFT-
mediated polymerization 

Nelmari Harmzen, Rueben Pfukwa, Bert Klumperman, bklump@sun.ac.za. Dept 
Chemistry and Polymer Science, Stellenbosch University, Matieland, South Africa  

Poly(styrene-co-maleic anhydride) (SMA) is well known as an example of a copolymer 
that preferentially adopts an alternating comonomer sequence. In order to synthesize 
non-alternating SMA, the copolymerization is typically conducted in a continuous stirred 
tank reactor (CSTR). This strategy is less suitable for SMA synthesized via reversible 
deactivation radical polymerization, due to the inherent residence time distribution in a 
CSTR. In an attempt to synthesize non-alternating and sequence-controlled SMA via 
RAFT-mediated polymerization, we experienced a remarkable dependency of the 
polymerization behavior on the nature of the RAFT agent. Despite the use of RAFT 
agents that readily control the alternating copolymerization of STY and MAnh, we 
discovered vastly different performances in the synthesis of a 2:1 poly(STY-STY-MAnh) 
sequence controlled polymer. 

 

 
 
Sequence-controlled poly(STY-STY-MAnh) 

  



POLY 551: One-pot quantitative functionalizations of polymers obtained by 
quasiliving atom transfer radical polymerization (ATRP) 

Bela Ivan1, ivan.bela@ttk.mta.hu, György Kasza1, Balázs Pásztói1, Ákos Szabó1, 
Györgyi Szarka1, Gergely Kali1,2, Andrea Bodor3. (1) Polymer Chemistry Research 
Group, Institute of Materials and Environmental Chemistry, Research Centre for Natural 
Sciences, Hungarian Academy of Sciences, Budapest, Hungary (2) Organic 
Macromolecular Chemistry, Saarland University, Saarbrücken, Germany (3) Laboratory 
of Structural Chemistry and Biology, Eötvös Loránd University, Institute of Chemistry, 
Budapest, Hungary  

One of the major advantages of quasiliving polymerizations proceeding via equilibrium 
between propagating (living) and nonpropagating (nonliving) polymer chains is related 
to the possibility of synthesizing pendant and endfunctional polymers. In quasiliving 
radical polymerizations, such as ATRP, RAFT and NMP, specialty polymers with 
pendant functionalities can be prepared either directly or by postpolymerization 
derivatizations, and both the propagating polymeric radicals and the nonliving 
(terminated) chain ends offer opportunities for direct (one-pot, in situ) and two- or multi-
step terminal functionalizations. However, surprisingly few cases have been published 
in the literature for one-pot quantitative endfunctionalizations by these processes so far. 
In this presentation, the synthesis of functional polymers and new in situ routes for 
quantitative chain end functionalizations of polymers obtained by ATRP without isolation 
and purification are discussed. 

 
 
 



POLY 552: Thermosensitive shape-changing binary heterografted linear 
molecular bottlebrushes 

Daniel M. Henn2, Wenxin Fu2, Shan Mei1, Christopher Li1, Bin Zhao2, 
zhao@ion.chem.utk.edu. (1) Materials Science and Engineering, Drexel Univeristy, 
Philadelphia, Pennsylvania, United States (2) Department of Chemistry, University of 
Tennessee, Knoxville, Tennessee, United States  

Many natural biomacromolecules, such as von Willebrand factor, utilize shape changing 
from compact folded to extended conformations to perform their functions. Stimuli-
responsive molecular bottlebrushes are excellent candidates for mimicking the behavior 
of these natural polymers. Here we present the synthesis of thermosensitive binary 
heterografted linear molecular brushes and their temperature-induced shape transitions 
between extended worm-like and collapsed yet stable globular conformations in water. 
These bottlebrushes are composed of a thermosensitive water-soluble polymer and 
poly(ethylene oxide) (PEO) as side chains, where PEO serves as a stabilizer for the 
collapsed state. A “grafting to” method is developed to make molecular brushes by 
clicking alkyne end-functionalized side chain polymers onto an azide-bearing backbone 
polymer. At a concentration of 1.0 mg/g, the aqueous solution of binary heterografted 
molecular bottlebrushes remained clear upon heating through the lower critical solution 
temperature (LCST), in contrast to the homografted thermosensitive bottlebrushes in 
water at the same concentration, which turns cloudy. Atomic force microscopy study 
reveals shape transitions between an worm-like morphology below the LCST and a 
globular conformation above the LCST. We further demonstrate that the shape 
changing of binary heterografted brushes can be exploited to control the interaction 
between the brushes and their environment by incorporating a functional group into the 
thermosensitive side chains. 

 

 
 
 

  



POLY 553: Limits of precision monomer placement in reversible deactivation 
radical polymerization 

Guillaume Gody3, Per Zetterlund4, Sebastien Perrier1, Simon Harrisson2, 
polyharrisson@gmail.com. (1) University of Warwick, Coventry, United Kingdom (2) 
Université Paul Sabatier, Toulouse, France (3) Research and Innovation Center, 
Solvay, Paris, France (4) University of New South Wales, Sydney, New South Wales, 
Australia  

Precise control over the location of monomers in a polymer chain has been described 
as the ‘Holy Grail’ of polymer synthesis. Controlled chain growth polymerization 
techniques have brought this goal closer, allowing the preparation of multiblock and 
multisite copolymers with ordered sequences of functional monomers. But the statistical 
nature of reversible deactivation radical polymerization places strong limits on the 
structural control that can be obtained. We have shown that monomer locations in 
highly idealized systems are distributed according to surprisingly simple laws related to 
standard probability distributions. The degree of control can be quantified in terms of the 
yield of the desired structure and the standard deviation of the appropriate distribution, 
allowing comparison between different synthetic techniques. Here we present the 
extension of these results to more realistic systems with slow equilibria between active 
and dormant species. This analysis establishes experimental requirements for the 
design of polymeric chains with a controlled sequence of functionalities, which balance 
precise control of structure with simplicity of synthesis. 

 

 
 
Probability of finding monomers from each block of an ideal A5B5A5C5A5D5A5C5A5B5 
decablock copolymer as a function of position in the chain. 

  



POLY 554: Making responsive materials with controlled radical polymerization 

Robert B. Grubbs, robert.grubbs@stonybrook.edu. State University of New York, 
Stony Brook, New York, United States  

Controlled radical polymerization/reversible deactivation radical polymerization methods 
have grown in importance to become perhaps the most important class of reactions 
used to prepare polymer-based materials. The use of nitroxide-mediated polymerization 
(NMP), atom transfer radical polymerization (ATRP), and reversible addition-
fragmentation chain transfer (RAFT) polymerization methods to prepare block 
copolymers is well-documented. This presentation will focus upon the use of these 
methods to enable the preparation of responsive block copolymer-based systems, 
including thermally and magnetically responsive hydrogels. 

 

 
 
 

  



POLY 555: Self-assembly and functions of amphiphilic random copolymers 
controlled by primary structure 

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 on self-assembly, self-sorting, and functions of 
amphiphilic random copolymers (Figure 1). According to primary structure (chain length, 
composition, sequence) controlled, i.e., programmed, by living radical polymerization, 
amphiphilic random copolymers bearing hydrophilic poly(ethylene glycol) (PEG) and 
hydrophobic or functional pendants induced precision self-folding and self-assembly in 
water or organic media to form size-controlled nanoaggregates with globular three-
dimensional architectures and well-defined nanocompartments. The self-assembly 
properties were controlled by tuning co-monomers (hydrophobic, hydrogen-bonding, 
fluorous) and primary structure. PEGMA (PEG methacrylate) /DMA (dodecyl 
methacrylate) random copolymers afforded precision intermolecular self-assembly into 
uniform nanoparticles in water; the size, molecular weight, and aggregation number 
were predictably controlled. In binary blend, PEGMA/DMA random copolymers with 
different DMA composition further induced composition-dependent self-sorting in water 
to give discrete nanocompartments with different core hydrophobicity. A series of self-
assembly/crosslinked random copolymers open new avenues to create functional 
materials for various applications: catalysis, molecular encapsulation/release, 
thermoresponsive materials, hydrogels etc. 

 
 

Figure 1. Self-Assembly/Sorting and Functions of Amphiphilic Random Copolymers 



POLY 556: Functional copolymer architectures via reversible addition-
fragmentation chain transfer (RAFT) based synthetic protocols 

Daniel Keddie, d.keddie@wlv.ac.uk. School of Sciences, University of Wolverhampton, 
Wolverhampton, West Midlands, United Kingdom  

Within our research group we are interested in the development of new synthetic 
protocols for the preparation of polymeric materials with bespoke structure and 
properties. To date we have focused significantly in the development of RAFT based 
methods due in part to the versatility of the RAFT process, particularly with respect to 
compatibility with a broad range of chemical functionalities present on the monomer, 
solvent or RAFT agent. 
 
Recent efforts have centred on the development of methodologies for the synthesis of 
(co)polymers with a tailored molecular architecture including block-, comb-, gradient- 
and network copolymers. 
 
In this context we have used RAFT based protocols for the synthesis of block 
copolymers incorporating electron rich and electron poor monomer units through the 
use of “switchable” RAFT agents, steric stabilisers for lyotropic liquid crystals, and 
functional polymeric libraries through one-pot high throughput processes. 
 
In this presentation several aspects of this work, in addition to some more recent 
developments, will be discussed. 

 



POLY 557: Highly confined surface-initiated polymerizations for polymer brush 
structuring 

Moh Divandari1, Ella Dehghani1, Yunhao Du3, Chengjun Kang1, Jonas Pollard2, Joydeb 
Mandal1, Tao Zhang3, Nico Bruns2, Nicholas Spencer1, Rainer Jordan3, Edmondo 
Maria Benetti1, edmondo.benetti@mat.ethz.ch. (1) Materials, ETH Zurich, Zurich, 
Switzerland (2) Adolphe Merkle Institute, University of Fribourg, Marly, Switzerland (3) 
TU Dresden, Dresden, Germany  

A central objective in the synthesis of polymer brushes has been focusing on the 
development of surface grafting methods enabling the accessible and precise tuning of 
brush characteristics, i.e. film thickness and chain density. In order to meet this need, 
we concentrated on surface-initiated atom transfer radical polymerizations (SI-ATRPs), 
demonstrating that when these are applied within spatially confined systems, the 
reaction mechanisms deviate from the ones observed for “open” polymerizations, giving 
access to brush structure’s modulation. This is the case of SI-ATRP performed in a 
highly confined reaction volume, where the initiating surface is placed at a distance 
ranging from few micrometers to hundreds of nanometers from an inert plane (a). Within 
such a restricted reaction space, the increase in solution viscosity alters the relative 
diffusion of activators/deactivators and, depending on the degree of confinement, leads 
different polymerization rates. This enables the synthesis of ultra-thick brushes, and the 
easy fabrication of brush-thickness gradients. When the confining plane is replaced by a 
Cu-coated surface the polymerization mechanism is dominated by the supplemental 
activator reducing agent (SARA) process, where Cu species migrate to the 
initiating/propagating surface and regulate the brush growth. Within this confined 
environment, the distance between the metallic and the initiating surfaces regulate the 
local concentration of Cu(I)-based activators, determining the extent of radical 
termination and thus the grafting density of the formed brush (b). Finally, when a 
confined reaction interface is generated between a physisorbed layer of catalytically 
active biomolecules and a growing brush with thermoresponsive swelling properties, the 
grafting process can be governed by tuning the physical affinity of the brush towards the 
biocatalyst. Within sequential protein adsorption/desorption cycles, triggered by narrow 
temperature shifts, the desired brush thickness can be “dialed-in”, and precisely 
reproduced (c). All these strategies suggest that interpreting ATRP processes within 
reaction media characterized by a modular confinement opens up previously 
undisclosed and readily accessible possibilities for brush design. 

 



POLY 558: Biobased thermosetting resins: From (co)polymerization of 
benzoxazines to nanocomposites 

Philippe Dubois1,2, philippe.dubois@umons.ac.be. (1) CIRMAP - SMPC, University of 
Mons UMONS, MONS, Belgium (2) Luxembourg Institute of Science and Technology, 
NCC-L, Hautcharage, Luxembourg  

Polybenzoxazines are currently drawing lot of interest in the field of materials science 
and more particularly as thermosetting materials and related (nano)composite materials. 
Based on a remarkable balance of material properties, combining both the specific 
advantages of traditional epoxy and phenolic resins, polybenzoxazines appear as 
unique candidates for the production of high-performance materials, particularly when 
they are filled with nanoparticles like carbon nanotubes for instance. One of the most 
relevant characteristic features of benzoxazines relies on the great versatility of the 
monomer molecular design as they are readily synthesized by a Mannich-like 
condensation between an amine, a phenol, and formaldehyde. 
This contribution aims at investigating recent developments and trends in the field of 
advanced polybenzoxazine-based thermosetting resins. The versatility of the 
benzoxazine structure and composition as well as the large choice of possible 
combinations of reagents allow for the preparation of a very wide range of monomers 
with a special appeal for bio-based or renewable organic compounds in order to prepare 
a novel family of sustainable biopolymers. For instance, bio-based polybenzoxazines 
have been produced form cardanol, eugenol, guaiacol, arbutin, resorcinol, chavicol. 
The design of the monomer stucture is thus of prime interest, not only to control the 
polymerization but also to promote the development of special interactions with selected 
nanofillers in order to take full advantage of their excellent intrinsic properties and to 
pave the way to the preparation of nanohybrids with remarkable properties. 
Interestingly enough, high performance polybenzoxazine/multi-wall carbon nanotube 
nanocomposites have been synthesized as well, displaying unexpected thermal and 
physical properties, particularly when applied as nanocoatings for metallic substrates. 

 
 



POLY 559: Bio-based epoxy resins: Design, structure and properties 

Anthony Maiorana, Stephen Spinella, Richard A. Gross, grossr@rpi.edu. Center for 
Biotechnology and Interdisciplinary Studies (CBIS) and New York State Center for 
Polymer Synthesis, Rensselaer Polytechnic Institute, Troy, New York, United States  

Our group has developed a series of biobased epoxy resins from readily renewable 
building blocks that have tunable properties for a range of applications. One route builds 
from levulinic acid a series of diglycidal ether diphenolate esters (DGEDPE). The ester 
group provides a simple approach to tune epoxy monomer viscosity as well as cured 
resin properties. Combinations of DGEDP-methyl ester with a biobased epoxy cardanol 
resin provide an approach to dramatically enhance cured epoxy resin toughness relative 
to either of the neat resins. The properties of DGEDP-pentyl ester was expanded by its 
combination with the monofunctional glycidyl ether of eugenol (GE) that functioned as a 
reactive diluent. Also, a versatile family of cardanol epoxy resins resulted by its 
formulation with graphene platelets (GPL). The thermomechanical properties of these 
materials determined by DSC, DMA, tensile testing, fracture toughness will be 
discussed. Control of epoxy resin viscosity enabled the use of selected epoxy resin 
formulations discussed above for the preparation of fiber infused epoxy resin materials. 

 

 
 
Series of diglycidal ether diphenolate esters (DGEDPE) and corresponding properties 

  



POLY 560: Tailoring bio-based epoxies for various applications 

Liang Yue1, Ammar Patel1, Dian Yuan1, Richard A. Gross2, Ica Manas-Zloczower1, 
ixm@case.edu. (1) Macromolecular science and engineering, Case Western Reserve 
University , CLEVELAND, Ohio, United States (2) 4005B Biotechnology Bldg, 
Rensselaer Polytechnic Institute, Troy, New York, United States  

Recently a series of bio-based epoxies (DGEDP) derived from diphenolic acid as 
alternative to the diglycidyl ether of bisphenol-A (DGEBA) have been synthesized. 
DGEDP epoxies with different n-alkyl side chain lengths have been modified for 
particular use in composites, adhesives and coatings. 
For fiber reinforced composites an appropriate DGEDP was mixed with a bio-based 
reactive diluent (glycidyl ether of eugenol) in order to decrease system viscosity and 
increase gelation time without affecting overall mechanical properties. 
In the case of adhesives, surface energy, failure mechanisms as well as curing kinetics 
play a dominant role. DGEDP epoxy blended with a cashew nut shell liquid toughened 
epoxy resin (CNSL) was formulated for very fast curing times. 
DGEDP with thermoplastic polyurethane (TPU) was formulated to obtain toughened 
self-healing coatings with excellent transparency. TPU prepolymer was incorporated 
within the epoxy monomer to optimize crystallization kinetics and the processing 
window for the resultant coating. 

 

 
 
 

 



POLY 561: Bacterial cellulose nanofiber mats as reinforcement for epoxy-
anhydride systems 

Liang Yue, lxy129@case.edu. Case Western Reserve University, CLEVELAND, Ohio, 
United States  

 
Bacterial cellulose nanofiber mats are excellent reinforcement for epoxy composites due 
to the good mechanical properties of the highly crystalized individual nanofibers and the 
continuous porous structure. In this work, bacterial cellulose mats were impregnated 
with epoxy-anhydride resins under vacuum and then cured under hot press. Thermal 
and mechanical properties of the nanocomposites were systematically studied at 
different fiber loadings. Significant improvement in both mechanical strength and glass 
transition temperature were observed by comparison with the neat resin as probed by 
tensile testing and dynamical mechanical analysis. The effect of the cellulose nanofibers 
on the curing progress was studied by DSC. The results suggest that the surface 
hydroxyl groups of the nanofibers could facilitate the curing of the epoxy-anhydride 
system. The improvement in mechanical and thermal properties could be attributed to 
the good interfacial interactions between nanofibers and the epoxy matrix. 

 

 
 
 

  



POLY 562: Toughened biobased epoxy nanocomposites as structural adhesives 

Ammar Patel1, aap89@case.edu, Oleksandr G. Kravchenko1, Liang Yue1, Dian Yuan1, 
Richard A. Gross2, Ica Manas-Zloczower1. (1) Case Western Reserve University, 
Cleveand, Ohio, United States (2) 4005B Biotechnology Bldg, Rensselaer Polytechnic 
Institute, Troy, New York, United States  

 
Epoxy resins are one of the primary structural adhesives present in the market due to 
their inherent strength, excellent chemical resistance and ability to bond to most 
surfaces. This work involves developing a completely biobased epoxy formulation which 
is suitable for high temperature applications. 
 
A biobased epoxy derived from diphenolic acid (DGEDP-Methyl) exhibiting extremely 
fast curing times but low lap shear strengths when bonded to Aluminum plates was 
blended with a biobased cashew nut shell epoxy resin (CNSL) to increase toughness. A 
significant improvement in lap shear strength was observed with the addition of CNSL. 
 
However, increase in CNSL content also corresponded to a dramatic decrease in glass 
transition temperature (Tg) and an increase in curing time. To maintain a high Tg while 
retaining good adhesive strength, nano-cellulose was added into the blend. The 
rheological, thermal and adhesive properties were investigated for this three component 
completely biobased adhesive formulation. 

 
 
 



POLY 563: Bio-based epoxy-TPU system for self-healing coating applications 

Dian Yuan2, dxy127@case.edu, Vahab Solouki Bonab2, Richard A. Gross3, Ica Manas-
Zloczower1. (1) Case Western Reserve Univ, Cleveland, Ohio, United States (2) 
Macromolecular Science and Engineering, Case Western Reserve University, 
CLEVELAND, Ohio, United States (3) 4005B Biotechnology Bldg, Rensselaer 
Polytechnic Institute, Troy, New York, United States  

Thermoset epoxies with good mechanical properties and chemical resistance are used 
for coating metal surfaces as organic barriers preventing corrosion. In this work, a bio-
based epoxy (DGEDP) derived from diphenolic acid as alternative to the diglycidyl ether 
of bisphenol-A (DGEBA) and thermoplastic polyurethane (TPU) were combined to 
obtain toughened self-healing coatings with excellent transparency. 
Reaction induced phase separation renders epoxy rich and TPU rich regions in the 
morphology. When a crack is generated on the surface, by heating the sample above its 
glass-transition temperature allows the diffusion and re-entanglement of the TPU, 
healing the crack and preventing substrate corrosion. 
TPU pre-polymers with different molecular weights were incorporated within the epoxy 
monomer and the processing window for the resultant coating was tested. Also the 
effect of epoxy on TPU crystallization kinetics was investigated. Morphological 
characterization and stress relaxation experiments revealed the role of TPU parameters 
on coating healing efficiency. 

 

 
 
 



POLY 564: Strategic assemblies of functionalized xylochemicals for new bio-
based polymers 

Joseph F. Stanzione, stanzione@rowan.edu. Dept. of Chemical Engineering, Rowan 
University, Glassboro, New Jersey, United States  

The purpose of the presented work is to provide society with alternative polyphenolic 
molecules that are derived from xylochemicals (wood-derived building blocks). The 
xylochemicals utilized are molecules that we currently obtain, or have the potential to 
obtain, from a variety of lignocellulosic biorefineries, from pulp and paper mills to 
fermenters. As lignin is known as Earth’s most prevalent aromatic biopolymer, our 
approach has focused on strategically designing, synthesizing, and testing polyphenolic 
molecules, monomers, oligomers, and resins containing aromatic lignin units, such as 
guaiacyls, coniferyls, and courmaryls, and other bio-based molecules, such as cardanol, 
carvacrol, and betulin. Similar to nature, we strive to engineer materials that aid in 
sustaining life, withstand environmental stress factors, and serve multiple needs. 
Testing has included spectroscopic, rheological, thermomechanical, thermogravimetric, 
mechanical, and toxicity measurements to fundamentally understand the structure-
processing-property-toxicity relationships of these novel systems. As a result of this 
work, we are generating a valuable library of xylochemical-based polyphenolics and 
their functionalized derivatives for use in high-performing polymer applications, including 
coatings, adhesives, and composites. 

 

 
 
 

  



POLY 565: Plants to polyelectrolytes: Theophylline polymers and their 
microsphere synthesis 

Jiayin Yuan1, jyuan@clarkson.edu, Ryan Guterman2. (1) Department of Chemistry and 
Biomolecular Science, and Center for Advanced Materials Processing, Clarkson 
University, Potsdam, New York, United States (2) Department of Colloid Chemistry, 
Max Planck Institute of Colloids and Interfaces, Potsdam, Germany  

To extend our natural oil supplies, we must harness sustainable feedstocks that do not 
rely on petroleum for the production of useful reagents and polymers. In this regard, 
chemicals derived from plants are excellent candidates because they can be produced 
indefinitely and possess functional group diversity. While the vast majority of plant 
sources used for polymer science only contain CxHyOz,1–6 alkaloids such as caffeine, 
nicotine, and theophylline possess nitrogen functionality that can provide new functions 
not normally possible. This approach for replacing petroleum-derived sources has yet to 
be realized. In this context, we explore the use of theophylline, an alkaloid produced 
naturally in tea leaves and cacao trees, for polymer science applications. We 
demonstrate the first alkaloid-derived polyelectrolyte, their synthesis, and applications 
for nanoparticle synthesis, stabilization, and microsphere fabrication. 
 
 

 

 
 
from Plants to Polyelectrolytes 

  



POLY 566: Importance of radical cage effects in the photochemical degradation of 
polymers 

David R. Tyler, dtyler@uoregon.edu, Justin Barry, Daniel Berg. Department of 
Chemistry and Biochemistry, University of Oregon, Eugene, Oregon, United States  

This talk will report that the radical cage effect is the underlying phenomenon 
responsible for controlling the rates of polymer photochemical degradation reactions. In 
particular, the radical cage effect controls how and explains why the rates of polymer 
photodegradation are dependent on the molecular weight of the polymer, the 
temperature, the morphology of the polymer, the intensity and wavelength of the light, 
and on the stresses on the polymer sample. The efficiency of radical cage escape from 
the radical cage pair (see the figure) is the determining factor in controlling the rate of 
polymer degradation. In turn, the efficiency of cage escape is determined by the local 
environment around the radicals produced by photolysis. To facilitate our mechanistic 
studies of polymer photodegradation, we synthesize and study polymers with metal-
metal bonds along their backbones. These polymers are photochemically reactive, and 
the relative straightforwardness of their degradation reactions allowed us to probe in 
great detail how the local environment around the polymer radicals impacts the 
degradation rates. The implications of these results for the degradation of commodity 
polymers and plastics will be discussed. 

 

 
 
 

  



POLY 567: Supramolecular di- and triblock copolymers from protein-structural-
motif mimicking telechelic building blocks 

Elizabeth Elacqua1, Kylie Manning2, Marcus Weck1, marcus.weck@nyu.edu. (1) New 
York University, New York, New York, United States (2) NYU, New York City, New 
York, United States  

The presentation will focus on supramolecular AB and ABC block copolymers 
comprised of well-defined and topologically-diverse monotelechelic building blocks. The 
telechelic building blocks, formed via reversible addition-fragmentation chain transfer 
(RAFT), anionic polymerization, atom-transfer radical polymerization (ATRP) or ring-
opening metathesis polymerization (ROMP), are featuring hybrid topologies of coils, 
helices, and/or π-stacked sheets, that, on a basic level, mimic protein structural motifs. 
These polymeric motifs can be assembled into fully synthetic polymeric 3D architectures 
via a combination of short-range intramolecular interactions and interpolymer metal 
coordination. The intrinsic properties of each block remain unaffected in the final block 
copolymer. Our strategy to develop complex synthetic polymer scaffolds from simplistic 
functional building blocks is significant in a field striving to produce architectures that are 
reminiscent of biosynthesis in the context of structure and function but fully synthetic in 
nature. 

 

 
 
 

 



POLY 568: Block copolymers for directed synthesis of hybrid and inorganic 
materials 

Robert B. Grubbs, robert.grubbs@stonybrook.edu. State University of New York, 
Stony Brook, New York, United States  

Controlled and living polymerization techniques have have been widely adopted for the 
synthesis of all variety of polymer-based materials, including hybrid organic/inorganic 
composites. In this presentation, the design and synthesis of block copolymers bearing 
functional groups to guide the growth of inorganic materials, including block 
copolymer/metal nanoparticle hybrids, will be discussed. Block copolymers with alkyne-
functional blocks for the preparation of cobalt nanoparticles have been synthesized by 
the direct polymerization of alkyne-functional monomers from both molecular initiators 
and macroinitiators. The design, synthesis, and characterization of these and other 
hybrid materials will be discussed. 

 

 
 
Structure of cobalt-functionalized PEO-based triblock copolymer (leftmost image); TEM image 
of thin film of block copolymer (second image from left); dry disc cast from triblock copolymer 
(second image from right); triblock copolymer disc after swelling in water (~70 wt% water). 

  



POLY 569: Dimension-controlled ion-pairing assemblies comprising charged 
metal complexes of π-electronic systems 

Hiromitsu Maeda, maedahir@ph.ritsumei.ac.jp. Department of Applied Chemistry, 
College of Life Sciences, Ritsumeikan University, Kusatsu Shiga, Japan  

π-Electronic ions with appropriate geometries and peripheral substituents would provide 
assemblies through interactions between building subunits, resulting in fascinating 
electronic properties. Diverse ion-responsive π-electronic systems and π-electronic ions 
were prepared, affording dimension-controlled ion-pairing assemblies as crystals, 
supramolecular gels, and thermotropic liquid crystals (LCs). Structures and properties of 
the assemblies can be controlled by the combined negatively and positively charged 
species in the assemblies. [figure 1] Highly ordered arrangement of charged species, 
not only the ion complexes but also charged π-systems, has been found to be a key 
factor to exhibit the enhanced performance as fascinating electronic materials. 
Recently, ion pairs based on porphyrin-AuIII complexes as π-electronic cations were 
prepared with the combination of various anions including a π-electronic anion. 
Porphyrin-AuIII complexes possessing aliphatic alkyl chains formed dimension-
controlled ion-pairing assemblies as thermotropic liquid crystals, whose ionic 
components were highly organized by electrostatic and π-π stacking interactions. 

 

 
 
 

  



POLY 570: Metallo-AIEgens as functional materials 

Ben-Zhong Tang, tangbenz@ust.hk. Dept Chem, Hong Kong U Sci Tech, Kowloon, 
Hong Kong  

Luminescent materials with ‘aggregation-induced emission’ (AIE) characteristics are 
weakly or non-emissive in solution but exhibit strong emission in the aggregated state. 
The discovery of AIE phenomenon has emerged as an extraordinary breakthrough in 
the field of luminescent materials [1]. This unique property has completely solved a real 
and natural problem of ‘aggregation-caused quenching’ (ACQ) effect observed in the 
conventional luminophores that has hindered their potential applications in 
optoelectronics, chemo-sensing, bioimaging, etc. 
In the last decade, many AIE luminogen have been developed, most of which are 
organic molecules emitting fluoresce in nature. A wide range of applications such as 
bioimaging, sensing, multi-stimuli responsive materials and optoelectronic devices have 
been demonstrated for this new class of smart materials. Triplet-harvesting 
phosphorescent materials can have much superior quantum yields and lifetimes as 
compared to their singlet-harvesting analogues to realize further improved sensitivity 
and efficiency. As such, the development of metal based luminophores showing 
aggregation-induced phosphorescent emission (AIPE) seem to be a better choice for 
the development of these applications. Therefore, the synthesis of new systems 
exhibiting AIPE including heavy metals that would facilitate the population of low lying 
excited triplet states via spin-orbit coupling is highly desirable. 

 

 
 
 

 



POLY 571: NIR-emissive conjugated polymer containing phosphorescent 
iridium(III) complex for imaging guided photodynamic therapy 

Jiayang Jiang, Shujuan Liu, Wei Huang, Qiang Zhao, iamqzhao@njupt.edu.cn. Institute 
of Advanced Materials, Nanjing University of Posts and Telecommunications, Nanjing, 
China  

Photodynamic therapy (PDT) becomes one of the most promising treatments for 
cancer, owing to the highly efficient cancer therapy ability and low side effect. In this 
work, a multifunctional conjugated polymer theranostic platform containing near- 
infrared (NIR) emissive iridium(III) complex has been designed and synthesized for 
imaging-guided photodynamic therapy in vitro and in vivo. We chose polyfluorene as the 
polymer backbone, BODIPY unit as the energy donor and NIR phosphorescent 
iridium(III) complex as the energy acceptor because its absorption spectrum overlaps 
well with the photoluminescent spectrum of the energy donor. The conjugated π-
skeleton endows the polymer with amplified brightness and high photostability. The 
quaternized side chain provides the excellent water solubility. In addition, iridium(III) 
complex plays a role as both oxygen sensor and singlet oxygen photosensitizer. This 
dual-emissive polymer has been used for hypoxia imaging through time-resolved 
luminescence microscopy. The improved signal-to-noise ratio in imaging was obtained 
after gating off the short-lived background fluorescence. It is important that the polymer 
shows superior light-induced singlet oxygen quantum yields. The PDT performance to 
cancer cells was determined by MTT cell viability assay, flow cytometry and real-time 
luminescence analysis of apoptotic cells in situ. These results indicate that conjugated 
polymers containing phosphorescent transition-metal complexes exhibit promising 
applications in biomedical field. 

 
 



POLY 572: Self-assembly and photophysical properties of porphyrin nanofibers 

James D. Batteas, batteas@mail.chem.tamu.edu. Department of Chemistry, Texas A 
M University, College Station, Texas, United States  

Porphyrin nanofibers of ca. 30 nm in diamgeter with aspect ratios of up to 400:1 were 
formed through hierarchical assembly by acidifying tetra(p-carboxyphenyl)porphyrin 
(TCPP) with hydrochloric acid in water, and their resulting morphology, internal 
molecular arrangement, and the growth mechanisms have been explored. UV-visible 
absorption spectroscopy and atomic force microscopy (AFM) show that after the 
carboxylate groups of TCPP were protonated (ca. pH 5), the porphyrins form J-
aggregate nanoplatelets. At lower pHs (ca. pH 2), the absorption spectrum of the 
porphyrin nanofibers shows a collapse of the Q bands, revealing that protonation of the 
core nitrogens of the porphyrin occurred, yielding TCPP diacids. Once formed, a highly 
crystalline lattice in the porphyrin nanofibers could be observed using cryogenic 
transmission electron microscopy (cryo-TEM), with X-ray photoelectronc spectroscopy 
(XPS) verifying the intercalation of chloride within the porphyrin nanofibers. 
Fluorescence of the TCPP was observed to be quenched when assembled into 
nanoplatelets, but was found to be restored when the porphyrins assembled into 
nanofibers. Circular dichroism (CD) spectroscopy showed that although the porphyrin 
molecules and nanoplates were achiral, the porphyrin nanofibers exhibited a degree of 
supramolecular chirality. Photoconductivity of the porphyrin nanofibers was measured 
by four point probe and two-terminal current voltage (I-V) measurements, which will also 
be described. 

 

 
 

AFM image of TCCP nanofibers deposited on a Si wafer. 

 

 



POLY 573: Carbon nitride polymer as autonomous actuator driven by fluctuations 
in ambient humidity 

Takuzo Aida1,2, aida@macro.t.u-tokyo.ac.jp, Daigo Miyajima2. (1) U of Tokyo Chem 
Biotech Dept, Tokyo, Japan (2) CEMS, RIKEN, Wako, Japan  

Toward a sustainable society, devices that can be driven by negligibly small temporal 
energy gaps in our environment will be valuable. Herein we report an unprecedented 
film actuator that operates autonomously, because it responds to the adsorption and 
desorption of an undetectably minute amount of water possibly induced by fluctuations 
in the ambient humidity. The actuation takes place extremely rapidly (50 msec for one 
curl) and can be repeated >10,000 times without deterioration. Upon heating or light 
irradiation, the film loses adsorbed water abruptly and bends quickly, so that it can jump 
high or hit a glass bead. The film consists of a π-stacked carbon nitride polymer, formed 
by one-pot vapor-deposition polymerization using guanidinium carbonate, and 
characterized by its tough, ultra-lightweight, and highly anisotropic layered structure. An 
actuator film, partially protected against water adsorption, can walk unidirectionally. 

 

 
 
 

  



POLY 574: Folding of gel sheets bearing alginate upon exposure to multivalent 
cations 

Srinivasa R. Raghavan, sraghava@umd.edu, Jasmin Athas, Catherine Nguyen, 
Shailaa Kummar. Chemical Biomolecular Engineering, University of Maryland, College 
Park, Maryland, United States  

Spontaneous shape transformations of gels, particularly the self-folding of flat gel films 
into coiled tubes, has been of great interest in recent years. In studies to-date, a 
rectangular film usually folds along its short axis when forming a tube; folding along the 
long axis has been seen only in rare instances when the film is constrained. Here, we 
report a system in which the same gel film folds along its long or short axis depending 
on the concentration of a solute. Our gels are sandwiches (bilayers) of two layers: a 
passive layer of N,N¢-dimethylyacrylamide (DMAA) and an active layer of DMAA that 
also contains the biopolymer alginate. It is well-known that solutions of alginate can be 
cross-linked by multivalent cations like Ca2+, Sr2+, and Cu2+. These same multivalent 
cations induce our bilayer gels to fold into tight tubes. The folding occurs instantly 
(within seconds) when a flat film of the gel is introduced into a solution of these cations. 
The likely cause for folding is that the active layer shrinks when the alginate chains in it 
are cross-linked whereas the passive layer is unaffected (the resulting mismatch in 
swelling degree between the two layers creates internal stresses that drive folding). 
Cations that do not cross-link alginate such as Na+ and K+ do not induce gel folding. 
Gels also do not fold if the alginate concentration in the active layer is too low. 
Moreover, what is particularly striking is the direction of folding. When the concentration 
of Ca2+ is high (100 mM or higher), the gels fold along their long axis, whereas when the 
Ca2+ is low (40 to 80 mM), the gels fold along their short axis. We hypothesize that the 
folding axis is dictated by the inhomogeneous nature of alginate-cation cross-linking, 
i.e., that the edges get cross-linked before the faces of the gel. At high Ca2+, the stiffer 
edges present a significant constraint to folding; in turn, the gel folds such that the 
longer edges are deformed less, which explains the folding along the long axis. At low 
Ca2+, the edges and the faces of the gel are more similar in their degree of cross-
linking; therefore, the gel folds along its short axis. An analogy can be made to natural 
structures (such as leaves and seed pods) where stiff elements provide the 
directionality for folding. 

 

 
 



POLY 575: Novel construction of supramolecular hydrogels 

Dongyu Zhu1,2, dongyu_0410@163.com, Yanmin Xue1, Xinjie Chen1, Jianwei Guo1. (1) 
School of Light Industry and Chemical Engineering, Guangdong University of 
Technology, Guangzhou, Guangdong, China (2) Chemistry, University of 
Massachusetts Amherst, AMHERST, Massachusetts, United States  

In this study, a novel supramolecular poly (N-isopropyl acrylamide) (PNIPAM) hydrogels 
were designed and constructed based on the host-guest self-assembly between β-
cyclodextrin (β-CD) and adamatane (Ad). First, Ad-ended multi-branched star-type 
oligomer "knot" and β-CD-ended double-branched line-type oligomer "rod" are 
synthesized efficiently with well controlled structure by the method of atom transfer 
radical polymerization (ATRP) and click chemistry. Then, the "knot" and "rod" were 
orthogonally linked through self-assembly of their end groups so that to form two kinds 
of novel supramolecular hydrogels with homogeneous porous structure (shown in the 
following Fig.1 about diagrams and SEM photos). Such uniform structure would endow 
hydrogels fast enviroment responsiveness. Moreover, taking advantage of the even-
distributed physical join points, the temperature-sensitive hydrogel can be endowed 
biomimetic self-repairing function, more importantly, in virtue of the cooperative action of 
temperature-sensitivity, the self-healable hydrogel can even realize automatic self-
healing of not only micro-cracks but also macroscopical large cracks. By intensive 
studying of the controllable construction and structure-activity relationship between 
structure and temperature-sensitivity, mechanical property and self-healing performance 
for the dual-intelligent hydrogel, and key researching of the coordination mechanism 
between temperature-sensitivity and self-healing performance and self-healing 
enhancing principle, this research will ultimately contribute to provide systematical guide 
and reference for development of dual-intelligent soft materials with fast environmental-
response, excellent mechanical property and macroscopical large crack self-healability, 
as well as for coordination and enhancement of dual intelligences. 

 
Fig.1 Two kinds of schematical structure drawing of the supramolecular hydrogels and their 

SEM counterparts. 



POLY 576: Chromonic liquid crystal hydrogels with patternable, high strain 
actuation for biomedical applications 

Jennifer Boothby, jmb151130@utdallas.edu, Ruvini S. Kularatne, Taylor Ware. 
Bioengineering, University of Texas at Dallas, Richardson, Texas, United States  

Shape-changing polymers undergo mechanical deformations in response to changes in 
their environment. As technology continues to become smaller and more efficient, 
systems that can exploit environmental changes to perform functions become more 
attractive for biomedical applications. In liquid crystalline polymer networks, shape 
change is directed by the local molecular order. This molecular ordering can be spatially 
patterned, resulting in monolithic materials that undergo complex shape change. 
However, liquid crystal polymer networks are typically hydrophobic and only respond to 
stimuli that would be incompatible with biological environments, such as high 
temperatures and organic solvents. Chromonic liquid crystals are a type of lyotropic 
liquid crystal which exhibits ordering in aqueous environments. We have recently shown 
that we can orient crosslinked, chromonic hydrogels. By incorporating temperature-
responsive comonomers, such as n-isopropylacrylamide, gels can be synthesized that 
undergo reversible, anisotropic shape change over the near physiological temperature 
range. We present our work building on these initial results to increase the amount of 
reversible shape change and increase the control over the molecular ordering. By 
controlling the crosslink density of the gel, we increase the volumetric shape change 
observed on heating from 25 °C to 70 °C from ~65% to ~450% (Figure 1). This shape 
change remains anisotropic despite the large volume change. Additionally, we utilize the 
patterning of surfaces to manipulate molecular orientation in these chromonic gels for 
control over the shape change. To evaluate these gels for potential biomedical devices, 
we also present results from biocompatibility studies. 

 
 
Figure 1. Anisotropic dimensional change is observed in aligned, chromonic gels from 25 °C to 
70 °C. 
 



POLY 577: Micropatterned thermally and biochemically responsive self-folding 
systems 

David H. Gracias, dgracias@jhu.edu. Johns Hopkins University, Baltimore, Maryland, 
United States  

Self-folding via bending, curving or crease formation when combined with 
micropatterned thin films provides a means to create 3D devices with potential 
applications in electronics, optics and medicine. In this talk, I will summarize 
approaches to create wire-free, untethered stimuli responsive devices based on 
micropatterned polymer and hydrogel thin films which differentially swell in response to 
thermal and biochemical cues. The talk will focus on three recent advances in this area. 
The first includes the creation of thermally responsive untethered grippers based on 
magnetic nanoparticle doped differentially cross-linked layered and photopatterned films 
with large swelling pNIPAM and stiff segments of SU8 or PPF and their applications in 
soft-robotics and medicine. The second advance is in the use of pNIPAM 
functionalization of graphene to create ultrathin (<10 nm) self-folding structures and 
their applications in cell biology and electronics. The third advance is the development 
of large swelling DNA hydrogels and the use of biochemicals to trigger actuation in 
these hydrogels with unprecedented chemical specificity. The studies suggest that this 
approach could be used to mass produce a range of 3D micro and macro devices for a 
wide range of applications. 

  



POLY 578: Dynamically crosslinked shape memory polymer network 

Tao Xie, taoxie@zju.edu.cn. College of Chemical & Biological Engineering, Zhejiang 
University, Hangzhou, China  

In contrast to thermoplastic shape memory polymers (SMP), thermoset SMP exhibit 
robust shape memory behaviours, but their permanent shape is not reconfigurable. In 
addition, the permanent shapes of both thermoplastic and thermoset SMP are defined 
by traditional molding process, which limits the geometric complexity of SMP based 
devices. Our recent work has established a third class of SMP with dynamic covalent 
crosslinkers that overcomes the above limitations. At relatively low temperatures, the 
covalent linkages remain dormant, the SMP exhibits the classical elasticity-based 
thermoset shape memory behaviours. At sufficiently high temperature such that the 
dynamic linkages are activated, the permanent shape can be reconfigured repeatedly 
via solid-state plasticity in a mold free manner. The talk will overview the physical 
principle, molecular designs, and practical benefits of this new class of SMP. 

 
 
Thermally distinct plasticity and elasticity in a dynamically crosslinked shape memory polymer 
network 



POLY 579: Morphology dependence of shape memory polymers 

Marcos Pantoja, mp87@zips.uakron.edu, Mukerrem Cakmak, Kevin A. Cavicchi. 
University of Akron, Akron, Ohio, United States  

Shape memory polymers (SMPs) are responsive smart materials capable of physical 
transformation upon the application of an external stimuli, such as temperature. A large 
class of SMPs consist of a “permanent” cross-linked polymer matrix with a second 
reversible, shape fixing network. Two such crosslinked polymer matrices are chemically 
crosslinked elastomers, such as a sulfur cured natural rubber, and ABA triblock 
thermoplastic elastomers. It has recently been shown that these materials can be 
converted into high performing shape memory polymers by blending with a crystalline 
small molecule, such as a fatty acid, to form the reversible, shape fixing network. 
 
This work investigates the relation between morphology and shape memory 
performance of polymer/crystalline small molecule blend SMP systems. In the case of 
natural rubber/fatty acid blends it will be shown that the deformation of the polymer 
matrix during shape programming can direct the crystallization of the small molecule 
additive leading to reinforcement along the strain direction, which enhances the shape 
fixity and provides the necessary resistance to the elastic forces in the deformed 
elastomer. It will be shown that this effect is dependent on both the concentration and 
chain length of the fatty acid and is more prevalent at high fatty acid loading and longer 
fatty acid tail length. In a second example, it will be shown that ABA triblock copolymer 
thermoplastic elastomers are able to act as SMPs without the addition of additional 
small molecule additive. It will be discussed how the shape memory properties depend 
on the molecular weight and programming of the SMP, which is in turn related to the 
chain dynamics and reorganization of the block copolymer morphology under load. 
Based on these findings a model is presented explaining the shape memory mechanism 
of neat block copolymer SMPs. 

 



POLY 580: Thermomechanical actuation of liquid crystal elastomers derived 
using chain transfer agents 

Nicholas P. Godman, nicholas.godman.1.ctr@us.af.mil, Benjamin Kowalski, Anesia D. 
Auguste, Timothy J. White. Materials and Manufacturing Directorate, Air Force 
Research Laboratory, Centerville, Ohio, United States  

 
Liquid crystal elastomers (LCE) are loosely crosslinked, anisotropic polymer networks 
that exhibit large, reversible shape changes in response to external stimuli, e.g. heat, 
light, or solvent. Recent advances in photopatterning techniques have allowed for the 
creation of designer polymer networks by preprogramming topological defects into a 
material before polymerization has taken place. These smart materials maintain the 
prescribed orientation and can reversibly change shape when triggered. One limiting 
factor in the advancement of programmable LCEs is the development of robust, 
chemical formulations that are quick and easy to fabricate, but are also conducive to 
previously developed photopatterning techniques. Herein, we describe a straightforward 
method of synthesizing LCEs through the usage of chain transfer agents to decrease 
the kinetic chain length in acrylate polymer networks fabricated from reactive mesogens 
previously known to form glassy networks. The decrease in crosslink density contributes 
to an increase in elasticity without sacrificing the mechanical toughness of the films. The 
materials to be discussed exhibit mechanical properties similar to siloxane based LCEs, 
but do not require heavy metal catalysts and can be preprogrammed to give a desired 
shape change. The fabricated LCEs can undergo multiple reversible shape changes in 
response to heat, and the improvements to formulation techniques will also be 
discussed. 

 

 
 
 

  



POLY 581: Pixelated polymer: Carbon nanotube nanocomposites 

Tyler Guin, tigersummoner@gmail.com, Benjamin Kowalski, Anesia D. Auguste, 
Timothy J. White. Materials and Manufacturing Directorate, Air Force Research 
Laboratory, Centerville, Ohio, United States  

Liquid crystal elastomers (LCE) display extraordinary mechanical properties. The local 
director of LCE films can be spatially patterned in voxels via photoalignment. Here, we 
report for the first time that the local and hierarchical (through thickness) control of the 
nematic director can also impart order on nano-inclusions, in this case carbon 
nanotubes (CNTs). Upon exposure to a DC electric field, these CNT-LCE 
nanocomposite films constrict anisotropically along the director axis by up to 18%. This 
response occurs in less than 1 second and increases in magnitude with temperature 
and voltage. The orientation of the nanotubes was confirmed via Raman spectroscopy, 
and the alignment of the LCE was confirmed via WAXS and polarized optical 
microscopy. The oriented CNTs increase the modulus of the film along their orientation 
direction while still allowing for soft elasticity. 

 

 
 
 

  



POLY 582: Conjugated polymers containing heavy main group elements 

Martin J. Heeney, m.heeney@imperial.ac.uk. Chemistry, Imperial College London, 
Woking, United Kingdom  

The incorporation of heavy main group elements into conjugated polymer backbones 
has been an area of growing interest over recent years. Here we establish structure - 
property relationships for conjugated polymers containing a variety of heteroatoms such 
as Ge, Si, Ar, Se and Te. In particular the influence of the bridging atoms on the 
chemical and optoelectronic properties will be discussed for various classes of 
dithienometallole and diselenometallole containing polymers. The performance of these 
materials in a thin-film transistor and solar cell devices will be reported. 

 

 
 
 

  



POLY 583: Selenium and tellurium containing conjugated materials 

Dwight S. Seferos, dseferos@chem.utoronto.ca. Chemistry, University of Toronto, 
Toronto, Ontario, Canada  

For over 7 years my group has been fascinated by the controlled synthesis of 
conjugated polymers and how tellurium and selenium can influence the optoelectronic 
properties of these materials. Some of our work has focused on the development of 
conjugated polymers that self-organize at the nanoscale by spontaneous phase-
separation. We have been interested in conjugated block copolymers where each block 
contains a distinct heterocycle. These polymers are fundamentally important for testing 
the limits of polymer phase separation. They are also useful in optoelectronic devices 
where nanoscale structure is important, such as solar cells. In this context we have 
developed selenophene-thiophene block copolymers and discovered that these 
copolymers undergo a significant amount of phase separation. This is surprising given 
the chemical similarity of the repeat units, however we have uncovered several 
properties, including crystal packing, that differ in these polyheterocycles. By increasing 
the compatibility of the selenophene and thiophene units and we observe co-
crystallization in statistical copolymers. These statistical copolymers form nanowires 
and when fabricated into nanowire solar cells they operate with a greater efficiency than 
cells composed of homopolymer nanowires. We have also learned how to synthesize 
polymers and delocalized molecules based on tellurophene, and identified several 
unexpected properties in these materials including reversible binding of small 
molecules, and the ability to photo-reductively eliminate halogens. The synthesis, 
properties and optical applications of these materials will be discussed. 

 

 
 



POLY 584: Si- and Ge-bridged biaryls as components of new polymeric materials 

Joji Ohshita, jo@hiroshima-u.ac.jp. Department of Applied Chemistry, Graduate 
School of Engineering, Hiroshima University, Higashi-Hiroshima, Japan  

Si and Ge-bridged biaryls have been widely studied as the building blocks of functional 
π-conjugated materials. The high planarity of the tricyclic structures enhances the π-
conjugation and the in-phase interaction between the σ*-orbitals of the bridging Si/Ge 
and biaryl π*-orbitals lowers the LUMO, narrowing the HOMO-LUMO energy gaps. 
Dithienosilole (DTS) and dithienogermole (DTG) derivatives are of particular interest 
and have been utilized as functional π-conjugated materials in organic optoelectronic 
devices, such as organic transistors and photovoltaic cells. Other Si- and Ge-bridged 
biaryls such as bibenzofuran and bipyridyl have been also studied. However, the 
synthetic procedure for such bridged biaryls is rather limited. Recently, we prepared 4,4-
dichlorodithienogermoles (DTGCl) as the first example of 4,4-difunctionalized DTGs. 
Various transformation of DTGCl was possible at the Ge atom and they are therefore 
useful as synthetic precursors for a variety of DTG derivatives. Their reactions with 
nucleophiles readily proceeded to give the substitution products including spiro-
condensed compounds and reduction with LiAlH4 provided unsubstituted DTG. 
Hydrolysis of DTGCl provided the corresponding cyclic germoxanes that underwent PL 
quenching upon contact with nitroaromatics thus are potentially usable as sensing 
materials. Wurtz-type coupling of DTGCl was also examined, giving poly(4,4-
dithienogermolediyl)s (pDTG). Oxidation of pDTG gave the corresponding 
polygemoxanes (pDTGO). The electronic states of these new DTG derivatives are 
discussed based on the optical and electrochemical properties. 

 

 
 
 



POLY 585: Design and synthesis of novel heterocyclic building blocks based on 
benzo[1,2-b:4,5-b′] and Naphtho[2,1-b:6,5-b′]chalcogenophenes 

Malika Jeffries-El1,2, malikaj@bu.edu, Evan Muller1, Amy Brown1. (1) Chemistry, 
Boston University, Boston, Massachusetts, United States (2) Division of Materials 
Science, Boston University, Boston, Massachusetts, United States  

Conjugated polymers posses many exceptional electronic, optical and thermal 
properties and thus are well suited for organic semiconducting applications, such as 
photovoltaic cells, thin film transistors, and light emitting diodes. Since the properties of 
organic semiconductors can be readily modified through chemical synthesis, we have 
turned our attention towards the design and synthesis of novel building blocks. Of 
particular interest is the development of materials with narrow band gaps and broad 
absorption profiles for use in organic solar cells.. We have also pioneered the synthesis 
of the electron-rich benzo[1,2-b:4,5-b′]difuran (BDF)benzodifuran, the oxygen analog of 
the popular electron rich building block benzodithiophene and are developing narrow 
band gap conjugated polymers based on it. We have also prepared naphtho[2,1-b:6,5-
b′] difuran (NDF). We have been comparing these building blocks to the sulfur and 
selenium analogs. Our work on the synthesis and properties and utility of these 
polymers will be presented. 

 

 
 
Structures of generic BDF and NDF polymers. 

  



POLY 586: Controlled chain-growth Kumada catalyst-transfer polymerization of 
an alternating donor-acceptor conjugated monomer 

Wei You, wyou@unc.edu. University of North Carolina, Chapel Hill, North Carolina, 
United States  

Donor-acceptor (D-A) conjugated polymers are usually prepared via well-established 
step-growth polymerization protocols which only allow limited control over the 
polymerization. Here we demonstrate Kumada chain growth polymerization to yield a 
poly(D-A) conjugated polymer (D = thiophene, A= N-alkyl benzotriazole, PTTAZ) with 
low dispersities (1.1 – 1.3) and number aver-age molecular weight values in the range 
of 13-25 kg/mol using Ni(dppe)Cl2 and Ni(diimine)Br2 as catalysts. The first-order 
kinetics of the polymerization, together with the successful synthesis of a low dispersity 
diblock polymer, P3HT-b-PTTAZ, (P3HT represents poly(3-hexylthiophene)) provides 
further evidence for the “quasi-living” chain-growth nature of the polymerization. 
Interestingly, depending upon the sequence of the diblock, the bulk heterojunction solar 
cells of these diblock copolymers having identical blocks show very different device 
characteristics. 

 

 
 
 

  



POLY 587: Vapor phase organic chemistry to deposit conjugated polymer films 
on arbitrary substrates 

Trisha L. Andrew1, tandrew@umass.edu, Lushuai Zhang1, Nongyi Cheng2, Jae Joon 
Kim1. (1) University of Massachusetts Amherst, Amherst, Massachusetts, United States 
(2) University of Wisconsin Madison, Madison, Wisconsin, United States  

Coating textured, high surface area substrates, such as paper and textiles, with 
conjugated polymer films is challenging. Selected vapor deposition techniques allow for 
the film forming process to be largely divorced of substrate properties, such as surface 
energy and surface roughness, and have the potential to yield conformal coatings. 
However, reliable vapor deposition techniques with which to fabricate structurally-
diverse conjugated polymer films do not exist. We will discuss two vapor deposition 
chambers that, combined, allow for in situ vapor phase polymerization of a wide 
selection of common conjugated monomers. Conformal coating of highly disordered, 
high surface area three-dimensional substrates, including a cotton towel and corduroy 
fabric, with either conductive PEDOT or poly(thieno[3,2-b]thiophene) films of precisely-
controlled thickness is described. Further, rugged and highly-conductive textile 
electrodes obtained by such vapor coating methods will be presented. 

 

 
 
 

  



POLY 588: Enhancing the stability of polyfuran 

Kevin J. Noonan, noonan@andrew.cmu.edu. Box 63, Carnegie Mellon University , 
Pittsburgh, Pennsylvania, United States  

In the exploration of novel building blocks for organic electronics, furan is a highly 
attractive heterocycle since it can be obtained from biomass. Furan-based materials 
also have a host of desirable properties as compared to their group 16 analogues 
including: increased solubility, higher fluorescence and a lower propensity to twist in the 
solid-state. While these features make furan an attractive precursor for conjugated 
polymers, only a few reports have discussed polyfurans in detail. Furan-based 
monomers can often present different synthetic challenges and there is significant 
suspicion that polyfuran materials are unstable.We have synthesized poly(3-alkylfurans) 
(P3AFs) previously, and noted that these materials are highly sensitive to oxygen in the 
atmosphere. To combat this, we synthesized poly(alkylfuran-3-carboxylate) (P3AEF), 
with ester groups as the side-chain substituents and noted an impressive increase in 
photostability. Interestingly, the installation of these side-chains had a significant impact 
on the organization of these materials in the solid-state. In this talk, the synthesis of 
these polyfuran materials using catalyst-transfer polycondensation will be discussed 
(Figure 1), as well as the conformational impact of incorporating ester side groups onto 
the polymer chain. 

 
Figure 1. Polymerization of furan-ester using Catalyst-Transfer Polycondensation (CTP). 



POLY 589: Synthesis of highly tailorable nanoparticle combinatorial libraries 

James Hedrick1, jameshedrick3@gmail.com, Peng-Cheng Chen1, Brian Meckes2, 
Chad A. Mirkin2. (1) Northwestern University, Evanston, Illinois, United States (2) 
Chemistry, Northwestern University, Wilmette, Illinois, United States  

Material properties, such as catalytic, magnetic, and photonic activity, are known to be 
dependent on size and composition, which drastically change when going from bulk 
materials to nanostructures. A significant challenge in discovering new materials with 
improved properties is the ability to rapidly synthesize in a controlled manner. Scanning 
probe block copolymer lithography (SPBCL) is a technique well suited to meet this 
challenge as it enables synthesis of nanoparticles with precise control over size, 
composition, and location on a substrate. Using SPBCL, nanoparticles are synthesized 
by patterning polymer nanoreactors containing metal precursors that form a single 
nanoparticle upon thermal annealing. The nanoparticle composition is highly controlled 
using this synthetic route since it is determined by the stoichiometry of the precursors. 
To date, we have successfully synthesized combinatorial libraries spanning 
monometallic to pentametallic nanoparticles. If one were to synthesize particles using all 
combinations of the 13 elements compatible with SPBCL along variations in size, over 
11 billion distinct nanoparticles would be formed. In order to rapidly synthesize and 
characterize these particles, we combined SPBCL with a high throughput patterning 
technique, polymer pen lithography, and spray coating to form millions of unique 
nanoparticles. Significantly, by manipulating the spray coating parameters, gradients of 
particles with different compositions and sizes are formed. This approach provides a 
unique platform for high throughput universal screening of nanoparticles with emergent 
properties. 

 
 



POLY 590: Multi-stimuli-responsive inks for 3D printing 

Alshakim Nelson, alshakim@uw.edu. IBM Almaden Research Center, San Carlos, 
California, United States Minor Outlying Islands  

Additive manufacturing (or 3D printing) has re-emerged into the spotlight in the last 5 
years driven by the rapid progress in hardware and software. Despite these advances, 
new materials are required to meet the demands of emerging technologies. Herein, we 
present a multi-stimuli-responsive hydrogel for direct-write 3D printing. These materials 
are reversibly stimuli-responsive to temperature and pressure, and can ultimately 
undergo UV-initiated cross-linking. The syntheses, characterization, and patterning of 
these materials will be presented. 

 

 
 
 

  



POLY 591: Structurally diverse networks formed from latent crosslinks in 
polythioaminals 

Rudy Wojtecki, rjwojtec@us.ibm.com. IBM Research, San Jose, California, United 
States  

1,3,5-hexahydro-1,3,5-triazines (HTs) demonstrate unique reactivity towards sulfur 
containing compounds, a reactivity exploited in the formation of polythioaminals a new 
class of linear step-growth polymers synthesized from the condensation of HTs with 
dithiols in the bulk. These polymers exhibit a chemically responsive dynamic covalent 
character where the polymers can undergo exchange reactions and component 
shuffling in the presence of additional thiols. This enables some access interesting 
polymer chemistries such as the facile introduction of end-groups to produce functional 
oligomers. While this is a unique and interesting polymer the reaction of the HT 
heterocycle suffers from poor atom economy and limited substrate diversity (only short 
functional groups on the HT can be polymerized to high molecular weight). Studies of 
the formation of HTs indicated the use of electron withdrawing groups extended the 
stability of the reaction intermediates. In the presence of dithiols these intermediates 
could be readily reacted to form polythioaminals without the use HTs. The resulting 
reaction leads to linear polymers that possess monothioaminal linkages. These moieties 
were found to be sites that can act as a latent crosslinks that can be activated at higher 
temperatures undergoing multiple substitutions and leading to the formation of 
chemically stable network polymers. This reactivity enabled access to a broader 
substrate diversity of polymers and polymer networks. Furthermore, using the 
chemically responsive behavior established, in linear polythioaminals produced from 
HTs, end-group functionality could be introduced to these networks to produce tailorable 
surfaces and the introduction of desired functional groups. These networks possess an 
attractive characteristic of easy to process fluorinated polymers with applications that 
range from hydrophobic coatings, adhesives and imprint lithography. 

 
 



POLY 592: Size-based DNA purification on a continuous flow chip 

Joshua T. Smith, joshsmit@us.ibm.com. T.J. Watson Research Center, Yorktown 
Heights, New York, United States  

We recently used nanoscale deterministic lateral displacement (nanoDLD) technology 
for on-chip, size separation of spherical colloids, such as beads and exosomes. Further, 
we demonstrated that the technology has sensitivity sufficient to interrogate individual 
nanoscale particles down to 20nm in diameter. In this talk, we will discuss the utility of 
nanoDLD to size-separate nucleic acids, such as dsDNA [Figure 1]. Displacement of 
these biologically relevant polymers down to 100bp is achieved with a resolution of 
200bp, making the technology relevant for next-generation sequencing (NGS) library 
preparation and circulating DNA isolation and detection. Because DNA can coil and 
stretch as it interacts with the nanoDLD pillar structures, the behavior of these 
biopolymers has an observed velocity dependence, which provides a structurally 
independent tuning parameter to modify the efficiency and resolution of the separation 
process. The continuous flow nature of nanoDLD makes it an attractive high-throughput 
alternative for precision medicine in the clinic. 

 

 
 
 

 



POLY 593: Stimuli-sensitive biodegradable polycarbonates for transporting 
anticancer drugs to tumors by exploiting tumor microenvironments 

Yi-Yan Yang, yyyang@ibn.a-star.edu.sg. Inst Bioengr Nanotech, Singapore, Singapore  

Most small molecular anticancer drugs have non-specific toxicity to healthy cells. 
Tremendous efforts have been made to develop tumor-targeting drug delivery systems 
to circumvent this issue. Amongst various drug delivery carriers, polymeric micelles self-
assembled from amphiphilic block copolymers have achieved considerable interest as 
they preferably accumulate in the tumor tissues. Despite a remarkable progress in 
micellar drug delivery, target specificity of therapeutic drugs as well as lethargic drug 
release at the tumor sites remains challenging. 
 
Recently, we have devised two strategies to improve tumor targeting and enhance 
intracellular drug release by exploiting the tumor microenvironments. Reactive oxygen 
species (ROS), redox (GSH) and low pH are common characteristics of the tumor 
microenvironments. In one strategy, we synthesized ROS-responsive biodegradable 
amphiphilic polycarbonate diblock copolymers by installing thioether groups onto 
polycarbonates. Oxidation of sulfide to sulfoxide and subsequently sulfone induces an 
increase in hydrophilicity, leading to micelle dissociation and thus enhancing drug 
release. Carboxylic acid groups were also installed onto polycarbonates to promote 
loading of amine-containing anticancer drugs such as doxorubicin (DOX) through 
electrostatic interactions and trigger drug release in acidic tumor tissues and 
endolysosomal compartments. In another strategy, GSH-sensitive disulfide bonds and 
pH-sensitive carboxylic acid groups were installed onto polycarbonates. DOX release 
from these micelles was sensitive to ROS and pH or GSH and pH, respectively. The 
anticancer efficacy of DOX-loaded micelles was demonstrated to be greater than free 
DOX both in vitro and in animals without causing toxicity. Given their superior antitumor 
activity, these pH and ROS/redox dual-responsive biodegradable micelles are promising 
drug carriers for improved cancer therapy. 

 



POLY 594: Organocatalytic polymerizations with elemental sulfur: A new route to 
functional chalcogenide hybrid inorganic/organic polymers (CHIPs) 

Jeffrey Pyun3,5, jpyun@email.arizona.edu, Yueyan Zhang4, Kyle Carothers4, Richard S. 
Glass2, Kookheon Char1. (1) Seoul Natl Univ Sch Chem Eng, Seoul, Korea (the 
Republic of) (2) Chem Dept, Univ of Arizona, Tucson, Arizona, United States (3) 
University of Arizona, Tucson, Arizona, United States (4) Chemistry and Biochemistry, 
University of Arizona, Tucson, Arizona, United States (5) Chemical & Biological 
Engineering, Seoul National University, Seoul, Korea (the Republic of)  

We will discuss our new efforts on the organocatalytic ring-opening polymerization of 
elemental sulfur to prepare novel functional chalcogenide hybrid inorganic/organic 
polymers (CHIPs). The surfeit of elemental sulfur primarily derived from petroleum 
refining has driven recent efforts to develop new polymerization methods to use sulfur 
as an alternative feedstocks for polymeric materials. While the thermally initiated ring-
opening homopolymerization of elemental sulfur has long been known, there remains a 
need for new synthetic approaches to prepare useful polymers from these chemical 
precursors. We have recently developed a novel polymerization method, termed, 
inverse vulcanization, to form chemically stable and processable sulfur copolymers by 
the free radical copolymerization of elemental sulfur and 1,3-diisopropenylbenzene 
(DIB). However, there remain major synthetic challenges to prepare and carrying 
reactive functional groups into these CHIPs for the creation of improved materials. We 
will elaborate upon our new organic catalysts that are capable of accelerating the rate of 
inverse vulcanization process and enabling the preparation of new materials for Li-S 
batteries and next generation optical technologies. [figure1] 

 

 
 
Figure 1: Elemental sulfur, molten sulfur and poly(S-r-DIB) CHIPs materials 

  



POLY 595: Organocatalytic strategies for polymerization reactions 

Robert M. Waymouth, waymouth@stanford.edu. Dept of Chemistry, Stanford 
University, Stanford, California, United States  

Catalysis has proven the enabling science for polymer synthesis, and the development 
of new families of catalysts continues to drive innovation in the generation of new 
polymeric materials. We have discovered a class of selective Pd catalysts for the 
oxidation of biomass-derived polyols to chemical intermediates and monomers. These 
advances have enabled an integrated catalytic strategy for the conversion of renewable 
resources into new materials. With Jim Hedrick of IBM, we have developed a versatile 
platform of organic catalysts for the generation of well-defined polymers. The high 
functional group tolerance of these organic catalysts and their ability to mediate living 
polymerizations of cyclic lactones and carbonates has enabled strategies for the 
synthesis of highly functionalized macromolecules, random and block copolymers. 
Mechanistic and theoretical investigations of these catalytic oxidation and ring-opening 
polymerization reactions have provided opportunities for the generation of renewable 
polymers and functional materials 

 

 
 
 

 



POLY 596: New building blocks for functional polymers 

Craig J. Hawker, hawker@mrl.ucsb.edu. Univ of California, Santa Barbara, California, 
United States  

Traditional synthetic polymerization protocols generate materials with molar mass and 
composition dispersities. Despite this lack of precision, polymers with controlled 
molecular structure (molecular weight, dispersity, architecture) have been successfully 
implemented in myriad advanced technologies. Future advances will rely on the 
incorporation of readily available functional building blocks under synthetically 
accessible conditions. 

 

 
 
 

  



POLY 597: Advances in the design of polymers for microelectronics 

Carlton G. Willson1,2, willson@che.utexas.edu. (1) Chemical Engineering, The 
University of Texas, Austin, Texas, United States (2) Chemistry, The University of 
Texas, Austin, Texas, United States  

Photolithography, the process that has enabled the production of all of today’s 
microelectronic devices has now reached physical limits. Efforts to push that technology 
to provide still higher resolution by the historical paths of exposure wave length 
reduction, increasing the numerical aperture of the projection lens and reduction in the 
Rayleigh constant have been abandoned. Is this the end? Can device scaling 
continue?? A progress report will be presented descibing efforts to enable continued 
scaling through application of polymer chemistry principles. The work includes 
demonstration of a new resist design that achieves high sensitivity through “chemical 
amplification” without a corresponding increase in line edge roughness because the 
formulations do not employing a catalyst. The early results bode well for continued 
scaling at the pace described by Moore’s Law. 

 

 
 
Contrast curves for 50 KeV electon beam exposure of PMMA and the new resist. 

 



POLY 598: Macromolecular therapeutics and delivery agents 

J Hedrick, hedrick@us.ibm.com. IBM Research, San Jose, California, United States  

The targeting and controlled release of therapeutic agents or probe molecules to 
specific organs and specific cells in the body is one of the major challenges in 
developing more effective therapies. Central to this goal are the many materials 
challenges associated with the encapsulation, transport and release of such agents at a 
specific time and place in the exceedingly complicated and dynamic environment of 
living organisms. Living organisms have evolved a variety of interfaces and barriers to 
control the trafficking of small and large molecules in and out of cells, organs and 
tissues. Many pathologies are associated with the encapsulation, transport and release 
of foreign agents into healthy cells (viral and bacterial infections). An understanding of 
these processes is critical to the illumination of the molecular mechanism of disease, 
but also provides a guide to developing strategies to deliver therapeutic agents to 
specific cells and tissues. Nature's ability to assemble macromolecules into highly 
cooperative and functional assemblies provides an inspiration for our efforts do devise 
synthetic design criteria to interrogate and exploit the relationship between molecular 
structure, non-covalent interactions and processing conditions to create new functional 
macromolecular assemblies. 
 
Our program approaches a set of clustered problems of fundamental and therapeutic 
interest. We have developed modular self-assembly strategies to investigate the use of 
non-covalent interactions to assemble multifunctional assemblies that can encapsulate 
small molecules and probes, and exhibit responsive behavior to external stimuli. In 
addition, we have focused on the use of macromolecules as therapeutic agents for 
antimicrobials, antivirals and chemotherapeutics. The foundation for this platform is 
based on our organocatalytic approach to biocompatible/degradable macromolecules 
with precisely defined molecular weights, end-group fidelity and backbone functionality. 

  



POLY 599: Facile synthesis of graphene nanoribbons from PPV (poly para-
phenylene vinylene) polymers 

Yifan LI, yifanli@mit.edu. chemistry, MIT, Cambridge, Massachusetts, United States  

PPVs (Poly para-Phenylene Vinylene) hve found tremendous application in material 
science. Huge efforts have been made to synthesize PPVs including Wessling, sulfinyl, 
xanthate, dithiocarbamate, Gilch, Wittig, Heck, and Suzuki couplings. Graphene 
nanoribbons (GNRs) are considered to be one of the most promising OFET materials in 
the future, as its band gap can be tuned by varying its size, edge and so forth. Efficient 
and rapid bottom-up synthesis of well-defined GNRs is highly desirable. Herein, we 
describe a protocol to access GNRs from PPVs in a rapid and efficient fashion. Physical 
chemistry propietie of the GNRs are also studied. 

 

 
 
 

  



POLY 600: End quenching of polyisobutylene substrates via the Ritter reaction 

Corey M. Parada, corey.parada@eagles.usm.edu, Robson F. Storey. School of 
Polymers and High Perf Materials, The University of Southern Mississippi, Hattiesburg, 
Mississippi, United States  

Telechelic polyisobutylenes (PIB) find widespread use in fuel and lubricating oils, 
sealants, and adhesives. Recently, telechelic PIBs have been synthesized via a process 
known as end quenching, in which living PIB cations are reacted with a quenching 
molecule at full IB conversion thereby introducing a functional group to the end of the 
chain. One method of end quenching that has not been investigated is quenching via 
the Ritter reaction, which utilizes a nitrile in the presence of a carbocation to form an 
amide via a nitrilium ion intermediate. Herein, we report our attempts at PIB chain end 
functionalization via the Ritter reaction under end quenching conditions and classical 
Ritter conditions using various PIB substrates, nitriles and acid catalysts. When 
performed on small molecule analogs of PIB, the Ritter reaction proceeded smoothly 
and the expected acrylamide was isolated in high yields. When polymeric PIB 
substrates were used, the Ritter-type addition of the nitrile was not observed, and 
isolated products indicated loss of chain end fidelity via carbocationic rearrangement or 
no reaction, presumably due to the immiscibility of the nitrile and the PIB substrate. 
Finally, we report the derivitization of squalene, an oligomeric analog of polyisoprene, 
via the Ritter reaction to form a new family of small molecule crosslinkers. 

 

 
 
Figure 1. Functionalization of PIB and small molecule PIB analogs via the Ritter reaction. 

  



POLY 601: Novel N-acylated poly(aminoester) materials: Macromonomer 
synthesis, polymerisation, responsive properties and functionalisation 

Patrick A. de Jongh1, p.a.j.m.de-jongh@warwick.ac.uk, David M. Haddleton1,2, Kristian 
Kempe2,1. (1) Department of Chemistry, University of Warwick, Coventry, United 
Kingdom (2) Monash Institute of Pharmaceutical Sciences, Monash University, 
Parkville, Victoria, Australia  

The spontaneous zwitterionic copolymerisation of nucleophilic and electrophilic 
monomers enables the synthesis of alternating copolymers. By copolymerising cyclic 
imino ethers (CIEs), such as 2-oxazolines and 2-oxazines with acrylic acid, an ester 
functionality is introduced into a poly(CIE) backbone, furnishing degradable N-acylated 
poly(aminoester)s (NPAEs), which possess α-acrylate and either ω-carboxylic acid or 
amido end groups. 
We present the preparation of a library of NPAEs from three nucleophilic and two 
electrophilic monomers. 1H NMR and MALDI-ToF MS were employed to gain further 
insights in their composition. The α-acrylate end group allowed their successful 
polymerisation by aqueous redox-initiated RAFT polymerisation to prepare NPAE-based 
comb polymers. These polymers show a LCST behaviour in aqueous solution, similar to 
poly(2-oxazoline)s, with their cloud point temperatures also dependant on the pH of the 
solution, rendering them dual-responsive. Furthermore, the straightforward tuneability of 
the ω-carboxylic acid end group and their efficient functionalisation is demonstrated. 

 

 
 
 

  



POLY 602: General, facile approach to epoxide polymerizations 

Robert C. Ferrier, rferrier@seas.upenn.edu, Jennifer Imbrogno, Christina Rodriguez, 
Nathaniel A. Lynd. Chemical Engineering, University of Texas at Austin, Austin, Texas, 
United States  

 
A new class of aluminum based initiator for epoxide polymerizations is presented, which 
we call the trialkylaluminum adduct of (x) ethoxy-dialkylaluminum (TAxEDA), where x 
represents an interchangeable end group. The TAxEDA initiator is characterized as a 
mono-µ-oxo-dialuminum (MOD) species. TAxEDA can be synthesized in a single step 
with purification accomplished by direct crystallization from the reaction medium. The 
versatility of the new class of initiator was demonstrated by the polymerization and 
copolymerization of various functional monomers such as allyl glycidyl ether, 
epichlorohydrin, and propargyl glycidyl ether. Kinetic and mechanistic aspects of 
TAxEDA-initiated (co)polymerization were revealed using in-situ FTIR and NMR 
spectroscopy. We studied the effect of the TAxEDA structure on polymerization rate, 
livingness, and end group functionality. From this, we propose a mechanism that 
accounts for the living nature of the polymerization and both the stereo- and 
regiostructure of the resultant polymers. This new synthetic tool combines many of the 
advantages of traditional oxyanionic with other group 13 and transition metal 
approaches to the living polymerization of epoxides into well-defined, functional, 
polyether materials. 

 

 
 
The structure of the TAxEDA initiator was varied and a variety of functional epoxide monomers 
were polymerized with each TAxEDA initiator to understand how structural changes of the 
initiator affect the polymerization. 



POLY 603: Progress towards plant-derived, mussel-inspired polycarbonates from 
quercetin and lysine 

Randinu Pulukkody, randinupulukkody@tamu.edu, Samantha L. Kristufek, Rachel A. 
Letteri, Kevin T. Wacker, Karen L. Wooley. 3255 TAMU, Texas AM University, College 
Station, Texas, United States  

An efficient approach will be presented for the preparation of plant-derived 
polycarbonates, which have the potential to be utilized as environmentally-friendly 
materials for biomedical applications. Specifically, the synthesis of polycarbonates via 
copolymerization of a monomer derived from the natural product quercetin, the 
tripeptide, Fmoc-L-tyrosine-Nε-alloc-L-lysine-L-tyrosine methyl ester and a phosgene 
analogue will be detailed. The catechol of the quercetin monomer and the lysine of the 
peptide have the potential to impart interesting properties in these materials. The 
quercetin-based monomer was synthesized through protection of the catechol, followed 
by substitution with various functional moieties in an attempt to obtain a monomer that 
will enable copolymerization with a phosgene analog. Furthermore, inspired by the 
adhesive properties of mussel foot proteins, Fmoc-L-tyrosine-Nε-alloc-L-lysine-L-
tyrosine methyl ester was synthesized via solid phase peptide synthesis, leaving the 
amines at the N-terminus and on lysine protected, followed by the esterification of the 
C-terminal carboxylic acid. Copolymerization of the tripeptide, the quercetin-based 
monomer and diphosgene afforded a polycarbonate. Ongoing work will focus on the 
deprotection of the lysine and catechol functionalities as well as the exploration of the 
thermal and mechanical properties of the resulting polymers. These polycarbonates 
have the potential for application as biomedical materials, with a specific aim towards 
studying them as adhesives. 

 

 
 
 

 



POLY 604: Naphthol: A bioderived polycarbonate building block 

Nolan Wilson, wilsoa6@gmail.com, Matthew Wyatt, Mariel Price, Mark R. Nimlos. 
Bioenergy Center, National Renewable Energy Lab, Golden, Colorado, United States  

Naphthols are readily produced during the conversion of biomass into fuels through 
catalytic fast pyrolysis wherein biopolymers are depolymerized and funneled into 
aromatics and polycyclic aromatics. A chemical cousin to phenol and cresols, naphthols 
contains a directing hydroxyl group on an aromatic ring structure making the moiety an 
excellent precursor for organic and polymer chemistries. Naphthols can be synthesized 
and purified into diols of high purity, and additionally, naphthols have increased 
aromaticity, which contributes to increased polymer rigidity, strength, creep resistance 
and high heat deflection in polycarbonates made from mono-aromatic precursors (e.g. 
phenol). Here, dimer synthesis from 2-Naphthol through electrophilic aromatic 
substitution and Grignard reactions is presented. The purification and characterization 
methods for the dimers are demonstrated. Subsequent synthesis of the dimers into 
polycarbonates proceeds through a transesterification with diphenyl carbonate, a safer 
and greener chemistry relative to the common phosgene condensation. Polymer 
properties of the naphthol-based polycarbonates are compared to BPA based 
polycarbonate synthesized under the same conditions. The implications of the new 
naphthol polycarbonate in context to biofuel production are discussed and potential 
applications based on the properties are presented. 

 

 
 
 



POLY 605: Synthesis and characterization of pH-sensitive chitosan-
hexametaphosphate hydrogels 

Kailash C. Gupta, guptakc03@yahoo.co.in. Polym Res Lab Chem Dept, Indian Inst of 
Tech Roorkee, Roorkee, U K, India  

The cross-linked chitosan hydrogels were prepared using hexametaphosphate as 
physical cross-linker. The chitosan with different degree of deacetylation and molecular 
weight have been prepared and used to synthesize hydrogels with different degree of 
cross-linking by varying the amount of hexametaphosphate in the feed. The samples of 
synthesized chitosan were characterized for degree of deacetylation (DDA) using 
Fourier transform infrared spectra (FT-IR) and pH metric titration. The prepared 
hydrogels were analyzed for dynamic swelling equilibrium as a function of degree of 
deactivation and the amount of physical cross-linker used for gels formation. The 
property of the hydrogels depends on type of cross-linker and nanostructures of the 
composites. The chitosan hydrogels were formed due to electrostatic interactions 
between cationic chitosan and hexametaphosphate anions; hence effect of solution pH 
and ionic strength on degree of swelling has been analyzed by studying the swelling 
ratio in solution of different pH and varying the ionic strength of the medium using 
cations and anions of different charge densities. The pH window for maximum 
interactions between chitosan and hexametaphosphate has been determined and used 
for loading of active agent for controlled release applications. The swelling ratio and 
release kinetics of active agent were used to calculate cross-linked molecular weights 
(Mc) of the chitosan hydrogels and diffusion coefficients for the release of active 
molecule from the chitosan hydrogels obtained using chitosan of different degree of 
deacetylation and molecular weights. 

 
 
FT-IR Spectra of acetylated and deacetylated chitosan 



POLY 606: Platform of possibilities: Polyphosphazenes’ structure-property 
correlations and applications 

Zhongjing Li, zul19@psu.edu, Zhicheng Tian, Chen Chen, Michell McCaffrey, Shea 
Meyer, Zach Hatzenbeller, Harry R. Allcock. Chemistry, The Pennsylvania State 
University, University Park, Pennsylvania, United States  

Featuring backbones of alternating nitrogen and phosphorus atoms, polyphosphazenes 
are special polymers as platforms of possibilities fundamentally and practically. They 
are generally prepared by macromolecular substitutions on poly(dichlorophosphazene) 
to replace all chlorines on phosphorus with various nucleophiles. A rich library of 
polyphosphazenes have been synthesized with adjustable properties when different 
nucleophiles are employed to introduce different side groups. Polyphosphaznes can be 
applied in various fields such as high performance elastomers, fire resistant materials, 
optical materials, polymer electrolytes, biomaterials, microfibers, and superhydrophobic 
coatings. 
Incorporating two different types of side groups on a single polyphosphazene chain is a 
feasible way to tailor engineering properties at molecular level. Combinations of the two 
side groups can be functional and auxiliary side groups, hydrophobic and hydrophilic 
side groups, or flexible etheric and rigid bulky side groups. Variation of the ratios 
between the two side groups are used to tune polymer hydrophobicity, degradability, 
crystallinity, Tg, mechanical properties, and gas permeability and selectivity. For 
example, the color density and microcrystallinity of a polymeric dye can be adjusted by 
varying the ratios between the light absorbing dye and the auxiliary side group, the 
degradability of a bioerodible polymer can be adjusted by the percentage of hydrolytic 
side groups, and the variation of the ratios between flexible etheric and rigid aliphatic 
side groups can generate polymers from adhesives to amphiphiles to thermoplastics 
and thermosets. 

  



POLY 607: Design, synthesis, and self-assembly of graft polymers: 
Consequences of architectural variation 

Alice Chang3, abc@caltech.edu, Tzu-Pin Lin2, Robert H. Grubbs1. (1) Cal Tech 164-30, 
Pasadena, California, United States (2) California Institute of Technology, Pasadena, 
California, United States (3) Chemistry, California Institute of Technology, Pasadena, 
California, United States  

We recently reported a synthetic strategy to control the architecture of graft polymers 
spanning the linear to bottlebrush regimes via ring-opening metathesis 
copolymerization. We have expanded our strategy to access graft polymers with rich 
and diverse variations in architecture. Monomer feed ratios can be tuned to control the 
grafting density, while monomer reactivity ratios can be tuned to control the distribution 
of grafts. The consequences of systematic architectural modifications are discussed in 
the context of polymer properties and self-assembly. 

 
 
 



POLY 608: Metal-organic framework based new dielectric design through 
incorporating zinc and cadmium as, a materials genome approach 

Shamima Nasreen1, shamima.nasreen@uconn.edu, Gregory M. Treich2, Matthew L. 
Baczkowski2, Arun M. Kanakkithodi4, Sydney K. Scheirey1, Yang Cao3, Rampi 
Ramprasad2, Gregory Sotzing1. (1) Department of Chemistry, University of Connecticut, 
Storrs, Connecticut, United States (2) Institute of Material Science, University of 
Connecticut, Oakland, New Jersey, United States (3) Electrical and Computer 
Engineering, University of Connecticut, Storrs, Connecticut, United States (4) Institute of 
Material Science and Engineering, University of Connecticut, Storrs, Connecticut, 
United States  

Advances in dielectric materials have been reported by introducing transition metal 
containing metal-oxygen framework in polymer backbone. While metal oxides have high 
dielectric constants, they suffer from lower band gaps compared to some organic 
polymers. By incorporating metal-oxygen bonds with varying number of methylene 
spacers in the repeat units, high band gaps characteristic of polymers is maintained with 
low dissipation of energy, while the dielectric constants have been shown to approach 
those of the corresponding metal oxides. Here, a series of zinc and cadmium aliphatic 
coordination complex polyesters are synthesized and characterized for their electrical 
properties. The rational design of these materials are motivated by Density Functional 
Theory (DFT) computations of the electronic, ionic and total dielectric constant 
contributions, along with their structural predictions of the local environments which 
shows strong correlation to the experimental findings. These systems approach the 
dielectric constants of ZnO (8.5) and CdO (6.2), while nearly doubling the band gap 
energies with significant lower dissipation factor compared to oxides. Metal volume 
fraction significantly affect the electrical properties of these polymers and shows a linear 
relationship with the metal content and inverse relationship with aliphatic spacers in the 
repeat units. These initial studies give insight into the potential advantages and 
expansion of the rational co-design of chemical space for energy storage applications 
and hope to provide valuable validation and feedback to computational predictions to 
fulfill the goals of the Materials Genome Initiative. 

 



POLY 609: Conductivity in poly(TEMPO methacrylate), PTMA made using 3-
different living polymerization routes 

Yiren Zhang, Alicia Cintora, Albert Park, Greg Fuchs, Christopher K. Ober, 
cko3@cornell.edu. Cornell Univ, Ithaca, New York, United States  

We have prepared poly(TEMPO methacrylate), PTMA, using three living polymerization 
methods – anionic, RAFT and ATRP. Each requires a particular oxidation states of 
TEMPO on the monmer during polymerization depending on mechanism. We show that 
carefully synthesized and purified PTMA is highly insulating; however, over-oxidation 
can lead to a cationic species that is responsible for weak conductivity. These findings 
are important for future applications of PTMA as flexible battery electrodes and as 
transparent conductors. We will compare with theory by evaluating the density and 
energy distribution of these cationic species to describe the measured data, and we are 
looking for an over-oxidation threshold that will indicate when a transition is made from 
insulating to weakly conducting. We also study electron paramagnetic resonance (EPR) 
of solid films PTMA films to measure the average radical-radical pair spacing, which is 
crucial to understanding and quantifying hopping conductivity in PTMA. We 
demonstrate an on-chip c.w. EPR technique that we use to examine solid-film PTMA 
EPR over a broad range of frequencies and magnetic fields. 

 
 
Synthetic strategies of PTMA prepration with a focus on formation of stable radical. 



POLY 610: Interactions between biosystems and 3D-microstructured surfaces 

Sebastian Anders1, sebastian.anders@imtek.uni-freiburg.de, Oswald Prucker1, Karine 
Anselme2, Jürgen Rühe1. (1) Department of Microsystems Engineering (IMTEK), 
University of Freiburg , Freiburg, Germany (2) Institut de Science des Materiaux de 
Mulhouse (IS2M), Mulhouse, France  

Previous studies have shown that the nucleus of cancer cells can deform and wrap 
themselves around microstructures (post arrays) under certain conditions (Figure 1 a). 
One key parameter in such systems is the chemical property of the surfaces which 
controls the affinity of the cells to the substrate. The mechanical parameters of the used 
materials especially on microstructured surfaces might be of equal importance for the 
cell adhesion and deformation. In this project we study post arrays that are made from 
hydrogels, which are very soft materials when swollen in water. The Young’s modulus is 
in the area of cancer cells so that the cells are even able to deform them. The polymer 
is crosslinked in the swollen state and the microstructures can be generated by 
lithographic method. The hydrogel currently employed is based on the cell-repellent 
polydimethylacrylamide, PDMAA. The surface can be modified so that the surface 
chemistries on top of the pillars and in the valleys between are different. Its surface can 
be coated with a cell-attractive polymer like poly-N-butylacrylate, PnBA. By microcontact 
printing the top of the pillars can be coated with cell-repellent polymer like PDMAA . 
This finally leads to arrays with cell-attractive valleys and cell-repellent top faces (Figure 
1 b). First cell investigations with SaOS-2 cells have shown that the nuclei are deformed 
on both coated and uncoated microstructures. 

 

 
 
Figure 1: a) Surface modification of hydrogels (left) ; b) deformed cell (right) 

  



POLY 611: Chemical sensors: The light weight low power option for chemical 
analytics 

Timothy M. Swager, tswager@mit.edu. MIT, Cambridge, Massachusetts, United States  

Sophisticated modern chemical analysis tools are powerful and can precisely identify 
molecules at increasingly low concentrations. However, these instruments generally are 
large, costly and do not operate autonomously. New miniaturized instruments address 
some of these issues, however technologies like small mass spectrometers can be 
fouled and continuous operation in a complex environment has yet to be realized. 
Chemical sensors offer an alternative means to monitor environments. Selectivity has 
been an issue for chemical sensors and many studied lacked the chemical 
sophistication needed to create molecular recognition coupled to transduction events. I 
will discuss this coupling and the use of carbon nanotubes to create high sensitive and 
selective sensors. These sensors can be very inexpensive and require less than 
microwatts of power. Our methods are gaining traction in a variety of commercial 
markets and can be used to create wearable sensors such that individuals can monitor 
their exposure to chemicals and also radiation. 

 
 
Schematic of a carbon nanotube sensor showing a coating for selectivity. 



POLY 612: Multifunctional energy storage materials for extreme environments 
and stresses 

Jodie L. Lutkenhaus, jodie.lutkenhaus@gmail.com. Texas A&M University, College 
Station, Texas, United States  

The journey to Mars presents a unique challenge for energy and power systems in that 
they must withstand the extreme environment of space as well as bear a light footprint 
in terms of mass and volume. Today’s Li-ion batteries and capacitors may not 
comprehensively meet these requirements, yet several alternative energy storage 
materials and approaches hold promise. These include polymer-based or polymer-
augmented battery and capacitor electrodes that impart multifunctionality. On one hand, 
polymer-based electrodes may impart mechanical strength and stiffness so that the 
battery or capacitor may simultaneously act as a structural element, resulting in mass 
and volume savings. In another approach, polymer based electrodes may allow for 
flexible or stretchable energy storage to power biometric patches for monitoring of 
human health. Other factors such as safety, cycle life, cost, shape and form factor are 
also of consideration. 
 
This presentation will first discuss multifunctional capacitors enabled by Kevlar® aramid 
nanofibers and graphene nanosheets. These assemble into stiff and strong electrodes, 
where the extensive non-covalent interactions between the two nanomaterials enhance 
the mechanical properties. The presentation will next focus upon spray-on energy 
storage, where batteries and capacitors of unusual form factor can be sprayed on-
demand onto a surface of choice. Specifically, the electrodes are based from a water-
stable dispersion of polymer and graphene. The polymer facilitates the spraying process 
and electrode formation, while participating in the functionality of the final capacitor or 
battery. Finally, organic radical polymer batteries will be discussed, as they offer high 
power and mechanical flexibility. Besides these varied research themes, a consistent 
consideration is how mechanical and electrochemical properties trade off in terms of 
composition, processing, and structure. 

 



POLY 613: Solid-state electrochemical energy conversion and storage for 
exploration of Mars 

Eric D. Wachsman, ewach@umd.edu. University of Maryland Energy Research 
Center, University of Maryland, College Park, Maryland, United States  

Research in functional materials has progressed from those materials exhibiting 
structural to electronic functionality. The study of ion conducting ceramics ushers in a 
new era of "chemically functional materials." This chemical functionality arises out of the 
defect equilibria of these materials, and results in the ability to transport chemical 
species and actively participate in chemical reactions at their surface. Moreover, this 
chemical functionality provides a promise for the future whereby the harnessing of our 
natural hydrocarbon energy resources can shift from inefficient and polluting 
combustion - mechanical methods to direct electrochemical conversion. 
 
The unique properties of these materials and their applications will be described. The 
focus will be on the application of ion conducting ceramics to energy conversion and 
storage, and life support systems for space exploration applications. Results presented 
will include development of record high conductivity electrolytes, record high power 
density (3 kW/kg) solid oxide fuel cells, solid-state Li-batteries and regenerative life 
support systems that reduce CO2 to O2 and solid C. 

  



POLY 614: Post-modified copolymers with controlled inter-chromophore spacing 
for triplet-triplet annihilation upconversion 

Emily G. Westbrook, westbreg@mail.uc.edu, Julie Comer , John Hammann, 
Abdulrahman Alazemi, Peng Zhang. Department of Chemistry, University of Cincinnati, 
Cincinnati, Ohio, United States  

Solar cells are fairly inefficient, with maximum quantum efficiencies for single junction 
cells reaching no greater than 30%. Triplet-triplet annihilation upconversion, which 
transforms lower energy photons to higher energy photons, could be used to improve 
the efficiency of current photovoltaic cells by harvesting sub-band gap photons in the 
near-infrared and infrared spectra and upconverting them to band gap photons with 
wavelengths in the ultraviolet or visible range. However, current photovoltaic technology 
requires use of solid-state materials, a property lacking in most triplet-triplet annihilation 
upconversion systems due to the mechanistic need for diffusion of components. This 
research aims to investigate diffusion-independent triplet-triplet annihilation 
upconversion by controlled spacing of chromophores through post-polymerization 
modification of copolymers with modification sites set apart by inert spacer monomers. It 
will be demonstrated that intra-chain fluorescence quenching dominates in polymers 
with greater numbers of chromophores, but the effect can be reduced depending on the 
spacer monomer. 

 

 
Post-polymerization modification of a copolymer with chromophores for triplet-triplet 
annihilation upconversion. Here the red spheres are inert spacer monomers, yellow spheres are 
modification sites, and blue spheres are chromophores. 



POLY 615: Low-power light upconversion in polymeric one-dimensional photonic 
crystals 

Roberto Vadrucci, rv313@cam.ac.uk, Silvia Vignolini. Department of Chemistry, 
University of Cambridge, Cambridge, United Kingdom  

Spectral downconversion of visible or UV-light, which is the transformation of high-
energy light into lower energy radiation, is used for a broad range of commercial 
products. In contrast, efficient solid-state light upconversion materials, that is materials 
transforming low-energy light into higher-energy radiation, have only been investigated 
since less than a decade and materials efficiently working under ambient solar radiation 
are only emerging. Low-power light upconversion by triplet-triplet annihilation has been 
explored for a wide range of applications including solar harvesting systems, such as 
photovoltaics or photochemical water splitting, where high upconversion efficiencies 
under low light intensities are especially desirable. 
 
This presentation will summarize research that focuses on the preparation and 
characterisation of polymeric, one-dimensional photonic crystals doped with 
upconverting dye pairs. Photonic structures are promising candidates to enhance 
nonlinear optical effects and to increase upconversion efficiencies at low light intensities 
by exploiting peculiar effects such as an enhanced light-matter interaction (“slow-photon 
effect”). Examples that will be discussed include photonic gels with an additional 
mechanochromic functionality. The data presented will be used to outline general 
design rules, especially in view of light upconverting two- and three-dimensional 
photonic crystals. 

 
 
 



POLY 616: 3D-printed nanosensors for space applications 

Mahmooda Sultana, mahmooda.sultana@nasa.gov. Detector Systems Branch, NASA 
Goddard Space Flight Center, Greenbelt, Maryland, United States  

Nanomaterials offer a unique set of advantages as sensors for space applications. For 
instance, nanomaterials such as graphene, carbon nanobute and molybdenum disulfide 
have high surface-to-volume ratio and low Johnson noise, resulting in highly sensitive 
gas sensors. In addition, great mechanical, thermal, and electrical stability, as well as 
radiation hardness due to minute cross-sectional area, make them useful in space 
applications. Furthermore, lightweight, low power consumption and small size make 
them suitable for targeted missions with limited budget. Nanomaterial-based chemical 
sensors can be used for the in situ detection of neutrals, trace gases and volatile 
organics in a number of disciplines, including Planetary Science, Earth Science and 
Heliophysics. For example, nanosensors can detect gases that can fingerprint various 
biological and abiotic processes on outer planetary bodies. They can be used to 
simultaneously detect methane, ammonia and other gases difficult to detect using mass 
spectrometry due to mass interference issues, and thus can be used in tandem with 
mass spectrometers. In addition, these miniaturized sensors can be used for quick 
screening of samples in sample return missions without adding much to the existing 
payload. Furthermore, Human exploration missions can benefit from these highly 
sensitive sensors to detect leaks of toxic gases that are usually onboard such as 
hydrazine, ensuring human safety and mission success. 

 
 



POLY 617: Applications of conjugated polyelectrolytes in biosensing and 
disinfection 

Kirk S. Schanze, Kirk.Schanze@utsa.edu. University of Texas San Antonio, San 
Antonio, Texas, United States  

Conjugated polyelectrolytes (CPEs) featuring poly(phenylene ethynylene) and 
poly(thiophene) backbones substituted with ionic solubilizing groups are water soluble. 
These materials display a variety of interesting properties, including self-assembly into 
nanoscale aggregates, ability to process into layer-by-layer films and optical/stimuli 
responsive behaviour in the presence of ions, surfactants and biomacromolecules. We 
have explored the use of cationic CPEs as fluorescent sensors for polyphosphates 
(pyrophosphate, ATP and ADP). In addition, cationic CPEs exhibit strong light-activated 
biocidal activity vs. a broad spectrum of bioagents, including bacteria, virus particles 
and spores. The talk will overview recent work in this area, including the interaction with 
cationic CPEs with mammalian cells. 

 

 
 
 

  



POLY 618: Novel strategies for synthesizing block copolymers from monomers of 
disparate reactivities by RAFT polymerization 

Lucie Seiler, Dimitri Matioszek, Simon Harrisson, Mathias Destarac, 
destarac@chimie.ups-tlse.fr. Université Paul Sabatier, Toulouse, France  

We present two distinct strategies using RAFT chemistry for the preparation of 
poly(methyl methacrylate)-poly(vinyl acetate) block copolymers by sequential 
polymerization of the monomers, without resorting to a switch of reactivity of the RAFT 
agent between the two steps. The reactivity of the transfer agent was determined in 
order to set up suitable experimental conditions for a controlled polymerization. The 
synthetic procedures we developed are versatile and can be adapted to a vast range of 
more activated monomer-less activated monomer (MAM-LAM) combinations. 

 

 
 
Block copolymerization of methyl methacrylate and vinyl acetate by emulsion RAFT 
polymerization using a xanthate RAFT agent 

 



POLY 619: Photo-CRP and flow microreactors: A perfect couple 

Tanja Junkers, junkers@polymatter.net. Hasselt University, Hasselt, Belgium  

The development of continuous tubular photoflow reactors has pushed the field of 
chemical synthesis via photoinduced reactions significantly. Next to the classical 
advantages of continuous flow techniques (simple scalability, close to ideal heat transfer 
and high operation stability), photoflow reactors give access to relatively large volumes 
while keeping optical pathlengths at any instance small and hence avoiding occurrence 
of light intensity gradients within the reactor. The early reactor design of Booker-
Milbourn has in the recent years been adapted in many different forms and a broad 
variety of synthesis targets have been studied with large success, giving access to 
upscaled synthetic flow chemistry. Generally, flow chemistry is believed to make 
photoreactions more effective and less energy-intensive, rendering continuous 
processing superior over conventional (photo)batch reactions. 
Focusing on photoinduced controlled radical polymerizations, we demonstrate how flow 
reactors can be used to produce polymers with very high structural integrity under mild 
reaction conditions in a robust way and by employing simple UV light sources. 
photoATRP and photoCMRP rely on photoelectron transfer reactions, while photoRAFT 
is induced by conventional radical photoinitiators or relies on self-initiation. With regards 
to the use of conventional photoinitiation, the effect of over efficiency of flow reactors is 
demonstrated, in which case the enhanced light efficiency leads to a premature decay 
of all initiator within short amounts of time. Further, the design of complex polymers, 
such as block copolymers, hyperbranched or star-shaped polymers in flow reactors is 
discussed. 

 

 
 
 

  



POLY 620: ATRP catalyst removal and ligand recycling using CO2 switchable 
materials 

Xin Su1, Philip G. Jessop2, Michael F. Cunningham1,2, 
Michael.Cunningham@chee.queensu.ca. (1) Dept Chem Eng, Queens Univ, Kingston, 
Ontario, Canada (2) Dept of Chemistry, Queens Univ, Kingston, Ontario, Canada  

We have designed three approaches to remove copper catalyst and recycle the ligands 
after atom transfer radical polymerizations, all based on using materials whose 
properties can be switched using only CO2 and any nonacidic gas (e.g. air, nitrogen, 
argon) as triggers. The first approach involves use of a CO2-switchable solvent 
(Cy2NMe, N,N-dicyclohexylmethylamine) as the medium for the ATRP reaction. After 
adding water to the polymerized reaction mixture and sparging with CO2, the polymer 
precipitates while the copper salt remains in the solvent. The second approach involves 
using a conventional ATRP solvent such as toluene to conduct the polymerization. 
Following polymerization, addition of water and CO2 sparging results in the ligand 
(Me6TREN) and copper salt transferring into the aqueous phase, while the polymer 
remains in the organic phase. Finally we demonstrate the effectiveness of the CO2 
switching approach in organocatalyzed atom transfer radical polymerization (O-ATRP) 
using a new CO2 switchable photo-initiated catalyst, which can be extracted from the 
polymer and reused. In all methods, residual copper in the polymer was <5 ppm, while 
residual ligand was <3 ppm. The feasibility of recovering and re-using the ligand or 
photo-initiated catalyst for subsequent polymerizations is also demonstrated. 

 
 
Copper and ligand can be removed from ATRP reactions using CO2 switching chemistry 



POLY 621: Separation of living chains in polystyrenes prepared by atom transfer 
radical polymerization 

Hyun-Jong Paik1, hpaik@pusan.ac.kr, Taihyun Chang2. (1) Polymer Science and 
Engineering, Pusan National University, Busan, Korea (the Republic of) (2) Pohang 
University of Science and Technology, Pohang, Korea (the Republic of)  

Atom transfer radical polymerization (ATRP) is a useful method to obtain well-defined 
complex polymeric architectures with a narrow molecular weight distribution (MWD) and 
chain end functionalities. Through the reversible generation of radicals by atom transfer 
reactions, ATRP exhibits characteristics of living polymerization. However, due to the 
unavoidable radical termination reactions, the mixture of living and dead chains is 
produced during the ATRP process. In this work, living chains of polystyrenes 
synthesized by atom transfer radical polymerization were separated by high 
performance liquid chromatography (HPLC) after the chain end modifications. The 
bromine end group in the living polystyrenes was first converted to an azide group and 
subsequently reacted with propargyl alcohol via copper catalyzed azide-alkyne 
cycloaddition click reaction to yield polystyrenes with a polar hydroxyl end group (PS-
OH). Separated living polystyrene chains were characterized using size exclusion 
chromatography, nuclear magnetic resonance (NMR), and matrix assisted laser 
desorption/ionization mass spectrometry (MALDI-MS). 

 



POLY 622: New way to modify isotactic polypropylene towards atom transfer 
radical polymerization grafting 

Yongming Chen, ymchen@iccas.ac.cn, Houbo Zhou, Huahua Huang. Materials 
Science and Engineering, Sun Yat-sen University, Guangzhou, Guangdong, China  

Functionalization of polyolefins to overcome their inherent non-polar nature, has been a 
challenging topic in both the scientific and industrial fields. The current strategies for 
functional polypropylene are mainly based upon coordination polymerization with polar 
monomers by metal catalysts or physical treatment like plasma and radiation, which 
have problems of either low catalytic activity or side reactions. Herein, we present a 
methodology for direct introducing atom transfer radical polymerization (ATRP) initiating 
groups along isotactic polypropylene (iPP) without metal catalyst or side reactions like 
cross-linking and chain scission. By this chemistry, bis(2,2,2-trichloroethyl) 
azodicarboxylate (BTCEAD) was successfully incorporated into the tertiary carbon of 
iPP backbone in the presence of N-hydroxyphthalimide (NHPI) (Scheme 1). The 
obtained iPP-g-BTCEAD can be used as a macro-initiator of ATRP, due to the 
trichloroethyl ester group of functional iPP backbone. Thus, isotactic polypropylene-
graft-polystyrene (iPP-g-PS), isotactic polypropylene-graft-poly(methyl methacrylate) 
(iPP-g-PMMA) and isotactic polypropylene-graft-poly(tert-butyl acrylate) (iPP-g-PtBA) 
were synthesized using iPP-g-BTCEAD as macro-initiator via ATRP of styrene, MMA, 
and tBA, respectively. (Figure 1). These graft copolymers were blended with their 
homopolymers and the compatibility of the ternary blending composites was proved 
successful. 

 



POLY 623: Reversible deactivation radical polymerization of vinyl chloride: From 
fundamental studies to industrial applications 

Jorge F. Coelho1, jcoelho@eq.uc.pt, Carlos Abreu1, Joana Marques2, Arnaldo Tomas2, 
Armenio Serra1. (1) Chemical Engineering, University of Coimbra, Coimbra, Portugal (2) 
CIRES SA, Estarreja, Portugal  

Poly(vinyl chloride) (PVC) is one of the more consumed polymers worldwide due to its 
versatility and low cost. It is broadly used in various applications ranging from packaging 
to construction. Currently PVC is only being prepared on an industrial scale by free-
radical polymerization (FRP). However, several intrinsic limitations of FRP triggered the 
interest in synthesizing this polymer by reversible deactivation radical polymerization 
(RDRP) methods. At the present time, single electron transfer living radical 
polymerization (SET-LRP), single electron transfer degenerative chain transfer living 
radical polymerization (SET-DTLRP), cobalt-mediated radical polymerization (CMRP), 
supplemental activator and reducing agent atom transfer radical polymerization (SARA 
ATRP), reversible addition-fragmentation chain transfer polymerization (RAFT) and 
nitroxide-mediated polymerization (NMP) are RDRP methods that have been reported 
for vinyl chloride (VC) (co)polymerization. These methods will be critically discussed 
from three major standpoints: degree of control over polymerization, limitations and 
potential applications on an industrial scale. The progresses achieved recently on the 
synthesis of PVC-block copolymers via SET-DTLRP at large scale will be presented. 

 
 

RDRP methods for VC 



POLY 624: Controlled radical polymerization from surfaces 

Harm A. Klok, harm-anton.klok@epfl.ch. STI-IMX-LP, EPFL, Lausanne, Switzerland  

Surface-initiated, controlled radical polymerization (SI-CRP) techniques are powerful 
tools for the preparation of thin, surface tethered polymer films. Surface grafted polymer 
films produced via SI-CRP are often colloquially referred to as polymer brushes. SI-
CRPs are characterized by a number of unique features, which include the ability to (i) 
prepare polymer brushes with precise control over chemical composition and film 
thickness; (ii) generate polymer films that present very high surface concentrations of 
functional groups; (iii) conformally coat both simple, planar substrates as well as 
complex, 3D structured or porous substrates and (iv) tune the conformation of the 
surface grafted polymer chains by engineering the average distance between 
neighboring anchoring points. This presentation will highlight recent work from our 
laboratory that illustrates the use of SI-CRP to generate thin polymer films with sensory 
or responsive properties as well as results from recent work, which shows that the 
stretched conformation of these surface grafted polymer chains also has an impact of 
their chemical reactivity, potentially opening avenues towards novel mechanically 
responsive surfaces. 

 

 
 
 

  



POLY 625: Application of ATRP to the synthesis of precision engineered 
chromatographic materials 

Christopher A. Pohl, chris.pohl@thermofisher.com. R&D, Thermo Fisher Scientific, 
Union City, California, United States  

In the case of biomolecule separations as well as separation of small ionic molecules, it 
is common practice to utilize chromatographic stationary phases based on polymer 
chains grafted to the surface of small particle size polymeric substrates. Grafting under 
conventional radical polymerization conditions typically produces a high polydispersity in 
polymer chain length of the polymer strands attached to the substrate surface. This high 
polydispersity in polymer chain length presents several problems for chromatographic 
materials: 
 
1. Long ionic polymer strands can extend substantial distances from the external 
surface into the interstitial zone between particles when operated under low ionic 
strength conditions. This results in large pressure shifts when performing ionic strength 
gradients. 
2. Minimizing the average chain length can be used as a mechanism for reducing the 
extent of pressure shifts observed as ionic strength is manipulated during the 
chromatographic process but this also reduces total capacity of the stationary phase. 
 
ATRP provides a solution to this problem by allowing for precision control of ionic 
polymer chain length. As a result, chromatographic materials synthesized using ATRP 
allow for minimal changes in column operating pressure when changing mobile phase 
ionic strength while at the same time maximizing the total capacity of the stationary 
phase. I will discuss a range of materials produced utilizing ATRP with the goal of 
illustrating the benefits of ATRP in contrast to materials prepared using conventional 
radical polymerization synthetic methods. 
 
[figure1] 

 



POLY 626: Controlled radical polymerization: Adventures in commercialization 

Kurt G. Olson, kgolson@ppg.com. PPG Industries, Allison Park, Pennsylvania, United 
States  

PPG has been testing the commercial viability of polymers made via various forms of 
controlled radical polymerization for the last twenty years. Many diverse applications 
such as pigment dispersion, automotive clearcoats, rheology control additives, adhesion 
promoters, latex dispersants, low VOC coating polymers, powder coatings and the like 
have been investigated over the years. While theory would predict many advantages for 
controlled acrylic structure in these application areas, the practical reality has been that 
many of these perceived and hoped for advantages have been attainable with other 
more “conventional” polymerization techniques. This talk will detail several examples of 
where controlled structure has proven useful in the coatings industry, and several in 
which it has (surprisingly) not proven to be beneficial. 
Specifically, graphene dispersions for various applications, catalyst encapsulation, flow 
control additives, and adhesion promoters will be discussed. 

 

 
 
Image found in recent patent application (US2017/0051094A1) by ATRP Solutions 

 



POLY 627: ATRP Solutions Inc.: Our path to production of ATRP-based polymers 
in commercial reactors 

Patrick A. McCarthy, patrickamccarthy@gmail.com, Yuanxi Liao, Liang Huang, 
Benjamin Dorau, Bin Wang, Samuel Brooks. ATRP Solutions Inc, Pittsburgh, 
Pennsylvania, United States  

ATRP technology was invented in the mid-1990s. At that time, this technique presented 
professors and their students with a new and exciting tool for preparation of novel 
polymers. It also presented industrial scientists with the promise of next generation 
advanced materials to improve product performance. Researchers in academia flocked 
to ATRP resulting in a seemingly endless escalation of publications while researchers in 
industry hit roadblocks. Chief among these roadblocks were cost and scalability. The 
contribution to production cost from catalyst, conversion, isolation and processing made 
commercial application of ATRP achievable in a very limited number of polymer 
markets, for example, chromatography substrates. Although the 2006 advancement of 
ICAR ATRP reduced these cost contributions, scaling proved impractical primarily due 
to exothermic effects. This paper will discuss the path that the team at ATRP Solutions 
took to overcome the limitations of ATRP technology and achieve commercial scale 
production. We will describe developments which resulted in a proprietary process 
called Ultimate ATRP which enabled 750 gallon scale production with cycle times less 
than 12 hours. This fully demonstrated novel polymerization process represents an 
extraordinary improvement to polymer technology, but more importantly, makes the 
specialty polymer market directly addressable with ATRP. 

 
 
 



POLY 628: Sustainable approaches to monomers and polymers from renewable 
resources 

Michael Meier, m.a.r.meier@kit.edu. Karlsruhe Institute of Technology, Jockgrim, 
Germany  

In ages of depleting fossil reserves and an increasing emission of greenhouse gases, it 
is obvious that the utilization of renewable feedstocks is one necessary step towards a 
sustainable development of our future. In order to develop truly sustainable approaches, 
using renewable resources is insufficient. The available feedstocks rather have to be 
used in a sustainable fashion by combining as many of the principles of green chemistry 
as possible and by accessing and comparing the sustainability of chemical 
transformations. Within this contribution, new approaches for the synthesis of 
monomers as well as polymers from plant oils, lignin and carbohydrates will be 
discussed, thereby highlighting developed sustainable (catalytic) modification strategies. 
For instance, the access to nitrogen containing monomers for the sustainable synthesis 
of renewable polyamides and polyurethanes from plant oils will be introduced. 
Moreover, novel catalytic approaches towards the functionalization of cellulose and 
lignin will be discussed. Finally, the use of multi-component reaction offers manifold 
opportunities for the design of novel materials from renewable resources. 

 

 
 
 

  



POLY 629: Chemo-enzymatic synthesis, biological properties and 
polymerizations of biobased bisphenols derived from ferulic and sinapic acids 

Florent Allais, florent.allais@agroparistech.fr. Chaire ABI - AgroParisTech, 
AgroParisTech, Pomacle, France  

Novel renewable bisphenols were prepared from ferulic and sinapic acids – two 
biobased p-hydroxycinnamic acids - through chemo-enzymatic processes under mild 
conditions. The enzyme-catalyzed steps have been optimized and lead to high purity 
grade bisphenols in high to excellent yields. 
 
The antiradical/antioxidant properties of these bio-based bisphenols were investigated 
and revealed activities similar or higher than that of current commercially available 
antiradical/antioxidant additives such as Irganox 1010. 
 
Estrogenic activity test revealed no endocrine disruption for all the bisphenols. 
 
The bisphenols were used as monomers for the preparation of various types of 
alternating aliphatic/aromatic polymers such as copolyesters, polyurethanes, poly(ester-
alkenamers), non-isocyanates polyurethanes (NIPUs) and epoxy resins. The newly 
obtained materials were then characterized by NMR, GPC, DSC, TGA and DMA. These 
analyses revealed not only good thermal stabilities, a broad range of accessible Tg but 
also thermo-mechanical properties similar to widely used materials such as PET and 
DGEBA-based epoxy-amine resins. 

 
 
 



POLY 630: Vegetable oil-based thermosets: Molecule design for higher 
performance 

Jinwen Zhang, jwzhang@wsu.edu. Composite Materials and Engineering Center, 
Washington State University, Pullman, Washington, United States  

In recent years, the interest in utilizing vegetable oils (VOs) as feedstocks for polymers, 
particularly for thermosets such as epoxy resins, unsaturated polyesters (UPs), and 
polyurethanes (PUs), has been growing, in part due to the relative simplicity of chemical 
conversion and the liquid form of the products. However, most VO-based thermosets in 
the literature generally exhibit low reactivity, inadequate mechanical properties, poor 
heat resistance, etc. This is because the VO-based monomers are built on the 
triglyceride structure in which the polymerizable groups are generally linked by a long 
flexible fatty chain. There are different ways to improve strength and modulus, including 
use of rigid comonomers, curing with rigid hardeners, or increase the crosslink density 
by introducing more polymerizable groups. In this study, we introduced a series of 
biobased monomer compounds derived from fatty acids (FAs). Because at least one 
polymerizable group is introduced through the carboxyl end group of the FA, the 
average distance between the two polymerizable groups is shortened compared to the 
monomers based on the triglyceride structure. As a result, thermosetting polymers 
based on the FA-derived monomers tend to give higher crosslink density, resulting in 
improved strength and modulus 

 
 
 



POLY 631: Improving mechanical properties of fatty acid-derived thermoplastic 
elastomers by incorporating a transient network 

Wenyue Ding, dingwenyue1234@gmail.com, Megan L. Robertson. Chemical and 
biomolecular engineering, University of Houston, Houston, Texas, United States  

Thermoplastic elastomers are widely used in electronics, clothing, adhesives and 
automotive components due to their high processability and flexibility. ABA triblock 
copolymers, in which A represents glassy endblocks and B the rubbery midblock, are 
commercially available TPEs. However, commercial TPEs are derived from petroleum. 
The manufacturing and disposal of petroleum-derived products have undesired 
environmental impacts, which promotes development of TPEs from sustainable 
sources. Vegetable oils and their fatty acid derivatives are attractive alternatives to 
petroleum due to their abundancy and low cost. Triblock copolymers containing a fatty 
acid-derived midblock, polystyrene-b-poly(lauryl acrylate)-b-polystyrene (SLS), were 
previously explored as TPEs. However, their mechanical properties were inferior to 
commercial TPEs due to lack of entanglements. In this study, we incorporated a 
transient network into the fatty-acid derived midblock to improve the mechanical 
properties. Polystyrene-b-poly(lauryl acrylate-co-acrylamide)-b-polystyrene (SLAS) 
triblock copolymers were synthesized and characterized. Small angle x-ray scattering 
experiments revealed microphase separated morphologies. The physical properties of 
SLAS triblock copolymers were tunable by varying the percent of acrylamide in the 
midblock, such as the order-disorder transition temperature, morphology and tensile 
properties. Tensile tests showed that SLAS triblock copolymers exhibited significantly 
higher modulus, strain at break, and tensile stress as compared to SLS triblock 
copolymers. 

 
 
 



POLY 632: Sustainable and degradable epoxy resins derived from vegetable oils 
and phenolic acids 

Megan L. Robertson, mlrobertson@uh.edu, Guozhen Yang, Brian J. Rohde, Rawan 
Almallahi, Hiruy Tesefay, Zeshan Rizvi, Eliud Gonzalez-Martinez, Tammy Hendrix-
Doucette. Chemical and Biomolecular Engineering, University of Houston, Houston, 
Texas, United States  

Epoxy resins are widely applied in composites, coatings, adhesives, automotive 
components, wind turbine blades and other applications, due to their superior chemical 
properties, electrical and heat resistance, adhesion, and mechanical properties. 
However, most commercial epoxy resins are derived from non-sustainable petroleum, 
which is a limited resource. Furthermore, epoxy thermosets cannot be recycled and 
their waste resides in landfills. For this reason, sustainable biomass derivatives – such 
as vegetable oils, plant sugars, lignin and cellulose – have attracted much interest to 
replace traditional epoxy resin components, such as the diglycidyl ether of bisphenol A 
(DGEBA). The objective of this work is to explore vegetable oils and phenolic acids, 
sustainable, plant-derived molecules, as alternatives to DGEBA. Phenolic acids were 
chosen as the rigid aromatic rings were expected to contribute to the mechanical 
strength of the resulting resins, and the presence of carboxylic acid and hydroxyl groups 
provided ease of functionalization. The physical properties of the phenolic acid-based 
epoxy resins were explored. Furthermore, the accelerated hydrolytic degradation 
behavior of vegetable oil and phenolic acid-based epoxy resins, both containing ester 
linkages, were characterized. The biobased epoxy resins exhibited faster degradation 
rates compared to traditional DGEBA-based epoxy resins. 

 

 
 
 

 



POLY 633: Epoxidation kinetics of photo-curable green epoxy synthesized from 
seed oil of Perilla frutescens 

kousaalya bakthavatchalam, kbaktha@g.clemson.edu, Srikanth Pilla, Shiferaw 
Beyene, Beshah Ayalew. Clemson University, Greenville, South Carolina, United States  

While constituting the dominant market share among thermosets, conventional 
petroleum-based epoxies contain highly toxic chemicals, such as Bisphenol-A and 
Epichlorohydrin (ECH), highlighting the need to produce their non-toxic, eco-friendly 
counterparts. Bio-epoxies that possess similar chemical structure as conventional ones, 
fail to negate toxicity associated with bio-ECH. In this regard, epoxies obtained from 
triglycerides, known as epoxidized vegetable oils (EVOs), offer a potential alternative 
but are limited by their low epoxy content (or high epoxy equivalent weight (EEW), 
Table 1). Hence, the substitution of conventional epoxies with EVOs necessitates an 
increase in the number of epoxy groups per triglyceride molecule, thereby improving its 
crosslinking density and associated properties. 
In this context, green epoxy was synthesized from perilla oil (EPeO), derived from the 
seeds of Perilla frutescens, via Prilezhaev epoxidation reaction (Figure 1). Epoxidation 
kinetics was understood by undertaking the reaction at 40, 50 and 60 °C for 8 h. As a 
first contribution, synthesized EPeO showed a similar EEW (164 g/eq) to conventional 
epoxies. Synthesized EPeO was characterized via iodine and epoxy value to determine 
the extent of double bond cleavage and epoxy ring formation respectively; it was also 
cured via UV radiation to study its cure kinetics using differential scanning calorimetry. 

 
Theoretically obtainable EEW of EVO's 

 
 

Schematic of various reactions during epoxidation of vegetable oils 



POLY 634: Spectroscopic investigations of amine-cured epoxidized linseed oil 

Christopher N. Kuncho1, Emmanuelle Reynaud2, Daniel F. Schmidt1, 
Daniel_Schmidt@uml.edu. (1) Plastics Engineering, U. Mass. Lowell, Lowell, 
Massachusetts, United States (2) Univ of Massachusetts Lowell, Lowell, 
Massachusetts, United States  

Given an increasing focus on sustainability, biobased polymeric materials are becoming 
increasingly important. In this context, we describe the curing of a bio-based epoxy 
resin (epoxidized linseed oil, ELO) with an aliphatic amine curative (polyethyleneimine, 
PEI) to form a biobased structural thermoset, and investigate the effects of catalyst 
addition and changes in reaction stoichiometry. In particular, Attenuated Total 
Reflectance Fourier Transform Infrared (ATR-FTIR) spectroscopy and Near-Infrared 
(NIR) spectroscopy are used to gain insight into both the degree of conversion and the 
extent of side reactions in the range of compositions investigated. We are further able to 
report that the observation of some degree of phase separation in the uncatalyzed 
systems may be avoided via the introduction of an appropriate catalyst. Additionally, we 
confirm the liberation of glycerol and the trans-amidation of the triglyceride ester linkage 
as the amine concentration is increased. 

 
 
 



POLY 635: Phenomenology of plant oil-based monomers in emulsion 
copolymerization 

Kyle Kingsley2, kyle.kingsley.2@ndsu.edu, Oleh Shevchuk2, Zoriana Demchuk3, Ihor 
Tarnavchyk1, Andriy S. Voronov2. (1) Department of Coatings and Polymeric Materials, 
NDSU, Fargo, North Dakota, United States (2) Coatings and Polymeric Materials, North 
Dakota State University, Fargo, North Dakota, United States  

In an effort to increase the bio-based content of conventional latexes, acrylate functional 
plant oil-based monomers (POBM’s) from olive, soybean, and linseed oils were 
copolymerized with conventional petroleum-based vinyl comonomers. Due to their 
extreme hydrophobicity, incorporation of moderate amounts of POBM’s in emulsion 
copolymerization remains a challenge. A typical course of emulsion polymerization 
involves three distinct stages: particle nucleation, particle growth, and final conversion. 
The aqueous solubility of the comonomers determines whether latex particles are 
nucleated via hetero- or homogeneous mechanisms, as well as copolymerization 
kinetics. In this work, effects on nucleation mechanism(s), copolymerization kinetics, 
particle morphology, and molecular weight were studied with respect to changes in 
POBM concentration. It was shown that the aqueous solubility and radical reactivity of 
the vinyl comonomers impact the copolymerization mechanism to a far greater extent 
than changes in the degree of unsaturation of the POBM’s. 

 

 
 
 



POLY 636: Functional soft materials from polymetallocenes 

Ian Manners, Ian.Manners@bristol.ac.uk. Univ of Bristol Sch of Chemist, Bristol, United 
Kingdom  

The introduction of metal centers can introduce a wide range of additional functionality 
to polymeric and self-assembled materials.1 This talk will focus on synthetic aspects, 
thin film applications, and solution self-assembly of polymetallocenes and their block 
copolymers based on Fe, Co and Ni. Recent applications of polyferrocenylsilane (PFS)-
based systems in nanolithography will be described. In addition, the use of 
crystallization of PFS core-forming blocks to provide a method with which to direct 
solution self-assembly towards unexpected morphologies and a “living self-assembly” 
process that allows access to well-defined functional nanostructures,2 including 
nanopixels, nanowires, and biological markers will be discussed. 

 

 
 
 

  



POLY 637: Dual-responsive poly(ferrocenylsilane) polyions with switchable 
transparency 

Mark A. Hempenius2, m.a.hempenius@utwente.nl, Kaihuan Zhang3, Xueling Feng4, 
Gyula Vancso1. (1) Univ of Twente Faculty of Chem, Enschede, Netherlands (2) 
University of Twente, Enschede, Netherlands (4) Nanyang Technological University, 
Singapore, Singapore  

We demonstrate a one-step synthetic approach to thermo-responsive 
poly(ferrocenylsilanes), [PFS−SO3][nBu4P], formed via the Strecker reaction, by 
choosing tetraalkylphosphonium sulfite as an effective and versatile nucleophile. Using 
this approach, sulfonate side groups with phosphonium counterions were directly 
introduced to iodopropyl-functionalized PFS. In addition to these [PFS−SO3][nBu4P] 
structures, PFSs with pendant phosphonium groups and alkylsulfonate counterions 
were synthesized. The pendant ion pairs were selected to possess a suitable 
hydrophobicity, to impart the PFS chains with a lower critical solution temperature-type 
phase transition upon mixing with water. In this presentation the synthesis and 
properties of these rather hydrophobic PFS polyions will be discussed. 

 

 
 
Optical transmission of PFS polyion solutions as a function of PFS redox state and temperature. 

 



POLY 638: Ferrocene-metallopolymers via ADIMET and click techniques 

Andrew Peloquin, andrewpeloquin@gmail.com, Madelyn B. Smith, Gary J. Balaich, 
Scott T. Iacono. Department of Chemistry, United States Air Force Academy, Colorado 
Springs, Colorado, United States  

Substituted pentafulvene compounds have been shown to possess donor-π-acceptor 
behavior and low band gap for application in light harvesting materials. However, little 
research has been made on incorporating intact fulvene moieties into a metallopolymer 
backbone. Currently, our efforts focus on the synthesis of dialkyne functionalized 
ferrocenes, which can be polymerized by both acyclic diyne metathesis polymerization 
(ADIMET) and 1,3-dipolar cycloaddition-mediated ‘click’ strategies. Due to the 
amendable nature of the synthesis strategy and the diversity of dialkynes and diazides 
available, metallopolymers with highly tunable properties can be obtained. 

 

 
 
 

  



POLY 639: Grid-like metal complexes as basis for star-shaped polymers and 
hydrogel networks 

Richard Hoogenboom, richard.hoogenboom@ugent.be. Ghent University, Terneuzen, 
Netherlands  

The combination of supramolecular interactions with defined polymer structures 
provides an appealing basis for the development of next generation smart materials. 
The majority of supramolecular interactions that are being used depend on 1:1 
complexation or sometimes 2:1 complexation. Within this contribution, the development 
of novel grid forming metal coordinating ligands that assemble into [2x2] grid like 
structures will be discussed. Polymer functionalization of the ligands allows the 
generation of star-shaped polymer structures upon metal complexation while polymers 
containing multiple ligands per chain lead to hydrogel network formation upon metal 
complexation. 

 

 
 
 

  



POLY 640: Recent results on rod-like polyferrocenylsilane block copolymer 
micelles 

Mitchell Winnik, mwinnik@chem.utoronto.ca. Univ of Toronto Dept of Chem, Toronto, 
Ontario, Canada  

Polyferrocenyldimethylsilane (PFS) block copolymers self-assemble in selective 
solvents to form rod-like micelles with a semicrystalline PFS core if the corona-forming 
block is longer than the PFS block. Here I will examine two features of these micelles. 
The first topic concerns the formation of patchy coronas: Micelles with patchy coronas 
are formed from mixtures of PFS-b-P2VP (P2VP = poly(2-vinylpyridine)) and PFS-b-
PNIPAM (PNIPAM = poly(N-isopropylacrylamide)). In contrast, micelles formed from a 
mixture of PFS-b-PI (PI = polyisoprene) and PFS-b-PDMS (PDMS = 
polydimethylsiloxane) show no sign of segregation of corona chains. The second 
feature has to do with how the sample preparation protocol affects the nature of the 
structures formed. Samples of PFS-b-PI form long rod-like micelles when solutions of 
the polymer in THF, a common good solvent, are added at room temperature to 
decane, a selective solvent for PI. This is well known. However, when solutions of the 
polymer in THF are added to THF decane mixtures, very long multi-branched structures 
are formed that resemble barbed wire or conifer branches, even if the final polymer 
composition and solvent composition are the same for both preparation protocols. We 
have as yet no unique explanation for the formation of these fascinating hierarchical 
structures. 

 
 
Conifer-branch structure formed by PFS-b-PI when a solution of the polymer (10 mg/mL) in 
THF is added to a THF/decane mixture. The final solvent compostion is 7.4 vol% THF. 



POLY 641: Recycle of PEG-bound homogeneous NHC-Ru catalyst via host-guest 
interaction in aqueous media 

Hoyong Chung, hchung@fsu.edu, Cheoljae Kim, Brian A. Ondrusek. Florida State 
University, Tallahassee, Florida, United States  

Host-guest interaction is one of the defining concepts of supramolecular chemistry 
which describes an idea of molecular recognition and interactions through non-covalent 
bonding between two or more molecules or ions. Based on the specific recognition of 
host molecules towards guest molecules, host-guest chemistry has been widely studied 
for drug carriers, dye encapsulation, nanoreactors, recovery of catalysts, and etc. 
Cyclodextrin (CD) is one of a well-known host molecule, and its hydrophobic cavity 
provides a strong binding interaction with azo benzenes and adamantyl group via van 
der Waals force in water solution. Using this property, we have newly developed a 
highly recoverable Hoveyda-Grubbs 2nd generation catalyst bearing extended ethylene 
glycols and adamantyl group on NHC ligand. In particular, extended ethylene glycol 
group provides a highly water soluble property for a homogenous catalytic reaction in 
water as well as a recovery of catalysts from organic solution by extraction with water. 
The adamantyl group combines with β-CD in aqueous solution, and this host-guest 
complex leads an efficient heterogeneous recovery of entire ruthenium catalyst after 
homogeneous reaction. 

 

 
 
 

  



POLY 642: Tailoring acrylate-based metallo-supramolecular network 
morphologies with monomer feed ratio and excess metal-ligand complexes 

Alice M. Savage, alice.m.savage3@gmail.com, Robert H. Lambeth, Frederick L. Beyer. 
MSTB, U.S. Army Research Lab, Belcamp, Maryland, United States  

Finding new methods to alter polymer morphologies can often expand the application 
window of many polymers. A series of acrylate-based copolymers containing 2 to 10 
percent 2,6-bis(1′-methylbenzimidazolyl)pyridine (MeBIP) pendent to the polymer 
backbone have been synthesized using reversible addition/fragmentation chain transfer 
polymerization (RAFT) techniques and converted to metallo-supramolecular copolymer 
networks with the addition of Zn(ClO4)2. The bulk morphologies of these metallo-
supramolecular films were tuned from vesicle-type to lamellar morphology by adjusting 
the original MeBIP monomer feed ratio and with the addition of unbound metal-ligand 
complexes. The morphologies of these metallo-supramolecular networks were 
monitored using high angle annular dark field (HAADF) scanning transmission electron 
microscopy (STEM). Due to the added Z-contrast arising from the zinc ions, energy 
dispersive spectroscopy (EDS) and electron energy loss spectroscopy (EELS) spectrum 
imaging were used to identity the different polymer phases. 

 

 
 
 

  



POLY 643: Poly(ferrocenylsilane)-based hydrogels with phosphonium groups: 
Hysteretic network response and potential applications 

Gyula Vancso1, g.j.vancso@utwente.nl, Kaihuan Zhang2, Xueling Feng3, Mark A. 
Hempenius2. (1) Univ of Twente Faculty of Chem, Enschede, Netherlands (2) University 
of Twente, Enschede, Netherlands (3) Nanyang Technological University, Singapore, 
Singapore  

In this presentation we aim at highlighting our recent results that exploit the redox and 
temperature dual-responsive behavior of new poly(ferrocenylsilane) (PFS) polyionic 
liquid (PIL) based hydrogels containing alkylphosphonium groups. We first provide an 
example to illustrate the use of cross-linkable PFS PILs as powerful dispersion agents 
for carbon nanotubes (CNT). We then focus on the phosphonium containing PFS 
hydrogels, which possess a dual redox-thermal responsive (LCST) property and a 
strongly hysteretic volume-phase LCST transition (memory effect). We present 
structure-property relations for this new family of PFS-PIL based systems. 
Thermodynamic phase diagrams, and potential applications in light transmission 
control, and bistable, switchable, CNT-hydrogel nanocomposites will be elucidated. 

 
 
Dual responsive PFS polyionic liquid hydrogels with hysteretic phase transition 



POLY 644: Driving shape changes and motion of responsive polymer composites 

Ryan C. Hayward, rhayward@mail.pse.umass.edu. University of Massachusetts, 
Amherst, Massachusetts, United States  

Composites formed by the addition of stiff structural elements or functional inorganic 
materials to stimuli-responsive polymer networks offer flexible and potentially scalable 
routes to materials with controlled and time-varying shapes, properties, and motion. In 
one example, our group has studied the geometry and mechanics of swelling-induced 
buckling of polymer trilayer films consisting of patterning rigid layers sandwiching a 
swellable hydrogel layer. Of particular recent interest has been the formation of helical 
structures from ‘seedpod’-type architectures with perpendicular orientation of stripes on 
opposite faces. We have studied the concatenation of two or more helical segments, 
yielding simple geometric design rules for the fabrication of 3D constructs. In a second 
example, we have considered the light-driven reshaping and motion of responsive 
networks containing plasmonic nanoparticles as photothermal heating elements. In 
contrast to systems pre-programmed to take on a single, or perhaps a few, different 3D 
shapes, this approach enables continuous shape reconfiguration, and correspondingly, 
directed motion of composite sheets. 

 
 
Shape morphing of a patterned trilayer polymer film 



POLY 645: Pre-programmed folding of 2D nematic liquid crystal elastomer sheets 
into arbitrary 3D structures 

Yu Xia, xiay02@gmail.com, Hillel Aharoni, Xinyue Zhang, Randall Kamien, Shu Yang. 
University of Pennsylvania, Philadelphia, Pennsylvania, United States  

Materials that can fold from 2D sheets into 3D shapes have attracted significant 
interests for a variety of applications, i.e. flexible electronics, soft robotics. It will be 
highly desirable to design and synthesize a new suite of smart materials that have 
reversible shape memory effects and anisotropic functions. Nematic liquid crystal 
elastomers (NLCEs) are one such materials. NLCEs are weakly crosslinked polymers of 
shape-anisotropic mesogens with unusual stress-strain relations and elastic properties. 
Upon actuation, i.e. heating, NLCEs contract along the director axis, and exhibit multi-
way shape memory effects. To fold into a desired shape, it is critical to control the NLC 
alignment in the sheet. By creating surface patterns (Fig.1A), we demonstrate precise 
alignment of NLCs on the 1D channels over cm2 area; the LC local director field is 
defined by the pattern geometry (Fig.1B), which will in turn determine the resulting 
folded shape. The NLCs are formulated as a mixture of 1:1 molar ratio of monomers 
with either thiol or acrylate end groups (Fig.1C). After crosslinking, the NLCE film 
displays reversible shape change, producing a strain of ~100%. We then test the folding 
of NLCE sheet into an arbitrary structure by reverse designing complex LC directors 
(Fig.1D). When heated, the NLCE sheet is transformed into a saddle surface with 
negative Gaussian curvature (Fig.1E), which is in good agreement with theory 
prediction. By prescribing the 1D channels, we pre-program the folding shapes of NLCE 
sheets, including both negative and positive Gaussian curvatures. And through 
encoding the Gaussian curvatures in NLCE films guided by theory, we’ve also 
programmed the shape change with increased complexity and pluripotency, such as a 
tree leaf and a human face. 

 
Fig. 1(A) SEM image of 1D channels. (B) Polarized microscopy images of NLCs on 1D 
channels at 45°(left) and 0° (right) cross-polarizer angles, resectively. (C) UV crosslinking of 
NLCs with acrylate and thiol functional groups via “click” chemistry. (D) Illustration of NLC 
director fields in 2D for folding NLCE into a negative Gaussian curvature seen in (E). 



POLY 646: Multilayer tubes displaying dramatic shape change in response to 
external stimuli 

Brady C. Zarket, bzarket@umd.edu, Hanchu Wang, Srinivasa R. Raghavan. Chemical 
& Biomolecular Engineering, University of Maryland - College Park, College Park, 
Maryland, United States  

Tubular structures in nature such as blood vessels and arteries have a common 
structural motif, which is the presence of multiple concentric layers. Individual layers are 
often composed of distinct materials because the layers serve different purposes. For 
example, the middle layer of a blood vessel allows the lumen of the vessel to change 
diameter, thus regulating the flow rate of blood, while the adjacent outer layers aid in 
providing elasticity to prevent damage to the structure. Reports of gel-like multilayer 
tubes in the literature are limited, and typically involve complex fabrication techniques. 
Here, we report a facile synthesis technique that utilizes commercially available 
reagents for the fabrication of hydrogel tubes where the shell is composed of multiple 
layers. This technique utilizes biocompatible polymers and allows for precise control 
over individual layer thickness and composition. Tubes synthesized in this manner are 
robust and flexible, and these properties can be tuned by varying the composition of 
each layer. Moreover, by incorporating stimuli-responsive polymers into distinct regions 
of these tubes, we can induce changes in tube shape by external stimuli such as pH or 
temperature. In one such example, the tube diameter narrows or swells over a particular 
segment thus mimicking vasoconstriction and/or dilation in blood vessels and arteries 
(see attached figure). In a second example, a tube that is initially a straight segment 
systematically curls into a coil (see attached figure) when the stimulus is applied. The 
reasons for such changes in shape will be discussed in this talk. 

 
 



POLY 647: Exploring the functionality of homeotropically aligned liquid crystal 
elastomers 

Anesia D. Auguste1, anesia.auguste@gmail.com, Nicholas P. Godman1,2, Timothy J. 
White1. (1) Materials and Manufacturing Directorate, Air Force Research Laboratory, 
Centerville, Ohio, United States (2) Azimuth Corporation, Beavercreek, Ohio, United 
States  

Liquid crystals consist of rigid units called mesogens which can observe orientational 
properties of solid crystalline material yet can flow like a conventional liquid. When the 
mesogens are lightly crosslinked into a polymeric network, they form a liquid crystal 
elastomer (LCE). Liquid crystal elastomers are known for their actuation behavior as 
well as exhibiting a nonlinear ‘soft’ elastic response. ‘Soft’ elasticity is the result of the 
mesogens realigning in the direction of stretch leading to deformation to occur at nearly 
constant stress which is characterized by a plateau in the stress-strain curve. 
Homeotropically aligned LCEs, where the mesogens is aligned normal to the substrate, 
displays soft elasticity in all directions compared to the anisotropic behavior of a planarly 
aligned LCE. We explored the various mechanical and thermomechanical responses by 
localizing homeotropically and planarly aligned regions within a single film through ink-
jet printing. The ability to control these responses can lead to the formation of a non-
porous materials with low Poisson’s ratio which may find use in flexible hybrid devices. 

 

 
 
 



POLY 648: Liquid-infused poroelastic nanonetworks 

Joanna Aizenberg, jaiz@seas.harvard.edu, Xi Yao. Harvard University, Cambridge, 
Massachusetts, United States  

Materials that adapt dynamically to environmental changes are currently limited to two-
state switching of single properties, and only a small number of strategies that may lead 
to materials with continuously adjustable characteristics have been reported. I will 
discuss adaptive surfaces made of a liquid film supported by a nanoporous elastic 
substrate. As the substrate deforms, the liquid flows within the pores, causing the 
smooth and defect-free surface to roughen through a continuous range of topographies. 
In this novel material, a graded mechanical stimulus can be directly translated into finely 
tuned, dynamic adjustments of optical transparency and wettability. In particular, I will 
demonstrate simultaneous control of the film’s transparency and its ability to 
continuously manipulate various low-surface-tension droplets from free-sliding to 
pinned. This strategy should make possible the rational design of tunable, 
multifunctional adaptive materials for a broad range of applications. 

 
 
 



POLY 649: Artificial muscles from stimuli-responsive polymer-based devices 

Michael Serpe, serpe@ualberta.ca. Department of Chemistry, University of Alberta, 
Edmonton, Alberta, Canada  

Poly (N-isopropylacrylamide) (pNIPAm)-based hydrogel particles (microgels) have been 
used as the active component in layered devices that can be employed as 
actuators/artificial muscles. This presentation will detail the construction of such 
devices, how they are able to actuate in response to environmental humidity changes, 
and how this response can be used to report on environmental conditions. Furthermore, 
we show that temperature and pH responsive semi-interpenetrating network hydrogel 
based bilayer actuators could be fabricated by generating pNIPAm-based hydrogels in 
the presence of positively charged polyelectrolyte poly (diallyldimethylammonium 
chloride) (pDADMAC). These devices have been shown to exhibit bidirectional bending 
that depends on solution temperature and pH. Finally, we will show how these bilayer 
devices can be used to grab surfaces while releasing a small molecule model drug. 

  



POLY 650: Multicompartment capsules that can undergo transformations in their 
morphology 

Kerry C. DeMella2, kdemella@umd.edu, Srinivasa R. Raghavan1. (1) Chemical 
Biomolecular Engineering, University of Maryland, College Park, Maryland, United 
States (2) Chemistry, University of Maryland, Chesapeake, Virginia, United States  

The cells in our body all have inner compartments (organelles) such as the nucleus, 
mitochondria, and lysosomes, each having a distinct function. We have designed 
biopolymer capsules to mimic the above architecture, i.e., where an outer capsule 
contains several distinct internal compartments. We refer to these as multicompartment 
capsules (MCCs), and to make such MCCs, we have devised a simple microfluidic 
method that relies solely on aqueous media, requires no sacrificial template, and uses a 
minimal number of steps. Our method allows us to control the contents, and thereby the 
properties, of each internal compartment. The shell around each compartment is formed 
by the electrostatic complexation of oppositely charged polymers, and is permeable to 
small molecules, while allowing macromolecules and nanoparticles to remain 
encapsulated. Our larger goal is to endow MCCs with “emergent” properties, where the 
overall MCC has a behavior that emerges from interactions between the individual 
compartments. 
 
In this talk, we will focus on three distinct types of MCCs that show changes in their 
morphology or shape in response to external stimuli. First, we have created MCCs in 
which one (or more) of the internal compartments is photoresponsive. When irradiated 
with UV light, the photoresponsive capsules degrade and thus release a payload, which 
can now interact with an adjacent compartment in the MCC. In the second case, we 
have used capsules with catalytic nanoparticles, termed “micromotors”, as internal 
compartments. On their own, these micromotors are capable of self-propulsion when 
exposed to a chemical fuel. When the micromotors are in an MCC, the entire MCC can 
be propelled in some cases, but in other instances, the micromotors breach the outer 
shell of the MCC and escape. Finally, in a third class of MCCs, we show that a catalytic 
reaction in the lumen produces gas bubbles that inflate the whole MCC before causing 
the violent ejection of an inner compartment. 

 



POLY 651: Dynamically responsive hydrogel microcapsules 

Joerg G. Werner3, jwerner@g.harvard.edu, Brendan Deveney1, Saraf Nawar1, Hyomin 
Lee3, David A. Weitz2. (1) Harvard John A. Paulson School of Engineering and Applied 
Sciences, Waltham, Massachusetts, United States (2) Dept of Physics Pierce Hall, 
Harvard Univ, Cambridge, Massachusetts, United States (3) School of Engineering and 
Applied Sciences, Harvard University, Cambridge, Massachusetts, United States  

Microcapsules, particles in the micron size with thin shells and liquid cores, have been 
used for a variety of delivery applications due to their beneficial cargo-to-encapsulant 
ratio and tunable release mechanisms. Encapsulation and release is commonly applied 
in only one direction as a single use carries, limiting their range of applicability. 
Dynamically and reversibly responsive microcapsules would allow for both self-adjusting 
release, as well as repeated capture and release of cargo using a recyclable 
encapsulation microcontainer. Hydrogels are ideal candidates for such dynamic 
microencapsulation systems due to the wide and facile property tunability by 
composition and functionality. Charged hydrogels are interesting in particular due to 
their charge-dependent and pH-responsive swelling and permeability. Direct synthesis 
methods that yield hydrogel microcapsules dispersed in water exhibiting water cores are 
highly desirable, but their fabrication through the commonly applied emulsion 
polymerization is challenging, since hydrophilic monomer phases do not emulsify in 
water, but instead form homogeneous solutions. Here we present a facile microfluidic 
process for the synthesis of well-defined and water filled hydrogel microcapsules with 
tunable mesh-sizes, composition, and macroscopic dimensions without the use of 
sacrificial oils, solvents, or extensive post-fabrication modifications. Our hydrogel 
microcapsules are based on thiol-ene synthesis chemistry templated by homogeneously 
sized double emulsion droplets with less than 10 vol% of shell material. The water-
cored hydrogels show dynamic pH-responsive behavior with composition dependent 
reversible swelling spanning over an order of magnitude in size without compromising 
the integrity of the microcapsule shell. Additionally, the reversible swelling is 
accompanied by a change in permeability and molecular weight cut-off, allowing for the 
capture, trapping, and release of cargo over multiple cycles, expanding the application 
field of microcapsules to selective purification and separation. 

 
 



POLY 652: Photoinduced plasticity in crosslinked liquid crystalline networks: A 
route to photopolymerizable, programmable shape shifting materials 

Christopher Bowman2, christopher.bowman@colorado.edu, Matthew K. McBride2, 
Matthew Hendrikx1, Danqing Liu1, Brady T. Worrell2, Dirk Broer1. (1) Eindhoven 
University of Technology, Eindhoven, Netherlands (2) UCB 596, Univ of Colorado, 
Chemical Biological Eng, Boulder, Colorado, United States  

Covalent adaptable chemistry is a powerful tool to control the shape, bond connectivity, 
and underlying molecular orientation in covalently crosslinked polymer networks. We 
have implemented reversible addition fragmentation chain-transfer (RAFT) moieties in 
the backbone of liquid crystalline networks (RAFT-LCNs) which enables spatial and 
temporal control over the alignment of the mesogens embedded in the polymer 
backbone. The RAFT bond exchange process is facilitated via a radical mediated 
process that can be initiated through photoinduced cleavage of widely available radical 
photoinitiators thus enabling spatial and temporal control. In this work, we show recent 
progress in the development of RAFT-LCNs to control the optical properties, surface 
topography, and bulk shape changes in these novel light responsive LCNs. RAFT bond 
exchange stabilizes thermally driven disruption in pre-aligned, monolithic nematic LCNs 
which we leverage to develop optical images and thermoreversible images into pre-
aligned RAFT-LCNs. Controllable variables such as exposure temperature, intensity, 
and time were found to contribute to the resulting birefringence that enabled complex 
gray-scale images and regions of varying birefringence to be developed with RAFT 
bond exchange. We repeated this process on pre-aligned surface coatings and found 
that disrupted regions protrude from the coating and form surface topography that 
corresponds to the extent of covalently stabilized disruptions. Finally, macro shape 
change was demonstrated by using the RAFT bond exchange to program 
thermoreversible shape change. The extent to which RAFT bond exchange alters the 
low temperature and high temperature shapes were highly dependent on the bond 
rearrangement conditions including strain, stress relaxation, temperature, and exposure 
conditions. The bond rearrangement process is repeatable over multiple cycles as long 
as photoinitator remained. We demonstrated several types of thermoreversible shape 
changes including simple expansion/ contraction, surface patterns, and hierarchical 
thermoreversible folding. RAFT-LCNs thus represent a fundamentally new avenue to 
develop complex shape changing materials. 

 



POLY 653: Water-soluble poly(para-phenyleneethynylene)s as powerful elements 
for the construction of hypothesis-free tongues 

Uwe Bunz, uwe.bunz@oci.uni-heidelberg.de. Organisch-Chem Institut, Heidelberg, 
Germany  

The discrimination and identification of complex analytes is an important task that 
includes the quality control in beverages, food stuffs and prescription drugs. As there 
are clearly no simple sensors or assays possible that react specifically to a mixture of 
hundreds of compounds, this problem has to be solved differently. Chemical tongues 
are a powerful way to do that. 
We employ small libraries of water soluble, charged poly(para-phenyleneethynylene)s 
as universal, hypothesis-free sensor arrays. Thereby we can modulate the response of 
these small arrays by the addition of adjuvants such as metal ions, surfactants or other 
readily available reagents. With these tongues we identify and discriminate non-
steroidal antiinflammatories, antibiotics, white wines, and whiskies. 
These optoelectronic tongues show the promise to be powerful general type assays for 
quality control and also the sniffing out of counterfeits for beverages and drugs. 

 

 
 
Discrimination of antibiotics by a chemical tongue 

  



POLY 654: Switchable, addressable and tuneable: New applications for redox-
active aniline-based materials 

Alexander Bell1, Yaozu Liao2, Yaoyang Hu1, Benjamin Mills1, Charl F. Faul1, 
charl.faul@bristol.ac.uk. (1) School of Chemistry, University of Bristol, Bristol, United 
Kingdom (2) Donghua University, Shanghai, China  

Novel use of modern cross-coupling approaches to the synthesis of aniline-based 
materials allow us to exploit the conjugated N-containing (and thus dopable) backbone 
structures as well as the tuneable redox and optical properties. Applying such reactions 
for the formation of conjugated microporous polymers provided routes to efficient and 
highly selective CO2 capture, with obvious environmental impact and applications. In 
addition, these materials are showing exceptional I2 uptake properties, with >300 wt% 
uptake making them promising candidates for application in nuclear waste 
management. 
 
Using 2-photon polymerisation-based direct laser writing (DLW), finely controlled 3D-
printed conjugated structures can be prepared. The ability to print redox-active 
addressable periodic 3D structures enables the formation of actively tuneable photonic 
crystals. We show that simple acid-base chemistry enables reversible switching of the 
refractive index of such structures, with negligible corresponding dimensional change 
using DLW. 
 
We have exploited this functional aniline-based platform to prepare an novel redox-
active cationic surfactant, and investigated its supramolecular organisation into self-
assembled nanowires in solution. Using the dopable nature of these electroactive tail 
groups, we can now actively tune their packing parameter, and thus the assembly of 
these novel electrostatic supra-amphiphiles in a reversible fashion. We are currently 
also exploiting density functional theory (DFT) calculations to provide detailed insight 
into the optoelectronic properties of our materials, and thus enabling further design of 
species with attractive properties and function. 

 
 

3D-printed responsive photonic structure 



POLY 655: Phosphoryl-bridged viologens: Multifunctional properties and 
applications 

Thomas Baumgartner, thomas.baumgartner@ucalgary.ca, Monika Stolar, Laura 
Striepe. Univ Calgary Dept Chemistry, Calgary, Alberta, Canada  

Recent research in the area of functional pi-conjugated materials has shown that the 
incorporation of heteroelements - main group elements such as B, Si, Se, Te, and P in 
particular - is an efficient strategy to obtain organic materials with intriguing properties 
for a host of different practical applications. 
Our group’s research program deals with the development of fused phosphacyclic pi-
conjugated compounds that have recently attracted significant attention due their unique 
electronic properties, that is, their enhanced electron-acceptor features in particular. 
This presentation will highlight our efforts in designing and synthesizing viologen-
inspired organophosphorus building blocks, and exploring their utility in a series of 
advanced functional materials, particularly with a focus toward highly sought-after 
electron-acceptor materials and their practical application in electrochromic devices and 
batteries. 

 

 
 
 

  



POLY 656: Low temperature thermoelectric power factor from completely organic 
thin films 
 
Jaime C. Grunlan1,2, jgrunlan@tamu.edu, Chungyeon Cho1, Choongho Yu1. (1) 
Mechanical engineering , Texas A&M University, Brayn, Texas, United States (2) 
Chemistry, Texas A&M University, College Station, Texas, United States  
 
In an effort to create a paintable/printable thermoelectric material, comprised exclusively 
of organic components, polyaniline (PANi), graphene, and double-walled carbon 
nanotubes (DWNT) were alternately deposited from aqueous solutions using the layer-
by-layer assembly technique. Graphene and DWNT are stabilized with an intrinsically 
conductive polymer, poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate) 
(PEDOT:PSS). A 1 µm thick film, composed of 80 PANi/graphene-
PEDOT:PSS/PANi/DWNT-PEDOT:PSS quadlayers (QL) exhibits electrical conductivity 
(σ) of 1.88 X 105 S/m and a Seebeck coefficient (S) of 120 µV/K, producing a 
thermoelectric power factor (S2 σ) of 2710 µW/(m K2). This is the highest value ever 
reported for a completely organic material measured at room temperature. Furthermore, 
this performance matches or exceeds that of commercial bismuth telluride. These 
outstanding properties are attributed to the highly ordered structure in the multilayer 
assembly. The thermoelectric power output increased with the number of cycles 
deposited, yielding 8.5 nW at 80 QL for ΔT = 5.6 K. A simple thermoelectric generator 
was prepared with selectively-patterned, fabric-based system. The electric voltage 
generated by each TE device increased in a linear relationship with both ΔT and the 
number of TE legs, producing ~ 5 mV with just five legs and a ΔT of 9.5 K. This unique 
TE coating system is water-based and uses only organic components. For the first time, 
there is a real opportunity to harness waste heat from unconventional sources, such as 
body heat to power devices in an environmentally-benign way. 
 

 
High power factor organic thermoelectric nanocomposites are assembled via layer-by-layer assembly. 
Polyaniline, graphene, and double-walled carbon nanotubes, stabilized with intrinsically conductive 
poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate), are alternately deposited from aqueous 
solutions. This multilayer nanocomposite thin film (~ 1 µm thick) exhibits electrical conductivity of 1880 
S cm-1 and a Seebeck coefficient of 120 µV K-1, producing a thermoelectric power factor of 2710 µW m-1 

K-2. 
 



POLY 657: Azadipyrromethene-based complexes as electron acceptor for bulk 
heterojunction organic solar cells 

Genevieve Sauve, genevieve.sauve@case.edu. Chemistry, Case Western Reserve 
University , Shaker Heights, Ohio, United States  

Organic photovoltaics (OPVs) are promising candidates for providing a low cost, 
widespread energy source by converting sunlight into electricity. Solution-processable 
active layers have predominantly consisted of a conjugated polymer donor blended with 
a fullerene derivative as the acceptor. Although fullerene derivatives have been the 
dominant electron acceptors in organic photovoltaics, they have limitations, including 
poor absorption in the visible to near-IR and limited tuning of the energy levels. There is 
strong interest in discovering new electron acceptors that may overcome these 
limitations. We found that zinc(II) complexes of azadipyrromethenes (ADP) are 
promising acceptors, with strong absorption in the visible to near-IR, high electron 
affinity, low reorganization for electron transfer, tunable energy levels, and large non-
planar shape. Power conversion efficiency of 1-4% were obtained when blended with 
poly(3-hexylthiophene) (P3HT) as the donor. The best performance was obtained for 
Zn(WS3)2, where phenylethynyl substituents are added at the pyrollic positions. The 
presence of arylethynyl substituents in the pyrollic positions suppresses crystallization 
and is key in obtaining a favorable morphology in blends and a high efficiency. To 
further tune the properties of Zn(WS3)2, fluorination at various positions were explored. 
The effect of fluorination of electrochemical and photovoltaic properties varied 
depending on the position. The best results were obtained with -CF3 groups on the 
phenylehynyl substituents. Photocurrent versus light intensity measurements revealed 
that device performance in these systems is limited by bimolecular recombination, and 
that fluorination of Zn(WS3)2 reduces bimolecular recombination. Further experiments 
are underway to understand these results so that we can further reduce bimolecular 
recombination and enhance device performance using these non-conventional 
conjugated molecular electron acceptors. 

 

 
 
 



POLY 658: Cross-conjugated poly(thienylene vinylene)s (PTVs) and 
poly(selenylene vinylene)s (PSVs) 

Yang Qin, qinshou314@gmail.com. University of New Mexico, Albuquerque, New 
Mexico, United States  

Conjugated polymers (CPs) have found widespread applications in modern flexible 
electronic devices. Among a plethora of examples, poly(thienylene vinylene)s (PTVs) 
have attracted limited attention despite device-favorable properties including low 
bandgap, high charge mobility, stability and recently discovered singlet fission 
processes. PTVs possess extremely short exciton lifetimes and the relationship 
between polymer structures and electronic properties is currently poorly understood due 
to the lack of synthetic methodology for structurally diversifying PTVs beyond the 
rudimentary form. 
We describe our methodologies, through combination of acyclic diene metathesis 
(ADMET) and post-polymerization modification (PPM) reactions, for the preparation of 
PTVs and poly(selenylene vinylene)s (PSVs) with systematically varied structures. First, 
we prepared PTVs, PSVs and their random copolyemrs (PSV-co-PTV). By replacing 
sulfur atoms with selenium, PSVs were found to possess reduced crystallinity and a 
smaller bandgap of ca. 1.6 eV, while PSV-co-PTV shows physical/electronic properties 
between those of the corresponding homopolymers. Secondly, we successfully 
prepared a series of novel PTVs and PSVs functionalized with F, Cl, Br and I atoms at 
the 4-positions of thiophene rings. Such halogenation not only displays capabilities of 
fine-tuning polymer properties but also provides opportunities for further 
functionalization through PPM reactions, which enabled us to introduce several 
thiophene and benzene-based conjugated side chains on the polymer backbone. 
Interestingly, the obtained PTV and PSV derivatives with strongly electron-withdrawing 
side-chains displayed rarely observed fluorescence, suggesting changes in excited 
state structure and dynamics. Our methodologies provide a facile means to 
systematically study the structure-property relationships of poly(chalcogenylene 
vinylene)s, which can enhance our basic understanding in CPs and potentially lead to 
new materials for emerging electronic applications. 

 
 
 



POLY 659: Design of novel electron-accepting building blocks and application of 
their conjugated polymers for printed electronics 

Yuning Li, yuning.li@uwaterloo.ca, Zhuangqing Yan, Yinghui He, Bin Sun. Chemical 
Engineering, University of Waterloo, Waterloo, Ontario, Canada  

Conjugated polymers are desirable semiconductors for printed electronics because of 
their excellent solution processability and robust mechanical properties. For use as 
channel materials in organic thin film transistors, high charge carrier mobility and air 
stability are two key requirements. In the past decade, numerous hole transport p-type 
polymer semiconductors with good air stability and high hole mobility over 1 cm2V-1s-1 
have been developed. On the other hand, much fewer air-stable and high mobility n-
type polymers have been developed. Most of n-type polymers are based on a very 
limited number of the electron accepting building blocks such as naphthalenediimide 
(NDI). Recently we developed several novel strong electron accepting building blocks 
for constructing air-stable and highly efficient electron transport polymers for n-channel 
OTFTs. In this paper, we will introduce several electron accepting building blocks, 
namely, (3E,7E)-3,7-bis(2-oxoindolin-3-ylidene)benzo[1,2-b:4,5-b']difuran-2,6(3H,7H)-
dione (IBDF), 3,7-Bis((E)-1-methyl-2-oxoindolin-3-ylidene)-3,7-dihydrobenzo[1,2-b:4,5-
b']dithiophene-2,6-dione (IBDT), (3E,7E)-3,7-Bis(2-oxoindolin-3-ylidene)-5,7-
dihydropyrrolo[2,3-f]indole-2,6(1H,3H)-dione (IBDP), and thiophene-S,S-dioxidized 
indophenine (IDTO). The synthesis, characterization, molecular packing of the Polymers 
based on these building blocks will be discussed. Their performance as semiconductors 
in OTFTs will be introduced. Our results show that these building blocks are very 
promising for constructing n-type or ambipolar polymers for OTFTs. 

 

 
 
 

  



POLY 660: Late stage diversification of commodity polymers through C-H 
functionalization methods 

Frank A. Leibfarth, FrankL@email.unc.edu, Sally Lewis. Chemistry, University of North 
Carolina, Chapel Hill, North Carolina, United States  

We report new methods for the late-stage diversification of commodity polymers. A 
marvel of modern industrial chemistry is the economy of scale at which plastics are 
produced. In spite of their ubiquity, however, most commodity polymers lack the 
functionality necessary to solve next-generation challenges in adhesives, membranes, 
additive manufacturing, and biotechnology. The highly-engineered materials that meet 
these lofty expectations still face considerable hurdles in their translation from the bench 
to large-scale production. To address this challenge, we propose to use the modern 
toolkit of photoredox catalysis and C–H functionalization to modify the structure and 
enhance the properties of readily available commodity plastics without resorting to de 
novo synthesis; thus, generating new, functional, and high-value materials from readily 
available precursors. This concept is demonstrated herein through the late-stage 
perfluoroalkylation of commodity aromatic polymers. The methods will use simple 
chemistry to enhance the thermal, mechanical, and/or surface properties of a variety of 
materials. The anticipated outcomes are twofold: new methods for the selective 
introduction of fluorinated moieties into a range of commodity polymers, and new 
materials with a greatly expanded scope of physical properties for next-generation 
engineering applications. 

 

 
 
 

  



POLY 661: Living cationic polymerization of 4-methoxystyrene via a novel RAFT 
mechanism 

Wei You, wyou@unc.edu. University of North Carolina, Chapel Hill, North Carolina, 
United States  

We have carried out initial studies into the methanol-controlled visible light photoinitiated 
polymerization of 4-methoxystyrene using pyrylium salts. First order kinetic behavior, 
linear Mn growth with respect to monomer consumption, narrow dispersity, and 
continued polymerization upon monomer addition all indicate the controlled/living nature 
of the polymerization. The accumulated data suggest methanol plays a role as a 
reversible chain transfer agent, analogous to that of dithiocarbamates in RAFT 
polymerization. The polymerization does not require the use of strong Lewis or 
Brønsted acids or the prior synthesis or formation of small molecule co-initiators. Poly(4-
methoxystyrene) of low dispersity can be prepared, with Mn controlled by the 
concentration of methanol. 

 

 
 
 

  



POLY 662: Pd(II)-catalyzed copolymerizations of ethylene with vinyl 
trialkoxysilanes 

Maurice Brookhart1,2, mbrookhart@unc.edu, Zhou Chen2, Olafs Daugulis2, Weijun 
Liu1. (1) Univ of North Carolina, Chapel Hill, North Carolina, United States (2) 
Chemistry, University of Houston, Houston, Texas, United States  

Over the past two decades there has been intense interest in late metal-catalyzed 
polymerizations of ethylene and polar vinyl monomers. We report in this contribution a 
detailed mechanistic study of the copolymerization of ethylene with vinyl trialkoxysilanes 
catalyzed by Pd(II) diimine complexes. These studies elucidate fully the details of chain 
propagation and a unique chain transfer process occurring through beta-silyl 
elimination. Kinetic studies establish negligible rate retardation relative to ethylene 
homopolymerization despite the occurrence of chelate intermediates. 

 

 
 
 

  



POLY 663: High-performance polymers: Function follows form 

Theodorus J. Dingemans, tjd@unc.edu. Applied Physical Sciences, University of 
North Carolina at Chapel Hill, Chapel Hill, North Carolina, United States  

With fossil fuels running low, the need for new lightweight polymeric materials with the 
ability to perform both structural and functional tasks is increasing rapidly. Application 
areas that would benefit from such materials include structural composites, energy 
generation, energy storage, water purification and gas separation. In this contribution 
we will report on the synthesis of new lyotropic and thermotropic high-performance 
liquid crystal polymer chemistries and how they can be used to design new functional 
materials. We will show that sulfonated all-aromatic liquid crystal polymers (LCPs) are 
excellent candidates to prepare new classes of molecular composites, e.g. ionic liquid 
based gels for Li-ion battery applications and graphene-based nanocomposites with 
high graphene loadings (see Figure 1). The synthesis of novel thermotropic main-chain 
liquid crystal (AB)n-multiblock copolyesterimides has enabled us to design a new family 
of single component high-temperature shape memory polymers. The LC 
copolyesterimide films show excellent dual-SM behavior at 170 oC and after 
crosslinking, tunable high-temperature (>250 oC) triple SM and one-way reversible SM 
behavior could be demonstrated. 

 

 
 
Figure 1. Flexible and high-strength graphene-based nanocomposite films can be prepared from 
water-soluble liquid crystal GO and a sulfonated aramid 

  



POLY 664: Correlated liquid + oriented liquid = reinforced liquid: Conduction, 
alignment, and stiffness in a soft material 

Louis A. Madsen, lmadsen@vt.edu. Chemistry, Virginia Tech, Blacksburg, Virginia, 
United States  

The interplay of collective intermolecular interactions and molecular orientation can give 
rise to surprising bulk material properties. I will describe a new type of oriented solid that 
simultaneously possesses a high mechanical stiffness and yet free (liquid-like) ion 
motions inside. We build this material from a strongly correlated liquid (an ionic liquid) 
and an oriented liquid consisting of a rigid-rod ionic polymer (essentially sulfonated 
Kevlar) in solution. We call this an “electrostatic network ion gel” (ENIG) and we might 
also consider this solid to be a “1D reinforced liquid”. 
I will begin this talk by discussing phenomena in and parallels between correlated (ionic) 
liquids and oriented liquids. By contemplating the non-covalent forces and anisotropy 
present in these systems, we can understand the massively collective network that 
arises in an ENIG. The figure below shows an MD simulated view of an ENIG, looking 
down the polymer rod axes (yellow sulfonates and turquoise polymer backbones), which 
are surrounded by correlated clouds of ionic liquid cations (blue) and anions (red). The 
sulfonated rigid-rod polymer is not only rigid in the single-molecule sense, but forms a 
helical dimer that helps provide a rigidity persistence length of at least tens of 
nanometers along the rod axis. In water solution, these extremely high aspect ratio rods 
form a highly aligned (S = 0.8) liquid at > 1 wt%, which, along with the correlated ions, 
appear to be key to forming the rigid ENIG matrix. The high stiffness (E’ up to 3 GPa), 
high thermal stability (up to 300 deg. C), high conductivity (up to 8 mS/cm), and 
anisotropic properties of ENIGs show promise for enabling high density and safe Li 
batteries as well as other electrochemical devices such as mechanical actuators. 

 



POLY 665: Architectural programming mechanical properties of polymeric 
elastomers 

Sergei Sheiko, sergei@email.unc.edu. UNC Chapel Hill, Chapel Hill, North Carolina, 
United States  

Soft elastic materials enable the creation of implants, substrates, and haptic robotic 
digits with mechanical properties matching those of biological tissues. Currently, 
polymer gels are the only viable class of synthetic materials with a Young’s modulus 
below 100 kPa. However, the liquid fraction in the gels may cause phase separation 
and solvent leakage on deformation. Herein, we have created bottlebrush and comb-like 
networks that are superelastic and supersoft, even in the absence of solvent [1]. The 
attachment of side chains results in an increase of the diameter of individual 
macromolecules, but unlike typical filaments, molecular bottlebrushes remain flexible 
[2,3]. This enables a significant decrease in the entanglement density, which reduces 
the limit of stiffness in dry polymer materials by 1000 times and has opened up new 
applications not available to stiffer materials or materials with liquid fractions [4]. The 
comb-like architecture offers three independently controlled parameters – side-chain 
length, grafting density, and crosslink density - that allow for combinatorial variations of 
elastomer mechanical properties impossible for conventional linear chain elastomers, 
e.g. simultaneously increasing rigidity and elasticity. In contrast to linear chain 
elastomers, brush-like architecture allows independent variation of modulus and 
elongation at break in broad ranges. Based on this materials design platform, we have 
prepared elastomers that closely match the mechanical behaviour of biological tissue 
and may be moldable through physical crosslinking [5]. Furthermore, this architecture 
affords many chain-ends that are amendable for chemical modifications and enhance 
molecular mobility, which directly affects vital physical properties ranging from glass 
transition and crystallization temperatures to adhesion and permeability. 
 

  



POLY 666: Polymer mark of Ed Samulski 

Michael Rubinstein, mr@unc.edu. UNC Chapel Hill, Chapel Hill, North Carolina, 
United States  

This lecture is deicated to the outstanding contributions of Prof. Edward T. Samulski to 
research and leadership in polymner science on the ocation of him receiving Herman F. 
Mark Award of the Division of Polymer Chemistry of American Chemical Society. 

  



POLY 667: Organic polymer chemistry in the context of novel processes 

Joseph M. DeSimone1,2, desimone@unc.edu. (1) Department of Chemistry & 
Department of Chemical and Biomolecular Engineering, University of North Carolina at 
Chapel Hill & North Carolina State University, Chapel Hill & Raleigh, North Carolina, 
United States (2) Carbon, Inc., Redwood City, California, United States  

This presentation will discuss connections that link polymer synthesis in supercritical 
CO2 to cancer treatment and vaccines, non-flammable polymer electrolytes for lithium 
ion batteries, and 3D printing. I will attempt to show the value of versatility in applying 
one’s primary area of expertise to address pertinent questions in science and in society. 
I will discuss the key factors to enable a research effort to take shape in an effort to 
influence diverse fields and have a tangible impact in the private sector through the 
translation of discoveries into the marketplace. 

 

 
 
 

  



POLY 668: Persistent rods: From high temperature polymers to liquid helium 

Edward T. Samulski, et@unc.edu. UNC Chapel Hill, Chapel Hill, North Carolina, 
United States  

I will present a biased random walk through a half century of research topics I’ve 
considered since 1967. 

 

 
 
 

  



POLY 669: New magneto-optic polymeric materials with giant Faraday rotation 

Pan Wang2, panwang@mit.edu, Timothy M. Swager1. (1) MIT, Cambridge, 
Massachusetts, United States (2) Department of Chemistry, Massachusetts Institute of 
Technology, Cambridge, Massachusetts, United States  

Magneto-optic (MO) materials are of great interest for their wide use in high-end 
applications and magnetic field sensors. Compared to traditional inorganic magnetic-
optic materials, polymeric materials are far more superior in their flexibility and 
robustness, allowing the fine-tuning to meet specific device requirements. We report our 
very recent discovery of a new kind of sulfone containing helical polymer, which is 
demonstrated to be a new magnetic-optic material with giant Faraday effect to the order 
of 106 deg T-1 m-1 in Verdet constant in the UV-vis region. Different from the previous 
research, we showed that helical structure polymers could perform better than the 
reported lamellar arranging structures. Full characterizations of these new polymers 
shed light on understanding the underlying mechanism of intrinsic Faraday 
phenomenon with its supramolecular structures. The newly designed MO materials will 
be new candidates for the next generation magnetic field applications. 

 

 
 
 

 

 



POLY 670: Electroactive polymer/carbon nanotubes hybrid materials for energy 
storage synthesized via grafting approaches 

Bruno Ernould, bruno.ernould@uclouvain.be, Olivier Bertrand, Alexandru Vlad, Jean-
Francois Gohy. Institute of Condensed Matter and Nanosciences, Université catholique 
de Louvain, Louvain-la-Neuve, Belgium  

To address the ever-increasing demand for portable energy sources, Li-ion batteries 
(LIBs) and electrochemical capacitors are considered as the most mature technologies. 
LIBs are usually implemented wherever the energy density is the key parameter rather 
than the power density. Oppositely the electrochemical capacitors offer considerably 
higher power densities but at the expense of their energy densities. In between these 
technologies, there is still some room for a technology balancing the power and the 
energy densities. 
 
When it comes to fill the gap between LIBs and electrochemical capacitors, organic 
radical materials are currently considered as a promising class of electroactive 
compounds. One of the most studied of this class is the poly(2,2,6,6-
tetramethylpiperidin-1-oxyl-4-yl methacrylate) (PTMA), a polymer bearing stable 
nitroxide radicals as side groups. Yet, this polymer suffers from its solubility in standard 
commercial electrolytes and from its electric insulating behavior. 
 
To overcome these limitations, we developed original grafting strategies yielding 
composite materials based on carbon nanotubes and immobilized electroactive polymer 
chains. These strategies are not only affording a mean to suppress the solubilization of 
the active material but also permit high power performances thanks to the intimate 
contact of PTMA with the MWCNT conductive network. Furthermore, with respect to 
common PTMA/conductive carbon blends, our MWCNT-g-PTMA materials display 
superior power performances owing to the enhanced charge transfer and current 
collection. That is, the carbon loading can be lowered while maintaining the same rate 
performances. The success of our strategies highlights the benefits of a precise 
distribution of the active material around the conducting network thanks to our designed 
core-shell morphology. 

 



POLY 671: UCST-type behavior of poly(behenyl methacrylate)-stabilized 
nanoparticles in mineral oil dictates their degree of dispersion 

Matthew J. Derry, m.derry@sheffield.ac.uk, Oleksandr Mykhaylyk, Steven P. Armes. 
Department of Chemistry, University of Sheffield, Sheffield, United Kingdom  

Reversible addition-fragmentation chain transfer (RAFT) dispersion polymerization of 
benzyl methacrylate (BzMA) in mineral oil enables the in situ synthesis of diblock 
copolymer spheres, worms or vesicles.1 Polymerization-induced self-assembly (PISA)2-4 
occurs when using a soluble poly(behenyl methacrylate) (PBhMA) macromolecular 
chain transfer agent (macro-CTA) to polymerize BzMA monomer to yield an insoluble 
second block, thus forming sterically-stabilized PBhMA-PBzMA diblock copolymer 
nanoparticles in an industrial mineral oil. When using a PBhMA37 macro-CTA, a series 
of sterically-stabilized PBhMA37-PBzMAx diblock copolymer spheres of tunable diameter 
are obtained, as confirmed by dynamic light scattering (DLS) and transmission electron 
microscopy (TEM) studies. Rheological studies indicate that a transparent free-flowing 
concentrated dispersion of non-interacting 32 nm PBhMA37-PBzMA100 spheres at 50 °C 
forms a turbid, paste-like dispersion on cooling to 20 °C. Turbidimetry and differential 
scanning calorimetry (DSC) studies conducted on PBhMA37 homopolymer in mineral oil 
confirms that this switchable colloidal stability is linked to the upper critical solution 
temperature (UCST) behavior exhibited by this stabilizer block. Variable-temperature 
small-angle X-ray scattering (SAXS) indicates that a loose fractal network of interacting 
spheres is formed on cooling to 20 °C, which accounts for this thermo-reversible sol-gel 
transition. 

 
Figure 1. Turbidimetry studies of a 20% w/w dispersion of 32 nm PBhMA37-PBzMA100 spheres 
in mineral oil on cooling from 50 °C to 20 °C (blue data), and then heating from 20 °C to 50 °C 
(red data). Cartoon representations of sterically stabilized spheres at 50 °C (right) and loose 
fractal aggregates at 20 °C (left) and digital images of the transparent free-flowing dispersion at 
50 °C and turbid, paste-like dispersion at 20 °C are also shown. 



POLY 672: Core-shell nanoparticles of tapered interface structure 

Lin Wang1, 1631981@tongji.edu.cn, Wentao Xiong1, Xiaorong Wang1,2. (1) Chemical 
Engineering, Tongji University, Shanghai, China (2) Institute for Advanced Study, Tongji 
University, Shanghai, China  

This work reports the preparation of core-shell nanoparticles of tapered interface 
structures. The hard core is made from crosslinked polystyrene, and the soft hairy shell 
is made of tapered poly(isoprene-co-styrene). We used them as reinforcing fillers in 
synthetic rubbers. Our experimental results show that the nanoparticles possessing this 
unique tapered structures can provide superior reinforcement, with excellent tensile 
strength and wear durability, that conventional fillers such as carbon black or silica 
cannot match. 

 

 
 
Fig 1. Tapered Hairy Nanoparticles 

  



POLY 673: New versatile class of antioxidant polymers 

Raman Hlushko, raman.hlushko@tamu.edu, Hanna Hlushko, Svetlana A. Sukhishvili. 
Materials Science and Engineering, Texas A&M University, College Station, Texas, 
United States  

Polyphenols are the class of organic compounds containing more than one hydroxyl 
group attached to the aromatic ring. Polyphenols are mostly represented by naturally 
abundant small organic molecules which are known for their antioxidant activity. Here, 
we report on a new class of macromolecular polyphenols which contain 3,4,5-trihydroxy 
benzyl, 3,4-dihydroxy-5-bromo benzyl, or 3,4-dihydroxy benzyl groups. The precursor 
polymers were first synthesized by the reversible addition-fragmentation chain transfer 
(RAFT) polymerization using monomers obtained by reacting methoxy derivatives of the 
corresponding amines with methacrylic anhydride. Following demethylation of methoxy 
groups of the precursor polymer yielded the desired polymers. The antioxidant activity 
and hydrophobicity of these polymers could be tuned via copolymerization of methoxy 
phenol and alkyl-containing monomers. The polymers were characterized using GPC, 
1H-NMR, and FTIR techniques. The antioxidant activity of these polymers was 
quantified by their ability to scavenge 1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals. 
The radical scavenging efficiency was higher for polymers with higher percentage of 
polyphenol groups in the polymer chain. The antioxidant copolymers demonstrated 
good adhesion to the oxidized silicon substrates as confirmed by ellipsometry and 
contact angle measurements. The copolymers were thermally stable up to 200°C, and 
showed a glass transition temperature which was affected by their composition. 

 

 
 
 

  



POLY 674: Functional siloxanes with photo-activated, simultaneous chain 
extension and crosslinking for lithography-based 3D printing 

Justin Sirrine1, sirrine@vt.edu, Nicholas G. Moon4, Viswanath Meenakshisundaram2, 
Ryan J. Mondschein1, Christopher Williams3, Timothy E. Long1. (1) Chemistry, Virginia 
Tech, Blacksburg, Virginia, United States (2) Mechanical Engineering, Virginia Tech, 
Blacksburg, Virginia, United States  

Mask-projection microstereolithography (MPμSL) is a type of additive manufacturing 
(AM) or three-dimensional (3D) printing where a UV-curable liquid oligomer or polymer 
is photocured in a layer-by-layer fashion, producing a 3D object. Conventional 
photopolymer compositions ideally possess low viscosity and typically contain 
oligomeric or monomeric species. Photo-initiated crosslinking of these species often 
results in the formation of a brittle or rigid object, in part due to accompanying low 
molecular weight between crosslinks (Mc). The 3D fabrication of flexible and/or elastic 
objects requires higher Mc, which carries a concomitant increase in photopolymer 
viscosity, resulting in prohibitively high layer recoat and print times. In this work, a novel, 
low viscosity, hybrid polydimethylsiloxane (PDMS) thiol-ene and conventional free 
radical photopolymer system is evaluated for simultaneous molecular weight growth and 
crosslinking upon UV irradiation. Raman spectroscopy and photocalorimetry probe the 
thiol-ene chain extension and acrylate crosslinking reaction kinetics. Photorheology 
examines the gelation kinetics as a function of UV irradiation time and demonstrates 
adequate spatiotemporal control required for MPμSL. Preliminary 3D printing with 
MPμSL demonstrates adequate print speeds and high print resolution. Dynamic 
mechanical analysis (DMA) and tensile testing probe mechanical properties as a 
function of stoichiometry, revealing lower plateau moduli and higher levels of strain at 
break with increasing levels of chain extension. This hybrid photopolymer system 
enables the fabrication of flexible and elastic objects without the use of co-solvents, 
reactive diluents, or heating of the photopolymer vat, preventing issues of shrinkage and 
low gel fraction associated with these other systems. 

 



POLY 675: Light scattering without refractive index increment: A new approach to 
calibrate SEC-light scattering setups 

Derek Lohmann1, dlohmann@pss-polymer.com, Wolfgang Radke2, Jasmin Preis2, 
Simona Lavric3,2. (1) PSS USA Inc, Amherst, Massachusetts, United States (2) PSS 
GmbH, Mainz, Germany (3) Melamin d.d., Kočevje, Slovenia  

Conventional size exclusion chromatography (SEC) yields molar masses relative to a 
calibration curve, Hyphenation to a light scattering detector (SEC-LS) provides absolute 
molar masses at each elution volume, yielding true molar mass distributions and 
averages. 
SEC-LS requires an LS instrument in conjunction with a concentration detector, typically 
a RI detector. The information obtained by these detectors are voltages, which have to 
be converted to the measured physical property. 
Currently, two approchaes for calibration of SEC-LS exist. Most manufacturers of LS 
instruments use well-characterized polymer standards for calibration, one manufacturer 
performs calibration using a reference liquid of known Rayleigh ratio. Therefore, true 
molar masses are obtained by SEC-LS, even if the standards used to calibrate the 
SEC-LS setup is not of identical chemical structure as the analyte to be analyzed later 
on. This contrasts conventional SEC. 
If calibration is performed using polymer standards, the molar mass and the specific 
refractive index increment, dn/dc, of the standard need to be known. For molar mass 
deteremination of unknown analytes, knowledge of their dn/dc is also required 
Unfortunately the correct dn/dc is often unknown in the solvent applied, or its 
determination is difficult, e.g. in mixed solvents or in solvents containing salts or 
additives. 
This contribution will describe an alternative approach for calibration of an SEC-LS 
setup and determination of the molar mass of unknown analytes. Neither the dn/dc of 
the sample, nor of the polymer used for calibration is required. Only the molar mass of 
the calibrant and the concentrations of the calibrant and the unknown samples are 
required. 
The new calibration approach does not require any dn/dc. Consequently, experimental 
difficulties arising from preferential solvation as they are present in ternary systems 
(mixed solvent, salt containg eluents) are eliminated. 
Besides the theoretical approach, the contribution will provide experimental results, 
demonstrating the suitability of this new approach. 

 
General principle of LS in solution 



POLY 676: Morphological structure of sulfonated syndiotactic polystyrene 
ionomers via SAXS and USAXS 

Gregory B. Fahs, gfahs@vt.edu. Chemistry, Virginia Tech, Blacksburg, Virginia, United 
States  

A recently developed gel-state functionalization has been utilized in order to create 
blocky sulfonated syndiotactic polystyrene semi-crystalline ionomers. These polymers 
exhibit a profound enhanced thermal stability compared to the randomly sulfonated 
counterpart and at high ion contents there are significant differences in the 
morphological arrangement of ionic material. These polymers have been analyzed 
through thermal characterization techniques to describe the thermal differences and x-
ray scattering techniques in order to provide a description of both crystalline material, 
the aggregation of ions, and assemblies of ionic aggregates termed clusters. When 
comparing blocky functionalized polymers to randomly functionalized polymers 
significant differences are seen in the thermal behavior. At lower ion contents it has 
been shown that there is a much higher melting temperature in the case of blocky 
functionalization, and at higher ion contents the blocky ionomers are able to crystallize 
to a very high degree of crystallinity and the randomly functionalized ionomers are 
completely unable to crystallize. A USAXS study has shown that the morphologically we 
see that the clusters become more compact for the blocky functionalization eventually 
reaching a nearly homogeneous distribution of ionic aggregates throughout the matrix at 
high ion contents, compared to the randomly functionalized ionomer, which continues to 
have distinct ionic domains even at high ion contents. The structure of crystallities has 
indicated in our studies a method to determine the approximate distribution of ionic 
functionalities on the polymer backbone created through these two different methods, 
showing that the distribution of functionalities can help preserve the crystallizability of 
the blocky functionalized polymers. 

 

 
 
 

  



POLY 677: Confocal Raman microscopy characterization of waterborne coatings 

Dana Garcia1, dana.garcia@arkema.com, Wenjun Wu2. (1) Analytical and Systems 
Research, Arkema Inc, King of Prussia, Pennsylvania, United States (2) Arkema 
Coating Resins, Cary, North Carolina, United States  

Confocal Raman microscopy (CRM) integrates the high molecular specificity associated 
with Raman spectroscopy with the opportunity of spatial resolution characteristic of 
microscopy. X,Y and Z (depth) mapping can yield, based on the Raman spectra, a 
compositional or structural image for multi-component systems. An interesting 
application for CRM is the study of coating films comprising polymer, pigment and 
additives. CRM was effectively used to evaluate species distribution and surfactant 
enrichment at the surface of the coating films. Coating film Raman depth profiles in the 
first 25 - 50 microns showed that blends of acrylic latex and model water-soluble 
species are compositionally uniform. Additionally the Raman experiments provided 
corroborative spectral evidence for surfactant surface enrichment in acrylic latex  

 
Water-soluble species depth profile composition (surface to -25 microns) in dried coating film 
with acrylic latex and model water-soluble species 



POLY 678: Vibrational sum frequency generation spectroscopy (VSFGS) to probe 
the interfacial organization of methacrylate-based polymer thin films 

Narendra M. Adhikari1, na643214@ohio.edu, Katherine A. Cimatu2. (1) Chemistry and 
Biochemistry, Ohio University, Athens, Ohio, United States (2) Department of Chemistry 
and Biochemistry, Ohio University, Athens, Ohio, United States  

This study involves the use of second order nonlinear optical spectroscopic technique of 
Vibrational Sum Frequency Generation Spectroscopy (VSFGS) to selectively probe the 
interfacial organization of methacrylate based polymer thin films. VSFGS is a label free 
and non-destructive optical surface characterization technique. This technique is 
Interface selective due to its selection rule that requires no inversion symmetry and the 
spectra collected are polarization dependent which in turn provide average orientation 
of functional groups present at the interface. Broadband Sum frequency spectroscopy, 
with a fixed visible (795nm) and tunable broadband mid-IR beam, was used to study the 
molecular organization of poly-2-hydroxyethylmethacrylate (PolyHEMA) polymer thin 
film at the air and liquid interface. First, the polymer thin film on a cleaned quartz 
substrate was prepared by spin coating. The polymer thin film was cured by annealing 
in a vacuum oven. The polymer thin films were studied using VSFGS by exposing them 
to air and then to various solvents such as water, D2O and CCl4. SFG spectra of 
polymer thin films were collected using different polarization combinations which were 
analyzed to obtain the surface orientation of C-H groups. The vibrational modes behave 
differently when exposed to air and to various solvents showing structural 
reorganization due to the presence of solvent. For instance, the methyl symmetric 
stretch (CH3 SS) peak at around 2975 cm-1 from poly-2-hydroxyethlymethacrylate gains 
intensity when exposed to water compared to when it is exposed to air. 
Also, the effect of pressure on the polymer surface organization was studied by varying 
vacuum pressure during annealing. Polymer thin films showed different spectra when 
annealed under different pressures showing a pressure dependent organization of 
molecular groups on the surface. 

 
 



POLY 679: Photooxidation of high perfomance aerospace polyurethane coatings 

Nickolaus Weise1, nick.weise@gmail.com, ian long3, Ann E. Mera3, James H. Wynne2. 
(1) Naval Research Laboratory, Alexandria, Virginia, United States (2) Chemistry 
Division, Naval Research Laboratory, Alexandria, Virginia, United States (3) Aircraft 
Division, Naval Air Warfare Center, Patuxent River, Maryland, United States  

 
Frequently, the premature degradation of high performance aerospace coatings due to 
normal environmental exposure results in costly maintenance and significant safety 
issues for operation of service aircraft. In this study, urethane crosslinked coatings with 
varying polyester/ether content were synthesized and exposed to accelerated 
weathering conditions (UV, temperature, and humidity). Exposures up to 2000 hours 
were utilized to determine the mechanism of premature degradation. Dependence on 
the coatings polyester and polyether content on weathering was observed via changes 
in the elastic modulus of exposed coatings. Weathered coatings with higher polyester 
content in the formulation displayed an increased elastic moduli due to a recombination 
of radicals that afforded shorter and stiffer crosslinked chain segments from a 
characterized photooxidation process. Conversely, weathering of higher polyether 
content coatings afforded a chain scission reaction route that compromised the 
mechanical integrity due to the subsequent elimination of ether functional groups from 
the employed macrodiol. 

 
 
 



POLY 680: Synthesis of fluorinated-semiconducting copolymers based on 
poly(vinylidene fluoride) and poly(3-hexylthiophene) 

Olga Siscan, olgashishkan@gmail.com. LCPO, University of Bordeaux, Pessac, 
France  

O. Siscan, olga.siscan@u-bordeaux.fr, E. Cloutet, C. Brochon, E. Pavlopoulou, G. 
Hadziioannou, LCPO, University of Bordeaux, Pessac, France 
Fluorinated polymers, notably poly(vinylidene fluoride) (PVDF), draw increasing interest 
in polymer material science due to their unique ferro-, piezo- and pyroelectric properties. 
Poly(3-hexylthiophene) (P3HT) is widely used in organic electronics due to both its 
electrical conductive properties and possibility of molecular weight control and chain 
end functionalization. Covalent bonding between these crystalline polymers could result 
into well-ordered structures with excellent electronic and electric properties. This 
communication will present the synthesis of PVDF-b-P3HT and P3HT-b-PVDF-b-P3HT 
copolymers. These block copolymers were synthesized using two main types of 
chemistries: 1) Huisgen reaction between azide-functionalized PVDF and P3HT 
containing ethynyl functional end-group and 2) thiol-ene reaction between thiol-
functionalized PVDF and P3HT carrying vinyl groups. PVDF was prepared either by free 
radical polymerization or by macromolecular design via the interchange of xanthates 
and P3HT by Grignard metathesis polymerization. Graft copolymers containing PVDF 
and P3HT as pendant chains were also explored. Block and graft copolymers were 
characterized by NMR and DOSY NMR spectroscopies, SEC, and DSC. 

 

 
 
 

  



POLY 681: Future Mars environment for science and exploration 
 
James Green1, James.Green@nasa.gov, J. Hollingsworth2, Melinda Kahre2, D Brain3, 
V Airapetian4, A Glocer4, A Pulkkinen4, C Dong5, R Bamford6. (1) Planetary Science 
Division, NASA-SMD, Washington, District of Columbia, United States (2) NASA ARC, 
Moffett Field, California, United States (3) U. of Colorado, Boulder, Colorado, United 
States (4) NASA GSFC, College Park, Maryland, United States (5) Princeton University, 
Princeton, New Jersey, United States (6) Rutherford Appleton Laboratory, Chilton, 
Oxfordshire, United Kingdom  
 
Today, Mars is arid and cold with a very thin atmosphere that has significant frozen and 
underground water resources. The thin atmosphere prevents liquid water from residing 
permanently on its surface and makes it difficult to land missions since it is not thick 
enough to completely facilitate a soft landing. In its past, under the influence of a 
significant greenhouse effect, Mars must have had a significant water ocean covering 
perhaps 30% of the northern hemisphere. Mars lost its protective magnetosphere and 
therefore much of its atmosphere around 3 Ga ago, due to the solar wind. The 
atmospheric loss into the solar wind is somewhat balanced by the outgassing of the 
Mars interior and crust that contributes to the existing atmosphere leading to a global-
mean surface atmosphere of ~6 mbar pressure currently. 
 
By using our extensive simulation tools and physics capabilities in Space Weather and 
Mars global climate modeling, we have started to explore the effects on Mars of placing 
an artificial magnetic dipole field at the Mars L1 Lagrange point putting Mars in a 
magnetotail. This situation then eliminates many of the solar-wind erosion processes 
that occur with the planet’s ionosphere and upper atmosphere allowing the Martian 
atmosphere to grow in pressure and bulk temperature over time. Under thicker 
atmospheres, the global circulation patterns and seasonal changes are much different 
than at present. An enhanced atmosphere would: allow larger landed mass of 
equipment to the surface, shield against some cosmic and solar particle radiation, 
extend the ability for oxygen extraction, and provide “open air” greenhouses to exist for 
plant production, just to name a few. These new conditions on Mars would allow human 
explorers and researchers to study the planet in much greater detail and enable a truly 
profound new understanding of the habitability of this planet. 

 



POLY 682: Use of polyimide and polyamide aerogels as lightweight, 
multifunctional materials for aerospace applications 

Mary Ann Meador4, maryann.meador@nasa.gov, Jessica Cashman1, Baochau 
Nguyen5, Haiquan Guo6, Rocco P. Viggiano3, Stephanie L. Vivod2. (1) Materials, 
Chemistry and Physics Branch, NASA Glenn Research Center, Washingtonville, New 
York, United States (2) Materials and Structures, NASA Glenn Research Center, 
Cleveland, Ohio, United States (3) Materials Chemistry and Physics, National 
Aeronautics and Space Administration, Cleveland, Ohio, United States (4) NASA Glenn 
Research Center, Cleveland, Ohio, United States (5) Ohio Aerospace Institute, 
Cleveland, Ohio, United States  

Polyimide and polyamide aerogels, made using step-growth polymerization to form 
telechelic oligomers in solution, followed by cross-linking, are among the strongest 
aerogels known. These aerogels, depending on oligomer backbone, can be made into 
robust thin films that are flexible and moisture resistant for use as insulation for 
applications ranging from inflatable decelerators for entry, descent and landing to space 
suits. They have also been fabricated as thicker, stiff substrates with dielectric constants 
approaching one, and demonstrated as lightweight substrates for antennas. While 
outperforming conventional antennas in both bandwidth and gain, the aerogel antennas 
weigh as much as 80 % less. Currently, we are fabricating more flexible forms of the 
aerogel for use as conformal substrates for antennas. Other work on polyimide and 
polyamide aerogels includes fabrication of new forms for use as dielectric layers in 
lightweight data and power cables, and demonstration of ionic liquid filled aerogels for 
use as fire retardant separators for lithium batteries. All of this will be discussed. 

 
 

Different form factors of polyimide aerogels. 



POLY 683: Metal-organic frameworks (MOFs): Design, preparation and gas 
storage 

Omar K. Farha, omarkfarha@gmail.com. Chemistry, Northwestern Unversity, 
Glenview, Illinois, United States  

MOFs are an emerging class of solid-state materials built up from metal-based nodes 
and organic linkers. They exhibit permanent porosity and unprecedented surface areas 
which can be readily tuned through coordination chemistry at the inorganic node and 
organic chemistry at the linkers. MOFs provide an exciting platform for gas storage and 
separation applications. In this talk, MOF design, preparation and gas storage will be 
discussed. 

  



POLY 684: Biosynthesis of materials and nutraceuticals from astronaut waste: 
Towards closing the loop 

Mark A. Blenner, blenner@clemson.edu. Chemical and Biomolecular Engineering, 
Clemson University, Clemson, South Carolina, United States  

The journey to Mars will be longer than any mission before. Astronaut needs for 
materials, nutraceuticals, and life support systems will critical. However, future missions 
may benefit from flexible, programmable, low power, and sustainable manufacturing 
processes driven by resources available during the mission. These resources include in 
situ minerals and feedstocks, solar energy, and waste generated by crew and space 
shuttle operation. Microbiological systems are well suited for utilizing such ill-defined 
resources and reliably manufacturing both specific and complex molecules. Our work is 
focused on using synthetic biology and metabolic engineering to develop Y. lipolytica as 
a platform organism to produce omega-3 fatty acids and polyhydroxyalkonoates (PHAs) 
from autotrophic cell waste and human urine. Our work demonstrates that Y. lipolytica is 
not only capable of using urine as a nitrogen source but it also grows more efficiently 
and produces higher lipid concentrations. Benefits and challenges of using waste 
substrates will be discussed and compared to defined media. Together, our work moves 
us closer to biomanufacturing for astronaut needs. 

 
 



POLY 685: Towards bioproduction of advanced fuels and lightweight materials 

Fuzhong Zhang, fzhang@seas.wustl.edu. Energy, Environmental Chem Engineering, 
Washington University, Saint Louis, Missouri, United States  

Future space exploration will demand the development of highly efficient technologies to 
recycle readily available resources (e.g. in situ resource utilization, ISRU) for the 
sustainable production of indispensable supplies. Recent development in synthetic 
biology has enabled controllable cellular behavior and novel metabolic functionalities, 
enabling engineered cells to perform naturally-unachievable tasks. We aim to use 
synthetic biology methodologies to develop bacteria-based platforms that enable ISRU 
and produce advanced fuels and lightweight, high-performance materials for space 
exploration applications. In one direction, we have developed novel metabolic pathways 
that alter the fatty acid structure of the engineered microbial host, leading to the 
production of branched-chain fatty acids and their derived biofuels and chemicals. 
These branched-chain fuels and chemicals have improved physical properties 
compared to their straight-chain counterparts, enabling their utilization under harsher 
conditions at extraterrestrial sites. Meanwhile, on an ongoing project, we have been 
engineering microbes to produce lightweight, high-performance materials. To realize 
ISRU, a photosynthetic cyanobacterium Synechocystis sp. PCC 6803 was used, which 
is capacity of capturing sunlight energy and using atmospheric CO2 as the sole carbon 
source. A series of synthetic biology tools was developed which dramatically boosted 
our ability to genetically engineer microbial cells and their production. Progress made on 
this project will be discussed. 

 



POLY 686: Possible process chemistry for turning martial soil into value added 
chemicals for multiple purposes 

Richard M. Laine1, talsdad@umich.edu, Joesph C. Furgal1, Vera Popova2. (1) 
University of Michigan, Ann Arbor, Michigan, United States (2) Mayaterials Inc., Ann 
Arbor, Michigan, United States  

Martian soil and especially dust is very similar to dust found on earth although 
somewhat more laden with iron. Chemistry developed in our laboratories relies on very 
simple reactions of ethylene glycol with silica, alumina, titania and other oxides to 
produce alkoxides that can be used to purify the individual components in Martian soils 
and also produce a variety of oxide nanopowder precipitates for example to make sol-
gel derived insulation and other buildling materials. This talk will cover the types of 
chemistries that might work to use basic components found on Mars to produce high 
quality chemicals and pure oxide materials. 

 

 
 

Direct depolymerization of silica with ethylene glycol 

  



POLY 687: Frontiers in polymer science and engineering 

Frank S. Bates, bates@cems.umn.edu. Univ of Minnesota, Minneapolis, Minnesota, 
United States  

Polymers are ubiquitous, affecting society in profound and extraordinary ways. The 
world generates more than 300 million metric tons of synthetic polymers annually, with a 
market value in excess of $400B. In the course of her life, a newborn child will be 
clothed in fabrics made of polymers; transported in vehicles increasingly reliant on 
advanced composites and elastomers; raised on food kept safe, sanitary, and 
marketable through inexpensive plastic packaging; learn on computers manufactured 
using polymeric components; drink water purified through polymer membrane 
technology; and take medicines delivered with the aid of polymer-based excipients. 
Virtually all aspects of our lives are affected by advances in polymer science and 
engineering. 
An NSF-sponsored workshop, “Frontiers in Polymer Science and Engineering”, was 
held on August 17 and 18, 2016 in Arlington, VA, to review the state of knowledge, to 
explore research opportunities and challenges, to gauge related infrastructure, and to 
assess educational needs. The workshop was co-sponsored by AFRL/AFOSR, ARO, 
DOE/BES, FDA, NIST, and ONR, and attended by invited workshop participants drawn 
from over 50 universities, companies, and National Laboratories. This lecture will review 
the conclusions and recommendations arrived at by working groups dealing with a 
variety of topics summarized in a recently published report including: (1) Societal 
Needs, (2) Macromolecular Synthesis, (3) Hierarchical Structures at Multiple Length and 
Energy Scales, (4) Integrated Measurement, Analysis, and Prediction, (5) Advancing 
Performance, and (6) Partnerships: Academia, Industry, and Government. Additional 
insight regarding Education, Outreach and Broadening Participation also were 
considered and will be discussed. 
*Workshop Organizing Committee: Frank Bates, Patrick Brant, Geoffrey Coates, Jane 
Lipson, Chinedum Osuji, Juan de Pablo, Stuart Rowan, Rachel Segalman, Karen Winey 

 



POLY 688: Hybrid Janus nanoparticles by ATRP 

Axel Mueller, axel.mueller@uni-mainz.de. University of Manz, Mainz, Germany  

We report two synthesis strategies to produce hybrid Janus nanoparticles. The first 
approach is based on the layered silicate kaolinite. As a consequence of its crystal 
structure, the two opposing basal planes, the tetrahedral (TS) and the octahedral (OS) 
surface, are capped by different functional groups. The TS was selectively modified by 
cation exchange with PDMAEMA-b-PS while on the OS PMMA chains were covalently 
anchored via catechol groups. These Janus particles show excellent interfacial activity 
in solvent-cast films of PS-PMMA blends. 
 
In the second approach we produce Janus nanoparticles with a silica core and a 
unilaterally attached polymer corona The synthesis is based on a modified version of 
the Pickering emulsion polymerization technique in combination with surface-initiated 
atom transfer radical polymerization (ATRP) in a “grafting from” approach. Poly(vinyl 
acetate) (PVAc) latex particles are prepared via Pickering emulsion 
polymerization.stabilized by 30 nm silica nanoparticles After modification of the exposed 
side of the particles through chemisorption of an ATRP initiator and the removal of the 
particles from the interface, PDMAEMA chains are grown from this modified side of the 
silica particles, yielding a stimuli–responsive PDMAEMA hemicorona. We demonstrate 
a peculiar self-assembly behavior of the Janus particles into linear strings at low pH and 
high concentration. 

 
Janus particles based on kaolinite 

 
Janus particles based on Pickering emlsion 



POLY 689: Influence of Z-group hydrophilicity in visible light-mediated aqueous 
RAFT polymerization 

Keith H. Parsons, parsonskh@gmail.com, Charles L. McCormick. Department of 
Polymer Science and Engineering, University of Southern Mississippi, Hattiesburg, 
Mississippi, United States  

RAFT polymerization traditionally has required the use of an exogenous thermal or 
photo-labile radical initiator for polymerization to occur. However, recent advances have 
demonstrated that RAFT agents, most notably trithiocarbonates (TTCs), will undergo 
photolysis under visible light to generate the initiating radical species while maintaining 
an iniferter/degenerative chain transfer mechanism that affords well-defined polymers 
with low dispersities. Our research group has maintained a long-standing interest in 
aqueous RAFT (aRAFT) polymerization, synthesizing a wide variety of complex polymer 
architectures and employing an extended library of monomers directly in water. aRAFT 
is highly desirable not only for its organic solvent-free environmental friendliness, but 
also because the resulting polymers can often be directly employed in a variety of 
biomedical applications. Although a number of groups have demonstrated successful 
visible light-mediated aRAFT, no consideration has yet been made to the hydrophilicity 
of the RAFT agent Z-group. The most popular water-soluble RAFT agents often 
maintain their solubility only through a hydrophilic R-group. During traditional aRAFT 
polymerization, degenerative chain transfer ensures that the CTA always maintains a 
hydrophilic R-group, whether that be from a water-soluble initiator or the propagating 
hydrophilic chain. However, in light-mediated aRAFT polymerization, photolysis results 
in a thiyl radical species that must maintain its water solubility via the Z-group. Herein, 
we demonstrate that TTCs with hydrophobic Z-groups result in precipitation of the 
fragmented species, profoundly affecting the resulting polymerization and any 
subsequent chain extensions. Conversely, employment of a TTC with a hydrophilic Z-
group mitigates such issues. 

 
 



POLY 690: Multimodal grafted nanoparticles for functionality and responsiveness 

Yucheng Huang, Yang Zheng, Michael Bell, Brian C. Benicewicz, benice@sc.edu. 
Dept of Chem & Biochem, Univ of South Carolina, Columbia, South Carolina, United 
States  

Over the past 15 years, the application of controlled radical polymerization techniques 
to grafted polymer chains has enhanced our ability to design the critical interface 
between inorganic particles and polymer matrices. These interfaces can be prepared 
with control over many molecular variables such as chain density, chain length, 
polydispersity, chain architecture (e.g., block, gradient), end group chemistry, etc. In 
addition, interfaces can be created to contain multiple functionalities. In particular, we 
have used the RAFT polymerization method with polymer grafting techniques as an 
approach to modify the surfaces of nanoparticles with a variety of functional polymers. 
In our work, we developed multiple approaches for attaching RAFT agents to the 
surface of nanoparticles with graft densities ranging from 0.01 to 0.8 chains/nm2. Using 
these surface-immobilized RAFT agents, styrenic, acrylate, methacrylate, and diene 
monomers can be polymerized on the nanoparticle surfaces via surface-initiated RAFT 
polymerization in a controlled manner. However, this diversity of design strategies is not 
limited to a single population of chains. Another set of RAFT agents can be attached to 
the remaining free surface and a second (or third) population of polymer chains can be 
polymerized from the surface of the same particles. This subsequent set of chains can 
possess a completely independent set of molecular variables (chain density, molecular 
weight, chemistry, architecture, etc.) from the initial population of grafted chains. Thus, a 
almost limitless design space is available to create highly specified interfaces on 
nanoparticles. This presentation will provide a timely update of the chemistry used to 
prepare multimodal polymer-grafted nanoparticles with precise control over multiple 
polymer chain variables, and examples in select dielectric, responsive, and gas 
separation applications. 

 



POLY 691: Organocatalyzed atom transfer radical polymerization: Catalyst 
development and design principles 

Jordan Theriot, jordan.theriot@colorado.edu, Garret Miyake. University of Colorado 
Boulder, Boulder, Colorado, United States  

Organocatalyzed atom transfer radical polymerization (O-ATRP) is a recently-developed 
methodology that allows for the synthesis of polymers of controlled molecular weights 
and low dispersity without the need for a metal catalyst. Among the most successful 
catalysts for O-ATRP are N,N-diaryl dihydrophenazines and N-aryl phenoxazines. An 
investigation into the photophysical behavior and polymerization performance of these 
catalysts reveals two significant design principles for O-ATRP catalysts: intramolecular 
charge transfer and low reorganization barriers. An understanding of these principles 
allows for further investigation into the mechanism of O-ATRP and the future 
development of these photocatalysts. 

 

 
 
 

  



POLY 692: Thermoresponsive polymer coated gold nanoparticles 

Richard Hoogenboom, richard.hoogenboom@ugent.be. Ghent University, Terneuzen, 
Netherlands  

Gold nanoparticles (AuNPs) have interesting photophysical properties resulting from 
surface plasmon resonance (SPR), which is dependent on the size of the AuNPs as 
well as aggregation that leads to a combined SPR band. The combination of AuNPs 
with defined thermoresponsive polymers prepared via RAFT polymerization will be 
presented in this contribution. The polymers obtained by RAFT bear a trithiocarbonate 
or xanthate end-group that can be directly used to graft to AuNPs. The 
thermoresponsive polymer coating will be demonstrated to result in AuNP based 
thermometers, salt sensors as well as logic gates. Furthermore, it was found that such 
polymer coatings enable salt induced coating of surface with the nanoparticles. 

 

 
 
 

  



POLY 693: Photoresponsive chalcogenide hybrid inorganic/organic polymers 
(CHIPs) via controlled radical polymerization for integrated photonics 

Jeffrey Pyun2, jpyun@email.arizona.edu, Tristan Kleine2, Kookheon Char1, Robert A. 
Norwood2. (1) Seoul Natl Univ Sch Chem Eng, Seoul, Korea (the Republic of) (2) 
University of Arizona, Tucson, Arizona, United States  

We will discuss our recent efforts on the synthesis of a new class of Chalcogenide 
Hybrid Inorganic/Organic Polymers (CHIPs) that exhibit photo-definable refractive index 
with high spatial control using photolithographic methods. We report on a the synthesis 
of new styrenic sulfide monomer that can be readily polymerized via controlled radical 
polymerization methods to afford well-defined homopolymers and copolymers of precise 
molar mass and composition. Solution processing of these polymers with photoacid 
generators into thin films, followed by photoirradiation enables a sharp and tunable 
change in refractive index in the photo-exposed regions. Photopatterning of this 
polymeric material affords a facile approach for the fabrication of polymeric optical 
devices, such as, waveguides and optical interconnects with very high refractive index 
contrast.[figure1] 

 

 
 
Figure 1: Synthetic scheme for photoresponsive chalcogenide hybrid inorganic/organic polymers 
(CHIPs) 

  



POLY 694: Synthesis and self-assembly of polymer-brush-decorated fine 
particles 

Kohji Ohno, ohno@scl.kyoto-u.ac.jp. Kyoto University, Uji Kyoto, Japan  

Surface-initiated living radical polymerizations were carried out to densely graft polymer 
chains on particles of various shapes including spheres, rods, sheets, and plates. 
Depending on their shapes, the hybrid particles grafted with polymer brushes formed 
colloidal crystals or liquid-crystals in their suspension. Particle assemblies with external-
field-responsiveness were also achieved using functional hybrid particles. Ordered 
structures of hybrid particles were also fabricated in their thin films. Some of the films 
exhibited an iridescent color arising from the periodicity of refractive index. A thin film 
composed of rod-shaped particles showed optical anisotropy. 

 

 
 
Colloidal crystal and liquid crystal formed by polymer-brush-decorated fine particles 

  



POLY 695: Complex polymer architectures as templates for nanoparticles 
synthesis 

Joanna Pietrasik2, pietrasik.joasia@gmail.com, Yaoming Zhang2, Joanna Michalak2, 
Wojciech Raj2, Kamil Krysiak2, Katarzyna Budzalek2, Paulina Filipczak2, Marcin 
Kozanecki2, Krzysztof Matyjaszewski1,2. (1) CMU, Pittsburgh, Pennsylvania, United 
States (2) Chemistry, Lodz University of Technology, Lodz, Poland  

The preparation of uniform nanoparticles (NPs) with precisely defined shape and size 
has been one of the most intensely studied areas of materials science and chemistry. 
Many procedures and synthetic techniques have been developed for the preparation of 
inorganic nanoparticles, but high yield efficient synthesis of uniform particles with well-
defined structures is still challenging. Templating the structure of inorganic materials 
from polymers with well-defined architecture (shape and composition/functionality) 
offers an interesting approach to overcome the challenge since it is now possible to 
precisely design complex macromolecules and program the structure of targeted NPs. 
Herein two structural motives based on star-like and bottlebrush-like block copolymers 
as well as structures generated by polymerization-induced self-assembly (PISA) were 
synthesized and investigated. They were prepared primarily by atom transfer radical 
polymerization (ATRP) and reversible addition- fragmentation chain transfer 
polymerization (RAFT). Next, they were employed as nano-reactors to prepare various 
inorganic NPs while also harnessing parts of the templates as stabilizing segments to 
enhance the dispersability of the NPs, provide stimuli-responsiveness and tailor the 
resulting hybrid nanomaterials for some specific applications in diagnostics, 
optoelectronics or photonics. 
Procedures for the synthesis of anisotropic titania, silver and gold hybrid 
nanocomposites will be discussed. Molecular bottlebrushes, star polymers and PISA 
nano-objects with poly(acrylic acid)-block-polystyrene (PAA-b-PS) or poly(2-
(dimethylamino)ethyl methacrylate)-block- polystyrene (PDMAEMA-b-PS) chains were 
synthesized and used as templates to prepare hybrid nanocomposites. 

 



POLY 696: Polymer-grafted nanoparticles in nanocomposites for tailoring 
dielectric properties 

Eva E. Malmstrom, mavem@kth.se, Henrik Hillborg, Anna E. Carlmark, Carmen 
Sanchez, Martin Wahlander. Fibre and Polymer Technology, Royal Institute of 
Technology (KTH), Stockholm, Sweden  

The interest for polymeric nanocomposites has sky-rocketed as an effect of the 
realization that property improvement can be achieved at substantially lower filling ratios 
than for conventional composites. Also, the nanometric dimensions of nanofillers bring 
about enhanced properties compared to its microscopic counterpart, and a significantly 
larger interfacial area to volume ratio. Depending on how the NPs interact with polymer 
matrix it is possible to obtain isotropic or anisoptropic distribution of NPs in the matrix. It 
has been shown that the grafting of well-defined polymers from the NP’s surface is one 
route to tailor the dispersability of NPs in a polymer matrix. 
 
The scope of this contribution was to investigate how the dielectric properties of a 
nanocomposite can be altered by the addition of a small amount of polymer-grafted 
NPs, grafted via surface-initiated ATRP. Different NPs and polymer grafts have been 
used, Fig 1. 
Interestingly, isotropic and anisotropic morphologies were obtained by varying the ratio 
between the chain length of matrix and grafts at a certain graft density. The isotropic 
morphologies exhibited higher resistivity (>1016 Ωm), while the connected structures with 
short interparticle distances exhibited lower. Further, non-linear field-grading was 
obtained for percolated nanocomposites based on PBMA-grafted rGO in poly(ethylene-
co-butyl acrylate) matrix. A sharp drop in resistivity (down to 107 Ωm) above the on-set 
was observed for nanocomposites with interparticle distances close to the hopping 
distance. 
This kind of molecularly engineered nanocomposite materials can be interesting for 
electric field grading applications in High Voltage Direct Current (HVDC) cable systems, 
as well as in the emerging area of flexible electronics. 

 
Fig 1. The appearance, interparticle distance, and dispersions of grafted ZnO, Al2O3, rGO NPs 
mixed in PDMS or EBA matrices, and the grafted GO NPs forming matrix-free composites. 



POLY 697: Synthesis of stimuli-responsive double hydrophilic block copolymers 
by ATRP and RAFT and their use as nanostructure-directing agents of 
mesoporous silica materials 

Anthony Phimphachanh1,2, Emilie Molina1, Melody Mathonnat1,2, Maël Bathfield1, Julien 
Reboul1, Jason Richard1, Nathalie Marcotte1, Julien Pinaud1, Joseph Chamieh3, Laurent 
Leclercq3, Hervé Cottet3, Simon Harrisson4, Mathias Destarac4, Philippe Dieudonne-
George2, Martin IN2, Patrick LACROIX-DESMAZES1, patrick.lacroix-
desmazes@enscm.fr, Corine Gerardin1. (1) Institut Charles Gerhardt UMR 5253 
CNRS/ENSCM/UM, Montpellier, France (2) Laboratory Charles Coulomb, UMR 5221 
CNRS/UM, University of Montpellier, Montpellier, France (3) Institut des Biomolecules 
Max Mousseron, UMR 5247 CNRS/ENSCM/UM, Montpellier, France (4) Laboratoire 
IMRCP, UMR 5623 CNRS/Université de Toulouse, Toulouse, France  

A series of double hydrophilic block copolymers DHBCs has been synthesized by 
controlled radical polymerization (Figure 1). Poly(ethylene oxide)-b-poly(acrylic acid) 
PEO-b-PAA was prepared by ATRP in acetone. PEO-b-PAA and PEO-b-Poly(N-
isopropyl acrylamide) PEO-b-PNIPAM were prepared by RAFT using a PEO-based 
dithiobenzoate macro-RAFT agent, in water and dioxane respectively. 
Poly(poly(ethylene glycol) methyl ether acrylate)-b-PAA PmPEGA-b-PAA was prepared 
by RAFT in water using a trithiocarbonate RAFT agent. Poly(acrylamide)-b-PAA PAM-b-
PAA and PAM-b-poly(3-acrylamidopropyl)trimethylammonium chloride) PAM-b-
PAPTAC were prepared by RAFT/MADIX using xanthate as control agent, in 
water/ethanol for the PAM block and directly in water for the second block. The block 
copolymers have been characterized by SEC, pH titration, conductimetry, and capillary 
electrophoresis (CE). 
The reversible formation of micelles by variation of temperature in the case of PEO-b-
PNIPAM, or by the mixing of polyelectrolyte DHBCs with a polyelectrolyte of opposite 
charge in the right range of pH (e.g. anionic PEO-b-PAA associated with cationic 
oligochitosan) has been studied. The micelles have been characterized by various 
scattering techniques and CE. 
Such stimuli-responsive (T, pH, ionic strength) micellar systems have been involved as 
structuring agents in the environmentally friendly synthesis of nanostructured 
mesoporous silica by sol-gel process in water. A relationship between the composition 
of the DHBCs, the composition of the micelles, the experimental conditions of micelle 
formation and the final mesostructure of the silica materials is foreseen. This strategy 
has been applied to the preparation of drug-loaded silica for biomedical applications. 

 
Figure 1: Strategy for the synthesis of DHBCs and their use in soft templating of nanostructured 
mesoporous silica materials 



POLY 698: Hierarchical hybrid materials from ligand-driven organization of 
particulates 

Michael R. Bockstaller, bockstaller@cmu.edu. Carnegie Mellon University, Pittsburgh, 
Pennsylvania, United States  

Nanoparticle assembly structures (also called ‘particle solids’) play an important role 
across diverse technology areas such as solid state lighting, energy generation, or 
information storage. Often the functionality of nanoparticle assembly structures depends 
sensitively on the morphology (structural regularity, symmetry, uniformity) of the 
material. To control the structure and properties of particle solids, the tethering of 
organic ligands to the surface of particles has emerged as an effective strategy. This 
approach takes advantage of the possibility to tailor the interactions between particle 
constituents by the deliberate design of the structure and composition of organic 
ligands. Recent advances in surface-initiated atom transfer controlled radical 
polymerization (SI-ATRP) have further extended the range of possible ligand 
compositions to encompass polymer chains. This presentation will review recent 
progress in the application of SI-ATRP to design polymer tethered particle architectures 
that are capable of organizing into non-close-packed super structures that arise as a 
compromise from the respective structure driving forces of particle and block copolymer 
constituents. Polymer-ligand interactions in blends of distinct particle systems will be 
shown to enable the formation of hierarchical superstructures via upper or lower critical 
solution phase behavior. This process could ultimately facilitate the reversible formation 
and dissolution of microstructures in multicomponent particle solids. Figure 1 illustrates 
the process for controlled organization in binary particle brush mixtures by harnessing 
polymer ligand-induced phase transitions. 

 

 
 
 

  



POLY 699: Polyhomologation and controlled/living polymerization techniques: A 
perfect partnership toward unique polyethylene-based architectures 

Nikos Hadjichristidis, nikolaos.hadjichristidis@kaust.edu.sa. Physical Sciences and 
Engineering, King Abdullah University of Science and Techn, Thuwal, Saudi Arabia  

The recent developments in organoborane initiated C1 polymerization (chain grows by 
one atom at a time) of ylides opens unique horizons towards well-defined/perfectly 
linear polymethylenes (equivalent to polyethylenes, PE) and PE-based complex 
macromolecular architectures. The general mechanism of C1 polymerization 
(polyhomologation) involves the formation of a Lewis complex between a methylide 
(monomer) and a borane (initiator), followed by migration/insertion of a methylene into 
the initiator to afford, after oxidation/hydrolysis, OH-terminated polyethylenes (PE-OH). 
Post-functionalization/modification of PE-OH in combination with controlled/living radical 
polymerization techniques provides unique well-defined PE-based polymer 
architectures. A few examples will be given to show the importance of this partnership. 

 

 
 
Polyethylene (in red)-based polymeric materials with different macromolecular architecture 



POLY 700: Bio-based materials for optoelectronics 

Kenneth D. Singer1, kenneth.singer@case.edu, Kyle Peters1, Michael McMaster1, Fei 
Liu2, Shekar Mekala2, Richard A. Gross2. (1) Case Western Reserve Univ, Cleveland, 
Ohio, United States (2) Rensselaer Polytechnic Institute, Troy, New York, United States  

Bio-based materials can improve the performance and sustainability of organic 
optoelectronic materials. Consequently, the use of bio-based materials and natural 
polymers offers intriguing opportunities to create sophisticated structures since bio-
based growth and assembly provide new motifs to achieve scalable, low-cost routes to 
efficient optoelectronic materials having new properties and functions. Further, they can 
improve manufacturability as many organic materials having the requisite properties for 
optoelectronic performance also have complex synthetic pathways that are difficult to 
scale-up. In contrast, bioprocesses can provide highly complex and functionally 
competent materials by simple green methods such as microbial synthesis. 
 
We report on two classes of materials under investigation in our laboratories. First, is 
liquid-crystal infiltrated bacterial cellulose mats for switchable windows. Bacterial 
cellulose mats provide an intriguing substrate for liquid crystal switching due to their 
nanoscale porosity and the ease by which fiber surfaces can be modified. We have 
infiltrated bacterial cellulose mats of varying thickness, porosity, and surface energy and 
studied the physics of their phase transitions and switching behavior. We show how the 
porosity, thickness and surface energy can tune the switching times and on-off contrast. 
 
A second class of materials is bio-organized porphyrin chromophores as organic 
semiconductors and nonlinear optical materials. Microbially produced glycolipids known 
as sophorolipids were conjugated to porphyrin chromophores. Solution and solid-state 
aggregation and assembly was studied for various structures. Optical and electronic 
studies reveal the formation of helical J-aggregates with potential as optoelectronic 
materials. Comparative properties of sophorolipid-porphyrin conjugates indicate how 
fine-tuning the interactions of sophorolipid carbohydrate hydrogen bonding groups and 
their distance from porphyrins provide a sensitive approach to control porphyrin self-
assembly and corresponding optoelectronic properties. 

 
 
 



POLY 701: Conjugation of chemo-enzymatically modified sophorolipids to 
porphyrin chromophore: Bio-based materials for organic optoelectronic 
applications 

Shekar Mekala1, shekar4m@gmail.com, Kyle Peters2, Fei Liu1, Michael McMaster2, 
Richard A. Gross1, Kenneth D. Singer2. (1) Center for Biotechnology and 
Interdisciplinary Studies (CBIS) and New York State Center for Polymer Synthesis, 
Rensselaer Polytechnic Institute, Troy, New York, United States (2) Department of 
Physics, Case Western Reserve University, Cleveland, Ohio, United States  

Sophorolipids (SLs), an important class of glycolipid biosurfactants, consist of a 
sophorose (glucose disaccharide) polar head group that can be acetylated at the 6′- 
and/or 6′′- positions. The sophorose moiety is β-glycosidically linked to a sub terminal 
hydroxylated fatty acid that is either free or internally esterified at the 4′′ hydroxyl site. 
They self-assemble into nanostructures such as micelles and chiral supramolecular 
ribbons. This paper focuses on synthetic methods employed to prepare a series of SL-
porphyrin conjugates. These natural synthetic hybrids were used to probe how SL-
structural parameters influence the ordering and corresponding electro-optical 
properties of porphyrin chromophores. Sophorolipids differing in fatty acid chain length 
and sophorose acetylation were conjugated to zinc-porphyrin dyes by copper(I)-
catalyzed azide-alkyne cycloaddition ‘click’ chemistry. Self-assembly and aggregation 
properties of various conjugated molecules were studied in solution by recording UV-vis 
and CD spectra at variable temperatures. Spectroscopic studies reveal the formation of 
helical J-aggregates. Structure- property relationship of various SL-porphyrin conjugates 
indicate that fine-tuning interactions between SL-carbohydrate hydrogen bonding 
groups provide a sensitive approach to control porphyrin self-assembly and 
corresponding optoelectronic properties. 

 

 



POLY 702: Biobased biodegradable hyperbranched polymers for time-release 
applications 

Patrick B. Smith2, smithp62@msu.edu, Tracy Zhang2, Bob A. Howell1. (1) Central 
Michigan Univ, Mount Pleasant, Michigan, United States (2) OVPRGS, Michigan State 
University, Midland, Michigan, United States  

The efficacy of active ingredients is often inadequate due to poor targeting and limited 
lifetime of the active at the receptor site. Designing smart delivery systems which are 
capable of controlled release of the actives is one route to increase utilization efficiency. 
Dendritic polymers, which include dendrimers and hyperbranched polymers, are 
particularly well suited for controlled delivery because they possess the highest 
branching density of any polymeric material as well as the highest end group density, 
giving them enhanced solubility and lower viscosity relative to linear polymers of the 
same molecular weight. Hyperbranched polymers are much easier to synthesize and, 
thereby, are considerably less expensive than dendrimers. These molecules are able to 
function as carriers for actives by chemical bonding through end groups. 
 
Biodegradable hyperbranched polyesters (HB-PEs), with either hydroxyl or carboxyl 
end-groups, have been prepared from biosourced di-functional acids (adipic acid, 
succinic acid) and tri- or tetra-functional alcohols (glycerol, pentaerythritol) by utilizing 
the bimolecular non-linear polymerization (BMNLP) methodology. Active ingredients are 
chemically bonded to the HB-PEs and then released through hydrolytic degradation of 
the polymer conjugate, either enzymatically or chemically. The HB-PE controlled 
release platform is comprised of inexpensive, non-toxic building blocks and provides 
enormous flexibility in its design in terms of hydrophobic/hydrophilic balance, rate of 
hydrolytic degradation (active release rate) and the binding chemistries which can be 
used to bond actives. 

 

 
 
 

 



POLY 703: Protein-based nanoparticles: A new class of multifunctional 
biomaterials 

Lydia Radi, Matthias Fach, Elena Steiert, Peter R. Wich, peterwich@gmail.com. 
Institute of Pharmacy and Biochemistry, Johannes Gutenberg-University Mainz, Mainz, 
Germany  

Nature’s biopolymers represent an interesting material for the development of drug 
delivery systems. They are readily accessible, can be obtained in high quantity, are 
structurally well defined and trigger in most cases only a low reaction of the immune 
system. Especially proteins have favourable properties as structurally well-defined 
biopolymers for the formation of nanoparticles. They can have advantages over 
synthetic polymers when looking at specific areas like biodegradability, non-antigenicity, 
stability, binding capacity or toxicity. Because of these unique properties, protein-based 
nanocarriers are promising candidates for the delivery of therapeutics. 
 
We present a universal approach for the preparation of protein-based nanoparticles. It 
features a new concept for the formation of particles based on the assembly of surface-
modified proteins (see Figure). Our method allows the use of solvent evaporation 
techniques for the formation of stable nanoparticles without denaturation or crosslinking 
of the proteins. We obtain empty and drug-loaded nanoparticles with a size of around 
100 nm that are stable in different physiological environments. The produced 
nanoparticles are non-toxic and can efficiently deliver the encapsulated drugs in in vitro 
experiments. Additionally, we transferred the method of particle preparation to various 
proteins in different sizes, showing that this method can be universally applied to any 
protein of choice. This opens up the potential for multifunctional nanosystems, where 
the function and structure of the particle material itself might be as important as the 
therapeutic payload. 

 

 
 
 
 

 

 



POLY 704: Engineered protein triblock polymer as stimuli responsive hydrogels 
for small molecule delivery 

Andrew Olsen1, andrew.j.olsen@nyu.edu, Jennifer Haghpanah1, Min Dai1, Navjot 
Singh1, Raymond S. Tu2, Jin K. Montclare1,3. (1) Department of Chemical and 
Biomolecular Engineering, New York University, Brooklyn, New York, United States (2) 
Chemical Engineering Department, City College of New York, New York, New York, 
United States (3) Chemistry Department, New York University, New York, New York, 
United States  

Engineered protein hydrogels are an excellent resource for biomaterials development 
since they possess controllable pore sizes, flexible morphologies, and tunable 
mechanical properties. Manipulation of the protein hydrogel secondary structure can 
accommodate diverse biological properties and associated applications. Protein-based 
block polymers have been used for the development of hydrogels as well as have 
potential biomedical applications in drug delivery and tissue engineering. We have 
engineered a protein triblock polymer, CEC, comprised of two self-assembling domains 
(SADs): cartilage oligomeric matrix protein coiled-coil (C) and elastin (E) domains. CEC 
is capable of forming a thermoresponsive hydrogel with the ability to encapsulate small 
molecules. As assessed by microrheology, it demonstrates elastic character that is 
dependent on the C blocks. It exhibits reversible folding and unfolding as well as 
enhanced small molecule recognition and binding demonstrating applications for drug 
delivery. 

 

 
 
Structure and amino acid sequence for CEC and CL44AECL44A 

  



POLY 705: Degradable polyester urethanes containing amino acid moieties for 
controlled release of hydrophobic and hydrophilic drugs 

Karla A. Barrera-Rivera, Antonio Martinez-Richa, richa@ugto.mx. Departamento de 
Química, División de Ciencias Naturales y Exactas, Universidad de Guanajuato, 
Guanajuato, Mexico  

Synthetic biodegradable polymers can be used as materials for temporary scaffolds for 
tissue engineering purposes, as sutures, drug delivery devices, orthopedic fixation 
devices or temporary vascular grafts. These polymers need to possess the desired 
biocompatibility, suitable mechanical properties and predictable biodegradability. 
Biodegradable polyurethanes (PUs) are generally prepared by using easily hydrolyzable 
polyols, such as polycaprolactone diol (PCL), polyacrylic acid (PAA), polylactic acid 
(PLA), and polyglycolic acid (PGA), as soft segments. Biodegradable polymers are also 
commonly biocompatible, water soluble, low crystalline or having low melting point. 
Biodegradation of PCL films by pure strains of microorganisms isolated from industrial 
compost induces a weight loss of 95 wt% (with respect to the initial mass) after 200 h of 
incubation. It is expected that derivatives obtained by chain extension reactions of PCL 
also show similar biodegradable properties. Most of these derivatives have also 
potential uses in surgery as drug delivery agents. One of the more important factors to 
consider for PCL chain extension reactions is the chemical nature of the polyester end 
groups. Diol derivatives (α-ω-telechelic diols) are specially targeted, due to the 
feasibility of the hydroxyl end-groups to react with different functional groups. In this 
work, synthesis and characterization of polyurethanes containing α-aminoacids moieties 
is presented. The release profiles of different drugs at three different pHs will be 
discussed. In most of the cases studied, drug release was a two-stage process: an 
initial rapid release stage (burst; value calculated by visual observation from the change 
in the curve slope) followed by a second slower release stage. Drug release is in 
general faster under acidic conditions 

 



POLY 706: Functionalization and controlled release of B vitamins from citrate 
polyesters 

Robert T. Mathers, rtm11@psu.edu. Chemistry, Pennsylvania State University, New 
Kensington, Pennsylvania, United States  

Fischer esterification provided an avenue to functional polyesters with six different B 
vitamins. The melt polymerization strategy with citric acid and diglycerol circumvented 
multi-step coupling reactions and adhered to the 12 principles of green chemistry. 
Based on a series of control experiments, LC/MS, FTIR, and GPC confirmed covalent 
attachment of B vitamins. UV/Vis spectroscopy characterized controlled release of B 
vitamins from the polyester thermoset. 

 
 

 
 
Citrate polyester films with combinations of six different B vitamins demonstrated controlled 
release in aqueous environments. 

  



POLY 707: Pro-active networks via degradable acetals (PANDAs) prepared via 
thiol-ene photopolymerization 

Dahlia Amato1, Douglas Amato1, Olga Mavrodi2, William Martin1, Sarah Swilley1, Keith 
Parsons1, Dmitri Mavrodi2, Derek L. Patton1, derek.patton@usm.edu. (1) Polymer 
Science and Engineering, University of Southern Mississippi, Hattiesburg, Mississippi, 
United States (2) Biological Sciences, University of Southern Mississippi, 
HATTIESBURG, Mississippi, United States  

As the effectiveness of antibiotics has precipitously declined, a growing interest in 
alternative antibiotic scaffolds has proliferated. In this direction, aromatic terpene 
aldehydes – major phytochemical constituents of plant derived essential oils (EOs) − 
are known to exhibit potent and broad spectrum antibacterial and antifungal activities. 
However, practical application of terpenes remains a challenge stemming from their 
poor water solubility, volatility, and chemical instability. “Polyactives” − polymeric pro-
drugs that undergo degradation to release active therapeutic agents − address the 
deficiencies in sequestering EO constituents by providing high loading, chemical 
stability, and tailored release kinetics. Here, we describe the synthesis of pro-active 
networks via degradable acetals (PANDAs) derived from biobased aldehydes using 
thiol-ene photopolymerization – an approach designed to address many of the 
challenges with sequestration of terpenes. Thiol-ene – as a step-addition polymerization 
– ensures that nearly every crosslink junction contains a degradable acetal. Therefore, 
PANDAs are molecularly designed to undergo complete degradation upon hydrolysis 
resulting in the release of aldehydes as an active antimicrobial and antifungal agents, 
and the generation of inactive low molecular weight degradation by-products. We show 
that PANDAs enable facile access to materials with tunable release profiles, potent 
antimicrobial activity without triggering antimicrobial resistance, and minimal cytotoxicity. 

 
 
 



POLY 708: Sugar-derived poly(β-thioester)s synthesized using a thiol-Michael 
reaction as a biobased biomedical scaffold material 

Nicholas G. Moon3, nicholas.g.moon@gmail.com, Fiorella Mazzini3, Allison Pekkanen2, 
Emily Wilts1, Timothy E. Long2. (1) Chemistry, Virginia Polytechnic and State University, 
Blacksburg, Virginia, United States (2) Virginia Tech, Blacksburg, Virginia, United States 
(3) Chemistry, Virginia Tech , Blacksburg, Virginia, United States  

Developing polymers using monomeric starting materials from sources other than 
petroleum remains a common goal for polymer chemists. The sugar-derived monomer 
isosorbide diacrylate along with various commercially available dithiols allowed for the 
synthesis of a family of new poly(β-thioesters) for potential use as biomedical scaffolds 
through a thiol-Michael reaction. DSC probed the structure-property relationships of the 
poly(β-thioesters) from different dithiol monomers. Thiol-Michael copolymers featuring 
isosorbide diacrylate and N,N’-methylenebisacrylamide provided physical crosslinks 
through hydrogen bonding which improved the mechanical properties of the sugar-
based polymers. DSC and variable-temperature FTIR spectroscopy probed the nature 
of the hydrogen bond dissociation at elevated temperatures while DMA investigated the 
thermomechanical properties, revealing properties favorable for use as biomedical 
scaffolds at body temperature. Cell culture demonstrated low cytotoxicity and sufficient 
cell attachment for their further application as scaffold materials. 

 

 
 
Isosorbide diacrylate allows access to novel, biocompatible, aliphatic polyester materials 

  



POLY 709: Examining the impact of biomass fractionation on the production of 
lignin-derived material 

Andreas S. Bommarius1, andreas.bommarius@chbe.gatech.edu, Thomas Kwok1, 
David N. Fogg2, Matthew J. Realff1. (1) Chemical & Biomolecular Engineering, Georgia 
Tech, Atlanta, Georgia, United States (2) Chemistry & Biochemistry, Georgia Tech, 
Atlanta, Georgia, United States  

Biomass fractionation of lignocellulosic biomass by organic solvents facilitates the 
production of chemicals, fuels, nanocellulose, and pulp. This fractionation typically 
involves the production of both a carbohydrate stream and a lignin stream. The 
utilization of both streams is crucial for the economic viability of either stream. Although 
crucial know-how is invested in downstream processing steps towards value-added 
lignin-derived products, the quality and efficiency of the upstream fractionation steps are 
tightly connected to the overall feasibility of the process from lignin to chemicals. We will 
describe how organic solvent fractionation impacts the lignin and carbohydrate streams. 
Specifically, we compare the fractionation conditions, the effect on cellulose 
accessibility, and the degree of delignification over a wide range of organic solvents. For 
cellulose accessibility, we describe the use of Direct Yellow 11 as a novel probe of 
cellulosic accessibility after biomass treatment. We also will comment on the quality of 
resulting lignin and the recovery of the extracted lignin. We pair the degree of 
delignification with our vision for lignin valorization. From collaborations with the Lignin 
Group at Georgia Tech, we will sketch catalytic routes to take fractionated lignin to 
phenol and metabolic pathways from phenol to adipic acid. We determine the techno-
economic impact of this lignin valorization route to a typical biorefinery and a typical 
pulp-mill. Additionally, we describe the future use of organic solvents in both cellulosic 
ethanol and next-generation pulping. 

 
 
 



POLY 710: Lignin based surfactants for agricultural applications 

Kedar M. Perkins, kperkins@andrew.cmu.edu, Chetali Gupta, Emily Charleson, Newell 
Washburn. Carnegie Mellon University, Pittsburgh, Pennsylvania, United States  

Lignin’s intrinsic interfacial properties have led to its use as a surfactant in select 
applications. We seek to leverage lignin’s native surfactant properties to develop 
greener surfactants. Utilizing ‘grafting onto’ strategies to explore the functionalization of 
anionic lignin derivatives with a monoreactive poly(ethylene glycol) (PEG) we seek to 
determine the interplay between lignin chemistry and graft molecular weight on 
surfactant properties. Kraft lignin and lignosulfonate with high concentrations of 
carboxylate and sulfonate groups, respectively, were PEGylated with grafts having 
molecular weight 750, 2000, and 5000 g/mol at a relatively low grafting density of ca. 2 
PEG chains per lignin particle. Due to differing solution properties, we expected the 
hydrophobic kraft lignin to segregate to interfaces more than the hydrophilic 
lignosulfonates once grafted. Both classes of PEGylated lignin demonstrated limited 
reductions in air-water surface tension, and significant decreases in interfacial tension at 
the cyclohexane-water interface. The surface tension which decreased monotonically 
with PEGylated lignin concentration did not demonstrate a clear critical micelle 
concentration (CMC) and was found to be relatively insensitive to both the chemistry of 
the lignin core and the graft length. In contrast, the cyclohexane-water interfacial tension 
was strongly dependent on lignin core, graft length, and concentration. Seeking to 
determine a suitable application for these PEGylated lignins, the surfactants were 
evaluated for applicability as adjuvants in clethodim-corn systems and as emulsifiers at 
the cyclohexane-water interface. In the cyclohexane-water emulsions, the volume 
fraction of the emulsion phase was greater for PEGylated kraft lignin than for PEGylated 
lignosulfonate, suggesting kraft lignin was more effective at stabilizing oil-water 
interfaces. The PEGylated lignins were evaluated on how they affected the efficacy of 
clethodim, a weakly water soluble herbicide. Results indicate that lignin core and graft 
length significantly effect efficacy with some derivatives displaying activity comparable 
to commercially available surfactants. 

 



POLY 711: Lignin-based alternative thermoplastics 

Colleen N. Scott1, cogst5@hotmail.com, Guery Saenz1, Kaleigh Ellis2, Gajanan 
Kulkarni3. (1) Chemistry, Mississippi State University, Carbondale, Illinois, United States 
(2) Chemistry, Saint Mary’s College, Notre Dame, Indiana, United States (3) Chemistry 
and Biochemistry, Southern Illinois University, Carbondale, Illinois, United States  

Polymers have a wide range of application that exceeds any other material type. 
Applications include everything from adhesives, coatings, and industrial fabrics to 
structural components in the construction, biomedical, and aerospace industry. These 
polymers are referred to as “high performance” materials due to their wide range of 
applications. Among these high-performance polymers are polyethers, polyesters and 
polyamides, which are used in many applications. The combination of any of these 
polymers has diversified the range of properties that can be achieved for many 
applications. With the ever increasing demand for new polymers to address material 
limitations in engineering design, there is a need for polymers that are not only 
sustainable and cost effective, but also boast a high strength-to-weight ratio with 
exemplary resistance to fatigue and common stresses, and as important, are produced 
from cheap and/or renewable raw materials. Our group is interested in designing new 
polymers from cheap and/or renewable raw materials that are capable of addressing 
material deficiencies. 
In this presentation, we will describe the design, synthesis and properties (thermal and 
physical) of a new series of alternative poly(ether-amide) thermoplastics from lignin-
based raw materials. Our results show that our polymers’ glass transition temperatures 
(Tg) range from 96 – 100 degrees Celcius, which is similar to hard plastic polymers 
such as polystyrene and poly(methyl methacrylate) with Tg ~ 100 degrees Celcius. The 
melting points (mp) (245 – 255 degrees Celcius) were more similar to polystyrene ~ 240 
degrees Celcius and higher than poly(methyl methacrylate) at 160 degrees Celcius. We 
will also discuss some very important structure/property relationship with respect to 
hydrogen bonding and its effects on the thermal and physical properties of these 
polymers. 

 
Potential high performance materials from lignin-based source 



POLY 712: Lignin-inspired polymers as biobased alternatives for plastics 
applications 

Thomas H. Epps, thepps@udel.edu. Chemical Engineering, University of Delaware, 
Newark, Delaware, United States  

Economic challenges continue to hamper the adoption of biobased polymers as 
alternatives to petroleum-based plastics. Generally, renewable polymers are too 
expensive due to the significant separation steps required to make purified monomer 
streams, as well as the inherent variability in biobased feedstocks. In this work, we 
suggest that materials with reproducible thermal and mechanical characteristics can be 
synthesized in a controlled and predictable manner from batches of monomers with 
complex and somewhat variable compositions, such as minimally processed bio-oils. 
The approach of polymerizing complex mixtures should help mitigate separations costs. 
We demonstrate this idea through a model system of monomers that can be derived 
from pyrolyzed Kraft lignin bio-oils. The polymers are synthesized by reversible 
addition–fragmentation chain-transfer (RAFT) polymerization, which enables 
subsequent chain-extension and the generation of self-assembling block polymers for 
thermoplastic elastomer applications. Kinetic parameters for the multicomponent RAFT 
polymerizations (chain-transfer coefficients and propagation rate constants) are 
predicted using kinetic data from corresponding homopolymerizations, reactivity ratios, 
and feed compositions. Glass transition and thermal degradation temperatures of the 
resulting polymers also are shown to be predictable and adjustable prior to 
polymerization. Together, this work provides a unique path forward for economically 
viable biobased materials by demonstrating that for synthetic and behavior control, 
polymers need not be limited to systems composed of only a few chemically distinct 
monomer types. 

 

 
 
 

  



POLY 713: Study of lignin-lignin and lignin-cellulose interactions in organic 
solvents and organosolv-water cosolvent environments: Insights into 
lignocellulose deconstruction 

Micholas D. Smith2,4, micholasdsmith@gmail.com, Loukas Petridis2,4, Xiaolin Cheng1,2, 
Jeremy Smith2,3. (1) Ornl, Oak Ridge, Tennessee, United States (2) Center for 
Molecular Biophysics, University of Tennessee/ORNL, Knoxville, Tennessee, United 
States (3) University of Tennessee/Oak Ridge National Laboratory, Oak Ridge, 
Tennessee, United States (4) BCMB, University of Tennessee, Knoxville, Tennessee, 
United States  

Lignocellulosic biomass is a promising, plentiful, raw material for the development of 
biofuels and bioproducts; however, in order to take full advantage this raw material, it is 
necessary to overcome its natural recalcitrance. In order to provide insight into how to 
overcome this challenge, we use extensive molecular dynamics simulations to 
investigate the solvation of lignin and lignocelluose under four organic solvents 
(tetrahydrofuran-, γ-valerolactone-, ethanol-, and acetone) and their cosolvent mixtures 
with water. Our results provide a detailed account of the initial breakdown of 
lignocellulose and the solvation of lignin under these chemical pretreatments. 

 

 
 
Left: Lignin aggregate solvated in a pure GVL solution. Right Lignocellulose solvated in a 1:1 
v/v acetone:water mixture. 

  



POLY 714: Lignin functionalization via controlled graft polymerization and click 
chemistry 

Chuanbing Tang, tang4@mailbox.sc.edu. Dept of Chemistry Biochemistry, University 
of South Carolina, Columbia, South Carolina, United States  

The heterogeneous and multifunctional characteristics of lignin is a paradox for its 
potential in polymer applications. We demonstrate the preparation of small molecules 
and polymers grafted from lignin via robust click chemistry or facile controlled 
polymerization. This talk will summarize our recent efforts on lignin chemistry as well as 
lignin-containing bioplastics and elastomers. 

 

 
 
 

  



POLY 715: Developing diverse polymer applications for the lignin feedstock 

Jinwen Zhang, jwzhang@wsu.edu. Composite Materials and Engineering Center, 
Washington State University, Pullman, Washington, United States  

Because of its characteristic aromatic structure and the presence of hydroxyl groups, 
lignin has received a lot of study for potential polymeric applications including 
thermosets, thermoplastic materials, hydrogels and adsorbents. Achieving good mixing 
and compatibility with other components remains the major problem for plastic material 
applications. For epoxy application, lignin of low molecular weight and high hydroxyl 
content is preferred. For this purpose, lignin was partially depolymerized via 
hydrogenolysis or base-catalyzed depolymerization under mild conditions. The partial 
depolymerized lignin (PDL) was a low molecular weight oligomer with increased 
hydroxyl value. Results show that the cured epoxy resins based on PDL-derived epoxy 
monomers, PDL-derived curing or co-curing agent exhibited good mechanical and 
thermal properties. On the other hand, chemical modification of lignin was achieved in 
solid-state reaction via ball milling. Results indicate that functionalization and partial 
depolymerization of lignin occurred simultaneously in the milling process. The fatty acid 
modified lignin exhibited improved compatibility in blending with polylactic acid (PLA). 
Lignin-based hydrogels were also prepared and the properties were investigated. In 
addition, a new lignin-based adsorbent was conveniently synthesized through metal-
free thiol-yne click chemistry17 from alkyne lignin and 1,2,4-triazole-3-thiol and was 
found to have high selectivity for for adsorbing Cd(II) ions. 

 



POLY 716: Molecular engineered biopolymer lignin: Visible light induced 
modification of natural lignin 

Hoyong Chung, hchung@fsu.edu, Hailing Liu. Florida State University, Tallahassee, 
Florida, United States  

Lignin, a key component of plant cell walls, is naturally abundant and inexpensive. 
Owing to its ubiquity and low production cost, lignin is potentially an important source of 
synthetic commodity materials. The current use of lignin as a raw material, however, is 
very limited and focused only on cheap and poorly defined nonfunctional materials. 
Herein, the presentation will discuss a newly developed low energy and environmentally 
friendly lignin modification method induced by visible blue light. 

 

 
 
 

  



POLY 717: Surface modification and antimicrobial properties of cellulose 
nanocrystals 

Nadarajah Vasanthan1, nadarajah.vasanthan@liu.edu, Yulia Bespalova1, Dong Kwon2. 
(1) Chemistry, Long Island University, Brooklyn, New York, United States (2) Biology, 
Long Island University, Brooklyn, New York, United States  

A novel and simple surface modification of cellulose nanocrystals (CNC) was performed 
by chloroacetylation and subsequent reaction with tertiary amines to form quaternary 
ammonium modified CNCs. The acetylation of CNC and quaternary ammonium 
modified CNCs was confirmed using IR spectroscopy and solid state NMR 
spectroscopy. The 13C NMR spectrum of quaternary ammonium modified CNC showed 
several additional resonances ranging from 14.5 ppm to 58.0 ppm compared to 13C 
NMR spectrum of pure CNC, suggesting that alkyl chains have been added to the pure 
CNC. The disc diffusion method was used to evaluate the antimicrobial properties of 
quaternary ammonium modified CNCs. It was found that modified CNCs with alkyl chain 
longer than ten carbons are effective antimicrobial agents against Staphylococcus 
aureus and E. coli bacteria. These CNCs can be chemically modified to tailor the 
properties to improve dispersion in the polymer matrix. This will expand the application 
of CNC as a reinforcing material. 

 
Agar diffusion method against gram positive Staphylococcus aureus and gram negative E. coli 
bacteria a) 2 µL of compounds A, B, C and D b) 2 µL of compounds A, E, F and D against gram 
positive Staphylococcus aureus and gram negative E. coli bacteria c) 20 µL compound A and 5, 
10, 15 and 20 µL of compound D . 
 



POLY 718: Nanoparticles as crosslinking agents for hydrophobic modified 
polyacrylamide aqueous solution 

Fangfang Peng, smzl_2008@163.com, Yangchuan Ke. College of Science, China 
University of Petroleum, Beijing, China  

Adding the opposite-charge silica nanoparticles to hydrophobic modified polyacrylamide 
(hmPAM) solutions presents a significant synergistic effect. The structure and rheology 
of the hydrophobic modified polyacrylamide nanoparticle mixtures were systematic 
studied. From the TEM measurement, we can see many hmPAM-nanoparticle cross-
links are formed after the addition of opposite-charge silica nanoparticles to the hmPAM 
solution. The rheology measurement showed that in the semidilute solution of the 
hmPAM, with the concentration of nanoparticles increases from Φp= 0 to Φp = 6.0×10-4, 
the zero shear rate viscosity, longest relaxation time, and storage modulus of the 
hmPAM solution are all increase exponentially. As a comparison, adding the same silica 
nanoparticles into the unmodified PAM has no cross-links formed and therefore no 
enhancement of viscosity and viscoelastic. In this presentation, the mechanism of the 
above phenomenon was also discussed. 

 
Variation of the viscosity versus shear rate for solutions at [polymer] = 0.6 wt% , T = 25 °C, and 
different NP contents. 

 
TEM micrograph of a solution of hmPAM (a), and hmPAM containing nanoparticles (b). 



POLY 719: Thermoset networks for shape-memory contact printing 

Mitchell L. Anthamatten2,3, anthamatten@che.rochester.edu, Alexander Shestopalov2, 
John C. Lambropoulos1,3. (1) Mechanical Engineering, University of Rochester, 
Rochester, New York, United States (2) Chemical Engineering, University of Rochester, 
Rochester, New York, United States (3) Laboratory of Laser Energetics, University of 
Rochester, Rochester, New York, United States  

Current methods for microscale pattern transfer fail to combine high feature resolution, 
ability to pattern large areas, high throughput and cost effectiveness. Over the past few 
years, several researchers have demonstrated how films of shape-memory polymers 
can exhibit topographical memory, leading to switchable adhesion or optical properties. 
We are designing and developing new stimuli-responsive materials to ultimately enable 
high fidelity pattern transfer by thermal modulation of the elastomeric contact printing 
process. Glass forming, semicrystalline, and hydrogen bonding shape-memory 
networks were prepared and characterized in the bulk and have been molded into films 
with simple surface features such as spheres, posts, and cones. The influence of 
temperature and temperature history on the contact mechanics of molded shape-
memory thermosets is studied using custom-built materials testing / contact printing 
apparatus. The apparatus is capable of controlling temperature as well as the 
compressive strain between two soft surfaces while measuring stress and contact area 
(optically). Contact mechanics experiments are modeled and interpreted using finite 
element analysis to offer deeper insight to the nature of contact and detachment. Micro-
indentation and atomic force microscopy studies have also yielded new relationships 
and valuable insight to enabling shape-memory contact printing. 

 

 
 



POLY 720: Processable and shape memory properties of innovative poly(ether 
ether ketone) derivatized with n-alkyl groups 

Peter Zarras, peter.zarras@navy.mil, Alfred Baca, John D. Stenger-Smith, Michael 
Garrison, Roxanne Quintana, Lawrence Baldwin, Lee Cambrea. NAWCWD (Code 
4F0000D), China Lake, California, United States  

Shape memory polymers (SMP) are smart materials that can return to their original 
shape after being deformed into a temporary shape when an external stimulus is 
applied. Programmable multi-shape-memory polymers with two or more programmed 
shapes can have a profound impact on military applications, such as self-
healing/repairable structural components. In order to improve our basic understanding 
of processable polymer systems in binary mixtures we are investigating the domain 
changes and separation using innovative poly ether ether ketone (PEEK) derivatives 
functionalized with n-alkyl groups (n-pentyl, n- heptyl, n-nonyl and n-dodecyl). We have 
reacted cyclohexane-1,4-dione with 1-pentanal, 1-heptanal, 1-nonanal and 1-dodecanal 
to give, in moderate yields, the corresponding n-alkylbenzene-1,4-diol with >99% purity. 
We modified a literature procedure to make these compounds. The literature procedure 
provided little analytical results in terms of structure determination and purity. The 
polymerization of the 2-pentylbenzene-1,4-diol with 4,4’-difluorobenzophenone in 
diphenyl sulfone solvent proceeded at 320oC for 2 hours to produce the derivatized n-
pentyl PEEK compound in moderate yield. The compound produced via melt 
polymerization conditions was an oligomer with a measured molecular weight of 
3.27kDa and a polydispersity index (Mw/Mn) of 1.71. The oligomer was measured for its 
thermal properties using DSC and TGA. This derivatized PEEK oligomer was soluble in 
common organic solvents such as THF, CHCl3 and acetone. PEEK oligomer rods were 
prepared from the melt and this material is being analyzed via DMA to explore shape 
memory properties. Further work will include optimizing the polymerization conditions to 
obtain high molecular weight polymers. 

 

 
 
 

 



POLY 721: Thermoset shape memory polyurethane with intrinsic plasticity and 
tunable performance 

Ning Zheng, zhengning@zju.edu.cn, Zizheng Fang, Jingjing Hou, Qian Zhao, Tao Xie. 
Zhejiang University, Hangzhou, China  

Thermoset polyurethanes represent an important class of shape memory polymers 
(SMPs) with superior thermomechanical properties. The chemical crosslink nature, 
however, makes their permanent shapes non-redefinable. Contrary to current 
knowledge, we discover that the semicrystalline thermoset polyurethane readily exhibits 
ability in permanent reshaping (plasticity). Their permanent shapes can be reconfigured 
via intrinsic trans-carbamoylation enabled network topological rearrangement (Angew. 
Chem. Int. Ed. 2016, 55, 11421). Despite the discovery, new challenges arise. First, it is 
highly desirable to tune the topological rearrangement kinetics so as to realize plasticity 
in a wide temperature range. This is however quite challenging for a pure carbamate 
system. Second, semicrystalline SMP networks typically possess low permanent cross-
linking densities due to the relatively high molecular mass required for crystallization. 
Whereas the low cross-linking favors plasticity, it adversely affects the ability to tune 
classical shape memory properties. To deal with the first challenge, we introduce 
hindered urea bonds with lower activation temperature into the polyurethane networks. 
By changing the ratio between the carbamate and hindered urea bonds, topological 
rearrangement triggerable at any temperature above 50 °C can be obtained. To address 
the second challenge, we design an amorphous polyurethane network for which the 
cross-linking density can be adjusted in a wide range. The network design leads to 
tunable recovery stress and shape memory transition temperatures (ACS Macro Lett. 
2017, 6, 326), importantly without compromising the plasticity. Overall, our performance 
tunable polyurethanes with intrinsic plasticity are expected to carry significant benefits 
for potential SMP device applications. 

 
Demonstration of complex shape manipulation via a kirigami technique (scale bar = 5 mm) 



POLY 722: Shape-memory polymers for orthopaedic soft-tissue repair 

David Safranski1, david.safranski@medshape.com, Kathryn Smith1, Ken Gall2. (1) 
MedShape, Inc., Atlanta, Georgia, United States (2) Mechanical Engineering, Duke 
University, Durham, North Carolina, United States  

Shape-memory polymers (SMP) and their orthopaedic devices offer improved 
performance for soft-tissue fixation due to their ability to expand in vivo. Here, we 
describe the basics of the SMP cycle and the fundamental biomechanics of SMP soft-
tissue fixation devices, in particular their effect on pullout strength and graft relaxation 
after device insertion. A surgical technique for posterior lateral corner reconstruction of 
the knee is presented that uses several SMP devices to simplify the procedure. 

 

 
 
Use of shape-memory polymer device for soft-tissue fixation of hamstring grafts during anterior 
cruciate ligament reconstruction. 

  



POLY 723: Shape memory composites: Formulating and processing by varying 
elastomers and fillers 

Anuja Shirole1, anuja.shirole@gmail.com, Apiradee Nicharat1, Janak Sapkota3, Johan 
Foster2, Christoph Weder1. (1) University of Fribourg, Adolphe Merkle Institute , 
Fribourg, Switzerland (2) Virginia Tech, Blacksburg, Virginia, United States (3) Chair of 
polymer processing, Montanuniversitaet Leoben, Leoben, Austria  

Shape memory composites (SMCs) consist of two components, typically an elastic 
polymeric phase responsible for permanent shape and filler that is responsible for fixing 
the transient shape, albeit existing in a co-continuous architecture. They are able to be 
deformed reversibly when triggered by different stimuli (such as to heat, magnetic, light 
and others). Thermoplastic elastomers have received considerable attention as a 
polymer matrix in the design of SMCs as they are readily accessible on a laboratory as 
well as on a commercial scale. Fillers, such as cellulose nanocrystals (CNCs) or 
polymer fibers, along with their well-known capability of mechanically reinforcing 
polymer matrices, could also be useful to make composites with shape memory effect. 
We systematically investigated the fabrication of new thermally responsive shape-
memory composites employing different types of commercially available elastomers as 
a matrix and fillers such as polymer fibers or CNCs. SMCs comprising a polyether block 
amide matrix and reversibly switching electrospun polyvinyl alcohol fibers (PVA) 
showed the emergent shape memory effect. SMCs designed with different types of 
thermoplastic polyurethanes (TPUs) as a matrix and cellulose nanocrystals (CNCs) as 
reinforcing filler via a scalable melt mixing approach demonstrated the shape memory 
effect, both qualitatively and quantitatively. Furthermore, we have demonstrated 
nucleating TPU/CNC nanocomposites by small amounts of organic acids can further 
enhance the shape fixity of the nanocomposites close to physiological temperatures. 

 

 
 
Figure 1. (a) Thermo-mechanical traces of PEBA/PVA SMCs, (b) shape memory graphs of neat 
TPU and TPU/15% w/w CNC nanocomposite 



POLY 724: From flat to functional: Shape transformation in liquid crystalline 
elastomers 

Timothy J. White1, timothy.white.24@us.af.mil, Tyler Guin1,2, Benjamin Kowalski1,2, 
Nicholas P. Godman1,2, Brian Donovan1,2, Anesia Auguste1. (1) Materials and 
Manufacturing Directorate, Air Force Research Laboratory, Centerville, Ohio, United 
States (2) Azimuth Corp, Dayton, Ohio, United States  

Monolithic films composed of liquid crystal polymer network (LCN) or elastomer (LCE) 
can be “programmed” by surface alignment to retain complex and arbitrary spatial 
distributions of the director orientation. The localized control of orientation in a given 
volume (voxel) within these materials is the subject of intense research, motivated by 
the prospect of distinctive mechanical responses (both active and passive). This 
presentation will detail a variety of shape transformations triggered by heat, light, and 
electric field. 

 

 
 
 

  



POLY 725: Polymer/wax bending actuators 

Peizhen Jian, pj26@zips.uakron.edu, Kevin A. Cavicchi. Polymer Engineering, 
University of Akron, Akron, Ohio, United States  

Smart or stimuli-responsive materials are generally classified as materials that respond 
to environmental changes, e.g., pH, temperatures, light, electric field, magnetic field, 
humidity to spontaneously modulate their properties. Actuators have received attention 
for applications including microscopic motors, robotics, actuators, microfluidic valves, 
tissue engineering, and artificial muscles. 
One type of actuator is a bending actuator, which is typically constructed by bonding 
together two materials with differential volumetric expansion, such as with temperature 
or through solvent uptake. This talk will present a self-contained thermal bending 
actuator based on a polymer bilayer where the actuation is driven by the expansion and 
contraction of paraffin wax. Bilayer films consisting of active, wax-containing polymer 
layer and passive, wax-free polymer layer were fabricated using commercially available 
polymers and a commercially available adhesive to bond the layers. A polyimide film 
were used as the passive layer. For the active layer a polystyrene-block-polyethylene-
random-polybutylene-block-polystyrene was used a polymer matrix to contain the wax. 
Wax is selectively soluble in the aliphatic block leading to elastic materials even at high 
wax loadings. The elastic nature of the active layer allows for thermally reversible 
bending actuation. It will be shown that the thermally responsive bending is tuned 
through the choice of wax (e.g. melting point and breadth of the melting transition). 
Lastly, comparison between the experimentally measured bending curvature and the 
predicted curvature from the material parameters will be presented along with prospects 
for designing more advances structures from this simple fabrication method. 

 



POLY 726: Liquid crystal elastomers with programmable and dynamic shape 
change 

Brian R. Donovan, brian.donovan.11.ctr@us.af.mil, Timothy J. White. Materials and 
Manufacturing Directorate, Air Force Research Laboratory, WPAFB, Ohio, United 
States  

Liquid crystal elastomers (LCEs) are a unique class of materials exhibiting long range 
order across their monomeric units. Disruptions in this order, in response to a variety of 
external stimuli including temperature, light, and electric fields, may be effectively 
translated across an entire polymeric material resulting in a dynamic shape change. 
Recently, techniques have been developed that allow spatial control over the local order 
in a liquid crystalline material resulting in materials with unique and programmable 
shape transformation. Herein, we report the synthesis of a thin film LCE, prepared via a 
facile photopolymerization, with programmable and tunable shape change. By varying 
the materials chemistry, a large amplitude, and well-defined shape change can be 
obtained. Additionally, via direct comparison of the formulation chemistry and 
thermomechanical and mechanical properties of the thin film LCE to a series of controls, 
details about the mechanistic response of deformation are elucidated. 

 

 
 
 

  



POLY 727: Shape-shifting polymer sheets using light 

Ying Liu, Russell Mailen, Amber Hubbard, Duncan Davis, Mohammed Zikry, Jan 
Genzer, Michael D. Dickey, mddickey@ncsu.edu. Chemical and Biomolecular 
Engineering, NC State University, Raleigh, North Carolina, United States  

This talk will discuss a simple approach to shape-program 2D sheets of polymer into 3D 
objects. Self-folding is a deterministic ‘origami’ process that causes a predefined 2D 
template to fold into a desired 3D structure with high fidelity. We achieve self-folding by 
locally heating pre-stressed polymer films. The heat causes the polymer to locally relax 
(i.e., shrink) and induces a folding response. The heat can be delivered using patterned 
light, patterned inks that absorb light, and patterned inks that absorb microwaves. Self-
folding takes advantage of the multitude of available 2D patterning techniques that can 
be employed to pattern these inks (e.g., lithography, inkjet printing, screen printing). 
Self-folding is attractive as a cost-effective 3D fabrication strategy for applications such 
as packaging, robotic actuators and sensors, biological devices, solar cells and 
reconfigurable devices. This talk will focus on our recent efforts to model the mechanics 
of the self-folding process using finite element modeling, to utilize microwaves as a 
stimulus to induce self-folding, and to achieve sequential folding (i.e., folding individual 
hinges in a controlled sequence to achieve more complex geometries). The latter is 
interesting because it allows individual ‘hinges’ to fold in response to light depending 
entirely on the color of the light and the color of the ink that absorbs the light; that is, 
using color theory. The ability to control sequence of folds enables more complex 
structures to be generated by self-folding. In addition, the talk will discuss efforts in our 
group to control curvature of sheets using similar principles of local delivery of heat to 
pre-stressed polymer sheets, but rather than localizing it to a hinge, the heat is applied 
over broader areas to induce curvature. 

 
Sequential folding by using localized absorption of light on pre-stressed polymer sheets. The use 
of color theory allows for sequential folding by determining which wavelengths of light are 
absorbed by the colored ink on the surface. 



POLY 728: Polycyclic conjugated hydrocarbons containing antiaromatic 
cyclobutadienoids enabled by efficient annulation 

Yan Xia, Lily Chen, Zexin Jin, Yewchin Teo, yewchin@stanford.edu. Chemistry, 
Stanford University, Stanford, California, United States  

Antiaromaticity in conjugated systems has long stimulated experimental and theoretical 
interest. Conjugated systems with fused aromatic benzenoid and antiaromatic 
cyclobutadienoid units are intriguing targets for the study of antiaromaticity and its 
potential applications. However, their syntheses have been challenging and limited. We 
developed an efficient and versatile strategy to synthesize a large variety of polycyclic 
conjugated hydrocarbons (PCHs) containing antiaromatic cyclobutadienoids. The 
synthesis was achieved through efficient palladium-catalyzed annulation of aryl 
bromides and oxanorbornenes, both of which are readily available building blocks, 
followed by aromatization under acidic conditions. Experimental and computational 
studies support the presence of antiaromaticity and its perturbation of adjacent 
aromaticity. 

 

 
 
 

  



POLY 729: Photo-physical properties of carborane containing 
poly(dihexylfluorene)s (CCPDF): Applications as polarity sensors 

Kara L. Martin2, kmartin@mail.pse.umass.edu, Kenneth R. Carter1. (1) A416, UMASS, 
Amherst, Massachusetts, United States (2) Polymer Science and Engineering, 
University of Massachusetts, Amherst, Amherst, Massachusetts, United States  

Two CCPDFs were synthesized by standard cross-coupling techniques. PFCy was 
synthesized by Yamamoto polymerization of non-conventional brominated bis(fluorenyl) 
carborane monomer, and PFCs was synthesized by polymerizing the brominated 
bis(fluorenyl) carborane monomer with 9,9-dihexylfluorene-2,7-diboronic ester through 
Suzuki coupling. 
The CCPDFs display uncharacteristic photoluminescence spectra, with the appearance 
of emission bands around 400 nm and 550 nm. Changing the polarity and the 
concentration of the polymer solution manipulates the intensity and positioning of the 
550 nm emission. With increasing polarity, the 550 nm emission red shifts, and with 
increasing concentration the intensity increases. The Stokes shift of the 550 nm band is 
linearly related to increasing environment polarity through the Mataga-Lippert equation, 
indicating the existence of a charge transfer state. 
Through the transient absorption global analysis technique, two major photo-induced 
absorption bands are isolated for both polymers. For PFCy these bands are located at 
525 nm and 660 nm. For PFCs these bands are located at 525 nm and 700 nm. For 
both polymers, the 525 nm excited state absorption band is much longer lived (~1 ns) 
than the red shifted excited state absorption band (~5 ps). It is assumed that the 660 nm 
and 700 nm bands correspond to absorption of the fluorene dimer or trimer local excited 
state. From spectroelectrochemistry, it is clear that the 525 nm absorption band 
corresponds to the fluorene radical cation. The data indicates that upon excitation, an 
electron is promoted from the fluorene ground state to the fluorene local excited state, 
and is then rapidly transferred to the carborane moiety, creating a charge transfer state 
between the fluorene and carborane units. 
These highly fluorescent polymers can be chemically grafted to cellulose nanofibers and 
used as polarity sensors that display the presence of polar impurities or toxins in water. 
Understanding the photo-physical processes that dictate how the polymer will interact 
with its environment, allows for the manipulation of its structure to create an array of 
polarity sensors. 

 



POLY 730: Engineering acene polymers for efficient intramolecular singlet fission 

Elango Kumarasamy2, elango3403@yahoo.co.uk, Luis Campos1. (1) Columbia 
University, New York, New York, United States (2) chemistry, Columbia University, New 
York, New York, United States  

Singlet fission (SF) is a non-conventional photophysical process in which singlet exciton 
is converted into two triplet excitons in a spin conserved mechanism. SF is actively 
being investigated as a promising concept in third generation solar cells that could 
improve the efficiency of a single-junction solar cell beyond Shockley-Queisser limit. So 
far, to elucidate the mechanism, SF has been studied as an intermolecular process 
(xSF) where morphology significantly influences the efficiency of the process. This 
approach presents significant challenge as it convolutes the efforts to decouple the 
effects of electronic structure versus intermolecular packing, thus hindering a 
fundamental mechanistic understanding. To overcome this bottle neck, intramolecular-
SF (iSF) has been explored, where the SF is an inherent property of the molecule 
independent of morphology and allows for rapid characterization by ultrafast 
spectroscopic techniques. This presentation will disclose the design and synthesis of 
iSF materials based on acenes, which have allowed us to elucidate structure-property 
relationships and design rules, paving the way to a deeper understanding of the iSF 
mechanism and developing some of the highly efficient iSF acene polymers to date. 

 

 
 
 

  



POLY 731: Effects of heteroatom functionalization on anthradithiophene: 
Exploring the influence of chemical structure on electronic properties, photo-
oxidative stability, crystal packing, and device performance 

David J. Dirkes, dirkes@live.unc.edu, Wei You. Chemistry, University of North 
Carolina-Chapel Hill, Carrboro, North Carolina, United States  

Due to their high hole mobility and self-assembling properties, linear acenes like 
anthradithiophene (ADT) have drawn a great deal of interest for use in organic field 
effect transistors. While the inherent charge-transport properties of linear acenes like 
ADT are desirable, functional groups are required in order to render them soluble and 
lead them to adopt crystal packing that is favorable for charge transport. Changing the 
chemical structure of the functional groups attached to the ADT core can dramatically 
change the materials electronic properties, photo-oxidative stability, solid-state 
molecular packing, and subsequent device performance. While a handful of alkyne 
functionalized ADT derivatives have been thoroughly studied, there are few examples of 
other functional groups reported in the literature. In order to further understand the 
structure-property relationship, from which these key properties are derived, a series of 
ADT molecules bearing ether, thioether, and acetyl-oxy functional groups with alky 
chains of varying length were synthesized and studied. Five new and two known 
solution-processable anthradithiophene molecules were synthesized, characterized, 
and incorporated into organic field-effect transistors. Optical and electrochemical 
properties of the different functional groups were compared, showing a distinct range of 
optical bandgaps and electrochemical properties. Through single-crystal XRD, the effect 
of heteroatom substitution and alkyl chain length on the molecular packing of these 
derivatives in the solid state was evaluated. Thin films of these materials were prepared 
using spin-coating or blade-coating and characterized by optical microscopy and 
profilometry. OFETs were then prepared using these conditions. 

 

 
 
 

  



POLY 732: Unusual enhancement in the processability and electrical properties of 
electroactive polymers via the formation of unusual building blocks 

Young-Gi Kim1, ygkim@desu.edu, Wafaa Abousamra1, Dan Yang1, Omar Melton1, 
Shehu Isah1, June-Ho Jung2, Sabina Besic2, Michael Birschbach2, Von Ebron2, Ramil 
Mercado2, Patrick J. Kinlen3, Hai-Long Nguyen4. (1) Chemistry, Delaware State 
University, Dover, Delaware, United States (2) Crosslink, St. Louis, Missouri, United 
States (3) Boeing, St. Louis, Missouri, United States (4) USARDEC, Picatinny Arsenal, 
New Jersey, United States  

The use of electroactive polymers is one of the major streams in innovating the areas of 
modern space, energy and electronics. Niche processability and electrical 
characteristics are acquired for applying the electroactive polymers to the promising 
fields. As means of responding to the inquiry, unusual building blocks were used for 
modifying the chemical structures of the electroactive polymers and were observed to 
contribute for inducing unusual electrical and processable properties from the polymers, 
for which ca. 9 orders of electrical conductivity were observed to increase. Entire 
synthesis and post treatment steps are going to be addressed in this presentation along 
with successful examples of application fields that used the superb electroactive 
polymer systems. 

  



POLY 733: Conjugated polymer-dye weakly coupled covalent assembly for 
optoelectronics 

Sam S. Sun2,1, ssun@nsu.edu, Dan Wang2. (1) Chemistry Department, Norfolk State 
Univ, Norfolk, Virginia, United States (2) Center for Materials Research, Norfolk State 
University, Norfolk, Virginia, United States  

Photo induced charge separation between a conjugated polymer poly-3-hexyl-thiophene 
(P3HT) coupled with a series of light harvesting molecular dyes were systematically 
investigated and compared for potential optoelectronic applications. Specifically, the 
optical absorption and the photoluminescence emission quenching Stern-Volmer plots 
of P3HT with three dyes (TCPP, Hemin and protoporphyrin, see Figure 1) were 
evaluated, and the solar cell devices based on P3HT/Dye/PC60BM were fabricated and 
compared. Preliminary data shows the power conversion efficiencies (η) of the 
fabricated solar cells follow the PL quenching or the Ksv curved trend but not the 
absorption coefficients and the frontier orbital LUMO energy offsets (which are the key 
photo induced charge separation driving force). Additionally, the polymer–dye pair that 
exhibits biggest PL quenching was covalently linked, and its solar cell device 
performance is compared with corresponding physical blend. 

 
 
 



POLY 734: Efficient naphthalenediimide-based hole semiconducting polymer with 
vinylene linkers between donor and acceptor units 

Lei Zhang1,2, Bradley D. Rose3, Yao Liu2, Masrur Nahid5, Eliot Gann6,5, Jack T. Ly2, 
jthanhly09@gmail.com, Thomas P. Russell2, Antonio Facchetti4, Christopher R. 
McNeill5, Jean-Luc E. Bredas3, Alejandro L. Briseno2. (1) College of Energy, Beijing 
University of Chemical Technology, Beijing , China (2) Dept Polymer Sci and Eng Conte 
Research Ctr, University of Massachusetts Amherst, Amherst, Massachusetts, United 
States (3) Solar and Photovoltaics Engineering Research Center & Division of Physical 
Science and Engineering, King Abdullah University of Science and Technology, Thuwal, 
Saudi Arabia (4) Polyera Corporation, Skokie, Illinois, United States (5) Department of 
Materials Science and Engineering, Monash University, Clayton, Clayton, Victoria, 
Australia (6) Australian Sychrotron, Clayton, Victoria, Australia  

We demonstrate a new method to reverse the polarity and charge transport behavior of 
naphthalenediimide (NDI)-based copolymers by inserting a vinylene linker between the 
donor and acceptor units. The vinylene linkers minimize the intrinsic steric congestion 
between the NDI and thiophene moieties to prompt backbone planarity. The polymers 
with vinylene linkers exhibit electron n-channel transport characteristics under vacuum, 
similar to the benchmark polymer, P(NDI2OD-T2). To our surprise, when the polymers 
are measured in air, the dominant carrier type switches from n- to p-type and yield hole 
mobilities up to 0.45 cm2 V−1 s−1 with hole to electron mobility ratio of three (μh/μe, ∼3), 
which indicates that the hole density in the active layer can be significantly increased by 
exposure to air. This increase is consistent with the intrinsic more delocalized nature of 
the highest occupied molecular orbital of the charged vinylene polymer, as estimated by 
density functional theory (DFT) calculations, which facilitates hole transport within the 
polymer chains. This is the first demonstration of an efficient NDI-based hole 
semiconducting polymer, which will enable new developments in all-polymer solar cells, 
complementary circuits, and dopable polymers for use in thermoelectrics. 

 
 



POLY 735: Metal coupline to bridge small molecule sensors and polymeric 
sensing platforms 

Wei Wu, wwu39@binghamton.edu, Ziqi Qing, Anting Chen, William E. Bernier, Wayne 
E. Jones. Department of Chemistry, State University of New York at Binghamton, 
Binghamton, New York, United States  

Fluorescent conjugated polymers (FCPs) have drawn intense attention in manufacturing 
chemosensors to screen various analytes in chemical/biological systems. They are 
more sensitive compared to small molecule sensors thanks to the collective signal 
amplification of the molecular wire configuration. Metal-catalyzed Sonogashira/Suzuki 
coupling reaction provides a valuable approach to bring molecular sensors into 
polymeric sensing devices. Facile structural adjustment of the receptors attached to the 
conjugated backbones has been made for specific sensing requirements. In one case, a 
novel polyelectrolyte, ttp-PPESO3 with terpyridine receptor and sulfonate groups was 
rationally assembled, and it showed great selectivity and sensitivity to Cu2+ (Fig. 1a). In 
another case, urea-PPESO3 was designed specifically to tackle the assignment of 
detecting fluoride ions. It displayed outstanding response to F- over the other halogens 
and could be used as a promising fluoride sensor (Fig. 1b). The synthesis and 
evaluation of these polymeric sensing devices will be discussed. 

 

 
 
 

  



POLY 736: Fused ring systems containing pyrroles for organic electronics 

Chandima Bulumulla5, cdb130130@utdallas.edu, Hien Q. Nguyen5, Ruwan 
Gunawardhana6, Ruvanthi Kularatne2, Jia Du4, Katherine E. Washington4, Michael C. 
Biewer3, Mihaela C. Stefan1. (1) Dept Chem UT Dallas, Richardson, Texas, United 
States (2) University of Texas at Dallas, Richardson, Texas, United States (3) Dept of 
Chemistry, University of Texas at Dallas, Richardson, Texas, United States (4) 
Chemistry, University of Texas at Dallas, Dallas, Texas, United States (5) Chemistry 
and Biochemistry, University of Texas at Dallas, Richardson, Texas, United States  

Herein, we report the synthesis, structural characterization and DFT computational 
studies of molecular building blocks containing fused pyrrole ring systems as electron 
excessive donor moieties for organic electronics. The challenging synthesis and 
destabilization of pyrrolic materials have garnered less attention in finding application in 
the organic electronics field. Despite the synthetic challenges, pyrroles are excellent 
electron rich compounds that could fit in donor-acceptor materials. The optical, 
electrochemical and device performances of the new materials containing thieno[3,2-
b]pyrrole, furo[3,2-b]pyrrole and thieno[3,2-b:4,5-b’]dipyrrole units will be presented. 
With the introduction of these new materials having synthetic variability, we believe 
these materials will find the deserved attention in the organic electronics community. 

 

 
 
 

  



POLY 737: Unipolar electron transport polymers: Thiazole based all-electron 
acceptor approaches for high mobility organic field-effect transistors 

Zhibo Yuan3, zhiboyuanresearch@gmail.com, Boyi Fu5, Simil Thomas4, Jean-Luc E. 
Bredas2, Elsa Reichmanis1. (1) Georgia Institute of Technology, Atlanta, Georgia, 
United States (2) School of Chemistry Biochemistry, Georgia Institute of Technology, 
Atlanta, Georgia, United States (3) School of Chemistry and Biochemistry, Georgia 
Tech, Atlanta, Georgia, United States (5) Georgia Tech, Atlanta, Georgia, United States  

Organic semiconductors and the resultant organic field-effect transistors (OFETs) have 
received tremendous attention in recent years because of their promising applications in 
a number of areas. A number of organic p-channel semiconductors with high hole 
mobilities have been developed. However, air-stable n-channel alternatives with high 
electron mobilities are still limited. This is mainly because the respective anions of 
organic conjugated molecules are sensitive to oxygen and water. Herein, we have 
synthesized the acceptor-acceptor (A-A), unipolar n-channel conjugated polymers, 
poly(dithiazolediketopyrrolopyrrole-tertthiazole), PDPP4Tz (P1), and 
poly(naphthalenediimide-bithiazole), PNDI2Tz (P2). Branched alkyl side chains were 
incorporated into the polymer structure to enhance polymer solubility, particularly in 
non-halogenated, more environmentally compatible solvents. Both P1 and P2 cast from 
a range of non-halogenated solvents exhibited film morphologies and field-effect 
electron mobility similar to those cast from halogenated solvents. P1 exhibits polymer 
liquid crystal behavior and anisotropy under polarized optical microscopy (POM). 2D-
GIWAXS results of P1 thin films indicates high degrees of order and preferred edge-on 
orientation which is believed to promote charge carrier transport in the solid state. P2 
aggregates in thin films exhibit a bimodal distribution and a morphology that appears 
mosaic-like. The mosaicity of P2 thin films was investigated with respect to film 
fabrication methods, temperature, and substrate surface treatments. Both P1 and P2 
exhibited electron mobilities in the range of 10-2 cm2V-1s-1 in organic field-effect 
transistor (OFET) configuration. Such charge carrier transport characteristics confirms 
the significant potential for bithiazole in the development of electron transport 
semiconducting materials exhibiting promising properties for organic photovoltaic (OPV) 
and OFET applications. 
 
 

  



POLY 738: Noncovalent modulation of protien energy landscapes with targeted 
molecular binders 

David N. Bunck, bunck@caltech.edu, Beatriz Atsavapranee, Katrine Museth, David 
Vander Velde, James R. Heath. Chemistry and Chemical Engineering, California 
Institute of Technology, Pasadena, California, United States  

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease caused by the 
deterioration of motor neurons that abates essential biological functions and exhibits 
survival times of 3 - 5 years after diagnosis. One driver of this disease derives from 
inherited mutations to the protein superoxide dismutase 1 (SOD1), which hinder proper 
folding and result in the accumulation of toxic aggregates. We identified cyclic peptides 
that target precise epitopes on SOD1 through an emerging screening platform that 
furnishes high-affinity binders against regions of a protein independent of secondary 
and tertiary structure. Binding these epitopes both stabilizes the native state and 
accelerates folding. In this context, these small peptides function as molecular 
chaperones and mitigate the impact of deleterious mutations to SOD1. They also 
display the traditional benefits of small molecules, such as straightforward chemical 
modifications and long-term stability. Overall, this method provides a route to rationally 
perturb the energy landscape of any protein through noncovalent binding, making it 
useful in fundamental studies of protein folding as well as designing therapeutics for 
misfolding diseases. 

 

 
 
 



POLY 739: Engineering functional polymer coatings through the modification of 
morphology and surface chemistry 

Colin R. Crick, c.crick@liverpool.ac.uk. Department of Chemistry, University of 
Liverpool, Liverpool, United Kingdom  

High surface area morphologies are frequently embraced in the design of highly active 
materials. This approach is essential in the fabrication of highly water repellent 
(superhydrophobic) materials. Such that, a high surface roughness magnifies the water 
repelling properties of hydrophobic materials, while also trapping air at the surface – 
increasing hydrophobicity further.1 Polymers are ideal for manufacturing these 
materials, as hydrophobic polymers can be easily engineered to provide high surface 
roughnesses.2 Superhydrophobic surfaces have such a low affinity for water, that water 
forms spherical droplets upon contact. These droplets roll around due to low attractive 
forces, with many of the potential applications stemming from this rolling motion. The 
applications of superhydrophobic technology range from; self-cleaning and anti-
biofouling, to fluid drag reduction, and oil-water separation. Relevant industries are 
therefore extensive, but include; healthcare, surface protection (industrial coatings), and 
water treatment facilities. 
 
The presentation will provide a view of cutting edge research into superhydrophobic 
polymers, as well as an outlook for the future of these materials. This includes 
overcoming the major challenge of forming robust materials, for use in ‘real-world’ 
conditions. Facilitated by coatings that utilise reinforcing additives that impart strength to 
films, and a secure attachment to an underlying substrate. The extension of these 
polymers as support matrices for high surface area functional materials will also be 
explored. Detailing the inclusion of nanoparticles to impart additional properties, in 
addition to their testing and analysis. 

 
Water droplets resting on superhydrophobic polymer coating (polydimethylsiloxane). Water 
droplets are dyed with a small amount of methylene blue. 



POLY 740: Electroless copper deposition: Interconnecting modern 
communication 

Catherine R. Mulzer, crd93@cornell.edu. Electronic Materials, Dow Chemical 
Company, Marlborough, Massachusetts, United States  

Printed circuit boards (PCBs), composites of glass fibers, epoxy resin, and copper 
layers, dominate the interior of modern computers and communication devices. Without 
copper, computing would hardly be possible, and communication in today’s world would 
be a very different experience. This presentation will discuss how conductive copper 
features such as micron-sized through-holes and microvias are created within PCBs 
using electroless copper metallization. Special emphasis will be given to the interplay 
between the material’s pretreatment steps, the fine-tuning of which is essential to the 
success of the subsequent metallization process. Current challenges associated with 
the metallization of next-generation substrates will also be addressed. 

 

 
 

Image of printed circuit board showing copper interconnects. 

  



POLY 741: New concepts in sustainable polymers 

Geoffrey W. Coates, gc39@cornell.edu. Cornell Univ, Ithaca, New York, United States  

In this presentation, new synthetic routes to sustainable polymers will be presented, 
along with strategies to address the challenges of recycling commercial plastics. 

 

 
 
 

  



POLY 742: Colloidal covalent organic frameworks 

William Dichtel3, wdichtel@northwestern.edu, Brian Smith4, Lucas Parent5, Ryan P. 
Bisbey3,1, Anton Chavez3,1, Austin Evans3, Nathan C. Gianneschi2. (1) Chemistry and 
Chemical Biology, Cornell University, Ithaca, New York, United States (2) Chem M/C 
0343, University of California, San Diego, La Jolla, California, United States (3) 
Chemistry, Northwestern University, Evanston, Illinois, United States (4) Bucknell 
University, Lewisburg, Pennsylvania, United States (5) UCSD, San Diego, California, 
United States  

Covalent organic frameworks (COFs) are two or three-dimensional polymer networks 
with designed topology and chemical functionality, permanent porosity, and high surface 
areas. These features are potentially useful for a broad range of applications, including 
catalysis, optoelectronics, and energy storage devices. But current COF syntheses offer 
poor control over the material’s morphology and final form, generally providing insoluble 
and unprocessable microcrystalline powder aggregates. COF polymerizations are often 
performed under conditions in which the monomers are only partially soluble in the 
reaction solvent, and this heterogeneity has hindered understanding of their 
polymerization or crystallization processes. Here we report homogenous polymerization 
conditions for boronate ester-linked, two-dimensional COFs that inhibit crystallite 
precipitation, resulting in stable colloidal suspensions of 2D COF nanoparticles. The 
hexagonal, layered structures of the colloids are confirmed by small angle and wide 
angle X-ray scattering (SAXS/WAXS), and kinetic characterization provides insight into 
the growth process. The colloid size is modulated by solvent conditions, and the 
technique is demonstrated for four 2D boronate ester-linked COFs. The diameter of 
individual COF nanoparticles in solution is monitored and quantified during COF growth 
and stabilization at elevated temperature using in situ variable-temperature liquid cell 
TEM (VT-LCTEM) imaging, a new characterization technique that complements 
conventional bulk scattering techniques. Solution casting of the colloids yields a free-
standing transparent COF film with retained crystallinity and porosity, as well as 
preferential crystallite orientation. Collectively this structural control provides new 
opportunities for understanding COF formation and designing morphologies for device 
applications. 

 



POLY 743: Structurally precise synthesis of two-dimensional covalent organic 
frameworks and linear polymers for optoelectronics and therapeutics 

John Colson3,1, jwcolson@uchicago.edu, William Dichtel4,3, Catherine R. Mulzer2, 
Jason A. Mann3, Jeffrey Hubbell5, Ruyi Wang5, D S. Wilson5, Cathryn Nagler6, 
Catherine Plunkett7. (1) ClostraBio, Inc, Chicago, Illinois, United States (2) Department 
of Chemistry and Chemical Biology, Cornell University, Ithaca, New York, United States 
(3) Chemistry and Chemical Biology, Cornell University, Ithaca, New York, United 
States (4) Northwestern University, Evanston, Illinois, United States (5) Institute for 
Molecular Engineering, The University of Chicago, Chicago, Illinois, United States (6) 
Pathology, Medicine, Pediatrics and the College, The University of Chicago, Chicago, 
Illinois, United States (7) Pathology, The University of Chicago, Chicago, Illinois, United 
States  

Methods to prepare linear or branched macromolecules with outstanding functional 
group tolerance and molecular weight control are well studied. In contrast, strategies 
that yield two-dimensional (2D) polymers with periodic bonding in two orthogonal 
direction remain in their infancy. Two-dimensional covalent organic frameworks (COFs), 
archetypal examples of two-dimensional polymers, organize molecular building blocks 
into well-defined porous, layered structures linked by covalent bonds. These materials 
are usually synthesized as insoluble and unprocessable powders, limiting their study 
and complicating their incorporation into devices such as optoelectronics. This talk 
discusses strategies to prepare and characterize COF thin films that overcome 
challenges associated with processing these materials, enabling synthesis of a diverse 
family of COFs and serving as a blueprint for incorporating COFs in devices. This 
finding enables COF films to be grown on lithographically patterned substrates, which 
can be used to gain insight into the uniformity of film growth across the substrate and 
factors relevant to nucleation and growth. Returning to linear, functionalized polymers, 
we will briefly discuss design and synthesis of novel block copolymers as non-specific 
modulators of innate immunity. These macromolecules are promising antigen-agnostic 
potentiators of antigen-specific therapeutics, particularly for food allergies. Further 
development of these polymers may reveal their broad applicability as therapies or 
adjuvants for other antigen-specific therapies. 

 



POLY 744: Counter-ion effect on radical polymerization kinetics of ionic-liquid 
monomers 

Mingtao Chen3,4, mc7@vt.edu, Jason Dugger5, Xiuli Li3, Louis A. Madsen6, Brad S. 
Lokitz1, Timothy E. Long2. (1) Bldg 8610 MS 6494, Oak Ridge National Laboratory, Oak 
Ridge, Tennessee, United States (2) Virginia Tech, Blacksburg, Virginia, United States 
(3) Chemistry, Virginia tech, Blacksburg, Virginia, United States (4) Macromolecules 
Innovation Institute, Virginia Tech, Blacksburg, Virginia, United States (5) CNMS, Oak 
Ridge National Labotory, Oak Ridge, Tennessee, United States (6) Chemistry, Virginia 
Tech, Blacksburg, Virginia, United States  

Polyelectrolytes provide a library of unique properties that lead to applications ranging 
from battery membranes and electrolytes, gas purification to stimuli-responsive 
materials. Despite the extensive studies on polyelectrolytes, the influence of ionic 
interactions on the polymerization kinetics is less understood, especially in controlled 
radical polymerization (CRP). We successfully synthesized four imidazolium-containing 
ionic-liquid monomers with identical chemical structures except counter ions. In-situ 
FTIR monitored the corresponding polymerization kinetics of four different ionic-liquid 
monomers in both conventional free radical polymerization and reversible addition-
fragmentation chain-transfer polymerization (RAFT). The counter ions demonstrated 
minimum influence on the kinetics of conventional radical polymerization, but showed 
drastic polymerization rate difference in RAFT polymerization. RAFT polymerization of 
the same ionic-liquid monomer in different solvents also revealed kinetic differences, 
suggesting a relationship between ion aggregation and polymerization kinetics. DLS 
further proved the existence of ion aggregation and different diffusivity dependent on 
counter ions. As a result of, the ionic interaction presented a significant influence on 
CRP, while free radical polymerization diminished its effect through fast and 
uncontrolled monomer propagation. 

 
In situ FTIR revealed the kinetics differences of ionic-liquid monomers containing different 
counter ions in RAFT polymerization. 



POLY 745: Synthesis of an amphiphilic Janus dendrimer and evaluation of its 
self-assembly process in water 

Mariana Elizondo-Garcia1, mariana.elizndo@gmail.com, Valeria Marquez-Miranda2, 
Ingrid D. Araya-Duran2, Marcelo Videa1, Fernando D. Gonzalez-Nilo2,3, Jesus A. 
Valencia-Gallegos1. (1) Tecnologico de Monterrey, Monterrey, Mexico (2) Universidad 
Andres Bello, Santiago, Chile (3) Fundacion Fraunhofer Chile Research, Santiago, 
Chile  

Amphiphilic Janus dendrimers (JDs) are repetitively branched molecules with 
hydrophilic and hydrophobic components that self-assemble in water to form a variety of 
morphologies, including vesicles analogous to liposomes with potential application in 
drug delivery systems. To date, the self-assembly of JDs has not been fully investigated 
and it is important to gain insight into its mechanism and dependence with JDs chemical 
structure. In the present work, we synthesized a second-generation JD and evaluated 
its aggregation behavior in water, using experimental and theoretical methods. The 
dendrimer was obtained by mixed divergent and convergent synthesis pathways using 
2,2-bis(hydroxymethyl)propionic acid, myristic acid, and ethylene glycol. In addition, JD 
was characterized by mass spectrometry, 1H NMR, and 13C NMR. For the experimental 
evaluation of dendrimer aggregation behavior in water, we made dispersions using 
liposome preparation protocols (film hydration and ethanol injection) and dye 
encapsulation experiments. Resulting assemblies were characterized by dynamic light 
scattering, confocal microscopy, and transmission electron microscopy. Furthermore, 
we performed a coarse-grained (CG) molecular dynamics simulation to study the 
mechanism of aggregation and to attempt an explanation of the experimental data. The 
results of the characterization showed that JDs generated particles with uniform size, 
composed of hydrophobic and hydrophilic domains. This information is in good 
agreement with GC simulation, which also showed that JDs spontaneously self-
assemble into bilayers. This work could be relevant for the design of novel JDs with 
tailored assemblies. 

 



POLY 746: Traditional and bidirectional strategies for the anionic polymerization 
of novel phosphonium-containing block copolymers 

Philip J. Scott2,1, scottpj@vt.edu, Alison Schultz2,1, Sachin Bobade2,1, Timothy E. 
Long2,1. (1) Macromolecules Innovation Institute, Virginia Tech, Blacksburg, Virginia, 
United States (2) Department of Chemistry, Virginia Tech, Blacksburg, Virginia, United 
States  

Ion-containing polymers provide unique material properties, such as ion conductivity, 
complex morphologies driven by ion aggregation, and electro-active actuators. 
Applications for these properties range from fuel cell membranes to water purification. 
4-(diphenylphosphino) styrene is a commercially available monomer that readily 
polymerizes and provides a stable, hindered phosphine that lacks benzylic hydrogens 
necessary that are necessary for degradation. This work investigates the incorporation 
of DPPS into novel, well-defined block isoprene/DPPS copolymers through living, 
anionic polymerization. A novel, difunctional initiator developed in previous work 
enables a bidirectional approach to address solubility challenges and facilitate triblock 
copolymer synthesis. Post-polymerization alkylation of the DPPS repeat units provides 
phosphonium-ion functionality pendant to the polymer chain. Small-angle X-ray 
scattering (SAXS) examined the disrupting effects of the alkylation of the DPPS units on 
the lamellar microphase separation of isoprene and DPPS blocks. Through precise 
synthesis, modification, and morphological characterization of DPPS containing 
polymers, this work elucidates the structure-morphology relationships of neutral and ion-
containing block copolymers and thermoplastic elastomers. 

 

 
 



POLY 747: Synthesis of pyrrolopyridazinedione (PPD) monomers and copolymers 
for organic solar cells in a conventionally heated synthesis reactor 

Astrid Knall1,2, aknall@hotmail.com, Thomas Rath2, Gregor Trimmel2. (1) Department 
of Analytical and Synthetic Chemistry, Anton Paar GmbH, Graz, Austria (2) Institute for 
Chemistry and Technology of Materials, Graz University of Technology, Graz, Austria  

1,2,4,5-Tetrazines are highly electron-deficient aromatic compounds. With suitable 
flanking aromatic units, tetrazine-based building blocks can be incorporated in donor-
acceptor copolymers. 
The moderate solubility of tetrazines is a limiting factor for the performance of these 
copolymers in organic electronics and can be improved by attaching suitable alkyl 
chains to the flanking aromatic rings or to the electron-rich comonomer. As shown for 
benzothiadiazole, introduction of an imide unit leading to 2,1,3-benzothiadiazole-5,6-
dicarboxylic imide has improved solubility and processability together with increased 
electron-withdrawing ability. Introduction of a second alkyl chain on the electron-
deficient component is ideal for alkyl chain engineering, but the multistep monomer 
synthesis is cumbersome. 
6-Alkylpyrrolo[3,4-d]pyridazine-5,7-diones (PPD) combine good solubility and high 
electron-deficiency and can be directly obtained from tetrazines through an inverse-
electron-demand Diels-Alder reaction (iEDDA). N-alkyl substituted maleimides, the 
suitable reaction partners for this transformation, are electron-deficient themselves and 
react slowly in iEDDA reactions. Therefore, high reaction temperatures (more than 
160°C) were applied in a conventionally heated synthesis reactor (Monowave 50). The 
PPD monomers with different alkyl chains were obtained in good yield and purity. Pd-
catalyzed Stille-type cross-coupling polycondensation with (4,8-bis(5-(2-
ethylhexyl)thiophen-2-yl)benzo[1,2-b:4,5-b']dithiophene-2,6-diyl)bis(trimethylstannane) 
(BDT) as comonomer in the same reactor led to PPD-BDT copolymers with good 
solubility, good film forming properties and an optical band gap of 1.8 eV. The materials 
were tested in organic solar cells and showed power conversion efficiencies of up to 
6%. The iEDDA synthesis approach is a simple way to tailor the alkyl chain substitution 
pattern, which has a profound influence on blend morphology and device performance. 

 
PPD-BDT structure, performance in OPV devices and Monowave 50 synthesis reactor 



POLY 748: Synthesis and optical properties of organically modified chalcogenide 
(ORMOCHALC) polymers 

Darryl A. Boyd1, darryl.anthony@gmail.com, Vinh Q. Nguyen1, Collin C. McClain2, 
Colin C. Baker1, Jason D. Myers1, Woohong Kim1, Jasbinder S. Sanghera1. (1) Optical 
Sciences, US Naval Research Laboratory, Alexandria, Virginia, United States (2) 
University Research Foundation, Greenbelt, Maryland, United States  

This presentation outlines the synthesis and optical characterization of polymers, 
termed ORganically MOdified CHALCogenide (ORMOCHALC) polymers, which can be 
synthesized via inverse vulcanization. Inverse vulcanization is a recently developed 
process in which sulfur-based polymers can be synthesized through the use of 
elemental sulfur and carbon-rich crosslinkers. First, free radicals are revealed at either 
end of the sulfur chain by the thermal opening of sulfur’s S8 rings. These radicals can 
then be reacted with a crosslinking/branching agent to produce a stable polymer. Such 
polymers have found use in various applications, including as lithium sulfur battery 
cathode components. The composition of the polymers presented includes the use of 
previously unexplored polyvinyl branching agents, as well as polymer backbones that 
contain selenium. The crosslinking by unique molecular species, and the use of 
selenium as a backbone component, are significant in that they have a direct and 
pronounced effect on the optical properties of the polymers produced, including the 
infrared transmission profile and the increased refractive indices of the polymers. We 
present the synthesis and optical characterization of unique ORMOCHALC polymers. 

 
 
FT-IR transmission plot for poly(S-Se-r-DIB) ORMOCHALC alongside visible and short-wave 
infrared images of poly(S-Se-r-DIB) ORMOCHALC. 



POLY 749: Synthesis and self-assembly of amphiphilic diblock copolymer as an 
effect of chemical oscillation 

Bishnu P. Bastakoti, bishnubastakoti@hotmail.com, Sudhina Guragain, Juan Perez-
Mercader. Department of Earth and Planetary Sciences and Origin of Life Initiative, 
Harvard University, 20 Oxford Street, Cambridge, 02138, Massachusetts, United States  

We demonstrate a new approach of synthesis of poly(ethylene oxide-b-ethyl acrylate) 
(PEO-b-PEA) block copolymer by radical polymerization. The radicals generated during 
oscillation of Belousov-Zhabotinsky (B-Z) reaction initiate polymerization between 
polyethylene glycol containing reversible addition-fragmentation chain transfer agent 
(PEG-CTA) and ethyl acrylate monomers. B-Z reaction is an oxidation of organic acid 
such as malonic acid by sodium bromate in the presence of metal ions catalyst in acidic 
medium. The growth of hydrophobic chain on the hydrophilic PEG chain induce self-
assembly of polymeric unimers to form spherical micelles which transform to vesicles as 
an effect of chemical oscillation (Figure 1). We believe that the use of oscillating 
chemical reactions to synthesize functional vesicles paves the way to various 
application of polymeric vesicles that are different from that fabricated form other 
approaches. 

 

 
 
 

  



POLY 750: Topology control of bottlebrush polymers 

Dylan Walsh, walsh412@umn.edu, Omotola Okesanjo, SiiHong Lau, Robert 
Schneider, Damien Guironnet. UIUC, Sun Prairie, Wisconsin, United States  

With the development of controlled polymerizations, polymer chemists have enabled the 
synthesis of more and more complex materials. Bottlebrush polymers are branched 
polymers with high branching density all originating from a linear backbone and are an 
example of a material with complex architecture that is accessible via controlled 
polymerizations. The rigidity of bottlebrush polymers provides a unique way to generate 
spatially self-organizing materials and have gained much interest in the soft materials 
community. Thus far bottlebrush polymers have been limited to linear cylindrical shape. 
Here we present a methodology to construct non-cylindrical bottlebrushes by using a 
combination of controlled polymerizations to generate a gradient of arm lengths. We 
implement two orthogonal chemistries, one for arm synthesis and another for backbone 
synthesis, to generate conical bottlebrushes as a proof of principle. Detailed kinetic 
studies provide support for the control and specificity of our approach. This 
methodology results in a material with unprecedented topology and opens a new 
avenue for more complex materials. 

 

 
 
 

  



POLY 751: ICAR ATRP for challenging monomers grown from BSA under 
aqueous and bio-relevant conditions 

Devora Cohen-Karni1,3, devorack@gmail.com, Marina Kovaliov3, Theresa Ramelot4, 
Dominik Konkolewicz4, Saadyah Averick2. (1) ASRI, Pittsburgh, Pennsylvania, United 
States (2) Laboratory for Biomolecular Medicine, Allegehny Health Network, Pittsburgh, 
Pennsylvania, United States (3) Neuroscience Institute, Allegheny Health Network, 
Pitssburgh, Pennsylvania, United States (4) Department of Chemistry and Biochemistry, 
Miami University, Oxford, Ohio, United States  

bovine serum albumin (BSA) models were established for initiators for continuous 
activator regeneration atom transfer radical polymerization (ICAR ATRP) to grow homo 
and block copolymers of acrylamide, N,N-dimethylacrylamide and N-vinylimidazole 
under bio-relevant conditions. Traditionally, these monomers have been challenging for 
aqueous ATRP. We found that a significantly higher copper halide (CuBr2) salt 
concentration was required in order to facilitate the polymerization. The reactions were 
carried out successfully at low protein concentration in buffered media, and both homo 
and block copolymers were prepared and characterized. As a proof of concept, 
biohybrid nanoparticles with catalytic properties were prepared by loading palladium into 
a BSA grafted block copolymer of poly(N-vinylimidazole)-b-poly(oligo(ethylene oxide) 
methyl ether acrylate. Suzuki-Miyaura couplings were successfully catalyzed by the 
protein-polymer biohybrid in aqueous media under aerobic conditions, to demonstrate a 
possible application for biohybrid materials. 

 
 

 
 
 

  



POLY 752: Direct C-H amidation polymerization forming C-N bond for fluorescent 
polysulfonylamides using iridium catalyst 

Yoon-Jung Jang1, sg99037@snu.ac.kr, Tae-Lim Choi2. (1) Seoul National University, 
Seoul, Korea (the Republic of) (2) School of Chemistry, Seoul National University, 
Seoul, Korea (the Republic of)  

Direct (hetero)arylation polymerizations (DHAP) have attracted great attention in recent 
years to synthesize various conjugated polymers such as polythiophenes and 
polycarbazoles. DHAPs can reduce undesired organometallic byproducts and the 
number of synthetic steps. However, conventional DHAPs are limited to C-C bond 
formation, and polymerization method for C-N bond formation using C-H activation has 
remained unexplored to date. Here, we report a Iridium-catalyzed Direct C-H amidation 
polymerization (DCAP) that enables the synthesis of high-molecular-weight and defect-
free polysulfonylamides. We discovered that a reactive directing group, additives, silver 
salts, and reaction temperature were key factors for efficient DCAP through model study 
and optimization. This polymerization allowed high-molecular-weight polysulfonylamides 
with various readily accessible bis-sulfonyl azides. Furthermore, synthesized polymers 
emited fluorescence with high quantum yields and large stokes shifts due to excited-
state intramolecular proton transfer (ESIPT) without conjugated moieties like 
conventional fluorescent conjugated polymers. Notably, this research demonstrates a 
successful atom- and step-economical DCAP showing defect-free and high-molecular-
weight fluorescent polysulfonylamides. 

 

 
 
 

  



POLY 753: Water vapor barrier properties of polybenzoxazine-silica 
nanocomposites provided from perhydropolysilazane 

JOO YEON LEE1, lee.j.ao@m.titech.ac.jp, Reiko Saito2. (1) Dep. of Org. and Polym. 
Mat., Tokyo Institute of technology , Tokyo, Japan (2) Dept. of Chem. Sci. and Eng., 
Tokyo Institute of technology , Tokyo, Japan  

Polybenzoxazine-silica nanocomposites were synthesized by ring opening 
polymerization in the presence of perhydropolysilazene (PHPS) in one step (Figure 1). 
Polybenzoxazines, which are novel phenolic thermosetting resins with high thermal 
stability and low dielectric constant, are required to improve their water vapor barrier 
properties. In this study, we aimed to improve their water vapor barrier property by 
combining silica domain. To introduce silica domain, we have chosen PHPS, which is a 
preceramic material with good solubility in many organic solvents. PHPS is composed 
with the reapeating units, (SiH2-NH). The Si-O-C bond is readily formed between SiH 
group of PHPS and hydroxy group provided from benzoxazine in polybenzoxazine-silica 
nanocomposites by addition of PHPS into the curing system of polybenzoxazine. Based 
on the aim, the effect of cuirng temperature, which strongly influences on the formation 
rate of hydroxy group, on water vapor barrier properties was investigated. 
Water vapor permeability coefficients, Q values, of polybenzoxazine resins increased 
with the increase in curing from 160 to 240 °C, which means that the water vapor barrier 
properties decreased because of the increase in the amount of hydroxy group. On the 
other hand, addition of PHPS drastically decreased Q values of nanocomposites cured 
at 200 and 240 °C because of the formation of Si-O-C linkages. Addidtion of silica did 
not improved the water vapor barrier property of polybenzoxazine cured at 160 °C 
owing to the lack of hydroxyl group formation that causes the increase of Q value. 
Interestingly, the nanocomposite with 1 wt% of silica showed the most significant 
improvement of water vapor barrier property. The thickness of the combined polymer-
silica layer around the silica particles, L, calculated from TGA analysis showed the 
highest value at 1 wt% of silica, indicating the path of water vapor in the film increased. 
When the amount of PHPS was small, the reaction between the polymer and PHPS 
increased and silica dispersed molecularly occurred within the polymer matrix. 
Therefore, it was difficult for the silica particles to aggregate, and large domains of the 
combined polymer-silica are formed around the spherical silica particles. 

 



POLY 754: Poly(2-oxazoline)s: Investigating structure-property relationships for 
the design of mucose penetrating systems 
 
Victor R de la Rosa1, victor.retamerodelarosa@ugent.be, Edward Mansfield3, 
Radoslaw Kowalczyk4, Isabelle Grillo5, Richard Hoogenboom1, Katy Sillence6, Patrick 
Hole6, Adrian Williams2, Vitaliy V. Khutoryanskiy2. (1) Organic and Macromolecular 
Chemistry, Ghent University, Gent East Flanders, Belgium (2) Reading School of 
Pharmacy, University of Reading, Reading, United Kingdom (3) Department of 
Chemistry, The University of Warwick, Coventry, United Kingdom (4) University of 
Reading, Reading, United Kingdom (5) Institut Laue-Langevin, Grenoble, France (6) 
Malvern Instruments, Salisbury, United Kingdom  
 
Functionalized nanomaterials are gaining popularity for use as drug delivery vehicles 
and, in particular, mucus penetrating nanoparticles may improve drug bioavailability via 
the oral route. To date, few polymers have been investigated for their mucopenetration, 
and the effects of systematic structural changes to polymer composition on the 
penetration and dffusion of functionalized nanomaterials through mucosal tissue have 
not been reported. 
 
Poly(2-oxazoline)s (commonly abbreviated as PAOx, POx, POXA or POZ) are an 
extraordinary polymer platform with unparalleled tunable properties and versatility. 
Poly(2-oxazoline)s allow a high degree of functionalization while the properties of the 
polymer can be accurately tuned by modifying the polymer side-chains. Poly(2-
oxazoline)s are also biocompatible, and as such constitute an ideal platform for 
biomedicine. 
 
In this lecture, the biocompatibility of this polymer class will be reviewed, including 
recent studies on the pharmacokinetic behavior of radiolabeled well-defined poly(2-
oxazoline)s. Different chain-end and side-chain functionalization strategies will be 
discussed, together with their application in the functionalization of inorganic 
nanoparticles. 
 
In particular, the functionalization of silica nanoparticles with a range of poly(2-
oxazoline)s of different hydrophilicity will be presented in detail. As will be seen, 
systematic variations of the polymer hydrophobic/hydrophilic balance have a strong 
impact on the mucopenetration ability of the resulting particles. This work sheds light on 
the efficient design of stealth nanoparticles with impact in enhanced or localized drug 
delivery and imaging. 

 



POLY 755: Edible films derived from milk 

Michael H. Tunick, Michael.Tunick@ars.usda.gov, Laetitia Bonnaillie, Lucy D. Aburto, 
John Mulherin, Raymond P. Kwoczak, Peggy M. Tomasula. USDA, ARS, Wyndmoor, 
Pennsylvania, United States  

An edible film enrobes food to extend its shelf life and may be eaten together with the 
food. Calcium caseinate (CaCas) and sodium caseinate (NaCas) may be cross linked 
with citric pectin (CP) to produce a class of edible films that has attracted great interest 
from industry. The interactions of CP with caseinate depend on its ratio to CaCas or 
NaCas, resulting in large effects on the physical properties of caseinate suspensions 
and films. For example, addition of 2-5% CP to CaCas increases bond density, elevates 
CaCas/CP network strength, extends the elastic region, and increases the melting point. 
NaCas films are much more soluble in water than CaCas films, which is a consideration 
for end use. Caseinate films are hydrophilic, temperature resistant in dry conditions, and 
are stronger oxygen barriers than LDPE films. Applications tested include single-serve 
foods, soluble pouches, and coatings for increasing nutrition, strength, and grease 
repellency. Caseinate films and coatings are sustainable alternatives for plastic films 
and may be used to protect or enhance the properties of dairy and other foods. 

 

 
 
 

  



POLY 756: On the use of lactic acid esters as fuel additives: Preliminary 
instrumented engine test results of gasoline and ethanol blends with ethyl lactate 

Richard C. Bopp1, rcbopp@mhcable.com, Gary W. Beall2. (1) RC Bopp Associates 
LLC, West Coxsackie, New York, United States (2) Texas State University, San Marcos, 
Texas, United States  

The world leader in lactic acid, lactide and polylactide (PLA) production, NatureWorks 
LLC, has made a significant commitment to the commercial viability of annually 
renewable bio-based materials. While the primary commercial focus of the NatureWorks 
business is the manufacture and sale of PLA plastic resin--an environmentally-friendly 
alternative to such petroleum-based polymers as polystyrene, polyethylene 
terephthalate and polyolefins--it is envisaged that bio-based lactide derivatives also 
offer significant promise as cost-effective, environmentally friendly alternatives to 
petroleum-based fuel additives, like MTBE. Indeed, lactide derivatives now represent a 
key product application focus at NatureWorks. In this paper we will present preliminary 
instrumented engine performance test results using gasoline and ethanol fuels blended 
with ethyl lactate. While this initial work is limited, the results are very encouraging. The 
use of post-consumer recycled PLA as a feedstock for ethyl lactate will also be 
discussed. 

  



POLY 757: Flame retardants from renewable sources: Food waste, plant oils and 
starch 

Bob A. Howell, bob.a.howell@cmich.edu, Yoseph G. Daniel, Eric A. Ostrander. Central 
Michigan Univ, Mount Pleasant, Michigan, United States  

 
The demand for polymer additives that are eco-friendly continues to grow. Materials 
generated from renewable biosources are particularly attractive as a source of new 
additives. They tend to be relatively modest in cost, are generally nontoxic and are 
independent of fluctuations in petrochemical markets. New phosphorus flame retardants 
derived from tartaric acid (a by-product of the wine industry), castor oil (a non-edible 
plant oil) and isosorbide (a diether diol from starch) have been developed. Several of 
these impart remarkable flame retardancy when incorporated into DGEBA resin. These 
materials may serve as replacements for more traditional flame retardants, particularly 
brominated aromatics, which are stable in the environment, tend to bioaccumulate, and 
may pose a risk to human health. 

 

 
 
 

  



POLY 758: Ultra-tough bio-aramide fibers derived from functional amino acids 

Tatsuo Kaneko, kaneko@jaist.ac.jp, Youhei Yoshinaka, Seiji Tateyama. Jaist Sch 
Materials SCI, Nomi, Japan  

High-performance bio-based materials are indispensable for establishment of green-
sustainable societies. Most of bioplastics, however, have lower thermal and mechanical 
performances than the conventional materials. A series of aliphatic polyesters, such as 
polyhydroxyalkanoates and poly(lactic acid) became popular in industry but had low 
mechanical performances. In order to improve the mechanical properties, we have tried 
to use rigid aromatic biomonomers. Here we report aramid-type fibers derived from 
functional amino acid, 4-aminocinnamic acid (4ACA), which was bioavailable by a 
microorganismal engineering. The photodimer of 4ACA was prepared via [2+2] 
cycloaddition, which is a kind of biological dianilines. The dianilines were indispensable 
for preparation of aramid but generally were very difficult to produce by a direct method 
of fermentation. Besides we synthesized acetylated 4ACA photodimer as a bio-derived 
diacid, and then the bio-diacid was polycondensed with the dianilines to produce rigid 
polyamides composed of phenylamide and cyclobutane in their backbone. 
Cyclobutanes sandwiched by two phenylene rings can behave as a V-type molecular 
spring. The molecular spring imparted ultra-high strength to the corresponding aramid 
fibers stronger than heavy materials such as glasses and as strong as high-tensile 
steels [2]. Moreover structural optimization using diacid comonomers created high-
performance fibers as tough as spider silks.  

 
Syntheses of aramid-type biopolyamide from aromatic amino acid 



POLY 759: Renewable polymers from itaconic acid 

Jacob T. Trotta2, jttrotta@gmail.com, Mengyuan Jin2, Katherine Stawiasz2, Quentin 
Michaudel2, Wei-Liang Chen1, Brett P. Fors2. (1) Cornell University, Ithaca, New York, 
United States (2) Department of Chemistry and Chemical Biology, Cornell University, 
Ithaca, New York, United States  

Itaconic Acid (IA) is a truly renewable resource, with 80,000 tons produced annually 
worldwide. Herein, we report green and renewable processes for the transformation of 
IA to new, structurally diverse monomers. Polymerization of these monomers through 
different polymerization strategies gives rise to polymers that can be further modified 
through post-polymerization functionalization, which allows for the fine-tuning of polymer 
physiochemical properties. Due to their diversity and modularity, these IA derived 
polymers can find use in a wide variety of applications such as green alternatives to 
petroleum-based plastics. 

 
 
 



POLY 760: Novel cottonseed protein-based wood adhesives 

H.N. Cheng, hncheng100@gmail.com, Michael K. Dowd, Zhongqi He. Southern 
Regional Research Center, USDA Agricultural Research Service, New Orleans, 
Louisiana, United States  

Wood adhesives are needed for the production of wood composites. Because of 
environmental regulations regarding emission of organic compounds including 
formaldehyde, the use of agro-based biopolymers is highly desirable as alternative 
wood adhesives. The key requirements for biopolymers include acceptable cost, 
adhesive strength, and water resistance. In this work, we have shown that cottonseed 
protein in combination with appropriate additives exhibits distinct advantages in wood 
adhesive formulations. The advantageous combinations include cottonseed protein/soy 
protein blends, cottonseed protein/polysaccharide blends, and cottonseed 
protein/modifier mixtures. For example, selected modifiers can significantly increase the 
adhesive strength and the water resistance of cottonseed protein formulations. Through 
the use of either the blends or the modifiers, the performance/cost ratio for cottonseed 
protein-based adhesives can be enhanced. 

 
Figure 1. Dry strength and hot water resistance data for cottonseed protein with different 
additives (A1–A8) 



POLY 761: Completing the cycle: Photodegradation as a tool to make sustainable 
and recyclable polymers/oligomers derived from bioresources 

Jayaraman Sivaguru3, jayaraman.sivaguru@ndsu.edu, Ravichandranath Singathi2, 
Ramya Raghunathan3, Mukund P. Sibi1, Dean C. Webster4. (1) Chemistry Molec 
Biology, NDSU Dept 2735, Fargo, North Dakota, United States (2) Chemistry, North 
Dakota State University, Fargo, North Dakota, United States (3) Chemistry and 
Biochemistry, North Dakota State University, Fargo, North Dakota, United States (4) 
Dept 2760, North Dakota State University, Fargo, North Dakota, United States  

Most polymeric materials derived from fossil fuels are not sustainable or degradable, 
and persist in the environment causing irreversible damage to humans and the eco-
system. Increase in the demand for the production of polymeric materials with superior 
properties and projected decrease in the availability of fossil fuels adds urgency to 
consider viable alternatives such as renewable biomass for making sustainable 
materials. Keeping this in mind, the presentation will highlight our approach of 
developing biomass derived polymers/oligomers that can be degraded on demand and 
recycled. The ability to manipulate the wavelength using different light absorbing unit 
from biomass with programmed degradability will be highlighted 

 

 
 
 

 

 



POLY 762: Using a bio-derived solvent to cast polysulfone polymeric membranes 

Xiaobo Dong, Isabel C. Escobar, isabel.escobar@uky.edu. Chemical and Materials 
Engineering, Univ of Kentucky, Lexington, Kentucky, United States  

Organic solvents derived from petroleum sources, such as N-methyl-2-pyrrolidone 
(NMP) and dimethylacetamide (DMAc), have been traditionally used to fabricate 
polymeric membranes. These solvents have a negative impact on the environment and 
human health since most of them are volatile and hazardous; therefore, using 
renewable solvents derived from biomass is of great interest in order to make 
membrane fabrication sustainable. In this study, methyl-5-(dimethylamino)-2-methyl-5-
oxopentanoate (Rhodiasolv PolarClean) was used because it is a bio-derived, 
biodegradable, nonflammable and nonvolatile solvent. Polysulfone was chosen as the 
polymer to fabricate membranes due to its thermal stability, strong mechanical strength, 
good chemical resistance, and antifouling properties. The thermodynamics aspects of 
the polysulfone/PolarClean/water system were investigated. From cloud point curves 
and theoretical predictions, PolarClean showed the potential to be a better solvent for 
polysulfone, and dope solutions could be prepared at a reasonable temperature of 65C. 
Polysulfone (PSf) membranes prepared with PolarClean were also investigated in terms 
of their morphology, porosity, water permeability, protein rejection and compared with 
the membranes prepared with traditional solvents. The pores of polysulfone/PolarClean 
membranes were sponge-like, which led to low water flux and high solute rejection, 
while those of polysulfone /NMP or polysulfone /DMAc membranes were finger-like 
macrovoids that led to high water flux and low solute rejection. The water flux of 
polysulfone/PolarClean membranes was 26.2 LMH, which was lower than 
polysulfone/DMAc membranes (146.9 LMH) and polysulfone/NMP membranes (48.9 
LMH). However, BSA rejection rate using polysulfone/PolarClean membranes reached 
92%, which was similar to polysulfone/NMP membranes (93%) and higher than 
polysulfone/DMAc membranes (86%). The difference of water flux and the solute 
rejection rate data likely corresponded to their morphologies. In conclusion, bio-derived 
solvents should be investigated further and may become promising replacements to 
traditional solvents. 

 

 



POLY 763: Compatibilizing methylcellulose and polyethylene for sustainable 
materials 

Kyle Arrington, arrington.kyle@gmail.com, John B. Matson. Chemistry, Virginia Tech, 
Blacksburg, Virginia, United States  

The synthesis and study of a methylcellulose (MC) and polyethylene (PE) ABA triblock 
compatibilizer for the development of MC and PE blends is described. The final 
compatibilizer is made in three steps resulting in a MC-block-PE-block-MC ABA triblock 
copolymer. First MC is monofunctionalized on the reducing-end to contain a pendant 
vinyl group. The mono functionalized MC is then used as a chain transfer agent in ring-
opening metathesis polymerization of cyclooctadiene(COD). The triblock copolymer is 
then hydrogenated to remove any vinyl groups from the poly(COD) midblock resulting in 
the final ABA triblock copolymer. MC and PE blends were then prepared by 
coprecipitation with varied amounts of compatibilizer. These blends were melt pressed 
to form films, where higher compatibilized blends formed clearer films. The mechanical 
properties were tested by tensile and dynamic mechanical analysis, showing improved 
properties with as little as 1 wt % compatibilizer. Dynamic scanning calorimetry (DSC) 
and scanning electron microscopy (SEM) were also used to track compatibilization of 
the blends. DSC showed a higher crystallinity for PE while SEM showed smaller particle 
sizes in the higher compatibilized blends. 

  



POLY 764: Programmed stimulus response in liquid crystal elastomers and 
hydrogels 

Taylor Ware, taylor.ware@utdallas.edu. Bioengineering, University of Texas at Dallas, 
Richardson, Texas, United States  

Many biological materials derive function from spatial and hierarchical control of 
structure and composition. In synthetic materials, programmable control of shape, 
modulus, and microstructure is needed to better mimic the functionality of complex 
natural tissues. Liquid crystal self-assembly provides a versatile strategy to program 
smart materials. By directing the self-assembly of liquid crystal elastomers, the highly 
anisotropic mechanical properties, including thermally-induced or chemically-induced 
shape change exhibited by these materials, can be designed in 3D. We will discuss 
directing self-assembly through controlled interactions at interfaces and through additive 
manufacturing (Figure). Furthermore, strategies to enable liquid crystalline hydrogels 
that change shape in response to changes in physiological conditions will be described. 
Specifically, we will discuss the polymerization and characterization of chromonic liquid 
crystals based on chiral and achiral methacrylate-derivatives of perylene diimide. These 
liquid crystalline materials provide a strategy towards mimicking the multifunctionality of 
highly complex biological materials. It is expected that these active, designed monoliths 
may be leveraged in applications such as coatings for implantable devices or active 
consumer goods. 

 

 
 
Figure: Shape-changing, liquid crystal networks with programmed molecular orientation can be 
fabricated with additive manufacturing (left) and through controlled surface interactions (right). 
 

  



POLY 765: Solid emulsion: Gas-switchable polymer latex system 

Tommy Fang, Jinying Yuan, yuanjy@mail.tsinghua.edu.cn. Department of Chemistry, 
Tsinghua University, Beijing, China  

The ability to reversibly switch between latex solution and dried powder could potentially 
provide major economic and environmental benefits to emulsion related industries, 
especially in the substantial reduction of energy consumption and the cost from the 
transportation and handling of latex water content. Recently, we developed a versatile 
CO2/N2-switchable latex system with high reversibility by combining a CO2-responsive 
polymeric surfactant and a CO2-responsive initiator. Particularly, the coagulability from 
latexes to dried powder and redispersibility back to solution form were systematically 
examined, showing minimal changes in the recovered latex particle size, distribution, 
morphology and Zeta-potential for powder samples both freshly dried and after three 
months storage under ambient conditions. The system versatility was explored by 
copolymerizing several different types of monomers, such as MMA, EMA, BMA and BA, 
with St, which all exhibited similar coagulation and redispersion results compared to 
pure PS latexes. Therefore, the gas-switchable “solid” emulsion systems with long-term 
storage stability and versatility in emulsion copolymerization monomer selection could 
potentially make significant industrial contribution and advancement. 

 
 

 
 
 

  



POLY 766: Super-soft bottlebrush elastomer actuators for shape changing 
applications 

Mohammad Vatankhah Varnoosfaderani2, William F. Daniel2, Alexandr P. Zhushma2, 
Qiaoxi Li2, Benjamin Morgan2, benjenator@gmail.com, Krzysztof Matyjaszewski3, 
Andrey V. Dobrynin1, Sergei Sheiko2. (1) University of Akron, Akron, Ohio, United 
States (2) University of North Carolina at Chapel Hill, Chapel Hill, North Carolina, United 
States (3) Carnegie Mellon University, Pittsburgh, Pennsylvania, United States  

Electroactive polymers (EAP) are a unique class of shape changing materials that will 
broadly impact biomimetic technologies that are soft, elastic, and responsive to 
electrical stimuli. Dielectric elastomers have demonstrated the ability to produce large 
strains (>300% area strain), and at high response speeds (0.02-20 kHz), when 
stimulated by an electric field. However, with few exceptions, the dielectric must be pre-
strained to prevent failure by electromechanical instability. We have investigated 
bottlebrush elastomers as a new materials design platform, which operate at low 
applied electric fields and do not undergo failure by electromechanical instability.1 
Bottlebrush network architectures are inherently low modulus and already contain 
molecularly pre-strained network strands, which allow for actuation at low potential and 
without pre-strain. These properties make bottlebrush dielectric elastomers uniquely 
suited for applications that require fast shape changing materials including haptic 
displays and biological implants. 
 

 

 
 
 

  



POLY 767: Liquid crystalline elastomer films: Actuation under load 

Benjamin Kowalski1, kowalski@colorado.edu, Tyler Guin4, Nicholas P. Godman3, 
Anesia D. Auguste4, Timothy J. White2. (1) Air Force Research Lab, Wright-Patterson 
AFB, Dayton, Ohio, United States (2) Materials and Manufacturing Directorate, Air 
Force Research Laboratory, Centerville, Ohio, United States (3) Chemistry Research 
Center, United States Air Force Academy, Colorado Springs, Colorado, United States 
(4) Air Force Research Laboratory, Beavercreek, Ohio, United States  

Liquid crystalline elastomer films exhibit anisotropy that can be spatially patterned at 
high resolutions. This enables reversible, stimuli-responsive shape change into 
arbitrarily complex 3D shapes. However, the effects of mechanical load and nonlinear 
elastic response on this shape change remain poorly understood, despite their central 
role in proposed device applications. Here we model these effects in terms of director 
rotation in the soft-elastic regime, and validate this model over a wide range of spatial 
scales, using high-resolution in-situ 3D optical scanning of shape-changing films. 

 

 
 
 

  



POLY 768: 1D vs 2D shape selectivity in the crystallization-driven self-assembly 
of polylactide block copolymers 

Maria Inam2, m.inam@warwick.ac.uk, Graeme Cambridge2, Anais Pitto-Barry2, Zachary 
Laker3, Neil Wilson3, Robert T. Mathers1, Andrew P. Dove2, Rachel K. OReilly2. (1) Dept 
of Chemistry, Pennsylvania State University, New Kensington, Pennsylvania, United 
States (2) Dept of Chemistry, University of Warwick, Coventry, United Kingdom (3) Dept 
of Physics, University of Warwick, Coventry, United Kingdom  

2D materials such as graphene, laponite clays or molybdenum disulfide nanosheets are 
of extremely high interest to the materials community as a result of their high surface 
area and controllable surface properties. While several methods to access 2D inorganic 
materials are known, the investigation of 2D organic nanomaterials is less well 
developed on account of the lack of ready synthetic accessibility. Crystallization-driven 
self-assembly (CDSA) has become a powerful method to access a wide range of 
complex but precisely-defined nanostructures. The preparation of 2D structures, 
however, particularly those aimed towards biomedical applications, is limited, with few 
offering biocompatible and biodegradable characteristics as well as control over self-
assembly in two dimensions. 
 
In contrast to conventional self-assembly rules, we show that the solubility of polylactide 
(PLLA)-based amphiphiles in alcohols results in unprecedented shape selectivity based 
on unimer solubility. We use LogPoct analysis to drive solvent selection for the formation 
of large uniform 2D diamond-shaped platelets, up to several microns in size, using 
different corona blocks. The methods developed in this work provide a simple and 
consistently reproducible protocol for the preparation of well-defined 2D organic 
nanomaterials, whose controllable size and morphology are expected to facilitate 
potential applications in drug delivery, tissue engineering and in nanocomposites. 

 
 

Preparation of polylactide-based diamond-shaped platelets. 



POLY 769: Synthesis of zwitterionic schizophrenic diblock copolymers by RAFT-
mediated polymerization-induced self-assembly 

Steven P. Armes, s.p.armes@sheffield.ac.uk. Univ of Sheffield Dept of Chem, 
Sheffield, United Kingdom  

RAFT-mediated polymerization-induced self-assembly (PISA) is used for the highly 
convenient and efficient preparation of zwitterionic methacrylic diblock copolymer 
nanoparticles directly in acidic aqueous solution. At pH 2, cationic nanoparticles are 
formed comprising a protonated poly(2-(diethylaminoethyl methacrylate) stabilizer block 
and a hydrophobic poly(benzyl methacrylate-stat-methacrylic acid) core-forming block. 
At pH 10, micelle inversion produces anionic nanoparticles with an ionized polyacid 
stabilizer block and a hydrophobic polyamine core-forming block. Both types of 
nanoparticles are characterized using DLS, TEM, SAXS and aqueous electrophoresis. 
Macroscopic precipitation occurs at around pH 6-7, which lies close to the isoelectric 
point of this zwitterionic diblock copolymer. Incorporation of fluorescein and rhodamine 
dye labels into the acid and amine blocks respectively leads to dual-color bifluorescent 
self-reporting pH-responsive nanoparticles. 

 

 
 
Schematic representation of the schizophrenic behaviour of a zwitterionic diblock copolymer in 
aqueous solution 

  



POLY 770: Fast self-healing of polyelectrolyte multilayer nanocoating and 
restoration of super oxygen barrier 

Yixuan Song2, dorianxuan@tamu.edu, Kevin Meyers4, Joseph Gerringer1, Ramesh 
Krishnan3, Shuang Qin2, Sergei I. Nazarenko3, Jaime C. Grunlan1. (1) Texas A M Univ, 
College Station, Texas, United States (2) Materials Science and Engineering, Texas 
A&M University, College Station, Texas, United States (3) Univ of Southern Mississippi, 
Hattiesburg, Mississippi, United States (4) University of Southern Mississippi 
Department, Hattiesburg, Mississippi, United States  

A self-healing gas barrier coating is demonstrated, which is fabricated by alternate 
deposition of polyethyleneimine (PEI) and polyacrylic acid (PAA) from water using the 
layer-by-layer deposition process. This nanocoating, with high elastic modulus, high 
glass transition temperature and small free volume, has been shown to be super 
oxygen gas barrier. An 8-bilayer PEI/PAA multilayer assembly (~700 nm thick) exhibits 
an undetectable oxygen transmission rate (OTR < 0.005 cc/(m2 day atm)). This super 
barrier behavior is lost after moderate stretching due to its rigidity that leads to cracking. 
These cracks were completely healed after a 10 minute exposure to high humidity. The 
OTR of the multilayer nanocoating remained below detection after 10 stretching-healing 
cycles, which demonstrates the robustness of this behavior. This combination of high 
oxygen barrier and self-healing behavior could be very useful for a variety of packaging 
(food, electronics and pharmaceutical) and gas separation applications. 

 

 
 
 

  



POLY 771: Deterministic control of polymer molecular weight distributions and its 
effects on the properties of block copolymers 

Dillon Gentekos1, dg623@cornell.edu, Veronika Kottisch2, Lauren Dupuis3, Brett P. 
Fors1. (1) Chemistry and Chemical Biology, Cornell University, Ithaca, New York, United 
States (3) Chemistry, Montana State University, Polson, Montana, United States  

The breadth of polymer molecular weight distributions (MWDs) drastically alters their 
physical properties, from viscoelastic behavior to all facets of block copolymer self-
assembly. Changing the shape of these MWDs holds promise as a convenient avenue 
to finely tune the properties of homo- and block copolymers; however, studies of this 
type have been scarce due to the lack of experimental methods providing absolute 
control over the shape of MWDs. To this end, we have recently developed a modular 
strategy by which the shape of polymer MWDs can be precisely tuned by temporally 
regulating the polymer chain initiation process. Herein, we show that this general 
approach is suitable for both radical and anionic polymerization processes. Remarkably, 
we find that the symmetry of polymer MWDs has a profound influence on the physical 
properties (Young’s Modulus) and phase behavior (domain spacing) of block 
copolymers, showing that MWD shape can be a powerful parameter for tuning polymer 
function. 

 

 
 
 

  



POLY 772: Alternating and random-sequence polyesters with distinct physical 
properties 

Chao Peng1, cp50@zips.uakron.edu, Abraham Joy2. (1) Polymer Science, The 
University of Akron, Akron, Ohio, United States (2) Dept of Polymer Science, University 
of Akron, Akron, Ohio, United States  

Polymers with controlled sequence can exhibit unique properties and functions 
compared to their random counterparts. While many methodologies have been utilized 
to synthesize sequence-controlled polymers, there is still a strong need to build a 
fundamental understanding of sequence–property correlations. Here we report the 
design and development of an alternating pendant-functionalized polyester and 
compare it to a random polyester of the same composition. Our results showed that 
such polyesters exhibit distinct physical properties compared to their random 
counterparts. It was found that polyesters with controlled alternating sequences are less 
ductile and exhibit higher Young’s modulus compared to random polyesters. The 
alternating and random polyesters showed distinctly different hydrolytic degradation 
profiles. Fluorescence quenching studies showed that the sequence of the polyesters 
influences their ability to interact with fluoride ions. These interesting results suggest 
that polyesters with alternating pendant groups exhibit unique properties and would 
allow access to different applications. 

 

 
 
 

 

 



POLY 773: New polymeric architectures: Versatility of neutral and charged 
nanoreactors 

FLORENCE GAYET1,2, florence.gayet@lcc-toulouse.fr, Lorenzo Vendrame1,2, Joelle 
Bizeau1,2, William Bour1,2, Alexandre Mau1,2, Emeline Nouvel1,2, Si Chen1,2, Christophe 
Fliedel1,2, Eric Manoury1,2, Rinaldo Poli1,2. (1) Lab de Chimie de Coordination, CNRS, 
Toulouse, France (2) Université de Toulouse, UPS, INPT, F-31077 , Toulouse , France  

Nanoreactors with narrow size distribution (ca. 60-100 nm) have been assembled by 
controlled radical polymerization in water using the RAFT controlling method and the 
PISA (Polymerization-Induced Self-Assembly strategy) to obtain polymer latexes with 
ca. 30% weight fraction of polymer material in one pot. 
We have previously obtained latexes with a neutral hydrophilic shell (50:50 mixture of 
methacrylic acid and polyethylene oxide methacrylate) and a hydrophobic polystyrene-
based core, with two different architectures; core-cross-linked micelles (CCM) or 
nanogels (NG). We now present synthetic pathways leading to latexes of negatively and 
positively charged CCM and NG objects, and the possibility of including ligand-
functionalized monomers in the hydrophobic core for application to catalysis. The 
swelling capacities of the hydrophobic cores and the polymer particle morphology have 
been investigated by NMR, DLS and TEM techniques. 

 

 
 
 

  



POLY 774: Investigating regiochemistry’s influence on cyclic formation in 
polyesters and their impact on properties and performance 

Ryan J. Mondschein1,2, rjm5316@vt.edu, Clay Arrington1,2, Shengfeng Cheng3,2, 
Timothy E. Long1,2. (1) Chemistry, Virginia Tech, Blacksburg, Virginia, United States (2) 
Macromolecules Innovation Institute, Virginia Tech, Blacksburg, Virginia, United States 
(3) Physics, Virginia Tech, Blacksburg, Virginia, United States  

Step-growth polymerizations produce cyclics in equilibrium with linear polymer chains. 
Poly(ethylene terephthalate) synthesis results in approximately 3 weight percent cyclics, 
but structural alteration influences the quantity, molecular weight, and dispersity of the 
produced cyclics. The impact of these small molecules in the polymer ranges from 
complications in processing to cyclics leaching to the surface of processed fibers and 
films. Thus, understanding the influence of monomer regiochemistry and design on 
cyclic formation allows for predicting cyclic quantity and size, while designing monomers 
to tune cyclic formation, altering properties. Analytical techniques of extracted cyclics 
offers avenues to characterize the size and shape of the cyclics, while controlling cyclic 
weight percent incorporation investigates the impact of cyclics in rheological, 
mechanical, and barrier properties. Through systematic studies to quantify and predict 
cyclic formation during polymerization, the development of structure-property 
relationships enables key understandings to design improved polymers. 

 

 
 
 

  



POLY 775: Liquid-phase iterative synthesis with OSN: A flexible and scalable 
platform for precision synthetic macromolecules 

Ruijiao Dong, drj021@163.com, Rongjun Chen, Andrew Livingston. Department of 
Chemical Engineering, Imperial College London, London, United Kingdom  

Nucleic acids and proteins are monodisperse sequence-defined biomacromolecules 
whose specifically ordered sequences of nucleotide or amino acid monomers create 
complexity and assure the structural and functional diversity required for living 
organisms. Monomer sequence regulation is the key strategy used by nature for 
developing molecularly encoded self-replicators, which are the essence of all of Earth’s 
known life forms. However, current synthetic macromolecules are often polydisperse 
and sequence-uncontrolled in nature, which greatly hinder understanding of 
fundamental interactions between synthetic macromolecules and biological systems. 
In recent years, various synthesis strategies have been developed to fabricate precision 
synthetic macromolecules. For example, solid-phase chemistry allows preparation of 
sequence-defined synthetic macromolecules. Such strategy is quite efficient for 
controlling dispersity and monomer sequences of synthetic polymers, but it is greatly 
limited by low yields, high cost of the solid supports, inability to quantitatively monitor 
the coupling progress and difficulties of scale up. In striking contrast, liquid-phase 
synthesis has long been proposed to overcome these deficiencies, enabling facile and 
efficient production of precision synthetic polymers at large scales. 
Herein, we create a flexible and scalable platform for manufacturing precision synthetic 
macromolecules with readily controlled side-chain sequences, which allows the 
fabrication of highly complex and functional biomimetic macromolecules. In this 
strategy, a monodisperse macromolecular backbone with defined monomer sequences 
will be readily fabricated using liquid-phase iterative synthesis with organic solvent 
nanofiltration (OSN) (Figure 1), followed by highly selective conjugation of versatile 
functional theranostic agents to the macromolecular backbone in a specific order, to 
produce multifunctional precision macromolecules. The resulting multifunctional 
precision macromolecules can be used as a powerful theranostic tool for precision-
guided cancer diagnosis and therapy. 

 



POLY 776: Structure-property relationships of semi-aromatic liquid crystalline 
polyesters utilizing 4,4’-bibenzoate 

Katherine A. Valentine2,3, kav1854@vt.edu, Ashley M. Nelson2,3, Maruti Hegde2,3, Sam 
R. Turner3,2, Timothy E. Long1,3. (1) Virginia Tech, Blacksburg, Virginia, United States 
(2) Chemistry, Virginia Tech, Roanoke, Virginia, United States (3) Macromolecules 
Innovation Institute (MII), Virginia Tech, Blacksburg, Virginia, United States  

High performance fibers and coatings for electronics are just a few of the many 
applications that utilize liquid crystalline polyesters (LCPs). Vectra and Xydar make up 
the most commonly used forms of LCPs in industry, containing fully aromatic back-
bones comprised of aromatic monomers, such as hydroxybenzoic acid and 6-hydroxy-
2-naphthoic acid. These polyesters exhibit nematic LC mesophases, high melting 
temperatures, and incredible solvent resistance. While these polymers are incredibly 
industrially relevant, their high processing temperatures cause production difficulties. 
Breaking up the rigidity in the back-bone through the addition of alkyl spacers has been 
utilized as a method of reducing the processing temperature and controlling mesophase 
structure. Semi-aromatic LCPs are synthesized through milder transesterification 
techniques; no longer requiring the high temperature acidolysis polymerization and 
eliminating common side reactions that cause discoloration. The choice of flexible 
spacer has a significant impact on thermal transitions, mechanical properties, and the 
mesophase exhibited by the polymers. This work focuses on the synthesis and 
characterization of LCPs utilizing the mesogenic monomer, dimethyl biphenyl-4,4’-
dicarboxylate, with a variety of flexible spacers. Copolyesters synthesized with ether 
spacers result in a wide range of unique characteristics depending on the length of the 
spacer. Short spacers can result in liquid crystalline glass morphologies, while 
thermoplastic elastomers can be developed when oligomeric spacers are utilized. The 
large tunability of these thermal and mechanical characteristics enables a broad window 
of applications that can be achieved. 

 
 



POLY 777: Main-chain polyimidazolium polymers by one-pot synthesis and 
application in preparation of functional nitrogen-doped porous carbons 

Jiayin Yuan1, jyuan@clarkson.edu, Konrad Grygiel2, Jiang Gong2. (1) Department of 
Chemistry and Biomolecular Science, and Center for Advanced Materials Processing, 
Clarkson University, Potsdam, New York, United States (2) Department of Colloid 
Chemistry, Max Planck Institute of Colloids and Interfaces, Potsdam, Germany  

This contribution reports on the one-pot synthesis of main-chain imidazolium-containing 
polymers, some of which show unusually high thermal stability (1). The imidazolium 
polymers are obtained by modified Debus–Radziszewski reactions for the chain build-
up from simple organic compounds, here pyruvaldehyde, formaldehyde, acetic acid, 
and a variety of diamines. The reactions are performed in aqueous media at ambient 
conditions, being synthetically elegant, convenient, and highly efficient. Finally, a simple 
anion-metathesis reaction is conducted to replace the acetate anion with dicyanamide, 
and the thermal properties of the main-chain polyimidazoliums before and after anion 
exchange are studied in detail, which demonstrate chain cross-linking by the counterion 
and a coupled unusually high mass residue of up to 66 wt% at 900 °C in TGA analysis. 
It was employed as the precursor to prepare nitrogen-doped micro/mesoporous carbons 
via simultaneous carbonization and activation, which bear high yield, large specific 
surface area above 1700 m2 g−1 and rich nitrogen dopant (2). The porous carbon 
products deliver a high CO2 adsorption capacity up to 6.2 mmol g−1 at 273 K and 1 bar 
with outstanding reversibility and satisfactory selectivity. Besides, they work excellently 
as metal-free carbocatalysts for the selective aerobic oxidation of benzyl alcohol to 
benzaldehyde with high selectivity. 
 

 
Debus–Radziszewski reactions for the one-pot synthesis of polyimidazolium polymers 



POLY 778: Insights into linear supramolecular polymer formation via TPE and 
BODIPY containing host-guest interaction 

Chinmayananda Gouda, chinu.asfa@gmail.com. Materials Science and Engineering, 
National Chiao Tung University, Hsinchu, Hsinchu, Taiwan  

We report the construction of novel host H1 and guest G1consisting TPE and Bodipy 
linked together with the dibenzo-24-crown-8 macrocycle and secondary ammonium salt 
respectively for the host guest interactions. As a proof of concept recognition of 
secondary ammoniums by 24-crown-8 macrocycle resulted a linear supramolecular 
polymer (pseudorotaxanes) in situ where the main chain was composed of TPE and 
BODIPY as a donor-acceptor pair. Occurrence of intramolecular FRET from TPE to 
BODIPY and related prominent changes into absorption bands determined the 
stoichiometric ratio as the primary evidence of polymerization which were then further 
confirmed by NMR and other spectroscopic techniques. Moreover, interaction of Host 
macrocycle with K+ ion destructed the supramolecular polymer formation, which was 
evidenced by hindered FRET and significant alterations in photo-physical properties of 
the of the reporter groups. Interestingly, cation characteristics of triazoles into guests 
under acidic conditions were also capable of destructing the conjugates of host and 
guest of polymer, especially due to electrostatic repulsion. Overall, cleavage of 
supramolecular assembly via interaction of K+ ion and cationic triazoles may push the 
limit of polymer towards exploring the critical mechanism involving such events in 
biology or other applications. 

 

 
 
 



POLY 779: Improved covalent organic frameworks through net transimination 

Edon Vitaku, edon.vitaku@gmail.com, William Dichtel. Chemistry, Northwestern 
University, Evanston, Illinois, United States  

Covalent Organic Frameworks (COFs) are porous crystalline networks made entirely 
from light elements (H, B, C, N, and O) and designed with predictable control over 
structure, shape, and porosity. Among many applications, COF utilities include gas 
storage, catalysis, energy storage, and membrane purification. A common bottleneck 
associated with COF preparation is the stability and solubility of the monomers used. In 
particular, arylamines are prone to oxidation and photo-induced degradations. In this 
work, we describe a new and general method to prepare COFs based on Schiff-base 
condensation through a formal transimination reaction, which avoids the direct use of 
arylamines. Imine-linked and β-ketoenamine-linked COFs have been prepared with 
superior crystallinity and surface areas approaching theoretical values. This strategy 
affords COFs with properties far exceeding those prepared by traditional approaches 
and can be applied to yield novel conjugated COFs. 

 
COFs via Transimination 




