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POLY 1: Modular approach to single chain nanoparticles using alternating radical 
copolymerization 

Christopher Lyon1, ckq35@wildcats.unh.edu, Erik B. Berda2. (1) Chemistry, University 
of New Hampshire, Durham, New Hampshire, United States (2) Department of 
Chemistry, University of New Hampshire, Durham, New Hampshire, United States  

Herein we report on a modular synthesis of single-chain polymer nanoparticles (SCNP) 
based on alternating radical polymerization of pendant stilbene-derived units. 
Poly(styrene-co-(4-vinylbenzyltriphenylphosphonium tetrafluoroborate)) was 
synthesized using RAFT polymerization. This polymer was functionalized with stilbene-
derived units via the Wittig reaction with various benzaldehyde derivatives. These 
polymers were then heated in dilute solution in the presence of a radical source and 
maleic anhydride or various N-substituted maleimides to produce SCNP. Hydrolysis of 
or nucleophilic addition to maleic anhydride units leads to further opportunities for 
functionalization. The ability to add various functionality at each step of this process 
highlights the modularity of this approach. 

 
 
 



POLY 2: Supramolecular polymerization from synthetic polypeptide-grafted 
subunits 

Jing Wang1, Hongwei Xia1, Hua Lu2, Jianjun Cheng2, Yao Lin1, ylin@ims.uconn.edu. (1) 
Inst of Materials Sci, University of Connecticut, Storrs Mansfield, Connecticut, United 
States (2) Materials Science and Engineering, University of Illinois at Urbana-
Champaign, Urbana, Illinois, United States  

The helical and tubular structures self‐assembled from proteins have inspired scientists 
to design synthetic subunits that can be “polymerized” into supramolecular polymers 
through coordinated, non-covalent interactions. However, chain-growth polymerization 
from synthetic macromolecules or nanoparticles remains a challenge because of the 
difficulty of controlling the interactions of these large subunits. Herein we discuss the 
synthesis of homopolypeptide-grafted comb polymers and nanoparticles, and the use of 
the tunable polypeptide interactions in solution to achieve the controlled assembly. The 
study shows that the chain growth of supramolecular polymers can be achieved from 
these synthetic subunits and the process occurs in two distinct stages, with a slow 
nucleation step followed by a faster chain propagation step. We discuss how the 
electrostatic interactions between the weakly charged monomers may play an important 
role in the polymerization process. 

 
 
  



POLY 3: Accessing polyolefins with novel architectures 

Hong Li1, Christopher Roland1, Giovanni Rojas2, Adam S. Veige1, Kenneth B. 
Wagener1, wagener@chem.ufl.edu. (1) Dept. of Chemistry, University of Florida, 
Gainesville, Florida, United States (2) Facultad de ciencias, Universidad Icesi, Cali, 
Colombia  

We report the synthesis of polyolefins with cyclic and long-chain branched linear 
structures. By using a highly active pincer ligand-supported tungsten catalyst, we 
obtained cyclic poly(phenylacetylene) in 94% yield from phenylacetylene in 5 minutes. 
The cyclic topology was confirmed by gel permeation chromatography (GPC), as well 
as dynamic (DLS) and static (SLS) light scattering. We also used ADMET 
polymerization to prepare a series of linear low-density polyethylenes containing alkyl 
pendent groups (-C21H43) precisely placed on every 15th, 21st or 39th carbon to study the 
influence of long alkyl branches on polyethylene crystal morphology. 1H and 13C NMR 
confirmed the precise nature of the polymer structures. Differential scanning calorimetry 
(DSC) of these three long-chain branch-containing polymers showed melting behaviors 
not observed in previously reported polyethylenes containing short-chain branches 
(e.g., ethyl groups) at identical frequencies. 

 
 
  



POLY 4: Synthesis of conjugated polymers and biomimetic approach for the 
control of the secondary structures 

Fumio Sanda, sanda@kansai-u.ac.jp. Dept Chem Mtrl Eng, Fac Chem Mtrl Bioeng, 
Kansai University, Suita Osaka, Japan  

Biomacromolecules such as proteins and DNA exhibit sophisticated and intricate 
functions largely depending on their well-defined higher order structures. Artificial helical 
polymers including poly(methacrylate)s, poly(isocyanide)s, poly(silane)s, 
poly(phenyleneethynylene)s and poly(acetylene)s have been extensively synthesized 
for the last several decades. Artificial helical conjugated polymers are important not only 
from the viewpoint of fundamental study but also for their potential use in practical 
applications such as molecular recognition, chiral catalysis, and chemical sensing 
based on their electric and optical properties. In this paper, the author reports the 
synthesis of helically folded various novel D-hydroxyphenylglycine-derived poly(m-
phenyleneethynylene-p-phenyleneethynylene)s. The driving forces for helix formation of 
these polymers are (1) π-stacking between the phenylene moieties on the main chain, 
(2) intramolecular hydrogen bonding between the amide groups at the side chains, and 
(3) amphiphilicity caused by the hydrophobic exterior (alkyl groups and 
phenyleneethynylene main chain) and hydrophilic interior (hydroxy groups). It should be 
noteworthy that the amphiphilic balance of the helices formed by these polymers is 
opposite to that of typical poly(m-phenyleneethynylene) derivatives reported so far. 
Poly(phenyleneethynylene)s bearing azobenzene moieties in the  main chains undergo 
a reversible conformational change between folded and unfolded structures upon UV 
and visible light irradiation as a result of trans−cis isomerization of the azobenzene 
moieties. 
 
References 
F. Sanda and coworkers, Macromolecules 2009, 42, 6115; Polymer 2010, 51, 2255; 
Macromolecules 2011, 44, 3338; Polymer 2012, 53, 2559; Macromolecules 2013, 46, 
4378; Macromolecules 2013, 46, 8161; Macromolecules 2014, 47, 1594; Chem. Lett. 
2014, 43, 1622. 

 



POLY 5: Radical polymerization ketenes 

Yuanhui Xiang, Riki Drout, Tyler Densmore, Emily Pentzer, ebp24@case.edu. 
Chemistry, Case Western Reserve University, Cleveland, Ohio, United States  

Organic materials find widespread application in a number of different materials and 
medicinal systems. Among the techniques to prepare polymers, radical polymerization 
is especially attractive as it is routinely used on an industrial scale and can be 
performed without metal catalysts, preventing product contamination that plagues many 
applications of polymers. We will report the radical polymerization of isopropylsilyl 
ketene to give polymers with a high degree of backbone functionality that can be used 
for further derivatization. The influence of initiating radical identity and reaction 
conditions will be reported in the context of structures formed from polymerization, 
specifically polyester, polyketene acetal and polyketone. 

 
  



POLY 6: Rational design of macromolecular superstructures 

Ke Zhang, k.zhang@neu.edu. Chemistry and Chemical Biology, Northeastern 
University, Boston, Massachusetts, United States  

Protein-protein interactions are at the core of the interactomics system of any cells 
because they are highly directional, specific, and reversible, characteristics that 
synthetic chemists have yet to fully emulate. Here, we aim to mimic some of the 
precision assembly ability that natural proteins exhibit by extracting the requirements for 
such assembly, and recreating them in new forms accessible to modern polymer and 
organic chemistry. Towards this goal, we have designed conjugates of polymer brush 
and DNA, wherein the brush serves as a steric steer to guide DNA hybridization in a 
fixed dimension, while the DNA serves as a functional group equivalent to connect with 
desired partner brushes. With this approach, a new class of superpolymers with 
controlled architecture, macromonomer sequence, and end-group functionality is 
possible. 

 
 



POLY 7: From laboratory to human clinical trials: A successful investigational 
new drug application for detecting early stage cardiovascular disease 

Alaina McGrath2, alainamcgrath@ucsb.edu, Eric D. Pressly2, Yongjian Liu3, Richard 
Laforest3, Hannah Luehmann3, Sally Schwarz3, Deborah Sultan3, Robert Gropler3, 
Pamela Woodard3, Craig J. Hawker1. (1) Univ of California, Santa Barbara, California, 
United States (2) University of California Santa Barbara, Santa Barbara, California, 
United States (3) Washington University-St Louis, Saint Louis, Missouri, United States  

The development of a molecular imaging probe to detect stages of atherosclerotic 
plaque stability can greatly assist with the early identification and subsequent treatment 
of cardiovascular disease. To detect these plaques, we developed multivalent, 
functional nanoparticle-based radiopharmaceuticals. The nanoparticles are composed 
of carefully designed comb polymers containing 64Cu radiolabels for imaging and C-type 
atrial natriuretic factor (CANF) for targeted delivery. A good manufacturing practice 
(GMP)-like facility was constructed to synthesize the particles for initial human clinical 
trials. Preliminary in-human studies will be presented. 

 
 
  



POLY 8: A single nanoparticle for pancreatic cancer combination therapy 

Jenny Liu2, jnliu@mit.edu, Longyan Liao2, Kevin Erazo2, Leila Terrab1, Jeremiah A. 
Johnson2. (1) Chemistry, Juniata College, Huntingdon, Pennsylvania, United States (2) 
Chemistry , Massachusetts Institute of Technology, Cambridge, Massachusetts, United 
States  

Pancreatic cancer has one of the highest mortality rates among cancers, and 
combination therapy, such as Folfirinox, is often necessary to help prolong life. 
However, combination therapy has high associated toxicity and side effects that in 
theory could be mitigated through more selective targeting of the drugs or optimized 
drug ratios with synchronized release. To address these challenges in current 
combination therapies, the Johnson lab has developed a convergent synthetic platform 
for synthesis of multi-drug loaded star nanoparticles. Using this convergent synthetic 
platform, a variety of drug monomers can be polymerized in tandem through ring 
opening metathesis polymerization. In this general approach, the drug monomers are 
polymerized first to synthesize brush polymers, and then a crosslinker is added to the 
polymerization solution to form a crosslinked core that ties the brushes together. Our 
core design of the drug monomers for pancreatic cancer involves a polyethylene glycol 
chain linked to a norbornene group and a hydrolysable drug – either SN-38 or 
irinotecan. The bifunctional norbornene crosslinker consists of a reduction sensitive 
oxaliplatin prodrug that degrades in response to biological changes in reduction 
potential and releases free oxaliplatin. Irinotecan and oxaliplatin are two of the core 
drugs used in Folfirinox combination therapy to treat advanced pancreatic cancer. In 
vitro tests with pancreatic cancer cells have shown promising results that suggest 
potential for these particles to treat pancreatic cancer. 

 
 
  



POLY 9: Polymeric nanoparticles: From fundamental properties to potential 
applications 

Simone Bonetti1, Matteo Farina1, m.farina29@campus.unimib.it, Annalisa Colombo2, 
Michael Kappl3, Ingo Lieberwirth3, Michele Mauri1, Roberto Simonutti1. (1) Material 
Science, University of Milano Bicocca, Milano, MI, Italy (2) Fondazione Cife, Milano, MI, 
Italy (3) Max Planck Institute for Polymer Research, Mainz, RP, Germany  

Recently we synthesized and characterized polymeric nanoparticles (NPs) obtained via 
semicontinuous miniemulsion polymerization. Our research is focused on the 
understanding of fundamental physical properties and the development of materials with 
specific functionalities. On top, polystyrene (PS) NPs were synthesized and polymers 
chains relaxation times were measured via 1H-TD-NMR. Particularly, we investigated 
the mobility changes with different degree of crosslinks and the effect of d-chloroform as 
swelling solvent. Well defined monodisperse core/shell poly(n-butylacrylate)/polystyrene 
(PBA/PS) NPs were synthesized as well. Clear evidence of the biphasic nature of the 
system has been collected: DSC and 1H-TD-NMR (fig.1a) show the presence of two 
different Tg related to unmixed PS and PBA phases with no detectable interphase. 13C-
CP-MAS and 13C-HPDEC-MAS NMR experiments confirm the composition of the rigid 
(PS) and the soft (PBA) phase. Single particle AFM force spectroscopy experiments 
were used to probe the local mechanical properties: with moderate loads (150 nN, 
fig.1b) the external PS shell is plastically deformed, while the NP collapses and flows 
under higher loads (500 nN, fig.1c). Finally, promising phase-change devices such as 
liquid-core n-hexadecane/polymethylmetacrylate (HD/PMMA) NPs have been 
synthetized and their thermal properties investigated. HD/PMMA NPs can be loaded 
with TiO2nanocrystals, showing high load capacity (up to 30% in volume). TGA and 
optical measurements were used to quantify the percentages of TiO2 nanocrystals that 
can be confined inside the NPs without any aggregation. Both DSC and 1H-TD-NMR 
rigid fraction show that HD crystallization takes place only in unloaded NPs, leading to 
applications as temperature modulators; in TiO2-loaded NPs HD crystallization is 
inhibited due to confinement phenomena (fig.2a). Only with TEM (fig.2b) is possible to 
collect the damage image related to the presence of HD. TiO2-loaded NPs were used 
as main component for the formulation of a novel PMMA-based bulk material with 
improved refractive index. 

 
 
 



POLY 10: Dissolvable hydrogel-based wound sealant for trauma care 

Marlena Konieczynska2, mdko@bu.edu, Juan C. Villa-Camacho3, Cynthia Ghobril2, 
Ara Nazarian3, Edward K. Rodriguez3, Mark W. Grinstaff1. (1) Boston Univ Dept of 
Chem, Boston, Massachusetts, United States (2) Boston University, Boston, 
Massachusetts, United States (3) BIDMC, Boston, Massachusetts, United States  

Uncontrolled hemorrhage is the leading cause of pre-hospital death following military 
and civilian trauma. Early control of hemorrhage can improve immediate care and delay 
mortality through the prevention of massive blood loss, hypotension, coagulopathy, 
metabolic derangements, and infection. A number of observational reports support the 
use of sealants when bleeding cannot be controlled using pressure dressings alone. An 
ideal sealant does not require manual pressure to properly control external bleeding, is 
suitable for the management of internal hemorrhage, and can be removed without 
mechanical debridement. We have developed an on-demand dissolvable dendritic 
thioester hydrogel sealant (PEG-LysSH) for traumatic hemorrhage control that will 
safely provide non-clotting cascade dependent hemostasis in abdominal and extremity 
wounds. The PEG-LysSH hydrogel is composed of a lysine-based dendron, which was 
synthesized in high yield, and a PEG-based crosslinker. The dendron was characterized 
by 1H and 13C NMR spectroscopy, FT-IR, MALDI and thermal gravimetric analysis 
(TGA). The on-demand hydrogel dissolution relies on the mechanism of thiol-thioester 
exchange. The PEG-LysSH sealant has been shown to adhere to and seal injured 
tissues: when compared to untreated controls, it reduced blood loss by 35% in a rat 
model of severe hepatic hemorrhage (23.57 ± 8.27 mL/kg v. 35.21 ± 7.47 mL/kg; p = 
0.02) and by 20% in a rat model of aortic injury (17.95 ± 3.84 mL/kg v. 23.09 ± 3.80 
mL/kg; p = 0.03). A unique feature of our hydrogel sealant is its capability to be 
gradually dissolved with biocompatible thiol-based solutions following its initial 
application – thus the wound area can be re-exposed in a controlled manner to allow for 
definitive surgical care in an operative setting. 

 
 



POLY 11: Star-like amphiphilic γ-substituted ε-caprolactone block copolymers for 
drug delivery applications 

Katherine E. Washington2, kelwashington@att.net, Ruvanthi N. Kularatne2, Nicolette 
C. Doan2, Jack C. Webb2, Matthew J. Gillings2, Michael C. Biewer3, Mihaela C. Stefan1. 
(1) Dept Chem UT Dallas, Richardson, Texas, United States (2) Chemistry, University 
of Texas at Dallas, Heartland, Texas, United States (3) Dept of Chemistry, University of 
Texas at Dallas, Richardson, Texas, United States  

The synthesis of a new class of star-like functional polycaprolactones that are 
biocompatible and biodegradable for applications in the drug delivery of anticancer 
drugs is reported. Star-like polymeric micelles are synthesized via ring opening 
polymerization from functionalized poly(ε-caprolactone) monomers with varying 
substituents, which can self-assemble into micellar drug delivery vehicles. 
Functionalized γ-2-[2-(2-methoxyethoxy)ethoxy]ethoxy-ε-caprolactone and γ-ethoxy-ε-
caprolactone were synthesized by multi-step syntheses and used as the hydrophilic 
block and hydrophobic block in the diblock copolymers respectively. The polymers were 
prepared via a ring-opening polymerization using tin(II) 2-ethylhexanoate as the catalyst 
and either pentaerythritol or myo-inositol as the initiators. The composition and the 
molecular weight of the polymers were determined using size exclusion 
chromatography (SEC) and 1HNMR. The properties of the various star-like diblock 
copolymer micelles were investigated by the determination of the critical micellar 
concentration (CMC) using fluorescence measurements with pyrene as a probe and the 
determination of the size of the hydrodynamic diameter by dynamic light scattering 
(DLS) measurements and transmission electron microscopy (TEM). The drug loading 
capacity and drug loading efficiency, as well as the biodegradability were also 
examined. 

 
 
  



POLY 12: Biological function and osmotic properties of cartilage polymers 

Ferenc Horkay, horkayf@helix.nih.gov, Peter J. Basser. Section on Tissue Biophysics 
and Biomimetics, National Institutes of Health, Bethesda, Maryland, United States  

Aggrecan, an anionic polyelectrolyte, is one of the major polymeric components of 
cartilage extracellular matrix. Like many biological macromolecules, the structure of 
aggrecan is uniquely tailored for its biological function: it exhibits a bottlebrush 
architecture consisting of an extended protein core to which many chondroitin sulfate 
and keraten sulfate chains are attached. In cartilage extracellular matrix, aggrecan 
molecules form a complex with hyaluronic acid and link protein. In the aggrecan-
hyaluronic acid complex as many as hundred aggrecan molecules are associated with a 
hyaluronic acid chain. The micro-gel like complexes enmeshed within a network of 
collagen fibers exert a high osmotic swelling pressure that resists compressive loads. 
We investigate aggrecan and aggrecan-hyaluronic acid solutions using an array of 
complementary experimental techniques probing the structure and interactions over a 
broad range of length scales from the molecular to the macroscopic scales. Osmotic 
pressure measurements and rheological measurements are reported for solutions of 
aggrecan-hyaluronic complexes with different ratios of aggrecan to hyaluronic acid. 
Small-angle neutron scattering and small-angle x-ray scattering is used to reveal the 
organization of aggrecan molecules in solutions. The effect of ionic strength and 
counterion valence is studied by osmotic pressure measurements and scattering 
measurements. Ionic effects are of great importance because aggrecan assemblies 
participate in cartilage skeletal metabolism by binding calcium ions. It is demonstrated 
that aggrecan exhibits polyelectrolyte behavior that is remarkably different from that of 
typical linear polyelectrolytes in solution. 

 
 



POLY 13: Suprametallogels: Controlling gel properties through programmed 
metallo-supramolecular assembly of nanocage junctions 

Aleksandr V. Zhukhovitskiy1, alexzhuk@mit.edu, Mingjiang Zhong3, Eric G. Keeler1,5, 
Vladimir K. Michaelis1,5, Robert G. Griffin2, Adam P. Willard6, Jeremiah A. Johnson4. (1) 
Chemistry, MIT, Cambridge, Massachusetts, United States (2) NW14-3220, MIT Francis 
Bitter Magnet Lab, Cambridge, Massachusetts, United States (3) Massachusetts 
Institute of Technology, Cambridge, Massachusetts, United States (4) MIT, 
Massachusetts Institute of Technology, Boston, Massachusetts, United States (5) 
Francis Bitter Magnet Laboratory, MIT, Cambridge, Massachusetts, United States  

My talk will describe our work on the application of metal-ligand coordination to the 
synthesis of gels. Gels derived from metal-ligand coordination have shown promise as 
biomimetic self-healing materials. Current limitations of these systems include their 
relatively poor mechanical properties and narrow functional scope. To address these 
shortcomings, we combined metal-ligand coordination with metallosupramolecular self-
assembly to induce the formation of a novel class of materials called suprametallogels 
(Figure 1), composed of a solvent-swollen network of polymer chains linked to 
metalorganic porous nanocage junctions. In this system, gel properties could be varied 
dramatically by controlling the size of the nanocage junctions, which is encoded into the 
bite angle of the ligand at the end of the telechelic polymer chains. This talk will discuss 
our proof-of-principle studies focused on one subclass of such suprametallogels. 
[figure1] 

 
 
  



POLY 14: Nucleobase-functionalized acrylics with enhanced mechanical strength 
and processability: From DNA to supramolecular adhesives 

Keren Zhang1, kerenzh@vt.edu, Gregory B. Fahs1, Motohiro Aiba2, Will Chiang1, Ye-
won Rhee1, Robert B. Moore1, Timothy E. Long1. (1) Virginia Tech, Blacksburg, Virginia, 
United States (2) Department of Organic and Polymeric Materials, Tokyo Institute of 
Technology, Tokyo, Japan  

Supramolecular polymers are emerging as functional materials for many applications 
due to their unique reversibility and thermoresponsiveness. Noncovalent interactions, 
such as hydrogen bonding and pi-stacking, create supramolecular physical crosslinked 
networks and significantly influence polymer properties. For adhesives, noncovalent 
interactions improve cohesive strength, enhance temperature dependence of melt 
viscosity, and drive self-assembly of phase separated morphology. Unlike covalently-
crosslinked thermosets such as epoxy, these supramolecular polymer networks regain 
their processibility when noncovalent interactions dissociate upon external stimuli, such 
as heat, pH, solvent, and salt. 
This study focuses on investigating the physical properties of nucleobase-functionalized 
phase separated supramolecular polymer networks. RAFT polymerization afforded 
acrylic ABC and ABA triblock copolymers with nucleobase-functionalized external 
blocks and a low-Tg soft central block. Nucleobase incorporations affected polymer 
thermomechanical performance and solid-state self-assembly behavior. Various 
characterization results suggested that physical crosslinks in the hard phase of a 
microphase-separated polymer enhanced mechanical strength and maintained 
processibility above the dissociation temperature. Complementary hydrogen bonding 
between nucleobase pairs also exhibited significant influence on self-assembly behavior 
of block copolymers in the bulk. ABC triblock copolymers self-assembled into high 
ordered microphase-separated morphology despite their asymmetric architectures. 
Morphology dominates many material properties for various applications such as hot 
melt adhesives and pressure sensitive adhesives. 

 
 
  



POLY 15: Synthesis of biodegradable thermal and oxidation responsive 
polypeptide 

Zhibo Li2,1, zbli@iccas.ac.cn. (1) Laboratory of Polymer Physics and Chemistry, 
Institute of Chemistry, CAS, Beijing, Beijing, China (2) School of Polymer Science and 
Technology, Qingdao University of Science and Technology, Qingdao, Shandong, 
China  

Three cysteine derivatives were synthesized in high yield by ligating monomethoxy 
oligo(ethylene glycol) (OEG) to L-cysteine thiol group using sulfenyl chlorides. These 
OEG groups containing di-, tri- and tetra-(ethylene glycol) units were linked with L-
cysteine via disulfide bond. The three monomers were then converted into 
corresponding N-carboxyanhydrides (NCAs) using triphosgene in THF. Subsequent 
ring-opening polymerization (ROP) of disulfide bond containing NCAs gave three poly-
EGx-L-cysteine derivatives. The obtained poly-EGx-L-cysteine with x=3 and 4 displayed 
thermal-responsive behaviors in water, but the temperature induced phase transition 
was found surprisingly irreversible. Such irreversible thermal-responsive behaviors were 
attributed to crosslinking arising from disulfide bonds exchanges. Using PEG-NH2 as 
macroinitiator, we also prepared two PEG-b-poly-EGx-L-cysteine diblocks, which could 
undergo irreversible thermal-induced sol-gel transition, which was caused by the 
disulfide bonds exchanging reactions. These hydrogels displayed partially shear-
thinning and rapid recovery properties allowing new capabilities to construct stimuli-
responsive injectable hydrogels in biomedical applications. 

 
 
  



POLY 16: PolyKojic acid: From meat to makeup 

Jonathan Faig1, jfaig@scarletmail.rutgers.edu, Kervin Smith2, Kathryn E. Uhrich1. (1) 
Chemistry and Chemical Biology, Rutgers University, Piscataway, New Jersey, United 
States (2) Environmental Science, Rutgers University, Piscataway, New Jersey, United 
States  

Kojic acid, a natural tyrosinase inhibitor possessing antimicrobial and antioxidant 
activity, is commonly utilized in personal care products as a skin whitener and in the 
food industry as a natural preservative. While effective, kojic acid’s inclination to 
undergo thermal and photodegradation impairs its efficacy, necessitating the 
development of novel delivery systems. Thus, to overcome these deficiencies and 
minimize degradation, kojic acid was incorporated into hydrolytically degradable 
poly(carbonate-esters) with naturally occurring diacids through solution polymerization 
methods. By synthesizing polymer precursors containing kojic acid-linker-kojic acid 
chemical structures, versatile monomers were developed capable modulating polymer 
properties. Additionally the synthetic method lends itself to exploring other polymers 
systems such as polyesters. Polymer physicochemical properties were characterized by 
nuclear magnetic resonance and Fourier transform infrared spectroscopies, whereas 
gel permeation chromatography was employed to assess polymer weight-averaged 
molecular weight and polydispersity index data. Thermal properties were evaluated and 
polymer stability examined. Polymer hydrolytic degradation was investigated under 
physiological conditions to determine kojic acid-based poly(carbonate-ester’s) release 
profile and degradation media bioactivity assessed against identical concentrations of 
free kojic acid. Through the synthesis of kojic acid-based poly(carbonate-esters), we 
hope to generate kojic acid-based films capable of releasing kojic acid in a sustained 
manner for personal care and active packaging applications. 

 
 



POLY 17: Preparation of antibacterial polyimide composite 

Futing Zhang1, Hongwen Zhang1, hwzhang@jpu.edu.cn, Yan Jiang1, Wenyi Zhang2, 
1042680361@qq.com. (1) School of Materials Science and Engineering, Changzhou 
University, Changzhou, Jiangsu Province, China (2) School of Environmental and 
Safety Engineering, Changzhou University, Changzhou, Jiangsu, China  

Polyimide/silver composite was prepared by polycondensation reaction in N,N-
Dimethylformamide solvent, then AgNO3 was introduced into the solution, the hybrid 
solution was stirred in vacuum condition for few hours. Polyimide/silver composite film 
was formed through thermal curing process. The structure of composites were 
characterized by FTIR spectroscopy and X-ray diffraction (XRD). Also the antimicrobial 
activities of polyimide/silver composites against three different bacteria, B. subtilis, S. 
aureus, and E. coil., illustrate excellent activity. 

 
 
  



POLY 18: High throughput, high resolution enzymatic lithography process 

Richard A. Gross1, grossr@rpi.edu, Zhantong Mao3, Manoj Ganesh2, Alan Lyons3. (1) 
4005B Biotechnology Bldg, Rensselaer Polytechnic Institute, Troy, New York, United 
States (2) 11 University Place, SyntheZyme LLC, Rensselaer, New York, United States 
(3) Department of Chemistry, College of Staten Island, City University of New York, 
Staten Island, New York, United States  

By bringing enzymes into contact with pre-defined regions of a surface, a polymer film 
can be selectively degraded to form desired patterns that find a variety of applications in 
biotechnology and electronics. This so-called “enzymatic lithography” is an 
environmentally friendly process as it does not require actinic radiation or synthetic 
chemicals to develop the patterns. A significant challenge to using enzymatic 
lithography has been the need to restrict the mobility of the enzyme in order to maintain 
control of feature sizes. Previous approaches have resulted in low throughput and were 
limited to polymer films only a few nanometers thick. In this paper, we demonstrate an 
enzymatic lithography system based on Candida antartica lipase B (CALB) and poly (ε-
caprolactone) (PCL) that can resolve fine-scale features, (< 1 µm across) in thick (0.1 – 
2.0 µm) polymer films. A Polymer Pen Lithography (PPL) tool was developed to deposit 
an aqueous solution of CALB onto a spin-cast PCL film. Mobility of the enzyme on the 
polymer surface was monitored using live-cell fluorescence microscopy by labeling 
CALB with FITC. The effect of printing conditions, incubation environment and polymer 
crystallite morphology on the fidelity of the patterns formed is presented. Patterns 
formed in the PCL film were transferred to an underlying copper foil demonstrating a 
“Green” approach to the fabrication of printed circuit boards. 

 
 
  



POLY 19: Superoleophobic issues 

Liming Wang, limingw@mail.pse.umass.edu, Thomas J. McCarthy. Univ of 
Massachusetts, Amherst, Massachusetts, United States  

There has been extensive interest over decades to prepare water repellent surfaces, 
and this interest has been increasing over the past few years. The currently most 
popular strategy is to prepare rough surface features and modify these surfaces with 
low surface energy materials. Surface textures can significantly increase both the 
advancing and receding water contact angles and result in lower contact angle 
hysteresis due to the formation of liquid-trapped air pockets and therefore discontinuous 
contact lines. When the same strategy is used to impart oleophobicity, it generally fails 
to produce superoleophobic or even oleophobic behavior. Specially designed surface 
structures can help enhance surface superoleophobicity, however only metastable 
wetting states can be reached. Clearly the main challenge in the development of 
superoleophobic surface is the low surface tension values of different liquids, it is thus 
very difficult to predict surface oleophobic behaviors to various liquids, for example 
diiodomethane with 50.8 mN/m compared to hexane with 18.4 mN/m (at 20 ºC). A less 
common approach to oleophobic materials is to prepare smooth, liquid-like surfaces. 
We will discuss our recent research using this strategy and suggest that it is a promising 
approach. 

 
 
  



POLY 20: Preparation of superhydrophobic polymer surfaces using hydrophobic 
fumed silica 

Cagla Kosak, Emel Yilgor, Iskender Yilgor, iyilgor@ku.edu.tr. Koc University, Istanbul, 
Turkey  

Superhydrophobic polydimethylsiloxane-urea copolymer (TPSC) surfaces, modified by 
the incorporation of hydrophobic fumed silica nanoparticles were prepared. Four 
different coating methods employed were: (i) layer-by-layer spin-coating of hydrophobic 
fumed silica dispersed in an organic solvent onto TPSC films, (ii) spin-coating of silica-
polymer mixture onto a glass substrate, (iii) spray coating of silica/polymer mixture by 
an air-brush onto a glass substrate, and (iv) direct coating of silica-polymer mixture by a 
doctor blade onto a glass substrate. Influence of the coating method, composition of the 
polymer/silica mixture and the number of silica layers applied, were investigated on the 
topography and wetting behavior of the surfaces formed. Detailed characterizion of the 
surfaces were obtained by scanning electron microscopy (SEM), white light 
interferometry (WLI) and advancing and receding water contact angle measurements. It 
was possible to obtain superhydrophobic surfaces by all of the methods used. Surfaces 
obtained displayed hierarchical micro-nano structures and superhydrophobic behavior 
with static and advancing water contact angles well above 150 degrees and fairly low 
contact angle hysteresis values. 

 
 



POLY 21: Photocured surface modified nanodiamond hybrid composites 

ASLI BEYLER CIGIL, asliibeyler@hotmail.com, memet v. kahraman. MARMARA 
UNIVERSITY, Istanbul, Turkey  

Organic/inorganic nano-hybrid materials have rapidly received worldwide attention and 
become a new field on materials and membrane research because of their outstanding 
characteristics, such as excellent tensile strength, low thermal expansion coefficient and 
dielectric constant, better penetrant discrimination, and resistance to organic solvents. 
In this study, surface modified nano-diamond (ND) containing polyurethane based uv-
curable organic-inorganic hybrid material was prepared. Nano-diamond surface 
photografted with polyethylene glycol acrylate (PEGA) to produce hydroxyl groups. 
Hydroxyl functionalized ND/PEGA were silanized using hydrolyzed 3-
(Methacryloxy)propyl trimethoxysilane (MEMO) in order to improve the dispersion and 
interfacial interaction in composites. Silane modification dramatically enhanced the 
thermal stability of nano-diamond. UV-curable formulation was prepared by mixing the 
surface modified nano-diamond, hydrophobic aromatic urethane acrylate, N-vinyl 
pyrrolidone, 2-ethylhexyl acrylate, trimethylolpropane triacrylate (TMPTA) and 
photoinitiator. Chemical structure of nano-hybrid material was characterized by FTIR. 
FTIR spectra showed that the photografting of nano-diamond was prepared 
successfully. Thermal properties of the nano-hybrid material was characterized by 
thermogravimetric analysis (TGA). The hybrid coatings presented good thermal stability. 
The morphology of the nano-hybrid material was characterized by scanning electron 
microscopy (SEM). 

 

 



POLY 22: Synthesis of iminodiacetate grafted polypropylene film using chlorinated 
methacrylate for active packaging application 
 
Jason Z. Lin3, linzhuangsheng@gmail.com, Eric A. Decker1, Julie M. Goddard2. (1) Univ of 
Massachusetts, Amherst, Massachusetts, United States (2) Food Science, University of 
Massachusetts Amherst, Amherst, Massachusetts, United States (3) Food Science, University of 
Massachusetts-Amherst, Amherst, Massachusetts, United States  
 
Photografting is a common technique to functionalize surfaces of inert polymeric materials, with 
post-graft modifications sometimes conducted to append target functional groups. Photografting 
is an ideal technique for active packaging application for the low negative impact to bulk 
materials and permanent modification of the surfaces. Our research group has demonstrated that 
metal chelating active packaging materials synthesized by photografting reduced transition metal 
induced lipid oxidation in emulsified oil systems. However, standard photografting is conducted 
in an oxygen-free environment with nitrogen inerting, and the efficiency of post-graft 
modification is limited by the reactivity of reactive groups. To demonstrate an efficient synthesis 
of metal chelating active packaging materials with potential for industrial scale-up, a metal 
chelating film bearing aminopolycarboxylate ligands was synthesized using a chlorinated 
methacrylate monomer by laminated photografting. The surface of polypropylene (PP) was 
photografted with 3-chloro-2-hydroxypropyl methacrylate, followed by a post-graft modification 
to substitute chloride group with iminodiacetate (IDA). The use of the chlorinated methacrylate 
enabled photografting in atmospheric environment without pretreatment to PP film, and IDA 
substitution at high conversion rate. X-ray photoelectron spectroscopy showed the 
polymethacrylate grafted PP film contained 5.9% chloride, while the IDA grafted PP film had 
chloride content under the limit of detection. Fourier transform infrared spectroscopy showed the 
surface immobilized IDA had pKa values of approximately 5.5 and 7.5 for the carboxylate and 
amine groups, respectively; yet, the IDA grafted PP film showed high metal chelating activity at 
low pH values of 3-4 of approximately 200 nmol/cm2 and 400 nmol/cm2 for ferric and cupric 
ions, respectively, indicating high stability constant of grafted IDA for iron and copper. The 
reported synthesis of metal chelating active packaging material may be adapted for roll-to-roll 
manufacture on an industrial scale. 
 

 
 



POLY 23: Signal-induced conversion of a poly(phthalaldehyde)-based gel into an 
adhesive 

Saptarshi Chatterjee1, szc16@psu.edu, Scott T. Phillips2. (1) Chemistry, Penn State 
University, State College, Pennsylvania, United States (2) Pennsylvania State 
University, University Park, Pennsylvania, United States  

This presentation will describe a poly(phthalaldehyde)-based gel that converts into an 
adhesive in response to a specific applied signal. The presence of the applied signal 
causes a poly(phthalaldehyde) cross-linker in the gel to depolymerize and generate 
polymer-bound aldehydes. These aldehydes form covalent bonds with amine-
functionalized surfaces, thus providing strong adhesion. This presentation will describe 
the design of the system, the procedure for synthesizing the polymers, and 
characterization of this new type of gel-to-adhesive transition. 

 
 
  



POLY 24: Surface grafting of conjugated polymers 

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, Massachusetts, United States  

Semi-conducting polymers are of significant importance and interest in the area of 
electronics because of unique properties that separate them from their metallic 
counterparts. The wide variety of known organic electronic materials are easily 
incorporated into light emitting diodes (LEDs), photovoltaic cells, sensors, and field 
effect transistors (FETs) due to their simple processing methods, resulting in 
inexpensive, flexible, and lightweight devices. Despite the advantages and promise of 
semi-conducting polymers, they exhibit instability in the presence of processing solvents 
and are likely to degrade due to thermal expansion, bending stress, and abrasion3. Our 
research focuses on fabricating and understanding solvent resistant films by grafting 
fuctionalized semi-conducting polymers to modified surfaces. By covalently binding 
polymers to surfaces it is possible to eliminate the swelling and reorganization of 
polymer chains exposed to processing solvents, allowing multiple layers of material to 
be processed in series. Our group has successfully grafted conjugated polymers to and 
from functionalized substrates and is proficient in conjugated polymer synthesis, post 
polymerization modification, and device fabrication1,2. Along with overall stability, 
grafting can be used to change polymer morphology as well as influence charge 
transport between the conjugated polymer film and proximate films. Perfect polymer 
monolayers have been achieved through grafting-to techniques, and we have 
accomplished facile photopatterning of these surface grafted polymers. FETs 
constructed from surface grafted polymers display similar performances to just spun thin 
film FETs2. The purpose of this talk is to discuss the methods used for surface grafting, 
the characterization of the grafted films, and the performance of the devices constructed 
from these films. 

 
 



POLY 25: Adhesion of ice to polymer surfaces: Insights on physical and 
mechanical properties favoring easy release from a new laboratory test 

Kenneth J. Wynne, kjwynne@vcu.edu, Chenyu Wang. VCU Dept of Chem and Life Sci 
Eng, Richmond, Virginia, United States  

Relevance to safety, maintaining communications and the energy sector has resulted in 
measurements of ice adhesion using custom designed test equipment that is generally 
complex and expensive. Interest in fundamental understanding of the ice-polymer 
interface and the development of polymer coatings from which ice is easily removed 
presented the challenge of developing a straightforward laboratory test. To establish a 
method a test using a readily available instrument, a TA Instruments RSA-3 was 
developed. The method involves removal of an ice cylinder from a polymer coating with 
a probe and the determination of peak removal force (Ps). Test results for the 
prototypical glassy polymer, poly(methyl methacrylate) agreed with published results. 
Probe placement was identified as a critical test variable affecting Ps. For 
poly(dimethylsiloxane) coatings Ps for ice shows a thickness dependence that is 
correlated with a theory developed by Kendall 40 years ago. In a novel way, work of 
adhesion (wa) is shown to effect Ps. The new test constitutes a platform for investigating 
fundamental surface characteristics affecting ice adhesion. Translating these findings, 
Polymer Exploration Group (PEG LLC) has developed ice release materials with the 
lowest reported peak removal force. 
 
1 KJW thanks the National Science Foundation (grants DMR-0802452 and DMR-
1206259) for support. WZ thanks the NSF SBIR program for support (NSF Award IIP-
1353626). 

 
 



POLY 26: Facile approach for the fabrication of multifunctional nanorods via 
postpolymerization modification 

Hanju Jo, johj1011@gmail.com, Patrick Theato. Inst for Technical Macromolecular 
Chem, University of Hamburg, Hamburg, Germany  

Functionalized surfaces with reactive polymers have intricately attracted scientific 
attention due to their potential to be applied in a broad range of applications. Chemically 
reactive functional groups of polymers can be used for a subsequent modification. 
Especially, the post-polymerization modification has been intensively studied as a 
simple method to fabricate the versatile functionalized materials. Previously, our group 
reported a new route for the fabrication of various responsive polymeric materials via 
post-polymerization modification [1-3]. Herein, we demonstrated a facile method to 
fabricate multifunctional polymeric nanorods via post-polymerization modification. The 
reactive polymeric nanorods containing the activated ester functional groups were 
prepared by a template-assisted fabrication using AAO membranes as templates, and 
the subsequent modifications of nanorods were conducted with variety of amine-
functionalized materials. First, the top ends of reactive nanorods that were exposed at 
the open pores of AAO were modified with a functional amine. Next, the bottom of the 
AAO was opened by partial etching of underlying aluminum and then the other ends of 
nanorods were modified with another amine. Subsequently, the modification of sides of 
the nanorods was conducted after etching the sacrificial AAO template. Our approach 
will provide the promising way to improve the design of multifunctional nanostructured 
materials which can be applied to various bio-applications. 
[1] D. Kessler and P. Theato, Langmuir, 2009, 25, 14200. 
[2] D. Kessler, F. Jochum, J. Choi, K. Char, and P. Theato, ACS Appl. Mater. Interfaces, 
2011, 3, 124. 
[3] N. Haberkorn, K. Nilles, P. Schattling, and P. Theato, polym. Chem., 2011, 2, 645. 

 
 



POLY 27: Surface modification of silk fibroin inverse opals for application as 
versatile immunosensors 

Kelly A. Burke1,2, kelly.a.burke@gmail.com, Mark A. Brenckle2, David L. Kaplan2, 
Fiorenzo Omenetto2. (1) Chemical and Biomolecular Engineering, University of 
Connecticut, Storrs, Connecticut, United States (2) Biomedical Engineering, Tufts 
University, Medford, Massachusetts, United States  

Bombyx mori silk fibroin is a high molecular weight protein with alternating hydrophilic 
and hydrophobic blocks, the latter of which associate by hydrogen bonding to form beta 
sheet crystalline structures. Beta sheet induction in fibroin films cast from aqueous 
solutions renders the films insoluble in water, and beta sheet content controls the film’s 
mechanical properties and degradation profile. This work exploits the aqueous 
processability and tunable beta sheet secondary structure of regenerated fibroin to 
produce versatile immunosensors. The sensors enabled direct detection of antigens by 
changes in reflectance spectra, as measured by an inexpensive laboratory 
spectrometer. Purified fibroin solutions were obtained by aqueous processing B. mori 
cocoons using established methods, cast into films with nanopatterned inverse opal 
surfaces, and induced to form beta sheets by solvent annealing to stabilize the film’s 
topography. Antigen sensing capabilities were imparted to the fibroin films through a 
three step synthesis: coupling of avidin to silk surfaces, coupling of biotin to antibodies, 
and finally antibody attachment to silk fibroin through the avidin-biotin interaction. By 
varying the antibody, different antigens were detected, as demonstrated using proteins 
with different molecular weights: antibodies (p<0.001), red fluorescent protein (p<0.01), 
and cholera toxin beta subunit (p<0.001). Antigen binding to sensors induced a 
significant red shift in the opal reflectance spectra, while sensors not exposed to antigen 
show either no shift or a slight blue shift (p<0.05). This work thus demonstrates the 
development of a versatile biodegradable platform for direct detection of antigens using 
commercially available reagents and environmentally friendly chemistries. 

 



 

POLY 28: Nucleophilic nanoparticles for CWA threat reduction 

Soeun Kim2, soeun@polysci.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  

Developing materials that provide protection from chemical warfare agents (CWAs) 
such as VX, sarin, or sulfur mustard has been an important and challenging problem. 
Our goal is to devise protective polymeric system which can be coated on a thin fabric, 
essentially creating a “second-skin”. Once toxic CWAs reach the fabric, theycan be 
efficiently degraded into non-toxic materials through catalyzed nucleophilic hydrolysis 
reactions. We take advantage of acid generated during these catalytic reactions to 
initiate acid-sensitive hydrolysis degradation of specially designed crosslinkers in the 
polymer system. This leads to exfoliation of the contaminated layer, reducing the 
reservoir of CWA and exposing fresh catalyst. We describe the preparation of 
nucleophilic polymer functionalized-nanoparticles (NPs) synthesized by atom transfer 
radical polymerization (ATRP). These nucleophilic NPs function as CWA 
decontaminating catalyst and their cores are composes of an acid-degradable 
crosslinked nanogel which can be physically collapsed by acid. These novel NPs are to 
be uniformly dispersed in polymeric solution which can be easily coated on a fabric. The 
successful decontamination of CWA is accomplished by introducing stronger 
nucleophilic polymers as well as by controlling the rate of diffusion of CWA into the 
nucleophilic NPs. The polymer matrix is designed to maintain a reasonable moisture 
vapor transmission rate (MVTR) that is needed for a wearable fabric. We discuss the 
design of the chemical structures and materials for CWA destruction as well as present 
a quantitative decontamination kinetic study. 

 
 
  



POLY 29: Polydimethylsiloxane-based diblock copolymer nano-objects prepared 
in non-polar media via RAFT-mediated polymerization-induced self-assembly 

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

Monocarbinol-functionalized polydimethylsiloxane (PDMS; mean degree of 
polymerization = 66) was converted into a RAFT chain transfer agent via esterification. 
The degree of esterification was determined to be 94 ± 1 % by 1H NMR spectroscopy 
and 92 ± 1 % by UV spectroscopy. This PDMS CTA is used for the dispersion 
polymerization of benzyl methacrylate (BzMA) in n-heptane at 70oC. As the PBzMA 
block grows, it becomes insoluble in n-heptane, which drives the in situ formation of 
PDMS-PBzMA diblock copolymer nanoparticles via polymerization-induced self-
assembly (PISA). Depending on the precise reaction conditions, the final copolymer 
morphology can be spheres, worms or vesicles, respectively (see Figure 1a). 
Systematic variation of the copolymer concentration and the target degree of 
polymerization of the PBzMA block enables construction of a phase diagram (see 
Figure 1b) that allows the reproducible targeting of pure copolymer morphologies, as 
judged by transmission electron microscopy and dynamic light scattering studies. 1H 
NMR spectroscopy studies confirm that high BzMA conversions (> 90 %) can be 
achieved within 8 h at 70oC. THF GPC indicates high blocking efficiencies and low final 
polydispersities (Mw/Mn = 1.14 - 1.34). Small-angle X-ray scattering (SAXS) has been 
used to characterize the sphere, worm and vesicle phases to determine mean particle 
diameters, worm widths and vesicle membrane thicknesses, respectively. A relatively 
high copolymer concentration (25-30 % w/v solids) is required to obtain a pure worm 
phase, which occupies an extremely narrow region within the phase diagram. These 
highly anisotropic nanoparticles form free-standing gels, with rheology measurements 
indicating viscoelastic behavior and a storage modulus of around 104 Pa. 
 
Figure 1. (a) Representative TEM images for PDMS66-PBzMAx spheres, worms and 
vesicles prepared via RAFT dispersion polymerization of BzMA in n-heptane at 70 °C. 
(b) Phase diagram constructed for PDMS66-PBzMAx diblock copolymer nano-objects 
determined by TEM. 

 



POLY 30: Multiscale approaches to quantifying aging in filled siloxane polymers 

Robert S. Maxwell2, maxwell7@llnl.gov, James P. Lewicki2, Ward Small2, Thomas S. 
Wilson2, Amitesh Maiti2, Todd Weisgraber1. (1) LLNL, Livermore, California, United 
States (2) Materials Science Division, Lawrence Livermore National Laboratory, 
Danville, California, United States  

Aging mechanisms for complex polymer systems are often subtle and difficult to detect, 
yet an understanding of their effect on a material’s engineering performance is 
necessary for developing a rational, predictive knowledge of component aging behavior. 
In filled PDMS based composites, these aging mechanisms are inherently multiscale. In 
order to detect and quantify relevant mechanisms and link to changes in engineering 
properties, we have combined a number of different experimental and modeling efforts. 
We will review our work in this area. 
 
Prepared by LLNL under Contract DE-AC52-07NA27344. 



POLY 31: Silicon, silica, and silicones in music 
 
Stephen J. Clarson1, stephenclarson@gmail.com, Lauren Ianni2. (1) Engineering, University of 
Cincinnati, Cincinnati, Ohio, United States (2) ROLI, London, United Kingdom  
 
The beginning of the twenty first century is a time of innovation and of renewal for music, for 
musical instruments and for the music industry. In this oral presentation, we will discuss how 
advanced materials are changing mankind’s interactions with the field of music [1,2]. In 
particular, we will describe how silicon, silica and silicones are being applied in a musical 
context. Some aspects to be covered will include old instruments [3], new instruments [4,5] and 
modern sound recording technologies [6]. 
 
REFERENCES 
[1] Royal Academy of Music (1958) Rudiments and Theory of Music. The Associated Board of the Royal Schools 
of Music, London, England 
[2] Mellers WH (1987) Music in a New Found Land: Themes and Developments in the History of American Music. 
Oxford University Press, New York, USA ISBN: 0-19-520526-x 
[3] Gilmore B (1998) Harry Partch: A Biography. Yale University Press, New Haven, CT, USA [4] Taylor B (2011) 
Guitar Lessons: Turning Passion Into Business. John Wiley & Sons, New York, NY, USA [5] www.roli.com 
[6] Lanois D (2010) Soul Mining: A Musical Life. Faber & Faber, New York, NY, USA ISBN: 978-0-86547-984-5 

 
 
 
 
  



POLY 32: Synthesis, properties, and applications of polycaprolactone-
polydimethylsiloxane-polycaprolactone triblock copolymers 
 
Cagla Kosak, Emel Yilgor, Iskender Yilgor, iyilgor@ku.edu.tr. Koc University Chem Dept, 
Sariyer Istanbul, Turkey  
 
Poly(ε-caprolactone)–polydimethylsiloxane–poly(ε-caprolactone) (PCL-PDMS-PCL) triblock 
copolymers with block lengths in 1,000 – 32,000 g/mol range were synthesized by the ring-
opening polymerization of ε-caprolactone using aminopropyl terminated PDMS oligomers as 
initiators. Reactions were carried out in bulk or solution at 125±5 ºC using tin octoate catalyst. 
Products obtained in high yields were characterized by FTIR, GPC, DSC, AFM, SEM, XRD, 
OM and water contact angle measurements. Effect of the copolymer composition and the 
molecular weight of the PDMS and PCL blocks on; (i) microphase separation and copolymer 
morphology, (ii) crystallization of PCL segments, and (iii) surface properties of the copolymers 
were investigated. Regardless of the block lengths, all copolymers displayed microphase 
separated morphologies. The extent of microphase separation, resultant morphology and sizes of 
the microphases were strongly dependent on copolymer composition and block lengths of PCL 
and PDMS. Crystalline PCL microphase was observed in all copolymers, which increased as a 
function of PCL content and molecular weight. All copolymers displayed hydrophobic surfaces 
as determined by static water contact angle measurements. Hydrophobicity improved with an 
increase in the PDMS block length. 
 
Copolymer morphologies were also obtained by computational studies at the molecular and 
mesoscopic levels via density functional theory (DFT) and dissipative particle dynamics (DPD) 
methods respectively. Computational results obtained were in very good agreement with the 
microphase morphologies determined by AFM studies. 
 
PCL-PDMS-PCL copolymers can be used as reactive oligomers or surface or bulk modifying 
additives for polymeric systems. We evaluated them as a processing aid in the melt extrusion of 
polyolefins, where they improved the extruder output substantially. They were also used as 
surface modifying additives for electrospun polyacrylonitrile fibers and silica modified epoxy 
networks, which led to the formation of superhydrophobic surfaces. 

 



POLY 33: Synthesis of controlled diameter hollow silicone nanoparticles and their 
incorporation in silicone hydrogels 

Sarah E. Morgan, sarah.morgan@usm.edu, Qi Wu. School of Polymers and High 
Performance Materials, University of Southern Mississippi, Hattiesburg, Mississippi, 
United States  

Oxygen permeability and wettability are critical requirements for soft contact lenses. 
Hypoxia, or insufficiency of oxygen to the eye, may result in corneal swelling, loss of 
transparency, ulcers, and corneal acidosis. In preliminary studies, we demonstrated that 
foamed silicone sheets showed an order of magnitude increase in oxygen permeability 
in comparison to solid silicone sheets. Based on this proof-of-concept study, hollow 
silicone nanoparticles were prepared by micro-emulsion polymerization for dispersion in 
conventional silicone hydrogel materials. Hollow nanoparticles with average diameters 
smaller than 100 nm are demonstrated.Materials were analyzed by dynamic light 
scattering, FTIR, AFM, and transmission electron microscopy. 

 



POLY 34: Biodegradable, thermoplastic elastomers utilizing POSS as a hard 
segment 

Erin McMullin, emcmulli@syr.edu, Hannah T. Rebar, Patrick T. Mather. Syracuse 
Biomaterials Institute and Biomedical and Chemical Engineering Department, Syracuse 
University, Syracuse, New York, United States  

Biodegradable elastomers have many biomedical applications, including temporary 
sutures, seals and stents. However, no such materials are commercially available. To 
address this need, we have designed linear, multi-block polyurethanes consisting of a 
biodegradable soft segment and a thermally stable hard segment. Polyhedral 
oligosilsesquioxane (POSS) diol, a hybrid organic/inorganic molecule with known 
biocompatibility, is used as the hard segment, with its crystals forming physical 
crosslinks between the polymer chains. Short lactone/lactide-based copolymers are 
utilized as the soft segment, wherein the composition was designed to hamper 
crystallization while lowering the melting point of the soft segment to sub-ambient and 
increasing elastic recovery in the polyurethane. Each soft segment and polyurethane 
synthesis was followed with detailed molecular characterization, including proton NMR, 
gel permeation chromatography (GPC) and differential scanning calorimetry (DSC). 
Mechanical (tensile) testing and a degradation study were performed on the 
polyurethanes. The synthesized polyurethanes have high molecular weights, a 
controllable molecular composition, distinct melting transitions for the soft and hard 
segments, low moduli (5-15 MPa), high strain to failure (>1200%), and a controllable 
degradation rate based on the molecular composition of the soft segment. 

 
 
  



POLY 35: Sustainable polysiloxanes via siloxane metathesis 

Ertuğrul Sahmetlioğlu1,2, Ersen Göktürk1,3, Olivier Nsengiyumva1, Stephen A. Miller1, 
miller@chem.ufl.edu. (1) Chemistry, University of Florida, Gainesville, Florida, United 
States (2) Niğde University, Niğde, Turkey (3) Mustafa Kemal University, Antakya, 
Turkey  

Biorenewable diols are employed to synthesize a variety of polysiloxanes with tunable 
thermal properties. While conventional polycondensation of diols with 
dichlorodimethylsilane is effective, a more efficient siloxane metathesis (SOM) route is 
introduced. SOM is applied as an acid-catalyzed siloxane interchange reaction between 
a diol and dimethoxydimethylsilane with 1:1 stoichiometry, driven by vacuum removal of 
volatile methanol. This constitutes a convenient and general route to polysiloxanes 
derived from diols and silicon, the second most abundant element in the Earth’s crust. 

 



 

POLY 36: Spatially controlled surface modification of continuously processed 
polymer nanofibers 

Jonathan K. Pokorski, jon.pokorski@case.edu. Case Western Reserve University, 
Cleveland, Ohio, United States  

We have recently described the use of continuously processed polymeric nanofibers as 
a biomaterial platform. Our process begins by using a co-extrusion and multiplication 
method. Poly(e-caprolactone) (PCL) and polyethylene oxide (PEO) are co-extruded 
through a series of dye multipliers within the extrusion line to yield a multi-component 
polymeric tape. The resulting tape is comprised of a matrix of PCL nanofibers 
embedded within a PEO filler. The PEO layer is removed with a simple water wash to 
yield PCL nanofibers of controlled cross-sectional dimensions. Here we describe the 
controlled spatial modification of these fibers with biologically active cues to create 
surface gradients of peptides. Likewise, the surface modification can proceed with 
multiple functional groups to create reverse gradients and differential control of surface 
properties. By using these as cell seeding scaffolds cellular phenotype can be easily 
modulated based on both the spatial and compositional control of bio-active cues. 

 
 
  



POLY 37: Bioinspired materials for neural electrodes 

Jeffrey Capadona1,2, jcapadona@aptcenter.org. (1) Biomedical Engineering, Case 
Western Reserve University, Cleveland, Ohio, United States (2) Rehab R&D, 
Department of Veterans Affairs, Cleveland, Ohio, United States  

Neural electrodes were originally conceived as basic science tools, and as such, they 
have been used extensively to enhance the understanding of how the nervous system 
works in normal and diseased states. Because many neurological deficits are not 
addressable pharmacologically, continued development of neural electrode technology 
is critical to defining new interventions that will improve the independence and quality of 
life of these patients. Despite neural electrodes’ many successful applications in animal 
preparations and human brain machine interface (BMI) systems, chronic cortical 
recording with intracortical microelectrodes implanted in the brain can be inconsistent. 
Over one hundred studies have described stereotypical features of the brain’s response 
to intracortical microelectrodes that occur irrespective of the type of implant, method of 
sterilization, species studied, or implantation method. Several potential failure modes 
influence chronic recording stability and quality including: 1) the neuro-inflammatory 
response that the brain mounts against chronically implanted devices; 2) direct 
mechanical damage of the electrode; 3) corrosion of electrical contacts; and 4) 
degradation of passivation layers and insulating coatings. Over the last 10 year, we 
have worked with Dr. Stuart Rowan, the Mark Scholar Award Recipient, to develop 
novel Bio-Inspired Materials for neural electrodes (and more). This invited Symposium 
talk will highlight a decade of collaboration with Dr. Stuart Rowan, and focus on the 
development of sea cucumber and squid beak mimetic materials, as well and recent 
advances in synthetic antioxidant presenting materials. The talk will showcase the 
materials development and initial in vivo successes for applications in neural electrodes. 

 
 



POLY 38: Harnessing the power of phase interactions - tailoring mechanics via 
supramolecular motifs 

LaShanda Korley, lashanda.korley@case.edu, Seyedali Monemian, Keon-Soo Jang. 
Macromolecular Science and Engineering, Case Western Reserve University, 
Cleveland, Ohio, United States  

Biological systems illustrate the power of non-covalent interactions to mediate assembly 
phenomena, responsiveness, and mechanical enhancement. We have developed 
supramolecular elastomers, composites, and interpenetrating network systems that 
probe the interplay of non-covalent and covalent interactions in structural organization 
and mechanical response. In this investigations, concepts of interfacial control of self-
assembly, composition, and dynamics as it relates to mechanical behavior are 
examined. These systems show promise in smart coating applications and for the 
development of functional polymer blends. 

 
 
  



POLY 39: Shape memory thermoplastic elastomers via dual electrospinning 

Jaimee M. Robertson1,2, Hossein Birjandi Nejad1,2, Patrick T. Mather1,2, 
ptmather@syr.edu. (1) Biomedical and Chemical Engineering, Syracuse University, 
Syracuse, New York, United States (2) Syracuse Biomaterials Institute, Syracuse 
University, Syracuse, New York, United States  

Shape memory polymers (SMPs) constitute a unique class of polymers that have the 
ability to fix a temporary shape until they are triggered to return to their original form by 
an external stimulus. The shape changing mechanism is performed around a transition 
temperature, often a glass transition temperature, and relies on vitrification of the chains 
upon cooling to fix the temporary shape. As a result, SMPs in their fixed state are 
relatively stiff. A need exists for soft, extensible SMPs with mechanical properties that 
more closely match those of human tissue. Our group has previously introduced a 
shape memory elastomeric composite (SMEC) that is rubbery and soft, and yet, has the 
ability to fix a temporary shape. There, the processing approach of imbibing a fiber 
preform with a silicone precursor was both time-consuming and compositionally 
restrictive. The work we will present introduces a comparatively simple strategy to 
prepare SMECs more efficiently and with more control over the composition, thus 
allowing for adjustment of material properties to meet requirements of a variety of 
applications. Two polymers are simultaneously electrospun, or dual-spun, forming a 
composite fiber mat with a controllable composition. This process is shown in the 
accompanying figure. The two polymers were chosen such that one assists in ‘shape 
fixing’ and the other in ‘shape recovery’. We will report on the quantitative physical 
characterization of the new materials, including shape memory properties, also shown 
in the figure. We envision that the versatility and simplicity of this fabrication approach 
will allow for large scale production of shape memory elastomeric composites (SMECs) 
for a wide range of applications. 

 
 
  



POLY 40: Polymer blending vs. precision synthesis in self-assembly 

Rachel K. O'Reilly, R.K.O-Reilly@warwick.ac.uk. Dept of Chemistry, University of 
Warwick, Coventry, United Kingdom  

Polymer self-assembly in solution offers a simple strategy for the production of elegant 
complex nanomaterials. Similar to low molecular weight surfactants tailoring specific 
structures is typically attempted by incremental modification of both molecular weight 
and composition in order to alter the thermodynamics of assembly, or assembly 
conditions in order to target desired morphologies. However due to thermodynamic, 
kinetic and synthetic limitations the ability to produce defined and reproducible 
equilibrium structures remains elusive. Here we show that a simple blending protocol for 
diblock copolymers with identical block lengths but varying hydrophobic monomer 
incorporation can be used to overcome thermodynamic and kinetic limitations whilst 
being robust to suppress synthetic difficulties producing well defined tuneable minimum 
free energy assemblies. In this presentation we will describe how a range of equilibrium 
structures can be produced from blending just two polymers; these structures are 
identical to those formed from the synthetic analogue at the same composition. We 
established for diblock copolymers this simple blending strategy offers great potential as 
simple, cheap yet robust route to defined structures on the nanoscale 

 
 
  



POLY 41: Structure-property relationships in metallopolymers containing excess 
metal-ligand complex 

Frederick L. Beyer, flbeyer3@gmail.com, Aaron Jackson, Scott D. Walck, Kenneth 
Strawhecker, Brady Butler, Robert Lambeth. U.S. Army Research Laboratory, Aberdeen 
Proving Ground, Maryland, United States  

In this presentation, the results of a study in which excess metal-ligand (ML) complex 
was added to a poly(butyl acrylate) metallopolymer based on with pendant MeBIP 
ligands and Cu(II) metal centers, will be presented. Extra ML complexes are 
incorporated as unbound entities distinct from the metal-ligand complexes that crosslink 
the soft polymer. The π-π interactions and coulombic forces between bound and 
unbound ML complexes hold the ML-rich phase together and result in improved 
mechanical properties over polymers containing only the bound ML complexes. Small-
angle X-ray scattering and scanning transmission electron microscopy revealed a ML-
rich phase having an ordered, rod-like morphology. The storage modulus, surface 
elastic modulus, and high temperature stability of these metallopolymers increases with 
increasing concentration of ML complex in the polymer. An optimal concentration and 
morphology are necessary to improve the strength and creep resistance of the polymer. 
The improved mechanical properties suggest that the ML complexes act as a 
supramolecular reinforcement in the metallopolymer. 

 
 
  



POLY 42: Folding single-chain peptoid polymers into protein-mimetic structures 

Ronald N. Zuckermann1, rnzuckermann@lbl.gov, Li Guo2, Ken Dill3. (1) Molecular 
Foundry, Lawrence Berkeley National Laboratory, El Cerrito, California, United States 
(2) The Molecular Foundry, Lawrence Berkeley National Laboratory, Berkeley, 
California, United States (3) Stony Brook University, Stony Brook, New York, United 
States  

Recent advances in solid-phase organic synthesis are dramatically shrinking the 
materials gap between biopolymers and traditional polymers. It is now possible to 
synthesize protein-sized synthetic polymers with exact control over main chain length 
and monomer sequence, which is leading to a new class of information-rich materials. 
Peptoids are a particularly promising bio-inspired polymer platform because of their 
highly efficient synthesis and ready availability of starting materials. Hundreds of 
chemically diverse side chains can be introduced from simple building blocks, allowing 
properties to be finely tuned. The peptoid platform allows the systematic investigation of 
new materials that are intermediate between proteins and bulk polymers, in both their 
structure and their properties. Here we describe a family of peptoid sequences 
consisting of only two monomer types: H (hydrophobic) and P (polar). We systematically 
explore the impact of monomer sequence and composition on the ability fo HP 
sequences to form compact proetin-like globular structrues. 

 
 



POLY 43: Single-chain folding and nultichain aggregating polymers via living 
radical polymerization: Synthetic macromolecules with protein-like structure, 
spaces, and functions 

Takaya Terashima, terashima@living.polym.kyoto-u.ac.jp, Mitsuo Sawamoto. 
Department of Polymer Chemistry, Graduate School of Engineering, Kyoto University, 
Kyoto, Japan  

In this paper, we report the synthesis, characterization, and functions of single-chain 
folding and multi-chain associating polymers as synthetic macromolecules with protein-
like structure, nanospaces, and functions. These polymers serve as dynamic and 
stimuli-responsive precision compartments in various solvents. Amphiphilic and 
functional random copolymers, prepared by ruthenium-catalyzed living radical 
polymerization, efficiently provided single-chain folding polymers in water, organic and 
fluorinated solvents with intramolecular physical (hydrophobic, hydrogen-bonding, and 
fluorous) interactions of the pendant functional groups. The key is to precisely control 
the primary structure [monomer composition, monomer sequence, and chain length: 
degree of polymerization (DP)] of the random copolymers: e.g., a PEGMA/DMA random 
copolymer with 40 mol% hydrophilic DMA (DP = 200) efficiently self-folded in water, 
whereas a copolymer with 50 mol% DMA (DP = 200) rather uniquely induced 
bimolecular aggregation. The aggregation numbers of the random copolymers was 
dependent on the monomer composition and DP. The folding and associating properties 
of random copolymers can be further varied with the pendant functional groups. 
Additionally, single-chain crosslinked polymers with precision functional nanocavities 
were obtained from the intramolecular crosslinking of self-folding polymers. 
Polym. J. 2014, 46, 664; J. Am. Chem. Soc. 2011, 133, 4742; Macromolecules 2014, 
47, 589. 

 
 
  



POLY 44: Foldable supramolecular block copolymers 

Marcus Weck1, marcus.weck@nyu.edu, Anna Croom1, Elizabeth Elacqua1, Kylie 
Manning2. (1) New York University, New York, New York, United States (2) NYU, New 
York, New York, United States  

It has been postulated that the next generation of complex, diverse, and highly 
functionalized polymers for a variety of critical applications including electro-optical, 
optical, biological, energy, biomedical and computer-based applications will be based 
on self-assembled well-defined 3D architectures. The presentation will describe design 
principles to assemble polymeric building blocks into folded structures using orthogonal 
noncovalent chemistries. In particular, supramolecular block copolymers based on 
telechelic poly(methacryclate)s and poly(isocyanide)s using hydrogen bonding and/or 
metal coordination to direct and tune the folding process will be presented. 

 
 
  



POLY 45: Single-chain nanoparticles via sonogashira cross-linking of linear 
polymer chains 

Alka Prasher, ahk23@wildcats.unh.edu, Erik B. Berda. Department of Chemistry, 
University of New Hampshire, Durham, New Hampshire, United States  

Herein we report a highly efficient synthetic route to synthesize single-chain 
nanoparticles (SCNPs) based on intra-molecular palladium catalyzed Sonogashira 
coupling. These SCNPs, were synthesized via intra-chain collapse of poly [MMA-co-
(trimethylsilyl-propargyl methacrylate)-co-(4-Iodophenyl methacrylate)] terpolymers 
under Sonogashira coupling conditions. The formation of nanoparticles was 
characterized by 1H NMR and triple detection size exclusion chromatography (SEC). 
Characterizatation via SEC with in line MALS detector gives the absolute molecular 
weight and viscometric detector gives the particle size. Particle size can be controlled 
by varying the amount of crosslinking density as well the molecular weight of the parent 
polymer. 

 
 
  



POLY 46: Dynamic single chain polymeric nanoparticles: From structure to 
function 

Müge Artar1,2, m.artar@tue.nl, Anja Palmans1,2, Egbert W. Meijer1,2. (1) Institute for 
Complex Molecular Systems, Eindhoven University of Technology, Eindhoven, 
Netherlands (2) Technische Universiteit Eindhoven, Eindhoven, Netherlands  

Here we introduce the supramolecular folding of polymer chains into single chain 
polymeric nanoparticles (SCPNs) as an attractive alternative to prepare 
compartmentalized, water-soluble, nanometer-sized particles with a hydrophobic 
interior. Catalytically active moieties are inserted into SCPNs to perform aldol and 
transfer hydrogenation reactions. Highly efficient systems are obtained as a result of the 
proper shielding from aqueous media and the stabilization via either benzene-1,3,5-
tricarboxamide (BTA) self-assembly or the non-covalent crosslinking of the SCPN by 
diphenylphosphino styrene (SDP)-Ru(II), respectively. The SCPN@Ru(II) system can 
also efficiently catalyze oxidation of secondary alcohols in mild conditions. Moreover, 
this system shows selectivity towards hydrophobic substrates as confirmed by the clear 
trend in reaction rate with logP values. 

 
 



POLY 47: Supramolecular materials from self-assembly of bioinspired 
macromolecular building blocks 

William S. Horne, horne@pitt.edu. Department of Chemistry, University of Pittsburgh, 
Pittsburgh, Pennsylvania, United States  

A fundamental challenge in biomaterials research is the construction of supramolecular 
entities that accurately position arrays of functional groups with sub-nm precision. One 
of the long-term research programs in my lab is focused on developing bio-inspired 
synthetic building blocks that form defined architectures via self-assembly in aqueous 
environments. We have been pursuing this goal in the short term through the design, 
synthesis, and structural characterization of synthetic “subunits” made up of protein 
oligomerization domains chemoselectively cross-linked by covalent or non-covalent 
means. The underlying principle guiding this work is that the connectivity of such a 
hybrid subunit building block will predictably determine the structure and emergent 
properties of the resulting self-assembled material. This talk will survey our recent 
research in these areas, including the construction of supramolecular polymers with 
tunable properties and light-harvesting functions. 

 
 
  



POLY 48: Self-regulating dynamic materials via precision programming of the 
time domain of self-assemblies 

Andreas Walther, walther-andreas@web.de, Thomas Heuser, Laura Heinen. DWI - 
Leibniz-Institute for Interactive Materials, Aachen, Germany  

Present-day self-assembly enables complex hierarchical structures via molecular 
programming1-3 . Those allow new types of functionalities in advanced materials, that 
would remain inaccessible without balanced interactions and delicate nano/meso-
structuration.4-5 However, reaching new levels of functionalities requires to go beyond 
structuring under static conditions, and to find pathways to orchestrate the time domain 
of self-assemblies in autonomous systems. 
In this contribution, we focus on the time domain and present a generic concept to 
program lifetimes of self-assemblies in closed systems.6 The key concept relies on 
separating the kinetic steps of formation and destruction of self-assemblies by 
controlling the availability of chemicals needed (i) to promote the assembly formation 
(promoter) and (ii) its subsequent decay (deactivator; from B to A, Scheme 1). We 
conceive dormant deactivators that slowly chemically degrade, or are activated by the 
promoter, to furnish the active deactivator. The combination of fast promoters and 
dormant deactivators in a single injection enables a unique kinetic balance to establish 
an autonomously self-regulating, transient pH-state. Coupling of this non-equilibrium 
state to fuel pH-switchable self-assemblies allows predicting their 
assembly/disassembly fate in time - similar to a precise self-destruction mechanism. 
The duration of this transient state can be tuned from minutes to days. 
We demonstrate the versatility of this platform approach by programming the lifetimes of 
self-assemblies of block copolymers, nanoparticles and peptides. Programming such 
autonomously self-regulating, transient states enables a new level of control in 
switchable materials and allows advancements towards dynamic materials, spawning 
self-regulation and transient memory functions. 
Selected recent references: 1. Nat. Commun. 2012, 3, 710. 2. Nature 2013, 503, 247–
251. 3. Chem. Rev. 2013, 113, 5194-5261. 4. Nat .Commun. 2015, 6. 5. ACS Appl. 
Mater. Interface 2013, 5, 3738-3747. 6. Nano Lett. 2014, DOI: 10.1021/nl5039506 
(Cover Article in April). 

 



POLY 49: Hierarchical structure and properties of polymer hybrid materials 

Rajeswari Kasi, kasi@ims.uconn.edu. University of Connecticut, Storrs Mansfield, 
Connecticut, United States  

We are interested in developing general molecular engineering approaches to new 
liquid crystalline copolymer architectures (Please see attached image). These 
copolymers self-assemble into hierarchical nanostructures with organization over 
several length scales that allows for evolution of unique property and function. The 
correlation of structure, property and applications of these polymeric hybrid materials 
will be discussed. 

 
  



POLY 50: Characterization of diblock copolymer order-order transitions in 
aqueous solution using fluorescence correlation spectroscopy 

Joseph Lovett2, cha08jl@shef.ac.uk, Christopher G. Clarkson3, Jeppe Madsen2, 
Steven P. Armes2, Mark Geoghegan1. (1) Univ of Sheffield, Sheffield, United Kingdom 
(2) Univ of Sheffield Dept of Chem, Sheffield, United Kingdom (3) Physics and 
Astronomy, University of Sheffield, Sheffield, South Yorkshire, United Kingdom  

It is well known that amphiphilic diblock copolymers undergo self-assembly in water to 
form various nano-objects such as spherical micelles, cylindrical micelles (e.g. rods or 
worms) or vesicles. Previously it has been reported that chain extension of a water-
soluble poly(glycerol monomethacrylate) (PGMA) macro-CTA with 2-hydroxypropyl 
methacrylate (HPMA) via RAFT-mediated aqueous dispersion polymerization produces 
PGMA-PHPMA diblock copolymer nano-objects.1 For a relatively narrow range of target 
diblock compositions and copolymer concentrations, a well-defined worm phase can be 
obtained. Such worms form soft, transparent free-standing gels at 20oC and undergo a 
reversible worm-to-sphere transition upon cooling to 5oC, as a result of increased 
hydration of the PHPMA core block (Figure 1).2 Furthermore, preparing such diblock 
copolymers with a carboxylic acid-functionalized RAFT agent results in a pH-responsive 
worm gel, which undergoes a reversible worm-to-sphere transition upon ionization of 
the terminal carboxylic acid group on the PGMA stabilizer block.3 Such order-order 
transitions of rhodamine B-labeled worms can be analyzed using fluorescence 
correlation spectroscopy (FCS). Moreover, FCS allows such morphological changes to 
be monitored at relatively high concentration (10 w/w % solids), whereas dynamic light 
scattering requires highly dilute solutions (0.1 w/w %). 
 
(1) Blanazs, A.; Ryan, A. J.; Armes, S. P. Macromolecules 2012, 45, 5099. 
(2) Blanazs, A.; Verber, R.; Mykhaylyk, O. O.; Ryan, A. J.; Heath, J. Z.; Douglas, C. W. 
I.; Armes, S. P. J. Am. Chem. Soc. 2012, 134, 9741. 
(3) Lovett, J. R.; Warren, N. J.; Ratcliffe, L. P.; Kocik, M. K.; Armes, S. P. Angew Chem 
Int Ed Engl 2015, 54, 1279. 

 
 



POLY 51: In situ SAXS studies of polymerization-induced self-assembly during non-
aqueous RAFT dispersion polymerization 
 
Matthew Derry3, chp12md@sheffield.ac.uk, Lee A. Fielding1, Oleksandr O. Mykhaylyk4, Steven 
P. Armes2. (1) The University of Sheffield, Sheffield, United Kingdom (2) Univ of Sheffield Dept 
of Chem, Sheffield, United Kingdom (3) University of Sheffield, Sheffield, United Kingdom (4) 
Department of Chemistry, University of Sheffield, Sheffield, United Kingdom  
 
Reversible addition-fragmentation chain transfer (RAFT)1 dispersion polymerization of 
methacrylic monomers in a suitable solvent enables the in situ synthesis of diblock copolymer 
spheres, worms and vesicles.2 Polymerization-induced self-assembly (PISA) occurs as a result of 
using a fully soluble macromolecular chain transfer agent (macro-CTA) to polymerize an 
initially miscible monomer to yield an insoluble block, thus forming sterically-stabilized diblock 
copolymer nanoparticles. The copolymer morphology is dictated by various parameters, 
including the mean degree of polymerization (DP) of the stabilizer block, the target DP for the 
core-forming block (and hence the relative volume fractions of each block) and the copolymer 
concentration.3, 4 Transmission electron microscopy (TEM) studies undertaken during the 
synthesis of poly(glycol monomethacrylate)-poly(2-hydroxypropyl methacrylate) (PGMA-
PHPMA) diblock copolymer vesicles in water revealed a range of intermediate morphologies, 
such as branched and partially coalesced worms, nascent bilayers, octopi and jellyfish (see 
below).5 In the current study, in situ small angle X-ray scattering (SAXS) is utilized to probe 
PISA formulations conducted via RAFT dispersion polymerization in non-aqueous media. The 
evolution of copolymer morphology when targeting a final pure phase comprising either spheres 
or vesicles is studied, providing additional mechanistic insights into the PISA process. 
 
References: 
1. J. Chiefari et al., Macromolecules, 1998, 31, 5559-5562. 
2. N. J. Warren and S. P. Armes, Journal of the American Chemical Society, 2014, 136, 10174-10185. 
3. S. Sugihara et al., Journal of the American Chemical Society, 2011, 133, 15707-15713. 
4. A. Blanazs, S. P. Armes and A. J. Ryan, Macromolecular Rapid Communications, 2009, 30, 267-277. 
5. A. Blanazs et al., Journal of the American Chemical Society, 2011, 133, 16581-16587. 

 
 



POLY 52: Potential of ion mobility spectrometry-mass spectrometry (IMS-MS) for 
elucidating polymer architecture 

Scott M. Grayson1, sgrayson@tulane.edu, Boyu Zhang1, Casey D. Foley2, Jessica N. 
Hoskins1, Sarah Trimpin2. (1) Department of Chemistry, Tulane University, New 
Orleans, Louisiana, United States (2) Chem Dept, Wayne State University, Detroit, 
Michigan, United States  

Ion mobility spectrometry-mass spectrometry (IMS-MS) offers a unique perspective 
when characterizing polymers because for each component in a polymer sample it can 
accurately measure both its mass (or rather mass to charge ratio) while simultaneously 
measuring its size (or more specifically the collision cross section). Using this technique, 
macromolecular ions are first separated according to their drift time—how quickly the 
polymer ions can traverse a helium cell where collisions with the carrier gas reduce their 
velocity—yielding a measure of their cross-sectional area. Next, the ions undergo a 
traditional time-of-flight mass spectrometry experiment, where their mass can be very 
precisely determined. This unique technique provides correlated data of both size and 
mass for each constituent present in a polymer sample, and as a result promises to 
address a number of ongoing challenges related to the characterization of polymer 
architecture. 
In the case of cyclic polymers, issues of cyclic purity remain a significant challenge for 
most of the synthetic methodologies that have been developed, in large part due to the 
difficulty in quantifying architectural purity. While techniques such as GPC can yield 
vague results in regards to absolute purity, the resolution of the different signals 
observed for linear and cyclic analogs is sufficient to for confirming the presence of 
linear impurities in cyclic polymer. 
Likewise, for star polymers prepared using a divergent approach (polymerization 
outwards from a central core), it is well known that sterics can inhibit initiation from all of 
the core functionalities. However, few methods exist to screen star polymer in order to 
confirm their uniformity, both in the number of arms on each polymer, and also in the 
dispersity of arm length within a given star. However, IMS-MS can measure dispersity in 
size as well as dispersity in molecular weight. 
By looking at a number of polymers samples with well-defined polymer architecture, the 
advantages and limitations of the IMS-MS technique are probed. 

 



POLY 53: Hierarchical structure details of a series of crystalline-crystalline 
miktoarm star polymers in thin films 

Moonhor Ree1, ree@postech.ac.kr, Young Yong Kim1, Hoyeol Lee1, Takuya Isono2, 
Toyoji Kakuchi2, Toshifumi Satoh2. (1) POSTECH, Pohang, Korea (the Republic of) (2) 
Hokkaido University, Sapporo, Japan  

A series of crystalline-crystalline miktoarm star polymers, poly(n-hexyl isocyanate)(12k)-
poly(e-caprolactone)(5k) (PHIC(12k)-PCL(5k) miktoarm polymers, which were 
composed of one PHIC arm and one to three PCL arms) were investigated to examine 
nanoscale thin film morphologies. The PHIC and PCL arm components underwent 
phase separation during the film formation and post toluene-annealing processes, 
forming interesting but very complex thin film morphologies. The resulting thin film 
morphologies were examined in detail for the first time using synchrotron grazing 
incidence X-ray scattering (GIXS) measurements and quantitative data analysis. All of 
the miktoarm star polymer films formed lamellar structures, regardless of the number 
and length of PCL arms. These structures were quite different from the cylindrical 
structures commonly observed in conventional flexible diblock copolymer films having 
comparable volume fractions. The individual PHIC and PCL lamellar domains self-
assembled to form their own respective morphological structures. Overall, the GIXS 
analysis revealed that the parameters that characterized the hierarchical structures in 
the thin films depended significantly on the number and length of PCL arm and its 
crystallization characteristics as well as the chain rigidity and multibilayer structure 
formation characteristics of PHIC arm. 

 
 



POLY 54: Mechanically coupled internal coordinates: Adding color to infrared 
spectroscopy 

Jonathan H. Doan1, doan.j@husky.neu.edu, Thomas Mion2, Ian M. Kendrick1, Andy 
Vong1, Nicholas Dimakis2, Eugene S. Smotkin1. (1) Chemistry and Chemical Biology, 
Northeastern University, Cambridge, Massachusetts, United States (2) University of 
Texas-Pan American, Edinburg, Texas, United States  

Subsets of generalized coordinate eigenvectors, obtained from normal mode analysis, 
enable quantification of functional group contributions to normal modes. The term 
minimal vibrational mode (MVM) is introduced to describe separate vibrational motions 
(stretching, wagging, etc.) of functional groups participating in a specific normal mode. 
Decomposition of vibrational normal modes into minimal vibrational modes enables 
group mode assignments with quantitatively ranked functional group contributions. The 
benefits of decomposing normal modes into MVMs are demonstrated on theoretical and 
experimental vibrational spectra of Teflon, side-chain analogues of Nafion and Nafion 
itself. Display of complex-molecule (e.g. polymers, ionomer side chains, etc.) spectra as 
3-D plots (i.e., intensity vs. wavenumber, MVMs) elucidates the make-up of bands in 
terms of functional group contributions and provides a basis for understanding how 
synthetic modifications and/or changes in the environment affect bands throughout the 
entire spectrum. 

 
 



POLY 55: Fluorescent conjugated polymer nanoparticles for the sensitive 
detection of aromatic analytes 

Mindy Levine1, mindy.levine@gmail.com, William Talbert2, Patrick Marks3. (1) 
University of Rhode Island, Sharon, Massachusetts, United States (2) University of 
Rhode Island, Middletown, Rhode Island, United States (3) University of Rhode Island, 
Kingston, Rhode Island, United States  

Reported herein is the ability of fluorescent polymeric nanoparticles to act as highly 
efficient sensors for the detection of small-molecule analytes, including electron-
deficient nitroaromatics and a variety of aromatic pesticides. The florescent 
nanoparticles respond to the presence of the nitroaromatics with highly efficient 
fluorescence quenching, and to the presence of the aromatic pesticides with significant 
fluorescence enhancements. The corresponding fully solvated conjugated polymers 
displayed little to no reaction to these analytes under analogous conditions, indicating 
the necessity of polymer aggregation in the nanoparticles to achieve the observed 
fluorescence responses. While the mechanism of detection is still under investigation, 
preliminary results point to the likelihood that the analytes are promoting significant 
changes in the nanoparticle structures that account for the observed fluorescence 
differences. 

 



POLY 56: Sensing capabilities and optical properties of thiol and sulfur based 
polymers 

Darryl A. Boyd1, darryl.anthony@gmail.com, Francisco Bezares2, Jawad Naciri3, 
Dennis B. Pacardo4, Frances S. Ligler4. (1) Optical Sciences, US Naval Research 
Laboratory, Alexandria, Virginia, United States (2) Optics, Plasmonics and Electronics, 
ICFO - The Institute of Photonic Sciences, Barcelona, Spain (3) Center for 
Bio/Molecular Science & Engineering, US Naval Research Laboratory, Washington, 
District of Columbia, United States (4) Department of Biomedical Engineering, 
University of North Carolina at Chapel Hill and North Carolina State University, Raleigh, 
North Carolina, United States  

Thiol-based click and coupling reactions have become a major focus in polymer and 
materials science. Using microfluidics, we recently demonstrated the ability to fabricate 
thiol–based microfibers from a variety of reagent components. In addition to dictating 
the resulting fiber shapes and sizes, we modified the surface chemistry of off-
stoichiometric microfibers by attaching a fluorescent probe to the surface of the fibers 
via a biotin-streptavidin linkage. More recently, we reported the fabrication of 
nanocomposites containing gold and silver nanospheres using photoinitiated thiol-
ene/yne chemistry. The resulting films and fibers exhibited unique optical and 
mechanical properties that could be tuned based on the type of brush ligand used to 
functionalize the nanoparticles that they contained, or by the concentration of 
nanoparticles that were within the polymer. The possibility of using thiol-ene/yne 
nanocomposites as unique surface enhanced Raman spectroscopy (SERS) conduits 
was also explored yielding promising results. The value of fabricating high-performance 
nanocomposites spans numerous research areas including surface chemistry, smart 
textiles, optically active materials and sensors. The ease with which such materials can 
be fabricated portends the use of thiol-based chemistry in myriad polymer applications. 

 



POLY 57: Thermal properties of high melting point copolyesters 

Hans E. Edling1, heliot@vt.edu, Sam R. Turner2. (1) Chemistry, Virginia Tech, 
Blacksburg, Virginia, United States (2) Macromolecules and Interfaces Institute, Virginia 
Tech, Blacksburg, Virginia, United States  

The utilization of rigid, aromatic diesters to synthesize polyesters can yield 
thermoplastics with high melting temperatures. Current research involves using new as 
well as commercially available monomers to make copolyesters and studying how the 
different components affect the crystallinity, melting temperature and glass transition 
temperatures. Polyesters containing dimethyl biphenyl-4,4’-dicarboxylate (DMBP), 
dimethyl 2,6-naphthalenedicarboxylate (DMN), dimethyl p-terphenyl-4,4”-dicarboxylate 
(DMTP) and the diol 1,4-cyclohexanedimethanol (CHDM) have been synthesized. 
Differential scanning calorimetry (DSC) has revealed these copolyesters exhibit two 
adjacent melting transitions. Further investigation of the double melting peaks using 
DSC has shown the size of the peaks, relative to each other, to depend on the heating 
rate. This suggests melt-recrystallization-remelt characteristics. 

 
 
  



POLY 58: Origin and detection of impurities in ring-opened poly(carbonate) block 
copolymers for self-assembly 

Rudy Wojtecki, rjwojtec@us.ibm.com, Ankit Vora, Joy Cheng, Anindarupa Chunder, 
Daniel P. Sanders, Alshakim Nelson. IBM - Almaden Research Center, San Jose, 
California, United States  

Synthetic methods used to access poly(carbonate) block copolymers (PC-BCPs) from 
ring opening polymerizations are well controlled reactions that result in monomodal 
molecular weight distributions and low polydispersities. Despite these methodologies 
the synthesis of PC-BCPs often suffer from side reactions that result in homopolymer 
impurities that dramatically affect their performance in self-assembly applications. We 
will discuss the sources of these impurities in PC-BCPs produced from macroinitiators, 
sources that include: (i) monomer and macroinitiator quality, (ii) choice of catalyst (acid 
vs. base) and (iii) reaction conditions. With judicious attention to these considerations 
homopoloymer impurities can be dramatically minimized, however, the resulting 
polymers still contain homopolymer impurities and require fractionation methods for 
purification. The impact of these PC-BCP purification methods on thin film self-assembly 
will also be shown. Finally, detection of these impurities can be challenging for 
traditional methods of polymer characterization such as gel permeation chromatography 
(GPC) and 1H-NMR as well as more specialized methods of characterization like 
adsorption based high performance liquid chromatography (HPLC). Therefore, we have 
developed an alternative strategy in impurity detection, contrast enhanced diffusion 
ordered spectroscopy (CEDOSY), which has proven a powerful tool in allowing one to 
resolve the presence of even small amounts of homopolymer impurities. 

 
 
  



POLY 59: Poly(ethylene glycol)-poly(lactic acid) co-block polymer with acidic 
difluoroboron β-diketone dyes 

Christopher A. DeRosa, cad2eb@virginia.edu, Ziyi Fan, Caroline Kerr, Alexander S. 
Mathew, Cassandra Fraser. Chemistry, University of Virginia, Charlottesville, Virginia, 
United States  

Polymeric difluoroboron β-diketonate-poly(lactic acid) (BF2bdk-PLA) materials have 
been fabricated as nanosensors for imaging oxygen levels within hypoxic tumors. These 
types or materials exhibit both short-lived fluorescence (F), and long-lived, oxygen 
sensitive room-temperature phosphorescence (RTP). Incorporation of a hydrophilic 
poly(ethylene glycol) (PEG) block will enable intravenous injection and enhanced 
permeation and retention (EPR) of the nanoparticles to passively target the leaky 
vascular of the tumors for oxygen sensing applications. Previously , we reported the 
coupling of BF2bdk-PLA-OH polymers to mPEG-carboxylate for this application. Here 
we generate dye-PLA-PEG conjugates via a post-polymerization Mitsunobu reaction. 
This versatile and effective method allows for the coupling of dyes with acidic protons, 
namely aromatic carboxylates (Ar-COOH), phenols (Ar-OH), and enols (COHCO), to a 
hydroxyl terminated mPEG2000-PLA15000-OH block copolymer. The resultant dye-PLA-
PEG materials are fabricated into nanoparticles by simple nanoprecipitation methods. 
Synthesis, optical properties, degradability of these macromolecular assemblies will be 
presented. 

 
 
  



POLY 60: Tuning the properties of poly(2-oxazoline)s by side chain modification 
via isocyanide-based multicomponent reaction 

Bart Verbraeken2, bart.verbraeken@ugent.be, Ansgar Sehlinger1, Michael Meier3, 
Richard Hoogenboom4. (1) Organic Chemistry, Karlsruhe Institute of Technology (KIT), 
Karlsruhe, Germany (2) Department of Organic and Macromolecular Chemistry, Ghent 
University, Ghent, Belgium (3) Laboratory of Applied Chemistry, Karlsruhe Institute of 
Technology (KIT), Karlsruhe, Germany  

Poly(2-oxazoline)s are receiving great amounts of attention based on their potential use 
in biomedical applications. The development of novel methods to control the polymer 
side chains and to tune the polymer properties will further enhance this potential. In this 
contribution, the Passerini and Ugi multicomponent reactions are used to modify a 
random copoly(2-oxazoline) copolymer of 2-ethyl-2-oxazoline and 2-methyl butyrate-2-
oxazoline with defined chain length and comonomer ratio. The hydrolysis of the pending 
methyl ester groups results in carboxylic acid groups, which on their turn were used for 
post-polymerization modification reactions via isocyanide-based multicomponent 
reactions (IMCRs) to simultaneously introduce various substituents. We were able to 
vary the properties of the random copoly(2-oxazoline) in a straightforward fashion 
utilizing these IMCRs. 

 
 
  



POLY 61: Highly branched perfluorinated ionomer membranes for dry fuel cells 

Cassandra Hager1, cassandrajhager@gmail.com, Matthew J. Quast3, Aaron Argall1, 
Anja Mueller2. (1) Chemistry, Central Michigan University, Lake, Michigan, United 
States (2) Dept of Chemistry, Central Michigan University, Mt Pleasant, Michigan, 
United States (3) Science of Advanced Materials, Central Michigan University, Mount 
Pleasant, Michigan, United States  

Proton exchange membranes offer promising green energy generation, especially for 
the use in fuel cell applications. While the idea is great in theory, one problem that 
arises with current membranes is the need for water. With water being present within 
the fuel cell system, the catalyst will have a faster degradation rate than a fuel cell 
system without water, causing a shorter operating period. A solution is to synthesize a 
dry, strong, and flexible membrane that would not require the presence of water. This is 
being accomplished by the polymerization of highly branched perfluorinated benzyl 
ether copolymers. The starting point for this research is the polycondensation of the 
monomer 1,3-bis[(pentafluorobenzyl)oxy]benzene and Bisphenol-S, an AB comonomer. 
The study was continued by synthesizing a sulfonate ionomer. The resulting polymer 
was tested to see if thermal and mechanical properties were viable for fuel cell use. 
Other ionomers, with different functional groups attached, were studied for application 
purposes for dry fuel cell membranes. The next step will be to include a controlled 
amount of branches. 

 
 
  



POLY 62: Sulfolane as a surface functional group 

Shota Fujii, sfujii@polysci.umass.edu, Thomas J. McCarthy. Univ of Massachusetts, 
Amherst, Massachusetts, United States  

Sulfolane (tetrahydrothiophene sulfone) is a dipolar aprotic solvent mainly used in 
industry. It is completely miscible with water, as well as most polar and aromatic 
solvents. Its thermal stability is very high and, as well, it exhibits high stability towards 
acids and bases. Because of these properties, sulfolane is sometimes used as a solvent 
in chemical reactions requiring high temperature and strong acidic or basic conditions. 
From the perspective of its hydrophilic property, it may be useful as a surface modifier 
to produce hydrophilic surfaces. In this study, we prepared a methacrylate polymer with 
sulfolane side chains and characterized the surface wettability of the polymer thin film. 
The advancing and receding contact angles of water on polymer thin film samples were 
θA/θR = 60°/18°. The large hysteresis indicates that the hydrophilic surface was provided 
with surface reorganization by water. The presentation will concern the structure and 
properties of sulfolane surfaces. 

 
 
  



POLY 63: Urethane coatings containing surface modifying co-oligomers 

Jereme Doss2, jeremedoss@hotmail.com, Christopher Wohl1, Michelle H. Shanahan2, 
John W. Connell1. (1) Advanced Materials and Processing Branch, NASA Langley 
Research Center, Portsmouth, Virginia, United States (2) National Institute of 
Aerospace , Hampton, Virginia, United States  

A continued area of interest in surface engineering is imparting abhesive, non-stick, 
properties to the surface of a material without disrupting advantageous bulk properties. 
One application for these abhesive materials would be to prevent the accumulation of 
insect residue and debris that could lead to increased drag and fuel consumption in 
future aircraft designs. This work describes efforts to impart abhesive properties to 
urethane coatings via the inclusion of fluorinated oligomers. These moieties 
thermodynamically migrate to the surface, reducing surface energy and potentially 
affecting adhesion. Controlled-molecular-weight urethane oligomers were synthesized 
from various amounts of a fluorinated surface modifying agent (the soft segment), a 
short chain diol (the hard segment), and an aromatic diisocyanate. The stoichiometry 
was offset to ensure that the oligomers were endcapped with hydroxyl groups. 
Aluminum sheets were spray-coated with solutions of the polymers followed by drying in 
a forced air chamber. Surface properties of the coatings were investigated with contact 
angle goniometry and energy dispersive spectroscopy. Coating durability was 
determined using pencil hardness testing (ASTM D3363). In order to ascertain the 
coatings’ resistance to insect residue adhesion, insect impact experiments were 
performed and remaining insect residues were characterized using optical profilometry. 
It was determined that the hydroxyl terminated oligomers exhibited intrinsic abhesive 
properties; however issues with durability were identified. Therefore, abhesive coatings 
with improved durability were made by enabling cross-linking reactions. These coatings 
will be flight tested to determine their performance in an operational environment. 

 
 



POLY 64: Direct functionalization of Kevlar® with copolymers containing sulfonyl 
nitrenes 

Jeremy Yatvin1, wildfyr@gmail.com, Shalli A. Sherman2, Shaun Filocamo2, Jason J. 
Locklin1. (1) Univ of Georgia Riverbend Rsch, Athens, Georgia, United States (2) US 
Army NSRDEC, Natick, Massachusetts, United States  

Generating innovative methods to functionalize fibers and interfaces are important 
strategies for developing coatings that impart new or improved properties to a given 
material. We present a method for adding unique functionalities to highly inert poly(p-
phenylene terephthalamide) (Kevlar®) fibers via thermal generation of an electrophilic 
nitrene, while preserving the mechanical properties of the aramid. Because of the high 
affinity of the sulfonyl nitrene singlet state for aromatic rings, the use of a sulfonyl azide-
based copolymer allows the covalent grafting of a wide variety of common commercial 
polymers to Kevlar. Also, by using reactive ester copolymers, an avenue for the 
attachment of more exotic or delicate functionalities like small molecules, dyes, and 
biomolecules through postpolymerization modification is described. 

 
 
  



POLY 65: Diffusion of di(2-ethylhexyl)phthalate in poly(vinyl chloride) (PVC) 

Kenneth J. Wynne, M. Aziz Suleman, M. Adil Suleman, Daniel Lee Johnson, 
johnsondl3@vcu.edu, Priyanka Ramsinghani, Renisha Wickham, Wei Zhang, Chenyu 
Wang, Dmitry Pestov. VCU Dept of Chem Engr, Richmond, Virginia, United States  

Di(2-ethylhexyl) phthalate (DEHP) is a commonly employed plasticizer for poly(vinyl 
chloride) (PVC). Increasing DEHP content results in modification of mechanical 
properties from tough/hard (~10 wt%) to soft/flexible (~40 wt%). When immersed in 
hexane, DEHP migrates from plasticized PVC (Tygon tubing), a process that is 
designated solvent assisted DEHP diffusion (SADD). The present study examines near 
surface DEHP depletion by ATR-IR after exposure to hexane as a function of immersion 
time. An IR window for PVC at 1715 cm-1, which is the DEHP carbonyl absorption 
frequency, was essential for this study. Diffusion coefficients, D, were determined by 
monitoring the change in DEHP carbonyl peak area versus immersion time. 
Interestingly, a fast diffusion process was observed for short times (< 30 s) while a 
slower diffusion process was identified at longer immersion times (30 s < t < 8 min). 
Both slow and fast DEHP diffusion are well described by Fick’s second law. DEHP back 
diffusion is slow at ambient temperature but begins immediately at 40 °C after short 
immersion times (< 30 s). After longer immersion times, an induction period is observed. 
A model is proposed to explain differing kinetics for short and longer time SADD and to 
account for differing kinetics associated with back diffusion. The model posits different 
length scales for short and longer time processes, comprising nanosurface (~ 10 nm) 
and mesosurface (~1000 nm), respectively. 
 
1 The authors are grateful for support from the National Science Foundation, Division of 
Materials Research, Grants DMR-0802452 and DMR-1206259. 

 
 



POLY 66: Copolyimides containing surface modifying agents: Competition 
between silicone and fluorine-containing oligomers 

Christopher Wohl1, c.j.wohl@nasa.gov, Allison M. Crow2, William T. Kim2, Michelle H. 
Shanahan3, Jereme R. Doss3, Yi Lin3, John W. Connell1. (1) Advanced Materials and 
Processing Branch, NASA Langley Research Center, Portsmouth, Virginia, United 
States (2) LARSS Student Intern, NASA Langley Research Center, Hampton, Virginia, 
United States (3) National Institute of Aerospace , Hampton, Virginia, United States  

Segregation of phase-separated components in polymeric materials can modify surface 
properties without significantly changing bulk properties. One useful application of this 
effect is to generate surfaces that resist adhesion of contaminants. Although surface 
migration of various moieties in polymer matrices is well known, the behavior of multiple 
phase-segregating components in a single system has not been explored in depth. In 
this study, a series of copolyimides containing both fluorine and silicone blocks were 
prepared and characterized. Either fluorine or silicone blocks separately act as surface 
modifying agents (SMA’s) and it was hypothesized that the competition of two SMA’s 
might lead to unique surface properties. Copolyimides for this study were prepared 
through a multi-step synthesis using an aromatic dianhydride, an aromatic diamine, and 
varying quantities of two surface modifying diamino oligomers. Films were cast from 
co(poly amide acid) solutions and thermally imidized under a nitrogen atmosphere. 
Mechanical, optical, and surface properties of the polyimide films and coatings were 
determined and energy dispersive spectroscopy was utilized to ascertain surface 
migration and segregation. One application for these surfaces is to improve fuel 
efficiency in future commercial aircraft by preserving laminar flow. A surface that sheds 
contaminants such as insect residue and other debris would prevent premature 
transition to turbulent flow and the accompanying increased drag. To that end, samples 
were subjected to insect impacts in a small scale wind tunnel at speeds representative 
of take-off and landing conditions, approximately 67 m/s. The resulting residues were 
characterized for height and surface area and compared to those on an unmodified 
aluminum alloy surface. 

 
 



POLY 67: Fabrication and functionalization of thiol-reactive polymer brushes 
 
tugce nihal gevrek1, tugce.gevrek@boun.edu.tr, Tugba Bilgic2, Harm A. Klok2, Amitav Sanyal1. 
(1) Chemistry, Bogazici University, Istanbul, Turkey (2) STI-IMX-LP, EPFL, Lausanne, 
Switzerland  
 
Design of polymeric platforms for applications such as attachment or sensing of biomolecules 
oftentimes requires coating the surface with functional groups.1 Towards this end ‘Click’ 
reactions have been utilized for immobilization of molecule of interest to the surface because of 
their effectiveness and operational simplicity.2 Additionally, these reactive platforms must 
exhibit minimal non-specific absorption of analytes. To achieve immobilization with high 
sensitivity and selectivity, fabrication of such polymeric interfaces widely utilize poly(ethylene 
glycol) (PEG)-based material due to their inherent bio-inertness.3 
The study outlines design and synthesis of thiol-reactive polymer brushes on silicon oxide 
substrates and demonstrates their functionalization with thiol-bearing molecules.4 PEG-based 
copolymers containing pendant furan protected maleimide functionality were polymerized from 
the surface. It is necessary to mask the electron-deficient polymerizable alkene unit in the 
maleimide group during the polymerization step. For this purpose a furan-based protection was 
utilized using the Diels-Alder reaction. After obtaining polymer brushes using the atom transfer 
radical polymerization initiated from the surface, maleimide groups were unmasked via the retro 
Diels-Alder reaction. Polymer brush coated surfaces were functionalized using thiol containing 
molecules via nucleophilic thiol-ene chemistry. Notably, the degree of conjugations onto 
polymeric films could be tuned by altering the amount of reactive functional group in the 
polymers brushes. 
 
[1] Lahann, J., Balcells, M., Lu, H., Rodon, T., Jensen, K. F., Langer, R. Anal. Chem. 2003, 75 
(9), 2117–2122. 
[2] Yigit, S., Sanyal, R., Sanyal, A. Chem Asian J. 2011, 6 (10), 2648-2659. 
[3] Yang, J. C., Zhao, C., Hsieh, I. F., Subramanian, S., Liu, L. Y., Cheng, G., Li, L. Y., Cheng, 
S. Z. D., and Zheng, J. Polym. Int. 2012, 61, 616– 621. 
[4] Gevrek, T. N., Bilgic T., Klok, H.-A., Sanyal A. Macromolecules 2014, 47 (22), 7842−7851. 

 



POLY 68: Novel surface modification using poly(methyl methacrylate) brush with 
well-controlled stereoregularity 

Tomoyasu Hirai1, t-hirai@cstf.kyushu-u.ac.jp, Masanao Sato3, Noboru Ohta2, Yuji 
Higaki1, Ken Kojio1, Atsushi Takahara1. (1) Inst. Mater. Chem. Eng., Kyushu University, 
Fukuoka, Japan (2) Japan Synchrotron Radiation Research Institute, SPring-8, Hyogo, 
Japan (3) Graduate School of Eng., Kyushu University , Fukuoka, Japan  

Polymer brushes are functional materials that can permanently modify the properties of 
a surface due to their covalent anchoring to the substrate. So far, numerous synthesis 
strategy of polymer brush has been reported. However, polymer brushs with both well-
controlled molecular weight and stereoreguratily have not been obtained yet. To 
overcome this problem, we tried to polymerize methyl methacrylate using surface 
initiated living anionic polymerization method. As results, poly (methyl methacrylate) 
(PMMA) with controlled molecular weight and stereoreguratily was obtained. They also 
showed specific properties compared with atactic one. The brush formed helical 
structure and encapsulated C60 molecules into the cavity (Figure 1). 

 
 
  



POLY 69: Postpolymerization modification of polymer surfaces using thiol-
mediated reactions 

Wei Guo, Emily A. Hoff, Douglas Amato, Dahlia Amato, Derek L. Patton, 
derek.patton@usm.edu. School of Polymers and High Performance Mater, The 
University of Southern Mississippi, Hattiesburg, Mississippi, United States  

Click reactions have emerged as an invaluable synthetic tool for the preparation of 
functional polymeric materials and surfaces. This presentation will focus on our recent 
efforts employing a series of thiol “click” reactions, including thiol-yne, thiol-isocyanate, 
and thiol-Michael reactions for the fabrication of functional polymer surfaces. These 
reactions enable the rapid generation of a diverse library of functional surfaces, utilize a 
structurally diverse range of commercially available or easily attainable reagents and 
proceed rapidly to quantitative conversions under mild reaction conditions. Polymer 
substrates to be discussed include functional brush brushes and polymer nanoparticles. 

 
 
  



POLY 70: Fouling release performance of silicone oil modified siloxane-
polyurethane coatings 

Teluka P. Galhenage1, teluka.galhenage@ndsu.edu, Dean C. Webster1, Shane 
Stafslien2, Justin Daniels2, John Finlay3. (1) Coatings & Polymeric Materials, North 
Dakota State University, Fargo, North Dakota, United States (2) Center for Nanoscale 
Science & Engineering, North Dakota State University, Fargo, North Dakota, United 
States (3) Newcastle University, Newcastle , United Kingdom  

Siloxane-polyurethane marine coatings have been shown to be a viable approach to 
combat marine biofouling. The effects of incorporating phenyl methyl silicone oils in the 
siloxane-polyurethane system was investigated as a means to improve the fouling-
release performance. Silicone oils are commonly used as an additive in silicone 
elastomer fouling-release coatings to provide lubricity to the surface which in turn helps 
reduce the adhesion strength of marine organisms. However the release properties are 
dependent upon the type of oil and the silicone matrix. Several phenyl-methyl silicone 
oils with a range of molecular weights were incorporated into a siloxane-polyurethane 
coating system. Surface energy of coatings evaluated by contact angle measurements 
showed stratification of the silicone oil to the surface. Macro-fouling release 
performance of oil modified coatings assessed by laboratory biological assay tests for 
barnacles (Amphibalanus amphitrite) and mussels (Geukensia demissa) suggest an 
improvement in fouling release performance, comparable to that of commercial fouling 
release coatings. However micro-fouling release performance of bacteria (Cytophaga 
lytica), and algae (Navicula incerta and Ulva linza) was unaffected by oil inclusion 
compared to 1st generation siloxane-polyurethane coatings. Some candidate coatings 
from this study performed similarly to commercial coatings in field immersion studies at 
several different test sites. 

 



POLY 71: Improving interfilament interfaces in large area 3D printing of polymers 

Edward Duranty1, Donald Erdman2, Vlastimil Kunc2, Chad Duty2, Mark D. Dadmun1,2, 
dad@utk.edu. (1) Univ of Tennessee, Knoxville, Tennessee, United States (2) Oak 
Ridge National Laboratory, Oak Ridge, Tennessee, United States  

Fused deposition 3D printing is an important tool for low-cost and rapid prototyping of 
objects with complex geometries. 3D printed materials are composed of many filaments 
deposited on a heated substrate, requiring the bonding of neighboring filaments during 
the deposition process. Filament deposition often creates voids between filaments, 
which requires necking between them to create a robust sample. Therefore the amount 
of interfacial contact and interdiffusion between filaments become important parameters 
that control the macroscopic physical properties of the printed prototype. Moreover, in 
the scale-up of 3-D printing, the underlying filaments can cool by the time the printer 
head returns to deposit the overlaid layer, which dramatically inhibits the inter-filament 
bonding process between layers. The result is generally a structure with poor inter-layer 
filament adhesion and integrity. Our current research focuses on developing methods to 
improve the interfacial bonding between filaments by material design and by post-
deposition modification of the underlying filament in large area 3-D printing of polymers. 
We will also report recent work in our group that seeks to quantify the interfacial 
adhesion between filaments and its impact on structural properties, to provide 
fundamental insight into the effectiveness of various interfacial modification protocols on 
the 3-D printing process. 

 
 



POLY 72: Surface Properties of Cross-linked Lipophilic Polymer Brushes on 
Diamond-Like Carbon Films 

Atsushi Takahara2, takahara@cstf.kyushu-u.ac.jp, Motoyasu Kobayashi1. (1) Takahara 
Soft Interfaces Project, JST ERATO, Fukuoka, Japan (2) Inst. Mater. Chem. Eng., 
Kyushu University, Fukuoka, Japan  

Surface-initiated atom transfer radical copolymerization of hexyl methacrylate (HMA) 
and 3-ethyl-3-oxetanylmethyl methacrylate (OxMA) was carried out on the surfaces of 
block- and ring-type steel pieces covered with silicon-incorporated diamond-like carbon 
(DLC-Si) at 353 K for 15 h under an argon atmosphere in order to generate a lipophilic 
copolymer brush layer at the outermost surface. The sample was then immersed in a 
1% BF3OEt2/dichloromethane solution to initiate the ring-opening cross-linking reaction 
of the oxetane groups, forming ether linkages between the polymer brush chains. The 
thickness of the polymer brush layer was confirmed to be 50 nm through transmission 
electron microscope (TEM) images of the focused ion beam (FIB)-fabricated cross 
section. The friction properties of the composite films were evaluated using block-on-
ring tests under a load of 49 N, using a base oil at 353 K for 30 min. Although the brush 
layer was partially scratched from the substrate surface during the friction test, the 
polymer brush-immobilized DLC-Si exhibited a low friction coefficient of 0.02, while the 
friction coefficient of the non-modified steel substrate was 0.12. It is supposed that the 
lipophilic polymer brush was swollen in the oil to form a stable lubrication layer, thus 
preventing the direct contact of the DLC-Si substrate. The dependency of the 
tribological properties on normal load, sliding velocity, wear depth, and the silicon 
content of the DLC-Si substrate was also investigated. 

 
 
  



POLY 73: Silicon-based hyperbranched polymers 

Petar R. Dvornic, pdvornic@pittstate.edu. Dept of Chemistry, Pittsburg State 
University, Pittsburg, Kansas, United States  

Hyperbranched polymers are unique among polymer molecular architectures for their 
combination of very high density of functionality, low viscosity and easy synthesis for a 
given molecular weight and composition. They can be made by monomolecular and 
bimolecular non-linear polymerization and until present hydrosilylation and nucleophilic 
substitution of silanols have plaid the most important roles as the synthetic pathways of 
choice. A variety of different silicon-containing compositions have been reported, among 
which polycarbosilanes, poly(carbosilane-siloxanes), polysiloxanes, poly(silarylene-
siloxanes) and poly(fluorocarbosilane-siloxanes) have attracted the most attention. Of 
these, the first mentioned ones are even commercially available. In this talk, synthetic 
pathways to preparation of some of hyperbranched silicon-containing polymers will be 
discussed together with their properties and demonstrated or possible applications. 
Attention will also be paid to some organic hyperbranched polymers which are 
siliconized to gain useful new properties. 

 
 



POLY 74: Silicone polymers in Australia 
 
Stephen R. Clarke4, stephen.clarke@unisa.edu.au, Elda Markovic4, Kim-Anh Thi Nguyen4, Tony 
Aitchison3, Neil A. Trout2, Christopher A. Williams1. (1) ITEE, UniSA, Mawson Lakes, South 
Australia, Australia (2) Mawson Institute, UniSA, Adelaide, South Australia, Australia (3) 
University of South Australia, Adelaide, South Australia, Australia (4) Mawson Institute, 
University of South Australia, Mawson Lakes, South Australia, Australia  
 
The Clarke Laboratories at the Mawson Institute (shortly to be renamed Future Industries 
Institute) at University of South Australia is one of the Groups in Australia having a strong focus 
on Silicone Polymer Materials research. In this conference paper I will briefly review some of 
our research, including: 
 
(a ) Alternating linear and cyclic PDMS copolymers synthesised by Dr Kim Nguyen 
(b) Functionalised polyhedral oligomeric silsesquioxanes (POSS) materials synthesised by Dr 
Elda Markovic 
(c) Silyation of coupling agents (Dantacol) to better understand their role in plastic bonded 
explosives (PBX) materials by Dr Chris Williams in his recent PhD research in collaboration 
with the Australian Government’s Defence, Science and Technology Organisation. 
(d) Acid catalysed synthesis of sodium silicate sol-gel silicon polymers for producing soil grouts 
for industry in Hong Kong undertaken by Dr Neil Trout and his industry partners. 
(e) Research lead by Dr Tony Aitchison in partnership the Université du Maine, Le Mans, France 
developing new rubber latex and polysiloxane copolymer materials. 
 
In my case I will review the GPC analysis of various PDMS polymers, and demonstrate how the 
curing mechanism influences polydispersity variation across the molecular weight distribution of 
these silicone polymers. PDMS samples analysed will include: 
Step-growth PDMS prepared from dichlorodimethylsilane 
Cationic (Acid Catalysed) Ring opening polymerisation of octamethylcyclotetrasiloxane (D4). 
Commercial trimethylsiloxy terminated, PDMS oil having a viscosity of 30,000cp 
Commercial trimethylsiloxy terminated, PDMS oil having a viscosity of 50cp 
 
I will also demonstrate deviation, which occurs, from a fundamental Schulz-Zimm molecular 
weight distribution, as molecular weight increases across the distribution of a step-growth cured 
PDMS. 



POLY 75: Water soluble polysiloxanes and their use in Interpenetrating Polymer 
Networks (IPN) 

Daniel Graiver1, graiverd@egr.msu.edu, Kenneth W. Farminer2, Sudhanwa 
Dewasthale3, Ramani Narayan4. (1) Chem. Eng. and Mater. Sci., Michigan State 
University, Midland, Michigan, United States (2) BioPlastic Polymers and Composites, 
Midland, Michigan, United States (3) Dow Chemical, Houston, Texas, United States (4) 
Chem. Eng. and Mater. Sci., Michigan State University, East Lansing, Michigan, United 
States  

Water soluble polysiloxanes were prepared by polycondensation of 3-
aminopropyldiethoxy-methylsilane followed by the reaction of the amines with cyclic 
carbonates to yield carbamate side chains with terminal hydroxyl groups attached to 
each silicon atom in the polymer chain. The resulting polysiloxanes were water soluble 
and their solubility was independent of the pH of the water or the molecular weight of 
the polymers. Furthermore, no additives were needed to enhance the water solubility. In 
many respects these polysiloxanes resemble polyvinyl alcohol. Films cast from water 
solutions were elastomeric due to the presence of strong intermolecular hydrogen 
bonds. SEM images of paper coatings prepared from these polysiloxanes revealed a 
smooth surface with no apparent structural defects that can be used as anti-graffiti 
paints. 
A series of interpenetrating polymer networks (IPNs) with different compositions were 
prepared with silylated soybean oil (SilSoy). The silylation of the soybean oil was 
achieved by grafting alkoxyvinyl silanes via the “Ene reaction” onto the internal double 
bonds of the fatty acids in the triglycerides. Upon evaporation of the water phase from 
these emulsions, crosslinked IPN films were obtained characterized by a typical 
microphase separation of the two incompatible phases entangled together resulting in 
intimate mixtures of soy oil and polysiloxanes. These IPNs can be used as convenient 
environmentally degradable control release systems. 

 
 
  



POLY 76: Manufacture and characterization of multifunctional silicone 
architectures 

James P. Lewicki1, lewicki1@llnl.gov, Robert S. Maxwell1, Marcus Worsley1, Eric 
Duoss2. (1) Materials Science Division, Lawrence Livermore National Laboratory, 
Danville, California, United States (2) Materials Engineering Division, Lawrence 
Livermore National Laboratory, Livermore, California, United States  

Lawrence Livermore National Laboratory develops and utilizes silicone formulations and 
foams for a variety of applications. Over the last few years, we have focused our 
attention on developing new additive manufacturing methods to produce foams with 
controlled architectures and anistropic physical properties. By altering the types and 
loadings of novel fillers, we also continue to investigate the ability to tailor physical, 
chemical, electronic, thermal, and optical properties. In this talk we will review some of 
this work as well as the results of characterization efforts that allow us to connect the 
composite structure with the properties of interest. 
 
Prepared by LLNL under Contract DE-AC52-07NA27344 

 
 
  



POLY 77: Controlled synthesis of MQ silicone resins 

Daniel Flagg, dflagg21@mail.pse.umass.edu, Thomas J. McCarthy. Univ of 
Massachusetts, Amherst, Massachusetts, United States  

Silicone resins are an important component in an array of technological products 
including coatings, encapsulants, and adhesives. MQ silicone resins of the formula 
(SiO2)n(R3SiO1/2)m can be synthesized in the form of clear liquids, soluble solids, or 
monolithic networks; however, there is limited information available on the methods 
used to synthesize MQ resins of various structures and functionalities. Controlling the 
structure and functionality of MQ resins is crucial for further research regarding their 
physical structure and materials characteristics. With this in mind, we developed a 
reproducible, lab scale synthesis of MQ resins of diverse molecular properties. A 
molecular sol produced from tetraethylorthosilicate (TEOS) is endcapped with 
hexamethyldisiloxane at various times in a sol gel reaction to produce an MQ of a 
specific molecular size. Soluble solids are produced with number average molecular 
weight equivalents ranging from 3k to 18k. Functionality can be incorporated by adding 
functional end capping units. With inorganic compositions >75%, these soluble 
molecules are truly organic-inorganic hybrid nanoparticles with interesting properties 
and material opportunities. 

 
 



POLY 78: Self-healing interpenetrating networks from ionic silicones and 
commercial silicone elastomers 

Liyun Yu3, Frederikke B. Madsen3, Soren Hvilsted2, Anne Skov1, al@kt.dtu.dk. (1) 
Chemical Engineering, DTU, Kgs Lyngby, Denmark (2) Danish Polymer Centre, Kgs 
Lyngby, Denmark (3) Chemical Engineering, Technical University of Denmark, DTU, 
Kgs. Lyngby, Denmark  

Interpenetrating networks(IPNs) have been widely explored, as an example as a means 
of providing locking of stretched structures for acrylic elastomers in the field of dielectric 
elastomers.[1] Here we explore interpenetrating elastomers for providing self-healing 
properties of the resulting silicone elastomers such that their lifetime can be significantly 
enhanced in applications such as dielectric elastomers. The IPNs are made from a 
simple combination of commercial silicone elastomers and stoichiometric amounts of 
silicone based polymers with acidic (e.g. –COOH) and basic (e.g. –NH2) groups.[2] The 
resulting IPN therefore consists of a mixture of covalent bonds (from the silylation 
reaction of the commercial elastomer) and ionic bonds (from the two ionic constituents). 
The ionic network provides additional transient mechanical strength to the IPN as the 
ionic bonds are capable of rearranging. The covalent bonds provide long-term stability 
and good ultimate properties as well as they reduce the hysteresis of the elastomer. 
The ionic moieties furthermore increase the dielectric permittivity of the IPNs 
significantly but only small amounts of ionic moieties can be introduced as the IPNs may 
otherwise become conductive. However, even at low concentrations the IPNs are self-
healing upon both mechanical rupture and electrical break down as illustrated in the 
figures below. 
 
[1] H. Zhang, L. Düring, G. Kovacs, W. Yuan, X. Niu, Q. Pei, Polymer International, 59, 
384, 2010 
[2] L.Gonzalez, L.Yu, S.Hvilsted, A.L.Skov, RSC Adv.,4, 36117, 2014. 

 
 



POLY 79: Silsesquioxane-based thermosetting oligoimides: Chemistry and 
delivered properties 

Tim S. Haddad1, timothy.haddad.ctr@edwards.af.mil, Gregory R. Yandek1, Jason 
Lamb3, Michael D. Ford1, Joseph M. Mabry2. (1) RQRP Bldg 8451, AFRL, Edwards 
AFB, California, United States (2) AFRL/RZSM, Air Force Research Laboratory, 
Edwards AFB, California, United States (3) AFRL, ERC, Inc, Lancaster, California, 
United States  

Polyhedral Oligomeric Silsesquioxanes (POSS) are inorganic/organic cages that are 
used as high-tech fillers to enhance the thermal, mechanical and surface properties of 
many polymeric systems. A useful analogy is that a POSS is a tiny piece of silica 
solubilzed with organic modifiers (RSiO1.5)n; the organic periphery determines how well 
the POSS can interact with any host polymer, while the siliceous core adds 
thermoxidative stability. Beginning in 1993 and continuing today, there is extensive 
research in understanding how POSS incorporation into various plastics affects polymer 
properties. POSS with amine functionality have found application as reactants in both 
epoxy and polyimide systems. However, there are not many scaleable syntheses 
available for producing POSS-diamines in high yield. There is also a need for POSS-
diamines with peripheral aromatic groups for compatibility with high-temperature 
polyimdes. Herein is reported a synthesis strategy to produce POSS-containing, 
thermosetting oligoimides to yield high temperature materials with low moisture uptake 
and good mechanical properties. 

 



POLY 80: Making molecules into materials 

Robert B. Grubbs, robert.grubbs@stonybrook.edu. State University of New York, 
Stony Brook, New York, United States  

The development of new synthetic strategies has facilitated the development of a great 
variety of new materials. In celebration of the recipient of the Mark Scholar Award, the 
application of such strategies in the design and synthesis of new polymer-based 
materials will be discussed, including responsive block copolymer assemblies (left), 
organic semiconductors (right), and degradable polymer systems. 

 
 
  



POLY 81: Dynamic covalent polymers from elemental sulfur 

Jeffrey Pyun, jpyun@email.arizona.edu. University of Arizona, Tucson, Arizona, United 
States  

We will review our recent advances in the preparation of polymeric materials via a 
polymerization process termed, inverse vulcanization, which utilizes elemental sulfur 
(S8) as a comonomer and solvent. The presence of a high content of S-S bonds in 
these polymers imparts unusual electrochemical, optical and chemical properties to 
resultant materials, which we have previously shown to be useful as polymeric 
electrodes for high capacity Li-batteries and IR imaging technology. We will discuss the 
synthetic aspects of the inverse vulcanization process and also present on our recent 
results to reversible activate dynamic covalent S-S bonds in these materials via either 
thermal, or mechanical external stimuli to affect both optical and mechanical properties. 
The ability to modulate the dynamic character of these types of reversible covalent 
bonds has significant implications in the processing of dynamic polymers and self-
healing materials.[figure1] 

 
 
  



POLY 82: Noncovalent interactions as a design tool for stimuli-responsive 
polymers 

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

Polymers which change their physical and/or chemical properties upon exposure to an 
external stimulus – often referred to as “smart”, “intelligent”, or “adaptive” polymers – 
are of significant academic and technological interest. Due to their dynamic, stimuli-
responsive nature, non-covalent interactions represent a versatile design element for 
the creation of functional polymers with unusual stimuli-responsive properties. In this 
presentation several materials that rely on this general approach will be discussed. 
Interactions covered include hydrogen-bonds, π-π stacking, and metal-ligand binding. 
These non-covalent bonds can be used to assemble small molecules, supramolecular 
polymers, and nanoparticles to create a broad range of stimuli-responsive polymers. 

 
 
  



POLY 83: Stimuli responsive block polymer micelles in ionic liquids 

Timothy P. Lodge, lodge@umn.edu. Dept Chem Koltoff Smith Halls, University of 
Minnesota, Minneapolis, Minnesota, United States  

Block polymers provide a remarkably versatile platform for achieving desired 
nanostructures by self-assembly, with lengthscales varying from a few nanometers up 
to several hundred nanometers. Ionic liquids are an emerging class of solvents with an 
appealing set of physical attributes. These include negligible vapor pressure, high 
chemical and thermal stability, tunable solvation properties, high ionic conductivity, and 
wide electrochemical windows. For various applications it will be advantageous to 
partition the ionic liquid into coexisting phases, such as microemulsions and micelles. 
Polymer systems that show thermoreversible and/or photoreversible transitions in ionic 
liquids will be highlighted. Examples include the “micelle shuttle”, whereby intact 
micelles transfer reversibly between an aqueous phase and an ionic liquid as a function 
of temperature, and ionic liquid containing vesicle nanoreactors but dispersed in water. 

 
 
  



POLY 84: New approach to well-defined polymer building blocks 

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

A variety of facile and orthogonal new approaches to the synthesis of functional 
macromolecular architectures and assemblies will be presented. 

 
 
  



POLY 85: New approach for the construction of 2D monolayers 

James F. Stoddart, stoddart@northwestern.edu, Xisen Hou, Chenfeng Ke. 
Northwestern University, Evanston, Illinois, United States  

Nature makes the most perfectly ordered structures with incredible levels of complexity 
and accuracy. For example, proteins are sequenced amino acid polymers folded into 
(three-dimensional) tertiary structures directed by a collection of noncovalent bonding 
interactions. It is the beauty of marrying covalent with noncovalent bonds that creates 
the fidelity we know as life. Mastering both covalent and noncovalent bond formation 
simultaneously in synthetic polymers, however, is not trivial. The common strategy for 
generating self-assembled molecules and block-copolymer amphiphiles is a stepwise 
process of first of all synthesizing the molecular building-block or block-copolymer, 
followed by initiating the self-assembly process at the instigation of internal or external 
stimuli. 
In this presentation, we report the development of a cooperative assembly strategy 
(Figure 1a) to construct ordered organic materials by (i) the formation of (one-
dimensional) polyrotaxane chains that incorporate a diazaperopyrenium dication in each 
repeating unit, which (ii) enables individual chains to cross-stack by dint of π‒π 
interactions in water during their growth, resulting in (iii) a two-dimensional polymer 
network in the form of monolayers with lateral sizes in the micron regime, as confirmed 
by both transmission electron microscopy and atomic force microscopy (Figure 1b). This 
strategy combines the robustness of covalent bond formation with the cooperative effect 
of noncovalent bonding interactions and could serve as a platform for the preparation of 
a wide range of ordered materials. 

 
 
  



POLY 86: Structurally dynamic polymers as a route to stimuli-responsive 
materials 

Stuart J. Rowan, stuart.rowan@case.edu. Dept. Macromolecular Sci and Eng, Case 
Western Reserve Uni, Cleveland, Ohio, United States  

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 dynamic bonds (which can be either covalent or non-covalent) allows 
access to structurally dynamic polymers. Such polymers can exhibit macroscopic 
responses upon exposure to an environmental stimulus, on account of a rearrangement 
of the polymeric architecture. 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 stimuli-responsive materials. We have been interested in the 
potential of such systems to access new material platforms and have developed a 
range of new mechanically stable, supramolecular structurally dynamic polymer films 
that change their properties in response to a given stimulus, such as temperature, light 
or specific chemicals. Such supramolecular materials have been targeted toward 
applications that include healable plastics, responsive liquid crystalline polymers, 
chemical sensors, thermally responsive hydrogels, actuating films, shape memory 
materials and mechanically dynamic biomedical implants. 

 
 
  



POLY 87: Structure in nanoparticle containing responsive layer-by-layer films 

Nicole Zacharia, nzacharia@uakron.edu. Dept. of Polymer Engineering, University of 
Akron, Akron, Ohio, United States  

Layer-by-layer (LbL) approach is a powerful technique to form thickness controllable 
thin films. It is especially suitable for assembly of polyelectrolyte multilayers (PEMs) by 
directed complexation of oppositely charged polyelectrolytes, which shows potential 
application as stimuli-responsive smart actuating materials, among other applications. 
Presented here is the response of weak polyelectrolyte films to organic solvent. This 
stimulus creates a dehydration of the film, making it contract. This is also accompanied 
by a stiffening of the film as decreasing the dielectric constant of the medium 
surrounding the ion bond pairs makes them more difficult to tear apart. We are able to 
take advantage of this response to organic solvent to create actuating materials by 
building heterostructured devices with our responsive film and a non-responsive 
component, shown in figure 1. Another possible application is the creation of superior 
gas barriers created by the contracted film. The response to organic solvent can be 
used to tune the distribution of free volume within the LbL assembly, including 
assemblies that include nanoparticles. Ellipsometry and QCM-d are used to 
characterize the folding of polyelectrolyte chains within these assemblies, changing the 
free volume in the film. Additionally, the properties of the organic solvent required to 
create this contraction is also examined. This includes assemblies including clay 
nanoparticles. 

 



POLY 88: The art of polymeric networks: Printing, templating, and solution 
crosslinking for precise sizing in nano-and micronscale for adaptation and 
release 

Eva Harth, eva.m.harth@vanderbilt.edu, Benjamin R. Spears, Michael Marin, David 
Stevens. Chemistry, Vanderbilt University, Nashville, Tennessee, United States  

Functional polymeric building blocks of linear and hyperbranched nature are prepared to 
provide an optimized tool set of building blocks for the bottom-up assembly of nano- and 
micronscale networks to revamp delivery systems into highly effective dual delivery 
systems. Degradable nanosponges, nanogels and printed hydrogels in the size ranges 
of 1 micron,12 and 20 micron are the result of mix and matching these building blocks to 
form hydrophobic but also increasingly softer particles with the addition of tailored 
semibranched polyglycidols. An invented printing technique allows for the direct printing 
of particles on surfaces with defined sizes followed by a practical detachment and 
collection. 
With the increasing need of implants, vaccines, inhalants and systemic release 
systems, to serve as templates of triggered, stimulated release of not only a range of 
hydrophobic drugs, but also a diverse set of hydrophilic and biological nature, the co –
and sequential release guided by cross-linking densities, morphologies and 
composition, is highly desired. It will be the goal, to demonstrate the impact of small 
changes in the building blocks and applied assembly techniques such as novel 
templating, printing and solution crosslinking techniques to address the treatment of 
diverse medical conditions by building a true platform technique. 

 



POLY 89: Response and function in peptide-based block copolymers 

Gregory Strange, Ian Smith, Craig Machado, Daniel A. Savin, dsavin1973@gmail.com. 
Department of Chemistry, University of Florida, Gainesville, Florida, United States  

This study involves the bottom-up design and tunability of responsive, peptide-based 
block copolymers. The self-assembly of amphiphilic block copolymers is dictated 
primarily by the balance between the hydrophobic core volume and the hydrophilic 
corona. This talk will present some recent studies in solution morphology transitions that 
occur in ABA, ABC, and AB2 triblock copolymers, where the response is dependent in 
part on the helix-coil transition in the peptide component. In these studies, amphiphilic 
star copolymers containing poly(lysine) (PK) and poly(glutamic acid) (PE) were 
synthesized and their solution properties studied using dynamic light scattering, circular 
dichroism spectroscopy and transmission electron microscopy. These materials exhibit 
hydrodynamic size that is responsive to pH, and this responsiveness is exploited for 
delivery of cargo. 

 
 
  



POLY 90: Toward polymer-based artificial metalloenzymes: Modeling second-
sphere interactions in synthetic systems 

Samuel Pazicni, sam.pazicni@unh.edu, Erik B. Berda. Department of Chemistry, 
University of New Hampshire, Durham, New Hampshire, United States  

Metalloenzymes are far more than just a metal center coordinated to a protein “ligand”. 
While synthetic model systems have proven useful in probing metalloenzyme function, a 
challenge with these synthetic systems lies in replicating the second coordination 
sphere effects present in the biological milleau. For synthetic systems to provide 
microenvironments similar to those found in biological metal sites, they must incorporate 
molecular scaffolds that envelope a metal atom or complex and provide specific 
functionality at precise locations. We propose using polymers as such scaffolds—folded 
architectures can be achieved through incorporation of cross linking agents in the 
polymer backbone. By stoichiometrically attaching collapsable polymer chains to metal 
complexes (presented here are heme and [Fe2(µ-C2H4S2NH)(CO)6], a model of the 
[FeFe] hydrogenase active site), we can prepare synthetic systems that can probe the 
effect of second coordination sphere interactions on the active sites of these 
metalloenzymes. Reported herein are the covalent attachment of these metal 
complexes to polymer scaffolds, the collapse of these metal-bound polymers into single 
chain nanoparticles that envelope the metal complexes, and experiments probing the 
effect of various polymer microenvironments on the metal complexes. 

 
 
  



POLY 91: Endowing soft nano-objects with enzyme-mimetic activity via single-
chain technology 

Jose A. Pomposo1,2, josetxo.pomposo@ehu.es. (1) University of the Basque Country, 
Donostia-San Sebastian, Spain (2) IKERBASQUE - Basque Foundation for Science, 
Bilbao, Spain  

Ultra-small unimolecular soft nano-objects endowed with useful, autonomous and smart 
functions are the expected, long-term valuable output of single chain technology. In 
recent years different soft nano-objects have been synthesized via single chain 
technology through chain compaction, such as dynamic, letter-shaped and 
compositionally unsymmetrical single rings, complex multi-ring systems, single chain 
nanoparticles, tadpoles, dumbbells and hairpins. This lecture will present our latest 
advances in the field of endowing single-chain nano-objects with enzyme-mimetic 
characteristics. 

 
 
  



POLY 92: Plastic antibodies, adaptable synthetic polymers as protein and peptide 
affinity ligands: An alternative to the lock and key paradigm 

Kenneth J. Shea, kjshea@uci.edu. Univ of California, Irvine, California, United States  

Just as medicinal chemists routinely design and synthesize small molecules to target 
the active site of a single protein in the proteome, we suggest that advances in polymer 
synthesis, structural biology and nanotechnology have progressed to the point where 
we can design synthetic polymer nanoparticles (NPs) with antibody-like affinity and 
selectivity for targeted biomacromolecules. The talk will describe abiotic protein/peptide 
and carbohydrate affinity agents (“plastic antibodies”). These agents, synthetic polymer 
NP hydrogels, are formulated with functional groups complementary to the 
biomacromolecule target. Unique to these materials is that their affinity can be “turned 
off” simply by lowering the solution temperature, a strategy exploited in “catch and 
release” of target proteins The talk will be concerned with exploring the applications of 
these materials for protein purification and as potential therapeutic agents to replace 
antibody drugs. 

 
 
  



POLY 93: Virus-mimicking polymer molecular brushes are potent antibiotics with 
double selectivity 

Hongjun Liang1, hjliang@mines.edu, Yunjiang Jiang1, Wan Zheng1, Hairong Ma2. (1) 
Colorado School of Mines, Golden, Colorado, United States (2) Department of Physics, 
Drexel University, Philadelphia, Pennsylvania, United States  

Evolution of antibiotic-resistant pathogens has become one of the greatest healthcare 
threats. Inspired by the characteristic proteinaceous structures of bacteria-invading 
viruses, we hypothesize that the nanoscale architecture helps define how membrane-
active antibiotics remodel host membranes to gain desirable activity and selectivity. 
Here we show the structure-activity relationship of a series of polymer molecular 
brushes (PMBs) with well-defined nanoscale architectures that mimic spherical and rod-
shaped viral structural features. Our preliminary data based on PMBs with hydrophilic 
polymer brushes reveal that: (1) amphiphilicity is not a required trait – hydrophilic PMBs 
can be designed to have potent antibiotic performance as well with no hemolytic side 
effect; (2) the nanoscale architecture of PMBs defines their double selectivity, not 
molecular weight per se; (3) PMBs are far more powerful antibiotics than individual 
linear-chain polymers that make up the PMBs; and (4) nanostructured PMBs induce 
topological changes of membranes by forming membrane pores. These findings 
suggest that the spatially-defined, multivalent interactions inherent to PMBs is of great 
significance for the development of polymer-based antibiotics. 

 



POLY 94: Tuning the thermo-mechanical properties of shape memory polymer 
foams for endovascular embolic applications 

Sayyeda M. Hasan, smhasan@tamu.edu. Texas A&M University, College Station, 
Texas, United States  

Cerebral aneurysm rupture often results in stroke or death. Conventional treatments 
include Guglielmi Detachable Coils (GDC) which often result in an increased risk of 
rupture and provide a poor chronic healing response. Shape memory polymer (SMP) 
foams, for a foam-over-coil aneurysm embolization device, are hypothesized to 
decrease the chances of rupture while promoting a rapid stable occlusion. These 
materials are capable of being programmed into a secondary shape and actuate to their 
primary shape upon a thermal stimulus. However, current drawbacks of using SMP 
foams are the short actuation times (~ 5 minutes) and lack of x-ray visibility. SMP foams 
were synthesized and modified via altering the chemical backbone and physical mixing 
of radiopaque nanoparticles. Firstly, isophorone diisocyanate (IPDI) was incorporated 
into the SMP system to provide higher glass transition (Tg) temperatures and longer 
actuation times. Secondly, tungsten nanoparticles were physically dispersed within the 
polymer to yield radiopaque nanocomposites. Thermal and mechanical characterization 
of the foams was conducted using Differential Scanning Calorimetry (DSC) and 
Dynamic Mechanical Thermal Analysis (DMTA). Results indicated higher Tg’s and 
longer actuation times for SMP foams with chemical modification and filler incorporation. 
Furthermore, in vitro analysis of tungsten-loaded SMP nanocomposites indicated x-ray 
visibility through soft and hard tissue using x-ray fluoroscopy. These results 
demonstrate the various tunable properties of SMP foams to achieve longer actuation 
times for an embolic application, controllable thermal transition temperatures, and 
inherent material visibility. 

 



POLY 95: Facile synthesis and application of block copolymers based on P3HT for organic 
solar cells 
 
Harikrishna Erothu1, erothuh1@aston.ac.uk, Joanna Kolomanska1, Roger Hiorns2, Paul 
Topham1. (1) Aston University, Birmingham, United Kingdom (2) IPREM UMR5254 EPCP, 
CNRS, Pau Cedex 9, France  
 
Finding an inexpensive, clean and completely renewable energy source is the most pressing 
challenge of current times. Solar energy has long term potential because the earth receives 
enough energy from the sun in just one hour to meet all human energy requirements for an entire 
year. Current silicon-based solar technologies lead the market in terms of device efficiency and 
lifetime but they are expensive to implement on a global scale.1 This is the major motivation for 
the development of organic solar cells (OSCs), which recently attracted much attention due to 
their low-cost, flexibility, lightweight and their use in large-area devices (Figure 1).2-4 OSCs are 
not without their problems, most notably lifetimes, which can be as low as 3 years. The 
individual layers play a vital role contributing towards the performance and lifetime of the final 
solar-powered device. Block copolymers (BCPs) have long-term structural stability and also 
their solid-state morphology being of the appropriate dimensions to efficiently perform charge 
separation and transfer to electrodes.5 Our aim is to improve further the efficiency and lifetime of 
OSCs by creating highly original and industrially viable novel block copolymers. Hence, we 
focused on the synthesis and photovoltaic application of BCPs based on poly(3-hexylthiophene) 
(P3HT) due to its high hole mobility, good processibility and ease of synthesis.6 Herein, the 
novel synthesis of the latest BCPs based on P3HT will be presented and explored their detailed 
study of self-assembly and device performances.7,8 
 
References  
1. Green, M. A. et al., Prog. Photovoltaics Res. Appl. 2014, 22, 701. 
2. Heeger, A. J. Advanced Materials 2014, 26, 10. 
3. Mazzio, K. A.; Luscombe, C. K. Chem. Soc. Rev. 2015, 44, 78. 
4. Huang, Y. et al., Chemical Reviews 2014, 114, 7006. 
5. Topham, P. D. et al., J. Polym. Sci., Part B: Polym. Phys., 2011, 49, 1131. 
6. Urien, M.; Erothu, H. et al., Macromolecules 2008, 41, 7033. 
7. Erothu, H. et al., Polymer Chemistry 2013, 4, 3652. 
8. Erothu, H. et al., Macromolecules 2015, DOI: 10.1021/acs.macromol.5b00213. 

 



POLY 96: Novel polyurethane dispersions containing nanoparticles: Synthesis, 
characterization, and applications 

Billur Sevinis1, Nesibe A. Dogan1, Yusuf Z. Menceloglu1, Serkan Unal2, 
serkanunal@sabanciuniv.edu. (1) Faculty of Engineering Natural Sciences, Sabanci 
University, Istanbul, Turkey (2) Nanotechnology Research and Application Center 
(SUNUM), Sabanci University, Istanbul, Turkey  

Waterborne polyurethane dispersions (PUDs) offer unique performance advantages 
due to their versatile, multi-component chemistry compared to other polymeric coatings 
and environmental advantages due to their very low or no volatile organic content 
compared to their solvent-borne analogues. Novel PUDs based on an anionic chain 
extender were synthesized and the effect of key structural parameters such as chemical 
structure of the soft segment, hard segment content, degree of chain extension and the 
ionic content on the final dispersion and polyurethane film properties were 
systematically investigated. The type of soft segment and the ionic content enabled us 
not only to tailor final mechanical properties but also to develop coatings and films with 
unique self-healing behavior. 
Additionally, naturally abundant Halloysite nanoparticles (HNTs) were incorporated into 
waterborne polyurethanes at various stages of the polymerization process and the 
effect of the incorporation method on the final properties of resulting nanocomposite 
films has been investigated. The synthesized polyurethane-Halloysite dispersions were 
characterized for their film forming properties and latex particle sizes, while their 
nanocomposite films were characterized for mechanical and thermal properties. The In-
situ incorporation method resulted in a one-pack, stable dispersions of polyurethanes 
with HNTs, which gave nanocomposites films with significantly higher mechanical 
properties. 

 
 
  



POLY 97: Synthesis and characterization of thermoreversible hydrogels based on 
ABC triblock copolypeptoids and their potential application toward protein and 
stem cell 

Sunting Xuan3, sxuan1@tigers.lsu.edu, Chang-Uk Lee3, cong chen3, Daniel Hayes1, 
Donghui Zhang2. (1) LSU, Baton Rouge, Louisiana, United States (2) 437 Chemistry 
Materials Building, Louisiana State University, Baton Rouge, Louisiana, United States 
(3) louisiana state university, Baton Rouge, Louisiana, United States  

A series of ABC triblock copolypeptoids [i.e., poly(N-allyl-glycine)-b-poly(N-methyl-
glycine)-b-poly(N-decyl-glycine) (PNAG-b-PNMG-b-PNDG)] with varying block chain 
length have been synthesized by sequential primary amine-initiated ring-opening 
polymerization of the corresponding N-substituted N-carboxyanhydride monomers (i.e., 
Al-NCA, Me-NCA and De-NCA). The ABC copolypeptoid (PNAG98-b-PNMG98-b-
PNDG18) was shown to undergo rapid thermos-reversible sol-to-gel transition at close-
to-body temperature with low concentration (³2.5%). The transition is very rapid (within 
one minute) and fully reversible with a narrow transition window, as evidenced by the 
rheological study. By changing the length of each block, concentration of the polymer 
solution, or replacing the hydrophilic middle and hydrophobic end block with other 
available peptoids, the gelation temperature can be well adjusted between 27 oC and 60 

oC. The mechanical stiffness can be tuned to as low as 0.02pa to as high as 1000 pa. 
The hydrogel is injectable through a 24G needle and maintains its shape in water at 
37oC. The hydrogel shows minimal cytotoxicity towards human adipose derived stem 
cells (hASCs) and is highly promising to be used as stem cell scaffold, as evidenced 
from both AlamarBlue and PicoGreen assays. The systematic enzyme encapsulation 
study indicate that the hydrogel exhibits no adverse effect on the enzyme activity of 
horseradish peroxide (HP) that was encapsulated in the hydrogel at 37oC for up to 7d, 
making the hydrogel a potential protein delivery agent. 

 

 
 
 



POLY 98: Decahydronapthalene containing polyesters as potential BPA 
replacements 

Joseph M. Dennis2, jmden88@vt.edu, Nicole A. Fazekas2, Josh S. Enokida2, Timothy 
E. Long1. (1) Virginia Tech, Blacksburg, Virginia, United States (2) Macromolecules and 
Interfaces Institute, Virginia Tech, Blacksburg, Virginia, United States  

With several reports identifying BPA as a potential estrogen mimic, a critical area of 
research remains in developing new materials as BPA-free alternatives.1 Polyesters, 
with their extensive library of monomers, provides a strong foundation for such 
materials. Much of the current literature has evolved from introduction of rigid aliphatic 
diols (such as 2,2,4,4-tetramethylcyclobutane-1,3-diol) to increase the glass transition 
temperature above 110 °C.2,3 However, an inverse relationship was established 
between impact resistance and the cyclobutane diol incorporation.2 In contrast, 
cycloaliphatic esters provide a relatively unexplored avenue in structure design. For 
instance, the utility of a saturated naphthalene dimethylester provides a unique 
monomeric unit for amorphous, high impact polyesters. The isomeric mixture prevents 
crystallization, and Tgs approaching 100 °C illustrates its potential impact as a BPA-
containing polycarbonate replacement. Furthermore, beta relaxations in the glassy 
regime suggests several local relaxations attributed to the fused, aliphatic ring and 
presents a mode for high energy dissipation. Although homopolymerization of dimethyl 
decahydronaphthalatedicarboxylate with cyclohexandimethanol only results in Tgs c.a. 
90 °C, copolymerization with more rigid alcohols elevates the Tg above 110 °C. 
Compression molding, and melt rheology illustrate the melt processability of these novel 
polyesters, while structural relationships are derived through a compilation of analytical 
techniques. Finally, the necessity of certain structural aspect are highlighted for utility as 
high impact, BPA replacements. 
(1) Nelson, A. M.; Long, T. E. Polymer International 2012, 61, 1485. 
(2) Kelsey, D. R.; Scardino, B. M.; Grebowicz, J. S.; Chuah, H. H. Macromolecules 
2000, 33, 5810. 
(3) Booth, C. J.; Kindinger, M.; McKenzie, H. R.; Handcock, J.; Bray, A. V.; Beall, G. W. 
Polymer 2006, 47, 6398. 

 



POLY 99: Synthesis and characterization of a biobased polycarbonate derived 
from the neolignan honokiol 

Kevin T. Wacker, kevin.wacker@mail.chem.tamu.edu, Samantha L. Kristufek, Karen L. 
Wooley. Chemistry, Texas A&M University, College Station, Texas, United States  

The importance of novel polymeric materials derived from renewable resources has 
steadily increased over the past several years, as these bio-based materials reduce 
reliance on petro-derived feedstocks. However, it is important to develop materials not 
compromised in performance compared to current petrochemical-derived standards. To 
this end, poly(honokiol carbonate), PHC, has been synthesized in one step from the 
neolignan natural product, honokiol, and benchmarked against poly(bisphenol A 
carbonate) and poly(lactic acid). Polymerization conditions were modified to yield PHC 
with number-average molecular weights, Mn, from 10-85 kDa and in yields up to 80%. 
High degradation temperatures of ca. 450 °C and glass transition temperatures of 60-65 
°C were noted for all polymers of varying Mn. Dynamic mechanical analysis has shown 
PHC to have a storage modulus, E’, of up to 3.2 GPa at ambient conditions. These data 
suggest poly(honokiol carbonate) may serve as a new, potential bio- or specialty 
engineering-material derived from a commercially-available, sustainable source. 

 
 
  



POLY 100: Non-catalytic hydrogenation of liquid natural rubber using diimide 

Siti Fairus M. Yusoff, sitifairus86@gmail.com, Naharullah Jamaluddin, Ibrahim 
Abdullah. School of Chemical Sciences and Food Technology, Faculty of Science and 
Technology, Universiti Kebangsaan Malaysia, Bangi, Selangor, Malaysia  

Natural rubber (NR) is a natural organic compound that consists of cis-1,4-polyisoprene 
as the main component, which exhibits excellent elasticity, resistance to tearing, and 
desirable dynamic properties. NR also contains non-rubber components such as 
phospholipids and proteins, through which the properties of NR can be controlled1. 
However, the application of NR is limited because it can be easily degraded by 
ozonolysis, exposure to light, and oxidation owing to the double bond in its chain. 
Therefore, researchers have focused on chemical modification of NR to counter these 
properties. Liquid natural rubber (LNR) has a similar microstructure with shorter 
polymeric chains of natural rubber (NR) produced by oxidative degradation of NR2. In 
this work, hydrogenation process was done to LNR by using source of diimide 
generated from thermolysis of p-toluenesulfonyl hydrazide (TSH). Molecular weight of 
HLNR is lower compared to LNR and NR based on the GPC results. The 
microstructures of hydrogenated liquid natural rubber (HLNR) were determined by the 
changes at the main signals featuring carbon-carbon unsaturated bonds in FTIR and 
NMR spectrum after the hydrogenation process. TGA proved that HLNR had better 
thermal stability than LNR proportionally with percent of conversion. For 6-h reaction 
period at 130 °C, the TSH/LNR weight ratio of 3:1 was found to be optimum. The 
targeted conversion percentage (>90%) was achieved by manipulating these 
parameters. 
 
References: 
1) Tanaka, Y. Rubber Chem. Technol. 2001. 74, 355. 
2) Phinyocheep, P. and Duangthong, S. J. Appl. Polym. Sci. 2000. 78, 1478 

 
 
  



POLY 101: Hierarchical relaxation processes in polymeric hydrogels based on 
histidine-metal coordination bonds 

Shengchang Tang, tang_sc@mit.edu, Bradley D. Olsen. Chemical Engineering, MIT, 
Cambridge, Massachusetts, United States  

The dynamic nature of reversible non-covalent bonds are primarily responsible for the 
mechanical properties of transient networks. In order to achieve rational design of 
materials with the desired mechanical behavior, it is important to further understand how 
the dynamics and energetics of physical bonds translate from single junctions to 
individual molecules and further to an entire network. Here we report a systematic study 
on the hierarchical relaxation process in model polymeric hydrogels based on histidine-
metal coordination bonds. Dynamics on the molecular level, i.e., self-diffusion, are 
probed by forced Rayleigh scattering, which shows two relaxtion processes originating 
from dynamic heterogeneity within the gels. The dissociation kinetics obtained from self-
diffusion measurement are shown to strongly depend on the sticker density on a 
polymer chain, the polymer molecular weight, as well as the polymer concentration in 
gels, which all show qualitative agreement with the sticky Rouse theory. Separately, the 
dissociation rate and the equilibrium constant of a single histidine-metal bond are 
measured by exchange NMR spectroscopy. The relationship between two dissociation 
rates and equilibrium constants illustrates the innate relaxation hierarchy in the 
hydrogels, as revealed from the linear mechanical spectroscopy. Furthermore, current 
results are compared to previous studies on artificial protein gels. A phase map is 
constructed to quantitatively compare bonds with different dynamics and energetics, 
which offers an interpretation of "fast and slow, strong and weak" on a molecular level in 
associating networks. 

 



POLY 102: The development of optically healable supramolecular metallopolymer 

Thomas Spilker1, tspilker@gmail.com, Joy R. Romulus1, Claire Plunkett1, Alice 
Savage2, Frederick L. Beyer2, Stuart J. Rowan1. (1) Dept. Macromolecular Sci and Eng, 
Case Western Reserve Uni, Cleveland, Ohio, United States (2) Army Research 
Laboratory, Aberdeen Proving Ground, Maryland, United States  

Polymer materials that can be repaired or healed are attractive because they can 
improve reliability, functionality, and lifetime. Incorporating structurally dynamic linkages, 
bonds that selectively undergo reversible breaking and reformation, is one of the most 
interesting strategies to prepare healable materials. Using ultraviolet or visible light as a 
stimulus, we have found the metal-ligand interaction in supramolecular metallopolymers 
can be modulated such that this bond becomes dynamic. Several supramolecular 
metallopolymers have been prepared through the reaction of a telechelic 
macromonomer and a divalent transition metal salt. The thermal, mechanical, and 
morphological properties have been studied as well as their stimuli responsive 
properties. In these new materials, the effect of the macromonomer, metal, and 
counterion has been studied and all have been found to be important for material 
formulation. Additionally, the use of visible light will be explored as a stimulus to restore 
mechanical integrity and induce adhesion of these materials. 

 
 
  



POLY 103: Novel and versatile synthetic strategy for asymmetric perylene diimide 
derivatives 

Caitlin Sample, caitlin.sample@gmail.com, Nisha V. Handa, Craig J. Hawker. Univ of 
California, Santa Barbara, California, United States  

Perylene diimides (PDIs) are appealing candidates for applications in organic 
electronics, (multi)chromophoric systems, and supramolecular chemistry owing to their 
high photochemical stability, propensity to self-assemble, and excellent n-type 
semiconductor character. However, while the synthesis of symmetrical PDIs is well 
understood, PDIs that are asymmetric at the imide positions have been more difficult to 
produce. Current methods largely use a statistical approach that has generally proven 
inefficient or are limited in side-group functionality. In this work, we present a novel 
synthetic method that uses a modular approach towards asymmetric synthesis. By 
functionalizing the two halves of the PDI molecule separately and then attaching them 
via efficient cross-coupling followed by a cyclodehydrogenation, this high-yielding 
approach has allowed us to access a wide range of imide-position modifications 
possessing different functionalities. By taking advantage of these asymmetric 
functionalities, we have been able to extend this synthesis to a macromolecular scale, 
providing opportunities for a high degree of control over PDI-based (multi)chromophoric 
and polymeric systems. 

 
 
  



POLY 104: Synthesis, characterization, and structure-property analysis of 
aminated polyphenylsulfone-tetramethyl polysulfone (PPSU-TMPS) block 
copolymer 

Donghui Wang1, www2727228@hotmail.com, Chris J. Cornelius2. (1) U of Nebraska-
Lincoln, Lincoln, Nebraska, United States (2) Chemical Engineering, U of Nebraska-
Lincoln, Lincoln, Nebraska, United States  

Recently, anion exchange membranes have been applied in a various industrial fields 
including the separation of environmental polluting metal ions from hard water, alkaline 
direct methanol fuel cells, and also current and potential application as ion-exchanger, 
biomaterials, and electrodialysis. However, unlike cation exchange membranes which 
have high chemical stability, such as DuPont’s Nafion and Asahi Glass’ Flemion, 
commercially available anion exchange membranes are typically based on cross-linked 
polystyrene and are not stable in alkaline and electrochemical environment. To 
overcome this limitation, they are often blended with other inert polymers and fabric 
supports that limit ionic conductivity and decrease the chemical stability of the 
membrane. With the aim of improving characteristics of anion exchange membrane, 
novel ionomer PPSU-TMPS is introduced with various tailored block length, molecular 
weight and processing methods. To test its performance, Transmission Electron 
Microscopy (TEM), Small Angle X-ray Scattering (SAXS), Fourier Transform Infrared 
Spectroscopy (FTIR), and proton conductivity measurement are utilized. A more 
comprehensive information system is set up to manufacture better performance 
ionomers with optimal proton conductivity used in the fuel cell industry, appropriate 
swelling properties focused on electrodialysis desalination process, and neutralized 
cations investigated in the batteries research area and so on. 

 

 



POLY 105: Synthesis and characterization of novel phosphonium ionenes as a 
new family of polyelectrolytes 

Ryan J. Mondschein3, rjm5316@vt.edu, Asem Abdulahad3, Quan Chen4, Ralph H. 
Colby1, Timothy E. Long2. (1) Materials Science Engineering, Penn State University, 
University Park, Pennsylvania, United States (2) Virginia Tech, Blacksburg, Virginia, 
United States (3) Chemistry, Virginia Tech, Blacksburg, Virginia, United States (4) 
Materials Science and Engineering, The Pennsylvania State University, State College, 
Pennsylvania, United States  

Enhancing properties of charged materials used in emerging technologies receives 
substantial interest in current academia. Step-growth reactions of ditertiary phosphines 
with dibromoalkanes afforded phosphonium ionenes, which exhibited higher thermal 
and base stability compared to ammonium analogues. Altering the counter-ion to larger, 
less basic species greatly influenced phosphonium ionene properties. Thermal analysis 
examined the effect of the counter-ion change on glass transition temperatures and 
thermal stability. Melt rheology probed the change in viscosity of the altering 
phosphonium ionenes. Higher shear rates were observed when exchanging the 
counter-ions, while storage and loss moduli temperature dependence suggested a 
counter-ions plasticizing effect. Phosphonium ionenes with 12 carbon spacing (12p, 12) 
was of great interest due to high thermal stability and a relatively low glass transition 
temperature (~80 oC). Aqueous size exclusion chromatography (SEC) confirmed a 
desired targeted molecular weight range. Rheological characterization resulted in time-
temperature superposition (TTS), which affords primary relaxations associated with (1) 
the onset of long-range segmental motion at Tg and (2) relaxations from electrostatic 
interactions. A temperature dependence was observed while molecular weight (Mw) 
offered no influence on relaxations or conductivity. Polyethylene oxide (PEO) introduced 
as a soft segment investigated the structure-property-morphology relationship of 
segmented phosphonium ionenes. 

 
 



POLY 106: Surface-attached polymer layers via C,H insertion reactions 

Oswald Prucker1, prucker@imtek.de, Juergen Ruehe2. (1) Imtek Univ of Freiburg, 
Freiburg, Germany (2) Univ Freiburg Imtek, Freiburg, Germany  

The chemical modification of the surfaces of polymers is often not straight forward as 
suitable functional groups are often missing. Typically rather ill-defined techniques are 
used to generate such groups, e.g. by "activation" via oxidative chemcials or by plasma 
processes. 
We have found that C,H insertion reactions are a very attractive way to anchor other 
molecules to polymer surfaces (see Figure). Such reactions require functional units 
which form reactive intermediates such as biradicals, carbenes or nitrenes upon thermal 
or photochemical activation. Typical examples are benzophenons, anthraquinons, 
azides or diazoesters. They can be incorporated into polymers via copolymerization of 
respective monomers of by polymer analogous reactions. After deposition of layers of 
these polymers onto the desired substrates, the reactiv groups are activated thermally 
or photochemically which leads to reactions between the intermediates and C,H groups 
in the vicinity. These might originate from neighboring polymers of the coating or from 
chains of the polymeric substrate. As a result, surface-attached polymer networks are 
formed. The thickness of these networks can be adjusted during the deposition of the 
original coating. 
We will present several chemical strategies for the generation of such surface 
architectures and demonstrate how the resulting layers can be used for purposes 
ranging from the built-up of multilayer optical systems to the control of the cell adhesion 
on surfaces for biomedical applications. 

 
 



POLY 107: Bioactive and anti-fouling poly(oxanorbornene) nanofiber meshes 

Joseph S. Hersey1, jhersey@bu.edu, Mark W. Grinstaff2,1. (1) Biomedical Engineering, 
Boston University, Boston, Massachusetts, United States (2) Chemistry, Boston 
University, Boston, Massachusetts, United States  

Novel surfaces that incorporate advances in polymer chemistry and nanofabrication are 
being used to develop advanced biosensors with high surface to volume ratios. We 
have developed tunable polymeric nanofiber mesh (NFM) surfaces by electrospinning 
high molecular weight (~500 kg/mol) poly(oxanorbornene) (PONB) copolymer blends 
using ring opening metathesis polymerization (ROMP) of three 7-oxanorbornene 
derivatives: 1) dicarboximide-butyl; 2) dicarboximide-biotin (bioactive with streptavidin); 
3) dicarboxy-triethylene glycol (diTEG) (anti-fouling). Due to its ease of synthesis and 
high degree of polymerization, the butyl monomer was used to create butyl only 
polymers, as well as functional copolymers containing either butyl-co-biotin (8:2 
monomer ratio) or butyl-co-diTEG monomers (7:3 monomer ratio). NFMs with fiber 
diameters ranging from 300 nm to 4 µm were achieved by varying the electrospinning 
parameters. The bioactivity of the NFMs were characterized using fluorescently labeled 
streptavidin (FITC-streptavidin) and confocal microscopy where only meshes containing 
the biotin monomer specifically bound streptavidin. A pilot bioassay was performed 
using a colorimetric enzyme linked immunosorbent assay (ELISA) designed to detect 
varying concentrations of mouse antibody (IgG) on the NFM surface. The NFM 
substrate had a detection limit of ~10 pM (1.6 ng/mL) and showed improved specific vs. 
non-specific detection when using copolymer blends of butyl-co-diTEG with butyl-co-
biotin due to the anti-fouling properties of the diTEG monomers. Research is ongoing to 
explore other monomer ratios and copolymer blends to further enhance the sensitivity 
and specificity of the NFM surface for bioassays, like ELISAs, where surfaces with 
intelligently designed topology and surface chemistry are necessary for improved 
functionality over traditional surfaces. 

 



POLY 108: Self-organization of α-cyclodextrin/poly(ε-caprolactone) pseudo-
polyrotaxanes for nanofibrous scaffolds with enhanced surface reactivity 

Murielle Oster1, Anne Hébraud1, Alain Lapp2, Eric Pollet1, Luc Avérous1, Guy 
SCHLATTER1, guy.schlatter@unistra.fr. (1) University of Strasbourg, Strasbourg, 
France (2) CEA, Saclay, France  

The present study deals with the elaboration of functional nanofibrous materials from α-
cyclodextrin/poly(ε-caprolactone) (CD/PCL) pseudo-polyrotaxanes (pPR) for potential 
biomedical applications. For this purpose, a series of linear, star, miktoarm star and 
block pseudo-polyrotaxanes (pPR) have been synthesized and then processed by 
coaxial electrospinning in order to form core/shell PCL/pPR nanofibers with available 
hydroxyl function for further chemical modification. 
We demonstrated that star pseudopolyrotaxanes (star-pPRs) obtained from the 
inclusion complexation of α-cyclodextrin (CD) and four-branched star poly(ε-
caprolactone) (star-PCL) organized into nanoplatelets in DMSO at 35°C. This peculiar 
property, not observed for linear pseudopolyrotaxanes, allowed the processing of star-
pPRs while preserving their supramolecular assembly. Similar observations were 
carried out for miktoarm and block pPRs. Thus, original PCL:pPR core:shell nanofibers 
were elaborated by coaxial electrospinning. The pPR shell dramatically increased the 
stability of the fibers against solvents as compared with pure PCL fibers. Finally, the 
surface of the fibers was subsequently modified with fluorescein isothiocyanate (FITC) 
proving that reactive hydroxyl functions are available at the PCL fiber surface. Novel 
stable and reactive biocompatible/biodegradable fibers were thus obtained, paving the 
way for the grafting of any specific bioactive agents. 
 
1 M. Oster, A. Hébraud, S. Gallet, A. Lapp, E. Pollet, L. Avérous, G. Schlatter, "Star-
pseudopolyrotaxane organized in nanoplatelets for poly(ε-caprolactone)-based 
nanofibrous scaffolds with enhanced surface reactivity", Macromolecular Rapid 
Communications, vol. 36, pp. 292−297, 2015. 

 



POLY 109: Non-protein fouling polyisobutylene-based biomaterials via modular 
surface functionalization 

Alejandra Alvarez Albarran3, Emily Q. Rosenthal-Kim1,2, Bromine35@yahoo.com, 
Lingyun Liu1, Zhorro Nikolov4, Judit E. Puskas1,3. (1) Chemical and Biomolecular 
Engineering, The University of Akron, Akron, Ohio, United States (2) Mechanical and 
Aerospace Engineering, The Ohio State University, Columbus, Ohio, United States (3) 
Polymer Science, The University of Akron, Akron, Ohio, United States (4) Institute of 
Polymer Science and Polymer Engineering, The University of Akron, Akron, Ohio, 
United States  

Polyisobutylene (PIB) and PIB-based thermoplastic elastomers (TPEs) like 
poly(styrene-b-isobutylene-b-styrene) (SIBS), have a wide variety of biomaterial 
applications due to their bioinert chemistry and broad range of tunable physical 
properties. The utility and success of PIB-based biomaterials was established by the 
Taxus® coronary stent which was developed by Boston Scientific and features a SIBS 
coating.1 However, like other implanted materials, PIB implants may elicit a “foreign 
body” reaction in which the body surrounds the implant in a fibrous capsule. It is 
believed that the process of fibrous capsule formation is initiated by the non-specific 
adsorption of proteins, specifically the protein fibrinogen (Fg). Average Fg adsorption on 
poly(dimethyl siloxane) (PDMS) is 590 ng/cm2, which may be why capsular contracture 
is a problem with silicone breast implants.2 By reducing Fg adsorption on implant 
surfaces, the fibrous capsule formation could be minimized. We sought to reduce non-
specific Fg adsorption by functionalizing the surface of PIB-based TPEs. However, 
surface functionalization of polymeric materials through covalent bonding of functional 
groups is challenging using conventional synthetic techniques. Here we demonstrated a 
new, modular approach to surface functionalization in which a layer of low molecular 
weight functionalized polymer (PIB-X) was adhered SIBS-type TPE surface through 
chain entanglement. TPE surfaces were functionalized with PIB-X where X= 
PEG-OCH3, PEG-OH and tetraethylene glycol-α-lipoate (TEG-α-LA). Polymer surfaces 
were characterized by water contact angle, X-ray Photoelectron Spectroscopy (XPS) 
and Surface Plasmon Resonance (SPR). PIB-TEG-α-LA functionalized surfaces 
presented the lowest Fg adsorption with only 14 ng/cm2 compared to 255 ng/cm2 for the 
native TPE. PIB-PEG-OCH3, PIB-PEG-OH showed 20 ng/cm2 and 22 ng/cm2 Fg 
adsorption respectively.3 

 



POLY 110: Biofilm-disrupting antimicrobial coatings derived from natural resin 
acids 

Mitra S. Ganewatta2, Chuanbing Tang1, tang4@mailbox.sc.edu. (1) Dept of Chemistry 
Biochemistry, University of South Carolina, Columbia, South Carolina, United States (2) 
Department of Chemistry and Biochemistry, University of South Carolina, Columbia, 
South Carolina, United States  

Surface modifications with antibacterial functions have become a subject of interest 
because of their potential treatment of infectious diseases. I present our recent efforts in 
developing functional antibacterial coatings by attaching cationic resin acid moieties. 
Surface immobilization was carried out by the employment of two robust, efficient 
chemical methods: click reaction and surface-initiated atom transfer radical 
polymerization (SI-ATRP). Various techniques were used for qualitative and quantitative 
characterizations of surface. Antibacterial and antibiofilm activities against S. aureus 
and E. coli were strong, while hemolysis assays and the growth of human dermal 
fibroblasts on the modified surfaces evidenced their good biocompatibility. This new 
work provides a low-cost and effective approach to combating bacteria and biofilm 
formation in biomedical applications. 

 
 
  



POLY 111: Developing N-heterocyclic carbene functionalized polymers as 
stabilizing ligands for nanoparticles: Exploring new reactivity in aqueous media 

Michelle Macleod1, mjm495@mit.edu, Jeremiah A. Johnson2. (1) Chemistry, 
Massachusetts Institute of Technology, Cambridge, Massachusetts, United States (2) 
MIT, Massachusetts Institute of Technology, Boston, Massachusetts, United States  

Carbenes are rapidly expanding their utility into a number of fields such as catalysis, 
material science, biomedicine and surface chemistry. We are developing carbene-
stabilized metal nanoparticle-based systems to understand new reactivity and potential 
applications. We are particularly interested in polymeric based systems where we can 
utilize the properties of the polymer in conjunction with the unique reactivity of carbenes 
to create new materials with a focus on biomedical applications and catalysis. 

 
 
  



POLY 112: Liposome decorated polyelectrolyte multilayer films for local and 
substained therapeutic delivery 

Stephen L. Hayward, steh089@gmail.com, Srivatsan Kidambi. Chemical and 
Biomolecular Engineering, University of Nebraska- Lincoln, Lincoln, Nebraska, United 
States  

Polymer based materials can be surface modified to achieve favorable physicochemical 
characteristics while keeping the bulk properties unchanged. In the realm of drug 
delivery systems, surface modification of substrates with nanocarriers has shown great 
promise in applications including drug/ gene eluding films, coatings for implantable 
devices, and controlling stem cell differentiation. The central principle of such platforms 
is to regulate the spatial and temporal release of an immobilized therapeutic to achieve 
a localized and sustained pharmacokinetic profile. However, the lack in the 
development of a substrate mediated delivery platform that can exploit the advantages 
of nanocarriers to address bolus (free drug) based limitations has greatly hindered 
widespread application. Here, we report the engineering of a novel substrate mediated 
therapeutic delivery system comprising of hyaluronic acid surface-coated liposomes 
(HALNPs) embedded into a Polyelectrolyte Multilayer (PEM) platform (HALNP-PEM). A 
PEM provides an ideal surface modification tool that enables tuning the substrates to 
facilitate the immobilization of biomolecules including liposomes. The PEM base 
platform was constructed from poly-L-Lysine and poly(sodium styrene sulfonate) 
followed by adsorption of anionic HALNPs. An affinity assay and saturation curve 
defined the preferential HALNP deposition density for precise therapeutic dosing. A 
capping layer on top of the deposited HALNP monolayer was found to promote 
nanoparticle immobilization, support cell adhesion, and provide multi-dimensional 
nanoparticle confinement for predictable linear release profiles. Doxorubicin (DOX) was 
chosen as a model drug and used to verify the structural integrity of the particles 
following deposition as well as to probe the therapeutic index of the HALNP-PEM 
platform. Furthermore, a direct comparison between bolus HALNP and the HALNP-
PEM exemplified the effect of liposome confinement on intracellular uptake kinetics in 
metastatic breast cancer cells and confirmed sustained therapeutic release from the 
PEM platform. 

 



POLY 113: Dual cyclodextrin polyelectrolytes multilayer coatings on textile for 
controlled drug delivery 

jatupol junthip, jatupol.junthip@gmail.com, Nicolas TABARY, Bernard Martel. 
Chemistry, UMET Laboratory, Lille 1 university, Villeneuve d'ascq, France  

Surface modification of biomaterial devices is indispensable in the care of the patient to 
reduce the risk of 
infection or dead by controlling the cell adhesion and bacterial adhesion. Polyelectrolyte 
multilayer (PEM) coatings have become an original way to functionalize surface by 
immobilizing drugs or active molecules in multilayer films according to the Layer-by-
Layer technique . In these kinds of system, cyclodextrin (CD) and 
cyclodextrin polymers can be especially used to embed hydrophobic drug with 
preserved activity because CD is famous for their capability to form inclusion complexes 
with drugs, to enhance the solubility of poorly soluble drugs and to improve the 
bioavailability. In this work (enclosed figure), the PEM based on cationic cyclodextrin 
polymers(polyEPG-CD, crosslinking between epichlorohydrin and CD in presence of 
glycidyltrimetrylammonium chloride in one step synthesis) and anionic cyclodextrin 
polymers(polyCTR-CD, crosslinking between citric acid and CD) was coated onto a 
non-woven textile substrate (PET, polyethylene terephthalate) for drug delivery 
purposes.Triclosan (TCS, antimicrobial agent) was used as drug molecule to evaluted 
the capacity of loading towards PEM. The build-up of the multilayer assembly was 
followed in situ by Optical Waveguide Lightmode Spectroscopy (OWLS) on the one 
hand and gravimetry on the other hand for application on textile substrate. The phase 
solubility study of TCS and the complexation study of TCS by Nuclear Magnetic 
Resonance (NMR) were also investigated. The influence of thermal crosslinking (post 
treatment after the construction of the multilayer) on degradation study of multilayer 
assembly and the release study of TCS were executed in phosphate buffer saline (PBS) 
at 37°C. Besides, the biological test was performed to demonstarted the 
cytocompatibility and the antibactirial activity of multilayer assemblies. 

 
 



POLY 114: Temperature controlled fluorescence resonance energy transfer on 
poly(propargyl acrylate) nanoparticles modified with oxadiazole and 
naphthalimide derivatives 

Oleksandr Klep2, oleksandrklep@gmail.com, Stephen H. Foulger1. (1) Clemson 
University, Anderson, South Carolina, United States (2) Materials Science and 
Engineering, Clemson University, Liberty, South Carolina, United States  

An effective strategy to control the fluorescence resonance energy transfer (FRET) 
between two fluorophores attached to a particle using temperature variations was 
developed. The ability of a poloxamer (PEO-PPO-PEO triblock) to change its size is 
used to control the distance between two dyes and thus to alter the extent of FRET 
between them. By using a solid core poly(propargyl acrylate) nanoparticles, we achieve 
a greater stability and reproducibility in the temperature tuning when compared to 
systems that consist of only non-bonded poloxamers. Since these particles are fully 
organic and coated in a PEG-like exterior, they have the potential to be used in medical 
applications. Oxadiazole and naphthalimide dyes were chosen as the donor/acceptor 
pair due to their spectral overlap and the high quantum yield of oxadiazole dye. 
Tunability within a specific temperature region can be achieved by using different 
compositions of the poloxamer copolymer. For our specific system, the 70 nm particles 
where coated with a PEO-PPO-PEO triblock with Mw of 2900 g/mole, PPO section 
consists of 32 repeat units and each PEO section of 12 repeat units, proposed system 
exhibited a 20% change in FRET efficiency with a 10 K change in temperature. 

 
 
  



POLY 115: Covalent modification of synthetic hydrogels with bioactive proteins 
via sortase-mediated ligation 

Kasper Renggli2, renggli@mit.edu, Elena Cambria2, Caroline Chopko Ahrens3, Christi 
D. Cook2,4, Barbara Imperiali1, Linda Griffith2,4. (1) Departments of Biology and 
Chemistry, Massachusetts Institute of Technology, Cambridge, Massachusetts, United 
States (2) Department of Biological Engineering, Massachusetts Institute of Technology, 
Cambridge, Massachusetts, United States (3) Department of Chemical Engineering, 
Massachusetts Institute of Technology, Cambridge, Massachusetts, United States (4) 
Center for Gynepathology Research, Massachusetts Institute of Technology, 
Cambridge, Massachusetts, United States  

Synthetic extracellular matrices are widely used in regenerative medicine and as tools in 
building in vitro physiological culture models. Synthetic hydrogels display advantageous 
physical properties, but are challenging to modify with large peptides or proteins. Here, 
a facile, mild enzymatic post-grafting approach is presented. Sortase-mediated ligation 
was used to conjugate human epidermal growth factor engineered with a GGG ligation 
motif (GGG-EGF) to PEG hydrogels containing the sortase LPRTG substrate. The 
reversibility of the sortase reaction was then exploited to cleave tethered EGF from the 
hydrogels for quantification. Analyses of the reaction supernatant and the post-ligation 
hydrogels showed that the amount of tethered EGF increases with increasing LPRTG in 
the hydrogel or GGG-EGF in the supernatant. Sortase-tethered EGF was biologically 
active, as demonstrated by stimulation of DNA synthesis in primary human hepatocytes 
and endometrial epithelial cells. The simplicity, specificity, and reversibility of sortase-
mediated ligation and cleavage reactions make it an attractive approach for modification 
of hydrogels. 

 
 
  



POLY 116: Clickable nanofibers designed for reagent-free functionalization 

Ozlem I. Kalaoglu Altan2, ozlem.kalaoglu@boun.edu.tr, Rana Sanyal1,3, Amitav 
Sanyal2,3. (1) Chemistry, Bogazici University, Istanbul, Please select a state, Turkey (2) 
Chemistry, Bogazici University, Istanbul, Turkey (3) Center for Life Sciences and 
Technologies, Bogazici University, Istanbul, Turkey  

Polymeric nanofibers are promising materials for various biomedical applications due to 
their high surface area, porosity, structural and dimensional resemblance with the 
naturally occurring extracellular matrix [1]. These materials need reactive sites for the 
conjugation of bioactive materials that would guide specific biological functions [2]. 
Common methods for the incorporation of various (bio)molecules include either their 
physical adsorption, which can cause their uncontrolled release, or covalent attachment, 
which usually require multi-step [3]. Recently, ‘click’ chemistry has been preferred for 
functionalization of electrospun fibers as it enables efficient and orthogonal 
functionalization under mild reaction conditions [4]. 
In the present study, we investigated the electrospinning of clickable nanofibers which 
can be post-functionalized reagent-free at room temperature using the Diels-Alder 
reaction. A library of copolymers containing furfuryl methacrylate as the reactive 
functional group, methyl methacrylate to increase the hydrophobicity and fiber-
producing tendency and poly(ethylene glycol) methacrylate to provide anti-biofouling 
were synthesized. Solution electrospinning method was used to produce nanofibers 
using these copolymers and the effects of hydrophilic/hydrophobic ratio of the 
copolymer and electrospinning parameters like voltage, tip-collector distance and 
polymer flow rate on the fiber morphology were investigated. Thereafter, reagent-free 
post- functionalizations of these nanofibrous scaffolds were explored via the Diels-Alder 
cycloaddition reaction with maleimide-appended fluorescent dye and ligands to enable 
biomolecules and protein-coated nanoparticles at room temperature under aqueous 
environment. 
 
[1] Ma, Z.; Kotaki, M.; Inai, R.; Ramakrishna, S. Tissue Eng. 2005, 11, 101-109. 
[2] Causa, F.; Netti, P. A.; Ambrosio L. Biomaterials 2007, 28, 5093-5099. 
[3] Yoo, H. S.; Kim, T. G.; Park, T. G. Adv. Drug Delivery Rev. 2009, 61, 1033-1042. 
[4] Kalaoglu-Altan, O. I.; Sanyal, R.; Sanyal, A. Polym. Chem. 2015, doi: 10.1039/ 
c5py00098j. 

 



POLY 117: Antifouling silicones prepared with PEO-silane amphiphiles: Impact of 
structure and concentration 

Melissa Grunlan, mgrunlan@tamu.edu. 3120 TAMU, Texas AM University, College 
Sta, Texas, United States  

Silicones, particularly silica-reinforced crosslinked polydimethylsiloxane (PDMS), are 
widely-used for medical and marine applications. Unfortunately, their extreme 
hydrophobicity causes poor-antifouling behavior resulting in substantial adhesion of 
blood proteins, bacteria and marine biofoulers. Although polyethylene oxide (PEO) is 
known to be exceptionally anti-fouling (e.g. protein resistant), these observations have 
been largely made when PEO is grafted to a physically stable substrate (e.g. gold and 
silicon wafer). In this way, migration of the PEO to the water-surface interface, where 
biological adhesion occurs, is not required. In this work, we sought to enhance the 
water-driven surface-migration of PEO incorporated into silicones in order to achieve 
superior anti-fouling behavior. Conventional PEO-silanes consist of a PEO segment 
separated from the reactive group by a short alkane spacer. In contrast, we prepared 
PEO-silane amphiphiles with siloxane tethers of varying lengths and as well as variable 
PEO segment lengths. The resistance of these coatings to proteins, whole blood, 
bacteria and marine biofoulers are related to PEO-silane structure as well as 
concentration introduced into the silicone. 

 
 



POLY 118: Introducing mixed polarity into silsesquioxane and siloxane 
structures: Hydrophilic or oleophilic behavior? 

Barry Arkles, executiveoffice@gelest.com, Youlin Pan, Ferdinand Gonzaga. Gelest, 
Inc., Pipersville, Pennsylvania, United States  

The apparent interaction of smooth surfaces to environmental challenges from both 
highly polar (water-soluble) species and non-polar (hydrocarbon-soluble) species is 
presented for both silsesquioxane and siloxane materials. The synthesis of polymer 
architectures in which a directed insertion of polar and non-polar on the polymer 
backbone is reported. Silsesquioxane and siloxane structures in which there is either 
proximal or distal (embedded or tipped) placement of polar groups are presented. 
Additionally, siloxane homopolymers in which there are distinct polar and non-polar 
substitutions on each silicon atom are compared with analogous copolymers. 
Differences in behavior of these materials is observed which cannot be simply 
described in terms of simple HLB (Hydrophilic-Lipophilic Balance) considerations. 
 
Examples of the monomers utilized to form the polymeric structures are depicted below. 

 
 



POLY 119: Designing durable icephobic surfaces 

Kevin Golovin, Anish Tuteja, atuteja@umich.edu. University of Michigan, Ann Arbor, 
Michigan, United States  

Ice accretion and its subsequent removal is a safety hazard for aircrafts, power lines, 
motor vehicles, marine structures, communication towers and wind turbines. Icephobic 
surfaces are typically defined as having an ice adhesion strength, tice < 100 kPa. In 
comparison, most structural materials like aluminum or steel have extremely high tice, 
around 1600 and 1400 kPa, respectively. Polymers such as Teflon possess a much 
lower ice-adhesion strength (~ 240 kPa). However, different applications including 
airplane wings (tice < 80 kPa), power lines or boat hulls (tice < 20 kPa), require much 
lower values of tice to enable the passive removal of ice. In this work we discuss two 
universal parameters that enable the systematic design of icephobic surfaces from a 
range of different material chemistries. The coatings developed in our work display 
some of the lowest ice-adhesion strength ever reported (tice < 1 kPa). In addition, the 
developed coatings are some of the most durable icephobic coatings produced. Some 
of the coatings developed in our work maintain an ice adhesion strength < 20 kPa even 
after severe Taber® abrasion (ASTM D4060), acid/base exposure, accelerated 
corrosion (ASTM B117), thermal cycling, peel testing (ASTM D3359), accelerated 
corrosion, and exposure to Michigan wintery conditions over several months. 
 
Figure 1: A license plate half-coated with one of our icephobic coatings during outdoor 
winter 2013 testing. After an ice / snow storm, the uncoated side showed significant ice 
accretion, whereas all accreted ice sheared off from the coated side due to the shear 
from the prevailing wind. 

 



POLY 120: Fluorinated silsesquioxanes: Structure, solubility, and wetting 

Joseph M. Mabry1, joseph.mabry@edwards.af.mil, Andrew Guenthner1, Scott T. 
Iacono3, Raymond Campos2,1, Sean M. Ramirez2,1, Tim S. Haddad2,1, Rebecca Stone1, 
Yvonne J. Diaz2,1. (1) AFRL/RQRP, Air Force Research Laboratory, Edwards AFB, 
California, United States (2) ERC Inc., Lancaster, California, United States (3) 
Department of Chemistry, United States Air Force Academy, Colorado Springs, 
Colorado, United States  

Wetting-resistant surfaces are useful in a variety of applications, where low surface 
energy polymers have been used to reduce liquid wetting on surfaces. Fluorinated 
Polyhedral Oligomeric SilSesquioxanes (F-POSS) have proven useful in many of these 
applications. This is partially due to their microcrystalline structure created during 
surface preparation, where solubility properties are critical. The low surface energy 
values of F-POSS also contribute to their usefulness, with one variety possessing the 
lowest solid surface energy of any know crystalline solid. Many different types of F-
POSS have been prepared, but the definition of F-POSS itself is unclear. This 
presentation will discuss compounds presented as F-POSS, as well as the composition 
and solubility requirements to achieve the desired wetting-resistant properties. 

 
 

 



POLY 121: Surface tension of polymethyltrifluoropropylsiloxane 

Michael J. Owen, michaelowen01@chartermi.net. Michigan Molecular Institute, 
Midland, Michigan, United States  

The commonest fluorosilicone poly[methyl(3,3,3-trifluoropropyl)siloxane] (PMTFPS), 
has unexpected surface properties. Its water contact angle (104°) is similar to PDMS 
108°), the liquid surface tension of PMTFPS is significantly higher than that of PDMS, 
(see figure), its critical surface tension of wetting using n-alkanes (21.4 mN/m) is similar 
to PDMS (22.7 mN/m), while its solid surface tension from the geometric mean 
approach with water and diiodomethane (13.6 mN/m) is considerably less than PDMS 
(22.8 mN/m). Compared to PDMS, PMTFPS has one entity (CF3-) with a lower intrinsic 
surface energy and two entities (-CH2-) of higher surface energy than that of CH3-. 
Taking Zisman’s γC values for a surface of CF3-CH2- (20 mN/m) and CH3- (22-24 
mN/m), the 21.4 mN/m value for PMTFPS is reasonable. However, the CF3- group is 
quite polar (CF dipole moment 1.41 D) leading to the unusual consideration that 
PMTFPS is simultaneously a more polar polymer than PDMS but of similar 
hydrophobicity. 

 



POLY 122: One-way street for water droplet movement on a 
poly(dimethylsiloxane) nanocomposite (Sylgard 184) 

Chenyu Wang, Kenneth J. Wynne, kjwynne@vcu.edu, Sithara Nair, Veeravalli Sharon, 
Tejeswini Shrestha. VCU Dept of Chem & LIfe Sci Engr, Richmond, Virginia, United 
States  

Polydimethylsiloxane (PDMS) elastomers are used in materials applications such as 
nano- and micro-fabrication, tissue engineering and anti-fouling. Sylgard 184 is 
frequently used in model studies related to these applications. Upon platinum catalyzed 
cross-linking, Sylgard 184 yields an elastomer. In previous research, various receding 
contact angles θrec for Sylgard 184 have been reported. In this study, we find that cure 
conditions markedly affect the receding contact angle θrec leading to control of water 
adhesion. Using a designed variation in network formation conditions a Sylgard 184 
coating was prepared on a microscope slide with a θrec gradient. The result was “sticky” 
water adhesion at one end but “slippery” behavior at the other. In one experiment using 
a tilted slide, a water drop moved rapidly from the end with high θrec and “stuck” at the 
low θrec end. After turning the tilted slide 180° the water drop did not run back to the 
slippery end. Thus, water droplet motion was constrained by a "one-way street”. In view 
of the relationship of θrec to work of adhesion, the peak removal force for ice adhesion 
has been studied for a range of cure conditions. Results using a recently developed test 
for ice adhesion will be described along with a model that accounts for the “one-way 
street” and ice adhesion. 
 
1 The authors thank the National Science Foundation (grants DMR-0802452 and DMR-
1206259) for support of this research. 

 



POLY 123: Wetting properties of polysiloxane networks modified in situ with 
fluoroalkyl-substituted linear and POSS cage structures 

Raymond Campos2, raymond.campos.32@gmail.com, Sean M. Ramirez2, Joseph M. 
Mabry1. (1) AFRL/RZSM, Air Force Research Laboratory, Edwards AFB, California, 
United States (2) Air Force Research Laboratory, ERC, inc., Edwards, AFB, California, 
United States  

Strategies aimed at promoting the formation of close-packed assemblies of n-
perfluoroalkyl helices (CF3{CF2}n-where n≥5) on the surface of PDMS networks will be 
described and compared. Various n-fluoroalkyl moieties were incorporated into Pt-
catalyzed hydrosilylation networks in situ by using vinyl additives possessing either a 
single fluoroalkyl substituent, CH2=CH-(CF2)nCF3 ({n+1}F-vinyl), or eight fluoroalkyl 
substituents (octa{n+1}F-vinyl). The crosslink density of polysiloxane networks were 
controlled through the use of vinyl-terminated linear siloxanes and cyclosiloxanes with 
multiple silane crosslinking sites. The wetting properties of developed surfaces will be 
compared to collected data for polysiloxane surfaces reproduced from literature, 
including “liquid-like” polysiloxane surfaces. 

 
 
  



POLY 124: Ring-opening polymerization of a 5-membered ring glucose carbonate, 
toward biocompatible degradable polymeric materials 

Simcha Felder2, sfelder@neo.tamu.edu, Amandine Noel2, Karen L. Wooley1. (1) 3255 
TAMU, Texas AM University, College Station, Texas, United States (2) Chemistry, 
Texas A&M University, College Station, Texas, United States  

There is significant interest in the development of degradable polymeric materials from 
natural products that can return to their natural building blocks upon degradation to 
allow for bioresorption. Carbohydrates have substantial potential as biomass sources 
for monomer and polymeric materials since they can be isolated from many sources, 
have significant stereochemical diversity, and substantial research into their chemical 
modification has been completed. 
A protected glucose carbonate monomer, methyl 4,6-O-benzylidene-2,3-O-carbonyl-α-
D-glucopyranoside (MBGC), was synthesized in a near quantitative yield in one step 
from a commercially-available starting material. This monomer was then polymerized in 
a controlled fashion using an organocatalyzed ring-opening polymerization technique. 
The polymerization kinetics were examined to confirm the controlled nature of the 
polymerization, and pseudo-first order dependence on monomer concentration was 
observed. A small library of polymers was synthesized, and selectively deprotected, to 
evaluate the influence of molecular weight and protecting groups on the 
physicochemical properties of the polymers. Preliminary efforts towards the production 
of bulk materials from the polymers are also underway. 

 
 
  



POLY 125: Bulk ring-opening polymerizations of hexahydrotriazines using 
dithiols: Structurally dynamic poly(thioaminals) for therapeutic delivery 

Rudy Wojtecki3, rjwojtec@us.ibm.com, Gavin O. Jones2, Alexander Y. Yuen1, Dylan 
Boday1, Alshakim Nelson4, Jeannette M. Garcia4, James Hedrick1, Yi-Yan Yang5. (1) 
IBM, Tucson, Arizona, United States (2) D2, IBM, San Jose, California, United States 
(3) Nanomaterials and Self-Assembly, IBM - Almaden Research Center, San Jose, 
California, United States (4) IBM Almaden Research Center, San Carlos, California, 
United States Minor Outlying Islands (5) Inst Bioengr Nanotech, Singapore, Singapore  

Hexahydrotriazines (HTs) are known to undergo an organic transformation in the 
presence of hydrogen sulfide that produces dithioazines in quantitative yields. Our 
investigations found a broader application where HTs can react with organic thiols to 
produce dithioaminals and, with the appropriate dithiol, high molecular weight 
poly(thioaminals) (PTAs). The chemical diversity of this ring-opening step-growth 
polymerization of HTs was explored and a chemically diverse library of these step-
growth polymers could be synthesized simply through the combination of HTs with a 
dithiol in bulk under mild heating (85°C). Judicious selection of monomers provided 
access to high molecular weight water soluble polymers from the polymerization of low 
molecular weight poly(ethylene glycol) (PEG) dithiols with methyl HTs. We will report on 
the utilization of these materials as degradable structurally dynamic polymers, where 
the dynamic character of the polymer backbone allows facile incorporation of 
therapeutics while also serving as a method for degradability and trigger for therapeutic 
release. 

 
 
  



POLY 126: Rapid synthesis of a lipocationic polyester library via ring-opening 
polymerization of amine and alkyl functionalized valerolactones as potent 
formulated siRNA delivery nanoparticles 

Daniel J. Siegwart, Daniel.Siegwart@utsouthwestern.edu, Jing Hao, Petra Kos, Kejin 
Zhou, Jason B. Miller. Simmons Comprehensive Cancer Center, UT Southwestern 
Medical Center, Dallas, Texas, United States  

The ability to control chemical functionality is an exciting feature of modern polymer 
science that enables precise design of drug delivery systems. Ring-opening 
polymerization of functional monomers has emerged as the most versatile method to 
prepare clinically translatable degradable polyesters. A variety of functional groups have 
been introduced into lactones; however, the direct polymerization of tertiary amine 
functionalized cyclic esters has remained elusive. In this presentation, we will report a 
strategy that enabled us to rapidly synthesize >130 lipocationic polyesters directly from 
functional monomers without protecting groups. These polymers are highly effective for 
short interfering RNA (siRNA) delivery at low doses in vitro and in vivo. 
 
In the spectrum of delivery systems, polymers have many advantages including tunable 
structural composition, degradability, and biocompatibility. Yet, they are currently less 
effective than lipid-based delivery vehicles. To overcome this challenge, we have 
incorporated key ionizable amines and hydrophobic alkyl chains into polyesters. We 
synthesized a library of lipocationic polyesters directly from functional monomers in high 
yield (>95%), fast time (~2 minutes), and in gram scale. Formulated nanoparticles (NPs) 
enabled siRNA mediated silencing in vitro and in vivo at low does. Strikingly, the 
delivery efficacy strongly correlated with chemical structure because cationic and 
hydrophobic moieties were incorporated at precise ratios. Lead NPs enabled >90% 
silencing at 2.4 nM (100% silencing at doses >10 nM) in vitro. In contrast, RNAiMax was 
much less effective head-to-head. Notably, NPs could localize to tumors in vivo after IV 
delivery and were able to silence gene expression in tumor-bearing mice. Because 
activity strongly correlated to structure, these synthetic methods provide a versatile way 
to directly synthesize lipocationic polymers for gene delivery. This new class of 
functional polyesters is a promising step towards closing the activity gap between lipids 
and polymers. 

 



POLY 127: Organocatalytic ring-opening polymerization of cyclic carbonates: A 
versatile platform for biomedicine including drug delivery vehicles and 
macromolecular therapeutics 

Yi-Yan Yang1, yyyang@ibn.a-star.edu.sg, James Hedrick2. (1) Institute of 
Bioengineering and Nanotechnology, Singapore, Singapore (2) IBM Almaden Research 
Center, San Jose, California, United States  

Aliphatic polycarbonates are an attractive class of biomaterials due to their 
biodegradability, biocompatibility, non-toxic degradation products and ease of 
incorporating functional groups as compared to conventional polyesters (e.g., 
polylactide). The advent of organocatalytic ring-opening polymerization (OROP) of 
functional cyclic carbonates to generate monodisperse polymers with end-group control 
has expanded the usefulness of these materials, especially in the arena of narrowly 
dispersed block copolymers with predictable molecular weights, end-group fidelity, and 
functional group tolerance. We have synthesized functional polycarbonates for various 
biomedical applications via OROP. In this talk, I will discuss amphiphilic polycarbonates 
containing molecular recognition groups that specifically interact with anticancer drugs, 
and their self-assembly for effective drug delivery. The non-covalent interactions formed 
between the self-assembled nanoparticles and the drugs enhanced drug loading 
capacity and in vivo stability, and drug-loaded nanoparticles successfully suppressed 
tumor growth without inducing significant toxicity. In addition, synthesis of functional 
polycarbonates as effective antimicrobials against multidrug-resistant pathogenic 
microbes in vitro and in vivo will also be discussed. 

 



POLY 128: General approach to sequence-controlled polymers using macrocyclic 
ROMP 

Will R. Gutekunst, willgute@ucsb.edu, Craig J. Hawker. Univ of California, Santa 
Barbara, California, United States  

Biological polymers, such as proteins and DNA, readily demonstrate how a defined 
polymer sequence can lead to exquisite function in terms of catalysis, molecular 
recognition and data storage. Likewise, control of primary structure has far reaching 
implications for the future of synthetic polymers, but methodologies for their preparation 
remain limited. In this presentation, a new and general strategy for the synthesis of 
sequence-defined polymers is detailed that employs relay metathesis to promote the 
ring opening polymerization of unstrained macrocyclic structures. The short, scalable 
and practical synthesis of a small molecule “polymerization trigger” allows for facile 
sequence incorporation and enables the controlled, unidirectional polymerization of the 
macrocyclic monomers. Using this system, a diverse range of functionality can be 
incorporated into the polymer backbone with high levels of control over molecular 
weight and molecular weight distribution. 

 
 
  



POLY 129: Synthesis of polypeptides through atom efficient ring-opening 
polymerization of N-carboxyanhydrides 

Sumesh K. Raman1, sumesh.raman@chimie-paristech.fr, Emilie Brulé1,2, Mathieu J.-L. 
Tschan3, Christophe M. Thomas1. (1) Institut de Recherche de Chimie Paris (IRCP), 
Ecole Nationale Supérieure de Chimie de Paris (ENSCP), Paris, France (2) Sorbonne 
Universités, UPMC Universitè Paris 06, UFR926, F-75005, Paris, France (3) Institut 
Català d'Investigació Química (ICIQ), Tarragona, Spain  

Polypeptides are class of important biomaterials that are extensively utilized in 
applications such as drug delivery systems, sensors, tissue engineering, biomimetic 
synthesis of ordered inorganic nanostructures, and in catalysis. Polypeptides with 
controlled molecular mass and narrow polydispersity index values are efficiently 
prepared by the ring-opening polymerization of α-aminoacid-N-carboxyanhydride 
(NCAs) monomers [1]. Although large-scale polypeptides can be synthesized using this 
method, one of the main drawbacks of this approach is its low eco-efficiency due to the 
release of equimolar amount of CO2 during the course of polymerization. On the other 
hand, carbon dioxide is an ideal C1 synthetic feed stock for many organic reactions. 
The growing concern of the development of efficient catalytic processes for CO2 
transformation to useful products is also linked to its responsibility as a greenhouse gas 
[2]. This provides strong incentive to develop sustainable catalytic alternatives for the 
efficient utilization of carbon dioxide. Here we report a new strategy to obtain 
polypeptide materials. This is achieved by an atom-efficient, metal-catalyzed tandem 
catalysis, which confers great interest to our approach. Commercially and easily 
accessible salen-metal complexes (where salen is N,N-bis(3,5-di-tert-butylsalicylidene)-
1,2-diamino-cyclohexane) in combination with different quaternary ammonium or 
iminium salt cocatalysts are found to be efficient catalysts for NCA ring-opening 
polymerization followed by cycloaddition of the resulting CO2 with epoxides to form 
cyclic carbonates. Using this tandem-catalytic strategy, an operationally simple atom-
efficient method to produce two industrially relevant derivatives are presented [3]. 
 
[1] H. R. Kricheldorf, Angew. Chem. Int. Ed., 2006, 45, 5752-5784; T. J. Deming, 
Nature, 1997, 386-389. 
[2] T. Sakakura, J-C. Choi, and H. Yasuda, Chem. Rev., 2007, 107, 2365-2387. 
[3] A. Decortes, A. M. Castilla, A. W. Kleij, Angew. Chem. Int. Ed., 2010, 49, 2–18. 
Acknowledgment: L'Agence Nationale de la Recherche (ANR) 

 



POLY 130: Water soluble, biodegadable amphiphilic polymeric nanoparticles by 
ROP and the molecular environment for hydrophobic encpsulants: Consistency 
between simulation and experiment 

Robert D. Miller1, rdmiller@us.ibm.com, Rosmadi Yusoff3, William C. Swope2, Julia E. 
Rice4, Amanda Parker5, Amber Carr8, Joseph Sly1, Eric Appel7, Timothy Nguyen6, 
Victoria Piunova1. (1) IBM Almaden Res Ctr K17F, San Jose, California, United States 
(2) IBM Almaden Rsch Ctr, San Jose, California, United States (3) Faculty of Pharmacy, 
UiTM Puncak Alam Campus, Selangor, Malaysia (4) IBM Almaden Research center, an 
Jose, California, United States (5) University of British Columbia, Vancouver, British 
Columbia, Canada (6) Gilead Inc, Foster City, California, United States (7) MIT, 
Cambridge, Massachusetts, United States (8) Columbia University, New York, New 
York, United States  

Biodegradable nanoparticles, particularly those that are amphiphilic and are either 
soluble or dispersible in water are interesting vehicles for encapsulation and delivery of 
therapeutics. We have developed a bottom up route to such materials utilizing organic 
catalyzed ring opening polymerization and an arm first protocol. These polyester 
derivatives can be rendered amphiphilic by using either macroinitiators or by sequential 
polymerization from a functionalized core. In each case, nanogel polymers stars are 
generated in one step from linear polyesters produced initially by organic catalyzed ring 
opening polymerization. We have studied the encapsulation of hydrophobic 
environmental probes and find that the environment around the cargo is quite polar. 
Experimental studies are consistent with simulations which suggest that the inner 
hydrophobic portion of the star collapses in water to produce a dense glassy core and 
the cargo is localized at the hydrophobic-hydrophilic interface. This has implications for 
hydrophobic drug loading that will be discussed. 

 
 



POLY 131: Synthesis of biodegradable polyesters by ring opening polymerization 
of functional lactide monomers to facilitate facile attachment of biomolecules 

Pranav Kalelkar, pkalelkar3@gatech.edu, David M. Collard. Chemistry and 
biochemistry, Georgia Institute of Technology, Atlanta, Georgia, United States  

Poly(lactic acid) (PLA) is a biocompatible, biodegradable and bioresorbable polyester 
that can be processed to make porous scaffolds. These characteristics make PLA an 
attractive material for use in biomedical devices, medical implants and tissue 
engineering. However, the inability to attach biomolecules to the PLA backbone limits its 
application in these fields. To facilitate such attachment, we propose the synthesis of 
PLA with pendant azido and thiol functional groups. These side chains will allow for the 
attachment of biomolecules such as peptides and proteins using azide-alkyne “click” 
chemistry, thiol-ene and Michael addition reactions. Such biomolecule-modified PLA 
scaffolds can be used for bone tissue regeneration. We plan to explore and optimize the 
bone mineralization capacity of scaffolds fabricated from such biomolecule-modified 
PLAs. 

 



POLY 132: Synthesis and characterization of phosphonium-containing 
polyelectrolytes and investigation of their antibacterial activity 

Tarik Eren1, teren@yildiz.edu.tr, Ceren Suer1, Ceren Demir1, Tanil Kocagoz2, Nihan 
Aytekin Unubol2. (1) Chemistry, Yildiz Technical University, Istanbul, Turkey (2) Medical 
Microbiology, Acibadem University, Istanbul, Turkey  

Infectious disease is a critically important global healthcare issue. The rate of bacterial 
resistance, to even most powerful antibiotics, is increasing at an alarming rate. For 
example, two million nosocomial infections occur in hospitals in the United States 
annually and add 5 billion dollars to healthcare costs. Pathogenic bacteria can easily 
deposit on the common objects such as door knobs, linen, public telephones, children’s 
toys as well. When these surfaces are touched by infected people, then bacterial 
infections can be transferred. This is one of the primary pathways for the acquisition of 
nocosomial infectious pathogens. These ordinary materials are not antibacterial and 
they require modification. Increased effort has focused on materials that limit bacteria 
colonization, in other words, biofilm formation, on their surfaces in an effort to prevent 
the growth of bacteria and the transmission of infectious organisms. The amphiphilic 
structure of synthetic polymers disrupt cell membranes, causing breakdown of the 
transmembrane potential, leakage of cytoplasmic contents, and ultimately cell of death. 
Polymeric antibacterial agents represent new developing direction in this field and offer 
great promise for enhancing activity and selectivity. In this study, we investigated and 
applied “well-defined” polymerization systems. Mainly ROMP based polymerization was 
studied, after synthesizing phosphonium based norbornene monomers Grubbs’catalyst 
was used for metathesis polymerization. Molecular weight of these polymers were 
assigned by GPC and NMR techniques. Cationic charge density of polymer coated 
glasses were measured with colorimetric method based on fluorescent complexation 
and UV-Vis spectroscopy. Antimicrobial properties of the polymers were investigated in 
solution and on the glass coated surface. Structure-activity relationship of the 
synthesized polymers has been investigated with cell data, bacteria Staphylococcus 
aureus (ATCC 25923), Escherichia coli (ATCC 25922), Pseudomonas aeruginosa 
(ATCC 27853) and Mycobacterium tuberculosis (H37Ra). 

 



POLY 133: Carbene catalysed ring opening polymerization of trimethylene 
carbonate 

Annika Reitz, areitz@mail.uni-paderborn.de, Rene Wilhelm, Dirk Kuckling. University of 
Paderborn, Paderborn, NRW, Germany  

Aliphatic polycarbonates are a promising class of biodegradable polymers. They are 
slightly more stable than the well known poly(lactide acid) but still biodegradable in a 
reasonable span of time and therefore a good choice for stents, drug delivery systems 
or similar applications. Since the homopolymer of trimethylene carbonate(TMC), which 
can be prepared by ring opening polymerization, shows a very low glass temperature 
copolymerization should be used to improve the mechanical properties and multiply the 
uses of polytrimethylene carbonate. In order to prepare block copolymers of PTMC ring 
opening polymerization can be combined with other polymerization techniques like 
reversible addition fragmentation chain transfer polymerization. 
 
Ring opening polymerization is an efficient method for the synthesis of polyesters and 
polycarbonates. A variety of catalyst both metal-based and organic nature are known. A 
class of metall-free catalysts, owing adjustable properties according to structure and 
substituent's, are carbenes. Unfortunately their moisture and air sensibility are major 
drawbacks. The use of adducts, especially those of CO2, is a major improvement, as 
they are air stable and easy to handle. The active catalyst is released in situ. Carbenes, 
differing in ring size or substituent's are tested for their effect on the polymerization of 
trimethylene carbonate. Different carbenes(1-6) like dimesityltetrahydro-1H-
diazepiniumcarboxylate, dimesityltetrahydropyrimidiniumcarboxylate, 
dimesitylimidazolidiniumcarboxylate, dimethylimidazoliumcarboxylate, 1-butyl-3-
methylimidazoliumcarboxylate and dimesitylimidazoliumcarboxylate will be compared. 
 
Characterization is done by NMR, ESI-mass spectrometry coupled to ion mobility 
separation (IMS) and SEC to determine molecular weight, polydispersity and end 
groups. Especially the ESI-MS combined with IMS, where molecules are separated by 
size and form before they are analyzed by mass spectrometry, allows detailed analysis 
of end groups and repeat units. This is of particular interest for future copolymerization. 

 
 



POLY 134: Enhancing the properties of recycled polypropylene: Upgrading rPP 
for more demanding applications 

Jason D. Sprinkle, Joseph J. Peterson, Scott R. Trenor, scott.trenor@milliken.com. 
Milliken Chemical, Spartanburg, South Carolina, United States  

By combining science with design and insights, Milliken tackles the issues and concerns 
of today. Every day, our community of innovators is invigorated by the challenge of 
finding creative ways to enhance people's lives and make the world around us easier, 
safer, more sustainable and more beautiful. Since our first published recycling policy in 
1900, we’ve been finding innovative and environmentally friendly ways to increase the 
use of materials and diverting them from landfills. Our interest in this area is now being 
developed for external use as additives that increase the performance of recycled 
polypropylene. 

 
 
  



POLY 135: Industrial innovation in case of flame retardant thermoplastic 
polyurethane 

Guenter Scholz1, guenter.scholz@basf.com, Oliver Henze1, Oliver Muehren2. (1) TPU 
Product Development, BASF group, Lemfoerde, Germany (2) Industrial Sales TPU, 
BASF group, Lemfoerde, Germany  

Industrial innovation starts mainly with a customer need which has been fulfilled at the 
end of the process. The BASF Group has a global consistent innovation chain process 
which will be presented by taking the example of halogene free flame retardant 
thermoplastic polyurethane (TPU). The process is devided into different steps of 
milestones and gate decisions where the customer representative members are 
continuously involved. The more the product development is close to the property 
requirement the more the customer joins to the activities. TPU is a speciality in the 
plastic world and it gives the opportunity to customize the material what is necessary to 
come to successful innovation. It will be seen how the different procedures change the 
more the interaction of market needs penetrate into the product development and that in 
the chemistry world every step in the innovation chain cannot be seperated from each 
other. Meanwhile several grades of these flame retardant TPU grades are in use mainly 
for cable jacketing. 

 
 

 



POLY 136: Alternative light diffusion materials for LED lighting 

Jason Ge, jasonge1@yahoo.com, Florence Mehlmann, Michael T. Burchill, Gunter E. 
Moeller. Arkema, King of Prussia, Pennsylvania, United States  

The unique needs of the LED lighting industry have presented a large opportunity to 
develop and commercialize new light management resins. The Mie theory of light 
scattering offers an approach towards obtaining exact values of the extinction, 
scattering and absorption efficiency factors of homogeneous spherical particles at 
arbitrary size and refractive index. For elastic light scattering, Rayleigh expression is 
more suitable for small particles while van de Hulst approximations are better for large 
spheres with a relative refractive index close to one. This work describes a methodology 
for the selection and optimization of diffusion particles in a given polymer matrix. 
Proper design of the material used for a diffusion lens is critical for the suppression of 
“hot spots” created from LED illuminated diffusion samples in LED lighting. To validate 
material performance, a CCD spectrophotometer is used to accurately measure 2D/3D 
optical luminance Lv (brightness), luminance distribution, chromaticity distribution, 
dominant wavelength, and CCT from LED illuminated diffusion samples for LED lighting 
applications. 

 
 



POLY 137: Inter-polymer complex hydrogels formed by thermal and/or pH 
triggered gelation 

Philip Sullivan, psullivan@slb.com, Jazmin Godoy, Brent Busby. Schlumberger, Sugar 
Land, Texas, United States  

Well treatment operations often employ settable polymeric gels to seal downhole 
fissures while drilling or to impede water ingress during well production. Many of these 
gel chemistries consist of polyacrylamide co-polymers crosslinked with transition metal 
ions such as chromium (III), titanium (IV) or zirconium. The crosslinking process is 
attributed to complexation between metal ions and carboxylate groups from hydrolyzed 
amide groups on the polymer. To allow delivery from surface, gels are initially pumped 
as polymer solutions with delayed crosslinking achieved by competing ligands. Once 
gelled, the polymeric materials create elastic, semi-rigid structures with moduli in excess 
of 100 Pa. Final gel properties can be adjusted by changes in polymer molecular 
weight, as well as concentrations of polymer and crosslinker [1]. 
 
Although these metal crosslinked gels create adequate sealing structures in laboratory 
conditions, downhole success can be compromised by poor control over gel set-time 
and high sensitivity to reservoir brines and hydrocarbons prior to crosslinking. Also, 
some metal crosslinking chemistries are not desired in offshore applications. These 
limitations motivate a continued interest in delayed gels with more control over gelation 
kinetics, more tolerance to contamination, and access to enhanced rheology or 
adhesion. 
 
In this work we present the synthesis and characterization of elastic and adhesive 
hydrogels obtained from mixtures of partially-hydrolized polyacrylamide (PHPA) and 
polyvinylpyrrolidone (PVP). Gelation can be induced by increasing either the pH or the 
temperature of the polymer mixture. The influence of the pH and temperature on the 
kinetics of set and the rheological properties of the gel are discussed. Comparative 
experiments suggest that a transamidation process between ring-opened PVP and the 
amide groups in PHPA contributes to the gel formation. 
 
1. Burrafato, G., et al., Evidence for molecular Cr3+ cross-links in Cr3+/polyacrylamide 
gels. Macromolecules, 1990. 23(8): p. 2402- 2406. 

 



POLY 138: Innovation in medical adhesives 

Kiu-Yuen Tse, tseky@yahoo.com. Corporate Research Materials Laboratory, 3M, St 
Paul, Minnesota, United States  

Medical tapes and dressings are commonly used in hospitals to cover wounds and 
secure dressings or devices on patients’ skin. Repeated application and removal of 
medical adhesives may result in trauma to skin causing severe patient discomfort as 
well as expensive interventions. In this talk I will discuss about a new medical adhesive 
tape product – Kind Removal Silicone Tape or Nexcare Sensitive Skin Tape – that was 
designed to be gentle to sensitive skin without sacrificing securement of dressings or 
light tubing. I will first introduce the basic science behind pressure-sensitive adhesives 
(PSA) and skin adhesion. The rheological characteristics of this unique adhesive 
system will be described in addition to a discussion on the methodology of how 
gentleness is quantified with clinical research. 

 
 
  



POLY 139: Polymeric excipients for AccurinsTM: Design and development of 
polymers that enable targeted nanoparticle based cancer therapy 

Mir M. Ali, mukkaram@gmail.com. Polymer Chemistry, BIND Therapeutics Inc.,, 
Woburn, Massachusetts, United States  

AccurinsTM, BIND's targeted and programmable therapeutics are designed to target 
specific cells or tissues and concentrate a therapeutic payload at the site of disease to 
enhance efficacy while minimizing adverse effects on healthy tissues. While polymeric 
excipients are widely employed in the pharmaceutical industry particularly as 
components of implants and oral drug delivery systems, only a limited number of 
synthetic polymer-based parenteral formulations are currently in clinical development or 
on the market. As such, manufacture of excipients that enable novel parenterally 
administered nanoparticle therapeutics presents particular pharmaceutical development 
and regulatory challenges. 
Development activities enabling GMP manufacture of an end functional diblock 
copolymer for therapeutic nanoparticles targeted to solid tumors will be discussed. 
Strategies for scale-up and production of pharmaceutical grade novel polymeric 
excipients, including purification of intermediates, process development and scale up, 
and techniques for performance assessment will be presented. Additionally, methods 
enabling pre-clinical in vivo bio-distribution of parenteral nanoparticle formulations using 
labeled polymers will be presented. 

 
 
  



POLY 140: Effect of low initiator concentration on RAFT emulsion polymerization 
of styrene 

Kun Yan, 11128045@zju.edu.cn, Yingwu Luo, Xiang Gao. Zhejiang University, 
Hangzhou, Zhejiang, China  

Reversible addition fragmentation chain transfer (RAFT) polymerization has received 
tremendous attention over the past two decades for providing an efficient approach to 
synthesize polymers with precisely controlled molecular weights, low dispersities, 
designed composition and functionality. When targeting at high livingness and high 
molecular weight product, the initiator concentration should be reduced very low in 
RAFT polymerization to suppress the formation of dead chains via irreversible radial 
termination, which could result in unacceptable long reaction time depending on the 
polymerization degree. Employ of the compartmentalization effect in emulsion 
polymerization should be able to solve this problem. But the previous studies were 
usually limited to considerably high initiator concentrations, typically at 
[initiator]/[RAFT]=1:5. The kinetics and controlling features of RAFT emulsion 
polymerizations under low initiator concentration are still unknown. Expediting the 
fundamental understandings of the low initiator effect on RAFT emulsion polymerization 
is very crucial to help design a new synthetic strategy to achieve high livingness and 
high molecular weight polymer. 
 
During the related investigation, the polydispersities of molecular weight distribution 
(PDIMW) and particle size distribution (PDIPS) were found to be strongly correlated and 
dramatically increased as the initiator concentrations were reduced substantially (both 
ab initio and seeded cases) [Figure 1], which is intriguing since the controlling 
mechanisms of PDIMW and PDIPS are totally different. We propose the mechanism 
underlying is the particle activation/deactivation process between particles with and 
without a radical [Scheme 1], similar to RAFT reactions between propagating radicals 
and polymeric dormant chains in homogeneous RAFT polymerization. The slow particle 
activation/deactivation process under very low initiator concentration leads to the 
inhomogeneous growth of particles and the polymeric chains inside, causing the 
significant increase of PDIMW and PDIPS. 

 



POLY 141: Size and shape changes of polymer aggregates and monomer droplets 
during air-immune polymerization under an optical microscope 

Jan K. Szymanski1, jszymanski@fas.harvard.edu, Juan Perez-Mercader1,2. (1) Harvard 
University, Cambridge, Massachusetts, United States (2) Santa Fe Institute, Santa Fe, 
New Mexico, United States  

Living-controlled radical polymerization protocols have revolutionized polymer science 
in the past twenty years. Among the recent developments, the light-controlled and 
oxygen-tolerant implementations have opened novel possibilities for monitoring the 
processes of this type. 
 
We report our observations of structures that form, at intermediate conversions, during 
light-controlled RAFT dispersion polymerization of 2-hydroxypropyl methacrylate in 
water. This particular protocol is reported to be tolerant to oxygen. Photocontrol is 
achieved through a tris(2,2'-bipyridine)ruthenium(II) ([Ru(bpy)3]

2+) photoinitiator and the 
dithiobenzoate chain transfer agent used is functionalized with a hydrophilic 
poly(ethylene glycol) moiety. The resulting polymer is mildly amphiphilic and a relatively 
short length of the hydrophilic PEG block leads to some degree of phase separation and 
subsequent aggregate formation, as opposed to nanostructure self-assembly reported 
in the literature for longer hydrophilic stabilizer blocks. 
 
We use fluorescence microscopy to monitor the distribution of the fluorescent 
ruthenium(II) species in the samples. Under these conditions, the aggregates are clearly 
visible as they are rich in the photoinitiatior. This enables observation of the shape 
changes that take place in response to blue light and that are conspicuously absent 
when only diffuse transmitted illumination is used. We observe budding of vesicular 
structures from already formed polymer aggregates and shape changes in phase-
separated monomer droplets. Correlated with fluorescence intensity in the sample and 
with confocal Raman microscopy measurements, these changes offer an opportunity to 
spatially monitor the processes dominant at different stages of the polymerization 
process. 

 
 



POLY 142: Synthesis and characterization of amino acid-based poly(ester urea)s 
with different diol chain length and different branch density 

Jiayi Yu, jy30@zips.uakron.edu, Matthew Becker. University of Akron, Akron, Ohio, 
United States  

A new class of amino acid-based poly(ester urea)s (PEU) was developed that possess 
tunable mechanical properties, water uptake ability and degradation rates. Our 
preliminary data has shown that 1,6-hexanediol L-phenylalanine-based PEUs 
possesses an elastic modulus nearly double that of poly(lactic acid) (PLA). My work 
details the synthesis of a series of amino acid-based PEUs possessing a variation in 
diol chain length and in branch density and shows how these subtle structural 
differences influence the mechanical properties and in vitro biodegradation rates. The 
elastic moduli span a range of values that overlap with several currently clinically 
available degradable polymers. Increasingly the diol chain lengths increases the amount 
of flexible segment in the chemical structure, which results in reduced elastic modulus 
values and increased values of elongation at break. Increasing the amount of branch 
monomer incorporated into the system reduces the molecular entanglement, which also 
results in decreased elastic modulus values and increased values of elongation at 
break. In addition, these amino acid-based PEUs exhibit a diol length dependent and 
branch density dependent water uptake ability and degradation process that varied 
between 1-5% over 16 weeks. Compared with PLLA, PEUs degrade more quickly and 
the rate can be tuned by changing the diol chain length and the branch density. 

 
 



POLY 143: Green(er) routes toward the synthesis, functionalization, and use of 
polymers 

Christopher E. Hobbs, christopher.hobbs@tamuk.edu. Texas A&M University 
Kingsville, Corpus Christi, Texas, United States  

This talk will describe current efforts geared toward the development and use of 
Green(er) strategies for polymer preparation as well as pre-and post polymerization 
functionalization reactions. This idea can be applied toward (i) the use of polymers as 
supports for reagents/catalysts, (ii) the use of metal-free "click"-type reactions for the 
construction of new monomers, (iii) linear polymers or (iv) dendrimers. 

 
 
  



POLY 144: Synthesis of a series of naphthalene-bisimide based polymers by 
direct arylation 

Kazuhiro Nakabayashi, nakabayashi.k@yz.yamagata-u.ac.jp. Yamagata University, 
Yonezawa, Japan  

A cross-coupling reaction between dihaloarylene monomers and unsubstituted arylene 
monomers in the presence of a palladium catalyst, the so-called palladium-catalyzed 
direct arylation, has been paid numerous attention for an environmentally-friendly, 
efficient, and low-cost method for the synthesis of conjugated polymers compared to 
conventional cross-coupling reaction, such as the Stille coupling reaction and Suzuki 
coupling reaction. In recent years, the synthesis of conjugated donor polymers by direct 
arylation has been widely reported; in contrast to synthesis of conjugated donor 
polymers, the synthesis of conjugated acceptor polymers by direct arylation is less 
developed. In 2012, Horie and co-workers reported the direct arylation synthesis of a 
naphthalene bisimide (NBI)-based acceptor polymer, a potential acceptor polymer for 
organic photovoltaics and organic field-effect transistors; however, the molecular weight 
of the obtained NBI-based acceptor polymer was extremely low (Mn ~ 2000). Such a 
low molecular weight does not meet the requirements for the device applications, which 
may cause the low stability and low performance of devices. Thereofore, the 
development of conjugated acceptor polymers with high molecular weights by direct 
arylation remains a big challenge. 
Herein, we found the efficient direct arylation methodology for the synthesis of a series 
of NBI-based acceptor polymers using newly designed thiophene-extended NBI 
monomers, which yielded desired polymers with high molecular weights (Mn = 
10000~30000) under the optimal direct arylation conditions. These results demonstrated 
that direct arylation had a huge potential as facile and low-cost synthesis of conjugated 
acceptor polymers. 

 



 

POLY 145: Stereo- and regioregular ring opening metathesis polymerization and 
cyclopolymerization of cyclic olefins and diynes containing protic functional 
groups by functional group-tolerant Mo- and W-based metathesis catalysts 

Michael Buchmeiser, michael.buchmeiser@ipoc.uni-stuttgart.de, Roman Schowner, 
Suman Sen. Univ of Stuttgart, Stuttgart, Germany  

N-heterocyclic carbene complexes of Schrock’s molybdenum imido alkylidene bis-
triflates are highly active initiators for various olefin metathesis reactions [1]. Single 
crystal x-ray structures of some representatives of this novel class of Schrock catalysts 
are presented and reactivity is discussed in view of their structural peculiarities. In the 
presence of monomer, the novel initiators form cationic species (Scheme 1) and can be 
employed in ROMP as well as in the cyclopolymerization of 1,6-heptadiynes and 1,7-
octadiynes. In both types of polymerization, high stereo- and regioselectivity is observed 
allowing for the synthesis of highly tactic polymers. Most important, monomers 
containing functional groups, which are not tolerated by the existing variations of 
Schrock’s catalyst, e.g., sec-amine, hydroxyl, aldehyde and carboxylic acid moieties, 
can be used. The novel catalysts therefore hold great promise in both organic and 
polymer chemistry, where they allow for the synthesis of highly stereoregular functional 
polyolefins. 
[1] S. Sen, J. Unold, W. Frey, M. R. Buchmeiser, Angew. Chem., 2014, 126, 9538; 
Angew. Chem. Int. Ed. 2014, 53, 9384. 

 
 



POLY 146: Hyperbranched-polydendrons: A new branched linear-dendritic hybrid 
polymer architecture 

Fiona Hatton1,2, Hannah Rogers1, Andrew Dwyer1, Pierre Chambon1, Steve Rannard1, 
srannard@liv.ac.uk. (1) Department of Chemistry, The University Of Liverpool, 
Liverpool, United Kingdom (2) KTH Royal Institute of Technology, Stockholm, Sweden  

The combination of linear and dendritic polymers has, for many years, been used to 
combine the benefits of ideal dendrimers with the ease of synthesis of linear 
polymerisation. Structures with pendant dendrons (dendronised polymers) and with 
dendron end groups (linear-dendritic hybrids) have been synthesised and studied for 
several years. Here, we demonstrate a new strategy that aims to initiate a branched 
vinyl copolymerisation with ideal dendron initiators, thereby allowing statistical 
branching between chains in a single, concerted synthesis whilst placing ideal dendrons 
at one end of each primary chain. This allows several dendrons to be conjoined through 
the branching of the linear polymers and the formation of very high molecular weights. 
Within this report, the progress to date within hyperbranched-polydendron synthesis will 
be presented. This will include the introduction of amphiphilic complex architectures and 
the formation of uniform nanoparticle structures. The control of synthetic parameters 
such as the chain length of the vinyl polymers, the functionality/generation of the 
dendron end groups and the impact of such changes on the interaction of the materials 
with biological substrates will also be discussed. 

 
 
  



POLY 147: Functional polymer particles prepared by "click" thiol-ene and thiol-
yne suspension polymerizations 

Olivia Z. Durham1, durhamoz@clarkson.edu, Devon A. Shipp2. (1) Chemistry, Clarkson 
University, Sterling, New York, United States (2) Chemisty Biomolecular Science, 
Clarkson University, Potsdam, New York, United States  

Thiol-ene and thiol-yne chemistry as a method of polymerization is well understood and 
follows a step-growth mechanism, where polymer growth is dependent on the coupling 
of functional groups. These reactions are considered ‘click’ reactions, which can be 
defined as a process both facile and simple that offers high yields, limited to no side 
products, easy product separation, and orthogonality with other chemistries. In addition, 
thiol-ene and thiol-yne chemistry offer the potential for the production of highly 
crosslinked functional materials with high conversions. This synthesis approach is in 
stark contrast to the radical polymerization of styrenic and acrylic monomers that exhibit 
a chain-growth mechanism. We demonstrate the successful synthesis of crosslinked 
polymer particles using thiol-ene and thiol-yne chemistry in a suspension 
polymerization. Here we examine the impact of various parameters on the development 
of thiol-ene and thiol-yne polymer particles and also demonstrate the ability to create 
fluorescent polymer particles using an in situ thiol-ene polymerization reaction with a 
vinyl chromophore. The development of ‘clickable’ and functional thiol-ene/yne polymer 
particles offers an expedient means to synthesize versatile materials for a variety of 
potential applications, including paints and coatings, cosmetics, diagnostics, and drug 
delivery. 

 



POLY 148: Water free emulsion polymerization of co-polyacrylamides 

Zun Chen2, zc4xf@mail.mst.edu, Thomas P. Schuman1, Baojun Bai3. (1) Chemistry, 
Missouri University of Science Technology, Rolla, Missouri, United States (2) 
Chemistry, Missouri University of Science and Technology, Rolla, Missouri, United 
States (3) Petroleum Engineering, Missouri U. of Science and Technology, Rolla, 
Missouri, United States  

 
A water-free, free radical emulsion polymerization technique was developed to prepare 
hydrophobically associative copolymers of acrylamide (PAM). The method is a 
potentially novel approach to easily introduce hydrophobic co-monomer groups into 
hydrophilic PAM chains. The effects of different kinds of surfactants in stabilizing the 
emulsion system and the relationship between the amount of monomer and the 
surfactant were investigated. During this study, a “surfmer” was synthesized and 
employed in the oil-in-oil system as polymerizable surfactant in addition to acting as a 
hydrophobic co-monomer. PAMs modified with different quantities of hydrophobic group 
(HAPAM) were synthesized. Products were readily isolated as dry powders. Several 
advantages of the methodology included enhanced monomer concentration during 
polymerization so that the reaction rate was increased; the products were solid micro 
spheres that were readily separated from the solution; in comparison to traditional 
inverse emulsion polymerizations, the monomer in oil system employed less surfactant 
and the recovered solvent recycled; and, the amount of hydrophobic monomer in the 
copolymer was less limited compared to current aqueous HAPAM synthesis methods, 
which suffer poor reaction homogeneity. 

 
 
 
 
  



POLY 149: Accelerated synthesis of end-functional polymers and oligomers via 
microwave heated catalytic chain transfer polymerization using cobalt and iron 
catalysts 

Amy Stimpson1, enxas21@nottingham.ac.uk, Kevin Adlington1, Abby R. Whittington2, 
Aaron Goldstein2, Derek J. Irvine1. (1) Chemical and Environmental Engineering, 
University of Nottingham, Nottingham, Nottinghamshire, United Kingdom (2) 
Department of Chemical Engineering and School of Biomedical Engineering and 
Sciences, Virginia Tech, Blacksburg, Virginia, United States  

Polymers/oligomers designed to contain an end-group capable of conducting secondary 
interactions, often out-perform conventional materials in applications requiring high 
levels of interfacial pacification/adhesion. This is because the end-group can perform a 
post-application transformation to strengthen the interaction with the surface. 
Consequently, there is a significant need to develop facile synthesis routes to such end-
functional polymers/oligomers. Catalytic Chain Transfer (CCT) is a free radical 
polymerization (FRP) which utilizes catalytically active chain transfer agents (CTA) to 
control molecular weight and introduce a reactive vinyl end group in the same cycle. 
Additionally, this supports the increased focus on routes which exhibit increased 
sustainability, i.e. CCT requires only ppm levels of CTA. 
This paper reports work to increase the sustainability of synthesizing target end-
functionalized acrylate polymers via the use of the specific combination of microwave 
heating/excitation (MWH) and CTAs which are more sustainable than the benchmark 
cobalt centered CCT catalysts because they; (a) are based on a highly abundant metal 
(iron) and (b) exhibit greater activity with acrylates so lower CTA loadings are required. 
The synthesis of a range of Fe CTAs is detailed, as is a comparison of their 
performance with a range of monomers types. In the specific case of the target acrylate 
monomers, when CCTP was conducted using these Fe CTAs and conventional heating, 
the polymerization was found to be severely inhibited such that little/no yield of polymer 
was achieved. By adopting MWH, previously reported to promote FRP propagation over 
termination, it is demonstrated the inhibition can be overcome to deliver near 
quantitative yields of polymers with controlled molecular weight and a vinyl end-group. 
This demonstrates both improved CCTP with acrylates and supports the proposal that 
MWH can increase the rate of propagation by selective, volumetric heating of the free 
radical. 

 



POLY 150: Living anionic polymerization of diphenylphosphino styrene for high 
temperature thermoplastic elastomers 

Alison Schultz1,2, Alie425@vt.edu, Mingtao Chen1,2, Chainika Jangu1,2, Timothy E. 
Long1,2. (1) Chemistry, Virginia Tech, Blacksburg, Virginia, United States (2) 
Macromolecules and Interfaces Institute, Virginia Tech, Blacksburg, Virginia, United 
States  

Charged block copolymers receive continued attention for the production of thermally 
stable compositions with tunable physical and mechanical properties. These 
characteristics play a major role in electro-active membrane technologies ranging from 
electromechanical actuators and gas separation membranes to ion exchange 
membranes. Although many of these technologies involve conventional or controlled 
free radical strategies, anionic polymerization remains a commercially viable process for 
producing block copolymers. This lecture will introduce for the first time the controlled 
living anionic polymerization of diphenyl phosphino stryene. This synthetic strategy 
offers an efficient route for producing novel phosphine- containing macromolecules with 
well-defined structures and low degrees of compositional heterogeneity. We employ in 
situ FTIR spectroscopy to monitor the anionic polymerization and invoke pseudo-first-
order kinetics to determine observed rate constants for propagation. Subsequent 
alkylation with bromoalkanes additionally produces novel phosphonium- containing 
block copolymers, which exhibit high charge functionality and high thermal stability. 
Incorporated into block copolymers containing styrenic and diene components, these 
novel piperidinium and phosphonium polymers exhibit tunable electro-active properties 
to expand their commercial potential. 

 



POLY 151: Solution polymerization method for polybenzimidazoles 

Kayley Fishel, fishel@email.sc.edu, Alexander Gulledge, Jason Hoffman, Warren 
Steckle, Brian Benicewicz. Chemistry and Biochemistry, University of South Carolina, 
West Columbia, South Carolina, United States  

Polybenzimidazoles (PBI) are an important class of heterocyclic polymers that 
demonstrate high thermal and oxidative stabilities. The two dominant polymerization 
methods used for the synthesis of PBI are the melt/solid polymerization route and 
solution polymerization using polyphosphoric acid. Both methods have been used 
widely to produce high-molecular weight PBI, but also highlight the obvious absence of 
a practical organic solution based method of polymerization. The current work explores 
the synthesis of high-molecular weight meta-PBI in N,N-dimethyl acetamide (DMAc). 
Model compound studies initially examined the reactivity of monomers that could be 
used to produce benzimidazole in high yield with minimal side reactions. 1H-NMR and 
FTIR studies indicated that benzimidazoles could be efficiently synthesized in DMAc by 
reaction of an o-diamine and the bisulfite adduct of an aromatic aldehyde. 
Polymerizations were conducted at various polymer concentrations (5-26 weight 
percent polymer) using difunctional monomers to optimize reaction conditions in DMAc 
which resulted in the preparation of high-molecular weight meta-PBI (IV>0.9 dL/g). TGA 
and DSC confirmed that meta-PBI produced via this route has comparable properties to 
that of commercial meta-PBI. This method is advantageous in that it not only allows for 
high-polymer concentrations of meta-PBI to be synthesized directly and efficiently, but 
can be applied to the synthesis of many PBI derivatives. 

 
 
  



POLY 152: New methods for controlling polymer sequence and stereochemistry 

Geoffrey W. Coates, gc39@cornell.edu. Cornell Univ, Ithaca, New York, United States  

In this presentation, the discovery, development and application of new methods for 
polymer synthesis will be presented, focusing on the control of polymer sequence and 
stereochemistry. 

 
 
  



POLY 153: Glycopolymers for stabilization of therapeutic proteins 

Heather D. Maynard, maynard@chem.ucla.edu, Emma Pelegri-O'Day, Yang Liu, 
Jeong Hoon Ko, Juneyoung Lee. UCLA, Los Angeles, California, United States  

Biopharmaceutical products are a rapidly growing subsection of the pharmaceutical 
industry, accounting for more than $163 billion in 2012. However, biologics such as 
proteins often exhibit specific challenges in transport and delivery, suffering from 
instability toward environmental stressors as well as proteolytic degradation and rapid 
clearance by the body. We have developed glycopolymers containing the naturally 
occurring disaccharide trehalose. When covalently linked to proteins or added as an 
excipient, these glycopolymers increase protein stability against a variety of 
environmental stressors, including heat, desiccation, and electron radiation. Other 
desirable properties in the rational design of protein-polymer conjugates are an increase 
in conjugate biocirculation time and in vivo degradability to prevent long-term 
toxicological effects. Synthesis of glycopolymers with these properties and their 
application toward therapeutic proteins will be discussed. 

 
 
  



POLY 154: Precision functional polymers by precision polymerizations: A bridge 
from polymer chemistry to polymer physics 

Mitsuo Sawamoto, sawamoto@star.polym.kyoto-u.ac.jp. Department of Polymer 
Chemistry, Kyoto University, Kyoto, Japan  

This lecture will highlight the recent development of precision polymerizations and 
precision well-defined functional polymers thereby. A focus will be the possible two-way 
interaction between precision polymer synthesis to polymer physics and polymer 
materials science, as beautifully implemented by Professor Timothy Lodge. The topics 
to be covered include: (a) Lewis acid-catalyzed living cationic polymerization and 
transition metal-catalyzed living radical polymerization, both of which the author's group 
has developed; (b) design and development of catalysts, active, versatile, and 
sustainable; (c) precision synthesis of designed functional polymers, particularly well-
defined and functionalized block and star polymers; and (d) strategy and synthesis of 
sequence-controlled macromolecules for the future. 

 
 
  



POLY 155: Thermoplastic elastomers with semicrystalline, glassy, and rubbery 
blocks 

Adam Burns, William Mulhearn, Richard A. Register, register@princeton.edu. 
Chemical and Biological Engineering, Princeton University, Princeton, New Jersey, 
United States  

The prototypical thermoplastic elastomer is a triblock copolymer, wherein microphase 
separation of the glassy endblocks into discrete domains imparts physical crosslinking 
to the rubbery midblock matrix. While such materials can have excellent physical 
properties, they can be difficult to process (due to their microphase-separated melts), 
and generally have poor solvent resistance (as all blocks are amorphous). Simply 
replacing the glassy endblocks with semicrystalline ones can create a material with an 
easily-processed single-phase melt, and can also impart room-temperature insolubility; 
however, the plate-like endblock crystallites raise the modulus, have a relatively low 
yield strength, and typically permit excessive unrecoverable deformation (“permanent 
set”). To capture the best features of both material classes, we insert a short glassy 
block between each crystalline endblock and the rubbery midblock, creating a 
pentablock. By judicious choices of the block chemistries and lengths, a single-phase 
melt can be achieved. We have implemented this approach in both ring-opening 
metathesis polymerization (ROMP), where the crystalline block is hydrogenated 
polynorbornene (high crystallinity) and the glassy block is hydrogenated 
polymethyltetracyclododecene, and in anionic polymerization, where the crystalline 
block is hydrogenated polybutadiene (a low-crystallinity polyethylene) and the glassy 
block is polyvinylcyclohexane. When the endblocks have high crystallinity, the influence 
of the glassy block is dramatic, lowering the elastomer’s modulus and greatly reducing 
the permanent set. With lower-crystallinity endblocks, the glassy block’s influence is 
less significant, in part because the connectivity of the crystalline domains is already 
limited; the tensile strength is moderately enhanced. Higher-crystallinity polyethylene 
blocks may be achieved via ROMP of cyclopentene, which we are currently combining 
with various glassy blocks, elucidating the thermodynamics of block mixing to ensure 
melt miscibility, one of the necessary “design rules”. 

 



POLY 156: Synthesis, morphology, and ion transport properties of block 
copolymer electrolytes 

Moon Jeong Park, moonpark@postech.ac.kr. Chemistry, Pohang University of Science 
and Technology, Pohang, Korea (the Republic of)  

The global energy crisis and an increase in environmental pollution in the recent years 
have drawn the attention of the scientific community to develop innovative ways to 
improve energy storage and find more efficient methods of transporting the energy. 
Polymers containing charged species have the potential to serve as electrolytes in next-
generation energy systems and achieving high ionic conductivities from these 
electrolytes is the key to improving the device efficiency. Although the synthesis and 
characterization of a wide variety of polymer electrolytes have been extensively 
reported over the last decade, quantitative understanding of the factors governing the 
ion transport properties of these materials is in its infancy. In this seminar, I will present 
the underpinning of key factors affecting the thermodynamics, morphologies and ion 
transport in polymer electrolytes by focusing on the use of block copolymers and ionic 
liquids (ILs). Various strategies for accessing improved ionic conductivity and high 
cation transference number from IL-containing block copolymers are elucidated. The 
major accomplishment of obtaining well-defined nanoscale morphologies for these IL-
containing block copolymers is particularly emphasized as a novel means of controlling 
the transport properties. The applications of IL-containing block copolymers in high 
temperature fuel cells, lithium batteries, and electro-active actuators are also enclosed. 

 
 



POLY 157: Remarkable role of molecular architecture in chain exchange in block 
copolymer micelles 

Frank S. Bates1, bates@cems.umn.edu, Jie Lu1, Timothy P. Lodge2. (1) Univ of 
Minnesota, Minneapolis, Minnesota, United States (2) Dept Chem Koltoff Smith Halls, 
University of Minnesota, Minneapolis, Minnesota, United States  

Molecular exchange mediates access to equilibrium structures in most self-assembled 
soft materials. Recently, time-resolved small-angle neutron scattering (TR-SANS) 
experiments on solutions of PS-PEP diblock copolymers in the saturated hydrocarbon 
squalane (C30H62), which form spherical micelles with a PS core surrounded by a PEP 
corona, revealed a strong core molecular weight dependence on the rate of chain 
exchange. This result has been explained based on a single chain mechanism, where 
expulsion of individual diblock copolymer molecules is controlled by the temperature 
dependent dynamics of the undiluted core PS blocks compounded by the 
thermodynamic penalty of ejecting a single core block into the thermodynamically 
unfavorable solvent. This presentation expands on this finding by examining the rate of 
molecular exchange for sphere forming PEP-PS-PEP and PS-PEP-PS triblock 
copolymers. Relatively monodisperse matched pairs of triblocks containing normal and 
deuterium labelled PS blocks where synthesized and dispersed separately in a mixture 
of normal and deuterated squalane designed to contrast match the micelle cores after 
full molecular exchange. The rate of block copolymer exchange was quantitatively 
determined by monitoring the decay in SANS intensity as a function of time at various 
temperatures. Simply inverting the molecular architecture leads to a dramatic variation 
in the exchange rate, with a difference in time constant spanning nine orders of 
magnitude in time, bracketing the diblocks results at comparable PS block molecular 
weights. These results generally support the proposed single core block mechanism but 
expose additional factors related to the role played by the corona blocks. 

 



POLY 158: New insights into the thermoreversible gelation of methylcellulose 

Timothy P. Lodge, lodge@umn.edu. Dept Chem Koltoff Smith Halls, University of 
Minnesota, Minneapolis, Minnesota, United States  

It is well established that aqueous solutions of methylcellulose (MC) can form hydrogels 
on heating, with the rheological gel point closely correlated to the appearance of optical 
turbidity. However, the detailed gelation mechanism, and the resulting gel structure, 
remain poorly understood. We recently discovered that MC chains associate into fibrils 
on heating. The fibrillar structure was precisely quantified with a powerful combination of 
(real-space) cryogenic transmission electron microscopy (cryo-TEM) and (reciprocal 
space) small-angle neutron scattering (SANS) techniques. The cryo-TEM images reveal 
that MC chains associate into fibrils with a remarkably uniform diameter of 15 ± 2 nm 
over a range of concentrations and molar masses. Vitrified gels also exhibit 
heterogeneity in the fibril density on the length scale of hundreds of nanometers, 
consistent with the observed optical turbidity. The fibrillar nature of the gel structure was 
confirmed by fitting the SANS data with a model based on the form factor for flexible 
cylinders. The gels showed strain hardening behavior, in a manner anticipated by 
models for fibrillar networks. Light scattering measurements on very dilute solutions 
reveal an interesting competition between two order parameters, one reflecting polymer-
solvent interactions and the other chain conformation. Finally, there is a wide region in 
the temperature-concentration plane where an apparently homogenous solution is 
actually metastable compared to the growth of fibrils. 

 
 
  



POLY 159: Rapid prototyping of silicones using the Piers Rubinsztajn reaction 

Michael A. Brook, mabrook@mcmaster.ca, Yang Chen, Alyssa Schneider, Laura 
Zepeda, Xioameng Li, Vinodh Rajendra, Eric Lovinger. Chemistry and Chemical 
Biology, McMaster University, Hamilton, Ontario, Canada  

Silicone elastomers can be prepared by a wide variety of cure methods to prepare 
materials that vary in modulus, transparency, water wettability, etc. The optimization of 
such formulations, even with the use of experimental design, is typically a slow process 
based on single experiments, analysis, iterative change, and a new formulation. 
The Piers Rubinsztajn reaction combines hydrosilanes and either alkoxysilanes or 
alkoxybenzenes to create new siloxane bonds in the presence of B(C6F5)3.

1 Cure can 
be exceptionally rapid, but is retarded by the presence of water and alcohols. It was 
possible to create silicone resins on paper by printing the constituents from an 
inexpensive ink jet printer.2 We have used this as a base formulation to print different 
silicone materials as films, including resins, gels and elastomers onto paper and plastic 
substrates. Materials with interesting properties could be prepared in bulk using robots 
in 96-well plates, and then characterized for modulus, adhesion and tack, also in a high 
throughput format. 
Key to both types of high throughput processes is the need for relatively low viscosity 
inks and fluids to be dispensed by the robot (< 100 cSt). Higher viscosity materials did 
not efficiently mix after printing or dispensing into 96 well plates. Uncontrolled cure (in 
certain cases, led to foams) could be moderated by the use of Lewis bases, typically 
isopropanol, that retarded cure until lost by evaporation. 
For the most part, materials exhibited expected properties such as moduli, 
transparency, and surface wettability over wide ranges. However, there were also 
formulations that exhibited unanticipated properties, particularly wetting: with the 
addition of wetting agents, more is not always better. The challenges and advantages of 
this rapid prototyping strategy will be discussed. 
1 Fawcett, A. S.; Brook, M. A. Macromolecules 2014, 47, 1656-1663. 
2 Rajendra, V.; Sicard, C.; Brennan, J. D.; Brook, M. A. Analyst 2014, 139, 6361-6365. 

 
 
  



POLY 160: Effect of silicon substitution on the crystal properties of cyanate ester 
monomers 

Andrew J. Guenthner1, andrewguenthner@gmail.com, Sean M. Ramirez2, Denisse 
Soto2, Michael D. Ford2, Jerry A. Boatz1, Joseph M. Mabry1. (1) Aerospace Systems 
Directorate, Air Force Research Laboratory, Lancaster, California, United States (2) Air 
Force Research Laboratory, ERC Incorporated, Edwards AFB, California, United States  

A combination of experimental studies, group contribution modeling, and semi-empirical 
molecular modeling has been utilized to elucidate the mechanisms by which substitution 
of silicon for carbon in cyanate ester monomers influences the melting point and other 
important thermodynamic properties of the crystalline state. Four monomers were 
utilized for this study. The di(cyanate ester) of Bisphenol A (melting point 83 °C), the 
di(cyanate ester)dimethylsilane analog (melting point 60 °C), the tri(cyanate ester) 
1,1,1-tris(4-cyanantophenyl)ethane (melting point 115 °C), and its tri(cyanate 
ester)methylsilane analog (melting point 118 °C) were examined via differential 
scanning calorimetry to determine thermodynamic properties, by single-crystal X-ray 
diffraction to determine crystal structure, through estimation of thermodynamic 
properties using models from the Chickos and Yalkowsky groups, and by semi-empirical 
calculation using the PM3 method implemented in the GAMESS quantum chemistry 
code. These studies revealed that when intramolecular barriers to phenyl group rotation 
limit molecular mobility in the molten state, the substitution of silicon for carbon can 
reduce these barriers by increasing the spacing between adjacent chemical groups, 
thereby increasing the entropy of melting and reducing the melting point. 

 
 



POLY 161: Selective-assemblies of Si-based giant tetrahedra and surfactants via 
precisely controlled positional interactions 

Stephen Z. Cheng2, scheng@uakron.edu, Mingjun Huang3, Kan Yue1, Chi-Hao Hsu4, 
Wenbin Zhang5. (1) Department of Polymer Science, Akron, Ohio, United States (2) 
College of Polymer Science Polymer Engineering, The Univ of Akron, Akron, Ohio, 
United States (3) Department of Polymer Science, The University of Akron, Akron, Ohio, 
United States  

In order to create new functional materials for advanced technologies, both precise 
control over functionality and their hierarchical structures and orders are vital for 
obtaining the desired properties. Among all the giant molecules, giant polyhedra are a 
class of materials which are utilized by deliberately placing precisely functionalized 
polyhedral oligomeric silsesquioxane (POSS) molecular nano-particles (MNPs) (so-
called “nano-atoms”) at the vertices of a polyhedron. Giant surfactants are polymer tail-
tethered hydrophilic POSS MNP where the two components have drastic chemical 
differences to impart amphiphilicity. These giant polyhedra and giant surfactants capture 
the essential structural features of their small-molecule counterparts in many ways but 
possess much larger sizes, and therefore they are recognized as size-amplified 
versions of those counterparts. One of the most illustrating examples is a series of novel 
giant tetrahedral and giant surfactants which possess precisely defined amphiphilic 
POSS MNPs with different geometric combinations. When both geometrical and 
chemical symmetry are disrupted and these giant tetrahedra and surfactants are 
functionalized they become building blocks for hierarchical ordered structures. A range 
of ordered super-lattice structures of this class of materials: crystals, quasicrystals and 
Frank-Kasper phases have been investigated in the condensed bulk state and thin 
films, revealing the interconnections between soft matter and hard matter in sharing 
their common structures and fundamental behaviors. 

 
 



POLY 162: Mesoscale simulations on silicon containing polymer composites 

Lalitha Subramanian, lalitha@aol.com, Andreas Bick. Scienomics, Danville, California, 
United States  

This work involves mesoscale simulation on Polydimethylsiloxane (PDMS)/Polyimid 
copolymer blended with polyhedral oligomeric silsesquioxanes (POSS). We had 
previously presented [1] results on this system using atomistic molecular dynamics 
simulations. These types of systems have been studied before using modeling 
techniques including systems similar to ours [2, 3]. In the current work we progress to 
larger lengths and timescales as we investigate the structural, mechanical and 
rheological properties of this composite system. 
 
Here we present an extension of the simulations using mesoscale methods including 
Dissipative Particle Dynamics [4] and Coarse Grained Molecular dynamics [5]. We 
studied the phase separation behavior of the composite in equilibrium and under shear 
conditions and determined the relative complex storage and loss modulus dependent on 
shear rate and loading. A particular focus of this study is the impact of cross-linking and 
entanglements on the mechanical properties of this mixed-matrix material. Cross linking 
dependency was investigated using Dissipative Particle Dynamics while entanglement 
and simulation of the persistence length of the system was studied using Coarse 
Grained Molecular Dynamics. 
 
References: 
1) Bick, A., Subramanian, L., ACS POLY Conference: Silicon Containing Polymers and 
Composites, San Diego 2014. 
2) Striolo, A., McCabe, C., Cummings, P. T., J. Chem. Phys. 2006, 125, 104904. 
3) Yani, Y. and Lamm, M. H., Polymer 2009, Vol. 50, 1324-1332 
4) Groot, R. D. and Warren, P. B. , J. Chem. Phys. 107, 4423 (1997) 
5) Buehler, M. J. et al., J. Chem. Theory Comput. 2010, 6, 1210–1218 

 
 



POLY 163: Development of new siloxane modified particles as stabilized active 
ingredients for sunscreens 

Douglas A. Loy, daloy@email.arizona.edu, Stephanie Tolbert. Materials Science and 
Engineering, The University of Arizona, Tucson, Arizona, United States  

Degradation and photo-toxicity limit the effectiveness of present day sunscreen 
ingredients. Currently, this is moderated by embedding within inert silica particles to 
isolate from skin, but leaching of the active ingredient can occur, thereby negating 
protective efforts. Alternatively, this research involves the preparation and investigation 
of bridged silsesquioxane analogues of commercial ingredients which can be chemically 
grafted to the silica matrix. Studies with bridged salicylate particles detail facile 
preparation, minimized leaching and increased UV stability and protective ability over 
unmodified and pendant salicylate counterparts. Particles incorporated with a bridged 
curcuminoid silsesquioxane were also prepared and displayed comparable results. As 
such, an attractive method for sunscreen isolation and stabilization has been developed 
to eliminate the problems associated with current sunscreens, all while maintaining the 
established UV absorbance profiles of the parent compound. 

 
 
  



POLY 164: Synthesis of well-defined dual functional siloxanes 

Santy Sulaiman, millukie@yahoo.com, Jonathan D. Goff, Barry Arkles. Gelest, Inc., 
Morrisville, Pennsylvania, United States  

Silicone macromers prepared by controlled “living” anionic ring-opening polymerization 
produce materials with precise control of macromolecular design. Asymmetric silicone 
macromers with a single functional group synthesized by living polymerizations afford 
many desirable properties, including, narrow molecular weight distribution, high oxygen 
permeability, increased polarity and available reactive functionality.1 These macromers 
can serve as precise structural elements to prepare hybrid copolymers. New techniques 
have been developed to modify the initiator functionality from an unreactive alkyl chain 
to a reactive species (e.g. carbinol, vinyl), overcoming a major limitation of living anionic 
polymerizations. These techniques yield monodisperse heterobifunctional siloxanes that 
are suitable for use as macromonomers in organic copolymerizations. 
 
References 
1. Goff, J.; Kimble, E.; Arkles, B. Living Polymerization Routes to Siloxane Macromers 
and Higher Order Silicone Structures. Progress in Silicones and Silicone-Modified 
Materials 2013, Chapter 5, 59-78.  

 
 
  



POLY 165: Partially fluorinated organically modified silicas possessing latent 
reactivity for post-functionalizaton 

Abby R. Jennings1, Abby.Jennings@usafa.edu, Carl Thrasher2, Steven Budy1, 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  

The utilization of perfluorocyclopentene (PFCP) provided a new synthetic pathway 
towards siliane precursors for a novel class of post-functionalizable fluorinated 
organically modified silicas (F-ORMOSILs). By exploiting operationally simple and 
scalable synthetic transformations, PFCP functionalized ORMOSILs, including 
polyhedral oligomeric silsesquioxanes (POSS), silica nanoparticles (SiNPs), and 
aerogels, have been successfully prepared. One key feature of these ORMOSILs is that 
the PFCP moiety can be further reacted in the presence of nucleophiles such as 
alcohols or thiols. This ability to post-modify the reactive surfaces affords new materials 
that can be tailored to a broad range of applications. The synthesis, characterization, 
and properties of these PFCP-derived ORMOSILs as well as post-functionalization 
strategies will be presented. 

 
 



POLY 166: Tough materials using thiol-yne click chemistry 

Andrew P. Dove, a.p.dove@warwick.ac.uk. Univ of Warwick, Coventry, United 
Kingdom  

The highly efficient family of click reactions have made them an essential tool in 
polymer chemistry. While there are now a wide array of such reactions, we have 
recently investigated the nucleophilic addition of thiols to activated alkynes and shown 
that it is efficient and selective with both activity and selectivity tunable with the polarity 
of the system and catalyst chosen. Beyond demonstrating that this reaction is suitable 
to functionalise and couple polymers, we have been investigating its application in 
materials synthesis and will report on its application in the synthesis of tough materials 
including double (interpenetrating) network hydrogel materials. 

 
 
  



POLY 167: 3D patterning for guided cell growth 
 
Molly S. Shoichet1, molly.shoichet@utoronto.ca, Roger Y. Tam1, Stefanie Fisher1, Alexander E. 
Baker2, Ryan Wylie5, Yukie Aizawa1, Cindi M. Morshead3, Karen Maxwell4. (1) Chemical 
Engineering Applied Chemistry, University of Toronto, Toronto, Ontario, Canada (2) Chemical 
Engineering and Applied Science, University of Toronto, Toronto, Ontario, Canada (3) Surgery, 
University of Toronto, Toronto, Ontario, Canada (4) Donnelly Centre, University of Toronto, 
Toronto, Ontario, Canada (5) Chemistry, University of Toronto, Toronto, Ontario, Canada  
 
Many of the challenges in medicine rely on understanding cell fate in vivo, yet the tools to 
answer these questions are limited to 2-dimensional cell culture strategies. To gain a greater 
understanding of cell fate in vivo, we are designing 3-dimensional hydrogel scaffolds that better 
mimic the cellular microenvironment. With the aim of designing an in vitro platform with which 
to study development, disease progression and/or drug efficacy, we have designed a series of 
strategies to control cell fate using both physical and chemical properties of the scaffold. We are 
particularly interested in guiding cell growth and differentiation within defined three-
dimensional scaffolds where the cellular microenvironment can be tuned to achieve the desired 
cellular response. To this end, we are examining three-dimensional chemically-patterned 
hydrogel scaffolds for guided cell growth and differentiation using immobilized peptides and 
growth factors [1]. Cell-cell interactions are key to the cellular microenvironment and to better 
understand the retinal stem cell niche, we investigated the co-culture of retinal stem cells with 
endothelial cells where we found a symbiotic relationship [2]. Recently, we have advanced the 
design of the hydrogel scaffold with control over its physical, mechanical and chemical 
properties [3]. The influence of these on cellular response will be described. 
 
Acknowledgments: We are grateful for funding from the Natural Sciences and Engineering 
Research Council (NSERC) and the Canadian Institute of Health Research (CIHR). 
 
References: 
[1] Wylie, R.G.; Ahsan, S.; Aizawa, Y.; Maxwell, K.L.; Morshead, C.M.; Shoichet, M.S. 2011. 
Nature Materials, 10: 799-806 
[2] Aizawa, Y.; Shoichet, M.S. 2012. Biomaterials, 33: 5198-205 
[3] Owen, S.; Fisher, S.; Tam, R.; Nimmo, C.; Shoichet, M.S. 2013. Langmuir, 29: 7393-400 

 
 



POLY 168: Programming polymers and polymeric nanomaterials with 
biomolecules 

Nathan C. Gianneschi, ngianneschi@ucsd.edu. Chem M/C 0343, University of 
California, San Diego, La Jolla, California, United States  

The goal of targeted therapeutics and molecular diagnostics is to accumulate drugs or 
probes at the site of disease in higher quantities relative to other locations in the body. 
To achieve this, there is tremendous interest in the development of nanomaterials 
capable of acting as carriers or reservoirs of therapeutics and diagnostics in vivo. 
Generally, nanoscale particles are favored for this task as they can be large enough to 
function as carriers of multiple copies of a given small molecule, can display multiple 
targeting functionalities, and can be small enough to be safely injected into the blood 
stream. The general goal is that particles will either target passively via the enhanced 
permeability and retention (EPR) effect, actively by incorporation of targeting groups, or 
by a combination of both. Nanoparticle targeting strategies have largely relied on the 
use of surface conjugated ligands designed to bind overexpressed cell-membrane 
receptors associated with a given cell-type. We envisioned a targeting strategy that 
would lead to an active accumulation of nanoparticles by virtue of a supramolecular 
assembly event specific to tumor tissue, occurring in response to a specific signal. The 
most desirable approach to stimuli-induced targeting would be to utilize an endogenous 
signal, specific to the diseased tissue itself, capable of actively targeting materials 
introduced via intravenous (IV) injection. We present the development of nanoparticles 
capable of assembling in vivo in response to selective, endogenous, biomolecular 
signals. For this purpose, we utilize enzymes as stimuli, rather than other recognition 
events, because they are uniquely capable of propagating a signal via catalytic 
amplification. We will describe their development and utility as a multimodal imaging 
platform, and discuss their use as drug carriers capable of selectively targeting tissue 
via this new mechanism. Furthermore, we will describe the unusually high maximum 
tolerated doses achieved with these materials and their high therapeutic indices. 

 
 



POLY 169: Translationally relevant strategies for functional biomaterials 

Matthew Becker, becker@uakron.edu. University of Akron, Akron, Ohio, United States  

Cells respond to many cues from their microenvironment, which may include chemical 
signals, mechanical stimuli, and topography. Importantly, these cues may be 
incorporated into scaffolding to control cell function and optimize their ability to produce 
tissues in regenerative medicine applications. Despite the significant amount of work in 
this area, the availablity of highly functional materials and translationally-relevant 
materials has remained limited. To this end, we have developed a number of chemical 
approaches and technologies that include the ability to attach highly functional and 
bioactive groups to polymer constructs that include hydrogels, nanofibers and polymeric 
scaffolds. All are degradable and designed to be restorative or therapeutic in nature 
This presentiaton will highlight our recent efforts in this area. 

 
 
  



POLY 170: Strategies toward functional polymer materials and nanoscopic 
devices derived from natural products 

Karen L. Wooley, wooley@chem.tamu.edu. 3255 TAMU, Texas AM University, College 
Station, Texas, United States  

This presentation will highlight a progression of synthetic strategies for the preparation 
of functional polymer materials from natural product building blocks. Target applications 
guide the synthetic methodology development, to afford engineering-type mechanical 
products, with an emphasis toward orthopedic applications, or well-defined 
nanoparticles, designed for therapeutic delivery in the treatment of lung infection or 
osteosarcoma lung metastases. In each case, a significant objective is to regenerate 
the natural products upon hydrolytic degradation. 

 
 
  



POLY 171: Tunable pH- and CO2-responsive sulfonamide-containing polymers by 
RAFT polymerization 

Charles L. McCormick1, charles.mccormick@usm.edu, Brooks Abel2, Michael B. 
Sims3. (1) Univ of Southern Mississippi, Hattiesburg, Mississippi, United States (2) The 
University of Southern Mississippi, Hattiesburg, Mississippi, United States  

A library of sulfonamide-containing methacrylamide monomers (MSAs) possessing pKa 
values in the biologically relevant regime (pH = 4.5-7.4) were synthesized and 
polymerized by reversible addition-fragmentation chain transfer (RAFT) polymerization 
and the pH- and CO2-dependent solubility of resulting polymers was investigated as a 
function of sulfonamide substituent. Initially, the influence of chain transfer agent (CTA) 
and reaction conditions were studied in order to establish polymerization conditions that 
provide molecular weight control while maintaining low polydispersities. The 
trithiocarbonate cyano-4-(ethylsulfanylthiocarbonylsulfanyl) pentanoic acid (CEP) 
mediated polymerization of MSAs at 70 °C in DMF resulted in polymers exhibiting broad 
molecular weight distributions (PDI > 1.20) and poor agreement between theoretical 
number average molecular weights (Mntheory) and experimental molecular weights 
determined by DMF SEC-MALLS (Mnexp). Furthermore, RAFT polymerization of mSAs 
using the dithiobenzoate 4-cyanopentanoic acid dithiobenzoate (CTP) exhibited severe 
rate retardation and limited monomer conversions at 70 °C in DMF. Employing the low 
decomposition temperature initiator 2,2’-azobis(4-methoxy-2,4-dimethyl valeronitrile) (V-
70) and reducing the polymerization temperature (30 °C) resulted in polymers of low 
polydispersity (<1.10) with good agreement between Mntheory and Mnexp for both the 
CEP- and CTP-mediated polymerizations of each mSA derivative. The effect of 
monomer pKa on the pH-dependent solubility of pMSAs was demonstrated by variable 
pH turbidity measurements. The critical onset of precipitation pH (pH*) was shown to 
vary systematically with monomer pKa, which allowed for the facile tuning of pH-
dependent pMSA solubility. Furthermore, we have demonstrated the reversible CO2-
induced solubility transitions of pMSAs which highlights the versatility of pMSAs as 
stimuli-responsive polymers. 

 



POLY 172: ATRP in water – challenges and opportunities 

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

ATRP (atom transfer radical polymerization) has been successfully used to synthesize 
well defined (co)polymers and also various bioconjugate materials in aqueous media. 
ATRP in water is challenging due to large ATRP equilibrium constant, dissociation of X-
Cu(II)/L bonds and also solvolysis of dormant alkyl halides. The methods how to 
overcome these challenges and use environmentally friendly aqueous media will be 
discussed. 

 
 
  



POLY 173: Probing mechanisms and creating materials through dynamic-
covalent chemistry 

Brent S. Sumerlin, sumerlin@chem.ufl.edu, Hao Sun, Chris Deng, Jessica Cash, 
William Brooks, Tomohiro Kubo, Christopher Kabb. Department of Chemistry, University 
of Florida, Gainesville, Florida, United States  

We are interested in exploiting the readily controlled reversibility of many covalent 
bonds to provide insight into polymerization mechanisms and to create new adaptable 
materials. Segmented hyperbranched polymers were prepared by atom transfer radical 
polymerization (ATRP) with a novel inimer that contained a thermally labile Diels–Alder 
linkage between its initiating and polymerizable moieties. The thermal sensitivity of the 
oxy-norbornene Diels-Alder moiety was used to degrade the hyperbranched polymers 
to yield their linear “arms” that were readily characterized to confirm the controlled 
growth of individual branches during self-condensing vinyl polymerization. The 
reversible-covalent chemistry of boronic and boronate esters was also exploited to 
prepare a variety of novel adaptable materials. The reversible nature of the boron-
containing crosslinks within these systems allowed the resulting materials to reversibly 
reconfigure their topology via competitive exchange reactions or by manipulation of the 
dynamic-covalent equilibrium. In addition to dynamic nanoparticles, network polymers in 
the solid or gel state were also prepared. By tuning the properties of the polymer matrix 
and the reversible bonds contained therein, it was possible to prepare materials that 
demonstrated intrinsic self-healing behavior. 
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POLY 175: Tuning multimeric display of peptide antigens on nanoparticles in 
vaccine design 

Tyson Moyer2, tmoyer@u.northwestern.edu, Chyan-Ying Ke2, Darrell J. Irvine1. (1) 
Massachusetts Inst of Tech, Cambridge, Massachusetts, United States (2) Koch 
Institute, Massachusetts Institute of Technology, Cambridge, Massachusetts, United 
States  

The multivalent display of protein or peptide antigens on particles has been shown to 
play an important role in both B-cell activation and in vivo immunogenicity. However, the 
structural parameters that determine optimal recognition by B-cell receptors (BCRs) are 
still largely undefined. Using peptide/polymer-lipid amphiphile scaffolds, we varied the 
nanoscale presentation of peptide epitopes on synthetic liposomes through changes in 
density, spacing, and molecular valency. Using transgenic B cells that express a BCR 
with defined affinities for specific peptides, we demonstrate that liposomes displaying 
dimeric and tetrameric peptide epitopes bind with higher avidity and induce greatly 
increased levels of activation relative to a monomeric peptide controls even when the 
latter are conjugated at high density on the surface of liposomes. Additionally, 
oligoethylene gycol spacers were used to show that distances between 5 and 10 nm 
resulted in highest levels of binding and activation to B cells. Furthermore, significantly 
increased antibody levels were observed following immunization in mice for dimeric and 
tetrameric peptides relative to monomeric peptides, suggesting that peptides optimized 
for BCR engagement improve humoral responses in vivo. In addition to the peptides 
designed for the transgenic BCR model, the display of an HIV epitope showed similar 
enhancements when displayed on a multivalent structure. These results demonstrate 
that the synthetic control of nanoscale epitope arrangements leads to substantial 
enhancement of B-cell activation, as well as improved immunogenicity. 

 



POLY 176: Synthetic polymers which reproduce antifreeze (glyco)protein 
function; control of ice growth, and cryopreservation of donor cells 

Thomas Congdon1, Robert Deller1, Daniel Mitchell1, Manu Vatish2, Daniel Mitchell1, 
Matthew Gibson1, m.i.gibson@warwick.ac.uk. (1) University of Warwick, Coventry, 
United Kingdom (2) University of Oxford, Oxford, United Kingdom  

Antifreeze proteins and antifreeze glycoproteins (AF(G)P)s are found in a huge range of 
extremophile organisms, enabling them to flourish in low temperature habitats. AF(G)Ps 
give rise to several macroscopic ‘antifreeze’ properties, but there most important is ice 
recrystallization inhibition (IRI); the ability to stop ice crystals growing larger. Any 
material which has IRI activity could have huge impact on applications as diverse as 
coatings, frozen food, but especially in the cryopreservation of donor cells for 
transplantation. However, AF(G)Ps are not widely available, have some 
toxicity/iummunogenicity concerns and are not synthetically tractable. 
Here we will present our work on developing polymeric materials which can reproduce 
the most desirable properties of AF(G)Ps. Using controlled radical polymerization 
(RAFT) we have studied the role of polymer length, side chain and architecture on its 
ice interactions, with a particular focus on poly(vinyl alcohol). Despite having a very 
simple structure, PVA has been found to be an extremely potent ice inhibitor. New 
materials based on poly(ampholytes) will also be shown. Finally, the use of these 
polymers to enhance the cryopreservation of donated cells will also be shown; in some 
cases the need for organic solvents (such a glycerol or DMSO) can be completely 
removed – the ability to enhance cryopreservation could have huge impact on 
transplantation science. 
References 
Deller, R.C., Vatish, M., Mitchell, D.A., Gibson, M.I., Nature Communications, 2014, 5, 
3244 
Congdon, TC, Notman, R., Gibson, MI, Biomacromolecules, 2013, 14, 1578 
Mitchell, D., Lilliman, M., Spain, SG,and Gibson, M.I., Biomaterials Science., 2014, 2, 
1787 
 
Figure Caption 
A) Native AFGP; ice crystals grown in (B) buffer solution alone and (C) with AFGP-
mimic polymer; (D) shows blood cryopreservation in presence of polymer with specific 
ice recrystallisation inhibition. 

 



POLY 177: From synthetic mimics of antimicrobial peptides to new delivery 
reagents inspired by cell penetrating peptides 

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

In the last decade, cell penetrating peptides also known as protein transduction 
domains are highlighted as promising agents for the intracellular delivery of large, 
hydrophilic molecules which are unable to pass the plasma membrane by themselves. 
Among the protein transduction domains, arginine-rich peptides are the most efficient 
subclass. In the light of this information, we designed and synthesized protein 
transduction domain mimics which contain guanidinium functionality along the 
polyoxanorbornene backbone. Structure activity relationship has been studied with 
designed molecules in order to be able to determine the requirements for efficient 
cellular internalization, as well as the exceptional activity in delivery of bioactive 
molecules such as siRNA and proteins has been demonstrated. 

 
 
  



POLY 178: Effects of hydrophobic content and density on transduction efficiency 
of polymer protein mimics 

Coralie M. Backlund1, backlund@umass.edu, Gregory N. Tew2, Federica Sgolastra1, 
Ronja Otter1,3. (1) Polymer Science and Engineering, University of Massachusetts 
Amherst, Amherst, Massachusetts, United States (2) Polymer Science and Engineering, 
University of Massachusetts, Amherst, South Deerfield, Massachusetts, United States 
(3) Chemistry, University of Mainz, Mainz, Germany  

The plasma membrane is a major obstacle in the development and use of 
biomacromolecules for intracellular delivery applications. Consequently, proteins with 
intracellular targets represent an enormous, yet under studied avenue for therapeutics. 
Protein transduction domains (PTDs) have been used to overcome the plasma 
membrane, but often require covalent conjugation to the protein and can be time 
consuming to synthesize. Polymers can be used to mimic amino acid moieties in PTDs 
as they provide a well-controlled platform to vary molecular architecture for structure 
activity relationship studies. More specifically, ROMP is an ideal synthesis platform as it 
is extremely functional group tolerant and offers fast, controlled polymerizations with 
narrow dispersities allowing for facile tunability of the hydrophobic and cationic domains 
in these PTD mimics. In this study, a series of polyoxanorbornene-based synthetic 
mimics inspired by PTDs with varying hydrophobic and cationic densities and contents 
were investigated in vitro to determine their ability to non-covalently transport proteins 
into multiple cell lines using enhanced green fluorescent protein and biologically active 
Cre recombinase. The hydrophobic content of each polymer was investigated using an 
HPLC assessment of their hydrophobic monomers and the overall effect of 
hydrophobicity on polymer size in solution by DLS. The polymer with the highest 
hydrophobic content proved to be the most efficient at internalization, while decreasing 
hydrophobic density and content decreased overall protein delivery efficiency. These 
results provide crucial design parameters for more effective internalization of 
biomacromolecules for intracellular delivery applications. 

 



POLY 179: OGP-functionalized phenylalanine-based poly(ester ureas) for 
enhancing osteoinductive potential of human mesenchymal stem cells 

Gina M. Policastro, gmp19@zips.uakron.edu, Fei Lin, Matthew Becker. Department of 
Polymer Science, University of Akron, Akron, Ohio, United States  

In the United States alone, approximately 6.2 million people suffer from bone injuries 
annually.1 While there are several clinical repair options at the surgeon’s disposal in 
severe injuries and fractures, many of the current treatment strategies result in 
additional complications for the patient. As a widely expanding field in polymer science, 
a regenerative medicine approach can be used to overcome these limitations. 
Phenylalanine-based poly(ester urea)s (PEU) are high modulus, resorbable polymers 
with many potential uses in the surgical repair of bone defects. In vitro and in vivo 
studies have shown that phenylalanine-based PEUs have non-toxic hydrolysis 
byproducts, tunable degradation times, and significant synthetic flexibility.2,3 
Phenylalanine PEUs have been chemically modified with osteogenic growth peptide 
(OGP) to tyrosine-based monomer subunits. OGP is a naturally occurring growth factor 
which aids in proliferation, differentiation, and matrix mineralization of osteoblasts.4,5 
These OGP-tethered PEUs have been fabricated into porous scaffolds and cultured in 
vitro to examine their effect on differentiation of human mesenchymal stem cells 
(hMSCs) toward the osteogenic lineage. The influence of tethered OGP on the hMSC 
proliferation and differentiation profile was measured using immunohistochemistry, 
biochemistry, and quantitative real time polymerase chain reaction (qrt-PCR). In vitro 
data suggests that the OGP-tethered scaffolds show enhanced signaling for osteogenic 
differentiation compared to control scaffolds lacking tethered OGP. To further increase 
the modulus and osteoinductive ability of phenylalanine-based PEUs for bone repair, 
the synthesis of the second generation materials using OGP crosslinkers is now being 
conducted. 
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POLY 180: Hydrophilic and cationic polymers as potent antimicrobial materials: 
Another pathway to fight tough bacterial infections 

Yunjiang Jiang, yjiang@mymail.mines.edu, Hongjun Liang. Colorado School of Mines, 
Golden, Colorado, United States  

Membrane-active antimicrobial peptides and their synthetic mimics have been studied 
extensively as a new generation of antibiotics to fight against the persistent evolution of 
pathogens that resist traditional antibiotic treatment. It has long been recognized that a 
delicate yet un-quantified balance between amphiphilicity and cationic charge is key to 
optimize the bactericidal efficiency and selectivity of these membrane-active 
antimicrobials (MAAs). The dilemma, however, is that the amphiphilic nature of MAAs 
that gives rise to their potency in disrupting microbial membranes is oftentimes also 
detrimental to human cells. Hydrophilic antimicrobial peptides and polymers generally 
have good biocompatibility, but they have received much less attention due to their low 
antimicrobial activity. In this work, we investigate whether polymer microstructure can 
be tuned to help hydrophilic and cationic polymers (HCPs) acquire high antimicrobial 
activity and selectivity. We evaluate and compare the different antimicrobial properties 
of linear and branched HCPs. We show that HCPs can be designed as potent 
antimicrobial agents with negligible toxicity. We reveal a simple size-dependent 
antimicrobial activity and selectivity relationship that applies to both linear and branched 
HCPs. We also investigate the antimicrobial mechanism of HCPs with different 
microstructures. We find that the antimicrobial potency of HCPs is associated with their 
ability to remodel microbial membrane lipids by inducing a topological transition to form 
a two-dimensional inverted hexagonal structure, where HCP chains reside in the middle 
of the hexagonally packed lipid “pores”. Collectively, our results show that it is possible 
to find another pathway to fight against the antibiotics-resistant pathogens by 
developing hydrophilic and cationic polymers that have both high antimicrobial activity 
and low toxicity. 

 



POLY 181: Sugar-based amphiphilic nanoassemblies reduce smooth muscle cell 
proliferation in restenosis 

Jennifer W. Chan1, jenniferwchan8@gmail.com, Latrisha K. Petersen1, Daniel R. 
Lewis2, Prabhas Moghe1,2, Kathryn E. Uhrich1,3. (1) Department of Biomedical 
Engineering, Rutgers University, Piscataway, New Jersey, United States (2) 
Department of Chemical and Biochemical Engineering, Rutgers University, Piscataway, 
New Jersey, United States (3) Department of Chemistry and Chemical Biology, Rutgers 
University, Piscataway, New Jersey, United States  

A frequent complication of cardiovascular stent implantation is restenosis, where 
excessive smooth muscle cell (SMC) proliferation causes the blood vessel to renarrow. 
While current therapeutics minimize downstream SMC proliferation and migration, they 
do not modulate the upstream oxidative stress that triggers the onset of restenosis. In 
this study, we design bioactive nanoassemblies to competitively bind SMC scavenger 
receptors and inhibit oxidized low-density lipoprotein (oxLDL) uptake, which has 
previously been correlated with higher incidences of in-stent restenosis. Micelles and 
nanoparticles (NPs) fabricated from phosphonate- or carboxyl- terminated amphiphilic 
macromolecules (AMs), comprised of a sugar-based hydrophobic domain and a 
hydrophilic linear poly(ethylene glycol) tail were evaluated at varying concentrations to 
determine the effects of nanoassembly physical properties on SMC proliferation. The 
results indicate that AM-based micelles and nanoparticles significantly lower the degree 
of SMC proliferation by reducing oxLDL accumulation. Nanoassemblies demonstrate 
binding to oxLDL receptors, reducing oxLDL internalization, cell scavenger receptor 
expression, and inflammatory gene expression to normal basal levels. While micelles 
exhibit a concentration-dependent efficacy above their critical micelle concentration, 
NPs demonstrate increased efficacy throughout all concentrations tested, indicating the 
relative importance of higher local concentrations of bioactive AMs. In contrast, AM 
charge and end group chemistry from phosphonate- and carboxyl- functional groups 
demonstrated similar efficacy. Thus, bioactive nanoassemblies limit early-stage SMC 
proliferation to overcome restenosis, highlighting the promise of new nanomedicines for 
cardiovascular disease. 

 



POLY 182: Green routes to peptides that enable their use in a broader range of 
applications 

Richard A. Gross, grossr@rpi.edu. 4005B Biotechnology Bldg, Rensselaer Polytechnic 
Institute, Troy, New York, United States  

Established approaches to synthetic peptide chemistry have been successful in 
producing peptides and small proteins of biological and pharmaceutical interest. When a 
single product with a precise amino acid sequence is not required, there is an 
opportunity to introduce new technologies if they are sufficiently simple, cost-effective 
and environmentally friendly. This presentation will describe recent progress in our 
laboratory towards the prepapration of peptides by protease-catalyzed oligomerization 
of amino acid Ethyl (Et) esters. Examples will include: (i) homopeptides from L-Et2-Glu, 
and L-Et-Lys, (ii) one-pot biotransformations that gave oligo(L-Et-Glu) decorated with 
selected amine-functionalized end-groups at C-termini, (iii) metal-binding oligopeptides 
and (iv) new approaches that lead to a high degree of oligopeptide sequence control. 
Use of these peptides as building blocks for macromolecules and opportunities to build 
in further control of sequence and chain length will be discussed. 

 
 
  



POLY 183: Innovations and applications of new hybrid adhesives 

Jianping Liu, jianping.liu@henkel.com. Henkel Corporation, Rocky Hill, Connecticut, 
United States  

An innovative hybrid adhesive incorporating the best performance characteristics of 
both cyanoacrylate and epoxy adhesives has been developed. The new hybrid 
adhesive provides fast fixture time at room temperature, impact resistance, high 
temperature resistance, and high strength bonding on a variety of substrates including 
metals, rubbers, woods, and most plastics. It also provides gap filling ability up to 5 mm. 
It is the first instant adhesive suitable for structural applications and is one of the first of 
its kind offering solutions for many industrial applications. 

 
 
  



POLY 184: Existing and advanced rheological measurements of polymers and 
rubber compounds 

Madhu Namani, namani@gmail.com. Waters, New Castle, Delaware, United States  

Existing rheological measurement characterization techniques include measuring 
polymer viscosity have been quite useful in predicting the process properties of 
polymers and rubber compounds using conventional capillary rheometers, albeit an 
important measurement it doesn’t completely address significant issues related to 
differences in the molecular weight of the compound and the type of fillers in the 
compound and its effect on the processibility, the talk focuses more into the benefits of 
advanced rheological measurements one can measure using shear rheometers where 
apart from measuring viscosity a more fundamental rheological measurement approach 
has shown to show differences which are hard to detect otherwise considerably helping 
in the production process. 

 
 
  



POLY 185: Free volume and water vapor transport properties of nonchromated 
primer films 

Weilong Zhang, ZhangW@utrc.utc.com, Mark Jaworowski, George S. Zafiris. Physical 
Sciences, United Technologies Research Center, East Hartford, Connecticut, United 
States  

Inhibitor activation and transport processes are fundamentally enabled by water uptake 
and transport processes in the primer matrix. Cast free films of solvent- and water-
borne, non-chromated aerospace primers, when cured for about one week, had very 
different water vapor transport (through-plane) behavior.1 The water-borne primer films 
showed an abnormal curing time-dependent transport rate, while the solvent-based 
films had almost no dependence on the curing time. In addition, both primer films 
showed strong anisotropic behavior in in-plane versus through-plane water vapor 
transport rates.1 It is of both scientific and practical interest to understand how free 
volumes or voids (porosity) of primer films influence the water vapor and transport 
properties. 
 
Positron annihilation lifetime spectroscopy (PALS) techniques provide non-destructive 
methods to study free volumes, or voids inside polymeric materials.2-8 The cast free film 
samples of solvent- and water-borne non-chromated aerospace primers, when analyzed 
by nitrogen BET porosimetry, indicated a lack of extensive surface-connected porosity. 
It is hypothesized that isolated micro-sized pores may exist in the bulk of the primer 
films, at a density that varies through the film thickness. Therefore, PALS experiments 
were employed for further micro-porosity studies of the primer films with the goal of 
better understanding the water vapor transport behavior. This talk presents the key 
findings from bulk PALS experiments on the films, and PALS and Doppler-broadening 
of energy spectra (DBES) measurements for free-volume depth profiles. The purpose is 
to examine the correlations between the free volume/porosity and water vapor transport 
properties of non-chromated primer films. 

 
 
  



POLY 186: Enhance resource efficiency through innovative polymer design 

Jen-Lung Wang, jen-lung.wang@evonik.com. Evonik Oil Additives, Horsham, 
Pennsylvania, United States  

The global megatrend to improve resource efficiency, with a focus on fuel economy and 
greenhouse gas reductions, is demanding for more energy efficient automobiles and 
industrial equipment. In large part, automakers are answering the call for improvement 
by engineering aerodynamic, lightweight, alternative powered vehicles. Significant 
improvement can be obtained by redesign of the powertrain system, with each element 
of the hardware being optimized or re-designed to increase efficiency. In this 
optimization process, lubricants have become an important design factor and, with 
proper formulation design, they can deliver significant efficiency gains and cover an 
important part of necessary performance improvements. 
Viscosity is one of the most critical elements in modern fuel efficient lubricants. 
Adequate fluid viscosity control can effectively reduce friction over wide temperature 
range, improve fuel economy, increase lifespan of the fluid, and maximize the 
mechanical benefit of hardware. 
Viscosity index (VI) improver is the critical component to optimize lubricant viscometric 
characteristics, enabling fluid to meet the stringent OEM requirement. 
Polyalkylmethacrylates (PAMAs), with its excellent viscosity/temperature response and 
flexible chemistry, are well suited for the latest fuel economy lubricant technologies. 
This presentation will describe Evonik’s efforts and results to apply novel polymer 
design in creating state-of-the-art polyalkylmethacrylate based viscosity index improver 
technology that enables oil developers to formulate optimal cost-performance lubricant, 
addressing the resource efficiency challenges and raising expectations for the next 
generation of lubricant technology. 

 
 
  



POLY 187: Beyond poly(hexahydrotriazines)s: From high strength materials to self-
healing polymerizable organogels and the development of new polymer-forming reactions 
 
Jeannette M. Garcia, jmgarcia@us.ibm.com. IBM Almaden Research Center, San Jose, 
California, United States  
 
Studies on hemiaminal and hexahydrotriazine-based polymer forming reactions have triggered 
the development of a series of polymers with a diverse range of properties. Previously, we 
reported a simple one-pot, low-temperature polycondensation between paraformaldehyde and 
4,4’-oxydianiline (ODA) formed hemiaminal dynamic covalent networks (HDCNs) which can 
further cyclized at high temperatures producing poly(hexahydrotriazine)s (PHTs) in N-methyl-2-
pyrrolidone (NMP). However, when poly(ethylene glycol) (PEG) diamine monomers were used 
to form HDCNs, two distinct elastomers containing hemiaminal dynamic covalent crosslink 
junctions could be formed under different conditions: one was comprised of dynamic covalent 
hemiaminal crosslink junctions and the other possessed both dynamic covalent hemiaminal 
crosslink junctions and hydrogen bonding bis-hemiaminal moieties. We examined the molecular-
level detail of hemiaminal crosslink junction formation and the macroscopic behavior of HDCN 
elastomeric organogels and postulated that these materials could potentially be used in printable 
materials, cargo carriers, and adhesives. We found that PEG-based organogels formulated in a 
polymerizable solvent such as N-vinyl-2-pyrrolidone (NVP) could be synthesized with 
hemiaminal chemistry. The reactive organogel was then polymerized by UV-induced free radical 
polymerization to form poly(NVP) irreversibly. Finally, we investigated a degradable 
structurally dynamic polymer, produced from the reaction of hexahydrotriazines (HT) with 
dithiols, where the dynamic character of the polymer backbone allows facile incorporation of 
therapeutics (peptides, proteins and genes) and also served as a method for degradability and 
trigger for therapeutic release. Judicious selection of monomers provided access to high 
molecular weight water soluble polymers from the polymerization of low molecular weight 
poly(ethylene glycol) (PEG) dithiols with HTs. The resulting polymeric materials maintain a 
dynamic covalent character where they remain under continuous exchange at slightly elevated 
temperatures. 

 



POLY 188: Reactive compatibilization of polylactide-polypropylene blends: From 
discovery to application opportunities 

Vasily Topolkaraev1, vasiltop@kcc.com, Ryan McEneany1, Yuewen Xu4, Jesse Loi4, 
Paula Delgado5, Christopher W. Macosko2, Marc A. Hillmyer3. (1) Kimberly-Clark, 
Neenah, Wisconsin, United States (2) Univ of Minnesota, Minneapolis, Minnesota, 
United States (3) University of Minnesota, Minneapolis, Minnesota, United States (4) 
Department of Chemical Engineering and Material Science, University of Minnesota, 
Minneapolis, Minnesota, United States (5) Department of Chemistry, University of 
Minnesota, Minneapolis, Minnesota, United States  

Polylactide (PLA) was melt blended with either polypropylene (PP) or the polypropylene 
based elastomer (PBE, Vistamaxx™) in an effort to improve its mechanical properties. 
An ethylene-glycidyl methacrylate-methyl acrylate terpolymer (PEGMMA, Lotader™) 
was utilized as a reactive compatibilizer, coupling to the end groups of PLA. Graft 
copolymers formed in-situ during melt blending enhanced the adhesion between PLA 
and polyolefin phases, and lowered the interfacial tension. The morphological, 
mechanical, and rheological properties of the PLA/polyolefin blends produced using 
reactive compatibilization were investigated using a variety of analytical techniques. The 
reactively compatibilized blends demonstrated very uniform nano- and micro-scale 
polyolefin dispersed-phase morphologies and exhibited substantial improvement in 
elongation at break and toughness as compared to the corresponding binary blends. 
The remarkable efficacy of PEGMMA as a reactive compatibilizing agent allows the 
bridging of two immiscible but important classes of thermoplastics, polylactide and 
polypropylene, and production of ductile PLA/PP blend materials. The PLA-PP and 
PLA-PBE blends were successfully converted into fibrous and injection molded 
materials, which demonstrated a step-change improvement in toughness and impact 
resistance. Fibrous structures reveal formation of nano-filament polyolefin domains 
dispersed in PLA matrix providing enhanced fiber ductility as a result of micro- and 
nano-cavitation. Enhanced dimensional stability of fibers at lower crystallinity levels was 
also observed. Injection molded reactive extrusion compatibilized PLA-PBE blends 
showed more than 5x increase in impact resistance while maintaining very high tensile 
modulus. A control over micro-/nano-structure features and interfacial boundaries in 
reactive extrusion compatibilized PLA-PP blends renders these blends well suited for a 
range of nonwoven and packaging applications. 

 



POLY 189: Targeted drug nanocarriers via self-assembling synthetic polypeptide 
copolymers 

Paula T. Hammond, hammond@mit.edu. Department of Chemical Engineering, 
Massachusetts Institute of Technology, Cambridge, Massachusetts, United States  

Synthetic polypeptides provide the opportunity to generate macromolecular systems 
that provide some of the secondary structure associated with proteins, such as alpha-
helical and beta sheet structures. The amino-acid backbone provides the potential to 
create macromolecular systems that have a strong tendency to self-assemble into 
stable colloidal structures that are responsive to their environment. In our lab, we have 
developed poly(propargyl-L-glutamate) (PPLG) through the direct N-carboxy anhydride 
ring-opening polymerization of propargyl modified glutamate, to create synthetic 
polypeptides that can be post-modified quantitatively with click chemistry approaches. 
We have found that when these polypeptides are functionalized with various amine 
groups, they can be designed to undergo relatively sharp transitions in solubility over a 
pH range that is highly relevant to different physiological microenvironments. To design 
these systems for drug delivery, we have initiated their polymerization from a PEG 
oligomer to create systems that are highly stable vesicles or micelles at the pH of the 
blood stream, but fully soluble below a given pH, such as the pH of the endosome, 
where the drug must be released. By tuning these systems, we have shown that they 
form polymersomes that can encapsulate both hydrophobic and hydrophilic 
chemotherapy drugs, and can be used for single or dual delivery applications. Use of a 
dendritic initiator yields linear polypeptide-dendritic block copolymers that enhance the 
ligand presentation and blood stream circulation of the nanoparticles. Further tuning of 
the charged groups attached along the polypeptide backbone may be used to adapt the 
function and efficacy of these systems. Recent work utilizing lipid-like initiatiors have led 
to a new and highly effective siRNA nanoparticles formed from these systems, which 
yield efficacy in ovarian and lung cancer tumor models. These systems are very 
modular due to their clickable functionality, and can be further modified to target specific 
cells for systemic delivery. 

 



POLY 190: Self-assembly and properties of glycopolypeptide biohybrid materials 

Sebastien Lecommandoux, lecommandoux@enscbp.fr. LCPO-ENSCPB, University of 
Bordeaux, Pessac, France  

The field of synthetic polypeptides has seen many significant advances in recent years, 
including studies on block and hybrid copolypeptides that form vesicles, fibrils, and 
other structures with potential applications in medicine and materials chemistry. 
However, the development of glycosylated polypeptides has not kept pace, primarily 
due to the inability to readily synthesize glycopolypeptides in a controlled manner. 
Glycosylation of natural proteins provides diverse functionality such as mediation of 
recognition events, modification of protein conformations, ect, that may find interest and 
application in biomedical field. In this context, we developed over the last years 
synthetic strategies for the design of glycosylated polypeptides and polysaccharide-
polypeptide biohybrids with controlled placement of sugar functionality. We were 
especially interested in designing amphiphilic copolymers able to self-assemble into 
well-defined micelles and vesicles that can advantageously be loaded with drugs and 
present a surface with multivalent presentation of bioactive saccharides or 
oligosaccharides. The ability of these nanoparticles for different biomedical applications, 
from drug-delivery to inhibitor, will be presented. 
 
Upadhyay, KK.; Bhatt, A.N.; Mishra, A.N.; Dwarakanath, B. S.; Jain, S.; Schatz, C.; Le 
Meins, JF.; Farooque, A.; Chandraiah, G.; Jain, AK.; Misra, AK.; Lecommandoux, S. 
Biomaterials 31, 2882 (2010). 
C. Bonduelle, S. Lecommandoux. Biomacromolecules 14, 2976-2983 (2013). 
Bonduelle, C. ; Huang, J. ; Ibarboure, E. ; Heise, A. ; Lecommandoux, S. Chem. 
Commun. 48, 8353 (2012). 
Huang, J. ; Bonduelle, C. ; Thévenot, J.; Lecommandoux, S. ; Heise, A. J. Am. Chem. 
Soc. 134, 119 (2012). 
W. Liau, C. Bonduelle, M. Brochet, S. Lecommandoux, A. Kasko. Biomacromolecules 
16, 284-294 (2015) 
C. Bonduelle, J. Huang, T. Mena-Barragán, C. Ortiz-Mellet, C. Decroocq, E. Etamé, A. 
Heise, P. Compain, S. Lecommandoux. Chem. Commun. 50, 3350-3352 (2014) 

 



POLY 191: Engineering energy dissipation in protein gels 

Lawrence Dooling1, David A. Tirrell2, tirrell@caltech.edu. (1) Caltech, Pasadena, 
California, United States (2) MC 210-41, Caltech, Pasadena, California, United States  

Protein gels are of interest as subjects of fundamental study and as matrices for cell 
transplantation. But they are not very tough. This lecture will describe some recent 
experiments directed toward understanding and programming energy dissipation in 
artificial protein hydrogels. 

 
 
  



POLY 192: Hypersialylation via Glycocalyx Engineering Confers Resistance to 
Immune Surveillance 

Carolyn R. Bertozzi, crb@berkeley.edu. Univ of California, Berkeley, California, United 
States  

We have developed synthetic methods that allow incorporation of unprecedented levels 
of functionality into polypeptide materials. We report on the design and properties of 
stimuli responsive polypeptide motifs that are able to respond differently to different 
individual stimuli, such as redox, temperature, or enzymes. The reversible, 
multiresponsive nature of these polypeptides makes them particularly attractive as 
components in in copolypeptide assemblies for use in biological or medical applications. 
We will describe incorporation of functional and stimuli responsive polypeptide motifs 
into self-assembled materials such as hydrogels. 

 
 
  



POLY 193: Functional polypeptides and thermoresponsive responsive hydrogels 

Timothy J. Deming, demingt@seas.ucla.edu. Bioengineering Dept, Univ of Califrnia, 
Los Angeles, California, United States  

We have developed synthetic methods that allow incorporation of unprecedented levels 
of functionality into polypeptide materials. We report on the design and properties of 
stimuli responsive polypeptide motifs that are able to respond differently to different 
individual stimuli, such as redox, temperature, or enzymes. The reversible, 
multiresponsive nature of these polypeptides makes them particularly attractive as 
components in in copolypeptide assemblies for use in biological or medical applications. 
We will describe incorporation of functional and stimuli responsive polypeptide motifs 
into self-assembled materials such as hydrogels. 

 
 



POLY 194: Synthetic glycopolypeptides for biomedical applications 

Jessica Kramer1, jkramer@berkeley.edu, Timothy J. Deming2, Carolyn R. Bertozzi1. (1) 
Univ of California, Berkeley, California, United States (2) Bioengineering Dept, Univ of 
Califrnia, Los Angeles, California, United States  

Glycosylation is an important post-translational modification of peptides and proteins 
with essential roles in diverse cellular interactions and disease states. Synthetic 
polypeptide scaffolds that display glycans have great potential as biomimics and as 
materials with tissue engineering, drug delivery, and therapeutic applications. 
Glycopolypeptides are particularly valuable as well-defined mimics of mucin family 
glycoproteins, which are intimately involved in inflammation and cancer, but are poorly 
understood. We have developed advances in the chemical synthesis of 
glycopolypeptides, including polymerization of glycosylated N-carboxyanhydride 
monomers and techniques for post-polymerization glycosylation. These synthetic 
glycopolypeptides have been applied as components in bioactive block copolymer 
nano-carriers and as biomimics in mucin cancer glycobiology studies. 

 
 
  



POLY 195: Making alternating siloxane copolymers 

Janis G. Matisons, jmatisons@gelest.com. Research and Development, Gelest Inc, 
Morrisville, Pennsylvania, United States  

The condensation of Si-OH + Cl-Si groups is commonly used to synthesise –Si-O-Si- 
copolymers. The condensation reaction is highly selective towards heterocondensation 
and cyclisation when an amine catalyst is used as the acid acceptor. Previously, Auner 
et al described a one-step synthesis of monosilacyclobutenes with various substitution 
patterns at the Si and C atoms of the unsaturated ring by a [2+2] cycloaddition reaction 
between vinylchlorosilanes, t-BuLi and diorganoacetylenes. The compounds may be 
used as monomers in the synthesis of alternating tetracyclic siloxane polymers. In an 
effort to exploit the chemistry described by Auner, the synthesis of 1,1-dichloro-4-
neopentyl-2,3-diphenyl-1-silacyclobut-2-ene and its condensation with 
dimethylsilanediol or diphenylsilanediol and triethylamine to produce alternating cyclic 
tetrasiloxanes is presented. The compounds were characterised by 1H, 13C, and 29Si 
NMR spectroscopy. 

 
 

 
 
  



POLY 196: Functional silicone copolymers and elastomers with high dielectric 
permittivity 

Frederikke B. Madsen2, frbah@kt.dtu.dk, Anders Daugaard2, Soren Hvilsted1, Anne 
Skov2. (1) Danish Polymer Centre, Kgs Lyngby, Denmark (2) Chemical Engineering, 
Technical University of Denmark, DTU, Kgs. Lyngby, Denmark  

Dielectric elastomers (DEs) are a new and promising transducer technology and are 
often referred to as ‘artificial muscles’, due to their ability to undergo large deformations 
when stimulated by electric fields. DEs consist of a soft and thin elastomeric film 
sandwiched between compliant electrodes, thereby forming a capacitor [1]. Silicone 
elastomers are one of the most used materials for DEs due to their high efficiency, fast 
response times and low viscous losses. The major disadvantage of silicone elastomers 
is that they possess relatively low dielectric permittivity, which means that a high 
electrical field is necessary to operate the DE. The necessary electrical field can be 
lowered by creating silicone elastomers with higher dielectric permittivity, i.e. with a 
higher energy density. 
The aim of this work is to create new and improved silicone elastomers with high 
dielectric permittivity. This was done trough the synthesis of new functionalizable 
siloxane copolymers [2] that allow for the attachment of high dielectric permittivity 
molecules through copper-catalyzed azide-alkyne 1,3-dipolar cycloaddition (CuAAC) 
reactions. The synthesised siloxane copolymers were prepared via the 
tris(pentafluorophenyl)borane catalysed Piers-Rubinsztajn reaction [3] and have a high 
degree of chemical freedom, as several parameters can be varied during the 
preparation phase. Thus, the space between the functional groups can be varied, by 
using different dimethylsiloxane spacer units between the high dielectric permittivity 
molecules. Furthermore, the degree of functionalization of the copolymers can be varied 
accurately by changing the feed of the high dielectric permittivity molecules. As a result, 
a completely tuneable elastomer system, with respect to functionalization, is achieved. 
[1] Pelrine, R.; Kornbluh, R.; Pei, Q.; Joseph, J. Science 2000, 287, 836. 
[2] Madsen, F. B., Javakhishvili, I., Jensen, R. E., Daugaard, A. E., Hvilsted, S., Skov, 
A. L., Polym. Chem., 2014, 5, 7054-7061. 
[3] Rubinsztajn, S. and Cella, J. A., Macromolecules, 2005, 38, 1061–1063. 

 



POLY 197: High elongation silicone elastomers derived from dual functional 
siloxane macromonomers 

Jonathan D. Goff, jonathan.d.goff@gmail.com, Santy Sulaiman, Barry Arkles. Gelest, 
Inc., Morrisville, Pennsylvania, United States  

Commercially available silicone elastomer systems with covalent crosslinking typically 
have elongations in the range of 100-500%. We report a new class of silicone elastomer 
with no detectable covalent crosslinking and high elongation. This development has 
been enabled by the synthesis of monodisperse heterobifunctional siloxanes (1,000-
45,000 g mol-1) using modified living anionic polymerization techniques. In the presence 
of a Pt0 catalyst, heterobifunctional monovinyl, monohydride terminated siloxanes 
undergo an intermolecular step-growth hydrosilylation polymerization and are converted 
to exceptionally high molecular weight siloxanes with elastomeric behavior.1 The 
resulting silicone elastomer has no detectable crosslinking and unique properties, 
including elongations exceeding 1000% and low extractables (<0.2%). Filler-
reinforcement of the silicone elastomers results in elastomer nanocomposites that 
exhibit unprecedented elongations greater than 5000%. The effects of monomer choice, 
siloxane molecular weight and filler loading on the properties of the silicone elastomers 
will be discussed. A comparison of this new class of silicone elastomer with 
conventional crosslinked silicone elastomer systems will be provided. 
 
References 
1. B. Arkles, J. Goff, US Pat. US20130041098A1, 2012. 

 
 
  



POLY 198: Self-healing of polydimethylsiloxane-polyurethane (PDMS-PUR) Cu-
catalyzed networks 

Z. Wang, R. Burtovyy, I. Luzinov, Marek W. Urban, mareku@clemson.edu. Material Sci 
Engineering, Clemson University, Clemson, South Carolina, United States  

Recently, we developed polyurethane networks that require atmospheric carbon dioxide 
and water vapor to achieve self-healing. The recent studies combine the useful 
properties of polydimethylsiloxane (PDMS) and polyurethane (PUR) networks combined 
into one supramolecular chemistry PDMS-PUR network that is crosslinked using a 
CuCl2 catalyst. Bringing these macromolecular components into one polymer network 
also enables combining coordination bonds with reversible covalent bonding which 
results in self-healing properties. The primary active component responsible for 
PDMS/PEG-PUR-CuCl2 network remodeling is the Cu-O coordination complex, which 
upon UV exposure, undergoes tetrahedral-to-distorted-tetragonal rearrangements. 
When PDMS is substituted with PEG to form PEG-PUR-CuCl2 network, square-planar-
to-tetrahedral configuration changes take place. The alkyl group backbone distortions 
and segmental movements induced by localized rearrangements lead to volume 
changes of the metal-ligand complex center. These transitions lead to distance changes 
between Si/C-O groups and Cu, enabling σ(O)→dx2-y2(Cu) charge transfer to form the 
lower energy Cu-O complex, leading to self-healing. This presentation will also provide 
an overview of coordination compounds utilized in several silicone-based polymers that 
exhibit self-healing properties. 

 
 
  



POLY 199: Stabilization to UV of polysiloxane resins in geostationary 
environment 

Mikael Planes2,1, Mikael.planes@enscbp.fr, Stephane Carlotti2, Simon Lewandowski1, 
Stéphanie Remaury1. (1) Centre National d'Etudes Spatiales, Toulouse, France (2) 
University of Bordeaux, Laboratoire de Chimie des Polymères Organiques, UMR 5629, 
Bordeaux, France  

The space environment around earth is exceptionally complex and has a significant 
impact on the lifetime and performances of any orbiting satellite. Interactions between 
materials and radiation have been an important research area in the aerospace 
industry. Indeed, the high-energy radiations (UV, electrons, neutrons, protons) induce 
damages to the structural materials and electronic components in the spaceship. Silicon 
resins play an important role in geostationary satellite materials, due mainly to their 
good thermal stability and transparency. This work will focus on UV stabilization of 
silicon resins and two ways were studied namely, the use of UV additive and the 
catalytic system. 
Hindered Amine Light Stabilizers (HALS) and UltraViolet Absorbers (UVA) are already 
well known as light stabilizers of polyolefins or polyamides. Selected HALS and UVA 
were first added to the polysiloxanes studied. Due to compatibly issue other types of 
additives like carbazole and CNC (cellulose nanocrystals) were also envisaged. Indeed, 
carbazoles or polycarbazoles are well known to absorb UV light thanks to their aromatic 
structure. Due to the tunability of CNC were first modified with UV sensitive groups. The 
rheological, thermal, mechanical and stability properties of polydimethylsiloxanes, 
modulated by different percentage of additives used, will be discussed. 
New catalytic systems for hydrosilylation were also developed to prepare polysiloxanes 
resins. Usually prepared by polyaddition reaction using Karstedt’s catalyst, the obtained 
polysiloxanes resins are submitted to the formation of colloidal species leading to the 
degradation of the polymer. In order to wrestle with the formation of colloidal species 
which alter the UV stability, other platinum or rhodium based catalyst were used and 
their ability to perform hydrosilylation investigated. This study emphasized by DSC, 
TGA, DMA and UV visible spectroscopy revealed the improvement of UV and thermal 
stability. 

 



POLY 200: Conformal polysiloxane Thin-film electrolytes for lithium ion batteries 

Nan Chen1, nan_chen@mit.edu, Baby Reeja-Jayan1, Jonathan Lau3, Priya Moni4, 
Andong Liu1, Bruce Dunn5, Karen Gleason2. (1) Department of Chemical Engineering, 
MIT, Cambridge, Massachusetts, United States (2) Dept. Chem Enging, MIT, 
Cambridge, Massachusetts, United States (3) Department of Materials Science and 
Engineering, University of California, Los Angeles, Los Angeles, California, United 
States (4) Department of Materials Science and Engineering, MIT, Cambridge, 
Massachusetts, United States  

Creating non-planar electrode structures can increase energy densities within a small 
areal footprint while maintaining the short ionic transport distances necessary for high 
power densities. It is highly desired in the development of microscale devices and 
microelectromechanical systems (MEMS), where the size of power source becomes a 
critical limitation on the overall volume of the device. A key technological limitation to the 
application of non-planar electrode structures is the missing of a nanoscale ion-
conducting thin-film electrolyte that can uniformly cover the complex geometry of these 
electrodes while occupying minimum volume. Here, we report the recent development 
of nanoscale, conformal thin-film electrolytes realized by doping lithium ions (Li+) into 
poly-(tetravinyltetramethylcyclotetrasiloxane) (PV4D4) and its copolymer films. These 
thin-film electrolytes were synthesized by gas-phase initial chemical vapor deposition 
(iCVD), and it is the first time nanoscale films with siloxane ring moieties, which are 
excellent electrical insulators, have been demonstrated as room temperature ionic 
conductors. The short diffusion lengths in these thin-films compensate for their modest 
ionic conductivities (~10-7 S/cm) by providing orders of magnitude lower ionic diffusion 
times in comparison to bulk or microscale polymeric electrolytes like poly-(ethylene 
oxide). In our experiments, the PV4D4 thin film exhibit minimal changes in morphology 
(smoothness) and thickness during lithiation and are also demonstrated to be easily 
scalable over large areas via the roll-to-roll method. We have demonstrated that the 
conformal nature of the iCVD polymerization process realizes complete coverage of 
nanostructured electrodes like nanowires by a uniform, continuous, and pinhole-free 
thin film, making the polysiloxane films attractive as a novel class of nanoscale 
electrolytes. Due to the good chemical and mechanical stability of PV4D4, these 
nanoscale thin-films can also be applied as separators and solid electrolyte interphase 
(SEI) materials in traditional battery designs. 

 



POLY 201: Minimization of hydrophobic recovery of commercial silicone 
substrates after oxygen plasma treatment 

Lien Nguyen2, Mimi Hang2, Wanxin Wang2, Ye Tian2, Liming Wang1, Thomas J. 
McCarthy1, Wei Chen2, weichen@mtholyoke.edu. (1) Univ of Massachusetts, Amherst, 
Massachusetts, United States (2) Mount Holyoke College, South Hadley, 
Massachusetts, United States  

Three types of silicones, Sylgard®-184, QVQH without dimethylsiloxane (D) units, and 
DVDH without additives, were chosen to study the conditions under which hydrophobic 
recovery after oxygen plasma treatment can be minimized. 30 s of plasma treatment 
time was found to be optimal in terms of achieving the lowest initial advancing and 
receding contact angles of 10°/5° (θA/θR) with undetectable surface damage. Vacuum 
treatment as well as room temperature curing prior to plasma oxidation were explored 
as means to remove free low molecular weight species. For thin films (a few μm), 40 
min vacuum treatment was sufficient to achieve low dynamic contact angles of 51-
56°/38-43° on all three types of silicones measured more than 30 days after plasma 
treatment. The small and slow rise in contact angle over time is likely caused by surface 
reorientation of hydrophilic functional groups to the bulk and condensation of surface 
silanol groups. For thick films (~1 mm), room temperature curing in addition to vacuum 
treatment was determined to be necessary in reducing hydrophobic recovery. The final 
contact angles were 66°/52° for Sylgard and 59°/44° for DVDH, significantly higher than 
the corresponding thin film samples. The additives in Sylgard formulation appear to 
contribute to the slightly inferior performance. Unlike polydimethylsiloxane-based 
silicones, QVQH does not contain equilibration products of Dn-type. QVQH thin films 
perform equally as well as those of Sylgard and DVDH. Silicones without D units are 
promising materials with intrinsically low hydrophobic recovery characteristics. 

 



POLY 202: Advanced materials for regenerative engineering 
 
Roshan James1,3, Cato Laurencin2,1, laurencin@uchc.edu. (1) Institute for Regenerative 
Engineering/Orthopaedic Surgery, University of Connecticut Health Center, Farmington, 
Connecticut, United States (2) Chemical, Materials and Biomolecular Engineering, University 
Connecticut, Farmington, Connecticut, United States (3) Raymond and Beverly Sackler Center 
for Biomedical, Biological, Physical and Engineering Sciences, University of Connecticut Health 
Center , Farmington, Connecticut, United States  
 
Injuries involving the musculature incur significant health care costs in the US. Musculoskeletal 
injuries involve trauma, disease and amputations, all of which can severely restrict function, 
daily activities, and affect the quality of life. For instance, annually more than half million 
clinical cases of bone fracture require grafts, which may be an autograft or more commonly an 
engineered substitute. Furthermore, about 135000 amputations are performed annually in the US 
and most common between the ages of 41 and 70 years. The demand for compatible donor tissue 
and transplants far outstrips the availability leading to an acute shortage. We have incorporated 
our understanding of tissue and organ development to investigate biomaterials, engineered 
structures and composites to stimulate and accelerate regeneration. The ‘Regenerative 
Engineering’ approach integrates tissue engineering, advanced material science, stem cell 
science and developmental biology - a convergence. The convergence of these individual 
toolboxes will advance therapies, e.g. using advanced material chemistry and surface topography 
to control cell fate and regenerative capacity. 
 
Musculoskeletal tissues show extremely limited endogenous regenerative capacity following 
significant trauma and tissue degeneration. Poor fracture healing, laceration and degeneration of 
tendon and ligament tissue, nerve damage and muscle loss can severely limit normal functioning. 
We have developed novel biomaterials and composite structures, including natural and synthetic 
polymer platforms, biomimetic structures, conductive polymers and elastomers that combine 
optimal mechanical properties, porosity, bioactivity, and functionality to modulate healing of 
tissues such as bone, ligament, rotator cuff, and muscle. We have developed simple scaffold 
structures, and composite and multi-scale systems that closely mimic native tissue architecture 
and tissue functionality. Ultimately, we aim to control phenotype maturation, the regenerative 
potential, and restore functionality through cell-scaffold and host–scaffold interactions. 

 



POLY 203: Soft nultifaced colloids by constrained volume self-assembly 

Rodney D. Priestley, rpriestl@princeton.edu. Chemical and Biological Engineering, 
Princeton University, Princeton, New Jersey, United States  

In this talk, we will demonstrate a strategy for the self-assembly of multi-faced 
nanoparticles through the precipitation-induced, rapid dimixing of polymer phases within 
a confined solution volume. Using a two-faced Janus particle assembled from two 
simple homopolymers as a model system, we demonstrate the ability of the method to 
provide simultaneous control over particle size, surface functionality, and compositional 
anisotropy as the assembly process is scaled. Furthermore, we illustrate that tuning the 
molecular weight of the homopolymers and increasing the number of polymer 
components in the system can facilitate the formation of multi-faced and protruded 
nanoparticles, respectively. Our results demonstrate that incompatible polymers with 
different properties can be self-assembled into nanoparticles with controllable surface 
topology by simultaneously reducing the timescale and solution volume over which they 
undergo self-assembly. 

 
 
  



POLY 204: Printed electronics revolution: Conducting polymers, transistor paints, 
and printed metals 

Richard D. McCullough, richard_mccullough@harvard.edu. Materials Science and 
Engineering, Harvard University, Cambridge, Massachusetts, United States  

Since the late 1970s, conducting polymers have promised a revolution in electronics. 
That revolution is here in the form of printed organic and organometallic displays and 
solid-state lighting and circuitry. This presentation will provide a status report on 
commercialization of printed electronics. The underlying science and discoveries that 
have enabled the field will be presented, including how to create conducting polymers 
with excellent electrical properties and printability, how science can simplify and lower 
the costs of new devices, and the remaining basic science opportunities for printable 
solar cells, transistors, and lighting. Recent work from my lab will show how the design, 
synthesis, and understanding of advanced materials can be used to attack the 
remaining challenges. 

 
 
  



POLY 205: Energy migration in conjugated polymers: Physics, applications, and 
opportunities 

Timothy M. Swager, tswager@mit.edu. MIT, Cambridge, Massachusetts, United States  

Conjugated (semiconducting) organic polymers are typically direct bandgap materials 
with highly allowed electronic transitions. They are as a consequence emissive and their 
extended electronic structures facilitated the migration of excited states (excitons) 
throughout the material. The nature of the migration involves dipolar processes (Förster-
type energy transfer) as well as strongly coupled electronic processes (exchange 
processes- Dexter-type energy transfer). These processes underpin the ability of these 
materials to harvest energy for organic photovoltaic processes and produce amplified 
responses in chemical sensors. In this lecture I will detail fundamental mechanistic and 
structure/property studies as well as provide some recent examples of how this 
understanding can be exploited to create functional materials with technological 
implications. 

 
 
  



POLY 206: Innovation in polymer science: Imprint lithography and 3D additive 
fabrication 

Joseph Desimone1,2, desimone@email.unc.edu. (1) Departments of Chemistry and 
Pharmacology Institute for Advanced Materials Institute for Nanomedicine Lineberger 
Comprehensive Cancer Center, University of North Carolina at Chapel Hill, Raleigh, 
North Carolina, United States (2) Department of Chemical and Biomolecular 
Engineering, North Carolina State Univerisity, Raleigh, North Carolina, United States  

There is a renaissance underway today in research that is being fueled by the DIY (do-
it-yourself) culture that is generally referred to as the “Makers Movement”. The maker 
culture exploits new tools for fabrication and encourages invention and rapid 
prototyping. Such tools in combination with an innovative mindset will make major 
impacts in many fields, including in tissue engineering. This lecture will describe 
breakthroughs in the Makers Movement—including an off-shoot of imprint lithography 
used to mold individual particles, and a pioneering advance in 3D additive 
manufacturing that is rapid, continuous and no longer layer-by-layer. 

 
 
  



POLY 207: Thiol-ene enabled functional film formation strategies for polymeric 
semiconductors 

Kenneth R. Carter1, krcarter@polysci.umass.edu, Andrew R. Davis3, Kara L. Martin2. 
(1) A416, UMASS, Amherst, Massachusetts, United States (2) Polymer Science and 
Engineering , University of Massachusetts , Amherst, Massachusetts, United States (3) 
Polymer Science & Engineering, University of Massachusett Amherst, Amherst, 
Massachusetts, United States  

By making the semiconducting layers robust and solvent-resistant after processing, a 
path is opened for more complicated fabrication processing. Additionally, the “locking” of 
polymer chains into position has been shown to improve certain electronic 
characteristics by significantly reducing their tendency to re-align during device 
operation. We have achieved this through the development of thiol-ene crosslinked 
conjugated polymers. Thiol-ene photo-click chemistry is used to cross-link 
poly(fluorene) derivatives incorporating varying length alkene side-chains into 
conjugated thin film networks with tunable network architecture, offering the first 
systematic handle on network architecture in cross-linked conjugated polymers. Newly 
reported poly(fluorene)s with 5- and 11-carbon length thiol-ene compatible side-chains 
are cross-linked using di-functional and tetra-functional thiol cross-linkers to afford 
networks of varying connectivity which are tracked by FTIR, contact profilometry, and 
photo calorimetry. Fluorenone “defects” are additionally incorporated into the 
poly(fluorene) networks and act as a uniquely effective colorimetric indicator of 
electronic communication within the conjugated network. This provides for the first 
systematic investigation of the effects of network architecture on cross-linked 
conjugated polymer films, which opens the door for controlling the optoelectronic 
properties of organic semiconductor networks as demonstrated by electroluminescent 
devices with improved efficiency 

 
 
  



POLY 208: Facile multistep synthesis of liquid crystalline elastomers 

Timothy J. White, timothy.white.24@us.af.mil, Taylor Ware, Michael McConney, 
JeongJae Wie, Vincent Tondiglia. Materials and Manufacturing Directorate, Air Force 
Research Laboratory, Wright-Patterson Air Force Base, Ohio, United States  

Liquid crystalline polymer networks have been prepared by a variety of methods. 
Elastomeric variants of these materials typically have employed a two-step reaction in 
which the mesogenic side-chain and/or main-chain units in a macromer are 
mechanically aligned. We recently have reported on a facile method to synthesize liquid 
crystalline elastomers that allows the utilization of commercially available mesogenic 
monomers. Specifically a two-step but one pot reaction strategy has been developed 
and employed utilizing the Michael addition of diacrylate liquid crystalline monomers to 
a primary amine, followed by photopolymerization of the acrylate end-capped 
macromers to yield a crosslinked film. This reaction scheme is conducive to 
photoalignment which allows the local orientation of the nematic director to be spatially 
and hierarchically programmed in volume elements (voxels) as small as 100 x 100 
microns square. Accordingly, the programmability allows the creation of polymeric films 
that reversibly morph from flat to complex 3D shapes. 

 
 
  



POLY 209: Signal amplification in polymeric materials using self-propagating 
responses and continuous head-to-tail depolymerization 

Hyungwoo Kim, khw84@snu.ac.kr, Matthew S. Baker, msb316@psu.edu, Scott T. 
Phillips, sphillips@psu.edu. Pennsylvania State University, University Park, 
Pennsylvania, United States  

Signal amplification is an efficient method for detecting small concentrations of an 
analyte, and is crucially used for diagnostic applications. Herein, we report our progress 
on incorporating signal amplification into polymeric materials. We describe both self-
propagating responses and continuous head-to-tail depolymerization. Both methods 
establish macroscopic changes in materials in response to specific applied stimuli. For 
the self-propagating response (Figure a), we designed a stimuli-responsive copolymer 
that contains (i) a light-sensitive moiety that generates fluoride as a chemical reporter, 
and (ii) a fluoride-sensitive moiety that provides an autoinductive reaction. Thus, once a 
local fleeting signal is detected, a small quantity of chemical reporter is generated 
locally, ultimately inducing a global change in the surface energy of the material through 
a self-propagation reaction. In the case of continuous depolymerization (Figure b), we 
synthesized poly(benzyl ether)s that have various functional moieties on each repeating 
unit. The resulting polymeric materials are elastic, hydrophobic or adhesives with the 
functionality providing direct access to a desired material. They also respond to external 
stimuli by losing the properties as all repeating units are unraveled due to continuous 
depolymerization from end to end, which is initiated by detection of the stimulus at the 
end of the polymer chain. 

 
 
  



POLY 210: Dual networks incorporating both reversible and irreversible polymers 

Gayla Berg, gayla.berg@colorado.edu, Tao Gong, Christopher Fenoli, Austin D. 
Baranek, Christopher Bowman. Chemical and Biological Engineering, University of 
Colorado, Boulder, Colorado, United States  

The use of two separate polymerization reactions within the same material leads to a 
number of advantages in designing smart and responsive polymers. Here, we show two 
examples of using an orthogonal Diels-Alder (DA) reaction to form a step-growth 
network in the presence of other types of monomers, and we demonstrate the ways that 
the resulting polymers can be applied. In the first example, a DA network is polymerized 
in the presence of free acrylate monomer and photoinitiator. Light exposure induces the 
formation of a polyacrylate network and renders the dual network irreversibly 
crosslinked. This two-stage polymerization can be used for a solid state photoresist for 
layer-by-layer stereolithography, where the solid material provides inherent support for 
overhanging or free standing features, eliminating the need for temporary support 
structures that must be removed after the 3D object is completed. In the second 
example, a dual network material comprised of DA and polyurethane networks is 
generated by a simultaneous polymerization at elevated temperature. The resulting 
material acts as a “scaffolded” network where, above its gelation temperature, the 
reversible DA network reverts to a low-viscosity liquid. We show that this material can 
undergo a thermally-induced healing via a capillary action mechanism while retaining its 
macroscopic shape. In these dual networks, simple temperature cycling serves as a 
trigger to reversibly induce flow or re-polymerization of the DA portions of the material. 
Thus, in both examples, the reversibility of the DA network – which has been well 
established in the literature over the past decade – is exploited as a tool to provide 
additional functionality within traditional thermosetting resins. 

 
 



POLY 211: Bioinspired mucin-mimetic brush polymers with selective antiviral 
properties to influenza A 

Shengchang Tang1, tang_sc@mit.edu, Brian Seifried1, Xuehui Dong1, Wendy 
Puryear2, Jonathan Runstadler2, Bradley D. Olsen1, Ribbeck Katharina2. (1) Chemical 
Engineering, MIT, Cambridge, Massachusetts, United States (2) Biological Engineering, 
MIT, Cambridge, Massachusetts, United States  

The mucosal layer above the epithelial cells serves as a protection barrier to prevent 
pathogen invasion and induced diseases. The antiviral properties have been attributed 
to interactions between the sugar moieties on mucin biopolymers and the receptors on 
the surface of pathogenic particles. Inspired by the antiviral mechanism, we design a 
modular synthetic approach to prepare brush polymers with high affinity and specificity 
to influenza A viruses. The strategy involves an enzymatic reaction to synthesize 
disaccharides targeting specific influenza strains, a copper-free click reaction to attach 
functional sugar moieties on one end of macromonomers, and subsequent controlled 
grafting-through polymerization reactions either by ring opening metathesis 
polymerization (ROMP) or by reversible addition-fragmentation chain transfer (RAFT) 
polymerization. The density of sugar moieties, the polymer molecular weight and 
solution structure can be readily controlled through changing the macromonomer to 
catalyst/initiator ratio. The antiviral properties of the brush polymers are evaluated from 
hemagglutination inhibition and infectivity assays, which demonstrate molecular-
structure-dependent specificity and affinity to influenza A. 

 
 
  



POLY 212: Facile synthesis of novel HTPBs and EHTPBs with high cis-1,4 content 
and extremely low glass transition temperature 

qinzhuo zhou2, zhouqinzhuo@126.com, Suyun Jie1, Bogeng Li2. (1) Zhejiang 
University, Hangzhou, China (2) zhejiang univerisity, Hangzhou, China  

Hydroxyl-terminated polybutadiene (HTPB) and modified HTPB are telechelic liquid 
rubbers and of great importance for the binder system of composite solid propellants 
due to their physic-chemical and mechanical properties. Among the modified HTPBs, 
partly epoxidized HTPB (EHTPB) expands the application of HTPB due to its better 
thermal stability, higher molecular polarity and more active sites, which make it be 
widely used in modified polyurethane, toughened epoxy resin, and so on. 
In the present study (Scheme 1), HTPB and EHTPB with high cis-1,4 content, 
controllable molecular weight (Figure 1) and relatively low PDI were prepared via the 
selective oxidolysis process using commercial butadiene rubber (BR9000) as a starting 
material, which includes the one-pot synthesis of aldehyde group-terminated 
polybutadiene (ATPB) and the subsequent reduction reaction by sodium borohydride. 
The full process could be conducted in mild conditions and without complicated 
manipulations. By tuning the epoxy percent and chain cleavage percent in the first step, 
liquid telechelic HTPBs with full-scale molecular weight and EHTPBs with various epoxy 
percent were readily obtained. The microstructure, molecular weight and PDI of 
products in each step were determined by FT-IR and 1H NMR, and GPC. The thermal 
properties of HTPBs and EHTPBs were tested by DSC and TGA. 
To our knowledge, it is the first time that EHTPBs was prepared via oxidolysis starting 
from butadiene rubber. Unlike the traditional polymerization approach, the selective 
oxidolysis process was much more convenient, straightforward and quantitative without 
complicated manipulations and had great potential for industrialization. Furthermore, 
high cis-1,4 content in HTPBs and EHTPBs caused their low glass transition 
temperature (Tg < −90 °C) and good low-temperature flexibility. These advantages will 
make them have potential application as high-performance adhesives in solid 
propellants or building new materials especially for low-temperature applications. 

 
 
 
 



POLY 213: Redox-switchable block copolymerization of lactide and epoxides 
catalyzed by bis(imino)pyridine iron(II/III) alkoxide complexes 

Ashley B. Biernesser, ashleyb@bc.edu, Kayla R. Delle Chiaie, Julia B. Curley, Jeffery 
A. Byers. Chemistry, Boston College, Brighton, Massachusetts, United States  

The investigation of bis(imino)pyridine iron bis(alkoxide) complexes for the 
polymerization of rac-lactide and epoxides is reported. In the Fe(II) state, the complexes 
are active toward the living polymerization of lactide, with excellent control over 
molecular weight and molecular weight distributions. Oxidation of the iron(II) alkoxide 
lead to a cationic iron(III) complex that is completely inert towards lactide 
polymerization. By capitalizing on this dichotomous reactivity, polymerization of lactide 
could be "switched off" upon in situ oxidation of the Fe(II) catalyst and subsequently 
“switched on” upon in situ reduction. Conversely, the oxidized form of the complex 
effectively polymerizes epoxides but is inert towards lactide polymerization. As such, 
epoxide polymerization could be similarly "switched off" by in situ reduction to the 
iron(II) state. By carrying out polymerization reactions in the presence of both 
monomers, one-pot block copolymerizations of lactide and epoxide were achievable 
that utilize redox control to iterate between lactide and epoxide polymerization. 
Selective lactide polymerization occurs when the catalyst is in the Fe(II) oxidation state 
and selective epoxide polymerization occurs when the catalyst is in the Fe(III) oxidation 
state. Reactions can be carried out either starting from polymerization of lactide 
followed by epoxide (i.e. Fe(II) to Fe(III) switch) or epoxide polymerization followed by 
lactide polymerization (i.e. Fe(III) to Fe(II) switch). Application of the redox-switching 
methodology for the synthesis of diblock, multi-block, and alternating copolymers will be 
discussed. 

 
 
  



POLY 214: Poly (propargyl L-glutamate)-based block copolymers for smart drug 
delivery applications 

Mohiuddin Quadir2, quadir_mohiuddin@hotmail.com, Stephen Morton3, Lawrence B. 
Mensah3, Kevin Shopsowitz3, Paula T. Hammond1,4. (1) Department of Chemical 
Engineering, Massachusetts Institute of Technology, Cambridge, Massachusetts, 
United States (2) Massachusetts Institute of Technology, Koch Institute for Integrative 
Cancer Research, Cambridge, Massachusetts, United States (4) Koch Institute for 
Integrative Cancer Research, Cambridge, Massachusetts, United States  

Application-directed chemical modification of synthetic and natural polymers can 
generate bio-functional analogues with diversified topology. In an attempt to engineer 
tissue compatible, pH-responsive and long-circulating nanoparticulate drug delivery 
systems, we have attached hydrophobic, poly (propargyl L-glutamate) (PPLG) block to 
a hydrophilic, heavily PEGylated poly (ester) dendrons by orthogonally efficient thiol-
maleimide chemistry. The propargyl side-chains of the polypeptide segment were 
connected to diethylamine moieties through Cu-mediated azide-alkyne ‘click’ 
cycloaddition. The synthesized linear-dendritic block copolymers self-assemble into 
stable nanoparticles at pH 8.0 with diameters ranging from 150-250 nm. The size of the 
nanoparticles was found to be governed by PEG molecular weight and degree of 
polymerization of the polypeptide (DPn) backbone. These nanoparticles showed a pH-
responsive disassembly behavior over a range of biologically relevant conditions. 
Circular dichroism (CD) experiment showed that incorporation of the heavy dendritic 
motif did not alter the α-helical conformation of the PPLG chain; hence the sterically 
stabilized block copolymer assemblies were able to encapsulate both polar and non-
polar anticancer agents without affecting their cytotoxic property. Whole-animal 
fluorescence imaging showed that, when administered systemically to BALB/c mice, 
dye-conjugated nanoparticles prepared from linear-dendritic block copolymers persisted 
in blood for a period of more than 30h. Subsequent use of these systems as therapeutic 
delivery module was investigated against MDA-MB-468 xenografts in NCR nude mice, 
whereby repeated administration of doxorubicin-loaded nanoparticles intravenously was 
found to suppress tumor growth for up to 30 days compared to the rapidly growing 
untreated control. 

 



POLY 215: Semicrystalline diblock copolymer nano-objects prepared via RAFT 
alcoholic dispersion polymerisation of stearyl methacrylate 

Mona Semsarilar, Nicholas J. Penfold, njwpenfold1@sheffield.ac.uk, Elizabeth Jones, 
Steven P. Armes. Chemistry, University of Sheffield, Sheffield, South Yorkshire, United 
Kingdom  

The RAFT dispersion polymerization of stearyl methacrylate (SMA) is conducted in 
ethanol at 70 °C using a poly(2-(dimethylamino)ethyl methacrylate) [PDMA] chain 
transfer agent. The growing PSMA block becomes insoluble in ethanol, which leads to 
polymerization-induced self-assembly (PISA) and hence produces a range of copolymer 
morphologies depending on the precise PDMAy–PSMAx formulation. More specifically, 
pure phases corresponding to either spherical nanoparticles, worm-like nanoparticles or 
vesicles can be prepared as judged by transmission electron microscopy. However, the 
worm phase space is relatively narrow, so construction of a detailed phase diagram is 
required for reproducible syntheses of this morphology. Inter-digitation of the stearyl 
(C18) side-groups leads to a semi-crystalline. PSMA core block and the effect of 
systematically varying the mean degree of polymerization of both the PDMA and PSMA 
blocks on the Tm and Tc is investigated using differential scanning calorimetry. Finally, 
it is demonstrated that these cationic nanoparticles can be employed as colloidal 
templates for the in situ deposition of silica from aqueous solution. 

 
 
  



POLY 216: RAFT polymerization of hydroxy-functional methacrylic monomers 
under heterogeneous conditions: Effect of varying the core-forming block 

Liam P. Ratcliffe3, l.p.ratcliffe@sheffield.ac.uk, Adam Blanazs4, Clive N. Williams1, 
Steven L. Brown1, Steven P. Armes2. (1) Scott Bader Company Ltd, Northamptonshire, 
United Kingdom (2) Univ of Sheffield Dept of Chem, Sheffield, United Kingdom (3) 
Chemistry, University of Sheffield, Sheffield, South Yorkshire, United Kingdom (4) 
BASF, Ludwigshafen, Germany  

Statistical copolymerization of a 1:1 molar ratio of 2-hydroxyethyl methacrylate (HEMA) 
with 4-hydroxybutyl methacrylate (HBMA) has been conducted in water via reversible 
addition-fragmentation chain transfer (RAFT) polymerization using a poly(glycerol 
monomethacrylate) (PGMA) stabilizer [1]. Given the water solubility of both the PGMA 
macro-CTA and the free radical azo initiator, it is perhaps counter-intuitive that the 
water-immiscible HBMA is initially consumed significantly faster than the water-miscible 
HEMA, as judged by 1H NMR studies of this copolymerization. However, both 
comonomers are almost fully consumed within 3 h at 70oC. A detailed phase diagram 
has been constructed for this RAFT statistical copolymerization formulation that enables 
reproducible syntheses of pure copolymer sphere, worm and vesicle morphologies. 
Remarkably, the thermo-responsive behavior of the PGMA-P(HBMA-stat-HEMA) 
copolymer worm gels can differ qualitatively from that exhibited by PGMA-PHPMA 
diblock copolymer worm gels [2], even though their core-forming blocks are isomeric 
(see Fig. 1). 
 
[1] L. P. D. Ratcliffe, A. Blanazs, C. N. Williams, S. L. Brown, S. P. Armes, Polymer 
Chemistry 2014, 5, 3643 
[2] A. Blanazs, A. J. Ryan, S. P. Armes, Macromolecules, 2012, 45, 5099 
 
Figure 1. Chemical structures of poly(glycerol monomethacrylate)-b-poly(2-
hydroxypropyl methacrylate) (PGMA-PHPMA) and poly(glycerol monomethacrylate)-b-
poly(2-hydroxyethyl methacrylate-stat-4-hydroxybutyl methacrylate) (PGMA-P(HBMA-
HEMA)) copolymers: note the isomeric nature of the core-forming blocks. 

 
 
  



POLY 217: Taking advantage of the academia-industry partnership: From 
molecules to manufacturing 

Timothy E. Long, telong@vt.edu. Virginia Tech, Blacksburg, Virginia, United States  

Academia is well positioned to effectively partner with leading industries to facilitate the 
fundamental discovery of novel materials for effective translation to commercial 
products. Each partner brings a unique perspective, which collectively facilitates 
entrepreneurship and commercialization of new products. The university partner must 
offer a model that mutually ensures intellectual property benefits, ensuring that the 
university can effectively become an extension of the industrial laboratory. Maintaining a 
fundamental approach allows the student researcher to focus on a thesis or dissertation 
while effectively translating findings in a timely manner to the industrial partner. These 
partnerships are critical for more effective training of students and the commercialization 
of new technologies. This lecture will first highlight a partnership with Kraton Polymers 
to introduce new families of ion-containing polymers for the preparation of membranes 
for energy and water technologies. Also, relationships with Toray for photo- and thermo-
reversible polymer coating technologies and BASF for high performance segmented 
polyesters will be described. Special focus is on the alignment of future advanced 
manufacturing with the polymeric materials of the future. 

 



POLY 218: New look at an old monomer for renewable materials 

Dylan Boday, dboday@us.ibm.com. IBM, Tucson, Arizona, United States  

The use of synthetic polymers from petroleum sources are widespread and can be 
found in nearly every item we use in our daily lives. There is a growing shift to prepare 
polymeric materials and composites from renewable sources as petroleum is a finite 
resource. However, the use of these renewable polymers in applications from 
disposable materials to durable goods have significant challenges to overcome in order 
to find wide spread use. Here, we will present an overview of our renewable polymers 
research efforts for durable good applications. Specific development efforts will consist 
of renewable polymers and new ways to polymerize lactides as well as an overview of 
our research efforts in renewable fillers, self-healing renewable systems and flame 
retardant polymers containing renewable content. 

 
 
  



POLY 219: Biorefinery technology: Basic research catalyzes new product 
development 

Kathleen O. Havelka, kohavelka@gmail.com. Elevance Renewabe Sciences, 
Woodridge, Illinois, United States  

Quantifying the value of basic research is often difficult. It frequently impacts applied 
research and sales in indirect ways; this makes justifying the endeavor even more 
challenging. However, developing new technologies to solve problems in more elegant 
ways can be a game changer. This presentation will review game changing 
advancements that have enabled significant innovations in large and small companies 
and in diverse areas, ranging from stimuli-responsive to bio-based technologies. 
 
A focus will be on applying Nobel Prize winning catalyst technology to a proprietary 
biorefinery process that enables conversion of complex molecules to unique building 
blocks as shown in Figure 1. The biorefinery process involves metathesizing bio-based 
feedstocks into outputs that include olefins, olefinic esters, and esters that can be 
tailored to obtain desired properties for a broad range of applications. The conversion of 
these building blocks into high performing and sustainable derivatives, monomers, and 
polymers will be reviewed. 
 
Figure 1. Comparison of catalyst technologies 
 
An illustration of catalyst development occurring concurrently with product development 
activities as a means to provide more options than conducting these activities in 
isolation will be presented. Additionally, the assembly of multi-disciplinary product and 
applications development teams brings more diverse and creative solutions to the fore. 
This helps to provide more options and increases the speed to market and 
demonstrates that basic research is a catalyst for business growth. 

 



POLY 220: Inorganic chemistry and polymers - synthesizing everything but the 
polymer 

Anthony M. Mazany, ammaz@msn.com. Materials Engineering, UTC Aerospace 
Systems, Amelia Island, Florida, United States  

TBD 
 
Many scientists trained in chemistry but not specifically in polymer science, work at 
polymer companies synthesizing new polymers and variants of the workhorse materials 
we encounter every day but there are many compounds and materials that are 
designed that are not polymers but are critical to their production, use and performance. 
Such materials can be quite varied in structure and function and include homogeneous 
catalysts, stabilizers, functional fillers, reinforcements, flame and smoke retardants and 
more. Although many additives may influence the same polymer property, the structure, 
composition and mechanism of each additive can be very different. For example, 
polymer stabilizers can range from metal oxides or organotin complexes to specially 
engineered nanoporous materials. Frequently, available additives will not satisfy 
performance needs and a new compound or material will have to be synthesized to 
enable the introduction of a new product. 

 
 



POLY 221: Convergence of computational and experimental chemistries driving 
the new era of accelerated materials discovery 

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

The discovery, development and deployment of new materials provides new business 
opportunities as well as to drive advances in high value applications ranging from 
microelectronics to medicine. Since most of the efficient polymer-forming reactions have 
been exploited, polymer science continues to be perceived as a mature field. As 
advances in computational chemistry continue, its influence on materials development 
on multiple length scales, the creation and understanding of new polymer-forming 
reactions, catalysis and the modeling of supramolecular assemblies are becoming more 
pervasive. This talk will provide several examples of where computational chemistry has 
accelerated the understanding of new polymer-forming reactions, organic catalysis 
development and supramolecular assembly for applications ranging from high 
performance polymers to medicine. In addition, a broad overview of IBM’s big data 
program in the context of accelerated materials development will be given. 

 
 
  



POLY 222: The value proposition for industrial research: What it was and what it 
is? 

Thomas W. Smith, twssch@rit.edu. School of Chemistry and Materials Science, 
Rochester Institute of Technology, Webster, New York, United States  

In the period of time between the end of WWII and the early1980’s chemical and 
pharmaceutical companies and high technology enterprises in the United States 
maintained substantive basic research operations. Today the corporate landscape has 
changed dramatically and investment in research, basic or applied, is not a given. In this 
presentation, the value proposition for investment in basic or applied research today will 
be explored. In the modern corporate landscape, what is the role of a research 
organization in problem-solving, product development and innovation? 

 
 
  



POLY 223: Innovative poly(ionic liquids) for energy and environment 

David Mecerreyes, david.mecerreyes@ehu.es, MEHMET ISIK, Ana Margarida 
Fernandes, Ali Aboudzadeh. POLYMAT, University of the Basque Country UPV/EHU, 
Donostia-San Sebastian, Gipuzkoa, Spain  

 
The properties and classical applications of polyelectrolytes are being outspreading in 
the last years by the introduction of new ionic moieties (cations and anions) into the 
polymeric backbone. These new ionic moieties are being developed due to the scientific 
and technological interest in the field of ionic liquids and for this reason, some of the 
new polyelectrolytes are being named polymeric ionic liquids or poly(ionic liquid)s. In the 
last few years, those innovative polyelectrolytes have been finding a wide range of 
applications in different technological fields such as Energy and Environment. 
 
In this presentation, we will review the recent developments in the synthesis and 
application of new poly(ionic liquid)s as (i) polymer electrolytes for energy and 
bioelectronics, (ii) gas membranes. (iii) self-healing materials and (iV) speciality 
surfactants for liquid marbles and dry water. 

 



POLY 224: New materials from polymerized ionic liquids 

John Texter, jtexter@emich.edu. School of Engineering Technology, Eastern Michigan 
University, Rochester, New York, United States  

Vinyl imidazolium monomers have played an important role in the initiation and 
development of polymerized ionic liquids (PIL). A new monomer, 1-vinyl-3-
hydroxyundecyl imidazolium bromide is essentially non-surface active in water, in 
comparison to many 3-alkyl homologues. Increased water solubility emanating from 
hydration of the hydroxyl group accounts for low surface activity, as both the 
imidazolium bromide and hydroxyl groups are hygroscopic. We find that diverse and 
interesting materials can be derived from this monomer. Stimuli-responsive 
homopolymers and copolymers are obtained, as expected due to the anion 
responsiveness of the imidazolium group. In addition, sparingly soluble polymers can be 
obtained when high initiator is used to limit molecular weight. Surprisingly, such 
sparingly soluble polymers exhibit quite limited thermal decomposition (<40%) at up to 
600°C, and suggest a new class of super hydrogen bonded materials. Furthermore, 
latex formation by dispersion polymerization produces particles that reversibly 
crystallize to form colloidal crystals. These particles constitute a new class of hydrogels. 
This reversible lyotropic melting, due to interparticle electrostatic, polar, and hydrogen 
bonding interactions, arises from forces typically found in multifunctional polymers, and 
such colloidal crystals (see photograph in figure) are the first to be reported that self-
assemble due to such normal molecular interactions. 

 



POLY 225: Reactive poly(ionic liquid)s (PILs) and precision synthesis of PIL-
based nanostructures 

Daniel Taton5, taton@enscbp.fr, Paul Coupillaud1, Joan Vignolle2, Mathilde Weiss-
Maurin4, David Mecerreyes6, Christophe Detrembleur3. (1) LCPO-CNRS, Universite de 
Bordeaux, Pessac, France (2) ENSCPB, University of Bordeaux, Pessac, France (3) 
University of Liège, Liege, Belgium (4) Chemistry, University of Liège, Bordeaux, France 
(5) ENSCBP, University of Bordeaux, Pessac, France (6) Polymat, University of the 
Basque Country, San Sebastian, Spain  

Two distinct aspects regarding the engineering of poly(ionic liquid)s (PILs) will be 
discussed. We will show, in a first instance, that advantage can be taken from the 
intrinsic reactivity of the acidic proton in C2 position of imidazolium-based PILs. Under 
basic conditions indeed, polymer-supported N-heterocyclic carbenes, i.e. poly(NHC)s, 
can be generated for the purpose of organocatalysis or for post-chemical modification. 
Thus, air stable and recyclable PILs of N-vinyl- or styrenic-type featuring hydrogen 
carbonate counter-ions have been specifically designed. Formation of related 
poly(NHC)s in solution occurs by concomitant decarboxylation and dehydration. 
Organocatalyzed reactions include benzoin condensation, tranesterification and cyclic 
carbonate formation of epoxides in presence of CO2. Moreover, the inherent reactivity of 
such PILs can be exploited in post-chemical modifications; in this case, in situ 
generated poly(NHC)s react with elecrophiles (e.g. CS2, isothiocyanates, transition 
metals based on Pd and Au) under stoichiometric conditions. 
Secondly, we will demonstrate that imidazolium-based PILs can be engineered into 
precise nanostructures, either by self-assembly at the solid state or in a selective 
solvent of PIL-based block copolymers (= PIL BCP’s), or by “branching polymerization” 
forming nanogels. For instance, synthesis of di- and triblock copolymers based on 
poly(vinyl acetate) and poly (N-vinyl-3-alkylimidazolium) has been achieved by cobalt-
mediated radical polymerization (CMRP). These PIL BCP’s proved to self-assemble into 
spherical micelles or polymeric vesicles in solution, while highly ordered lamellar 
organizations have been observed in bulk, due to the strong incompatibility of the two 
blocks. Alternatively, the CMRP in solution of a N-vinyl-3-alkylimidazolium monomer, in 
presence of an IL-type crosslinker, allows directly accessing PIL nanogels of controlled 
kinetic chain length. 

 



POLY 226: Polymerized ionic liquids: From ion conductive materials to water 
pump 

Hiroyuki Ohno, ohnoh@cc.tuat.ac.jp. Tokyo University of Agruculture Technology, 
Tokyo, Japan  

In 90’s, we were attracted by such unique properties of ionic liquids as very low glass 
transition temperature in spite of highly charged liquid. This fascination is strong enough 
to make us polymers of ionic liquids. The first paper on the polymerized ionic liquids 
was printed in 1998.1). The ionic conductivity dropped considerably down after 
polymerization of ionic liquid monomers. They however still have great advantage; 
extremely low glass transition temperature as charged polymers. Flexible spacer such 
as oligo(ethylene oxide) was introduced between polymerizable unit and ionic liquid unit 
to keep the glass transition temperature of the polymerized ionic liquids low.2) About a 
decade ago, we have reported LCST-type phase transition of ionic liquid/water 
mixtures.3) After this report, we developed many ionic liquids that show the LCST-type 
phase transition after mixing with water.4) Then, of course, we have polymerized them. 
Quite interestingly, these ionic liquids showed temperature-driven dynamic change in 
the solubility in water. These polymerized ionic liquids were cross-linked to show 
absorption/desorption of water driven by temperature (see Fig). They will be used to 
pump up water from lake to dessert driven by just the temperature difference between in 
a lake and dessert. 
Brief history of these polymerized ionic liquids, synthesis, properties, and their future 
has been published to celebrate its 15th anniversary5). Also, review on these 
temperature sensitive polymerized ionic liquids has recently been published6). 
 
1) H. Ohno and K. Ito, Chem. Lett., 1998, 27, 751-752. 
2) M. Yoshizawa and H. Ohno, Electrochim. Acta, 2001, 46, 1723-1728 
3) K. Fukumoto and H. Ohno, Angew. Chem. Int. Ed., 2007, 46, 1852-1855 
4) Y. Kohno and H. Ohno, Chem. Commun., 2012, 48, 7119-7130 
5) N. Nishimura and H. Ohno, Polymer, 2014, 55, 3289-3297 
6) Y. Kohno, S. Saita, Y. Men, J. Yuan, and H. Ohno, Polymer Chemistry, 2015, 6, 
2163-2178 

 
 
  



POLY 227: 3D printing phosphonium ionic liquid networks with mask projection 
microstereolithography 

Alison Schultz1,2, Alie425@vt.edu, Philip Lambert3, Nicholas Chartrain4, David 
Ruohoniemi1, Zhiyang Zhang1, Chainika Jangu1,2, Musan Zhang1,2, Christopher 
Williams3,2, Timothy E. Long1,2. (1) Chemistry, Virginia Tech, Blacksburg, Virginia, 
United States (2) Macromolecules and Interfaces Institute, Virginia Tech, Blacksburg, 
Virginia, United States (3) Mechanical Engineering, Virginia Tech, Blacksburg, Virginia, 
United States (4) Materials Science and Engineering, Virginia Tech, Blacksburg, 
Virginia, United States  

Polymer chemistry and additive manufacturing (also known as 3D Printing) are 
synergistically revolutionizing the design and fabrication of conductive objects for 
emerging electro-active membrane technologies. Capable of creating 3D parts with 
features smaller than 10µm, mask projection microstereolithography (MPµSL) is an 
ideal system for fabricating complex microelectromechanical objects with nanostructural 
control due to nanoscale aggregations for ion-containing polymers and polyelectrolytes. 
This lecture will introduce the advantage of this rapidly emerging manufacturing 
technology and reveal its application in the layer-by-layer fabrication of tailored 
phosphonium polymerized ionic liquids (PILs) with high architectural precision and 
reproducibility. The resulting cross-linked phosphonium PIL objects exhibit high thermal 
stability, tunable glass transition temperature, optical clarity, and ion conductivity. 

 
 
  



POLY 228: Organometallic-mediated radical polymerization for the precision 
design of novel poly(ionic liquid) copolymers in water 

Daniela Cordella1, danycordella30@yahoo.it, Anthony Kermagoret1, Antoine 
Debuigne1, Daniel Taton2, David Mecerreyes3, Christine Jérôme1, Christophe 
Detrembleur1. (1) Chemistry, CERM, University of Liege, Liege, Belgium (2) Chemistry, 
LPCO, Bordeaux, France (3) Chemistry, POLYMAT, Donostia-San Sebastian, Spain  

In recent years, poly(ionic liquid)s (PIL)s were found to take an enabling role in 
important fields of polymer chemistry and material science. PILs combine the unique 
properties of ionic liquids with the flexibility and properties of macromolecular 
architectures giving rise to a new family of functional polymers that opens new area of 
applications such as polymer electrolytes in electrochemical devices, powerful 
dispersants and stabilizers, absorbing membranes, precursors for carbon materials, 
porous polymers, etc. Controlled radical polymerization techniques have recently 
emerged as powerful tools for the precision design of novel PILs architectures and 
functionalities, enabling a considerable extension of the applications of PILs with the 
emergence of new properties. Many efforts are devoted to tentatively control the radical 
polymerization of ionic liquid monomers (ILs) that directly leads to PILs without requiring 
further polymer derivatization. Poly(vinyl imidazolium)s belong to a class of PILs of high 
interest but the control radical polymerization of their corresponding monomer is touchy 
due to the high reactivity of their propagating radical. 
In this communication, we will report on the implementation of organometallic-mediated 
radical polymerization (OMRP) technique for the precision synthesis of unprecedented 
PILs (co)polymers by direct polymerization of ILs in water. We will first discuss how a 
commercially available cobalt complex can efficiently control the growth of poly(vinyl 
imidazolium) chains and lead to PILs with predicted molar masses and low dispersities 
under mild experimental conditions. The efficiency of the process will then be illustrated 
by the one-pot synthesis of vinyl imidazolium-based block copolymers in aqueous 
media. This OMRP technique, highly compatible to water and active under moderate 
temperatures (30-40°C), is unique for providing well-defined vinyl imidazolium based-
copolymers and novel PILs assemblies, and open new application fields. 

 
 



POLY 229: Alternate mechanism for nucleophilic attack at Si(OR)4 

Richard M. Laine3, talsdad@umich.edu, Joesph C. Furgal2, Theodore G. Goodson1. (1) 
University of Michigan, Ann Arbor, Michigan, United States (2) Chemistry, University of 
Michigan, Ann Arbor, Michigan, United States (3) Macromolecular Science and 
Engineering, University of Michigan, Ann Arbor, Michigan, United States  

The currently accepted mechanism for nucleophilic attack at silicon in tetra-alkoxy 
silanes is suggested to involve formation of penta- and then hexacoordinated 
intermediates as supported by the nearly exclusive formation of R3SiOR and R4Si from 
nucleophilic attack by RLi and RMgX under ambient conditions. Our recent discovery of 
a direct route from biogenic silica to tetraalkoxy-spirosiloxanes prompted us to revisit 
this reaction as a potential route to diverse silicon containing species with single Si-C 
bonds, especially silsesquioxanes. To our surprise, reactions of both Si(OEt)4 and Si(2-
methyl-2,4-pentanediolato)2, SP, with PhLi when run at – 78 °C form pentacoordinated 
Si, e.g. LiPh Si(OEt)4 and LiPhSP in equilibrium with the starting reagents with no 
evidence for formation of hexacoordinated species in samples quenched at low 
temperature with MeI or Me3SiCl. On warming, only Ph4Si is recovered! 

 
 
  



POLY 230: Modifying properties of catalysts derived from POSS-Sn-POSS 

Evgeny V. Beletskiy, Mayfair Kung, Harold Kung, hkung@northwestern.edu. Chemical 
and Biological Engineering, Northwestern University, Evanston, Illinois, United States  

A tetrahedral Sn complex, synthesized using two POSS ligands, has been shown to be 
catalytically active. The Sn center is a Lewis acid and capable of binding amines. Its 
catalytic activity is slightly diminished after anchoring onto a silica support, but is greatly 
enhanced after mild oxidation to remove all the terminal alkyl groups. It appears that 
one of the effects of oxidation is to convert the alkylsilyl groups into silanol. Removing 
these silanol groups by reaction with a trialkylalkoxysilane compound suppresses the 
activity, which can be partly restored by oxidation again that removes the alkyl groups. 
Results of these experiments will be presented and discussed with respect to the 
causes of these changes. 

 
  



POLY 231: Hybrid porous materials derived from octavinylsilsesquioxane 
 
hongzhi liu, liu-hongzhi@hotmail.com. Shandong university, Jinan, China 
  
Porous polymers have elicited considerable interest due to their extensive potential applications, 
such as gas storage and separation, heterogeneous catalysis and sensors. The “bottom-up” 
topology combination has proved to be an efficient strategy to construct porous materials. 
Rational selection of suitable rigid building blocks with different geometry will help to construct 
polymer networks with novel topology structures and properties. Polyhedral ologomeric 
silsesquioxanes (POSS) are hybrid molecules with three–dimensional nanometer–sized 
inorganic–organic hybrid structures and a general formula of (RSiO1.5)n (n = 6, 8, 10, 12). Rigid 
cage make POSS become an ideal building block to construct novel inorganic-organic hybrid 
porous materials. Some hybrid porous materials based on POSS have been synthesized by the 
reaction of other building blocks with different geometries. Starting from cubic 
octavinylsilsesquioxane (OVS), we have successfully prepared some hybrid porous materials by 
the combination with planar molecules, tetrahedral molecules or polymer via the Friedel–Crafts 
reaction or Heck coupling reaction . 
 
References 
1. D. Wang, L. Xue, L. Li, B. Deng, S. Feng, H. Liu and X. Zhao, Macro. Rapid Commun., 
2013, 34, 861–866. 
2. D. Wang, W. Yang, L. Li, X. Zhao, S. Feng and H. Liu, J. Mater. Chem. A, 2013, 1, 13549. 
3. D. Wang, W. Yang, S. Feng and H. Liu, Polym. Chem., 2014, , 5, 3634-3642. 
4. Y. Wu, D. Wang, L. Li, W. Yang, S. Feng, H. Liu, J. Mater. Chem. A. 2014, 2, 2160-2167. 
5. W. Yang, D. Wang, L. Li, and H. Liu, Eur. J. Inorg. Chem. 2014, 2976–2982. 
6. D. Wang, L. Li, W. Yang, S. Feng, H. Liu, RSC Advances, 2014, 4, 59877-59884. 
7. Y. Wu, L. Li, W. Yang, S. Feng, H. Liu, RSC Advances, 2015, 5, 12987 – 12993. 
 

 



POLY 232: Synthesizing new hybrid architectures of natural rubber and silicon based 
polymers 
 
Tony Aitchison1, tony.aitchison@unisa.edu.au, Gaelle Leveque2, Pamela Pasetto2, stephen 
clarke1. (1) University of South Australia, Adelaide, South Australia, Australia (2) Institut des 
Molécules et Matériaux du Mans, Université du Maine, Le Mans, France  
 
Natural rubber is obtained from the Hevea Brasiliensis tree through a process called tapping. It is 
then collected and stored as concentrated latex, sheets or granules, which type depends on the 
travel time before use, the quality of the latex and the industrial end product. The latex is a 
mixture of organic compounds with a large portion of rubber particles containing cis-1,4-
polyisoprene chains. It is used in many applications such as in pneumatics, as a compatibilizer, 
adhesive or coating because of its excellent properties of elasticity, flexibility and waterproofing 
capabilities. The use of natural rubber is however limited by its poor resistance to low and high 
temperatures; below its glass transition temperature (200.5 K°) natural rubber becomes inelastic. 
Silicon polymers on the other hand, come in the form of fluids, resins or elastomers, and are one 
of most used materials in industry due to their extraordinary properties. Features such as high 
flexibility and elasticity, low glass transition temperature, low surface tension, high temperature 
resistance, and electrical insulation are just a sample of what silicon polymers can do. This has 
allowed their use in coatings, medicine, and solar cells to name a few. In addition, silicon 
polymers are poorly biodegradable because of their high level of microbial resistance and UV 
resistance. 
Literature provides many examples of silicon based hybrid materials with enhanced properties. 
Hybrid materials have been used for the fabrication of contact lenses, marine antifouling coatings 
and scratch resistant automotive coatings. 
 
In this study, polyisoprene and polysiloxane have been covalently combined by a hydrosilylation 
reaction, in an attempt to produce unique architectural hybrid materials such as linear, star and 
network structures. Hybrid materials often have improved properties such as decreased surface 
tension or increased adhesive power and the same was expected here. 

 



POLY 233: POSS polymers 

Elda Markovic2, elda.markovic@unisa.edu.au, Stephen R. Clarke2, Janis G. Matisons1. (1) 
Research and Development, Gelest Inc, Morrisville, Pennsylvania, United States (2) Mawson 
Institute, University of South Australia, Mawson Lakes, South Australia, Australia  

The modification of polymers by covalent incorporation of inorganic moieties into an organic 
network often allows better control of the properties of the hybrid materials because it leads to an 
improved distribution of the inorganic species.1 
POSS polymers are materials that contain nanoscale POSS segments directly bound to the 
polymer chains. Such newly developed nanocomposite materials show synergetic properties 
compared to the application of the rule of mixtures to properties of the component materials.2,3 
Well defined star polymers incorporating POSS nanostructures are especially interesting 
compounds that can show different thermal and viscosity properties, compared to those of their 
linear analogue. 
The POSS- star polymers have been synthesised from nanosized macroinitiators.4 The 
spectroscopy analyses of the series of macroinitiators confirmed that this synthetic pathway 
afforded products of good purity. ATRP and ROMP were employed to covalently disperse POSS 
macromonomers into a polymer matrix. TGA and DSC were employed to examine thermal 
properties of the organic-inorganic hybrid materials. Unlike the cross-linked POSS materials5, 
the star polymers showed a three-step decompositions, that increased with the increase in the 
chain length of POSS macroinitiators. 
 
1. Sanches, C.; Soler-Illia, G.J.; Ribot, F.; Lalot, T.; Mayer, C.R.; Cabuil, V.; Chem. Mater. 
2001, 13, 3061 
2. Judeinstain, P.; Sanches, C. J. Mater. Chem. 1996, 6, 511 
3. Laine, R.M.; Zhang, C.; Sellinger, A. Vicilus, L. Appl. Organomet. Chem. 1998, 12, 2335. 
4. E. Markovic, K. Constantopoulos, J. Matisons, In Advances in Silicon Science, 1st ed.; Claire 
Hartmann-Thompson, Springer: New York, 2011; Vol. 3, pp 1–46. 
5. E.Markovic, S.R. Clarke, J.G. Matisons, G. P. Simon, Macromolecules, 2008. 41(5),1685. 

 



POLY 234: High Surface Area Methylsilsesquioxane Polymer Gels Made by 
Flouride Catalyzed Reaarangement of Methyltriethoxysilane and 
Bistriethoxysilylethane and Other Inorganic Hybrid Microporous Materials 

Richard M. Laine2, talsdad@umich.edu, Honami C. Yamane1, Yoshiki Chujo1. (1) 
Kyoto Univ Poly Chem Sch Eng, Kyoto, Japan (2) Macromolecular Science and 
Engineering, University of , Ann Arbor, Michigan, United States  

High surface area materials are of considerable interest for gas storage/capture, 
insulation as well as for slow release drug delivery systems. Hydrophobic 
methylsilsesquioxane and other hybrid polymer gels are made by a simple and fast 
fluoride catalyzed rearrangement of methyltriethoxysilane and bis-triethoxysilylethane 
(BTSE) at room temperature. These materials offer surface areas above 1000 m2/g, 
with thermal stabilities above 200 °C. The gelation time and surface area can be 
controlled by adjusting the solvent volume (CH2Cl2, DCM), percent fluoride as nBu4NF 
and amount of cross-linking agent (BTSE). Polymers with other corners and linkers are 
also explored. 

 
 
  



POLY 235: Click synthetic polypeptides for structural biomimetic molecules and 
networks 

Paula T. Hammond1,2, hammond@mit.edu. (1) Department of Chemical Engineering, 
Massachusetts Institute of Technology, Cambridge, Massachusetts, United States (2) 
Koch Institute of Integrative Cancer Research, Massachusetts Institute of Technology, 
Cambridge, Massachusetts, United States  

One of the 21st century challenges for polymer science is the ability to design polymer 
systems with levels of control that allow the mimicry of different biological systems while 
facilitating the incorporation of non-native properties. The controlled polymerization of 
N-carboxyanhydride monomers provides a means of generating synthetic polypeptides; 
however, until recently, only native amino acids were incorporated along the backbone. 
Our lab introduced an alkyne functionalized monomer, propargyl-L-glutamate, that 
enables the use of click chemistry post-polymerization, thus allowing the generation of a 
broad range of different functional side groups. Poly(propargyl-L-glutamate) (PPLG), 
and similar polypeptides subsequently introduced, has enabled a broad range of new 
approaches to designing artificial polypeptide systems with properties that engage or 
mimic biology. We are investigating the functionalization of these alpha-helical 
substrates with glycans or naturally occurring glycosaminoglycans and polysaccharides, 
followed by crosslinking of the resulting polymeric molecules to form networks. We are 
now investigating the manipulation of crosslinking along the backbone and/or at the 
ends of the polymer chains to form framework hydrogels for which mechanical 
properties and physicochemical properties such as permeability might be independently 
tuned. Crosslinking of dense PEG grafted PPLG molecules with an alpha-helical 
backbone can lead to gels with more rigid mechanical properties, but with high 
permeability and water content; whereas, use of coil-like D,L backbones leads to more 
traditional gel systems. In the alpha-helical gel systems, we observe unique constrained 
swelling behavior. Functionalization of the gels enables cell adhesion and interactions. 
The development of this new type of alpha-helical framework gel will be described, as 
well as the functionalization of the backbone with pH- , thermo-, and other bio-
responsive behavior. 

 
 



POLY 236: Manipulating solution-assembled and stimuli-responsive copolymer 
nanostructures for nucleic acid delivery and gene silencing 

Thomas H. Epps1, thepps@udel.edu, Millicent O. Sullivan1, Matthew Green2,3, Abbygail 
Foster1. (1) Chemical Engineering, University of Delaware, Newark, Delaware, United 
States (2) University of Delware, Newark, Delaware, United States (3) Arizona State 
University, Tempe, Arizona, United States  

Amphiphilic block polymers consist of covalently-bonded hydrophobic and hydrophilic 
polymer segments. Akin to small molecule amphiphiles, these macromolecules self-
assemble into a variety of well-defined structures in aqueous solution such as micelles 
and vesicles. However, the macromolecular nature of the hydrophobic block can lead to 
very slow and seemingly nonexistent micelle dynamics. This kinetic entrapment is an 
attractive advantage of amphiphilic block polymers for therapeutic agent delivery 
applications; however, it also leads to path-dependent assembly and unknown (or 
uncontrollable) longer-term stability. Consequently, careful optimization of the 
macromolecules is necessary to produce uniform, stable, and responsive 
macromolecular solution assemblies. One area of interest in our research group is 
exploring the ability to externally control the delivery of nucleic acids to various cellular 
targets using copolymer nanocontainers. In this area, we are designing and 
synthesizing new cationic diblock copolymers containing PEG and o-nitrobenzyl 
moieties that facilitate both tailorable nucleic acid complexation and light-activated 
release. Our design unlocks a new approach to advance non-viral gene therapy by 
overcoming the dual constraints of tight extracellular packaging and facile intracellular 
decomplexation. Through this modular micelle approach, we are able to significantly 
enhance nucleic acid uptake and gene silencing efficiency. 

 
 



POLY 237: New fabrication strategy toward functional fiber mats and composites 

LaShanda Korley1,2, lashanda.korley@case.edu, Alex M. Jordan1,2, Jonathan K. 
Pokorski1,2, Eric Baer1,2. (1) Macromolecular Science and Engineering Department, 
Case Western Reserve University, Cleveland, Ohio, United States (2) Center for 
Layered Polymeric Systems, Cleveland, Ohio, United States  

Innovations in multilayer coextrusion technology have translated to the fabrication of 
melt-extruded polymeric rectangular fiber mats and composites. Distinct advantages of 
this modular approach over other traditional fiber processing techniques include 
scalability, environmentally-friendly conditions, and the ability to obtain cross-sectional 
dimensions on the nanoscale. Specifically, we have manufactured biologically-relevant, 
high surface poly(caprolactone) (PCL) fiber constructs. Via uniform fiber drawing, highly 
oriented PCL chains were obtained at a draw ratio of 11, leading to high modulus PCL 
fiber mats with fiber dimensions of 310 ± 50 nm by 130 ± 20 nm and a specific surface 
area of ~9 m2/g. Functionalization of the PCL fibers has also been demonstrated, 
providing a pathway for functional fiber substrates. Comparisons to electrospun PCL 
fibers of similar dimensions and orientation have been made. We have also 
manufactured melt-extruded fibers derived from PCL blends and investigated variations 
in degradation profiles. It is envisioned that these materials will impact a range of 
applications in health care technology. 

 
 
  



POLY 238: Thermal properties of polymers derived from 2-substituted ionic liquid 
imidazolium monomers 

Thomas W. Smith, twssch@rit.edu. School of Chemistry and Materials Science, 
Rochester Institute of Technology, Webster, New York, United States  

The glass transition in polymers derived from tetrasubstituted 1-butyl-2,3-dimethyl-4-
vinylimidazolium salts has been found to be substantially invariant. This unexpected 
result is attributed to a combination of minimal H-bonding interactions in the 2-
substituted imidazolium polymer salts and steric separation between ion pairs enforced 
by having substituents on the 1, 2, 3, and 4 positions of the imidazolium moiety that 
dramatically diminishes the contribution of counterion size to the equilibrium distance 
between the center of the anion and cation. If this is the case, similar invariance in glass 
transition characteristics should be observed in polymers derived from other 
trisubstituted and tetrasubstituted imidazolium monomers. In order to explore this 
hypothesis in more depth, new trisubstituted ionic liquid monomers, specifically 3-butyl-
2-methyl-1-vinylimidazolium and 2-butyl-3-methyl-1-vinylimidazolium salts, were 
synthesized by alkylation of 2-methyl-1-vinylimidazole and 2-butyl-1-vinylimidazole. The 
present paper details the synthesis and polymerization of these monomers. In addition 
the glass transition characteristics of homologous sets of 2-substitited imidazolium 
polymer salts with anions of varying size and kind will be described. 

 
 
  



POLY 239: Teaching polymers to act like proteins 

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

A new series of synthetic protein transduction domain mimics (PTDMs) was designed 
based on key parameters of Pep-1 and TAT. These novel PTDMs were significantly 
more active than either Pep-1 or TAT alone. To better understand the importance of 
guanidine and phenyl groups segregation along the backbone both membrane 
interactions and cellular internalization studies were conducted. The results showed that 
functional group segregation impacts activity. Their ability to deliver active peptides, 
proteins, and antibodies into primary T-cells was exploited. This study gives new design 
guidelines for the development of PTDMs. 

 
 
  



POLY 240: Polymer characterization using multidetector gel permeation 
chromatography at temperatures ranging from 40 oC to 220 oC 

Amandaa K. Brewer, amandaa.brewer@tosoh.com, Ilir Koliqi. Tosoh Bioscience, King 
Of Prussia, Pennsylvania, United States  

The main utility of gel-permeation chromatography (GPC) from 40 oC to 220 oC has 
been to determine the molar mass averages and distributions of natural and synthetic 
polymers. Over the years, as the complexity of polymers has increased, the ability to 
obtain accurate and precise distributions of both their physical and chemical properties 
have piloted a new era of polymer analysis: multi-detector GPC. Here, we will discuss 
polymer characterization via single- and multi-detector regular and high temperature 
GPC namely, the coupling of GPC to various combinations of dual flow RI, UV-Vis, 
multi-angle light scattering (MALS), and differential viscometry (VISC). The addition of a 
MALS detector to a single-detector GPC system allows for the determination of not only 
the absolute, calibrant-independent, molar mass and molar mass distributions but also 
provides size information. When coupled to the GPC/MALS/RI a viscometer can provide 
molar mass averages and distributions via universal calibration in addition to the 
intrinsic viscosity and macromolecular size of the analyte. Lastly, we will provide an 
overview of multi-detector technologies as well as the benefits of a dual flow RI detector 
for the characterization of synthetic polymers, such as nylons, polyethylenes of varying 
density (Figure), and polyphenylene sulfide (PPS), to name a few. 

 



POLY 241: Use of high speed/high resolution size based chromatographic 
separation of surfactants and oligomeric materials with single quadrupole mass 
spectrometry detection 

Michael J. O'Leary, michaeloleary80@gmail.com. Waters Corp, Boxborough, 
Massachusetts, United States  

Recent developments in polymerization processes have utilized a wide array of 
strategies. The development has evolved from simple polymer chains to complex 
polymers capable of performing multiple functions within a single molecular chain. As 
these new materials evolve their control and understanding has come under intense 
scrutiny utilizing a wide range of analytical technology ranging from chromatographic 
separation to advanced mass spectrometry. 
 
Addressing the challenges of material characterization has often been focused on 
hyphenated detection techniques coupled with separation. This approach utilizes a 
concentration detector such as a refractive index (RI) detector as well as a viscosity 
detector and a multi angle light scattering detector and more recently the use of Mass 
Spectrometry (MS) detectors. 
 
With the introduction of the Waters Advanced Polymer Chromatography system (APC) 
a break though was achieved in high speed high resolution size based separation. This 
approach delivered a novel approach to the separation equipment including the 
separation column as well as the entire flow path to yield a high speed / resolution 
separation maintained from injection to detection with traditional detector options such 
as RI and UV detection. However, the use of this high speed high resolution separation 
technique has been limited due to the need to control material ionization and solvent 
matrix effects. 
 
In this study the expansion of the APC approach to the size based separation is 
presented. A single system control platform is evaluated to pair the chromatographic 
system to the MS detector system allowing for a high through put/ high resolution 
evaluation of size based separation of polymeric material while allowing for controlled 
MS ionization without interfering with the chromatographic separation. 

 



POLY 242: Molecular weight and particle size determination of 
polyvinylpyrrolidone (PVP) using macroIMS macroion mobility spectrometer 

Arthur Hsin-Hung Huang, arthur.huang@tsi.com, Rick Cavalere, Axel Zerrath, Patrick 
Hutchins, Erik Willis. TSI, Shoreview, Minnesota, United States  

Knowing the size and molecular weight of polymers is of importance for developing 
pharmaceutical, chemical or other products with regards to bioavailability, drug 
stabilization, and product stability. Methods used to determine size and molecular 
weight may be biased by the performance of the separation technique used to 
fractionate the polydisperse polymers, and the detection method. The MacroIMS system 
is a versatile ion mobility spectrometry (IMS) system that relies on first principle size 
analysis to determine the molecular weight of macromolecules between 8 kDa and >100 
MDa. The MacroIMS System performs separation of analytes in the gas-phase and 
therefore has no analyte-column material interaction dependence. This technique 
reduces the breakdown of non-covalent interactions which usually accompany 
electrospray ionization through charge neutralization, allowing for analysis of 
macromolecules. The system’s detector delivers counts of polymer particles in the size 
fractions, and as such provides a truly number-based concentration determination. The 
size distribution obtained is independent of elution volumes. Thus the number-weighted 
size distribution may differ from calculated data using conventional methods. 
 
Polyvinylpyrrolidone (PVP) is a water-soluble polymer made from the monomer N-
vinylpyrrolidone, and is used in a variety of pharmaceutical and chemical applications. 
Molecular weight, polydispersity, and particle diameter have been determined for two 
PVPs, PVP10 with mean molecular weight of 10 kDa, and PVP360, with mean 
molecular weight of 360 kDa. The ranges of concentrations were 0.42 μg/mL-33.9 
μg/mL and 10 μg/mL-190 μg/mL for PVP10 and PVP360, respectively. The signal 
response was found to be linear within a 95% confidence interval for the assessed 
concentrations. Various poly(styrenesulfonate) and polyethylene glycol samples were 
also tested, showing that MacroIMS is capable of analyzing these polymers. In 
summary, the results showed that MacroIMS is able to determine the molecule weights 
of different water-soluble polymers effectively. 

 



POLY 243: KnowItAll® ATR/IR ID Expert™ polymer analysis applications 

Dana Garcia1, dana.garcia@arkemagroup.com, Farrel Borden3, Marie Scandone2. (1) 
Analytical and Systems Research, Arkema inc, King of Prussia, Pennsylvania, United 
States (2) Bio Rad Laboratories, Philadelphia, Pennsylvania, United States (3) Bio-Rad 
Laboratories, Philadelphia, Pennsylvania, United States  

Vibrational spectroscopy is the method of choice for unknown material identification due 
to its high chemical specificity, relative low cost, ease of operation and availability of 
portable field instruments. Routine reliable identification is made possible by the 
availability of search software programs coupled with spectral databases. KnowItAll 
ATR/IR ID Expert is a search data management protocol simultaneously performing 
single, multi-components searches and functional group analysis. Within the KnowItAll 
software package, ATR/IR ID Expert provides increased efficiencies in saved time and 
cost by building bridges between user and software, serving as user guide enhancing 
decision making and advanced tool selection. In this presentation we will provide 
examples of case studies for polymer analysis. Results will be compared with traditional 
KnowItAll search approaches. 
 
KnowItAll is a registered trademark of Bio-Rad Laboratories, Inc 
ART/IR ID Expert is a trademark of Bio-Rad Laboratories, Inc 

 
 
  



POLY 244: Structure-property relationships for polycyanurate networks derived 
from renewable resources 

Michael D. Ford1,6, m_ford87@yahoo.com, Andrew J. Guenthner3, Benjamin G. 
Harvey5, Matt C. Davis4, Heather Meylemans5, Michael Wright5, Andrew Chafin5, 
Joseph M. Mabry2. (1) RQRP, Air Force Research Lab, Tehachapi, California, United 
States (2) AFRL/RZSM, Air Force Research Laboratory, Edwards AFB, California, 
United States (3) Aerospace Systems Directorate, Air Force Research Laboratory, 
Lancaster, California, United States (4) Navy Nawcwd Michelson Lab, Ridgecrest, 
California, United States (5) Chemistry, US Navy, Ridgecrest, California, United States 
(6) ERC, Inc., Huntsville, Alabama, United States  

The recent synthesis of cyanate ester monomers, which may be derived from 
renewable resources, containing a wide range of chemical features provides a unique 
opportunity for the development of quantitative structure-property relationships in 
dicyanate esters and their polymerized networks. Using a set of 19 cyanate ester 
monomers, 17 of which may be derived from renewable sources, structure property 
relationships, in the form of partial linear regression models, have been produced for the 
monomer melting point, glass transition temperature at full cure, and char yield at 600 
°C under nitrogen and in air. The partial least squares method was able to provide linear 
models based on a set of 10 structural parameters that predicted melting points to 
within about 35 °C, glass transition temperatures at full cure to within about 30 °C, and 
char yields to within about 10%, based on “leave one out” cross-validation analysis. The 
predictive power of the partial least squares models was compared to that of ordinary 
least squares and shown to be at least as good. Moreover, analysis of ordinary least 
squares models for the monomer melting point clearly showed that such models suffer 
from over-prediction. The models have been used to predict the properties of two 
cyanate ester systems that have not yet been synthesized, but could easily be produced 
for future validation experiments. 

 



POLY 245: Facile synthesis of fluorescent conjugated polyelectrolytes as metal 
ion chemosensors 

Wei Wu1, wwu39@binghamton.edu, Anting Chen1, Renchen Dolma1, William E. 
Bernier1, Wayne E. Jones2. (1) Department of Chemistry, State University of New York 
at Binghamton, Vestal, New York, United States (2) Department of Chemistry, State 
University of New York at Binghamton, Binghamton, New York, United States  

Fluorescent conjugated polyelectrolytes (FCPEs) have drawn growing attention as 
chemosensors to detect various chemical species in both environmental and biological 
systems. They have good water solubility for aqueous sensory applications. They also 
possess intense fluorescence emission by virtue of electrostatic repulsion which 
prevents the π-π stacking/aggregation of the conjugated backbones. Previously we 
reported a conjugated polymer, with a terpyridine functional group as the receptor, 
which has significant sensitivity and selectivity to transition-metal ions in THF. A 
polyelectrolyte chemosensor that retains similar functionality, but dissolves in water, 
would be more effective for aqueous applications. A highly emissive FCPE, the ttp-
PPESO3 with the phenylene ethynylene thiophene ethynylene polymer (PPETE) 
backbone and negatively charged sulfonate groups on side chains was designed and 
synthesized via Sonogashira coupling reaction (Scheme 1). It has enhanced 
fluorescence and improved water solubility. Photophysical characterization including 
UV-vis spectroscopy, time resolved fluorescence emission, quantum yield 
determination, and Stern-Volmer analysis have been investigated in order to evaluate 
the newly constructed FCPE chemosensor. 

 
 
  



POLY 246: Partially crystalline epoxy resins: Investigations on dynamics, 
morphology, and mechanical behavior 

Andre Arnebold1,2, andre.arnebold@web.de, Stefanie Wellmann3, Andreas Hartwig2. 
(1) Universität Bremen, Bremen, Germany (2) Fraunhofer Institute, Bremen, Germany 
(3) Wellmann Technologies GmbH, Friedelsheim, Germany  

The phenomenon that crystallinity leads to enhanced toughness and strength in 
cationically polymerized, crosslinked epoxy resins is up to now only rarely discussed. 
We demonstrate the controlled crystallization of partially crystalline poly(ε-caprolactone) 
(PCL) in a model system based on a cycloaliphatic epoxy matrix and a thermolatent 
super acid as initiator. To adjust the morphology and the degree of crystallinity in such 
epoxy resins, the manipulation of the polymerization mechanisms as well as occurring 
transesterification is a proper way. 
To illustrate the interplay of the different occurring mechanisms and reactions, samples 
with the same composition were polymerized under varied conditions leading to 
different degrees of crystallinity XC (XC: B > A ≈ D > C; see figure 1) and furthermore to 
differences in morphology and mechanical behavior. It has been shown that mild curing 
conditions lead to a sufficient flexibilization of the epoxy matrix due to an exchange 
reaction between the epoxide and the polyester polyol, named activated monomer 
mechanism (AM). Finally, such a flexibilization enables phase separation in combination 
with a high degree of crystallinity. Furthermore, annealing the already completely cured 
polymer under more intense conditions results in a higher amount of transesterification 
compared to mild conditions which could be evidenced by model experiments. The 
super acid which is generated during the thermal treatment acts as transesterification 
catalyst so that parts of the PCL chains are integrated into the crosslinked network 
going hand in hand with a decreased degree in crystallinity. This means, to preserve 
crystallinity and therefore the polymer’s superior mechanical properties, the 
transesterification has to be prevented. Otherwise, the ability of transesterification in 
crosslinked polymers can be used for stress relaxation. Additionally, such a 
phenomenon can be accelerated by using a typical transesterification catalyst like 
titanium(IV) butoxide. 

 
 



POLY 247: Structure-property-morphology relationships of high-performance 
segmented liquid crystalline copolyesters 

Ashley M. Nelson2,3, Gregory B. Fahs2,3, Joseph M. Dennis3, jmden88@vt.edu, 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 
and Interfaces Institute, Virginia Tech, Blacksburg, Virginia, United States  

Numerous advantages of high-performance liquid crystalline polyesters (LCPs), 
including but not limited to a high modulus, thermomechanical stability, and a low 
dielectric constant render them excellent candidates for a variety of commercial 
applications. Thermoplastic elastomers also succeed commercially, as a microphase-
separated morphology imparts elongation and recovery while maintaining dimensional 
stability. This research focuses on the synergy of these two prevalent classes of 
materials; investigating structure-property-morphology relationships of segmented 
copolyesters containing liquid crystalline hard segments and flexible oligomeric 
polyether soft segments. Copolymerization of the known mesogen, 4,4’-bibenzoate with 
various methylene diols and oligomeric poly(tetramethylene oxide) or a Pluronic® 
triblock achieved randomly segmented copolyesters. A high temperature melt 
transesterification strategy eased isolation, eliminated purification, and yielded opaque 
solids. Small-angle X-ray scattering confirmed a phase-separated morphology and 
differential scanning calorimetry displayed two high temperature exotherms upon 
cooling, revealing the hard segment maintained a liquid crystalline morphology. 
Thermal, thermomechanical, and tensile analysis evaluated the relationship between 
hard and soft segment ratios and methylene spacer length. This fundamental 
understanding permits performance tunable materials capable of impacting several 
markets including electronic and aerospace industries. 

 



POLY 248: Double hydrophilic, schizophrenic diblock copolymers 

Anbanandam Parthiban, a_parthiban@ices.a-star.edu.sg, Vivek Arjunan Vasantha. 
ICES, Singapore, Singapore  

AB type block copolymers composed of polyethylene glycol and zwitterionic 
polysulfabetaine were synthesized by reversible addition-fragmentation chain transfer 
polymerization (RAFT). The block copolymers exhibited schizophrenic behavior such 
that “conventional” micelles possessing zwitterionic core and PEG at the shell were 
formed in deionized water which underwent “inversion” in salt solution exhibiting PEG at 
the core and zwitterionic block at the corona.1 This along with other self-assembly 
behavior of these novel diblock copolymers will be discussed in this presentation. 
1. V. A. Vasantha, S. Jana, S. S-C. Lee, C-S. Lim, S. L-M. Teo, A. Parthiban and J. G. 
Vancso, Polym. Chem. 2015, 6, 599-606. 

 
 
  



POLY 249: Systematic approach for identifying and confirming extractables from 
common packaging materials 

Baiba Cabovska2, latviete@yahoo.com, Michael O'Leary2, Peter G. Alden1. (1) 
Business Devl. Manager, Waters Corporation, Milford, Massachusetts, United States (2) 
Chemical Materials Business Operations, Waters Corporation, Milford, Massachusetts, 
United States  

Extractables from packaging materials are a concern to manufacturers and suppliers of 
containers for the regulated food and pharmaceutical industries and, most recently, for 
the regulated cosmetics industry as well. The main challenge with the compounds 
observed in the extraction studies is their identification. The manufacturers rarely 
provide a complete list of all the additives in polymers used for packaging and even if 
they do the original ingredients can degrade or undergo chemical changes during the 
manufacturing process. Also there may be contaminants of which the manufacturer is 
not even aware. Once the sample extract is obtained, a typical workflow includes 
targeted screening for known or expected compounds and their degradants. However, 
there are always some unknown peaks present which need to be identified and 
evaluated for toxicological concerns. The elucidation of an unknown compound is a 
complicated issue; therefore data interpretation software can be a great tool with this 
task. 
In the current case study, polyethylene and polypropylene packaging materials were 
extracted by sonication and analyzed by liquid chromatography (LC) with a quadrupole-
time-of-flight mass spectrometer (qTof-MS). A detailed workflow is demonstrated from 
choosing a peak of interest to positively identifying and confirming that peak. 

 
 



POLY 250: Supramolecular aggregates of π-acidic coinage metal pyrazolates and 
π-basic aromatic hydrocarbons 

Rasika Dias1, dias@uta.edu, Naleen Jayaratna2. (1) Department of Chemistry and 
Biochemistry, The University of Texas at Arlington, Arlington, Texas, United States (2) 
Chemistry and Biochemistry, The University of Texas at Arlington, Arlington, Texas, 
United States  

Trinuclear copper, silver and gold adducts of highly fluorinated pyrazolates show π-
acidic properties. We have observed that they form face-to-face adducts with certain 
aromatic π-bases to form interesting solid state structures. Polymeric, columnar 
structures consisting of alternating metal pyrazolates and arenes are common. We 
describe the synthesis and characterization of a variety of π-acid/π-base adducts using 
common aromatic hydrocarbons, and their photophysical properties. 

 
 
  



POLY 251: Blending modification of epoxy resin by reactive POSS or its block 
copolymer 

Yiting Xu, xyting@xmu.edu.cn, Jiangfeng Chen, Qi Li, Xianming Chen, Ying Cao, 
Lizong Dai. College of Materials, Xiamen University, China, Xiamen, Fujian, China  

Recently, a promising route to hybrid materials involved tailor-maid inorganic cluster 
such as polyhedral oligomeric silsesquioxanes (POSS) has attracted wide research 
interest. Epoxy resin became one of the most popular commercial resin, and 
POSS/epoxy hybrid materials were attracted much attention among POSS/polymer 
hybrid materials. The incorporation of POSS into the epoxy resin offered the opportunity 
to enhance the physical properties for advanced electronic, aerospace and automotive 
applications. 
Herein, we reported a novel method to prepare reactive POSS or its copolymer to 
modified epoxy. A new analogue of amino POSS (denoted as POSSMOCA) is 
synthesized via addition reaction, which is potential to be utilized in polymers and 
coating, such as polyurea and nylon. Introduced into epoxy network by the active amino 
group, POSSMOCA improves the thermostability, based on the synergic effect of 
silicon, nitrogen and halogen in POSSMOCA. It is worthy notifying that amorphous 
POSSMOCA, with a polar side chain and patterned POSS head, crystallized in epoxy 
network. A mechanism is hypothesized called as “Destructive Reaction-Induced 
Crystallization”, which explains the phenomena reliably(Fig.1a). It would be meaningful 
to design new materials and develop new functional materials such as pH sensitive 
materials. We also synthesized a epoxide block copolymer (PGMA-co-PMAPOSS), 
whose epoxy group can cocure into epoxy network during curing process. It is easy to 
tail the compatibility of the epoxide block copolymer with a matrix, through prereaction 
with monomer. The copolymers form some nano clusters with core-shell structure in the 
epoxy matrix(Fig.1b). When the content of copolymer is 10wt% in epoxy, the Tg and 
storage modulus increase by comparing the pure epoxy. Our block copolymer is 
possible to structure a nanophase easily in UV curing resins, optical waveguide devices. 

 
 
  



POLY 252: Mechanistic study of polysulfone-based model compounds for 
application in anion exchange membrane fuel cells 

Steven Tignor1, steventgnr@gmail.com, Angela Mohanty1, Chulsung Bae2. (1) 
Chemistry and Chemical Biology, RPI, Troy, New York, United States (2) Dept. of 
Chemistry Chemical Biology, Rensselaer Polytechnic Institute, Troy, New York, United 
States  

Anion exchange membrane (AEM) fuel cells have been gaining interest as a viable 
alternative energy conversion technology. A major obstacle for wide adoption of AEM 
fuel cells is poor chemical stability of the AEM. Polysulfone has been frequently used as 
the polymer backbone in AEMs because of its high mechanical and thermal stability. 
However, when the quaternary ammonium moiety is attached, the polymer backbone 
degrades readily in alkaline media. To elucidate mechanisms of the degradation we 
conducted a stability analysis of a series of small molecule model compounds that 
mimic the structure of the polysulfone backbone. Our studies will check their stability in 
methoxide solution by monitoring with NMR spectroscopy. A systematic byproduct 
analysis will be conducted to determine degradation products formed. These studies will 
help to identify which bonds are unstable and suggest possible ways to make more 
robust membranes in the future. 

 
 
  



POLY 253: Environmentally benign thiol-ene cure systems as replacements for 
isocyanates in polybutadienes 

Jacob C. Marcischak1, jacob.marcischak@us.af.mil, Andrew Guenthner1, Tim S. 
Haddad2, Joseph M. Mabry1. (1) Aerospace Systems Directorate, Air Force Research 
Laboratory, Edwards AFB, California, United States (2) RQRP Bldg 8451, ERC, AFRL, 
Edwards AFB, California, United States  

A new approach to curing vinyl-containing polymers such as polybutadiene, for 
elastomer manufacturing applications has been explored. Thiol-ene chemistry, a form of 
“click chemistry” involves the radical addition of thiols across carbon–carbon double 
bonds. Using an incremental approach, various polyvinyls, thiols and peroxides were 
used to make cured elastomer materials. The mechanical and molecular properties of 
the resulting cured and un-cured materials were studied. Using this data, the 
architecture of the elastomer systems was modeled and new paths forward were 
selected. The benefits of thiol-ene chemistry include: low to no risk at the occupational 
health level, moisture insensitivity, and ease of handling during preparation. This work 
demonstrates that a viable alternative to current ESOH-hazardous cross-linking 
techniques based on isocyanates is possible using thiol-ene chemistry. 

 
 



POLY 254: High temperature molding compound from renewably sourced cyanate 
ester resins 

Kevin Lamison3, kevin.lamison@gmail.com, Andrew Chafin1, Matt C. Davis1, Benjamin 
G. Harvey1, Andrew Guenthner2, Gregory R. Yandek2, Joseph M. Mabry2. (1) Weapons 
Division, Naval Air Warfare Center, China Lake, California, United States (2) Aerospace 
Systems Directorate, Air Force Research Laboratory, Edwards Air Force Base, 
California, United States (3) ERC Incorporated, Air Force Research Laboratory, 
Edwards Air Force Base, California, United States  

Recent interest in the development of thermosetting materials derived from biologically 
renewable sources has been driven by a need for reduced reliance upon petroleum 
based products. A number of these renewable resins have been developed for high-
temperature use. In particular, a cyanate ester resin, isoanethole dicyanate shows high 
glass transition temperatures, while maintaining ease of processability as a result of 
being a liquid at room temperature. This resin system was fully characterized and a 
carbon fiber coating process was developed to create a bulk molding compound. The 
molding compound was then used in the production of a trial part. Issues with mold 
design, fiber mixing, and void elimination will also be discussed. 

 
 



POLY 255: Doubly-charged DABCO salt-containing building blocks for synthesis 
of ion-containing polymers 

Kevin J. Drummey1, kdrummey@vt.edu, Keren Zhang1, Gregory B. Fahs1, Motohiro 
Aiba2, Will Chiang1, Ye-won Rhee1, Robert B. Moore1, Timothy E. Long1. (1) Virginia 
Tech, Blacksburg, Virginia, United States (2) Organic and Polymeric Materials, Tokyo 
Institute of Technology, O-okayama, Meguro-ku, Tokyo, Japan  

Synthesis and characterization of ion-containing polymers is an emerging area that 
draws attention from both academic research and industrial production. Unique 
properties of ion-containing polymers lead to a wide variety of applications, including 
fuel cell membranes, anion exchange membranes, water filtration membranes, 
biosensors, gene delivery, antimicrobial materials, and electromechanical devices. 
Electrostatic interaction generally plays a significant role in thermal, morphological, and 
mechanical properties of both polyelectrolytes and ionomers. One common synthetic 
approach is to incorporate monomers bearing ionic groups during polymerization. 
Common ionic groups include sulfonate, ammonium, phosphonium, imidazolium, 
carboxylate, and phosphate. There is a large pool of polymerizable cationic and anionic 
monomers containing these ionic groups for both radical polymerization and step-
growth polymerization. However, literature lacks examples of ionic monomers that 
contain multiple cations or anions. 
 
In this study, we synthesized a library of novel styrenic DABCO salt-containing 
monomers bearing two ammonium charges on the pendent group of each monomer. 
Our DABCO salt-containing monomers library enables synthesis of various 
homopolymers and copolymers with ionic groups for various applications. When 
randomly copolymerized with a low Tg monomer, DABCO salt units contributed to a 
supramolecular elastomeric network. Ionic interaction drove the self-assembly of 
random copolymers and created phase-separation morphology, which contributed to 
enhanced mechanical strength. 

 
 
  



POLY 256: Morphology and thermal properties of poly (alkyl methacrylate)/ 
bentonite nanocomposites prepared via in situ polymerization initiated by Ni (II) 
α-Benzoinoxime (NBO) complex 

Kamal Ouaad2,4, ouaad.kamel@gmail.com, Said Djadoun1, matpolylab@yahoo.fr, 
Nicolas Sbirrazzuoli3, nicolas.sbirrazzuoli@unice.fr. (1) Usthb Faculty of Chemistry, 
Elalia, Algeria (2) CHEMISTRY, LABORATOIRE DES MATERIAUX POLYMERES, 
Algiers, ALGIERS, Algeria (3) of chemistry, Université de Nice Sophia Antipolis, 
Laboratoire de Physique de la Matière Condensée, , Nice, Nice, France (4) OF 
CHEMISTRY, UNIVERSITY M'HAMAD BOUGARA BOUMERDES, Boumerdes, 
Boumerdes, Algeria  

In the present contribution, a novel initiator, Ni(II)α-Benzoinoxime (NBO) complex, was 
successfully used in the preparation via in situ polymerization of poly(ethyl 
methacrylate) (PEMA), poly (n-butyl methacrylate) (PBMA) and their corresponding 
nanocomposites at room temperature in presence of an organically modified bentonite, 
originated from Algeria. 
The morphology and thermal properties of these materials were investigated by FTIR 
spectroscopy, X-Ray Diffraction (XRD), Transmission electronic microscopy (TEM), 
Differential Scanning Calorimetry (DSC) and Thermogravimetry (TGA). 
FTIR spectroscopy confirmed the presence of polymer/clay from the broadening and 
slight shift, observed with the hybrids in the carbonyl region 
Depending on the clay loading, hybrids of intercalated or partially exfoliated structures 
were evidenced by X-Ray diffraction (XRD) and Transmission electron microscopy 
(TEM). 
The nano-scale dispersion of the clay was also evidenced by a moderate increase of 
the Tg and a significant enhanced thermal stability of these nanocomposites, compared 
to their virgin polymers. 
An analysis of the apparent activation energies Eα of thermal decomposition of these 
polymers and their corresponding hybrid materials, estimated using Tang’s method, 
confirmed the change in the degradation mechanism with the clay loading and the 
intercalated/exfoliated structures. 

 



POLY 257: Poly(amino acid)/ and polyamide/SiO2 composites by (coupled) twin 
polymerization 
 
Kevin Nagel3, kevin.nagel@chemie.tu-chemnitz.de, Lysann Kassner3, Rolf-Egbert Grützner1, 
Marcus Korb2, Heinrich Lang2, Stefan Spange3. (1) BASF SE, Ludwigshafen, Germany (2) 
Inorganic Chemistry, Technische Universität Chemnitz, Chemnitz, Germany (3) Polymer 
Chemistry, Technische Universität Chemnitz, Chemnitz, Germany  
 
A new procedure to prepare polyamide/SiO2 composites by means of the twin polymerization[1] 
has been developed. For this purpose silicon containing twin monomers based on lactams or 
oximes react with amino acids in a coupled reaction to produce a polyamide matrix and SiO2 
particles from one molecule.[2] Depending on the structure of the twin monomer, also the 
preparation of polysiloxanes instead of SiO2 is possible. The water needed for the polymerization 
of the twin monomer is provided by the condensation of the amino acid. The direct use of water 
instead of an amino acid did not result in a high molecular weight polyamide, which indicates a 
coupling of both partial reactions by mechanism and not only stoichiometric reasons. The 
amount of fillers can be regulated by the addition of ε-caprolactam. 
 
The preparation and polymerization of cyclic and bicyclic twin monomers containing amino 
acids is also investigated. These twin monomer should be able to polymerize without the 
addition of a second, water-releasing compound. In analogy to thermodynamically coupled 
reactions in biochemistry, the strong exothermic formation of SiO2 or polysiloxanes should 
enable the weakly endothermic polymerization of the amino acid. This strategy could also lead to 
novel poly(amino acid) nanocomposites, which cannot be prepared by other strategies. 
Therefore, different silicon compounds containing α- and β-amino acids are studied concerning 
their polymerization ability currently. 
 
References: 
[1] S. Grund, P. Kempe, G. Baumann, A. Seifert, S. Spange, Angew. Chem. 2007, 119, 636‒640; 
S. Spange, P. Kempe, A. Seifert, A. Auer, P. Ecorchard, H. Lang, M. Falke, M. Hietchold, A. 
Pohlers, W. Hoyer, G. Cox, E. Kockrick, S. Kaskel, Angew. Chem. 2009, 121, 8405–8408; T. 
Löschner, A. Mehner, S. Grund, A. Seifert, A. Pohlers, A. Lange, G. Cox, H.-J. Hähnle, S. 
Spange, Angew. Chem. 2012, 124, 3312–3315. 
[2] L. Kaßner, K. Nagel, R.-E. Grützner, M. Korb, T. Rüffer, H. Lang, S. Spange, in preparation. 

 



POLY 258: Grafting of polyimide onto chemically-functionalized graphene 
nanosheets for mechanically-strong barrier membranes 

Hyeonuk Yeo1, yeo@kist.re.kr, Jun Lim1, Munju Goh1, Bon-Cheol Ku1, Seo Gyun Kim2, 
Heon Sang Lee2, Nam-Ho You1. (1) Carbon Convergence Matral Rch Cnt, Korea Inst of 
Science Technology, Wanju-gun Jeollabuk-do, Korea (the Republic of) (2) Dong-A 
University, Busan, Korea (the Republic of)  

A series of polyimide (PI) nanocomposite films with different loadings of aminophenyl 
functionalized graphene nanosheets (AP-rGO) was fabricated by in situ polymerization. 
AP-rGO, a multifunctional carbon nanofiller that can induce covalent bonding between 
graphene nano-sheets and the PI matrix, was obtained through the combination of 
chemical reduction and surface modification. In addition, phenyl functionalized 
graphene nanosheets (P-rGO) were prepared by phenylhydrazine for reference 
nanocomposite films. Because of homogeneous dispersion of AP-rGO and the strong 
interfacial interaction between AP-rGO and the PI matrix, the resulting nanocomposite 
films that contained AP-rGO exhibited reinforcement effects of mechanical properties 
and oxygen barrier properties that were even better than those of pure PI and the 
reference nanocomposite films. In comparison to the tensile strength and tensile 
modules of pure PI, the composite films that contained AP-rGO with 3 wt % loading 
were increased by about 106% (262 MPa) and 52% (9.4 GPa), respectively. 
Furthermore, the oxygen permeabilities of the composites with 5 wt % filler content were 
significantly decreased, i.e., they were more than 99% less than the oxygen 
permeability of pure PI. 

 
 
  



POLY 259: Highly adaptive poly(urea-amide)s that display solvent, light, and heat 
modulated chiroptical behavior 

Gary D. Jaycox, gary.d.jaycox@usa.dupont.com. Division of Molecular Sciences, 
DuPont Central Research and Development, Wilmington, Delaware, United States  

Commercially available 4,4’-methylene bis(phenyl isocyanate), when copolymerized 
with the atropisomeric monomer S-(-)-1,1’-binaphthyl-2,2’-diamine, provides convenient 
access to urea-linked polymers that exhibit exceptional levels of solvent-dependent 
chiroptical behavior. The use of different solvent media affords a high degree of control 
over both the sign and magnitude of the optical rotations that are ultimately displayed by 
these conformationally dynamic systems. The polarity of the solvent environment 
appears to play a role in shaping polymer responses. A number of related poly(urea-
amide) constructs fitted with azobenzene backbone segments are also sensitive to the 
application of light and heat, ultimately providing for highly adaptive material systems 
with chiroptical outputs that can be dynamically modulated in real-time by a combination 
of different input signals. 

 
 
  



POLY 260: Tailoring polyester structure for structure-property-performance 
relationships: From high impact to solvent resistance 

Joseph M. Dennis2, jmden88@vt.edu, Gregory B. Fahs3, Robert B. Moore1, Sam R. 
Turner2, Timothy E. Long1. (1) Virginia Tech, Blacksburg, Virginia, United States (2) 
Macromolecules and Interfaces Institute, Virginia Tech, Blacksburg, Virginia, United 
States (3) Chemistry, Virginia Tech, Blacksburg, Virginia, United States  

The extensive library of polyesters provides a strong platform for achieving advanced 
materials through selective structure design. From amorphous to semicrystalline, 
copolymerization of polyesters in a random or blocked structure enables enhanced 
properties and allows for expansion into unprecedented applications. For instance, 
utility of a saturated naphthalene dimethylester provides a unique monomeric unit for 
amorphous, high impact polyesters. The isomeric mixture prevents crystallization, and 
Tgs approaching 120 °C illustrates its potential impact as a BPA-containing 
polycarbonate replacement. Furthermore, significant beta relaxations in the glassy 
regime suggests several local relaxations attributed to the decahydronaphthalate moiety 
and presents a mode for high energy dissipation. Other promising avenues include 
incorporation of polyester segments into high temperature thermoplastics (such as 
polysulfones, or polyimides) to improve solvent resistance. By copolymerizing 
functionalized oligomers with semicrystalline polyesters, enhanced chemical stability 
over amorphous homopolymers is achieved. Through systematic studies ranging from 
oligomer molecular weight to polyester selection, the development of structure-property 
relationships enables enhanced performance and new areas of discovery for polyesters. 

 
 
  



POLY 261: Covalent organic frameworks as photovoltaic materials 

Emma Chant1, echant@mit.edu, Selma Duhovic2. (1) MIT, Boston, Massachusetts, 
United States (2) UCLA, Los Angeles, California, United States  

The porous and crystalline nature of covalent organic frameworks (COFs) make them 
attractive materials for photovoltaic devices, where morphology of the photoactive layer 
dictates performance. COFs based on chalcogenophene building blocks have been 
investigated as potential candidates. Here we investigate the effect of pore size and 
heavier chalcogens on the device performance. 

 
 
  



POLY 262: Characterization of phenolated sodium lignosulfonate prepared from 
lignin depolymerization at mild conditions 

Hongxia Fang1,2, fhx@hsu.edu.cn, Peng Cui2,3, Qianglin Wu4. (1) Chemistry and 
Chemical Engineering, Huangshan University, Huangshan, China (2) Applied Chemistry 
Laboratory of Huangshan University, Huangshan, China (3) Analysis and Test Center of 
Huangshan University, Huangshan, China  

Lignin is the only renewable biomass material which is composed of a large amount of 
aromatic components. Due to its unique structural and chemical properties, lignin is a 
valuable alternative material for producing high-value added phenolic polymers with 
lower cost. In this lab, a mild phenolic-liquefaction technology has been developed to 
depolymerize commercially avaliable high molecular weight sodium lignosulfonate (SL) 
solids to low molecular weight liquid phenolic polymer products (phenolated sodium 
lignosulfonate (PL)) with 100% yield. In order to optimze the process and understand 
the structural and funcational activity properties, the depolymerization products were 
treated with ultrafiltration and liquid–liquid extraction processes, and characterized with 
various methods including Advanced Polymer Chromatography (APC), FTIR, and SEM. 
APC results show that the elution time of the starting material (SL) is from 3 to 6 
minutes, and the majority of PL components are eluted from 7 to 9 mimutes. The APC 
results indicate that the phenolic-liquefaction method has sucessully converted high 
molecular weight SL to lower molecular weight PL. FTIR analysis results confirm that 
the spectra of SL and liquid PL are very similar. both have aromatic skeleton vibration 
absorption at 1600, 1512 and 1426 cm-1. The FTIR and APC results reveal that the 
phenolic-liquefaction method does not dramatically change sodium lignosulfonate’s core 
aromatic structures except reducing its molecular weight. Interestingly, SEM results 
show that PL forms quite unified nano-powder dispersion. In this paper, the phenolic-
liquefaction method and the product characterization are described. The lignin 
depolymerizaiton technique might open a new way to convert low cost biomass material 
to high value added phenol-rich products including natural amphiphile surfactants and 
high performance functional powder materials. 

 



POLY 263: Hypercrosslinked phenolic polymers with well developed mesoporous 
frameworks 

Jinshui Zhang1, Shannon M. Mahurin2, Sheng Dai3, dais@ornl.gov. (1) Chemical 
Sciences Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee, United 
States (2) MS 6201, Oak Ridge National Laboratory, Oak Ridge, Tennessee, United 
States (3) Department of Chemistry, University of Tennessee, Knoxville, Tennessee, 
United States  

A soft chemistry synthetic strategy designed to avoid serious framework shrinkage and 
preserve the organic functional moieties has been successfully developed based on 
Friedel–Crafts alkylation reaction for the nanotexturation of PR matrix with well-
developed mesoporous frameworks. The construction of structural molecular bridges 
between neighboring aromatic backbones in a highly cross-linked state, not only 
strengthens the soft organic system to enable mesoporous engineering, but also 
creates abundant micropores for the inclusion of solvents for template removal. 
Benefiting from the synthetic protocol, the resultant sample is a bimodal micro-
mesoporous material with a robust organic framework, which exhibits a promising 
property for CO2 capture. Moreover, this soft chemistry synthetic protocol can be further 
extended to nanotexture other aromatic-based polymers with robust frameworks. 

 
 



POLY 264: Computational study of the Horner-Wadsworth-Emmons reactions for 
their reactivity and selectivity 

Somisetti V. Sambasivarao, vss8j@virginia.edu, Kateri H. DuBay. Chemistry, 
University of Virginia, Charlottesville, Virginia, United States  

The Horner-Wadsworth-Emmons (HWE) reaction between aldehydes and phosphonate 
carbanions will be investigated using density functional (DFT), and hybrid quantum and 
molecular mechanics calculations, with an aim to learn more about the cis or trans 
directing mechanisms. The HWE reaction is particularly important in the synthesis of 
conjugated polymers. In practice, the final morphology of these photoactive polymers is 
dependent on the relative amounts and placement of cis or trans linkers as well as other 
variations in their composition, and the control mechanisms for their placement during a 
HWE polymerization is therefore of particular interest. The rate determining steps and 
transition states during oxyanion formation, oxaphosphetane cyclic ring generation, and 
aromatic C-O, and C-P bond elimination will be investigated and their influence on cis or 
trans alkene linkers will be discussed. Associated solvent effects also will be 
highlighted. 

 
  



POLY 265: Transparent, high-performance biopolyimides derived from functional 
truxillates 

Tatsuo Kaneko, kaneko@jaist.ac.jp. Jaist Sch Materials SCI, Nomi, Japan  

The development of high-performance polymers such as polyimides (PIs) derived bio-
based molecules is indispensable to establish a green sustainable society, but is very 
difficult due to the incompatibility of their monomeric aromatic diamines with 
microorganisms. Here, we develope bio-based PIs from bioavailable aromatic diamines, 
4,4’-diaminotruxillic acid, whih is a photodimer of 4-aminocinnamic acid (4ACA) derived 
from genetically-manipulated Escherichia coli. These bio-based PI films showed 
ultrahigh thermal resistance with Td10 values over 425 °C and Tg values over 350 °C, 
which are the highest value of all bio-based plastics reported thus far. The PI films also 
showed high tensile strength around 80 MPa, high Young’s moduli around 10 GPa, 
excellent transparency of light with more than 450 nm wavelength, and high refractive 
indices around 1.65. These unique properties are derived from a new structure of 
truxillate moiety comprising a deformable but stiff cyclobutane ring sadwitched between 
two rigid phenylene rings. 

 
 
  



POLY 266: Synthesis and characterization of novel amide tethered polymers 

Ronny Priefer, ronny.priefer@wne.edu. Colg of Pharmacy CSP 326, Western New 
England University, Springfield, Massachusetts, United States  

Using post-polymer transformation of polyallylamine hydrochloride allowed for the 
synthesis of a library of amide linked polymers with tethered aliphatic, aromatic, and 
cubyl moieties. The amount of linkage was determined by Elemental Analysis and 
ranged between 12 - 98% amidation, owing to electronics, sterics, and solubility. TGA 
and DSC analysis was also conducted on the polymers to assess their thermally stable. 
None of the new polymers displayed a classic melt/freeze profile and all displayed onset 
of decomposed at temperature below 215oC. Finally, 13C solid state NMR were 
conducted on the polymers to further validate their structural assignment. 

 
 



POLY 267: Synthesis and characterization of high refractive index polyimides 
derived from 2,5-bis(4-aminophenylenesulfanyl)-3,4-ethylenedithiothiophene and 
aromatic dianhydrides 

Hyeonuk Yeo, yeo@kist.re.kr, JIYE LEE, Munju Goh, Bon-Cheol Ku, Nam-Ho You. 
Carbon Convergence Matral Rch Cnt, Korea Inst of Science Technology, Wanju-gun 
Jeollabuk-do, Korea (the Republic of)  

The authors describe the synthesis and characterization of the polyimide (PI) series 
containing a 2,5-bis(4-aminophenylenesulfanyl)-3,4-ethylenedithiothiophene 
(APSEDTT) moiety in their main-chain. The APSEDTT monomer with high sulfur 
content was prepared and polymerized with several aromatic dianhydrides such as 4,4’-
[p-thiobis(phenylenesulfanyl)]diphthalic anhydride (3SDEA), 4,4’-biphthalic anhydride 
(BPDA), and 4,4’-oxydiphthalic anhydride (ODPA) by the traditional two-step 
polycondensation procedure. All PIs exhibited high transparency, higher than 75% at 
550 nm for a thickness of ca. 20 μm and good thermal properties such as thermal 
decomposition temperatures (T10%) in the range of 409-521 °C. In addition, the PIs have 
extraordinarily excellent optical properties in refractive index and birefringence as 
originally designed. In particular, the PI derived from APSEDTT and 3SDEA showed a 
high refractive index (1.7586), and a low birefringence (0.0087) because of their very 
high sulfur content (27.7%). 

 



POLY 268: Preparation of monodisperse emulsion polymer 

Yurong Ren, ryrchem@cczu.edu.cn, Xu Sun, Yan Jiang, hwzhang@cczu.edu.cn, 
Hongwen Zhang. School of materials science and engineering, Changzhou University, 
Changzhou, Jiangsu, China  

Monodisperse emulsion polymer had been prepared by semi-continuous core-shell 
emulsion polymerization of styrene, butyl acrylate and γ-methacryloxypropyl trimethoxy 
silane (KH570). The emulsion particles size and its polydispersion were measured by 
dynamic light scattering (DLS). The particle morphology was observed by transmission 
electron microscope (TEM). The results indicate that emulsion nanoparticles containing 
silicon possesses core-shell structure and narrow polydispersity (PDI≤0.08). 

 
 
  



POLY 269: Semi-fluorinated thioether polymers via step growth polymerization 

Brian R. Donovan1, brian.donovan@eagles.usm.edu, Derek L. Patton2. (1) The 
University of Southern Mississippi, Hattiesburg, Mississippi, United States (2) Campus 
Box #10076, University of Southern Mississippi, Hattiesburg, Mississippi, United States  

Since their discovery in 1938, fluorinated polymers have found widespread application 
in high performance areas such as the automotive, aerospace, and military industries 
due to their high chemical and thermal stabilities. Additionally, fluoropolymers exhibit 
unique electrical and wetting properties lending to their widespread and diverse 
application. While such polymers are highly sought after, their high crystallinity and 
complex synthesis leads to significant processing difficulties. Alternatively, semi-
fluorinated polymers offer many of the advantages of fully fluorinated polymers but with 
improved processability. Herein, we report the synthesis of semi-fluorinated thioether 
polymers prepared by step growth polymerization of difunctional thiols with cyclic flouro 
olefins. The high nucleophilicity of the thiolate anion allows for rapid polymerization 
kinetics under moderate reaction conditions, helping maintain functional group 
stoichiometry and improving ultimate molecular weights. Furthermore, by carefully 
controlling the stoichiometry of the monomers, telechelic semi-flourinated polymers can 
be readily prepared. 

 
 
  



POLY 270: Poly(2-hydroxyethyl methacrylate): A new star polymer 

Ana Machado1, avm@dep.uminho.pt, Ana S. Abreu2, Isabel Moura3. (1) University of 
Minho, Guimaraes, Portugal (2) IPC - Institute for Polymers and Composites I3N - 
Institute of Nanostructures, Nanomodelling and Nanofabrication Polymer Engineering 
Department, University of Minho, Guimaraes, - Select your state or province, Portugal 
(3) University of Minho, Guimares, Portugal  

Multiarm star polymers are attractive materials due to their unusual bulk and solution 
properties. They are considered analogues of dendrimers with a wide range of 
applications, such as drug delivery, membranes, coatings and lithography.1 The advent 
of controlled polymerization made possible the existence of this unique class of organic 
nanoparticles (ONPs).2 Two major synthetic strategies are usually employed in the 
preparation of star polymers, the core-first and arm-first approaches. The core-first 
approach involves a controlled living polymerization using a multiarm initiator core while 
the arm-first methodology is based in the quenching of living polymers with 
multifunctional coupling agent or bifunctional vinyl compounds. 
Herein, we present the synthesis and characterization of a new star polymer, the 
multiarm star poly(2-hydroxyethyl methacrylate). The tetra-armed star polymer was 
prepared by reversible addition fragmentation chain-transfer (RAFT) polymerization 
using the core-first approach. The RAFT chain-transfer agent (RAFT CTA) 
pentaerythritol tetrakis[2-(dodecylthiocarbonothioylthio)-2-methylpropionate] was used 
as multiarm initiator core were 2-hydroxyethyl methacrylate (HEMA) was polymerized 
using AIBN as radical initiator. Structural characterization was performed by 1H NMR 
and FTIR. The new polymer is able to uptake large quantities of organic solvents, 
forming gels. The rheological behavior of these gels was also investigated. 
References 
1. H. Gao, K. Matyjaszewski. Progress in Polymer Science 2009, 34, 317-350. 
2. T. G. McKenzie, E. H. H. Wong, Q. Fu, S. J. Lam, D. E. Dunstan, G. G. Qiao. 
Macromolecules 2014, 47, 7869-7877. 

 
 
  



POLY 271: Synthesis of tris(propargyloxymethyl)phosphine oxide and the corresponding 
crosslinked polymers by click chemistry 
 
Guo Gang1, Ding Ya-Qing1, Qiu Jin-Jun1, Zhude Tu2, tuz@mir.wustl.edu, Cheng-Mei Liu1, 
liukui@mail.hust.edu.cn. (1) Huazhong University of Science and Technolog, Wuhan, China (2) 
Washington Univ at St Louis, Saint Louis, Missouri, United States  
 
As one of the most practical and convenient synthetic routes in polymer chemistry , the “click” 
chemistries, such as azide−alkyne cycloaddition1, Diels−Alder reaction,2 and thiol−ene/yne 
reactions3,4 have attracted significant attention and widely used in the design of complex and 
functional polymeric materials5 .  

 
By now, only a few reports concerned the phosphorus-involved click reaction. In fact, 
phosphorus is one of the most abundant elements on the earth and small amounts of phosphorus 
in a polymer can be greatly advantageous.. In recent years, P-C bonds containing polymers have 
been the subject of extensive research for its long-term hydrolytic stability.6  
PH3 gas is one of the major byproducts as producing white phosphorus and sodium 
hypophosphite in China. Though part of PH3 gas was consumed as an intermediate in 
organophosphorus chemistry, but large-scale utilization is not practical for its highly toxic and 
pyrophoric nature. Fortunately, PH3 can be conveniently transferred to THPS 7, which is an 
environment-friendly chemical and was awarded the American Green Chemicals Award in 1997. 
In this report, a new phosphorus-containing click monomer, TPOPO was prepared from THPS. 
This monomer can undergo thiol-yne/azide-yne click reactions to prepare crosslinking 
poly(phosphine oxide)s. The crosslinking material showed excellent optical, thermal and 
dielectric properties. This research provides a new routine of changing the PH3 byproduct to high 
performance polymers. 
*The authors thank the NSF of China [Grant No. 21274049] for financial support. 
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1. Meldal M, Tornøe C W. Chem. Rev. 2008, 108, 2952−3015. 
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5. Iha R K, Wooley K L, Nyström A M, et al. Chem. Rev. 2009, 109, 5620−5686 
6. (a) Tan Z W, Sun J, Zhang M, et al. Des Monomers Polym,2015, 18(3), 222-231 & 2014, 
17(8), 762-774;(b) RSC Advances, 2014, 4(79), 41705-41713 
7. Hoffman A J. J. Am. Chem. Soc. 1921; 43:1684–1688. 
 

 



POLY 272: Main chain and chain end functional polyacetals: pH degradable water 
soluble polymers with extraordinary lower critical solution temperature behavior 

Rebecca Balaj, rvb2115@columbia.edu, Sanjoy Samanta, Jeffrey T. Koberstein. 
Columbia University, New York, New York, United States  

Temperature responsive polymers (TRPs) are materials that exhibit a drastic change in 
properties upon change of temperature, most commonly a loss of solubility. Potential 
areas of application include lithography, chromatography and microfluidics. Water 
soluble TRPs are especially interesting because of potential biological applications such 
as drug delivery. Hyperthermia-targeted drug delivery, for example, requires a polymer 
system that falls out of solution upon entering a tumor with elevated temperature, and 
then degrades to release its cargo of encapsulated drugs. TRPs developed to date 
however are not intrinsically biodegradable, and their lower critical solution 
temperatures (LCSTs) are not highly tunable. 
We describe an exciting new family of thermoresponsive polyacetal polymers with 
remarkable properties. They are the first TRPs to be intrinsically biodegradable, 
degrading under acidic conditions, and have highly tunable LCSTs. The LCST 
transitions are very sharp, show no hysteresis, and can be predicted from the structure 
of the diol and divinyl ether monomers used in their synthesis. The temperature 
response of the polyacetals is extraordinary, with LCSTs depending linearly on the 
number of methylene and ethylene oxide units in the monomers over a temperature 
range of 6-80°C. Main chain alkene and alkyne functionality is readily incorporated 
within the polyacetals without compromising the linear dependence of LCST on 
composition, and a variety of chain end functionalities can also be easily imparted. 

 
 
  



POLY 273: Precision synthesis of telechelic PNIPAAm for design of 
homogeneous gels via end-crosslinking by thiol-ene reaction 

Yoshitsugu Hirokawa, hirokawa.yo@mat.usp.ac.jp, Shohei Ida, Masamitsu Yamawaki, 
Satoshi Tanimoto. Dept of Materials Science, Univ Shinga Prefecture, Sch of Engr, 
Hikone City Shinga, Japan  

We performed end-crosslinking gel synthesis to obtain the homogeneous network 
structure. First, telechelic poly(N-isopropylacrylamide) (PNIPAAm) with thiol groups at 
the both ends was synthesized by RAFT polymerization with bifunctional 
trithiocarbonate RAFT agent and subsequent aminolysis of trithiocarbonate groups 
derived from RAFT agent. The obtained polymers possessed narrow molecular weight 
distribution with high-end functionality confirmed by SEC and MALDI-TOF-MS analyses. 
Then, we employed these prepolymers for end-crosslinking by base-catalyzed or 
radical-mediated thiol-ene reaction with 4-arm vinyl compound. The solution of the 
base-catalyzed reaction reached gelation, but the obtained gels dissolved in much 
amount of solvent, implying the formation of microgels. On the other hand, the gels 
synthesized by radical mechanism were stable and swelled in solvent. In addition, we 
examined the effect of the molecular weight of the prepolymers on gelation behavior. 

 
 
  



POLY 274: Synthesis of branched polyamido-saccharides by ring-opening 
polymerization of a lactosyl-β-lactam 

Ruiqing Xiao, xiaorq@bu.edu, William Blessing, wab66@bu.edu, Mark W. Grinstaff, 
mgrin@bu.edu. Department of Chemistry, Boston University, Boston, Massachusetts, 
United States  

The chemical synthesis of branched polysaccharides and polysaccharide analogs with 
well-defined structures is of significant interest. However, due to the low polymerizability 
of anhydro-disaccharides, it is difficult to obtain stereoregular branched polysaccharides 
with high molecular weight by cationic ring-opening polymerization of anhydro-sugars. 
Recently, we reported the synthesis of well-defined polysaccharide analogs, called poly-
amido-saccharides (PASs), via anionic ring-opening polymerization of sugar-based β-
lactams (Journal of the American Chemical Society, 2012, 134, 16255-16264). Herein, 
we report for the first time the synthesis of stereoregular branched PASs by 
polymerization of a disaccharide-β-lactam. The polymerization of the lactosyl-β-lactam, 
which was prepared by the [2+2] cycloaddition of hexa-O-benzyl-lactal with 
chlorosulfonyl isocyanate, was carried out to give stereoregular branched PASs with 
number-average molecular weights up to Mn=59200. Debenzylation with sodium in 
liquid ammonia afforded stereoregular lactose-PASs with (1→2)-cis-amide linkages. 
Ring-opening copolymerization of the lactosyl-β-lactam with glucosyl-β-lactam in various 
feed ratios was also performed to give glucose-PASs with randomly distributed 
galactopyranose branches on the backbone. Protected and deprotected polymers were 
characterized using a variety of methods (NMR, GPC, IR, optical rotation, etc.). The 
branched PASs displayed high solubility in aqueous solutions and are noncytotoxic 
against 3T3 cells. 

 
 
  



POLY 275: High sulfur content polymer nanoparticles obtained from interfacial 
polymerization in water 

Jeewoo Lim1, Unho Jung1, nallasu@snu.ac.kr, Won Tae Joe1, Eui Tae Kim1, Jeffrey 
Pyun2, Kookheon Char1. (1) Seoul Natl Univ Sch Chem Eng, Seoul, Korea (the Republic 
of) (2) University of Arizona, Tucson, Arizona, United States  

With the recent rise in the global excess sulfur production, issues surrounding excess 
sulfur management are becoming important. Sulfur and sulfur-rich materials can be 
exploited for their desirable properties such as high refractive indices, solvent 
resistance, and high energy density for electrochemical applications. Sulfur-rich 
polymers, however, are highly limited in the scope of their application due to their lack of 
solubility. 
We herein report a synthesis and surface modification of sulfur-rich polymer 
nanoparticles obtained in water-dispersible form from aqueous sodium polysulfide of 
various ranks and 1,2,3-trichloropropane in the presence of cationic surfactants. The 
nanoparticle formation proceeds via phase transfer catalyst mediated interfacial 
polymerization, with the polysulfide rank and the catalyst concentration playing crucial 
roles in the nanoparticle size control. When the particles are treated with small amounts 
of hydrogen peroxide, oxidation of sulfides on the surface occurs, and, when higher 
amounts of hydrogen peroxide is added, complete dissolution of the particles in water is 
observed. Using such reactivity in water, chemically triggered release of cargo from the 
particles is also achieved. The resulting particles were characterized through dynamic 
light scattering, scanning electron microscopy, transmission electron microscopy, and 
elemental analysis. 

 
 
  



POLY 276: Approaches to the design and synthesis of soluble 9,10-anthracene 
containing conjugated polymers 

Chinmay Kulkarni, ckulkarni9@gatech.edu, David M. Collard. Chemistry, Georgia 
Instituteof Technology, Atlanta, Georgia, United States  

The molecular design of π-conjugated polymers and the elucidation of structure–
property relationships are important steps in the development of organic 
semiconducting materials that have the potential to replace inorganic semiconductors in 
electronic devices such as solar cells, field effect transistors, etc. This requires 
consideration of both the electronic structure of the polymer backbone and the effect of 
intermolecular interactions in the solid state on charge transport in the material. 
Relatively few conjugated polymers that contain higher acenes (e.g., anthracene, 
tetracene, pentacene etc) have been reported despite the potential for preparation of 
materials with low band gaps. 
Here we report approaches to prepare new poly(arylene ethynylene)s based 9,10-
anthracenediyl units. The long axis of the fused arenes is oriented perpendicular to the 
polymer backbone, to impart significant quinoidal structure to the polymer backbone and 
to promote intermolecular interactions. Various synthetic approaches to the design of 
anthracene monomers are outlined. 

 
 
  



POLY 277: Polyethylene-g-poly(cyclohexene oxide) by mechanistic 
transformation from ROMP to visible light-induced free radical promoted cationic 
polymerization 

Mustafa Ciftci2, mustafaciftcis@gmail.com, senem kork2, Guangjuan Xu1, Michael 
Buchmeiser1, Yusuf Yagci2. (1) Univ of Stuttgart, Stuttgart, Germany (2) Istanbul 
Technical University, Istanbul, Turkey  

A novel polymerization mechanism transformation strategy, combining ring-opening 
metathesis polymerization (ROMP) and visible light induced cationic polymerization, is 
successfully applied for the synthesis of polyethylene-graft-poly(cyclohexene oxide) 
(PE-g-PCHO). First, cis-cyclooctene (COE) was polymerized via ROMP in the presence 
of a chain transfer agent and quantitatively hydrobrominated to give bromo functional 
polyethylene (PE-Br). Subsequent irradiation of PE-Br in the visible range using 
dimanganese decacarbonyl (Mn2(CO)10) and diphenyl iodonium hexafluorophosphate 
as radical generator and oxidant, respectively, initiated cationic polymerization of 
cyclohexene oxide resulting in the formation of PE-g-PCHO. The effect of irradiation 
time and Mn2(CO)10 concentration on the grafting density and efficiency was evaluated. 
Both the precursor polymers and the corresponding graft copolymers were 
characterized by 1H NMR and Fourier transform infrared spectroscopy, gel-permeation 
chromatography, and differential scanning calorimetric analyses. 

 
 
  



POLY 278: Microwave assisted chemical synthesis using polydimethylsiloxane 
polymer 

Omniya Alomainy, oa0003@uah.edu. Chemistry , University of Alabama in Huntsville , 
Madison, Alabama, United States  

Heating chemical reactions by microwave energy has been an increasingly popular tool 
in the scientific community. Since the firstpublished reports on the use of microwave 
irradiation to carry out organic chemical transformations by the groups of Gedye and 
Giguere/Majetich in 1986, more than 3500 articles have been published in this fast 
moving and exciting field, today generally referred to as microwave-assisted chemical 
synthesis (MAOS). Microwave’s main advantages are to reduce reaction times, 
increase product yields and enhance product impurities by reducing unwanted side 
reactions compared to conventional heating methods. In this project; Aspirin and Diels 
Alder (Preparation of cis-5-Norbornene-2,3-endodicarboxiliyc Anhydride) reactions were 
placed on PDMS macro arrays to be heated in microwave irradiation. The reactions 
were characterized later on by Infra-red spectroscopy. As a conclusion, the aspirin was 
obtained at 5 minutes and the yield increased by 2%. the norbornene (The Diels Alder 
reaction) was obtained at 3 minutes and the yield increased by 5%. 

 



POLY 279: Synthesis and characterization of ionically crosslinked elastomers 

Guodong Deng1, gd28@zips.uakron.edu, Kevin A. Cavicchi2. (1) Polymer Engineering 
, The University of Akron, Akron, Ohio, United States (2) University of Akron, Akron, 
Ohio, United States  

Novel materials that can reversibly adapt to their environment are important as 
functional materials. In polymer networks, dynamic bonding of the crosslinks, which can 
break and reform under an external stimuli (e.g. heat or mechanical stress) are of 
interest for functional material properties, (e.g. self-healing or shape memory). One 
general route to introduce dynamic bonds is through non-covalent interactions. Ion-
pairing, is another potential non-covalent dynamic bond that has not been fully 
investigated especially when compared to other interactions like hydrogen bonding and 
metal-ligand interactions. In this work, ionically crosslinked networks of a poly(n—alkyl 
acrylate) elastomer by vinyl benzyl tri-n-alkylammonium -styrene sulfonate ion pairs 
were prepared as model system to study the thermo-mechanical properties as a 
function of the network parameters, including ion-pair chemistry, crosslink density, and 
network dielectric constant. Results of the swelling and rheological behavior of these 
materials will be presented and compared to other ionic systems, such as metal 
neutralized ionomers, and covalently crosslinked networks. 

 
 
  



POLY 280: Peroxalate ester-containing ferulic acid-based poly(anhydride-esters) 
for hydrogen peroxide scavenging 

Jonathan Faig1, jfaig@scarletmail.rutgers.edu, Sarah Klein1, Michelle A. Morano1, 
Weiling Yu2, Kathryn E. Uhrich1,2. (1) Chemistry and Chemical Biology, Rutgers 
University, Piscataway, New Jersey, United States (2) Biomedical Engineering, Rutgers 
University, Piscataway, New Jersey, United States  

Ferulic acid (FA), a natural additive common in personal care products, is often utilized 
for its potent antioxidant activity. Though effective, FA suffers from chemical instability 
and as such various formulations and prodrug systems have been explored for FA 
delivery. Previously, FA-based poly(anhydride-esters) (PAEs) possessing both aliphatic 
and ethylene glycol-modified linkages were prepared, however, these polymer systems 
lacked inherent bioactivity. In this work, peroxalate ester linkages were investigated to 
impart the polymer backbone with bioactivity as these linkages are known to be highly 
reactive towards hydrogen peroxide, a reactive oxygen species precursor. Peroxalate 
ester-containing FA-based PAEs were synthesized via solution polymerization methods 
and chemical composition characterized by nuclear magnetic resonance and Fourier 
transform infrared spectroscopies. Polymer thermal properties, weight-averaged 
molecular weight, and relative hydrophobicity were also assessed. In vitro release 
studies demonstrated complete FA release over 16 days. Release kinetic studies were 
conducted to illustrate the influence of hydrogen peroxide on polymer degradation. 
Released FA maintained antioxidant activity whereas polymer displayed hydrogen 
peroxide scavenging activity. Cell viability studies demonstrated cytocompatibility up to 
0.01 mg/mL, indicating potential for use as a bioactive polymer material. 

 



POLY 281: Synthesis of hyperbranched glyco-polydendrons via methanolic ATRP of n-
butyl methacrylate 
 
Andrew Dwyer, A.B.Dwyer@liv.ac.uk, Pierre Chambon, Steve Rannard. Chemistry, University 
of Liverpool, Liverpool, United Kingdom 
  
Our research is driven towards applications in nanomedicine, in particular drug-delivery, by 
synthesising amphiphilic nanoparticles capable of encapsulating significant quantities of 
hydrophobic drug/active compounds. This has involved the synthesis of hyperbranched polymers 
bearing dendritic surface functionality generating a new macromolecular architecture termed 
hyperbranched polydendrons. These materials enable the extensive surface functionality 
associated with dendrimers to be combined with the versatility of a controlled radical 
polymerisation, whereby particle size, surface functionality and core functionality can be tailored 
for desired application.1, 2 
We recently reported the synthesis of well-defined poly(n-butyl methacrylate) (pBMA) via atom 
transfer radical polymerisation (ATRP) in methanol, a solvent usually used as a precipitant for 
pBMA, yielding polymers with high molecular weights (up to Mn = 75 880 g mol-1) and low 
dispersities (as low as Ɖ = 1.02).3 This synthetic approach was utilised to exploit the 
hydrophobic nature of pBMA as the core functionality of our hyperbranched polydendrons. After 
employing various protection and deprotection strategies, saccharides – specifically galactose, 
mannose and lactose – were introduced to the periphery of dendritic ATRP initiators via a 
Michael addition, before conducting the methanolic ATRP of n-butyl methacrylate (BMA). This 
yielded amphiphilic hyperbranched glyco-polydendrons that were able to form stable 
nanoparticles in aqueous media via nanoprecipitation. 
References 
1. F. L. Hatton, P. Chambon, T. O. Mcdonald, and S. P. Rannard, Chem. Sci., 2014, 5, 1844. 
2. F. L. Hatton, L. M. Tatham, L. R. Tidbury, P. Chambon, T. He, A. Owen, and S. P. Rannard, 
Chem. Sci., 2015, 6, 326. 
3. A. Dwyer, P. Chambon, A. Town, T. He, A. Owen, and S. Rannard, Polym. Chem., 2014, 5, 
3608. 

 



POLY 282: Synthesis of planar polycyclic aromatics based on 2,5-di(thiophen-2-
yl)-1H-pyrrole (SNS) 

Tran N. Truong2, trant@mit.edu, Timothy M. Swager1. (1) MIT, Cambridge, 
Massachusetts, United States (2) Chemistry, Massachusetts Institute of Technology, 
Cambridge, Massachusetts, United States  

In this work, we present the synthesis and characterization of a new building block for 
semiconducting polymers. The monomer is a fused polycyclic aromatic system 
containing the 2,5-di(thiophen-2-yl)-1H-pyrrole (SNS) moiety. The fused rings are 
designed to control the degree of conjugation, improve π stacking and charge transport 
in the polymer systems. In addition, there are various positions on the aryl, thiophene 
and pyrrole rings that can be selectively functionalized to tune the photophysical 
properties of the polymers and tailor them to potential applications in different areas 
such as organic photovoltaics, organic field-effect transistors and sensing. 

 
 
  



POLY 283: Synthesis of biodegradable glycopolymers and their uses in antibiotic 
formulation 

xuan chen2, xuan_chen@student.uml.edu, michael king1, Bin Wu2, Evelyn A. Kurt-
Jones1, Jennifer Wang1, Robert Finberg1, Mingdi Yan2. (1) University of Massachusetts 
Medical School, Worcester, Massachusetts, United States (2) Dept of Chemistry, 
University of Massachusetts Lowell, Lowell, Massachusetts, United States  

Glycopolymers have showed their potentials as probes to investigate carbohydrate-
lectin interaction and bacteria/cell binding [1, 2]. However, the use of biodegradable 
glycopolymer as an active targeting and drug delivery system remains to be explored 
and developed. 
In this study, carbohydrate-conjugated mono-functionalized PLLA (poly(L-lactic 
acid))/PEG-PLLA as well as multivalent PDLLA (poly(D,L-lactic acid)) were synthesized 
by Cu(I)-catalyzed cycloaddition of alkyne-polymer and carbohydrate-azide. The 
coupling efficiency ranged from 13% to 90% depending on the carbohydrate size and 
functionalization density. Ciprofloxacin, a widely used antibiotic, was covalently 
conjugated to PDLLA using newly-developed coupling chemistry [3]. Two different types 
of carbohydrate micelles were prepared by double emulsion with free ciprofloxacin and 
solvent evaporation with drug-conjugated polymer. Both the releasing kinetics and 
antimicrobial activities of the differently formulated micelles will be presented. 
 
[1] Eissa, A.; Cameron, N. Glycopolymer Conjugates. In Bio-synthetic Polymer 
Conjugates; Schlaad, H., Ed.; Springer: Berlin Heidelberg, Germany, 2013, pp 71-114. 
[2] Mahon, E.; Aastrup, T.; Barboiu, M. Multivalent Recognition of Lectins by 
Glyconanoparticle Systems. Chem. Comm. 2010, 46, 5491-5493. 
[3] Xie, S.; Lopez, S. A.; Ramström, O.; Yan, M.; Houk, K. N. 1,3-Dipolar Cycloaddition 
Reactivities of Perfluorinated Aryl Azides with Enamines and Strained Dipolarophiles. J. 
Am. Chem. Soc. 2015, 137, 2958-2966. 

 
 



POLY 284: Effects of alkyl substitution in oligomers of the pBTTT family 

Benjamin P. Cherniawski1, bcherniawski@live.com, Edmund Burnett2, Steven Lopez4, 
Kendall N. Houk4, Alejandro L. Briseno3, Ilhan Yavuz5. (1) PSE, University of 
Massachusetts Amherst, Afton, Virginia, United States (2) Polymer Science & 
Engineering, University of Massachusetts, Amherst, Massachusetts, United States (3) 
Dept Polymer Sci and Eng Conte Research Ctr, University of Massachusetts Amherst, 
Amherst, Massachusetts, United States (4) UCLA, Las Angeles, California, United 
States (5) UCLA, Los Angeles, California, United States  

We present a study on the effects of substituting n-Hexyl alkyl chains on oligomers of 
poly(2,5-bis-(3-hexylthiophen-2-yl) thieno[3,2-b]thiophenes) (BTTT). Comparing 
substituted and unsubstituted monodisperse oligomers of BTTT, we characterize 
variations in solid state packing, molecular conformation, and thin film morphology 
driven by side chain phenomena with single crystal X-ray diffraction (SCXRD), 
computational analysis and device characterization. The substituted molecules show 
marked differences in their solid state behavior from their unsubstituted counterparts. 
Most notably, the monomer crystal packing shows that the alkylated oligomers can 
adopt Syn conformations with high torsion angles in the solid state. This observation 
was explored and corroborated by computational chemistry for terminal thiophenes. The 
substituted dimer, however, adopts both Syn and Anti terminal thiophenes and a nearly 
planar molecule. Furthermore, we observed charge transport was greatly affected by 
alkyl substitution. All oligomers exhibited thin film hole motilities above 1x10^-4 
cm^2/V*S however, the alkylated system outperformed the unsubstituted systems in 
thin film field effect transistors (TF-FETs). This work is important in determining the 
complex structure-property roles of sidechains in both semiconducting small molecules 
and polymers. 

 
 



POLY 285: Prop-2-yn-1-yl 2-brom-2-methylpropanoate: Identification and 
suppression of side reactions of a commonly used terminal alkyne-functional 
ATRP initiator 

William K. Storms-Miller, william.storms@gmail.com, Coleen R. Pugh. Department of 
Polymer Science, The University of Akron, Akron, Ohio, United States  

The atom transfer radical polymerization (ATRP) of styrene was investigated using the 
popular alkyne-functional initiator, prop-2-yn-1-yl 2-brom-2-methylpropanoate (PBiB). 
The polymerization kinetics and evolution of molecular weight as a function of monomer 
conversion were systematically studied with PBiB and similar initiators with protecting 
groups at the reactive propargylic and terminal acetylenic sites. These studies were 
compared to control studies using the non-functional initiator, ethyl 2-bromoisobutyrate. 
As confirmed by NMR analysis of a model reaction, the terminal alkynes undergo 
oxidative alkyne-alkyne coupling under ATRP conditions, resulting in polymers with 
double molecular weight. This side reaction is significant because it diminishes the 
orthogonality of ATRP / copper-catalyzed azide-alkyne cycloaddition procedures, as 
well as the control of ATRP. 

 
 
  



POLY 286: Novel functional copolymers of styrene and ring-substituted butyl 2-
cyano-3-phenyl-2-propenoates 

Gregory B. Kharas, GKHARAS@DEPAUL.EDU, Teresa Spann. Chemistry, DePaul 
University, Chicago, Illinois, United States  

Electrophilic trisubstituted ethylenes, ring-substituted butyl 2-cyano-3-phenyl-2-
propenoates, RPhCH=C(CN)CO2C4H9 were prepared and copolymerized with styrene. 
The monomers were synthesized by the piperidine catalyzed Knoevenagel 
condensation of ring-substituted benzaldehydes and butyl cyanoacetate, and 
characterized by CHN analysis, IR, 1H and 13C-NMR. All the ethylenes were 
copolymerized with styrene in solution with radical initiation (ABCN) at 70°C. The 
compositions of the copolymers were calculated from nitrogen analysis, the structures 
and properties were analyzed by IR, 1H and 13C-NMR, GPC, DSC, and TGA. 

 
 
  



POLY 287: Reversible polymerization of core-substituted naphthalene diimide-
bisterpyridine 

Hamideh Shokouhi Mehr, hs37@zips.uakron.edu, David A. Modarelli. Department of 
Chemistry and the Center for Laser Spectroscopy , The Univeristy of Akron, Akron, 
Ohio, United States  

Bis-terpyridine based metallosupramolecular polymers have generated increasing 
interest because of advantageous structural and physical properties. Terpyridines have 
high coordination affinities to certain transition metal ions that can result in stable 
metallosupramolecular polymers.These coordination polymers have found applications 
as chemical probes, light emitting devices, and photosensitizers. Most 
metallosupramolecular polymers have been prepared with spacer groups substituted at 
the para position of 4ʹ-phenyl-2,2:6ʹ,2ʹʹ-terpyridines. The incorporation of more 
complicated spacer groups, such as naphthalene diimides (NDI), potentially leads to 
enhanced photophysical and electrochemical properties of the polymers. The work 
presented here describes the morphology and photophysical and electrochemical 
properties of several metallo-supramolecular coordination polymers using core-
substituted naphthalene diimide spacer groups. 

 
 
  



POLY 288: Hydrogel forming brine soluble polysulfabetaines 

Anbanandam Parthiban, a_parthiban@ices.a-star.edu.sg, Vivek Arjunan Vasantha. 
ICES, Singapore, Singapore  

Polymers bearing ionic groups are unique due to the strong interaction between 
polymer chains induced by ions of opposite charges. Zwitterionic polysulfobetaines are 
an important class of these polymers. Unlike sulfobetaines where the counterions are 
separated by carbon-carbon bonds, we recently introduced sulfabetaines1 where the 
counterions are separated by carbon-heteroatom bond, i.e. an additional non-charge 
carrying heteroatom is connected to the anion (Fig. 1). The variations in property 
brought about by this change in the newly developed polysulfabetaines will be 
discussed in this presentation. 
1. V. A. Vasantha, S. Jana, A. Parthiban and J. G. Vancso, RSC Adv. 2014, 4, 22596-
22600. 

 
 

 
 
  



POLY 289: Swelling behavior of thermoreponsive gels prepared by post-
polymerization crosslinking of triblock prepolymers with hydrophilic blocks 

Shohei Ida, ida.s@mat.usp.ac.jp, Hironobu Kitanaka, Tatsuya Ishikawa, Satoshi 
Tanimoto, Yoshitsugu Hirokawa. Dept of Materials Science, The University of Shiga 
Prefecture, Hikone Shiga, Japan  

We designed the structure of thermoresponsive gels by post-polymerization crosslinking 
of controlled hydrophilic/thermoresponsive/hydrophilic triblock prepolymers carrying 
activated esters in the outer blocks as crosslinkable sites. These gels are supposed to 
have crosslinked hydrophilic domains, which would affect to the thermoresponsive 
properties. First, the triblock prepolymers with various molecular weight were 
synthesized by RAFT block polymerization. Herein, we utilized N-
acryloyloxysuccinimide for crosslinkable monomer unit and prepared the prepolymers 
with same composition of hydrophilic N,N-dimethylacrylamide in the outer blocks and 
thermoresponsive N-isopropylacrylamide in the inner block. Then, the prepolymers were 
crosslinked by the reaction with ethylenediamine to produce the thermoresponsive gels. 
We evaluated the effect of the prepolymer structure on the response behavior of the 
gels against temperature change. It revealed that the gels prepared from triblock 
prepolymers with smaller molecular weight showed higher shrinking temperature. In 
addition, it also clarified that the gels prepared from triblock prepolymers with larger 
molecular weight showed much rapid shrinking. 

 
 
  



POLY 290: Shape memory biomaterials prepared from polyurethane/ureas 
containing sulfated glucose 

Qinyuan Chai2, chaiqn@mail.uc.edu, Yongshun Huang4, Xinjun Yu3, Neil Ayres1. (1) 
Department of Chemistry, The University of Cinicinnati, Cincinnati, Ohio, United States 
(2) Chemistry, University of CIncinnati, Cincinnati, Ohio, United States (3) Chemistry, 
University of Cincinnati, Cincinnati, Ohio, United States (4) Department of Chemistry, 
University of Cincinnati, Cincinnati, Ohio, United States  

Sulfated glucose functionalized shape memory polymers (SMPs) were synthesized 
through step-growth polymerization using 2,4-toluene diisocyanate (TDI) reacting with 
glucosose-modified diamine monomers, poly(ethylene glycol) (PEG) and 1,1,1-
tris(hydroxymethyl)ethane(triol) as a crosslinker. The covalently crosslinked 
polyurethane/urea showed shape memory behavior with a switching temperature 
dependent on the glass transition temperature. The glass transition temperature can be 
controlled by varying the mole ratio between the glucose-diamine and PEG used in the 
polymerization. A fixity of 70 % was achieved at room temperature after 24 hours. The 
polymer samples showed repeatable recovery when heated to 50 oC regardless of how 
long they were fixed. Finally, sulfating the surface of a film of the polymer did not 
sacrifice the shape memory properties. For further study, making the polymer into ultra-
low density foam with open cell structure will give potential use in biomedical 
applications. 

 
 
  



POLY 291: Polypinosylvin: A novel biocompatible and biodegradable 
poly(anhydride-ester) for extended release of antioxidant and antibacterial 
pinosylvin 

Stephan Bien-Aime1, bienaimestephan@yahoo.com, Weiling Yu2. (1) Rutgers 
University, North Brunswick, New Jersey, United States (2) Biomedical Engineering , 
Rutgers University, New Brunswick, New Jersey, United States  

Pinosylvin, a naturally occurring resveratrol analogue, is known to possess antioxidant 
and antibacterial biological activities. However, this stilbenoid undergoes avid 
metabolism and suffers from a short half-life, reducing its applications. To address this 
issue, pinosylvin was chemically incorporated into a poly(anhydride-ester) backbone 
(PolyPinosylvin) to allow for its controlled and extended release through polymer 
surface erosion mechanism. Therefore, in this work, PolyPinosylvin was synthesized via 
melt-condensation polymerization, and characterized to investigate its physicochemical 
and thermal properties. In vitro release studies in phosphate buffered saline (pH 7.4) 
showed PolyPinosylvin underwent a slow hydrolytic degradation, releasing close to 10% 
of pinosylvin by the end of 40 days. In vitro cytocompatibility studies demonstrated 
PolyPinosylvin is non-cytotoxic towards fibroblasts. A 2,2-diphenyl-1-picrylhydrazyl 
radical scavenging assay, and a disc diffusion antibacterial assay showed polymer 
release media exhibited similar bioactivity as free pinosylvin. PolyPinosylvin is therefore 
a biocompatible and biodegradable polymer providing controlled and extended release 
of antioxidant and antibacterial pinosylvin. 

 
 



POLY 292: Biodegradable polymeric crosslinked micelle for DNA and drug 
delivery 

Dequn Wu, dqwu@dhu.edu.cn. College of Textiles, Donghua University, Shanghai, 
China  

In this report, L-arginine based poly(ester amide)s (Arg-PEAs) was designed as the 
hydrophilic moiety of the micelle. L-Arginine (Arg) is a natural amino acid present in the 
proteins of all life forms. It carries a positive charge at a physiological pH due to its 
strong basic guanidine group with an isoelectric point of 10.96 and pKa above 12.5, 
which is expected to have a strong capability to neutralize negatively charged polymers 
(proteins/nucleic acids). PCL was used as the hydrophobic part of the micelle and insert 
the vinyl bond using UV crosslinking form core crosslinked micelles. The polymeric 
micelle can trap doxorubicin in the core and bind negative florescence label DNA by 
static electric interaction. The trypsin and lipase enzyme was investigated for 
biodegradation for arginine based PEA and PCL for controlled drug release 
respectively. 

 
 
 
 

 

  



POLY 293: Polyether-based lipids with targeting functions for biomedical 
applications 

Ann-Kathrin Danner, adanner@students.uni-mainz.de, Sophie Mueller, Kristiane 
Rusitzka, Juergen Markl, Holger Frey. Johannes Gutenberg-University Mainz, Mainz, 
Germany  

Long-circulating liposomes are applied as drug carriers to minimize serious side effects 
of toxic drugs. Encapsulation of drugs in liposomes results in lower concentration of the 
free drug and increased circulation time compared to the free drug. Especially, so-called 
“stealth“ liposomes, polymer-coated vesicles based on a poly(ethylene glycol) (PEG) 
corona, are used in clinical applications because of numerous advantages compared to 
conventional liposomes.1 Due to the lack of multiple functional groups in the PEG 
backbone and its non-biodegradability, the development of multifunctional polyether-
based lipids is of high interest. These structures provide possibilities for further 
functionalization with markers, e.g., for “active targeting”.2 
 
In this work, we describe cholesterol-based amphiphilic structures of polyglycerol with 
pendant phosphonate groups. The polymers employed had defined molecular weights 
in the range of 1900-2500 g/mol. Variable numbers of hydroxyl groups of the linear 
polyglycerol chains were functionalized with phosphonate groups in a two-step 
procedure. In this manner, the phosphonate content could be varied between 15-83 
mol%. Moreover, these hetero-functional lipids, in which cholesterol serves as the lipid 
anchor, have been incorporated into liposomal structures. The resulting liposomes were 
investigated via cryo-TEM analysis and light scattering. On the basis of the strong 
interaction of phosphonates with inorganic calcium phosphate surfaces, these novel 
liposomes with potential ”stealth“ behavior are promising for bone-targeting and 
eventually the treatment of systemic or local bone cancer. 
 
(1) Sharma, A. International Journal of Pharmaceutics. 1997, 154 (2), 123–140. 
(2) a) Hofmann, A. M.; Wurm, F.; Hühn, E.; Nawroth, T.; Langguth, P.; Frey, H. 
Biomacromolecules. 2010, 11 (3), 568–574; b) Thomas, A.; Müller, S. S.; Frey, H. 
Biomacromolecules. 2014, 15 (6), 1935–1954; 

 
 



POLY 294: pH-Responsive hyperbranched-polydendrons for drug delivery 
applications 

Hannah Rogers2, hannahr@liv.ac.uk, Lee Tatham3, Pierre Chambon1, Andrew Owen3, 
Steve Rannard2. (1) Department of Chemistry, The University Of Liverpool, Liverpool, 
United Kingdom (2) Chemistry, University of Liverpool, Liverpool, United Kingdom (3) 
Molecular and Clinical Pharmacology, University of Liverpool, Liverpool, United 
Kingdom  

The pH-responsive linear and branched polymers of 2-(diethylamino)ethyl methacrylate 
(DEAEMA) have successfully been synthesized via atom transfer radical polymerisation 
(ATRP). New amine functionalized generation 1 and 2 dendrons (G1 and G2) have been 
used as ATRP initiators in order to confer significant chain-end functionality. Then, 
stable aqueous nanoparticle (NP) dispersions have been produced for both linear and 
branched polymers via nanoprecipitation – characterized by dynamic light scattering 
and scanning electron microscopy. 
The G1-p(DEAEMA) NPs have successfully been loaded at 10 wt% with 
fluoresceinamine as a hydrophobic model drug molecule and pharmacological studies 
have shown promising results with high aggregation in macrophage sites. 
The G2-p(DEAEMA) has been branched with a pH-responsive brancher, 1,4-butanediol 
di(methacryoyloxy)-ethyl ether (BDME), to give a double pH triggered system in which 
the nanoparticles were successfully “degraded” into primary polymer chains, as verified 
by Gel Permeation Chromatography (GPC). 
A study has been carried out whereby the encapsulated NPs have released 
fluoresceinamine upon acid addition through a dialysis membrane – 94% of the 
encapsulated model drug was released after 8 hours and GPC confirms the linear 
polymer remaining in the bag following hydrolysis. 
In addition, the statistical incorporation of monomer units generating hydrophobic 
domains (such as tert-butyl methacrylate and 2-hydoxypropyl methacrylate) during the 
polymerisation of DEAEMA allowed the synthesis of branched materials whose 
hydrophobicity can be tuned. The resulting “double-triggered” NPs will therefore be able 
to encapsulate a wide variety of drugs. 

 



 

POLY 295: Impact of static spatial heterogeneity on the swelling of sensitive 
microgels 

Axel Habicht, axel.habicht@fu-berlin.de, Willi Schmolke, Sebastian Seiffert. Organic 
Chemistry, Free University Berlin, Berlin, Germany  

Microgels are soft particles that consist of crosslinked and swollen polymer networks 
with sizes in the 10–1000 μm domain. These particles can be produced with exquisite 
control by droplet-based microfluidics, allowing them to be formed with simple and with 
sophisticated structures.1 This renders microgels useful to serve as model materials in 
the attempt to study complex soft condensed matter. Our study focuses on thermo-
responsive polymer microgels based on poly(N-isopropylacrylamide), pNIPAAm. These 
microgels show pronounced swelling and deswelling upon changes in temperature.2,3 
To check for the impact of static nano- and micrometer-scale spatial heterogeneity on 
this swelling and deswelling, pNIPAAm microgels are made either by uncontrolled free 
radical copolymerization or by controlled photochemical precursor-polymer gelation in 
droplet-based microfluidics. The resulting microgels are then used to study their 
swelling–deswelling transitions by both optical microscopy and small-angle neutron 
scattering. We also study microgels of a similar kind that carry an additional low degree 
of charges, again either homogeneously or heterogeneously distributed across the gel. 
With this work, we aim to explore how classical treatment of gel volume phase 
transitions on basis of the mean-field swelling or critical scaling theories might be 
impaired by spatial polymer-network heterogeneities, which are commonly present in 
gels. 
 
References: 
1 S. Seiffert, Macromol. Rapid Commun. 2011, 32, 1600. 
2 S. Seiffert, Macromol. Rapid. Commun. 2012, 33, 1135. 
3 A. Habicht, W. Schmolke, F. Lange, K. Saalwächter, S. Seiffert, Macromol. Chem. 
Phys. 2014, 215, 1116. 

 



POLY 296: Novel liquid crystalline brush block copolymers for drug delivery 

Dennis Ndaya, dennis.ndaya@uconn.edu , Lalit H. Mahajan, 
lalit.mahajan@uconn.edu, Chi Thanh Nguyen, Prashant B. Deshmukh, Laura Gonzalez-
Fajardo, Derek Hargrove, Laijun lai, Xiuling Lu, Rajeswari Kasi. University of 
Connecticut, Storrs, Connecticut, United States  

Well-designed block copolymers using biologically compatible components lead to 
increase in drug loading capacity, fast drug release without premature burst release and 
minimize toxicity of the polymer and its degradation products. We report amphiphilic 
brush block copolymers composed of polynorbonene-cholesterol/poly(ethylene glycol) 
(P(NBCh9-b-NBPEG)) self-assembled to form a long circulating nanostructure capable 
of encapsulating the hydrophobic anticancer drug doxorubicin (DOX) with high drug 
loading (22.1% w/w). Weight fraction of each block and overall molecular weight is 
precisely controlled to obtain stable drug containing self-assembled nanostructures 
(DOX-NPs). DOX-NPs are effectively internalized by human cervical cancer cells 
(HeLa) and show dose-dependent cytotoxicity, whereas blank nanoparticles are non-
cytotoxic. The DOX-NPs greatly improve survival and significantly inhibit tumor growth 
in tumor-bearing SCID mice compared to that for the untreated and free DOX-treated 
groups. The results indicate that self-assembled (P(NBCh9-b-NBPEG)) block 
copolymers may be a useful carrier to improve tumour delivery of hydrophobic anti-
cancer drugs. Further, slight variations in block lengths of hydrophobic and hydrophilic 
sections of a polymer provides a way to obtain DOX-NPs with increased drug loading 
capacity and the efficacy of drug release. 

 
 
  



POLY 297: Hydroxypropyl methylcellulose esters of substituted succinates for 
hydrophobic drug dissolution enhancement 

Lindsay M. Johnson2, joh10479@umn.edu, Ligeng Yin3, Marc A. Hillmyer1. (1) 
University of Minnesota, Minneapolis, Minnesota, United States (2) Department of 
Chemistry, University of Minnesota, Minneapolis, Minnesota, United States (3) The Dow 
Chemical Company, Collegeville, Pennsylvania, United States  

We prepared novel hydroxypropyl methylcellulose (HPMC) esters and evaluated their 
performance at improving the aqueous solubility of hydrophobic BCS Class II drugs in 
spray-dried dispersions (SDDs). These solid dispersion excipients were synthesized by 
functionalizing two different starting HPMC materials with five substituted succinic 
anhydrides at varying substitution levels. Upon dissolution in aqueous media, SDDs of 
several HPMC esters not only attained a high initial supersaturation of phenytoin, but 
also maintained high concentrations for extended time. Structure relationships were 
developed across the five different substituents, as well as between the two grades of 
starting HPMCs of different hydrophobicities as based on methoxy ether substitution 
levels. We will herein present our developed relationships between the molecular 
properties of the excipients and the final solid dispersion performance. 

 
 
  



POLY 298: Thio-urethane oligomers improve mechanical properties and reduce 
polymerization stress in dental composites 
 
Carmem Pfeifer, pfeifercs@gmail.com, Atais Bacchi, Adam Dobson. Division of Biomaterials 
and Biomechanics, OHSU - School of Dentistry, Portland, Oregon, United States 
  
Thio-urethane (TU) oligomers increase conversion and strength, while significantly reducing 
polymerization stress (PS) in unfilled resins. This study evaluates the efficacy of such additives 
in improving properties in highly filled composites. 
Methods: TUs were synthesized by combining 1,6-Hexanediol-diissocyante (aliphatic), 1,3-
bis(1-isocyanato-1-methylethyl)benzene (aromatic) or Dicyclohexylmethane-4,4'- diisocyanate 
(cyclic) with pentaerythritol tetra-3-mercaptopropionate (PETMP) or trimethylol-tris-3-
mercaptopropionate (TMP), at 1:2 isocyanate:thiol, leaving pendant thiols. TUs were added at 
20wt% to BisGMA-UDMA-TEGDMA (5:3:2), camphorquinone/Ethyl-4-
dimethylaminobenzoate (0.2/0.8wt%) and di-tert-butyl hydroxytoluene (0.3wt%) and 70wt% 
silanated inorganic fillers. Volumetric shrinkage (VS) was assessed with dilatometry. 
Polymerization stress (PS) was measured using a cantilever beam apparatus (Bioman). 
Methacrylate conversion (DC) and rate of polymerization (RP) during photoactivation 
(800mW/cm2) were followed in real-time with near-IR. Flexural strength/modulus (FS/FM) were 
evaluated in three-point bending with 2x2x25mm bars, and fracture toughness (K1c) with 
2x5x25mm notched beams. Glass transition temperature (Tg) was obtained with dynamic 
mechanical analysis (DMA). Statistical analysis: 2-way ANOVA/Tukey’s test (α=5%). 
Results in the Tables with the same superscript are statistically similar. DCn was similar to the 
control for all TUs tested, whereas RP was significantly lower. Delayed vitrification likely led to 
the reduced PS observed, since VS was statistically similar for all groups. FS/E of TU materials 
were similar to the control, with one exception. 
Conclusions: TU oligomers favorably modified conventional dimethacrylate networks with 
minimal disruption to existing curing chemistry, in highly filled composites. At the same time, 
conversion increased and stress reductions of up to 75% were observed, without compromise to 
mechanical properties. 
Support: NIH/NIDCR-1R15-DE023211-01A1/U01-DE02756-01. 

 



POLY 299: Catalytic chain transfer controlled continuous flow microwave 
polymerisation 

Kevin Adlington1, kevinadlington@gmail.com, Sam Kingman2, Chris Dodds2, Derek J. 
Irvine2. (1) University of Nottingaham, Nottingham, Nottinghamshire, United Kingdom (2) 
Chemical and Environmental Engineering, University of Nottingham, Nottingham, 
Nottinghamshire, United Kingdom  

There are many economic/environmental influences, e.g. governmental legislation, 
changing market forces, and industrial bodies such as the AIChE and IChemE, currently 
driving industries towards developing more efficient, cleaner process technologies. 
One of the focus areas that has received a large level of interest is the transfer from 
batch to continuous processing. Furthermore, in adaptation of process technologies to 
achieve this, the acceleration of chemical reactions by adopting microwave 
heating/excitation methods has been demonstrated to aid in achieving these goals. The 
change to a flowing system reduces the required dimensions of reaction vessels, both 
reducing the volume of material present and the mean path for heat/mass transfer and 
so producing a safer, greener process. 
In the laboratory, achieving selective/volumetric heating of individual molecules in the 
medium can be utilised to instantaneously heat a flowing liquid stream, allowing for 
good control of temperature, reaction initiation and reaction selectivity. For example, it 
has been shown that microwave heating can increase the rate, up to 100 times, 
allowing a reaction to happen in minutes not hours. However, microwave heating is a 
relatively novel technique for this type of large scale chemical reaction system in 
industry 
This paper reports the accelerated, continuous flow polymerisation of Methyl 
Methacrylate (MMA) using catalytic chain transfer to directly produce low molecular 
weight (dPn=2-5), functional chain transfer agents. The system has short residence 
times (approx 30 seconds) to achieve conversions of up to 38 % using 500W input 
power and a flow rate of 2.5 g/s. Using the current 2 kW generator flow rates of up to 10 
g/s are attainable. Consequently the apparatus has the potential to produce higher 
conversions and/or molecular weight products and to produce large scale products of a 
wide variety of polymers in a safer, quicker and more efficient manner than if 
conventional heating methods were used. 

 



POLY 300: Branched polymerisation systems as stable emulsifiers for 
nanoemulsion drug delivery 

Stephanie Edwards2, sgsedwar@liv.ac.uk, Faye Y. Hern2, Sam Auty1, Steve 
Rannard2. (1) The University of Liverpool, Liverpool, United Kingdom (2) Chemistry, 
University of Liverpool, Liverpool, United Kingdom  

There is a global rise in the clinical need to enhance the bioavailability of poorly soluble, 
low bioavailable drugs. Herein a method for nanoemulsion based drug delivery will be 
outlined with the view for their use with hydrophobic drugs, for example, HIV 
antiretroviral drugs where demand has increased considerably in recent years. A series 
of novel polymeric surfactant architectures incorporating hydrophobic and ideal dendron 
chain ends have been synthesised by Atom-transfer radical-polymerisation (ATRP) 
using with branched vinyl and hyperbranched polydendron structures. These complex 
architectures allow variation and control of end group composition and the ability to 
functionalise emulsion droplets. The stability of oil-in-water emulsions has been studied 
and optimised by varying the generation of dendrons as well as the end group 
compositions by using mixed initiator systems comprising of dendritic and non-dendritic 
surface groups. When mixed with dendron initiators within a branched polymerisation, 
long chain alkyl initiators are able to produce multiple hydrophobic chains within the 
branched system alongside hydrophilic dendron end groups for the production of the 
stable emulsifier system (Fig.1). Chemical variation has been introduced using the one-
pot xanthate deprotection, thiol Michael addition reactions [1] outlined in our previous 
research. The aim of this research is to produce stable, oil-in-water nanoemulsions for 
drug delivery to infectious diseases utilising the above methodology for creating 
polymeric emulsifiers of varying architecture. 
 
Figure 1. oil-in-water emulsion droplet showing the structure of the branched 
polydendron from mixed initiator synthesis 
[1] S. Auty, O. Andren, M. Malkoch, S. Rannard, Chemical communications. 2014, 50, 
6574-6577 

 



POLY 301: Finding the right nanofiller for making highly graphitic carbon 
nanofibers. What to know about templating mechanism? 

Alona Furmanchuk1, furmanchuk@icnanotox.org, Biswajit Saha2, Yuris A. Dzenis3, 
George C. Schatz1. (1) Chemistry, Northwestern University, Evanston, Illinois, United 
States (2) Department of Chemistry, Northwestern University, Evanston, Illinois, United 
States (3) Mechanical and Materials Eng, W315 NH, University of Nebraska-Lincoln, 
Lincoln, Nebraska, United States  

Continuous carbon nanofibers (CNFs) present an attractive building block for a variety 
of multifunctional materials and devices. However, the carbonization of polyacrylonitrile 
(PAN) precursors usually results in CNFs with poor graphitic structure and, 
consequently, modest/non-optimized properties. Recently a new approach was 
developed where the addition of carbon nanotubes or graphene oxide to PAN at a very 
small concentration was proposed as a templating agent for the formation of graphitic 
structure in fibers. It was shown that such templating improves interfacial bonding 
between the nanofiller and the surrounding templated carbon matrix after carbonization. 
Structural analyses revealed significant improvements in graphitic structure and crystal 
orientation in the templated carbon nanofibers. However the experimental studies failed 
to determine the mechanism of templating. It was speculated that templating operates 
through a covalent bond formation mechanism, but van der Waals-driven interactions 
could also be important. 
Here we present a detailed study of the processes occurring during carbonization as 
well as the time-dependent structural changes in the graphitic portion of the CNFs. By 
employing molecular dynamics simulations we confirmed that oriented graphitic growth 
occurs (Fig.1), and we demonstrated which types of nanofillers were the most effective. 
We discovered a multi-step mechanism that provides prolonged effective templating of 
carbon nanotubes when used as a nanofiller. The mechanism accounts for van der 
Waals interactions, the formation of covalent bonds, and the 3D structure and flexibility 
of the nanofiller. 

 



POLY 302: Linear, mannitol-based poly(anhydride-esters) with high tunability: 
Biodegradability with sustained anti-inflammatory activity 

Nicholas D. Stebbins1, ndstebs@yahoo.com, Weiling Yu2, Kathryn E. Uhrich1,2. (1) 
Department of Chemistry and Chemical Biology, Rutgers University, Piscataway, New 
Jersey, United States (2) Department of Biomedical Engineering, Rutgers University, 
Piscataway, New Jersey, United States  

Sugar alcohols, such as mannitol and xylitol, are FDA-approved polyols that have been 
used to make highly cross-linked polyester elastomers and dendrimers for tissue 
engineering and drug delivery, respectively. (Figure 1a). However, little research is 
performed on utilizing the secondary hydroxyl groups as sites for pendant bioactive 
attachment and subsequent polymerization. This work is the first report of a linear, 
completely biodegradable polymer with a sugar alcohol backbone and chemically 
incorporated pendant bioactives that exhibits sustained bioactive release and high 
loading (~70%) (Figure 1b). With four pendant esters per repeat unit, this 
poly(anhydride-ester) has high drug loading and biodegrades into three products: 
bioactive, sugar alcohol, and biocompatible diacid. Ibuprofen serves as model bioactive 
whereas mannitol is used as a representative polyol. Polymerization was achieved 
through reaction with (trimethylsilyl)ethoxyacetylene. Drug release via polymer 
degradation was quantified by high performance liquid chromatography. Additionally, a 
cytocompatability study with fibroblast cells was performed to elucidate the polymer’s 
suitability for in vivo use and a cyclooxygenase-2 (COX-2) assay was performed on the 
degradation media to ensure that released ibuprofen retained its anti-inflammatory 
activity. The synthetic methods used are easily adaptable to desired polymer properties: 
altering sugar alcohols can change drug loading, release, and thermal properties, chain 
extenders of varying hydrophobicity can tune release rate, and different bioactive 
classes as pendant groups can be investigated in the future. 

 
 



POLY 303: Modifying the electronic properties of graphene by plasma treatment: 
Beyond defect formation 

Joshua S. Wallace1, jswallac@buffalo.edu, Austin Quinn1, Jing Hu2, Eric Sui-Wai 
Kong2, Han-Ik Joh3, Joseph A. Gardella1. (1) University at Buffalo, Buffalo, New York, 
United States (2) Micro/Nanometer Science and Technology, Shanghai Jiao Tong 
University, Shanghai, China (3) Korean Institute of Technology, Seoul, Korea (the 
Republic of)  

The unique properties of graphene have received substantial attention in recent years 
as a candidate for next-generation electronic materials. Despite intense interest, 
widespread use has remained elusive due to the absence of a band gap in intrinsic 
graphene. Hydrogenation of graphene is considered among the most efficient ways to 
overcome this obstacle as it allows for tuning of electronic properties in conjugated 
carbon systems. Recent work on plasma hydrogenation has, however, focused almost 
exclusively on the formation of sp2 lattice defects as determined by the ratio of 
intensities of D and G peaks (ID/IG) in Raman spectroscopy, rather than changes in 
electronic properties. Here, characterization by x-ray photoelectron spectroscopy, 
including x-ray induced Auger emissions, is coupled to Raman analysis to better 
understand the effect of defect formation on the electronic properties of plasma-treated 
graphene. The fine structure of the carbon KLL transition is strongly affected by sample 
electronic properties and can be considered a fingerprint of carbon atom arrangement in 
evaluating extent of hydrogenation. The D-parameter, calculated as the distance, D, 
between local maxima and minima in the first derivative of the C KLL spectrum, can 
thus be utilized to determine changes in the electronic structure due to plasma 
hydrogenation relative to pristine graphene. In this study, hydrogen and 90:10 Ar:H2 
plasma treatments on graphene demonstrated characteristic defects in Raman spectra, 
and changes in the D-parameter of 8.3 eV following 30 minutes of pure H2 plasma 
treatment, and 6.2 eV after 15 minutes of 90:10 Ar:H2 plasma treatment relative to 
pristine graphene. These results indicate substantial differences in the electronic 
properties of plasma-treated graphene are observed in the presence of similar sp2 
defect structures normally attributed to hydrogenation. 

 



POLY 304: Making money out of lignin: Computational, first-principles prediction 
of optimal lignin depolymerization pathways 

Heather J. Kulik2, hjk@mit.edu, Helena Qi1, helenaqi@mit.edu, Brendan Mar1. (1) MIT, 
Cambridge, Massachusetts, United States (2) Stanford University, Stanford, California, 
United States  

Lignin is a polymer that is a major component (up to 35% w/w) of biomass yet the most 
familiar phrase associated with lignin is "You can make anything out of lignin except for 
money". Lignin is most commonly burned as a low-grade fuel, and lignin valorization - 
i.e. developing commercial processes to extract value-added products from lignin has 
lagged behind commercial transformations of other polymeric components of biomass 
such as cellulose. We have carried out the very first simulations that involve sampling of 
ways in which lignin linkages may depolymerize. We have considered eight major 
linkages that connect lignin biopolymers. The challenges associated with lignin are that 
even though each monomer in the polymer is nearly identical (e.g. coniferyl alcohol in 
most evergreen plants), the ways in which these monomers connect is highly variable. 
By forcing bond-breaking in these materials akin to sonication experiments, ball milling 
or high temperature pyrolysis, we are able to discover new pathways to depolymerize 
lignin. Namely, we have identified one pathway in which breaking easy to break ether 
linkages (beta-O-4 as they are commonly known) also permits the simultaneous 
breaking of harder to break biphenyl linkages. This discovery would not be possible 
except through our computational techniques. Much basic research work is needed to 
better understand how we can finally start making money out of lignin, and we believe 
this work shows a good path forward towards industrial commercialization of lignin for 
value-added products that are rich in hydroxyl groups and beyond existing commercial 
processes (e.g. HDO) that currently strip the desirable functional groups out of these 
molecules before further processing. 

 
 
  



POLY 305: Industrial chemist’s challenge: Making sense of financial jargon 

Carrington Smith, csmith@mpdchemicals.com. MPD Chemicals, Trevose, 
Pennsylvania, United States  

Most chemists enter the industrial workforce overflowing in chemical knowledge that 
often has them chemically over-qualified for their technical roles; conversely, most 
technical personnel entering industry have practically no basic knowledge of financial 
fundamentals which may be as critical to their career success as chemical knowledge 
and creativity. Companies exist for one reason – to create value for their owners - so it 
seems intuitive that chemists entering such a workforce would also be required to 
contribute to shareholder value by creating products and processes of value. In our 
current environment, almost all research in industrial settings is performed in an 
interdisciplinary fashion, which requires some common ‘value creation’ language 
between those persons in commercial roles like sales, marketing or business 
development and those technical employees like chemists. This common language 
often takes the form of what will initially appear to be quite foreign to technologists and 
is full of economic lingo like net present value, gross margins, discounted cash flow or 
EBITDA. Upon further study, however, such jargon is actually fairly simple to 
understand for those chemists who have had to endure many semesters of complex 
calculus, differential equations, or statistical analysis. Just as chemists have complex 
jargon and acronyms for their technical work (which also acts at times as a barrier to 
communication), economic and financial terminology is also often a barrier which can be 
easily overcome with a few simple principles. This overview will focus on simplifying 
some of the most common economic and financial terms an industrial chemist may face 
utilizing some simple examples for ease of explanation, drawn from both industrial and 
personal financial examples. 

 



POLY 306: Novel polyvinylimidazolium nanoparticles as high-performance 
binders for lithium-ion batteries 

Jiayin Yuan3, Jiayin.yuan@mpikg.mpg.de, Simon Prescher3, Ken Sakaushi4, Huijuan 
Lin2, Markus Antonietti1. (1) Max Planck Institute of Colloids and Interfac, Potsdam, 
Germany (2) Colloid Chemistry, Max Planck Institute of Colloids and Interfaces, 
Potsdam, Germany (3) Department of Colloid Chemistry, Max Planck Institute of 
Colloids and Interfaces, Potsdam, Germany (4) Scientific park Potsdam-Golm, Max 
Planck Institute of Colloids and Interfaces, Potsdam, Germany  

Many electrochemical energy devices, especially commercially available lithium-ion 
batteries (LIBs) rely on the use of a small fraction of poly(vinylidene fluoride) (PVDF) to 
glue active powders into mechanically stable electrodes. PVDF, though as a default 
choice for these devices, has been recently recognized as “not the most appropriate” 
binder for electrodes due to some intrinsic drawbacks, which are associated with the 
limited surface activity to bind eventually all electrode components, its character as an 
insulator, as well as its defluorinating side reactions with the electrolyte and the carbon 
component of the electrode. The pursuit for alternative binders is therefore catching 
growing interest.[1] 
In this contribution, we demonstrate that via careful structure design, polymer 
nanoparticles, which bear imidazolium bromide ionic liquid units in its network, can 
serve as functional binders in lithium ion batteries, delivering better performance than 
PVDF, not only a specific capacity much closer to the theoretic value but also faster 
loading and an outstanding long-term electrochemical durability.[2] We believe that this 
successful binder material can potentially replace PVDF in electrodes of billions of LIBs 
as well as some other electrochemical devices. 
 
Reference 
[1] J. von Zamory, M. Bedu, S. Fantini, S. Passerini, E. Paillard, J. Power Sources 2013, 
240, 745-752. 
[2] J. Yuan, S. Prescher, K. Sakaushi, M. Antonietti,. J. Mater. Chem. A, 2015, 2015,3, 
7229-7234 

 
 



POLY 307: Ionic liquid-derived thermoresponsive polyelectrolyte gels that show 
reversible water pumping 

Yuki Kohno1, yuki.kono@colorado.edu, Yuki Deguchi2, Hiroyuki Ohno2. (1) University 
of Colorado Boulder, Boulder, Colorado, United States (2) Tokyo University of 
Agriculture and Technology, Tokyo, Japan  

Functional polymer materials that undergo reversible thermoresponsive phase transition 
in solvents have long been fascinating scientists as “intelligent materials” for wide range 
of fields. We have recently reported a few polymerizable ionic liquids (ILs) and their 
homopolyelectrolytes, namely PILs, showing a lower critical solution temperature 
(LCST)-type phase transition with pure water (Aust. J. Chem. 2012, 65, 91; Chem. 
Commun. 2012, 48, 11883; and Aust. J. Chem. 2013, 66, 1393). In addition, the LCST-
behavior was also achievable by copolymerizing IL monomers or mixing PILs with 
suitable hydrophobicity (Chem. Lett. 2015, 44, 238). The LCST-type phase transition of 
the fully-charged homopolymer/water mixtures was hardly observed and would expand 
the possibility of PILs as key materials to provide various thermoresponsive interfaces. 
In the present study, we demonstrate reversible “water pumping” by suitably cross-
linked PIL hydrogels based on tetra-n-alkylphosphonium 3-sulfopropylmethacrylate-type 
IL monomers, in which the PIL hydrogel underwent reversible absorption/desorption of 
water molecules for at least ten times through the LCST behavior. Suitable selection of 
the component IL monomers, cross-linkers, and initiators for radical polymerization 
enabled us to obtain such “intelligent” gels showing reversible water 
absorption/desorption by changing moderate temperatures. The transition temperature 
was also controllable by copolymerizing IL monomers having different phosphonium 
cations. The mechanically stable PIL hydrogel that endures repeated 
absorption/desorption cycles of water pumping is unprecedented, and will be applied for 
some challenging issues including energy-saving water purification processes. 

 
 
  



POLY 308: Controlling actuation of porous poly(ionic liquid) membranes by 
aligned carbon nanotubes 

Huijuan Lin1, xmlhj89@gmail.com, John W. C. Dunlop2, Jiayin Yuan1. (1) Department 
of Colloid Chemistry, Max Planck Institute of Colloids and Interfaces, Potsdam, 
Germany (2) Biomaterials, Max Planck Institute of Colloids and Interfaces, Potsdam, 
Germany  

Porous poly(ionic liquid) (PIL) membranes based on PIL-PAA@CNTs were achieved by 
coating a mixture solution of a cationic PIL and PAA in DMF onto aligned CNT sheets, 
followed by drying and subsequent immersion in aqueous NH3 solution. Due to the 
intrinsic gradient porous structure and the presence of aligned CNTs, obtained 
membranes exhibit anisotropic bending deformation along the vertical direction to the 
alignment direction of CNTs in the polymer film, e.g., rolling into a tube or a loop. A 
large bending curvature has been achieved with a moderate response time towards 
acetone vapor. Besides, the composite membrane showed high deformation stability 
and maintained the maximum curvature by 80% after 300 cycles. Moreover, these 
membranes are further designed into various models to demonstrate the concept of 
controllable bending deformation. 

 
 
  



POLY 309: Ionic liquid containing sulfonated block copolymer membranes 

Evan Margaretta2, evanmarg@vt.edu, Mingtao Chen2, Richard M. Abrahamson2, 
Timothy E. Long1. (1) Virginia Tech, Blacksburg, Virginia, United States (2) Chemistry, 
Virginia Tech, Blacksburg, Virginia, United States  

Sulfonated polymers show beneficial properties for applications such as desalination1 
and proton exchange2 membranes. Sulfonated polymers also find use in battery 
technology as separators.3 Sulfonated block copolymers may prove especially useful as 
battery separators given their enhanced mechanical integrity, tunable composition and 
morphology, and microphase separation. In the present work, sequential anionic 
polymerization of 4-methylstyrene and styrene yielded a series of ABA triblock 
copolymers. Postpolymerization treatment of the obtained polymers with acetyl sulfate 
afforded sulfonation of the polystyrene blocks (Figure 1). The block copolymers 
exhibited reduced thermal stability measured using thermogravimetric analysis (TGA) 
and phase separation indicated through the change of glass transition temperature (Tg) 
in differential scanning calorimetry (DSC) thermograms. The sulfonated copolymers 
were incorporated with the ionic liquid (IL) 1-ethyl-3-methylimidazolium 
bis(trifluoromethane)sulfonimide (EMIm Tf2N), as well as binary blends of EMIm Tf2N 
and Li Tf2N. DSC and dynamic mechanical analysis (DMA) revealed the plasticization 
effects of IL blending on the Tg of the sulfonated block. 
 
 
1. Park, H. B.; Freeman, B. D.; Zhang, Z.-B.; Sankir, M.; McGrath, J. E., Angewandte 
Chemie International Edition 2008, 47 (32), 6019-6024. 
2. Zhang, Y.; Zhang, G.; Wan, Y.; Zhao, C.; Shao, K.; Li, H.; Han, M.; Zhu, J.; Xu, S.; 
Liu, Z.; Na, H., Journal of Polymer Science Part A: Polymer Chemistry 2010, 48 (24), 
5824-5832. 
3. Arnold, C., Jr.; Assink, R. Sulfonated polysulfone battery membrane for use in 
corrosive environments. US4714663A, 1987. 

 
 
  



POLY 310: Imidazolium-containing (co)polyesters as a platform for biodegradable 
nonviral gene delivery vehicles 

Ashley M. Nelson2,4, Allison Pekkanen3,4, apekk@vt.edu, Neil L. Forsythe2,4, John H. 
Herlihy5,4, Musan Zhang2,4, Marissa N. Rylander6, Timothy E. Long1,4. (1) Virginia Tech, 
Blacksburg, Virginia, United States (2) Chemistry, Virginia Tech, Blacksburg, Virginia, 
United States (3) School of Biomedical Engineering and Sciences, Virginia Tech, 
Blacksburg, Virginia, United States (4) Macromolecules and Interfaces Institute, Virginia 
Tech, Blacksburg, Virginia, United States (5) Biological Sciences, Virginia Tech, 
Blacksburg, Virginia, United States (6) Mechanical Engineering, University of Texas at 
Austin, Austin, Texas, United States  

Due to their characteristic biocompatibility and biodegradability, polyesters are an 
attractive choice for biological applications, including cellular scaffolds and the delivery 
of therapeutic genes to diseased cells. In this work we investigated incorporating the 
imidazole ring, found naturally in the amino acid histidine, to obtain charged polyesters 
capable of binding DNA. Melt polycondensation of an imidazolium-containing diol with a 
melting temperature of 113 °C and degradation temperature of 307 °C, adipic acid, and 
neopentyl glycol provided a series of random copolymers. By varying the ionic content 
from 0 to 100 wt % ionic liquid (IL), a broad range of compositions exhibited tunable 
glass transition temperatures from -40 to 40 °C. IL incorporation above 30 wt % 
imparted water solubility, making these materials suitable candidates for non-viral gene 
delivery. Gel binding studies confirmed the formation of polyplexes between DNA and 
50, 75, and 100 wt % IL compositions and dynamic light scattering revealed polyplex 
stability in water over 24 h. A cytotoxicity assay using HeLa cervical cancer cells and 
the novel polyplexes showed insignificant cellular toxicity within a range of 5-200 μg/mL, 
confirming biocompatibility. Furthermore, treatment of HeLa cells with polyplexes 
containing DNA coding for the luciferase protein caused a dramatic increase (2 orders 
of magnitude) in luminescence compared to control cells. In addition to transfection 
studies, electrospinning the imidazolium homopolyester with poly(ethylene oxide) 
afforded mats for further evaluation as antibacterial coatings or adhesives. These novel 
(co)polyesters demonstrated success as non-viral gene delivery vectors with additional 
potential applications as antibacterials and adhesives, providing a synthetic platform for 
further optimization and for applications including food packaging, disease treatment, 
and UV-alternative sterilization. 

 



POLY 311: Development of an ammonium-based step-growth poly(RTIL)/RTIL 
coating system for containment and adsorption 

Dylan I. Mori1, mori.dylan@gmail.com, Rhia M. Martin1, Douglas L. Gin1, Brian J. 
Elliott2. (1) University of Colorado: Boulder, Boulder, Colorado, United States (2) TDA 
Research, Inc., Wheat Ridge, Colorado, United States  

The deproliferation of chemical warfare agents (CWAs) remains an ongoing worldwide 
effort. Room-temperature ionic liquids (RTILs) have emerged as promising alternative to 
currently available CWA decontamination methods for substrates that readily absorb 
CWAs (e.g., wood, paint, rubber). It has recently been shown that non-volatile RTILs 
can (1) act as a barrier material for CWA vapors trapped within these surfaces and (2) 
adsorb and confine the CWA within the RTIL matrix. A new ammonium-based, curable, 
step-growth poly(RTIL)/RTIL network system has been developed for this purpose, with 
the goal of generating a spreadable coating that can be solidified for better containment 
and subsequent removal after decontamination. This presentation will focus on two 
primary areas of research in this project: (1) tuning the mechanical properties of the 
resulting composite poly(RTIL)/RTIL films, and (2) optimizing the curing kinetics of the 
RTIL-based polyurethane network system. The mechanical properties of the coatings 
(as determined by nanoindentation and dynamic mechanical analysis) can be tailored 
by changing the stoichiometric ratio between the linear and cross-linkable monomers 
and the amount of added RTIL. The rates of the polyurethane curing reactions are 
determined using FT-IR spectroscopy. 

 
 
  



POLY 312: Regioselective synthesis of semi-fluorinated aryl ethers and 
poly(arylene ether)s 

Anbanandam Parthiban, a_parthiban@ices.a-star.edu.sg, Ranganathan Krishnan. 
ICES, Singapore, Singapore  

Semi-fluorinated functional aryl ethers1 and poly(arylene ether)s2 were prepared by 
stepwise nucleophilic aromatic substitution of 2,3,4,5,6-pentafluorobenzonitrile (PFBN) 
with various (substituted) phenols and bisphenols respectively under mild conditions. 
1. R. Krishnan and A. Parthiban, J. Fluor. Chem. 2014, 162, 17-25. 
2. R. Krishnan and A. Parthiban, J. Polym. Res. 2013, 20:230, 1-8. 

 
 
  



POLY 313: Use of a thio-bromo click approach toward the functionalization of 
polynorbornenes 

Venkat Ashok Kothapalli, venkatashok.kothapalli@gmail.com, Manasa Shetty, 
Christopher E. Hobbs. Department of Chemistry, Texas A&M University Kingsville, 
Kingsville, Texas, United States  

The functionalization of macromolecules is of tremendous importance in polymer 
chemistry. Such processes can dramatically change the properties of polymeric 
materials and provide them with functionality that makes them useful for a number of 
applications. A post-polymerization strategy is often used for polymer functionalization. 
However, this can often result in incomplete reactions along the polymer chain, thus 
requiring excess amounts of reagents. Various click reactions have been developed and 
used for this purpose (i.e. copper-catalyzed azide/alkyne click (CuAAC) or thiol/ene 
click). However, the facile reaction between thiols and α-bromoesters (thio-bromo click 
reaction), first described by Percec, can also be used. We describe the use of such a 
reaction for the functionalization of polynorbornenes that carry this α-bromo-
functionality, which provides various sulfide click products in good yield. Furthermore, 
this method can be used as (i) a “one-pot” synthesis of random terpolymers as well as 
(ii) a tool for the preparation of covalently crosslinked networks. 

 
 
  



POLY 314: Convergent synthesis of dendrimers via the Passerini three-
component reaction 

Jo-Ann Jee, joannjee@gmail.com, Jonathan G. Rudick. Department of Chemistry, 
Stony Brook University, Stony Brook, New York, United States  

The Passerini three-component reaction is an isocyanide-based multicomponent 
reaction derived from an aldehyde, a carboxylic acid, and an isocyanide to form a non-
symmetrical trifunctional scaffold (α-acyloxycarboxamide). The efficient, atom-
economical Passerini reaction proceeds in a single step, under mild reaction conditions, 
and is well suited for combinatorial chemistry and library design. The synthesis of 
dendrimers with multiple clusters of surface groups is challenging because it requires 
numerous steps. We have found that the convergent synthetic method coupled with the 
Passerini three-component reaction offers a viable synthetic approach towards surface-
block dendrimers. The Passerini components were derived from three poly(alkyl ether) 
dendrons and the α-acyloxycarboxamide scaffold serves as the core of the dendrimer. 
Our results established a substituent effect that drastically shortens the Passerini 
reaction time in the convergent synthesis of dendrimers. The enhanced reactivity of the 
ether-substituted aldehyde component is important for the convergent synthesis of 
higher generation dendrimers via the Passerini reaction. This presentation will describe 
the preparation of three-generations of surface-block dendrimers via the Passerini 
three-component reaction. 

 
 
  



POLY 315: Chondroitin sulfate-g-poly(ε-caprolactone) for CD44-targeting delivery 

Li-Fang Wang, lfwang@kmu.edu.tw. Kaohsiung Medical University, Kaohsiung, Taiwan  

he polysaccharide-based micellar nano-particles have been widely prepared for 
targeted drug delivery systems, which can target CD44 receptor overexpressed in many 
solid tumors. In this study, chondroitin sulfate (CS)-g-poly(ε-caprolactone) (PCL) 
copolymers (CP) were prepared by atom transfer radical addition (ATRA). The CP 
copolymers self-assemble into micelles in water, which can encapsulate a hydrophobic 
anticancer drug, camptothecin (CPT), in the core and prevent hydrolysis of the lactone 
ring of CPT in the normal physiological environment. The physicochemical properties of 
the micelles and CPT-loaded micelles were thoroughly characterized. For in vitro test, 
the cellular uptake, apoptosis-inducing effect and cell cytotoxicity of the CPT-loaded 
micelles were studied. For in vivo test, the therapeutic efficacy of the CPT-loaded 
micelles was tested and compared with a commercial product, CPT-11, in a non-small 
cell lung cancer xenografted animal model. 

 
 
  



POLY 316: Efficient synthesis of diverse core photolabile dendrimers via 
combination of Passerini reaction and thiol-yne reaction 

Yu-Huan Wu, 1301110287@pku.edu.cn, Zi-Chen Li. Peking University, Beijing, China  

Three series of dendrimers were synthesized divergently via combination of orthogonal 
Passerini reaction and thiol-yne reaction. First, the Passerini reaction of propargyl 
isocyanoacetamide, 6-heptynoic acid, and o-nitrobenzaldehyde derivative provided the 
G0 dendrimer with three terminal alkyne groups. Then, G0 dendrimer was allowed to 
react with 3-mercaptopropionic acid with AIBN as the thermal initiator to get the G1 
dendrimer with six terminal carboxylic acid groups. Repeating these two steps with 5-
hexyn-1-al and phenylacetaldehyde for the Passerini reaction can finally generate the 
G3.5 dendrimer with the photolabile o-nitrobenzyl ester group in the core. Due to the 
high efficiency and orthogonal nature of the two reactions, this strategy shows several 
advantages like diverse structures, easy purification, and simple operation. UV 
degradation of the dendrimers was studied, and the rates of photolysis reactions of 
different dendrimers were compared. The efficient synthesis of dendrimers and 
incorporation of photolabile groups provide new opportunities to access functional 
materials suitable for different applications. 

 
 
  



POLY 317: Syntheisis of complex amphiphilic polymers by aziotropic distillation 
techniques 

Garrett M. Kraft, garrett.kraft@uconn.edu, Jennifer Bento, Drona Madugula, Douglas 
H. Adamson. Polymer Program, University of Connecticut, Storrs Mansfield, 
Connecticut, United States  

Amphiphillic polymers are a unique class of polymers that have chemical constituents 
that make them compatible with both hydrophilic and hydrophobic solvents. Their 
unique solution properties are a direct result of the duality of the chemical structure of 
the polymers and can lead to the self-assembly of nanoscaled structures. The non-ionic 
hydrophilic nature, biocompatibility, and commercial availability of poly(ethylene oxide) 
(PEO) makes it a common substituent in amphiphilic block copolymers. PEO can be 
synthesized using living anionic ring opening polymerization techniques, and the use of 
anionic polymerization techniques gives unparalleled control over the molecular weight 
distribution, allowing access to complex architectures such as brush, star, and H-
shaped. The controlled synthesis of this system makes it an ideal approach for studying 
the self-assembly nature and structure/property relationships of amphiphilic polymers. 
The use of controlled architectures in amphiphilic polymer design may lead to better 
control of the collapse and folding of the polymer blocks in different solvent conditions. 
This controlled collapse can allow for the addition of guest molecules for drug delivery, 
nanoreactors, and with crosslinking it can be used in molecular imprinting applications. 
Here we report the use of high vacuum anionic polymerization techniques for the 
polymerization of PEO, polystyrene, and polybutadiene containing amphiphilic block 
copolymers with complex architectures. 

 
 
  



POLY 318: Assembling multiple mesogenic components in a Passerini reaction 

Shuang Song1, songdashuang@gmail.com, Jonathan G. Rudick2. (1) Chemistry, Stony 
Brook University, Port Jefferson, New York, United States (2) Department of Chemistry, 
Stony Brook University, Stony Brook, New York, United States  

Liquid crystals as hierarchically organized materials have been widely used in 
optoelectronic fields and there is always demand for more advanced applications. As an 
alternative to conventional rod-like or disc-like liquid crystals, non-conventional liquid 
crystals are getting more attention. Supermolecules are one of them, as the segregation 
between different segments within the molecule could be a driving force towards self-
assembly. Research has been focused on supramolecular three-arm stars mainly 
containing one type of mesogen. By breaking up the symmetry of star molecules, new 
mesophases have been observed as the interaction between different arms becomes 
more complicated. 
Methods that have been previously reported towards non-symmetrical star molecules 
involve lengthy synthesis and overall low yield. However, multicomponent reactions 
provide a way to combine different types of mesogenic arms to generate star-branched 
liquid crystals. These reactions are usually one-pot reactions under mild conditions and 
have robust reactivity. In the Passerini reaction, an aldehyde, a carboxylic acid, and an 
isocyanide react to form an a-acyloxyamide product, which can be considered as a non-
symmetric three-arm star core. 
The presentation will discuss the synthesis and liquid crystalline phase behavior of 
symmetric and non-symmetric (AB2 and ABC) three-arm star-branched liquid crystals 
prepared via the Passerini three-component reaction directly from mesogen or 
promesogen components. Although the mesogen components are solids at room 
temperature with poor solubility in solvents commonly used for the Passerini reaction, 
we have identified solution-based and solvent-free conditions that provide the star 
mesogens in good yields. We have prepared the first example of an ABC three-arm 
star-branched liquid crystal with calamitic mesogens as arms. Characterization of the 
thermal properties of the star molecules by POM and DSC will be presented. 

 
 



POLY 319: High molecular weight, post-translationally modified protein brushes 
through tyrosine modification chemistry 

Brian Seifried, seifried@mit.edu, Bradley D. Olsen. Chemical Engineering, MIT, 
Cambridge, Massachusetts, United States  

Mucins are glycoproteins that are one of the body’s primary defensive mechanisms 
against pathogens and are of interest to defense and pharmaceutical industries. The 
high molecular weight and dense glycosylation of mucins of make them difficult to 
produce. Mucin mimics are typically synthesized either as short glycosylated oligomers 
that are polymerized resulting in low-molecular weight mimics or expressed as proteins 
that are glycosylated with expensive enzymes resulting in a low degree of glycosylation. 
As an alternative approach, we demonstrate that a tyrosine-rich protein sequence can 
be mass-functionalized with a variety of functional moieties through the diazonium 
coupling of the peptide’s tyrosines with relatively inexpensive reagents, providing for 
high density brush proteins. 
Herein we report a method to synthesize protein brushes that can mimic the properties 
of natural mucins: the amino acid composition of the backbone, the high molecular 
weight, and the post-translational modification with charged, hydrophilic residues. 
Analysis of the tandem repeat section of the well-investigated mucin, MUC5AC, yielded 
an 8 amino acid consensus sequence. This repeat unit was repeated multiple times to 
create a 35 kDa sequence. The sequence was flanked with cysteines that were cross-
linked to create high molecular weight protein polymers. Half of the serines and 
threonines of the repeat unit were replaced with tyrosines and functionalized through 
diazonium coupling. 
The flexibility and effectiveness of diazonium coupling chemistry is demonstrated for the 
mass-functionalization of polypeptides through attaching a variety of side groups. We 
demonstrate the ability to add charge by attaching sulfate groups, the ability to mimic 
mucins by attaching sugar groups, and the ability to modify the protein rheology through 
attaching PEO sidechains. These findings suggest that tyrosine modification provides a 
practical route to the high density functionalization of artificial protein polymers and that 
this may provide a scalable synthetic route to mucin-mimetic brush proteins. 

 
 



POLY 320: High stability graphene-enzyme-hydrogel electrodes for "sugar-to-
power" conversion in a microbiofuel cell 

Ananta Ghimire1, anughimire@yahoo.com, Ajith Pattammattel1, Rajeswari Kasi2, Yu 
Lei5, Tai-Hsi Fan4, Xiuling Lu3, Challa V. Kumar1. (1) Univ of Connecticut, Storrs 
Mansfield, Connecticut, United States (2) University of Connecticut, Storrs Mansfield, 
Connecticut, United States (3) Pharmaceutical Sciences, University of Connecticut, 
Storrs, Connecticut, United States (4) Department of Mechanical Engineering, 
University of Connecticut, Storrs, Connecticut, United States (5) Chemical and 
Biomolecular Engineering, University of Connecticut, Storrs, Connecticut, United States  

In efforts toward producing environmentally responsible high efficiency power sources, 
we report here the first enzyme-gel hybrid electrodes that are safe, nontoxic and 
sustainable for power generation in a biofuel cell using sugar as the fuel. Redox 
enzymes such as glucose oxidase (GOx) and cytochrome c are stabilized in an enzyme 
hydrogel by covalent crosslinking using carbodiimide chemistry, and the resulting 
enzyme hydrogels are embedded with poly(acrylic) acid, zinc powder, carbon black or 
graphene. The hydrogel-encased carbon-doped GOx electrodes were tested to 
withstand vigorous conditions such as high temperatures, or wide pH ranges, for 
extended periods of exposure. The GOx-poly(acrylic) acid hydrogels, for example, after 
deposition on glassy carbon electrode (GCE) showed enhanced and well-defined redox 
peaks with anodic peak potential at -0.39 V and cathodic peak potential at -0.44 V 
(Figure 1A, blue trace) when compared to that of naked GOx (red trace). The formal 
potential (E0’) is -0.415 V, with a small peak potential separation of ~50 mV, suggestive 
of a fast and quasi-reversible direct electron transfer between the enzyme and the 
electrode. Similarly, GOx-hydrogels were prepared by replacing the organic polymer 
with carbon black, and these also indicated the direct electrochemistry of GOx, which is 
characteristic of reversible electron transfer of GOx-FAD+2H++2e-«GOx-FADH2. 
Fundamental analysis of electrochemical reaction and direct electron transport from the 
enzyme active site to the electrode surface will be obtained. Biocompatibilities of 
enzyme-hydrogel electrodes made from carbon black, graphene and zinc powder will be 
compared. Enhanced performance of the enzyme-hydrogels need further study but the 
observed direct electron transfer is ideal for proposed use in micro-biofuel cells to obtain 
high power densities and long lifetimes. 

 



POLY 321: Tuning assembly and enzymatic degradation of silk fibroin/poly(N-
vinylcaprolactam) multilayers via molecular weight and hydrophobicity 

Veronika A. Kozlovskaya, vkozlovs@uab.edu, Alejandra Espinosa-Dzib, Eugenia P. 
Kharlampieva. Chemistry Department, University of Alabama at Birmingham, 
Birmingham, Alabama, United States  

We report on enzymatically degradable nanothin coatings obtained by layer-by-layer 
(LbL) assembly of silk fibroin with poly(N-vinylcaprolactam) (PVCL) via hydrogen 
bonding and hydrophobic interactions. We found that both silk β-sheet content, 
controlled through dipping and spin-assisted LbL, and PVCL molecular weight regulate 
film thickness, microstructure, pH-stability, and biodegradability with a nanoscale 
precision. Thickness of (silk/PVCL) films increased with increase in PVCL molecular 
weight and decrease in deposition pH. The impact of assembly pH on film growth was 
more dramatic for dipped films. These systems show a significant rise in thickness with 
increase in PVCL molecular weight at pH<5 but become independent on polymer chain 
length at pH≥5. We also found that spin-assisted films exhibited a greater stability at 
elevated pH and against enzymatic degradation as compared to their dipped 
counterparts. For both film types, the pH and enzymatic stability was improved with 
increasing PVCL length and β-sheet content, indicating enhanced hydrophobic and 
hydrogen-bonded interactions between PVCL and silk. Finally, we fabricated spherical 
and cubical (silk/PVCL) LbL capsules of regulated permeability and enzymatic 
degradation. Our approach gives a unique opportunity to tune thickness, morphology, 
structure, and biodegradability rate of silk films and capsules by varying silk secondary 
structure and PVCL length. Accounting for all-aqueous fabrication and the 
biocompatibility of both polymers these biodegradable materials provide novel platforms 
for delivery systems and medical devises. 

 
 



POLY 322: Elucidating the intrachain radical mechanism in poly(norbornene 
imide) single-chain nanoparticle formation 

Justin P. Cole1, justinpcole11@gmail.com, Jacob Lessard1, Christopher Lyon1, Bryan 
Tuten1, Erik B. Berda2. (1) Chemistry, University of New Hampshire, Travelers Rest, 
South Carolina, United States (2) Department of Chemistry, University of New 
Hampshire, Durham, New Hampshire, United States  

In our attempts to design an efficient and scalable method for producing functionalized 
single-chain nanoparticles, we investigated intra-chain radical polymerization of pendant 
methacryloyl decorated poly(norbornene) imides. Upon radical initiation efficient single-
chain nanoparticle formation ensues, but by an unexpected intra-chain radical 
mechanism that is dependant on the backbone olefin. Adavanced GPC, IR, NMR 
studies were carried out in order to elucidate this collapse mechanism. 

 
 
  



POLY 323: Promoting cell-matrix interaction through multivalent presentation of 
bioactive peptides 

Ying Hao2, haoyingein@gmail.com, Tugba Ozdemir2, Mariane Martinez3, Swati 
Pradhan-Bhatt4, Daniel Harrington3, Robert Witt4, Mary C. Farach-Carson3, Xinqiao Jia1. 
(1) Univ Delaware, Newark, Delaware, United States (2) Materials Science and 
Engineering, University of Delaware, Newark, Delaware, United States (3) Department 
of Bioengineering, Rice University, Houston, Texas, United States (4) Department of 
Biology, University of Delaware, Newark, Delaware, United States  

Many natural proteins contain multiple regularly spaced repeats of functional domains 
that bind their targets with high avidity and specificity; therefore, hybrid copolymers 
containing repetitive functional sequences identified from the natural biopolymers likely 
elicit highly coordinated and dynamic interactions with the targeted cells. Here, synthetic 
strategies were employed for the preparation of protein-mimetic hybrid copolymers. 
Specifically, atom transfer radical polymerization (ATRP) of tert-butyl methacrylate and 
oligomeric ethylene glycol methacrylate (OEGMA), followed by acid hydrolysis produced 
hydrophilic copolymers with protein-repellent OEG side chains and chemically 
addressable carboxylate groups. Modification of the copolymer with 2-hydroxyethyl 
acrylate installed reactive double bonds, through which bioactive peptides, including 
those identified from extracellular matrix proteins perlecan domain IV, fibronectin and 
laminin, were introduced. The resultant peptide-conjugated, chemically crosslinkable 
copolymer was mixed with thiolated hyaluronic acid (HA-SH) to form a macroscopic 
hydrogel with tunable ligand density/clustering and matrix stiffness. The hydrogel 
building blocks are non-toxic to human salivary acinar-like cells (hSACs) and human 
prostate cancer LNCaP cells. LNCaP cells entrapped in the hydrogel remained viable 
and proliferative, forming three-dimensional tumor-like spheroids within 7 days of 
culture. The roles of peptides, singularly immobilized or multivalently presented, on cell 
aggregation and migration were systematically investigated. Overall, the bioactive, 
peptide-functionalized hydrogels are attractive 3D culture platform for dissecting 
principles of tumorigenesis and for the engineering of functional salivary glands. 

 



POLY 324: Toward well-defined single-chain nanoparticles via multiple intrachain 
reactions 

Ashley M. Hanlon, amj63@wildcats.unh.edu, Erik B. Berda. Department of Chemistry, 
University of New Hampshire, Durham, New Hampshire, United States  

Progress towards the synthesis of single-chain nanoparticles through a combination of 
thermally reversible Diels-Alder reactions and dynamic thiol disulfide exchange 
reactions will be shown (figure 1). Styrene and methacrylate based polymers decorated 
with pendant protected maleimide groups along with furan or anthracene moieties serve 
as a means to thermally trigger a reversible intra-molecular cross-link. These types of 
systems can be used in combination with a pendant pyridyldisulfide for a catalytically 
triggered dynamic intra-molecular cross-link. Variations on the polymer composition and 
placement of cross-linkers effect on nanoparticle formation were studied. 

 
 
  



POLY 325 

Supramolecular dendrimers with a folded, protein-like core 

Jeannette Marine1, Jmarine88@gmail.com, Jonathan G. Rudick2. (1) Chemistry, Stony 
Brook University, Selden, New York, United States (2) Department of Chemistry, Stony 
Brook University, Stony Brook, New York, United States  

Dendrimers are composed of a core with multivalent branch repeat units that contain 
functionalizable peripheral groups. In a supramolecular dendrimer with a helix bundle 
core, the core is comprised of a α-helical peptide that contains reactive azide/alkyne 
functional groups suitable for copper-catalyzed-azide-alkyne cycloaddition (CuAAC) 
‘click’ reaction. The branch repeat units are equipped with the corresponding click 
partner at the apex and water solubilizing groups at the periphery. α-Helical peptides 
that self assemble into protein like bundles can be accessed via hydrophobic patterning. 
Sequences with a hydrophobic periodicity of 3.6 residues per turn adopt a α-helical 
conformation. A 14-residue helix-bundle forming peptide comprised of leucine and 
lysine was designed using this periodicity. The sequence was modified to incorporate 
‘clickable’ groups at the surface residue positions. Azide rich peptides are readily 
accessed by converting side chain amines using imidazole-1-sulfonyl azide as a 
diazotransfer agent to form azides after chain assembly. HPLC and MALDI-ToF 
confirmed that only the desired product was formed from the diazotransfer reaction and 
the CuAAC ‘click’ reaction. Folding and self-assembly of the dendronized conjugates 
were characterized via circular dichroism (CD) in aqueous buffer. Herein we report the 
design, synthesis, and characterization of a series of water-soluble dendronized helix 
bundle assemblies and the effect the dendrons have on the self-assembly process. 

 



POLY 326: Modular approach to creating single-chain polymer nanoparticles 

Bryan Tuten1, btr43@wildcats.unh.edu, Justin P. Cole1, Christopher Lyon1, Erik B. 
Berda2. (1) Chemistry, University of New Hampshire, Durham, New Hampshire, United 
States (2) Department of Chemistry, University of New Hampshire, Durham, New 
Hampshire, United States  

In this presentation we show how from a carefully designed polymer we can use 
multiple avenues of post-polymerization modifications, such as pentafluorophenyl esters 
and thiol-ene click reactions, to collapse and then subsequently decorate the surface of 
these nanoparticles. By utilizing ring-opening metathesis polymerization (ROMP) with a 
monomer containing a pentafluorophenyl ester moiety, this allows a polymer, under 
dilute conditions, to be collapsed via intra-chain cross-linking through either the 
activated esters or the residual olefins in the backbone of the polymer chains. Due to 
the selectivity of these functional groups this allows the functional group not used in the 
intra-chain cross-linking to be used as a handle to decorate the surface of the SCNPs. 
For example, if a polymer is collapsed with a primary diamine, then the left over olefins 
can be used for thiol-ene reactions to decorate the surface of the SCNPs with a 
molecule containing a thiol moiety. The inverse of this process can also be done by 
starting with a dithiol cross-linker, then decorating with a primary amine. By introducing 
this modularity into SCNPs it allows for a more precise control of how an SCNP can be 
collapsed and then subsequently surface decorated with potentially useful molecules. 

 
 
  



POLY 327: Application of anthracene toward the synthesis and manipulation of 
single-chain polymer nanoparticles 

Peter Frank1, peter.frank@unh.edu, Erik B. Berda2. (1) Chemistry, University of New 
Hampshire, Somersworth, New Hampshire, United States (2) Department of Chemistry, 
University of New Hampshire, Durham, New Hampshire, United States  

Based on the discrete folding of polymer chains, single-chain nanoparticles are a facile 
route to functional nano-objects. Anthracene decorated chains offer an advantageous 
approach via photo-induced folding under mild and ambient conditions, while allowing 
for further functionalization via Diels Alder. Additionally, sequential folding can be 
achieved by incremental exposure to ultraviolet light. Here, we summarize our studies 
on the photo-folding of anthracene derivatized polymers. 

 
 
  



POLY 328: Design of stable block copolymer micelle-based drug formulations using AB 
copolymers synthesized by living anionic polymerization: Effect of pendant functional 
groups on aggregation behavior and drug retention 
 
Frantz Le Devedec1, frantz.le.devedec@gmail.com, Amy Wong2, Loujin Houdaheid1, 
Christopher Yip1, Cornelia Bohne3, Christine Allen1. (1) Faculty of pharmacy, university of 
Toronto, Toronto, Ontario, Canada (2) Department of Biochemistry, university of Toronto, 
Toronto, Ontario, Canada (3) Department of Chemistry, University of Victoria, Victoria, British 
Columbia, Canada  
 
One of the major challenges facing block copolymer micelle-based drug formulations is that they 
often only serve to solubilize the drug and have poor stability and limited drug retention. In this 
study, new copolymers were designed with the aim of improving the affinity between a 
hydrophobic drug and the core of the micelle. Living anionic polymerization of oxirane 
derivatives on methoxy-polyethylene glycol (MePEG) was used to obtain amphiphilic block 
copolymers with narrow molecular distributions (PDI<1.04) that varied in terms of the nature of 
their hydrophobic blocks. Polymerization of allyl glycidyl ether (AGE) enabled functionalization 
with pendant alkyl chains (C6 and C12) by thiolene click chemistry (mPEG-b-(AGE-C6 or 12)n) 
while polymerization of phenyl glycidyl ether (PheGE) resulted in a polyaromatic hydrophobic 
block ((mPEG-b-(PheGE)n). In aqueous media, these block copolymers self-assemble to form 
micelles that include a hydrophobic core surrounded by a hydrophobic shell or corona driven by 
the alkyl chain interactions or π-stacking. The aggregation behaviour of the copolymers was 
further evaluated by DLS, TEM, AFM and fluorescence spectroscopy techniques. Depending on 
the nature of the core-forming block, the copolymers were found to form aggregates (CMC < 30 
µg/mL) of different morphologies including worm-like, vesicular and spherical with Dh < 50 nm. 
The materials were evaluated in terms of ability to solubilize the anti-cancer drug doxorubicin 
(DOX). For each copolymer, stable micelle formulations were prepared that included high DOX 
to copolymer ratios of up to 20 % (wt%) with drug loading efficiencies > 60 % (w/w). In vitro 
drug release studies revealed sustained release profiles and assessment of cytotoxicity in MDA-
MB-468 breast cancer cells confirmed that the activity of the drug was conserved. The promising 
preliminary results obtained for these copolymers, which include alkyl and aromatic functional 
groups, encourage additional evaluation of stability and drug delivery in vivo. 

 



POLY 329: Novel biodegradable copolymers via chemical vapor deposition 

Fan Xie2,1, xiefan@umich.edu, Xiaopei Deng1, Christian Friedmann3, Domenic Kratzer3, 
Luis Solorio1, Shuhua Qi2, Joerg Lahann1,3. (1) University of Michigan, Ann Arbor, 
Michigan, United States (2) School of Science, Northwestern Polytechnical University, 
Xi'an, Shaanxi, China (3) Institute of Functional Interfaces, Karlsruhe Institute of 
Technology, Eggenstein-Leopoldsshafen, Germany  

Polymers prepared by chemical vapor deposition (CVD) polymerization have already 
found broad acceptance ranging from research and industrial applications, yet, even 
broader applicability has been hampered by the intrinsic lack of degradability of the 
resulting polymers. For the first time, this study demonstrates a backbone-degradable 
polymer prepared by CVD co-polymerization of [2.2]paracylcophanes with cyclic ketene 
acetals (CKA), specifically 5,6-benzo-2-methylene-1,3-dioxepane (BMDO). We have 
successfully prepared backbone-degradable CVD copolymer films and confirmed the 
degradation process by FTIR and ellipsometry. This novel synthesis provides access to 
a wide range of reactive polymer coatings that combine traditional benefits of the CVD 
process. 

 
 



POLY 330: Toward the reduction of solvent waste in ring opening metathesis 
polymerization reactions 

Manasa Shetty, manasashetty1021@gmail.com, Venkat Ashok Kothapalli, Christopher 
E. Hobbs. Department of Chemistry, Texas A&M University-Kingsville, Kingsville, 
Texas, United States  

Controlled (living) polymerizations have gained much interest in the field of polymer 
science. Of which, Ring Opening Metathesis Polymerization (ROMP) is one of the most 
widely used techniques. Typically, ROMP reactions are carried out in solution, using 
volatile organic compounds (VOC’s), such as methylene chloride or tetrahydrofuran, as 
solvents, which must subsequently be disposed of safely. This can render processes 
environmentally unfriendly. In the interest of green chemistry, we present our 
preliminary results toward the elimination of organic solvent wastes in ROMP reactions 
utilizing a facile, solvent-free synthesis of homo and copolymers based on liquid and 
solid cycloalkene monomers. These reactions are operationally simple and can be 
performed at room temperature and under air. Upon reaction completion, ethyl vinyl 
ether is added to quench the polymerization and the polymer products can be isolated 
by passing them through basic alumina, eliminating the massive amounts of solvent 
waste generated during the reaction and precipitation processes typically employed in 
this chemistry. 

 
 
  



POLY 331: Ring-opening polymerizations of epoxide (GPTS) and lactide with the 
catalysts of silyliminophenolate based zirconium compounds 

olcay mert, omert6@gmail.com, Asgar Kayan. Kocaeli University, Kocaeli, Turkey  

Early transition metal alkoxide complexes modified by carboxylates, diketonates and 
Schiff-bases have gained considerable attention due to wide range applications such as 
adsorbents, coating materials, catalysts and cytotoxic materials in the treatment of 
cancer disease. Here, we report the synthesis and characterization of a new class of 
silyliminophenolate zirconium (IV) compounds for the investigation of their ability to 
catalyze the polymerization of L-Lactide and 3-glycidyloxypropyltrimethoxysilane 
(GPTS). 
 
Reference: 
1. Synthesis of silyliminophenolate zirconium compounds and their catalytic activity over 
lactide/epoxide, Mert O, Kayan A, Applied Catalysis A: General, 464-465, 322-331, 
(2013) 

 
 



POLY 332: Organocatalytic ring-opening polymerization of a cyclic thioester from 
thiol initiators 

Timothy J. Bannin, tbannin@chm.uri.edu. Chemistry, University of Rhode Island, 
Kingston, Rhode Island, United States  

Organocatalytic ring-opening polymerization (ROP) is a widely used technique for the 
synthesis of well-defined polycarbonates and polyesters, but organocatalysts have 
never been applied to thiolactone monomers. The highly tuned hydrogen bonding 
catalysts—hydrogen bond donating thioureas and hydrogen bond accepting amine 
bases—typically exhibit the characteristics of ‘living’ polymerizations. These mild 
catalysts for ROP are perfectly suited to the ROP of thiolactones, which are prone to 
side reactions due to their increased reactivity versus esters. The organocatalytic ROP 
of a thiolactone monomer will be discussed and a polymerization mechanism is 
proposed. 

 
 
  



POLY 333: Ring-opening polymerization of thionolactone 

Partha Datta, partha_datta@my.uri.edu, Matthew Kiesewetter. Chemistry, University of 
Rhode Island, Jamaica, New York, United States  

Organocatalytic methods of ROP are established means of producing well-defined 
poly(lactones), yet these methods have not been applied widely to other monomers. 
The mild conditions associated with organocatalytic ROP offer unique opportunities for 
the construction of polymers which are typically susceptible to side reactions. 
Specifically, the increased reactivity of thionoesters versus esters has rendered elusive 
the construction of well-defined poly(thionolactones); a common side reaction is Sn2-
type propagation due to the increased electrophilicity of thionolactones. The monomer is 
easily accessible from commercially available materials. Previously studied 
organocatalyst systems have been applied to the ROP of the thionolactone, and the 
ROP displays the characteristics of a ‘living’ polymerization. Our hope is that these 
polymers will pave the path for new useful building blocks in synthesis of 
macromolecular structures in various biomedical applications. 

 
 
  



POLY 334: Divergent mechanistic avenues to an aliphatic polyesteracetal or 
polyester from a single cyclic esteracetal 

Angelika Neitzel2, neitz024@umn.edu, Matthew Petersen2, Efrosini Kokkoli2, Marc A. 
Hillmyer1. (1) University of Minnesota, Minneapolis, Minnesota, United States (2) 
Chemical Engineering and Materials Science, University of Minnesota, Minneapolis, 
Minnesota, United States  

The cyclic esteracetal 2-methyl-1,3-dioxane-4-one (MDO) was polymerized in bulk 
using diethyl zinc as the catalyst and benzyl alcohol as the initiator to yield either the 
corresponding polyesteracetal (PMDO) or the aliphatic polyester poly(3-
hydroxypropionic acid) (PHPA) at low and high catalyst concentrations, respectively. 
Spectral analysis gave evidence for distinct propagating species in the two catalyst 
concentration regimes. At low zinc concentrations ring-opening by attack of the initiating 
species at the acetal functionality, yielding a zinc carboxylate, followed by propagation 
to yield pure PMDO was implicated. At high zinc concentrations we propose ring-
opening via attack at the ester functionality produced a labile zinc hemiacetal, which 
rapidly and irreversibly expelled acetaldehyde to form a propagating zinc alkoxide and 
ultimately pure PHPA. Initial rate studies indicated that the rate of PHPA formation had 
a second order dependence on zinc concentration, meanwhile the rate of PMDO 
formation was first order in zinc concentration. High molar mass PMDO exhibited a 
glass transition temperature (Tg) ≈ –30 °C whereas high molar mass PHPA had a Tg ≈ –
30 °C and a melting temperature (Tm) = 77 °C. When PHPA and PMDO were subjected 
to neutral to slightly acidic environments, PMDO exhibited expedited degradation as 
compared with PHPA. 

 
 
  



POLY 335: Sequenced copolymers with controlled molecular weight prepared via 
entropy-driven ring-opening metathesis polymerization 

Amy L. Short, amy.grote@gmail.com, Ryan M. Weiss, Tara Y. Meyer. Chemistry, 
University of Pittsburgh, Pittsburgh, Pennsylvania, United States  

Entropy-driven ring-opening metathesis polymerization (ED-ROMP) of sequenced cyclic 
macrocycles was carried out to provide a series of sequence- and molecular weight-
controlled polymers. Cyclic monomers for the polymerization were prepared using an 
iterative and highly general method that culminated in the selective ring-closing 
metathesis of an α,ω-diolefin precursor. The narrow dispersity obtained through the 
polymerization suggests a new regime of selectivity enhanced ED-ROMP has been 
achieved. This method of producing bioassimilable poly(lactic-co-glycolic acid)-derived 
polymers with such a high degree of sequence and molecular weight control clearly 
demonstrates that an inherent bias towards polymerization can in fact be introduced into 
low strain or unstrained macrocycles. 

 
 
  



POLY 336: Redox-switchable crosslinking polymerization 

Kayla R. Delle Chiaie3, dellechi@bc.edu, Lauren Yablon2, Ashley B. Biernesser1, 
Jeffery A. Byers1. (1) Chemistry, Boston College, Bonita Springs, Florida, United States 
(3) Chemistry, Boston College, Chestnut Hill, Massachusetts, United States  

The incorporation of functional comonomers into polymerization reactions with lactide 
are an attractive way to diversify the physical and mechanical properties of 
biodegradable polymers. Recently, a versatile catalyst system using the redox-active 
bis(imino)pyridine iron(II) bis(alkoxide) has been reported. Interestingly, the activity of 
the catalyst was shown to be sensitive to catalyst oxidation state, being active for lactide 
polymerization as iron(II) and inactive as iron(III). Recently, this reactivity has been 
exploited for the synthesis of block copolymers with epoxides, which have orthogonal 
reactivity (i.e., active with Fe(III) and inactive with Fe(II) catalysts). In this contribution, 
the complementary reactivity of epoxides and cyclic diesters is exploited for a redox-
triggered crosslinking reaction. The synthesis of a monomer containing both a cyclic 
diester and epoxide functionality is described and applied towards iron-catalyzed 
polymerization reactions. After polymerization of the cyclic diester with the 
bis(imino)pyridine iron(II) bis(alkoxide), catalyst oxidation triggers crosslinking reactions 
that proceed through epoxide polymerization. Various epoxide-functionalized monomers 
will be explored for their suitability in the redox-triggered crosslinking polymerization 
reactions. Additionally, copolymerization reactions between the functionalized monomer 
and lactide will be explored to modulate the crosslink density of the new biodegradable 
polymers. 

 
 
  



POLY 337: Sulfur-rich nanoparticles from in situ nanoparticlization of sulfur-
containing norbornene derivatives and their optical appliactions 

Jeewoo Lim, Yunshik Cho, namu415@snu.ac.kr, Kookheon Char. The National 
Creative Research Initiative Center for Intelligent Hybrids, School of Chemical & 
Biological Engineering, Seoul National University, Seoul, Korea (the Republic of)  

Along with the emerging advances in optical devices, there are increasing attentions for 
display materials which have tunable refractive indices. So far, endeavors were made 
particularly in the area of high refractive index polymers, the choice method for which is 
to synthesize sulfur-containing polymers. Such sulfur-containing polymers, to the best of 
our knowledge, have been synthesized exclusively through non-living polymerization 
methods like condensation polymerization or free radical polymerization. One reason for 
this is the fact that sulfur-rich compounds are known to poison various metal-containing 
catalysts or undergo decomposition. Herein, we report polymerization of sulfur-
containing norbornene derivatives through ring-opening metathesis polymerization 
(ROMP). In order to overcome low solubility intrinsic to sulfur-rich polymers, block 
copolymers were synthesized which underwent in situ nanoparticlization to give 
thermally stable sulfur-containing polymer micelles with controlled size ranging from 20 
to 80 nm. By introducing the BCPs to the polymer thin films, we could precisely control 
the refractive index of that film without significant loss of transparency. It is expected 
that this method could be applied to achieve optical films with controlled refractive 
indices and low dispersions. 

 



 

POLY 338: Facile chemosynthesis of poly(gamma-butyrolactone) by coordination 
ring-opening polymerization 

Miao Hong2, hongmiaohm@gmail.com, Eugene Y. Chen1. (1) Colorado State 
University, Fort Collins, Colorado, United States (2) chemistry, Colorado state 
university, Fort Collins, Colorado, United States  

Aliphatic polyesters, which are conveniently prepared by ring-opening polymerization 
(ROP) of lactone monomers (such as ε-caprolactone and β-butyrolactone) with 
relatively high strain energy, have received considerable attention due to their 
biocompatibility and biodegradability. In contrast, five-membered γ-butyrolactone (γ-BL) 
with low strain energy (i.e., high thermodynamic stability) is typically referred as “non-
homopolymerizable” monomer. Chemical synthesis of poly(γ-butyrolactone) (PγBL) 
through the ROP process can only be realized under an ultra-high pressure of 20,000 
atm at 160 ºC, producing only low molecular weight oligomers (Mn < 3.5 kg/mol). Poly(4-
hydroxybutyrate) (P4HB)—PγBL’s equivalent, is produced through a fermentation 
process, rather than a chemical synthesis. 
Recently, we successfully synthesized PγBL materials with relatively high molecular 
weights (with Mn up to 30 kg/mol) using coordination polymerization catalysts. Under 
optimized polymerization conditions, the efficient ROP has been achieved with 
conversions up to ~90.0%. The resulting PγBL materials have been characterized by a 
variety of analytical methods, and the results of these studies pertaining to polymer 
chain structures and thermal properties will be discussed during this presentation. 

 
 
  



POLY 339: Metal-free polymerization of poly(trimethylene carbonate) 

Julian P. Chesterman, 4jpc@queensu.ca, Brian G. Amsden. Chemical Engineering, 
Queen's University, Kingston, Ontario, Canada  

Poly(trimethylene carbonate) (PTMC) is a promising biomaterial that is enzymatically 
biodegradable and has shown good biocompatibility. Ring-opening polymerization has 
proven to be a convenient method for preparing PTMC using a wide assortment of 
alcohols as initiators. However, this method typically requires a metal catalyst, such as 
stannous octoate (SnOct2), so the resulting polymer must be extensively purified before 
it can be used for biomedical applications. Consequently, various organocatalysts and 
thermal catalysis using microwave irradiation have been examined as alternatives. 
 
In this study, triethylamine hydrochloride (TEA-HCl) was unexpectedly discovered to 
catalyze the polymerization of trimethylene carbonate (TMC) under bulk melt conditions 
at temperatures as low as 65°C. Polymerizations ranged from 94% monomer 
conversion in 12 hours at 65°C to 98% conversion in 1 hour at 100°C using a 
monomer:initiator:catalyst ratio of 50:1:0.1. By contrast, polymerizations using SnOct2 
achieved only 16% conversion in 20 hours at 65°C and 12% conversion in 1 hour at 
100°C. 
 
Control polymerizations were run using HCl (1N in diethyl ether), TEA, and no catalyst 
to confirm TEA-HCl’s activity. At the same catalyst loading, polymerizations using HCl 
had minimal monomer conversion. Conversely, polymerizations with TEA proceeded at 
a similar rate to TEA-HCl, but without a lag as shown in Table 1. The lag period with 
TEA-HCl varied with temperature from 0.5 hours at 100°C to 8 hours at 65°C and was 
followed by rapid polymerization. TEA-HCl’s catalytic activity is especially noteworthy as 
it is a common by-product in the synthesis of various carbonate monomers including 
TMC. Remarkably, the polymerization of TMC also proceeded smoothly at low 
temperatures with no added catalyst. The resulting PTMC had excellent end group 
fidelity and 99% monomer conversion in 20 hours at 65°C. Overall, this study identified 
two catalysts that are notably more efficient than SnOct2 for bulk TMC polymerization 
and revealed that a catalyst is not needed for polymerizations as low as 65°C. 

 
 
  



POLY 340: Stereoselectivity in the ring-opening polymerization of β-butyrolactone 

Alexander Kronast, alex.kronast@mytum.de, Bernhard Rieger. WACKER-Lehrstuhl für 
Makromolekulare Chemie, TU München, Garching, Germany  

Ring-opening polymerization of cyclic esters is a promising method to produce 
biocompatible and biodegradable polyesters. Poly(3-hydroxybutyrate) (PHB), known 
from numerous bacteria as energy storage material, is biodegradable in its strictly 
isotactic (R) form and offers characteristics close to petroleum-based commodity 
plastics like polypropylene.[1-3] As biodegradability depends on the tacticity – a multitude 
of investigations have been made to imitate nature in a catalytic fashion. 
Until now there is no homogeneous catalyst known that is able to produce highly 
isotactic PHB out of a racemic β-butyrolactone (BL) mixture.[4-6] To overcome this 
limitation our group focused on the clarification of the catalytic cycle and its influence on 
the obtained tacticities in a literature known lanthanide based system that produces 
highly syndiotactic PHB. Recently we were able to elucidate the origin of syndiotactic 
PHB produced by 2-methoxyethylamino-bis(phenolate) lanthanide complexes using 
DFT calculations and kinetic investigations. Based on these results our actual work is 
focused on varying the catalysts to allow an influence on the preferred stereoselectivity 
in the ring-opening of BL. 
 
[1] A. Rodriguez-Contreras, M. Koller, et al., J. Appl. Microbiol. 2013, 114, 1378-1387. 
[2] A. Steinbüchel, Macromol. Biosci. 2001, 1, 1-24. 
[3] R. Reichardt, B. Rieger, in Synthetic Biodegradable Polymers, Vol. 245, 1 ed., 
Springer-Verlag Berlin Heidelberg, 2011, pp. 49-90. 
[4] M. J. L. Tschan, E. Brulé, et al., Polym. Chem. 2012, 3, 836-851. 
[5] C. M. Thomas, Chem. Soc. Rev. 2010, 39, 165-173. 
[6] J. F. Carpentier, Macromol. Rapid Commun. 2010, 31, 1696-1705. 

 
 
  



POLY 341: Facile synthesis of cyclic poly(lactic acid) via ring opening 
polymerization of lactide using tin cctoate and furfuryl alcohol 

Kirsty Walton1, enxkw1@nottingham.ac.uk, Frederic Hild1, Steven M. Howdle3, Miquel 
Gimeno-Fabra1, Derek J. Irvine2, Harald Liedtke4. (1) Chemical Engineering, 
Nottingham University, Nottingham, United Kingdom (2) Chemical and Environmental 
Engineering, University of Nottingham, Nottingham, Nottinghamshire, United Kingdom 
(3) Chemistry, University of Nottingham, Nottingham, United Kingdom (4) Evonik, 
Essen, Germany  

Polymeric oligomers have found use in many industrial applications that require high 
performance interfacial materials, e.g. surfactancy, dispersancy, emulsification, because 
they are often found to out-perform lower molecular weight species in 
stabilising/influencing interfaces. However, when used as additives in biodegradable 
composite systems, they are often more unstable than the long chain matrix polymer in 
the structure due to their higher chain end densities. This often facilitates increased 
decomposition due to increase reactivity with any water present in the system leading to 
a need for short/expensive storage regimes for the oligomers and reduced life times of 
the resultant composites. Functional cyclic oligomers, which lack this chain end 
reactivity, can therefore offer a more stable alternative whilst retaining the 
advantageous properties oligomeric materials. 
This work reports the facile synthesis of cyclic oligomers of poly(lactic acid) (PLA) using 
a well-documented and industrially applied ring opening methodology (ROP), relatively 
mild conditions and with reagents that are all commercially available. The synthetic 
route detailed in this paper is shown to be significantly less onerous than routes detailed 
in previous literature work to generate cyclic PLA structures which involved complex 
click chemistry or custom made catalysts. This provides a more rapid, more cost 
effective and industrially applicable alternative method. 
Additionally, the cyclic product has been purified to ensure its viability for use in any 
medical applications by efficiently removing any residual reagents by supercritical CO2 
extraction without degrading the cyclic structure. Furthermore, the cyclic PLAs are 
shown to be capable of being stored in normal atmospheric conditions for extended 
periods, that are longer than their linear counterparts and which match that of the 
medical matrix polymer. It is theorized that this enhanced stability extends from an 
absence of end-group reactivity. 

 



 

POLY 342: Synthesis of cinnamoyl and coumarin functionalized polycarbonates 

Julian P. Chesterman, 4jpc@queensu.ca, Brian G. Amsden. Chemical Engineering, 
Queen's University, Kingston, Ontario, Canada  

Aliphatic polycarbonates are promising biomaterials due to their nonacidic degradation 
products and customizable properties. By combining specific monomers, the 
hydrophobicity, degradability, viscoelasticity, and other properties of polycarbonates can 
be easily tailored. In this study, several carbonate monomers with pendant cinnamoyl or 
coumarin moieties were synthesized. Both these moieties are capable of photo-
reversible dimerization through [2+2] cycloaddition. Consequently, polymers with this 
functionality can be photo-crosslinked using 315-380 nm UV and cleaved using 240-260 
nm UV, thereby providing photo-switchable control over the polymer properties. These 
functionalized monomers can be copolymerized with monomers such as trimethylene 
carbonate (TMC) to control the mechanical properties by adjusting the crosslink density. 
Since the functionalized monomers must be evenly distributed for optimal crosslinking, 
monomer polymerization kinetics were studied under various conditions. 
 
It was anticipated that the bulky cinnamoyl and coumarin pendant groups would slow 
the polymerization rate of the functionalized monomers relative to TMC by stabilizing 
the carbonate ring as has previously been reported for large alkyl substituents. 
However, the functionalized monomers actually polymerized significantly faster under 
many conditions. For example, monomers 1 and 2 polymerize significantly faster than 
TMC (3) at 25°C when using 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) as a catalyst as 
shown in Figure 1. The primary rate-determining factor was the nature of the functional 
groups (alkyl, ester, ether, or amide) present in the pendant group with size only having 
an effect when comparing substituents with the same functional groups. In summary, 
cinnamoyl and coumarin functionalized carbonate monomers were synthesized and 
polymerized to prepare reversibly photo-crosslinkable polycarbonates. In addition, 
several factors that affect carbonate polymerization kinetics were characterized. 

 



POLY 343: Separation performance of hydrophobic membranes for fuel treatment 
operations 

Andrew J. Guenthner1, andrewguenthner@gmail.com, Josiah Reams4, Kevin 
Greeson2, Jeffrey R. Alston4, Kevin Lamison4, Albert Vam5, Christopher Lee4, Arun K. 
Kota7, Gibum Kwon6, Anish Tuteja3, Joseph M. Mabry1. (1) Aerospace Systems 
Directorate, Air Force Research Laboratory, Lancaster, California, United States (2) 
ERC, Inc., Lancaster, California, United States (3) Mat Sci Eng HH Dow Bldg, University 
of Michigan, Ann Arbor, Michigan, United States (4) Air Force Research Laboratory, 
ERC Incorporated, Edwards AFB, California, United States (5) Air Force Research 
Laboratory, University of Dayton Research Institute, Kettering, Ohio, United States (6) 
Materials Science and Engineering, University of Michigan, Ann Arbor, Michigan, United 
States (7) Department of Mechanical Engineering, Colorado State University, Fort 
Collins, Colorado, United States  

Hydrophobic phase separation membranes allow for the continuous separation of 
immiscible polar / non-polar liquid pairs at very low pressures. These membranes can 
be utilized on liquid pairs that exhibit very low differences in density and surface tension. 
For instance, continuous fuel purification operations that involve extraction fluids such 
as water and ethanol mixtures have been performed on jet and diesel fuels for the 
purpose of sulfur removal. The design of hydrophobic membranes for these operations 
involves numerous trade-offs among surface tension of the fuel, surface tension of the 
extraction fluid, surface energy of the membrane, and extraction efficiency of the fluid. 
Moreover, special features of the membrane, such as swelling of the membrane 
structure by fuel and extraction fluid, also influence performance. The design principles, 
materials selection, and performance data for these membranes in fuel purification 
operations will be discussed. 

 
 



POLY 344: Comparison of the behavior of PEG-POSS stars with unlinked POSS in 
PEO films and fibers 

Yavuz Caydamli, yavuzcaydamli@gmail.com, Jialong Shen, Xiaomeng Fang, Richard 
J. Spontak, Alan E. Tonelli. North Carolina State University, Raleigh, North Carolina, 
United States  

POSS, with its inorganic core cage structure, has phase separation and agglomeration 
problems when it is added to a polymer matrix beyond a certain wt.% limit. This causes 
a loss in the desired properties of polymer composite materials that we can obtain when 
processing POSS in polymer melts or solutions. We aim to systematically investigate 
how POSS mixes in polymer matrices when it has the same type of short chain 
polymers linked on its 8 corners and compare this with the addition of a non-
functionalized POSS. 
In this study, we use 100,000 MW PEO as a model polymer, while POSS types used 
are PG1190 and MS0825 purchased from Hybrid Plastics Company. PG1190 is a poly 
(ethylene glycol) functionalized POSS structure which has ~ 645 MW PEGs linked on its 
each Si corner. Due to these short PEG chains it is liquid at room temperature and 
water soluble. MS0825 is octaisobutyl POSS, with isobutyl units on each of its 8 
corners. If we add 8 moles of MW 600 PEG molecules to 1 mole of MS0825, then we 
will have approximately the same chemical content provided by 1 mole of PG1190. We 
compare these two approaches in PEO-chloroform solution, because chloroform can 
dissolve PG1190, MS0825, PEG, and PEO, and using a common solvent can make it 
easier to compare film and fiber properties. 
Micro- to nano- sized fibers are produced by using a centrifugal spinning method, which 
has a much higher efficiency compared with electrospinning. All resultant fibers and 
films will be mechanically and thermally characterized. 

 
 
  



POLY 345: Copolymerization of fluoroalkyl-substituted polyhedral oligomeric 
silsesquioxane (fluoroPOSS) macromers via ring-opening metathesis 
polymerization (ROMP) 

Sean M. Ramirez4, Yvonne J. Diaz1, yvonnejdiaz@live.com, Tim S. Haddad1, 
Raymond Campos2, Joseph M. Mabry3. (1) RQRP Bldg 8451, ERC, AFRL, Edwards 
AFB, California, United States (2) University Of Texas At Dallas, Dallas, Texas, United 
States (3) AFRL/RZSM, Air Force Research Laboratory, Edwards AFB, California, 
United States (4) Illumina Inc., San Diego, California, United States  

The synthesis of incompletely-condensed, fluoroalkyl-substituted POSS compounds has 
allowed for the incorporation of fluoroPOSS moieties into polymers. This work presents 
the utility of ring opening metathesis polymerization (ROMP) as a controlled 
polymerization technique to produce polymer architectures containing low surface 
energy fluoroPOSS pendants. The synthesis, characterization, and polymerization of a 
norbornene-fluoroPOSS macromer, NB-fluoroPOSS, will be discussed. Co-polymers of 
NB-fluoroPOSS and NB-isobutylPOSS polymers were characterized by multinuclear 
NMR spectroscopy and differential scanning calorimetry. The surfaces of these 
polymers were further analyzed by atomic force microscopy and optical profilometry. 
The influence of fluororPOSS loading (0-25 wt%) on the surface energy of the 
copolymers was determined by dynamic contact angle analysis using water and 
hexadecane. 

 
 
  



POLY 346: Silylation of Dantocol in the elucidation of bonding agent interaction, 
within polymer bonded explosives 

Christopher A. Williams3,2, chris.williams@unisa.edu.au, Stewart Walker1,3, Ian 
Lochert4,3, stephen clarke2. (1) School of Chemical and Physical Sciences, Flinders 
University, Adelaide, South Australia, Australia (2) ITEE, UniSA, Mawson Lakes, South 
Australia, Australia (3) Centre of Expertise in Energetic Materials, Flinders University, 
Adelaide, South Australia, Australia (4) Weapon and Combat Systems Division, 
Defence Science & Technology Organisation, Edinburgh, South Australia, Australia  

The call for increased safety in explosive ordnance has driven the requirement for 
improved design of Insensitive Munitions (IM). Cast-cured Polymer Bonded Explosives 
(PBXs) are often used as an approach to achieving IM compliance. Incorporation of 
bonding agents is often employed to improve adhesion between particulates and the 
binder system, however the exact mechanism by which this occurs is poorly 
understood. In the absence of an appropriate bonding agent, the PBX system is 
susceptible to mechanical failure via dewetting. This degradative process occurs when 
the adhesion between filler and binder is poor, causing failure under stress and allowing 
the binder to break free or ‘dewet’ from the filler surface. 
 
One of the forerunners in bonding agent technology for nitramine based composites is 
the Hydantoin derivative 1,3-bis(2-hydroxyethyl)-5,5-dimethylhydantoin, known also as 
Dantocol. This promotes successful interaction between the filler and binder within 
polymer composites. Silylation of the bonding agent’s hydroxyl functionality revealed the 
intermolecular forces responsible for nitramine interaction. Subsequent reaction with the 
binder system produces primary bonds involving the diisocyanate curative. This reacts 
with free hydroxyl groups to form urethane linkages, facilitating integration of Dantocol 
within the binder matrix. The strength of these bonds dictates the mechanical properties 
of respective systems, through prevention of deformation mechanisms. 
 
Knowledge of surface characteristics and interacting mechanisms is required to further 
develop bonding agent technology. This provides the foundation from which to improve 
the mechanical properties of PBX’s, with flow-on benefits for explosive ordnance. 
Investigations also eliminate conjecture regarding the selection of bonding agents within 
cast-cured composite energetic materials. 

 
 

 



POLY 347: Improved curing of sodium silicate solutions for soil stabilization 

Stephen R. Clarke2, Neil A. Trout1, neil.trout@unisa.edu.au, Andrew Keough3. (2) 
Mawson Institute, University of South Australia, Adelaide, South Australia, Australia (3) 
Techmat, Hong Kong, China  

Introduction 
Aqueous, alkaline sodium silicate solutions can be cured to produce a cross-linked 
‘glass like’ water insoluble silicate material, for soil stabilization purposes. This is 
achieved through the addition of organic diester compounds commercially available as 
a ‘DBE-(1-9) series’ from Aldrich and Chemiphase. In basic media these ester 
compounds hydrolyse to produce organic acids and other side products, which in turn, 
can neutralise the alkaline media in the aqueous sodium silicate solution. This results in 
the precipitation of ‘glass like’ silicate materials, which are hard and water insoluble and 
can be used for stabilizing soil prior to construction activity. 
 
picture 
 
However if these ester curing compounds produce unwanted hydrolysis side products 
that destabilise the silicate glass or do not adequately neutralise the sodium silicate 
solution, then the resulting silicate glass may not be fully cured and may then soften in 
contact with water. 
This presentation will examine new additives to control the water solubility and lead to 
higher compressive strengths of the cured silica grouts. 

 
 
  



POLY 348: Polydimethylsiloxane-based materials formed by nanoscale ordering 
of monodisperse supramolecular building blocks 

Runye H. Zha1, r.zha@tue.nl, Bas F. de Waal1, B.F.M.de.Waal@tue.nl, Egbert W. 
Meijer2. (1) Eindhoven University of Technology, Utrecht, Netherlands (2) Institute for 
Complex Molecular Systems, Eindhoven University of Technology, Eindhoven, 
Netherlands  

Supramolecular polymers comprised of oligodimethylsiloxane (ODMS) chains end-
functionalized with ureidopyrimidinone (UPy) motifs exhibit unique material properties 
due to multiple mechanisms of self-assembly. These properties depend on the length of 
the ODMS chains, dispersity of the ODMS chains, and hydrogen bonding capacity of 
the UPy motif. Depending on length, monodisperse ODMS with UPy end-
functionalization self-assemble via phase separation into lamellar, cylindrical, and 
spherical morphologies similar to those seen in traditional block copolymers. Due to the 
formation of such nanoscale domains, these supramolecular PDMS materials display 
properties ranging from to viscoelastic solid to thermoplastic with above room 
temperature glass transition . Furthermore, when the UPy moiety is modified with a 
benzyl group to decrease hydrogen bonding capacity and thus increase mobility, phase 
separation leads to the formation of highly ordered smectic liquid crystalline materials 
with periodicities less than 5 nm. 

 



POLY 349: Study of the polymer - solvent interactions for polysiloxanes with 
different functional groups using dissipative particle dynamics 

Javier Vallejo1, javierxjr15@hotmail.com, Armando Gama Goicochea2, Jorge A. 
Cervantes1, Elías Pérez2, Antonio Villegas Gasca1. (1) División de Ciencias Naturales y 
Exactas, Departamento de Química, Universidad de Guanajuato, Guanajuato, 
Guanajuato, Mexico (2) Instituto de Física, Universidad Autónoma de San Luis Potosí, 
San Luis Potosí, San Luis Potosí, Mexico  

Previously we synthesized polysiloxanes with bulky the side group [1]. Such 
polysiloxanes have presented unusual properties in solution [2]. This unusual behavior 
could be explained in terms of the interactions between the polymer and the solvent. A 
good choice to explore these interactions is the use of Dissipative Particle Dynamics 
(DPD) simulation, which allows a focus on mesoscopic level that has been successfully 
tested on different types of polymeric and colloidal systems, even on theta solvent [3]. In 
this work we present the results of DPD simulation of a series of polysiloxanes with 
various functional groups. 
 
References 
[1] J. Vallejo-Montesinos, Antonio. Villegas, A. Jacobo-Azuara, J. M. Martínez, E. 
Ramírez, J. Cervantes, J. Inorg. Organomet. Polym. 2012, 22, 1332–1340. 
[2] A. Villegas, J. Cervantes, J. Inorg. Organomet. Polym. 2011, 21, 157 
[3] A. Gama Goicochea, E. Mayoral, J. Klapp, C. Pastorino, Soft Matter, 2014,10, 166-
174 

 
 
  



POLY 350: Controlling block copolymer composition and architecture in 
functionalized siloxane-based antifouling coatings 

Brandon Wenning1, bmw97@cornell.edu, John Finlay3, Nicholas Aldred3, Anthony 
Clare3, Christopher K. Ober2. (1) Cornell University, Ithaca, New York, United States (2) 
Cornell Univ, Ithaca, New York, United States (3) Newcastle University, Newcastle, 
United Kingdom  

Settlement and adhesion of marine fouling organisms can be effectively controlled using 
environmentally benign siloxane based coatings. New di- and triblock copolymers PS-b-
P(DMS-r-VMS) and PS-b-P(DMS-r-VMS)-b-PS were designed as hydrophobic, low 
surface energy backbone materials capable of being functionalized via thiol-ene “click” 
chemistry to the vinyl groups along the polymer. This backbone provides a highly 
customizable platform for screening a wide array of functional groups for antifouling 
performance. Thiols of hydrophilic chemical groups such as PEG, charged and 
zwitterionic groups as well as fluoroalkyl and stable radical groups can be synthesized 
and attached to the polymer to control surface chemistry and antifouling performance. 
Amphiphilic block copolymers, combining both hydrophilic and hydrophobic 
components, have been shown to be very effective in reducing settlement of marine 
organisms. Additionally, charged, zwitterionic, and stable radical groups are able to 
disrupt settlement and adhesion of these organisms. By tailoring block copolymer and 
side group composition and architecture as well as the functionalization of varied 
chemical moieties via “click” chemistry, the surface chemistry can be controlled and is 
studied using multiple X-ray spectroscopy methods. Because of the dynamic nature of 
these surfaces, chemical and architectural control of the copolymers also dramatically 
affects the kinetics of surface rearrangement in aqueous environments which can be 
studied by bubble contact angle under water. The antifouling performance of these 
materials is investigated through studying protein adsorption as well as the settlement, 
attachment, and removal of fouling organisms such as algae, diatoms, and barnacles. 
Highly effecting coatings can be developed by correlating polymer structure, surface 
chemistry, surface rearrangement characteristics, and antifouling performance. 

 



POLY 351: Silsesquioxane-based aminated monomers as building blocks in 
thermosetting oligoimides: Chemistry and delivered properties 

Jason Lamb, jason.lamb.5.ctr@us.af.mil. AFRL, ERC, Inc, Lancaster, California, 
United States  

With the goal of improving the moisture resistance of thermosetting polyimides, a 
thermally stable, polyhedral oligomeric silsequioxane (POSS) dianiline, which features 
an aromatic periphery, was co-oligomerized with 4,4'-(hexafluoroisopropylidene) 
dipthalic anhydride (6-FDA), 4,4'-diaminodiphenyl ether (ODA), and a 
phenylethynylphthalic anhydride (PEPA) to form thermosetting oligomers of a 
prescribed number of repeat units. Also, with the goal of replacing methyl dianiline 
(MDA) in PMR-15 (polymerizable monomeric reactant), which is a known carcinogen, 
the same POSS dianiline was co-oligomerized as a "drop-in" replacement. The resultant 
oligomers were characterized for their chemical architecture, rheological characteristics, 
and cure behavior. It was shown that the bulky monomer addition had drastic effects on 
thermal properties such as glass transition temperature (Tg) and thermal oxidative 
stability (TOS). The Tg of the uncured materials were decreased by 50-100C while the 
5% weight loss temperature increased from 25-50C. Rheology studies showed that the 
viscosity of the materials at 250C decreased by several orders of magnitude. Cure 
kinetics were also studied using differential scanning calorimetry and infrared 
spectroscopy techniques and activation energies were calculated. 

 



POLY 352: Effect of cross-linking agent on the grafting modification from silicone 
rubber 

Yan Jiang1, hwzhang@cczu.edu.cn, Peng Qu1, Shanshan Tu1, Xiaojun Ren2. (1) 
School of materials science and engineering, Changzhou University, Changzhou, 
Jiangsu, China (2) College of Liberal Arts and Sciences, University of Colorado Denver, 
Denver, Colorado, United States  

The surface modification of silicone rubber has attracted extensive research recently; 
now the hottest modification research is grafting modification which results from a 
number of factors. We prepare Room Temperature Vulcanized Silicone Rubber (RTV-
SR) by using complex cross-linking agents, and introduce active groups on silicone 
rubber surface before grafting polymerization by surface-initiated atom transfer radical 
polymerization from it. To further understand the material structure/surface grafting 
relationships, the amount of cross-linking agents have been discussed in detail. The 
modified RTV-SR film were characterized by Fourier Transform Infrared Spectrometry 
(FTIR/ATR)，Contact Angle. The results suggest that complex cross-linking agents 
have a positive impact on grafting polymer from the surface of RTV-SR. 

 
 
  



POLY 353: Xanthate mediated sequential thiol-acrylate Michael addition 

Faye Y. Hern, cc0u92ad@liv.ac.uk, Sam Auty, Steve Rannard. Chemistry, University of 
Liverpool, Liverpool, United Kingdom  

Thiol-Michael addition chemistry has been studied as an example of click chemistry, 
benefitting from mild reaction conditions, minimal by-product formation, high functional 
group tolerance and high conversions when optimised. We have shown that xanthate 
functionalised dendrons and dendrimers are able to undergo facile one-pot deprotection 
and surface functionalisation via thiol-acrylate Michael addition reactions. 
Our current interests involve the development of drug delivery systems utilising 
dendrons with linear and branched polymers. Dendrons, particularly their surface 
functional groups, are a fundamental aspect in the design of these delivery systems. 
Rapid, controlled surface group modification presents the potential to easily explore a 
wide range of surface group functionalities in our delivery systems. 
The focus of this research is to selectively deprotect and functionalise desired amounts 
of surface groups to introduce a range of functionalities at the periphery of dendritic 
materials via sequential thiol-acrylate Michael addition reactions (Figure 1). The 
controlled deprotection and functionalisation of a range of dendritic materials with 
varying generations and molar ratios of mixed acrylates has allowed the targeting of 
materials with a range of molar concentrations of functional groups using a small 
number of starting materials. 
 
Figure 1. Schematic representation of third generation xanthate functional dendron 
undergoing mixed functionality click reactions: 1) statistical deprotection of xanthates; 2) 
thiol-acrylate Michael addition with functional acrylates (shown as coloured stars) 

 
 
  



POLY 354: Grafting of poly(N-isopropylacrylamide) brushes on the surface of 
cylindrical mesopores of periodic mesoporous organosilica via atom transfer 
radical polymerization 

Amanpreet S. Manchanda1,2, amanpreet.manchanda@csi.cuny.edu, Michal Kruk1,2. 
(1) Chemistry, College of Staten Island, Staten Island, New York, United States (2) 
Chemistry, The Graduate Center, City University of New York, Staten Island, New York, 
United States  

Poly(N-isopropylacrylamide) (PNIPAM) brushes were grafted on the surface of large-
pore periodic mesoporous organosilica (PMO) using surface-initiated activators 
regenerated by electron transfer (ARGET) atom transfer radical polymerization (ATRP). 
The resulting nanoporous materials were characterized by thermogravimetry, nitrogen 
adsorption, FT-IR and small angle X-ray scattering (SAXS). The loading of the polymer 
can be controlled over a wide range by changing the polymerization time. A high loading 
of polymer (up to ~35 wt. %) was achieved without pore blocking. This research 
demonstrates that the range of ordered mesoporous materials suitable as supports for 
polymer brushes extends beyond pure-silica materials into hybrid organic-inorganic 
frameworks. 

 
 



POLY 355: Tailoring of PVA cryogel porosity using Ionic liquids 

Adina S. Papancea, adina.papancea@gmail.com. University Transilvania of Brasov, 
Brasov, Brasov, Romania  

The diffusion and permittivity of four ionic liquids (ILs) through PVA cryogel membranes 
have been studied. The diffusion process was monitored using conductivity 
measurements and solution analysis through UV-VIS spectroscopy. The highest 
permittivity (P) and diffusion (D) coefficients have been obtained for 1-butyl-3-methyl 
imidazolium tetrafluoroborate [BMIMBF4] despite of its demonstrated kosmotropic 
behavior by comparing to 1-ethyl-3-methyl imidazolium chloride [EMIMCl], 1-butyl-3-
methyl imidazolium chloride [BMIMCl] and 1-hexyl-3-methyl imidazolium chloride 
[HMIMCl], which show chaotropic character. This unexpected behavior have been 
explained by cryogel morphology alteration, evidenced by SEM, FTIR and DSC 
measurements. Porosity and crystallinity changes occur due to different freedom 
degrees imposed to the membrane at its contact with ILs solutions. When the 
membrane is free suspended in ILs solution, a radial shrinking occurs, leading to a more 
compact structure. When the edges of the membrane are immobilized and the cryogel’s 
surface is maintained constant, the shrinking process takes place in a different way: 
macromolecules interact directly, after bonded water elimination, leading to pores 
increase while pore walls became thinner. This finding could be a suitable technique for 
PVA cryogel porosity tailoring. 

 
 



POLY 356: Hybrid polymer-peptide hydrogels for cell therapy 

Anitha C. Kumar3,1, a.kumar8@aston.ac.uk, Harikrishna Erothu3, Giuseppe Battaglia2, 
Paul Topham3. (1) Department of Chemistry, Acharya Nagarjuna University, Guntur, 
Andhra Pradesh, India (2) Department of Chemistry, University College London, 
London, United Kingdom (3) Chemical Engineering and Applied Chemistry, Aston 
University, Birmingham, West Midlands, United Kingdom  

Mankind has been trying to replace damaged or lost cells with new ones for centuries. 
Here, we propose the use of polymer-peptide hydrogels for cell therapy. Peptides are 
biocompatible, biodegradable and can produce suitable gelatinous environments for cell 
growth at extremely low concentrations (1% peptide)1. Polymers can be used to 
controllably adjust the balance of physical and chemical properties of the final 
biohybrid2. The tri-peptide Arginine-Glycine-Aspartic acid (RGD) is a well-studied cell 
binding motif for specific transmembrane proteins and is involved in cellular adhesion to 
the extracellular matrix3. There is continuous interest in the development of RGD-based 
therapeutics. Here, we use the phenylalanine (F) amino acid moiety to direct self-
assembly and poly(ethylene oxide) (PEO) for maintaining hydrophilicity of the peptide 
macromolecules4. These materials will supra-molecularly self-assemble to form 
nanoscale fibres, which entangle to form a 3-dimensional scaffold able to accommodate 
large volumes of water (known as a supramolecular hydrogel)5-7. Importantly, all 
components of the bio-hybrids are FDA approved. To synthesise the materials, solid 
phase peptide synthesis using a Wang resin is employed. The synthesis and 
characterisation of RGD-based peptides and their gelation properties will be explored 
and discussed. 
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1. Dave J. Adams and Paul D. Topham. Soft Matter 2010, 6, 3707-3721. 
2. Stupp S.I. Nano Letters 2010, 10, 4783-4786. 
3. Weide T.; Modlinger A.; Kessler H. Top. Curr. Chem. 2007, 272, 1–50; 
Ruoslahti E. Annu. Rev. Cell Dev. Biol. 1996, 12, 697–715. 
4. Gwen F. Chimonides.; Arun A. Sohdi.; Mohammad R. Khaleghi.; Claire R. Hurley.; Dave J. 
Adams and Paul D. Topham Journal of Polymer Science, Part A: Polymer Chemistry 2013, 51, 
4853–4859. 
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POLY 357: Functionalization of nanoparticles with pH sensitive co-polymers for 
smart self-assembly 

Jay Tinklepaugh, jtinklep@syr.edu, Olivia Sheppard, Mathew M. Maye. Department of 
Chemistry, Syracuse University, Syracuse, New York, United States  

The functionalization of gold nanoparticles with smart polymers has a diverse range of 
applications in drug delivery, sensing, and self-assembly. Smart polymers are 
specifically designed to respond to select changes in temperature, pH, chemical 
environment or other external stimuli. We recently demonstrated that thermally 
responsive co-polymers can be used to regulate DNA-mediated nanoparticle assembly 
(ACS Nano 2013, 7, 7011), and thermal aggregation (Langmuir 2013, 29, 15217), and 
in this presentation we describe recent work using pH sensitive materials. Using the well 
understood atom transfer radical polymerization mechanism, triblock copolymers were 
synthesized from monomers with amide, carboxylic acid, and pyridyl functional groups. 
The resulting copolymers pN-isopropylacrylamide-co-pAcrylamide-co-pAcrylic Acid and 
pN-isopropylacrylamide-co-pAcrylamide-co-p4’vinylpyridene are sensitive to changes in 
temperature and pH. Ultraviolet-visible light spectroscopy and dynamic light scattering 
was used for temperature and pH effect studies and H-NMR for structural 
determination. After the polymers were designed, synthesized, and characterized they 
were used to functionalize gold nanoparticles, which results in smart nanoparticles. 
Results indicate that functionalization was successful and that ‘smart’ characteristics are 
retained, with changes in temperature and pH affecting the surface plasmon resonance 
of the particles. We thank the AFOSR for support of this work (FA9550-10-1-0033), and 
the NSF for support via a IGERT training grant (DGE-1068780). 

 
 
  



POLY 358: Development of antimicrobial fibers using biologically-derived 
peptide-nucleic acids (PNAs): Attachment, efficacy, and release 

Ryan J. Mondschein1, rjm5316@vt.edu, Allison Pekkanen2, Denis Guenette3, Nrusingh 
Mohapatra3, Timothy E. Long1. (1) Chemistry, Virginia Tech, Blacksburg, Virginia, 
United States (2) School of Biomedical Engineering and Sciences, Virginia Tech, 
Blacksburg, Virginia, United States (3) Techulon Inc., Blacksburg, Virginia, United 
States  

Methicillin-resistant staphylococcus aureus (MRSA) continues to plague patients with 
severe skin infections that are resistant to a number of antibiotics, both in and out of 
hospital settings. In particular, military personnel are often exposed to this deadly 
bacteria with little to no medial support to fight the disease. To help prevent infection, 
peptide nucleic acids (PNAs) have been developed that are specific to MRSA; these 
PNAs could selectively destroy bacteria present on the skin of military personnel 
through release from an anti-bacterial shirt. This study aims to characterize the 
adhesion of PNAs, and peptides in general, to nylon, cotton, and 50/50 nylon/cotton 
blended fabrics. Due to the high production expense of PNAs, a model peptide (shown 
in Figure 1) was developed to both limit costs and provide molecular beacons for 
analysis. The sulfur atom present can be detected with elemental analysis (XPS, EDS) 
and the phenylalanines provide a strong UV-Vis peak around 230 nm. Analysis with 
SEM visually confirmed the peptide’s presence on fiber surfaces (Figure 1), regardless 
of fiber drying time or method. Furthermore, repeated rinse cycles of the fabrics showed 
the peptide remained on the surface of the fibers despite the presence of water and 
agitation. The model peptide showed a strong correlation on UV-Vis between 
concentration and absorbance, and the calibration curve from this analysis was used to 
determine the concentration of released peptide from fiber surfaces. PNA-coated fabrics 
show a similar morphology under SEM, indicating that the model peptide is a strong 
predictor of the behavior of the PNA. Future studies to investigate the mechanism of 
peptide adhesion to fiber surfaces as well as evaluate differences between nylon and 
cotton are currently under investigation. 

 



POLY 359: Nutraceuticals loaded poly(lactic-co-glycolic acid) nanofibres by 
solution blow spinning for the treatment of cervical cancer 

kamia Punia2, kamia018@gmail.com, Kaushiki Chatterjee4, Andrew Mancuso5, 
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United States (2) Chemistry, Graduate Center, CUNY, Staten Island, New York, United 
States (3) Chemistry, College of Staten Island, Staten Island, New York, United States 
(4) Biology, Graduate Center, CUNY, Staten Island, New York, United States (5) 
Biochemistry, Graduate Center, CUNY, Staten Island, New York, United States (6) 
Staten Island University Hospital, Staten Island, New York, United States (7) Biology, 
College of Staten Island, Staten Island, New York, United States  

Drug releasing nanofiber mats have been studied extensively for localized drug delivery 
applications.1 The non-toxic FDA GRAS (Generally Regarded as Safe) nutraceuticals 
like curcumin and rosmarinic acid have promising anti-cancer properties.2 We intend to 
generate nutraceuticals loaded poly(lactic-co-glycolic acid) (PLGA) nanofibers via 
solution blow spinning,3 using a commercial air brush and compressed CO2, for using it 
as an implant for treating cervical cancer. The nanofibres are characterized by scanning 
electron microscope for morphology and by dynamic mechanical analysis for the 
mechanical properties. The time dependent drug release is studied by monitoring the 
degradation of nanofiber mat over a period of time. The anti-cancer activity of the 
nanofibres is tested against HeLa cells in vitro. 
Refrences: 
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3. Behrens, A. M., Casey, B. J., Sikorski, M. J., Wu, K. L., Tutak, W., Sandler, A. D., and 
Kofinas, P. In Situ Deposition of PLGA Nanofibers via Solution Blow Spinning. ACS 
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POLY 360: Surface and interfacial modification of polyethersulfone films via 
POSS modified chain ends 

Katrina M. Knauer1, kmk06f@gmail.com, Levi Moore3, Sarah E. Morgan2. (1) School of 
Polymers and High Performance Materials, The University of Southern Mississippi, 
Hattiesburg, Mississippi, United States (2) School of Polymers and High Performance 
Materials, University of Southern Mississippi, Hattiesburg, Mississippi, United States  

Polyethersulfone (PESU) is an aromatic, amorphous thermoplastic that demonstrates 
excellent mechanical properties, chemical resistance, and high end use temperatures. 
The remarkable hydrolytic stability of PESU has made this polymer an attractive 
material for filtration membranes and coatings applications. However, such applications 
require precise control of surface composition as well as specific surface properties. 
Thus, post processing surface modifications of PESU systems are often necessary in 
order to meet the performance requirements. Such modifications can be expensive, 
difficult to model, and detrimental to the bulk properties of the polymer. Previously, we 
reported the preferential surface segregation of functionalized chain ends in PESU 
films. Results demonstrated that chain end composition can be used as a means of 
tailoring both nano- and macro-scale surface properties of PESU systems while 
maintaining the desired bulk properties of the polymer. Additionally, we have reported 
the preferential surface segregation of polyhedral oligomeric silsequioxane (POSS) in 
POSS/polyphenylsulfone nanocomposites prepared by melt blending. While POSS 
segregation can have a dramatic effect of the surface properties of polymer systems, 
the properties are highly dependent on the loading content and melt blending with 
POSS can alter the bulk properties of the polymer. However, modifying polymer chain 
ends with POSS analogues can provide a way to exploit the desirable POSS properties 
at the surface of the polymer while maintaining the bulk polymer properties. 

 



POLY 361: Ligand clustered nanoparticles to target ErbB3 in high grade serous 
ovarian cancer 

Li Gu4, gulihhdster@gmail.com, Carsten Kroll5, Kasper Renggli1, Lawrence B. 
Mensah3, Barbara Imperiali5, Linda Griffith5, Paula T. Hammond2. (1) 56-291, 
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Department of Chemical Engineering, Massachusetts Institute of Technology, 
Cambridge, Massachusetts, United States (3) Koch Institute MIT, Year, Cambridge, 
Massachusetts, United States (4) Koch Institute for Integrative Cancer Research, MIT, 
Cambridge, Massachusetts, United States (5) Department of Biology, MIT, Cambridge, 
Massachusetts, United States  

Ovarian cancer is the fifth fatal cause of death in women and leading cause of death 
among gynecological cancers. Ovarian cancers are usually diagnosed in the advanced 
stages when tumors have higher resistance rate against chemotherapy. The 
autophosphorylation of growth factor receptors and activation of tyrosine kinase can 
lead to signaling pathways for cell growth, motility and morphogenesis. New findings 
suggest a significant role for ErbB3 in the autocrine loop that may have large 
significance particularly for serous ovarian tumor growth. Neuregulin (NRG) is peptide 
ligand bind to extracellular domain of ErbB3. NRG has interesting potential to be used 
for targeted therapy. However, NRG in free monomer form does not block ErbB3; 
instead, it has may result in phosphorylation of ErB3, leading to undesired cell 
proliferation. Therefore, we propose a polymer-based system with multi-valent NRG 
ligand to achieve combination therapy. Previous studies have indicated for the first time 
that nanoparticles with optimized 3D clustering of ligand groups can lead to significantly 
higher intracellular uptake. The synthesis of multi-valent NRG nanoparticles is 
completed and results confirmed that one cluster contains 6 NRG ligands. The 
phosphorylation of ErbB3, AKT, and ERK signaling pathways are reduced by the NRG 
ligand clustered nanoparticles whereas monovalent NRG gave strong stimulation. By far 
we have demonstrated that NRG clustered nanoparticles target ErbB3 to reduce the 
signaling pathway responsible for cancer cell survival and growth. Furthermore, the 
enhanced intracellular uptake behavior and downstream signaling suppressing ability 
are tested. Therefore a dual synergistic mechanism for tumor treatment can be 
achieved by blocking signaling pathway that are responsible for cell growth; killing tumor 
cells with greatly enhanced efficacy and specificity due to the 3D clustering ligand 
presentation. 

 



POLY 362: Fouling release performance of siloxane-polyurethane marine 
coatings: Comparison of laboratory biological assays and field immersion 
studies in the marine environment 

Teluka P. Galhenage1, teluka.galhenage@ndsu.edu, Dean C. Webster1, Dylan 
Hoffman1, Samantha Silbert1, Shane Stafslien2, Lyndsi Vanderwal2, John Finlay3, Sofia 
Franco3. (1) Coatings & Polymeric Materials, North Dakota State University, Fargo, 
North Dakota, United States (2) Center for Nanoscale Science & Engineering, North 
Dakota State University, Fargo, North Dakota, United States (3) Newcastle University, 
Newcastle , United Kingdom  

Siloxane-polyurethane marine coatings are a promising approach to contend with 
marine biofouling. Recent developments in siloxane-polyurethane coatings have shown 
that these systems can have comparable fouling release performance to commercial 
silicone elastomer fouling release coatings during laboratory biological assay tests using 
bacteria (Cytophaga lytica), algae (Navicula incerta and Ulva linza), barnacles 
(Amphibalanus amphitrite) and mussels (Geukensia demissa). Continued research 
efforts are being carried out to further improve the fouling-release performance of this 
coating system. Thus six siloxane-polyurethane formulations were selected for 
prolonged marine field immersion studies at several test sites around the world. The 
coatings included two of the 1st generation siloxane-polyurethane coatings with slight 
variation in solvent content, two silicone oil modified siloxane-polyurethane coatings, 
and two amphiphilic siloxane-polyurethane coatings. In terms of overall fouling release 
performance in the field, several coating formulations performed similar to commercial 
fouling release coatings. In general, the results from the laboratory assays are very 
much comparable to the results obtained from field tests, indicating that the laboratory 
assays are a viable method to screen coatings for fouling-release performance. 

 



POLY 363: Surface attached hydrogel films via novel diazo-ester crosslinkers 

Philip Kotrade3, philip.kotrade@imtek.de, Oswald Prucker1, Juergen Ruehe2. (1) Imtek 
Univ of Freiburg, Freiburg, Germany (2) Univ Freiburg Imtek, Freiburg, Germany (3) 
IMTEK, University Freiburg, Freiburg, Germany  

Surface-attached polymer films are interesting surface architectures for many different 
applications. A very convenient way to prepare such layers on polymeric substrates is 
the use of prepolymers with reactive units which bind to other polymers via C,H 
insertion reactions. These reactions may be triggered photochemically or thermally and 
proceed via different reactive intermediates such as biradicals, carbenes or nitrenes. 
However, many crosslinker systems which crosslink efficiently also add a significantly 
hydrophobic character to the resulting surface-attached hydrogel. This hydrophobicity 
may adversely affect the swelling behavior of the layer and for example protein 
repellency. 
 
To address these issues a novel crosslinker based on the general class of diazo 
ketones was synthesized and copolymerized with DMAA. The crosslinking process as 
well as the swellability of the resulting hydrogel were then analyzed. This crosslinker 
leads to hydrogel coatings, which show a significantly stronger swelling than those 
prepared via other pathways. Nevertheless, as a side reaction a Wolff-rearrangement 
may occur during the crosslinking process which led us to the introduction of a 
diazomalonate as the crosslinking moiety. This group should suppress this side-
reaction. In addition, the absence of any aromatic structures should further improve the 
swelling ability of the resulting surface-attached hydrogel layers. 
 
Initial studies of the crosslinking behavior under the influence of UV light (254 nm) have 
shown that high gel contents are formed even at low intensity and short illumination 
times. In general, after a few minutes of UV treatment essentially all material is 
incorporated into the gel. At longer irradiation times at this low wavelength we see film 
degradation and a loss of material upon extraction. 

 



POLY 364: Development and modification of crosslinked, electrospun 
poly(ethylene oxide) for soft tissue engineering 

Lindsey J. Anderson2, ljande91@vt.edu, Allison Pekkanen3, Timothy E. Long1, Robert 
B. Moore1. (1) Virginia Tech, Blacksburg, Virginia, United States (2) Chemistry, Virginia 
Tech, Blacksburg, Virginia, United States (3) School of Biomedical Engineering and 
Sciences, Virginia Tech, Blacksburg, Virginia, United States  

Nanofibrous mats produced by electrospinning have emerged as leading candidates for 
tissue scaffolding due to their high porosity and structural similarity to the extracellular 
matrix. To this effect, poly(ethylene oxide) (PEO) was electrospun with pentaerythritol 
triacrylate (PETA) in the presence of UV irradiation to produce crosslinked, nanofibrous 
scaffolds. The effect of PETA concentration and UV exposure time on the morphology, 
mechanical properties, gel fraction and porosity was investigated. It was revealed that 
as the concentration of PETA increased up to 30 wt%, both the modulus and ultimate 
tensile strength decreased. Furthermore, as UV exposure time increased, a higher gel 
fraction and porosity were observed along with a decreased extension at break. FTIR 
studies demonstrated that uninterrupted UV exposure was necessary to adequately 
crosslink the PEO fibers and promote full incorporation of PETA. The crosslinked mats 
were subsequently modified with aqueous suspensions of silica nanoparticles to 
determine the effect of silica concentration on the morphology, mechanical properties, 
and cellular adhesion and proliferation. An increase in fiber melding and tensile modulus 
was observed with increasing silica nanoparticle concentration. Cell viability assays and 
SEM confirmed that the silica-modified PEO scaffolds were capable of supporting the 
attachment and proliferation of HeLa cells. 

 
 
  



POLY 365: Preparation of silicon-containing porous carbon microspheres for Li-
ion secondary battery 

Kota Onozuka2, kotaonozuka@gmail.com, Michiya Ota1, Takuma Ishibashi1, Kazunari 
Arai2, Osamu Tanaike3, Kiyoaki Imoto3, Noriko Yoshizawa3. (1) Gunma College Tech 
Chem Dept, Maebashi Gunma, Japan (2) Chemistry and Materials Science, Gunma 
National College of Technology, Shibukawa-shi, Gunma, Japan (3) Energy Storage 
Materials Group, National Institute of Advanced Industrial Science and Technology, 
Tsukuba, Ibaraki, Japan  

Development of negative electrode with a higher energy density than the graphite-
based negative electrode is desired. Silicon, aluminum, stannum, and so on have been 
reported as candidates for superior negative electrode, but the large stress stored by 
cycling of expansion and contraction in volume through alloying with Li lead the 
damages of electrode and the effects on electrochemical properties. We will report the 
preparation of silicon-containing porous carbon microspheres(Si-CMS) for improvement 
of those problems. Si-CMS were prepared by pyrolysis of organosilicon-containing 
porous resin microspheres(Si-RMS) produced from the mixtures of thermosetting resin, 
polyethylene glycol, organosilicon compound, and p-toluene sulfonic acid. Silicon, 
nanocluster scale powder, would be formed in porous carbon microspheres by pyrolysis 
of organosilicon compounds. Thermosetting resin was prepared from pyrene, p-xylylene 
glycol, and acid catalyst. Nanocluster scale silicon powder would make it physically 
possible to control the expansion and contraction in volume through alloying with Li. 
Figures 1 and 2 show the size of CMS and the trace of silicon in CMS. According to the 
mapping image of Figure 2, nanocluster scale silicon particle obviously exists. Optimum 
preparation conditions of Si-CMS, distribution of silicon powder, silicon particle size, 
electrochemical properties, and other details will be reported in this presentation. 

 
 



POLY 366: Polyimidazolium salts – novel versatile cationic polymers 

Jean-Pierre Lindner, jean-pierre-berkan.lindner@basf.com. Advanced Systems and 
Materials Research, BASF SE, Ludwigshafen, Germany  

Cationic charged polymers are well established among the broad field of industrial 
relevant polymers and used in different fields of application like waste water treatment 
or personal care. In general, non-permanent and permanent cationic charged polymers 
are produced, whereas the latter ones often require higher synthetic efforts and costs. 
Herein, we introduce a concept for the polymerization of a new class of permanently 
cationic charged polymers – polyimidazolium salts – based on neutral starting materials. 
A complex multi component reaction of readily available bulk chemicals (formaldehyde, 
glyoxal, amines) is used to establish a simple, quick and highly efficient 
polycondensation procedure yielding new imidazolium based cationic polymers.[1] This 
very robust polymerization reaction allowed the use of a variety of different monomers, 
resulting in products with manifold property profiles. Suitable applications for this 
polymer class are introduced and discussed.[2] 
References 
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POLY 367: Novel isocyanate-free polyurethanes from biobased resources 
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Green, sustainable, and environment-friendly materials have raised significant interests 
from both academia and industry as decreasing petroleum storages and environmental 
issues become big obstacles in many countries. Polyurethanes provide elastic, impact-
resistant, and tough materials for various applications such as clothing, insulations, 
adhesives, and sealants. However, isocyanate, a key starting material for polyurethane 
synthesis, is highly reactive and toxic. Side reactions with moisture increase equipment 
cost and safety concerns during storage, transportation, and production for 
polyurethanes. Not to mention synthesis of isocyanate utilizes phosgene, a more 
reactive and toxic compound with acute safety and environmental concerns. Literatures 
from last decade highlight the advantages of the reaction between a cyclic carbonate 
and a primary amine in forming a hydroxyurethane bond. This reaction allows the 
synthesis of a variety of isocyanate-free poly(hydroxyurethane)s (PHUs) with various 
chain architectures such as crosslinked and linear polymers. However, most linear 
PHUs lack mechanical integrity and chemical resistance. Some crosslinked PHUs 
showed comparable mechanical properties to conventional polyurethanes but lacked 
tunability in material performance, which largely limited the applications of PHUs. We 
report an one-pot synthesis platform for a series of novel poly(amide hydroxyurethane)s 
(PAHUs) based on renewable resources. Facile monomer synthesis proceeded under 
mild conditions with bio-friendly reagents. The series of PAHU products contained both 
nonsegmented and segmented PAHUs with tunable thermal, mechanical, rheological 
properties and crystallinity. These PAHUs were thermoplastics with comparable 
mechanical properties to traditional polyurethanes. This versatile synthesis platform also 
opens windows for a library of PAHU for various applications. 

 
 
  



POLY 368: Synthesis and characterization of polyacrylates with different pendant 
groups for thermoplastic elastomers 
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Acrylate polymers have been widely studied in the academic and industrial field 
because of their exceptional chemical, heat and oxygen resistance. However, living 
anionic polymerization of acrylates is challenging due to intrinsic side reactions like 
backbiting reactions of propagating enolate anion, aggregation of active chain ends, etc. 
In this study, the synthesis of controlled alkyl acrylate polymers with different pendant 
groups and glass transition temperatures (Tg), such as poly(1-adamatyl acrylate) 
(PAdAA) and poly(tetrahydrofurfuryl acrylate) (PTHFAA), was performed via living 
anionic polymerization with the initiation systems of sec-butyl 
lithium/diphenylethylene/LiCl and diphenylmethyl potassium/diethyl zinc in THF at -78 
oC using glass-blowing and high vacuum techniques. The resulting random copolymers 
and block copolymers of PAdAA and PTHFAA with methyl methacrylate (MMA) and n-
butyl acrylate (BA) were synthesized via living anionic and radical polymerization to 
develop thermoplastic elastomers. Graft copolymers were also synthesized to tune the 
morphology and make improvements on mechanical performance including elastic 
recovery, modulus, etc. 

 



POLY 369: Polymerization of segmented semifluorinated poly(aryl ether)s 
(Co)polymers via formation of fluorinated arylene/vinylene ether (FAVE) 
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Academy, Colorado Springs, Colorado, United States (4) Dept of Chem, University of 
Texas at Dallas, Richardson, Texas, United States  

Synthetic routes to semi-fluorinated aryl ether polymers from triflurovinyl ether (TFVE) 
monomers via thermally induced [2+2] cyclodimeration to produce perfluorocyclobutyl 
(PFCB) aryl ether polymers and nucleophilic addition of bis-phenols to TFVE monomers 
to afford fluoroethylene/vinylene aryl ether (FAVE) polymers are shown above. In this 
presentation, a series of segmented semifluorinated poly(aryl ether)s were polymerized 
by nucleophilic addition of oligo(ethylene glycols) and poly(ethylene glycol)s to 4,4’-
bis(4-trifluorovinyloxy)biphenyl and biphenyl perfluorocyclobutyl (BP-PFCB), 
respectively. All resulting (co)polymers were characterized by ATR-FTIR, 1H, and 19F 
NMR analysis. Number-average molecular weights (Mns) were studied by GPC. In 
addition, thermal properties of all (co)polymers were tested by DSC and TGA. 

 
 
  



POLY 370: Ugi and Passerini multicomponent reaction in macromolecular 
chemistry: Novel and efficient approaches toward highly diverse polymers 

Ansgar Sehlinger1, ansgar.sehlinger@kit.edu, Michael Meier2. (1) Institute of Organic 
Chemistry, Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany (2) Institute of 
Organic Chemistry, Karlsruhe Institute of Technology (KIT), Jockgrim, Germany  

Multicomponent reactions (MCRs) proved to be a very useful tool in organic chemistry, 
which is attributed to the straightforward practical procedure and high atom-efficiency of 
these reactions, and particularly to the enormous structural diversity that can be 
achieved by variation of the single components. Only recently, the benefit of these one-
pot reactions was realized for macromolecular engineering.[1] 
 
Especially the Passerini three-component and Ugi four-component reactions 
demonstrate attractive tools for polymer synthesis, since they exhibit structural motifs 
that allow the formation of functionalized polyesters and polyamides, and require easily 
available components. Here, two different approaches to form polymers can be 
followed: either synthesizing the monomer first via an isocyanide-based MCR (IMCR) or 
forming the polymer directly by the use of IMCR-reactive bifunctional components. In 
the monomeric approach, the smart choice of the single starting materials enabled the 
synthesis of Passerini-derived monomers for selective head-to-tail acyclic diene 
metathesis (ADMET) polymerization, which could also be used for the synthesis of 
defined amphiphilic block copolymers.[2] Moreover, using acrylic acid in the IMCRs, 
innovative and structurally diverse acrylate or acrylamide monomers were synthesized 
being for example thermoresponsive.[3,4] The modular nature of these reactions also 
enabled the direct polymerization with bifunctional components in a step-growth 
procedure to yield versatile polyester or polyamide architectures.[5,6] 
 
[1] A. Sehlinger, M. A. R. Meier, Adv. Polym. Sci. 2015, DOI: 10.1007/12_2014_298. 
[2] A. Sehlinger, L. M. de Espinosa, M. A. R. Meier, Macromol. Chem. Phys. 2013, 214, 2821. 
[3] A. Sehlinger, O. Kreye, M. A. R. Meier, Macromolecules 2013, 46, 6031. 
[4] A. Sehlinger, K. Ochsenreither, N. Bartnick, M. A. R. Meier, Eur. Polym. J. 2015, 
DOI:10.1016/j.eurpolymj.2015.01.032. 
[5] A. Sehlinger, R. Schneider, M. A. R. Meier, Eur. Polym. J. 2014, 50, 150. 
[6] A. Sehlinger, P.-K. Dannecker, O. Kreye, M. A. R. Meier, Macromolecules 2014, 47, 2774. 

 



POLY 371: Multifunctionality in branched monodisperse macromolecules 

Jonathan G. Rudick, jon.rudick@stonybrook.edu. Department of Chemistry, Stony 
Brook University, Stony Brook, New York, United States  

Multicomponent reactions offer precision in macromolecular synthesis through control 
over the stoichiometry and sequence of functional modalities in multifunctional 
polymers. Combining multicomponent reactions with synthesis methods that control 
polymer molecular weight can be a powerful strategy for tailoring the properties of 
materials. Dendrimers are prepared through iterative synthesis strategies, which allow 
for complete control over molecular weight. Multifunctional dendrimers that are 
monodisperse, however, present a significant challenge for synthesis. This presentation 
will discuss how multicomponent reactions have been employed to create 
monodisperse and multifunctional dendrimers. 

 



POLY 372: Multicomponent click reactions for multifunctional polymers 

lei tao, leitao@mail.tsinghua.edu.cn, Bin Yang, Yuan Zhao. Department of Chemistry, 
Tsinghua University, Beijing, China  

Looking at ‘old’ reactions from different perspective can sometimes bring new break-
through in ‘new’ research fields. Recently, our group reassessed multicomponent 
reactions (MCRs) from the angle of click reaction, and developed a new type click 
reaction: multicomponent click (MCC) reaction, i.e. some highly efficient and atom 
economy MCRs can also be considered as click reaction1,2,3 (Figure 1). 
 
Same as traditional two components click reactions, MCC reactions can also be used 
as efficient coupling tools. Moveover, it is easy to introduce new functional groups 
through MCC reactions due to their multicomponent nature. Therefore, some thorny 
synthetic problems, such as synthesis of multifunctional PEGylation agents for protein 
conjugation4, preparation of middle functional copolymer and miktoarm copolymer3 and 
simultaneous modification of material surface with different polymers5 etc., can be 
simply solved by MCC reactions. 
 
References: 
1) Zhu, C., Yang, B., Zhao, Y., Fu, C., Tao, L., Wei, Y. Polym. Chem. 2013, 4, 5395-
5400. 
2) Zhao, Y., Yang, B., Zhu, C., Zhang, Y., Wang, S., Fu, C., Wei, Y., Tao, L. Polym. 
Chem. 2014, 5, 2695-2699. 
3) Yang, B., Zhao, Y., Fu, C., Zhu, C., Zhang, Y., Wang, S., Wei, Y., Tao, L. Polym. 
Chem. 2014, 5, 2704-2708. 
4) Yang, B., Zhao, Y., Wang, S., Zhang, Y., Fu, C., Wei, Y., Tao, L. Macromolecules 
2014, 47, 5607-5612. 
5) Yang, B., Zhao, Y., Ren, X., Zhang, X., Fu, C., Zhang, Y., Wei, Y., Tao, L. Polym. 
Chem. 2015, 6(4), 509-513. 

 
 

Figure 1. Similar features between MCR and Click reaction 
 



POLY 373: Synthesis of alkyne macromolecules with structural diversity through 
multicomponent polymerization 

Ben-Zhong Tang, tangbenz@ust.hk. Dept Chem, Hong Kong U Sci Tech, Kowloon, 
Hong Kong  

Multi-component reactions (MCRs) have attracted much attention in the past decade 
due to their unique advantages such as high atom economy, high efficiency and simple 
procedure. Numerous MCRs have been developed and systematically investigated, 
especially those based on alkynes. Because of the efficient generation of products with 
well-defined structures from multi-component alkynes reactions, they are considered to 
be powerful techniques for the preparation of regular polymers with potential practical 
applications. However, the development of alkyne-based multi-component 
polymerization (MCP) routes is rarely reported and is still in its infancy stage. Recently, 
this research field has drawn increasing attention and many MCP strategies have been 
developed by polymer scientists as well as our research group. Herein, some up-to-date 
progress in the development of MCP techniques using alkynes/aldehydes/amines, 
alkynes/azides/amines or alcohols or H2O, and alkynes/carbonyl chloride/thiols or 
amines or amino acids, will be presented. Such results are anticipated to attract 
enthusiasm in the development of efficient MCP approaches for the synthesis of 
polymers with unique structures and functional properties. 

 
 
  



POLY 374: Sequence-defined polymers via multicomponent reactions 

Susanne C. Solleder1, susanne.solleder@student.kit.edu, Michael Meier2. (1) Institute 
of Organic Chemistry (IOC), Karlsruhe Institute of Technology (KIT), Karlsruhe, 
Germany (2) Institute of Organic Chemistry (IOC), Karlsruhe Institute of Technology 
(KIT), Jockgrim, Germany  

Natural polymers, such as DNA or enzymes, are characterized by a perfectly defined 
monomer sequence, generating accurate secondary and tertiary structures. Due to the 
unique monomer sequence, complex processes, such as translation and replication, are 
rendered possible. Because of the unique properties of these highly defined 
macromolecules, it is an attractive goal in modern polymer chemistry to find appropriate 
synthesis protocols yielding synthetic polymers exhibiting a defined monomer 
sequence.[1] 
Within this contribution, novel approaches towards sequence-defined polymers using 
isocyanide based multicomponent reactions (IMCRs) are described. IMCRs are 
attractive in the field of sequence control due to their modular nature, offering the 
possibility to introduce defined side chains at certain positions of the macromolecules. 
Furthermore, IMCRs are simple one-pot reactions and easily accessible components 
are used. Our group recently showed that the iterative application of the Passerini three-
component reaction and thiol-ene addition reactions led to sequence-defined oligomers 
and block-copolymers in a simple way without the use of protecting groups or activating 
agents.[2] This synthesis protocol can also be applied to the Ugi four-component 
reaction, offering the unique possibility to introduce two tailored side chains to the 
polymer backbone in one MCR step and enabling dual side chain control.[3] 
Furthermore, the use of a monoprotected AB-monomer leads to highly improved overall 
yields and easy purification procedures. 
 
[1] N. Badi, J.-F Lutz, Chem. Soc. Rev. 2009, 38, 3383-3390. 
[2] S. C. Solleder, M. A. R. Meier, Angew. Chem., Int. Ed. 2014, 53, 711-714, Angew. 
Chem. 2014, 126, 729-732. 
[3] S. C. Solleder, K. S. Wetzel, M. A. R. Meier, submitted. 

 



POLY 375: Efficient one-pot synthesis of hyperbranched polymers with well-
controlled structures using unprotected AB2 monomers 

Haifeng Gao, gaohaifeng1@gmail.com. 365 Stepan Hall, UND Chemistry Biochemistry, 
Notre Dame, Indiana, United States  

This talk presents our recent developments of facile one-pot one-batch polymerization 
methods for synthesis of hyperbranched polymers with controlled molecular weights 
(MW = 20-200 kg/mol), low polydispersity (PDI < 1.2) and high degree of branching (DB 
= 0.9). The strategies we developed including 1) the polymerization of AB2 monomers 
in confined nanospace and 2) chain-growth polymerization of AB2 monomers in solution 
with no need of slow monomer addition. The produced hyperbranched polymers can be 
easily functionalized with various reactive groups in different layers for potential 
applications as unimolecular containers. 

 
 
  



POLY 376: Soft surface science and engineering: Serendipitous discoveries 
(easy) and targeted design and outcomes (tough) 

Kenneth J. Wynne, kjwynne@vcu.edu. VCU Dept of Chem & Life Sci Engr, Richmond, 
Virginia, United States  

Soft surface science and engineering is described involving polydimethylsiloxane and 
copolyoxetane soft blocks. Serendipitous discoveries (easy) include (1) “contraphilic” 
wetting behavior whereby the dry surface is hydrophilic and the wet surface is 
hydrophobic, (2) more fluorous modifier results in reduced oleophobicity, (3) cold 
crystallization leads to spontaneous superhydrophobic contact angles and high 
oleophobicity, and (4) network formation temperature controls “sticky” or “slippery” 
surface character. The latter work is illustrated by the importance of nanostructural 
control for easy release of ice. 
Targeted design to achieve high quaternary charge density on soft surfaces by a 
modifier approach has been challenging (tough). Progress toward achieving the 
targeted goals will be described. Physical criteria including zeta potentials that are 
stable at 40 °C and no leaching of organics in saline media seem easily achievable but 
have been elusive. These criteria are considered essential for applications that will 
revolutionize “soft” biomaterials for urological and related applications. 
 
1 The authors are grateful for support from the National Science Foundation, Division of 
Materials Research, Grants DMR-0802452 and DMR-1206259. 

 



POLY 377: Polymers with redox-active functional groups: Synthetic 
methodologies, properties, and applications 

Nicolay V. Tsarevsky, nvt@smu.edu. Chemistry, Southern Methodist University, 
Dallas, Texas, United States  

The synthesis of polymers with various macromolecular architectures (linear, star, graft, 
branched, and network) containing redox-active functional groups using both 
conventional and controlled radical polymerization techniques will be described. Redox-
active groups of interest include disulfide, aryliodine(III) dicarboxylate, and 4,4’-
bipyridinium (viologen). The disulfide and the hypervalent iodine(III) groups are useful 
for the preparation of degradable and in some cases dynamic polymeric materials. The 
reductive cleavage of the former yields thiolates and is reversible, while that of the latter 
affords carboxylates and iodoarene, and is irreversible. Viologen-containing polymers 
are useful as redox catalysts, photochromic and other responsive materials. 

 
 
  



POLY 378: Catenated and knotty living polymerizations 

Rigoberto C. Advincula, rca41@case.edu. Macromolecular Science and Engineering, 
Case Western Reserve University, Cleveland, Ohio, United States  

Supramolecular chemistry is an intriguiing aspect of designed complexes and 
reactivities leading to cyclic and knotted architectures stabilized by non-covalent 
interactions. This has largely been the realm of small molecules and macromolecular 
templates through the use of statistical threading and ring closure routes. Through the 
use of supramolecular macroinitiator templates, we have been able to adapt living 
polymerization methods to result in truly high molecular weight supramolecular 
complexes that leads to catenated and knotty topologies. The use of living free-radical 
polymerization and ring opening polymerization routes showed statistical distributions 
that can still be optimized towards more monodispersed systems. The efficient 
synthesis of high MW analogs will be useful for future interesting studies on the thermo-
mechanical and physical studies of these macromolecules that are now only limited only 
to modeling and simulation. 

 
 
  



POLY 379: Sensing the surface: What can polymer brushes tell us about surface 
interactions? 

Kathryn Beers, beers@nist.gov, Chaitra Deodhar, Richard J. Sheridan, Sara V. Orski. 
National Institute of Standards and Technology, Gaithersburg, Maryland, United States  

Whether looking for variations in polymerization behavior near a surface in grafting from 
reactions or using the long, end-tethered polymer chain as a model for a free chain near 
a surface, we are using polymer brushes to learn more about the fundamental 
descriptors that can capture interactions between surfaces, macromolecules and 
solution. I’ll describe two examples: the measurement of reactivity ratios for the same 
monomer pair at the same temperature using conventional and controlled free radical 
polymerization, and modeling of neutron reflectivity data near the low density regime of 
brushes, were excluded volume is minimized, and near-mushroom behavior is 
observed. 

 
 
  



POLY 380: Functional ion gels 

Timothy P. Lodge, lodge@umn.edu. Dept Chem Koltoff Smith Halls, University of 
Minnesota, Minneapolis, Minnesota, United States  

Block polymers provide a remarkably versatile platform for achieving desired 
nanostructures by self-assembly, with lengthscales varying from a few nanometers up 
to several hundred nanometers. Ionic liquids are an emerging class of solvents with an 
appealing set of physical attributes. These include negligible vapor pressure, high 
chemical and thermal stability, tunable solvation properties, high ionic conductivity, and 
wide electrochemical windows. For various applications it will be necessary to solidify 
the ionic liquid into particular spatial arrangements, such as membranes or gels. We 
have embarked on a systematic exploration of ways to achieve this by block copolymer 
self-assembly. Thermoreversible or photoreversible gelation of triblock copolymers 
provides a simple route to “ion gels” with tunable modulus and ionic conductivity. 
Various ways to print or pattern ion gels will be described. Applications of these gels 
include gate dielectrics in organic thin film transistors, simple electroluminescent or 
electrochromic gels, and membranes for gas separation, batteries, and fuel cells will 
also be discussed. 

 
 
  



POLY 381: Protein dissolution and properties in neat ionic liquids 

Stephen Strassburg3, sstrassb@mail.pse.umass.edu, Harry Bermudez2, David A. 
Hoagland1. (1) Univ of Massachusetts, Amherst, Massachusetts, United States (2) 
University of Massachusetts, Amherst, Massachusetts, United States (3) Polymer 
Science and Engineering, University of Massachusetts Amherst, Amherst, 
Massachusetts, United States  

Many proteins dissolve in one or more neat ionic liquids (ILs), those with little or no 
water. While much is known about proteins in water-IL mixtures, almost nothing is 
known about proteins in neat IL environments. Here we identify trends in solubility and 
dissolved state for model proteins in diverse ILs. After introducing a ‘solubility matrix’ 
that highlights soluble pairings and key issues, the solubility, molecular size, and 
conformation of lysozyme in two neat ILs, 1-ethyl-3-methyl-imidazolim ethylsulfate 
[EMIM][EtSO4], and tributylethylphosphonium diethylphosphate [C2,4,4,4P][Et2PO4], are 
discussed as prototype systems. Properties of dilute, dissolved lysozyme were probed 
by dynamic light scattering (DLS) and infrared spectroscopy (FTIR). For [EMIM][EtSO4], 
solubility is maintained across the full temperature range probed, 20º to 90º C, but for 
[C2,4,4,4P][Et2PO4], only across a more limited range, 35º to 90º C. Different than in 
aqueous buffers, in neither case is lysozyme aggregation observed at high temperature, 
where aggregation in buffers is induced by denaturation. As monitored by DLS, a 
gradual denaturation of lysozyme with increase of temperature was observed in 
[EMIM][EtSO4], but the dissolved molecular size of this protein was insensitive to 
temperature in [C2,4,4,4P][Et2PO4], matching the size measured in buffer. Such features 
for the latter suggest retention of the native conformation adopted in buffer. In accord 
with these trends, the amide 1 peak in FTIR for [EMIM][EtSO4] was shifted to lower 
wavenumber than determined for the predominately alpha helical protein in buffer, and 
at 80º, the position of this peak in IL suggests a random coil conformation. Oppositely, a 
temperature-invariant alpha helical structure is inferred for [C2,4,4,4P][Et2PO4] from 
constancy of amide 1 peak position, a feature consistent with IL stabilization of 
secondary structure. The phase behavior of lysozyme in water-IL mixtures has also 
been investigated, with insolubility (‘salting out’) limited to a narrow range of 
intermediate solvent compositions. 

 



POLY 382: Synthesis of poly(ionic liquid)s by RAFT polymerization and poly(ionic 
liquid)/guar/ionic liquid ionogels thereof 

Biao Zhang1, biao.zhang@insa-lyon.fr, Anatoli Serghei2, Guillaume Sudre2, Aurélia 
Charlot1, Julien BERNARD1, Etienne Fleury1. (1) Université de Lyon, Ingénierie des 
Matériaux Polymères, INSA Lyon, IMP@INSA, Villeurbanne, France (2) Université de 
Lyon, Ingénierie des Matériaux Polymères, Université de Lyon 1, IMP@LYON1, 
Villeurbanne, France  

Poly(ionic liquid)s (PILs) are a remarkable class of polyelectrolyte materials combining 
the exceptional features emanating from ionic liquids (ionic conductivity, thermal, 
chemical and electrochemical stabilities) with the properties of polymer materials 
(mechanical stability, processing…). These materials are raising growing interest in 
various areas including catalysis, gas separation, energy, biotechnology and so on. 1 
In the frame of a project dealing with the generation of bio-based ionogels, we report 
herein on i) the preparation of imidazolium-based poly(ionic liquid)s (PILs) through 
RAFT polymerization and ii) the generation of conductive hybrid materials thereof. 
In a preliminary step, we will show that under specific conditions, RAFT polymerizations 
can be completed within a few hours with an excellent control over molar masses and 
dispersity. Thanks to the controlled behavior of the polymerization, PILs with high molar 
masses (up to 100KDa) can be straightforwardly built and chain extensions can be 
successfully carried out to generate well-defined block copolymers. 2 
Capitalizing on our previous works on conductive solid-like gels from guar/ionic liquid 
(IL) blends,3,4 we further describe the preparation of a new generation of ionogels 
involving PILs as reinforcing constituent and investigate in details the impact of the 
overall PIL/guar/IL composition on rheological, and conductive properties of the 
resulting materials as well as on the morphology (Figure 1). 
The concept presented herein, based on biosourced polymer-containing multi-
component systems represents a promising route for the design of advanced 
conductive materials. 
[1] D. Mecerreyes, Prog. Polym. Sci., 2011, 36, 1629. 
[2] B. Zhang et al., submitted. 
[3] C. Lacroix, E. Sultan, E. Fleury, A. Charlot, Polymer Chemistry, 2012, 3, 538. 
[4] L. Verger, S. Corre, R. Poirot, G. Quintard, E. Fleury, A. Charlot, Carbohydr. 
Polym.,2014,10,932. 

 



POLY 383: Reprocessing and recycling of highly cross-linked ion-conducting 
networks through transalkylation exchanges of C-N bonds 

Mona Obadia1, obadia_mona@hotmail.com, Eric Drockenmuller2, Damien Montarnal1. 
(1) IMP@LYON1, Annecy, France (2) IMP@LYON1, Lyon, France  

Exploiting exchangeable covalent bonds as dynamic cross-links affords a new class of 
polymer materials coined as vitrimers. These permanent networks are insoluble and 
infusible but the network topology can be reshuffled at high temperatures, thus enabling 
glass-like plastic deformation and reprocessing without depolymerization. We have 
developed functional and high-value ion conducting vitrimers that take inspiration from 
poly(ionic liquid)s which are unique polyelectrolytes with cationic and anionic groups 
included in the repeating unit. Tunable networks with high ionic content are obtained by 
the solvent- and catalyst-free polymerization of an α-azide-ω-alkyne monomer and 
concomitant quaternization of the resulting poly(1,2,3-triazole)s with a series of 
difunctional cross-linkers (Figure 1). Temperature-induced transalkylation exchanges 
between 1,2,3-triazolium cross-links and halide-functionalized dangling chains enable to 
recycle and reprocess these highly cross-linked permanent networks. These vitrimers 
can also be recycled by depolymerization with specific solvents able to displace the 
transalkylation equilibrium, and display a great potential for applications that require 
solid electrolytes with excellent mechanical performances and facile processing such as 
supercapacitors, batteries, fuel cells and perm-selective membranes. 
 
[figure1] Figure 1. Principle of solvent- and catalyst-free synthesis of ion conducting 
elastomers. 

 
 
  



POLY 384: Ionic liquid microemullsions for directing the assembly and 
morphology of cellulose nanoparticles 

Jeffrey R. Alston2, drjeffreyalston@gmail.com, Andrew Guenthner3, Joseph M. Mabry1. 
(2) AFRL/RQRP, National Research Council / Air Force Research Laboratory, Edwards 
AFB, California, United States (3) AFRL/RQRP, Air Force Research Laboratory, 
Edwards AFB, California, United States  

Cellulose is a non-toxic naturally occuring biopolymer and is the most abundant on 
Earth. As a robust and biocompatible polymer, cellulose has potential applications 
ranging from composite and surface engineering to drug delivery and medicine. 
Cellulose can be extracted from natural sources using aggressive techniques or more 
recently shown by using ionic liquids. However, while processing cellulose into fibers, 
textiles and films using harsh techniques is a well-established industry; precise control 
over cellulose nanoparticle morphology has been difficult to demonstrate. Due to the 
strong hydrogen bonding between polymer chains, crystalline cellulose has limited 
solubility in most solvents. Ionic liquids stand out as promising solvents for many 
cellulose processing purposes. Microemulsions of ionic liquids are a relatively new 
development, and with proper formulation can serve as templates to direct the formation 
and morphology of cellulose and cellulose derivative nanoparpaticles. Here we present 
our preliminary work developing ionic liquid microemulsions for the solvation of 
microcrystaline cellulose and ultimately the directed assembly of cellulose 
nanoparticles. 

 
 
  



POLY 385: Ionic liquids as nonvolatile media for the study of soft matter 
dynamics by in situ electron microscopy 

David A. Hoagland, hoagland@mail.pse.umass.edu, Paul Y. Kim, Thomas P. Russell, 
Alexander Ribbe. Polymer Science and Engineering, Univ of Massachusetts Amherst, 
Amherst, Massachusetts, United States  

Nonvolatility makes ionic liquids (ILs) stable in the high vacuum environments of 
electron microscopy, potentially enabling in situ visualization of solvated soft matter 
dynamics at length scales below the diffraction limit of light. To validate the approach, 
nanospheres and nanorods dispersed in free-standing IL films were tracked by 
scanning electron microscopy. Under appropriate conditions, one to two frames per 
second were collected for about a minute, generating movies resolving individual 
particles and their motions. Nanospheres (175-nm diameter) and nanorods (103-nm 
diameter, 393-nm length) were made of silica and pegylated to admit dispersion in the 
hydrophilic IL [EMIM][EtSO4]; films were prepared on lacy carbon TEM grids. With dilute 
nanospheres and thick IL films (film thickness>sphere diameter), Brownian motion 
consistent with the Stokes-Einstein equation was found. When films were thinner (film 
thickness<sphere diameter), spheres displayed different dynamics, predominately 
undergoing Brownian motion as coupled pairs; pair separations were typically greater 
than the range of interparticle potentials. Although poorly understood, coupling seems to 
balance capillary and hydrodynamic interactions, the latter of extremely long range in 
two dimensions. Brownian rotation and translation of a single nanorod in a thin film (film 
thickness<rod diameter) followed slender body hydrodynamic theory. Concentrated 
nanorods underwent collective dynamics leading to transient “stacks”. Irreversible 
aggregation was not typically observed for either particle type. This study points to IL-
enabled electron microscopy for other, more complex solvated soft matter systems. 

 



POLY 386: Associative protein hydrogels 

David A. Tirrell, tirrell@caltech.edu, Peter B. Rapp. MC 210-41, Caltech, Pasadena, 
California, United States  

Brad Olsen has made important contributions to our understanding of associative 
protein hydrogels. This lecture will describe some complementary efforts in our own 
laboratory, in which we are trying to determine the extent to which one can program the 
macroscopic properties of molecular networks through the design and expression of 
artificial genes. 

 
  



POLY 387: Sequence specific polypeptoids for exploring the role of shape and 
sequence on polymer self-assembly 

Rachel A. Segalman2,3, segalman@engineering.ucsb.edu, Ronald N. Zuckermann1, 
Hilda Buss1, Anastasia Patterson3, Georgios Rizis3. (1) Molecular Foundry, Lawrence 
Berkeley National Laboratory, El Cerrito, California, United States (2) Chemical 
Engineering, UCSB, Santa Barbara, California, United States (3) Materials, UCSB, 
Santa Barbara, California, United States  

Chain shape and monomer sequence are two handles that affect polymer properties 
and self-assembly; however, it is difficult to control these handles in conventional 
synthetic polymers without also changing other factors, such as chemistry. 
Polypeptoids, a class of sequence-specific bioinspired polymer, have a chain shape that 
can be tuned by the introduction of monomers with bulky chiral aromatic side chains, 
allowing one to induce a helical conformation while preserving the chemical nature of 
the side chains. Here, we examine the rigidity of polypeptoid helices using small angle 
neutron scattering to measure the persistence length of both a helical and a non-helical 
peptoid chain. Incorporation of these polypeptoids into block copolymers enables a 
systematic study of the effect of chain shape on self-assembly while maintaining similar 
enthalpic interactions. Because both the helical and non-helical peptoid blocks have 
similar flexibilities, it is shown that the strength of segregation depends much more on 
monomer composition. These studies are a promising basis for further examining the 
effect of monomer sequence control on block copolymer self-assembly. In this talk, I will 
also discuss the use of this model system to understand the role of sequence on chain 
collapse and globule formation in solution, polymer crystallization, and potential 
application as surface active agents for anti-fouling. 

 
 
  



POLY 388: Using chemistry to characterize and control connectivity in 3D 
polymers 

Mingjiang Zhong2, Ken Kawamoto3, Bradley D. Olsen1, Jeremiah A. Johnson3, 
jaj2109@mit.edu. (1) Chemical Engineering, MIT, Cambridge, Massachusetts, United 
States (2) Massachusetts Institute of Technology, Cambridge, Massachusetts, United 
States (3) MIT, Massachusetts Institute of Technology, Boston, Massachusetts, United 
States  

Polymer networks and gels are ubiquitous materials, yet their structure is poorly defined 
at the molecular level. This talk will describe our recent interests in quantifying and 
controlling molecular connectivity in polymeric networks. We have developed chemical 
tools for network characterization that enable high-precision measurements of 
elastically inactive network defects in end-linked networks. We have merged these 
experimental studies with simulations and detailed rheological analyses. These studies 
have allowed us to address longstanding discrepancies between affine and phantom 
network theories of non-entangled elastic networks. Building from these insights, we 
have developed new methods for controlling network connectivity with light and 
metallosupramolecular assembly. 

 
 
  



POLY 389: Seeing clearly: Using protein nanofibers to promote orderly corneal 
wound healing 

Julia A. Kornfield, jak@cheme.caltech.edu. California Institute of Tech, Pasadena, 
California, United States  

The study evaluates the ability of electrospun protein nanofibers to display 
topographical and biochemical cues to support epithelial closure, foster fibroblast 
recruitment and mitigate myofibroblast phenotype. Gelatin electrospun nanofibers were 
used to present integrin binding sites and mechanical cues. By control of the electrode 
geometry, we prepare nanofiber mats with three types of orientation: isotropic, radial, 
and uniaxial. Rates of epithelial and fibroblast cell migration in vitro, measured using a 
mock wound healing assay, showed a result for epithelial cells. While fibroblasts (and a 
variety of cells in the literature) migrate rapidly on oriented nanofibers, corneal epithelial 
cells migrate faster on isotropic nanofibers than on aligned nanofibers or planar 
controls. Of particular importance, production of smooth muscle actin (αSMA, green in 
image) by myofibroblasts (TGF-β transformed fibroblasts) was reduced in cells cultured 
on oriented nanofiber substrates. Nanofiber diameter over the range 100–220 nm does 
not measurably affect migration or αSMA expression. The molecular mechanism by 
which myofibroblasts respond to topographical cues was explored using siRNA 
transfected cells with knockdown of kinases associated with integrin mediated response 
(FAK and Raf-1) and transcriptional regulators associated with mechanotransduction 
(YAP and TAZ). We were surprised that the response does not involve integrin-
mediated transduction; it involves YAP and TAZ (indicative of mechanostranduction). 
Preliminary in vivo experiments in mice and rabbits showed reepithelialization occurs as 
quickly over nanofiber scaffolds as it does over the native corneal stroma. The 
population of inflammatory cells was reduced in wound beds treated with nanofiber 
scaffolds relative to untreated controls. Oriented nanofiber scaffolds do not elicit an 
inflammatory response and have an anti-inflammatory effect. Oriented nanofiber 
substrates are well suited for corneal wound applications due to their transparency, non-
cytotoxicity and ability to modulate the myofibroblast phenotype. 

 



POLY 390: Polymer-peptide hybrids: Tuning mechanics via nature’s building 
blocks 

LaShanda Korley2, lashanda.korley@case.edu, Joseph Johnson1, Mesfin Tsige3. (1) 
Case Western Reserve University, Cleveland, Ohio, United States (2) Kent Hale Smith 
Bldg 522, Case Western Reserve University, Cleveland, Ohio, United States (3) 
Department of Polymer Science, University of Akron, Akron, Ohio, United States  

Inspired by natural materials, we have designed a series of polymer-peptide hybrids to 
explore the hierarchical arrangement critical to energy absorption and mechanical 
enhancement We have addressed design strategies for hierarchical assembly and the 
influence of the interfacial region on mechanical behavior via the incorporation of 
ordered regions. Multi-block copolymers, are ideal systems with which to explore ‘soft’ 
domain ordering via variations in secondary structure of nature’s building blocks – 
peptides. The impact of hierarchical ordering on the thermal, mechanical, and 
morphological behavior of these bio-inspired polymers was assessed. Microphase 
segregation, which is key to mechanical response, was achieved, and the β-sheet 
secondary structure was also preserved in the peptidic segment during polymerization. 
Toughness enhancement was observed at low strain (~3%), but a significant reduction 
in extensibility was observed. We have proposed that the lowering of the strain-at-break 
is due to a combination of stress concentrations as result of the proximity of the hard 
domains and the rigid peptide units, the interplay between intra- and inter-molecular 
bonding, and a shift from a flexible continuous matrix to a stiffer continuous matrix. 
Complementing this study is the exploration of polymer-peptide hybrids with tunable 
secondary structure via peptide selection and/or chain length. Using a non-chain 
extended approach, we isolated the impact of peptide ordering on mechanics. 
Examination of the mechanical response of these peptide-polymer hybrids revealed that 
the α-helical and β-sheet content of the peptide could be used as structural handles to 
tailor stiffness, toughness, and extensibility. The sheet-dominant hybrid materials were 
typically tougher and more elastic due to intermolecular H-bonding facilitating load 
distribution, while the helical-prevalent systems generally exhibited higher stiffness. It is 
envisioned that these peptide-polymer platform materials will advance technologies 
related to biomedical devices, and smart coatings/fibers. 

 
 
  



POLY 391: Synthesis and properties of polyamide aerogels from p-
phenylenediamine and terephthaloyl chloride 

Jarrod Williams1, jcwilli1@kent.edu, Mary Ann Meador2, linda mccorkle2. (1) NASA, 
Lakewood, Ohio, United States (2) NASA Glenn Research Center, Cleveland, Ohio, 
United States  

Recently, we reported the first synthesis of cross-linked step-growth polyamide 
aerogels. These materials, made from meta phenylenediamine and combinations of 
isophthaloyl and terephthaloyl chloride, were found to have high surface areas, high 
porosities, and exceptional mechanical characteristics. However, due to deswelling of 
the polymer network during processing, certain formulations exhibited poor formability. 
Our current research focuses on controlling the solubility of polyamides, and as a result 
their deswelling during processing, in order to make aerogels that hold their forms 
throughout the fabrication process. We report here the synthesis of polyamide gels 
made by the condensation polymerization of para phenylenediamine and terepthaloyl 
chloride in the presence of varied quantities of calcium chloride. Removal of both the 
salt and reaction solvent through solvent exchange followed by supercritical CO2 
extraction gives robust, white, monolithic aerogels that maintain their molded shapes 
and have porosities of 90%, densities of 0.10-0.26 g/cm3, and surface areas as high as 
300 m2/g. 

 



POLY 392: Synthesis and characterization of poly(maleic anhydride)s cross-
linked polyimide aerogels 

Haiquan Guo1,2, haiquan_guo@yahoo.com, Mary Ann Meador2. (1) Ohio Aerospace 
Institute, Avon, Ohio, United States (2) NASA Glenn Research Center, Cleveland, Ohio, 
United States  

With the development of technology for aerospace applications, new thermal insulation 
materials are required to be flexible and capable of surviving high heat flux. For 
instance, flexible insulation is needed for inflatable aerodynamic decelerators which are 
used to slow spacecraft for entry, descent and landing (EDL) operations. Polyimide 
aerogels have low density, high porosity, high surface area, and better mechanical 
properties than silica aerogels and can be made into flexible thin films, thus they are 
potential candidates for aerospace needs. The previously reported cross-linkers such as 
octa(aminophenyl)silsesquioxane (OAPS) and 1,3,5-triaminophenoxybenzene (TAB) 
are either expensive or not commercially available. Here, we report the synthesis of a 
series of polyimide aerogels cross-linked using various commercially available 
poly(maleic anhydride)s, as seen in Figure 1. The amine end capped polyimide 
oligomers were made with 3,3’,4,4’-biphenyltetracarboxylic dianhydride (BPDA) and 
diamine combinations of dimethylbenzidine (DMBZ) and 4, 4’-oxydianiline (ODA). The 
resulting aerogels have low density (0.12 g/cm3 to 0.16 g/cm3), high porosity (~90%) 
and high surface area (380-554 m2/g). The effect of the different poly(maleic anhydride) 
cross-linkers and polyimide backbone structures on density, shrinkage, porosity, surface 
area, mechanical properties, moisture resistance and thermal properties will be 
discussed. 
 
Figure 1. The network formation of the poly(maleic anhydride)s cross-linked polyimide 
aerogels. 

 



POLY 393: Hybrid micellar hydrogels of thermosensitive ABA triblock copolymers 
and hairy nanoparticles 

Bin Hu, bhu6@vols.utk.edu, Daniel M. Henn, Roger A. Wright, Bin Zhao. Department of 
Chemistry, University of Tennessee, Knoxville, Tennessee, United States  

Stimuli-responsive block copolymer hydrogels have received growing interest in recent 
years due to their in-situ sol-gel transitions induced by external triggers. These 
hydrogels have potential in a wide variety of applications, including drug delivery and 
tissue engineering. Inorganic and metallic nanoparticles (NPs) with a size from a few to 
tens of nanometers exhibit intriguing optical, electronic, or magnetic properties. 
Rationally incorporating NPs into hydrogels can produce hybrid hydrogels with 
synergistic combinations of two components. We have developed a method to control 
the spatial location of NPs in hybrid hydrogels of thermosensitive ABA triblock 
copolymers and thermoresponsive polymer brush-grafted NPs (hairy NPs) via the 
tuning of the lower critical solution temperature of hairy NPs (LCSTNP) relative to that of 
the thermosensitive block copolymer. When their LCSTs are similar, the NPs reside in 
the core of micelles upon heating. If the LCSTNP is significantly higher, the NPs are 
located outside the core of micelles as confirmed by FRET. The effect of different 
locations of NPs on gel properties is studied by rheometry. The sol-gel transition 
temperature (Tsol-gel) and dynamic storage modulus G' of the gels with NPs inside the 
core of micelles do not change much with increasing the NP-to-polymer mass ratio. In 
contrast, the Tsol-gel of the gels with NPs in the interstitial space of micelles increases 
slightly and the G' decreases significantly with the increase of the NP-to-polymer ratio. 
In addition, for gels with NPs in the interstitial space, a noticeable increase of G' is 
observed around LCSTNP, which is likely caused by the collapsed hairy NPs adsorbing 
dangling or loop polymer chains, increasing the density of bridging chains in the gel 
network. 

 
 
  



POLY 394: Ferulic acid and p-coumaric acid-based copolymers as biorenewable 
polyethylene terephthalate and polystyrene mimics 

Ha Thi Hoang Nguyen, Hanguyen@chem.ufl.edu, Stephen A. Miller. Chemistry, 
University of Florida, Gainesville, Florida, United States  

Polymer chemists have an increasing motivation to develop bio-based commodity 
plastics that are not built from fossil fuels and that degrade more readily in the natural 
environment into benign by-products. An overarching goal is to synthesize polymers 
from abundant and inexpensive biorenewable monomers, yielding materials with 
thermal and mechanical properties which mimic or excel those of commodity polymers. 
Ferulic acid and p-coumaric acid, both naturally occurring hydroxycinnamic acids 
possessing antioxidant properties, derive from lignocellulose. They are used as starting 
materials to synthesize acetylferulic, acetyldihydroferulic, acetylcoumaric, and 
acetyldihydrocoumaric acid monomers. These monomers, when copolymerized at 
various feed ratios, produce copolymers with tunable thermal and physical properties. 
Some copolymers exhibit thermal properties comparable to commercially available non-
renewable packaging plastics—particularly polyethylene terephthalate (PET) and 
polystyrene (PS). For example, the glass transition temperature can be tuned from 78 
°C to 177 °C. With such promising properties, copolyesters from substituted 
hydroxycinnamic acids could prove to be sustainable replacements for non-
biorenewable and non-degradable commodity plastics. 

 
 

 
 



POLY 395: Small structural changes in monomer structure yield divergent 
properties in a class of sustainable polyesters synthesized from glucose and 
castor oil derivatives 

Leon M. Lillie1, leon.m.lillie@gmail.com, William C. Shearouse1, Theresa M. Reineke1, 
William B. Tolman2. (1) Chemistry, University of Minnesota, Saint Paul, Minnesota, 
United States (2) Chemistry Dept, University of Minnesota, Minneapolis, Minnesota, 
United States  

The castor oil derivative, 10-undecenoyl chloride was combined with the glucose 
derivatives, isosorbide and glucarodilactone to produce, isosorbide undecenoate (IU) 
and glucarodilactone undecenoate (GDLU). The α,ω-diene functionality within these 
monomers enable synthesis of the homopolymers P(GDLU) and P(IU) along with two 
copolymer samples, a 46:54 mol percent P1(GDLU-co-IU) and a 52:48 mole percent 
P1(GDLU-co-IU), via acyclic diene metathesis (ADMET) polymerization. Small structural 
changes between the different sugar-derivative components of the monomers was 
observed to induce disparate properties in the respective polymers. While both 
homopolymers were determined to be semicrystalline, P(IU) had a lower glass transition 
temperature (Tg = -10 ˚C) and greater thermal stability (Td = 369 ˚C) than P(GDLU) (Tg = 
32 ˚C, Td = 206 ˚C). The copolymers P1,2(GDLU-co-IU) had similar thermal stability to 
P(GDLU) (Td= 210 ˚C and 203 ˚C) but were observed to be significantly less crystalline, 
exhibit elastomeric tensile properties, and possess shape memory properties. Hydrolytic 
stability testing showed that these polymers were stable in acidic and neutral aqueous 
environments and polymers containing GDLU were found to quickly degrade under 
basic conditions. 

 
 
  



POLY 396: Vulcanization of silicone conformal coatings for anti-corrosion 
applications 

Jason Wertz1, jtwertz@us.ibm.com, Brandon M. Kobilka2, Joe Kuczynski3, Jing Zhang1, 
Dylan Boday4. (1) IBM, Poughkeepsie, New York, United States (2) IBM, Tucson, 
Arizona, United States (3) IBM, Tampa, Florida, United States (4) IBM, Austin, Texas, 
United States  

Common protection of electronics, from harsh environmental conditions, is through the 
use of silicone conformal coatings (CCs). It has been found that silicone CCs act as a 
“sponge”, with high levels of sulfur soluble in the coatings, thus expediting component 
failures in sulfur-rich environments. CCs routinely contain silica for rheology controls 
and improvement of mechanical properties. However, these fillers do not protect the 
metal conductors from corrosion. Here, we demonstrate the modification of silicone CCs 
to provide corrosion protection in harsh environments via unsaturated groups along the 
polymer chain. Through the use of accelerators and activators blended into the modified 
silicone CCs, the resulting composition undergoes vulcanization chemistry in order to 
scavenge sulfur from the harsh environment. This processes further prevents the 
diffusion on the corrosive agent through the CCs. Electrical testing was performed by 
coating resistors with the modified silicone and tested within a sulfur-rich environment to 
determine the effectiveness of the coating. Details relating to the preparation, 
characterization, and application in preventing corrosion will be discussed. 

 
 
  



POLY 397: Sulfur-rich polymer nanoparticles through interfacial polymerization: 
Synthesis, size control, and sulfur content variation 

Jeewoo Lim1, eemjeewoo@gmail.com, Unho Jung1, Jeffrey Pyun2, Kookheon Char1. 
(1) Chemical and Biological Eng, Seoul National University, Seoul, Korea (the Republic 
of) (2) University of Arizona, Tucson, Arizona, United States  

Sulfur-rich polymers are garnering keen interest for their utility in optical, 
electrochemical, and agricultural applications, along with the potential of employing S-S 
bonds in dynamic covalent bond chemistry. A major drawback associated with sulfur-
rich polymers is that they are insoluble, and the processing options for the polymers is 
severly limited. Recently, our group has been working on various methods to synthesize 
sulfur-rich polymers in solvent-dispersible nanoparticle forms. We herein report one 
such method involving the interfacial polymerization between 1,2,3-trichloropropane and 
sodium polysulfide in water in the presence of cationic phase-transfer catalyst capable 
of serving a dual role as a surfactant. The interfacial polymerization yields well-defined 
sulfur-rich nanoparticles, the sizes of which is readily controlled from below 100 nm to 
neary 1 μm through a combination of variations in phase transfer catalyst concentration 
and the rank of sodium polysulfide used. The rank of the sodium polysulfide is also used 
as a handle to control the sulfur contents of the nanoparticles, and the nanoparticles are 
obtained with sulfur contents between 60% and 85%. The resulting sulfur-rich NPs are 
characterized through elemental analysis, dynamic light scattering, z-potential 
measurement, and scanning electron microscopy. 

 
 
  



POLY 398: Preparation and properties of phosphonium polyelectrolytes: 
Synthesis, film characterization, and supramolecular assembly with conjugated 
polyelectrolytes 

Rhett Smith, rhett@clemson.edu, Catherine A. Conrad, Xiaoyan Yang, Wang Wan, 
Monte S. Bedford. Clemson University, Clemson, South Carolina, United States  

Transition metal-catalyzed P-C coupling routes and step growth polymerization routes 
were used to prepare a wide range of phosphonium polyelectrolytes (Figure 1). A series 
of sixteen cationic polymers have been prepared wherein the spacer was varied to 
include alkylene spacers of different lengths and aryl spacers of variable rigidity, as well 
as chromophoric spacers and metal-ligating units. Thermal and chemical stability of the 
materials, AFM and SEM images of films, spectroscopic and electrochemical studies 
will be reported. The length of spacer and the distribution of charge showed significant 
influences on stability, film morphology and the extent of crystallinity of the polymers. 
The cationic polymers were then used in supramolecularly-assembled films with several 
carboxylate-derivatized polythiophenes. The polythiophene derivatives were chosen to 
provide variable average distance between anionic sites, and the cation-anion distance 
matching effects were explored. Several structure-property relationships were observed 
over the film morphology, film composition and film growth characteristics. Film 
morphology and composition also depended heavily on whether an even- and odd-
number of methylene spacers were present between charge-bearing sites in the 
phosphonium polyelectrolytes having alkylene spacers. 

 



POLY 399: Degradation of thermoset shape memory polyurethanes and foams 

Andrew C. Weems, andrewc.weems@yahoo.com, Duncan J. Maitland. Biomedical 
Engineering, Texas A&M University, College Station, Texas, United States  

Shape memory polymers (SMPs) have received attention for their potential uses as 
medical devices due to the lowered invasiveness of medical procedures and better 
clinical outcomes, however long term stability and degradation behavior require further 
investigation. Most polyurethane degradation studies target thermoplastic chains, with 
degradation primarily occurring in the soft segments. The lack of segmentation in 
thermoset SMPs potentially provides a more stable material. The goal of the presented 
work is to determine the roles of surface area, hydrophobicity, chemical composition, 
and crosslink density in degradation. These properties were tailored using both aliphatic 
diisocyanate species (trimethyl hexamethylene diisocyanate (TMHDI), hexamethylene 
diisocyanate (HDI) and isophorone diisocycanate (IPDI)) and polyol species (N,N,N’,N’-
Tetrakis(2-hydroxypropyl)ethylenediamine (HPED, tetra-ol) and triethanolamine (TEA, 
triol)), for both porous and non-porous materials. The materials showed substantial 
oxidative degradation in H2O2 solution, within days (Figure 1). Minimal hydrolytic 
degradation (PBS solution) was observed over 40 days; examinations are still ongoing. 
 
Porous media demonstrated rapid degradation, with hydrophilic foams undergoing total 
loss of mechanical integrity within 6 days, and complete mass loss by approximately 9 
days. Solid hydrophilic samples underwent total mass loss by approximately 23 days 
and hydrophobic samples retained approximately 5% mass after 33 days; distinct 
surface changes were seen within three days, and molecular fragments of 600 Da or 
less were present throughout testing. We propose a mechanism for the degradation 
with chain scission occurring within alcohol monomers, not at the urethane linkage, and 
examine methods for altering degradation rates. In summary, we propose a degradation 
mechanism of thermoset SMP polyurethane foams and solid polymers based on a 
variety of chemical properties. 

 
 



POLY 400: Studying of supercritical carbon dioxide effect on physicochemical 
properties of cassava-based cellulose 

Phawinee Nanta1, Wanwisa Skolpap1, Kittiwut Kasemwong2, kittiwut.k@outlook.com. 
(1) Department of Chemical Engineering, Faculty of Engineering, Thammasat 
University, Klong Luang , Pathum Thani, Thailand (2) National Nanotechnology Center 
(NANOTEC), National Science and Technology Center, Klong Luang , Pathum Thani, 
Thailand  

There is a growing demand to develop products from bio-based materials and use 
technologies that can untie the broad dependence on fossil fuels and non-renewable 
resources. Supercritical carbon dioxide (SCF-CO2) has been used for developing green 
chemical processes because of its superior properties and environmentally acceptable. 
For a high molecular weight or hydrophilic components such as cellulose, SCF-CO2 is 
used as a green suspension medium for reaction or modification processes. Various 
experimental parameters (pressure, temperature and co-solvent) are available to 
measure the effect of SCF-CO2 on microfibrilled level variation of cellulose purified from 
cassava waste. Water swelling is employed to investigate the transformation of 
cellulose chain arrangement. DSC, XRD and TEM are employed to study 
physicochemical properties of cellulose. TEM preliminary result shows that cellulose 
can be isolated into microfibrilled form in SCF-CO2. The microfilled dimensions are in 
the range of 8-13 nm diameter and several nanometers in length. 

 
 
  



POLY 401: Correlating cyclic defects with mechanical properties in trifunctional 
and tetrafunctional poly(ethylene glycol) networks 

Ken Kawamoto2, ken_k@mit.edu, Mingjiang Zhong2,1, Bradley D. Olsen1, Jeremiah A. 
Johnson2. (1) Chemical Engineering, MIT, Cambridge, Massachusetts, United States (2) 
Chemistry, Massachusetts Institute of Technology, Cambridge, Massachusetts, United 
States  

The understanding of polymer networks at the molecular level is motivated by their 
broad range of applications, including tissue engineering, commercial hydrogel 
products, adhesives, and other commodity products. Though it is known that the 
inclusion of elastically inactive defects affects the mechanical property of materials, no 
direct relation of these defects and mechanical properties has been established. 
Theoretical models of unentangled network deformation, including the phantom network 
theory and the affine network theory, have been developed to relate the modulus of 
polymer networks to the density of elastically effective chains, ν. The models predict 
that the shear modulus of a gel, G', can be quantified by the equation G' = CνkT, where 
kT is the thermal energy and C is a constant that has a value of 1 for the affine network 
theory and 1-2/f for the phantom network theory, where f is the branch functionality of 
the networks. However, the validity of these theories has not been previously 
demonstrated experimentally due to the difficulty of quantifying ν. 
 
Previously we reported the quantification of elastically inactive defects, specifically 
primary loops, in tetrafunctional networks and networks of mixed junction functionality. 
Here, we prepared trifunctional and tetrafunctional gels at varying initial concentrations, 
and tested their mechanical properties by oscillatory rheology. The fraction of elastically 
ineffective chains measured using our analytical paradigm allows us to determine the 
contribution of molecular defects to mechanical property. This work is the first 
demonstration of the correlation between primary loops and mechanical property on the 
macro scale. 

 
 
  



POLY 402: Dynamic metallo-supramolecular rubber 

Yufeng Wang3, wangyf@mit.edu, Mingjiang Zhong2, Aleksandr V. Zhukhovitskiy1, 
Jeremiah A. Johnson4. (1) Chemistry, MIT, Cambridge, Massachusetts, United States 
(2) Massachusetts Institute of Technology, Cambridge, Massachusetts, United States 
(3) Chemistry, Massachusetts Institute of Technology, Cambridge, Massachusetts, 
United States (4) MIT, Massachusetts Institute of Technology, Boston, Massachusetts, 
United States  

We introduce a polymer network bearing two types of physical crosslink junctions 
creating materials with dynamic mechanical properties. A block copolymer-poly(styrene-
n-butylacrylate)-was synthesized and the chain end was functionalized with bis-pyridine 
containing ligands. Upon adding palladium salt, the polymer self-assembled in solution, 
forming micelle nanoparticles driven by palladium-pyridine metal coordination. When the 
solvent is removed, the polymer phase-separated and produced polystyrene micro 
domains, which, together with the metal-ligand center, serve as crosslink junctions. Due 
to their non-covalent nature, those crosslinks led to the formation of rubbery materials 
with dynamic rheological characteristics. 

 
 
  



POLY 403: Cu-catalyzed multicomponent polymerization 

Tae-Lim Choi, tlc@snu.ac.kr. School of Chemistry, Seoul National University, Seoul, 
Korea (the Republic of)  

Multicomponent reactions (MCRs) have received great attention because of their simple 
access to the synthesis of complex molecules. MCRs have recently introduced to 
polymer synthesis and multicomponent polymerizations (MCPs) produced various 
polymer structures through step-growth polymerization, for instance, poly-(ester ether 
ketone), polyurethane, polythiourethane, and π-conjugated polymers and others. 
Recently, we described a successful method for the synthesis of various poly(N-
sulfonylamidines) using Cu-catalyzed MCP. By using the Cu-catalyzed three component 
reaction which was developed by Chang group, we have successfully synthesized 
various high-molecular-weight, defect-free poly(N-sulfonylamidine) structures from a 
broad range of monomers. Three types of monomers (diynes, sulfonyl azides, and diols) 
are bench stable and readily accessible. Moreover, the formation of polyimidates is 
highly selective over the conventional click reactions. Most importantly, this report 
demonstrates a successful MCP that overcomes the many drawbacks of previous MCP 
methods showing narrow monomer scope and producing low-molecular-weight 
polymers. 
We also extended this MCP method to produce a library of poly(N-sulfonylimidates) by 
using diols instead of diamines. Although the molecular weights of these polyimidates 
were lower than polyamidines, the monomer scope was still broad. More synthesis 
using Cu catalyzed polymerization and post-modification will be introduced in this 
presentation. 

 



POLY 404: Catalyst-free multicomponent polymerizations of alkynes, elemental 
sulfur, and amine 

Rongrong Hu, msrrhu@scut.edu.cn, Weizhang Li, Ben-Zhong Tang. School of 
Materials Science and Engineering, South China University of Technology, Guangzhou, 
China  

Multicomponent reactions (MCRs) are developed as powerful polymerization techniques 
for the preparation of functional polymers, because of their unique advantages such as 
high atom economy, high efficiency, and simple procedure. Of all the multicomponent 
polymerizations (MCPs), the MCPs of alkynes have attracted much attention, owing to 
the rich chemistry of alkyne triple bond and the potential advanced functionalities of the 
polymer products. Several MCPs based on alkyne monomers are reported such as the 
MCPs of alkynes, aldehydes, and amines, as well as the MCPs of alkynes, azides, and 
amines/alcohols. We have also developed a series of metal-catalyzed multicomponent 
tandem polymerizations to afford conjugated polymers. 
To maximize the reaction economy and realize “green” chemistry, we developed a 
highly efficient and atom economic MCP of commercial alkynes, elemental sulfur, and 
amine recently. This polymerization can be proceeded smoothly in a catalyst-free 
manner with 100% atom utilization to afford polymer products with high molecular 
weight and high yield. It also demonstrates a convenient approach to convert the 
abundant, inexpensive elemental sulfur into functional polythioamides with unique and 
well-defined structures. Interestingly, fluorescence emission is observed from the 
polythioamides, despite of the absence of typical fluorophores. This “green” 
polymerization approach is anticipated to trigger new ideas and accelerate the 
development of efficient and economic MCPs towards functional polymer materials. 
 
References 
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2. Hu, R.; Tang, B. Z. Adv. Polym. Sci. 2014, DOI: 10.1007/12_2014_303. 
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POLY 405: Passerini multicomponent polymerization for new polymers with a 
range of diversity in both structure and function 

Zi-Chen Li, zcli@pku.edu.cn. Peking University, Beijing, China  

Isocyanide based multicomponent reactions (IMCRs) are very efficient atom-economical 
reactions that can assemble three or more different components into one molecule in a 
one-pot process, and have therefore been playing important roles in many fields. 
Among the IMCRs, Passerini reaction, a three component reaction first described in 
1921, has been proved to be a powerful synthetic method that can yield an ester-amide 
linkage from a carboxylic acid, an aldehyde and an isocyanide. It is thus quite 
advantageous to use this reaction to prepare polymers with different architectures and 
functional groups in a very efficient and straightforward way. We extended the scope of 
Passerini reaction in polymer science as a multicomponent polymerization method. By 
taking the advantage of unique feature of the polymerization, a range of polymers with 
diversity in both structure and function were synthesized. These include linear polymers, 
polymers with branched structures, photo-and oxidation-degradable polymers. 

 
 
  



POLY 406: Isocyanide-free multicomponent reactions for postpolymerization 
modifications 

Ryohei Kakuchi1,2, kakuchi@se.kanazawa-u.ac.jp, Patrick Theato2. (1) Faculty of 
Natural System, Institute of Science and Engineering, Kanazawa University, Kanazawa, 
Japan (2) Inst for Technical Macromolecular Chem, University of Hamburg, Hamburg, 
Germany  

Along with a demand on functionalized polymers in a wide range of applications, 
polymers that accepts cheical modifications received increasing attention. This is owing 
to their reliable and robust ability to afford functionalized polymeric materials without 
painful chemical conversions. In this context, multi component reaction have been 
gaining increasing attentions in the field of polymer chemistry. Generally, isocyanide-
based multicomponent reactions (IMCRs) have played an important role in the polymer 
chemistry because the majority of MCRs rely on the intrinsic reactivity of isocyanides. 
However, IMCRs suffer from drawbacks owing to the chemical characters of 
isocyanides. As already well-known, isocyanide derivatives show odors, which limits the 
practical handling of the compounds. In addition, there are only a limited number of 
synthetic procedures for isocyanides, with most of them being quite time-consuming. 
Hence, caution and time are needed to carry out IMCRs, especially due to the extreme 
odor of isocyanides, which limits IMCRs in practical applications where non-experts 
need to conduct chemical reactions. Therefore, MCRs that do not rely on isocyanides 
are very useful for a lot of scientists who is not willing to handle isocyanides. In this 
context, the author paid attention to a renovation of post-modification processes by 
introducing MCRs that do not rely on isocyanides. In this presentation, the author will 
show a new synthetic possibility of post-modification reactions by employing MCRs that 
do not rely on isocyanides and applications thereof for producing highly functionalized 
polymers 

 
 
  



POLY 407: Multicomponent coupling approaches to conjugated poly(1,3-dipoles) 
and polyheterocycles 

Laure V. Kayser2, laure.kayser@mail.mcgill.ca, Bruce Arndtsen1. (1) Chem Dept, 
McGill Univ, Montreal, Quebec, Canada (2) Chemistry, McGill University, Montreal, 
Quebec, Canada  

Conjugated polymers have emerged over the past decades as an interesting class of 
organic materials with applications as semiconductors, sensors, transistors, light-
emitting diodes, and in photovoltaics. However, their multistep synthesis is often a 
limitation for accessing tunable properties and for their large-scale production. In this 
context, a modular synthetic method from simple starting materials could prove useful. 
To address these challenges, we have developed two multicomponent polymerization 
platforms; a palladium-catalyzed carbonylation and a complementary metal-free 
reaction mediated by phosphines. These approaches use simple starting materials (bis-
imines, bis-acid chlorides, alkynes, alkenes) to generate conjugated polymers with 
complex repeat units in one-pot. Families of conjugated polymers with tunable 
properties can be easily accessed by changing each of the monomers. This talk will 
describe the development of the methodologies, the libraries of polymers that can be 
generated, and their optical and electronic properties. This new approach allows for the 
flexible and efficient generation of new classes of conjugated polymers from available 
substrates, in high purity and with minimal waste. 

 
 
  



POLY 408: Functionalized ABC triblock copolymers: Multicompartment micelles 
as a scaffold for advanced nanoreactors 

Aaron Cohen, aarcoh@gmail.com, Marcus Weck. New York University, New York, 
New York, United States  

The morphology of ABC triblock copolymers in solution features a far greater level of 
diversity and complexity than AB diblock copolymers. In particularly, if the three blocks 
are incompatible with one another, such a triblock copolymer can form a 
multicompartment micelle in a selective solvent. This morphology is typically achieved 
using hydrophobic, hydrophilic, and fluorophilic blocks, in which the fluorophilic block is 
both hydrophobic and lipophobic. Although multicompartment micelles have been 
prepared and characterized by several groups to date, their applications remain limited. 
This is largely due to their synthetic pathway, which typically employs commercially 
available monomers that lack reactive groups. This presentation will introduce a new 
type of ABC triblock copolymer prepared from hydrophobic, hydrophilic, and fluorophilic 
monomers, in which each of the three blocks possess a "functional handle," allowing for 
the conjugation of various small molecules to each block via a series of orthogonal post-
polymerization reactions. Such a triblock copolymer is expected to form a 
multicompartment micelle in an aqueous environment. Ultimately, conjugating different 
catalysts to each of the three blocks would allow such a system to be used as an 
advanced nano-reactor, capable of carrying out various multistep tandem reactions. 

 
 
  



POLY 409: Chemoselective polymerization: From multicomponent feedstocks to 
sequence controlled block copolyesters 

Yunqing Zhu2, y.zhu13@imperial.ac.uk, Charles Romain1, Charlotte K. Williams1. (1) 
Imperial College London, London, United Kingdom (2) Chemistry, Imperial College 
London, London, United Kingdom  

Nature is an infinite source of inspiration for researchers, especially in the field of 
synthetic polymer chemistry. While natural biomacromolecules, such as DNA, proteins 
and polysaccharides, are polymerized with highly controlled sequences via biocatalytic 
reactions, sequence control in synthetic polymers has remained extremely challenging. 
Our approach has been to develop new catalytic routes to prepare multi-block 
copolyesters, using a novel sequence controlled method which is capable of a very 
unusual type of chemo-selectivity. This method has enabled us to prepare a range of 
different multi-block copolyesters incorporating hard/soft or hydrophilic/phobic segments 
with high selectivity from a multi-component feedstock (mixtures of monomers). This 
lecture will focus on the ability to sequentially and selectively polymerize lactones, 
epoxides and cyclic anhydrides to produce a range of these novel copolyesters. The 
polymerization methods, controlled nature and properties of the aliphatic polyesters will 
be described and opportunities for their future applications as commodity and/or 
biomedical materials will be highlighted. 

 
 
  



POLY 410: Oxidized sulfur polyolefin functionalization via ADMET 

Taylor W. Gaines1, Edward B. Trigg2, Karen I. Winey2, Kenneth B. Wagener1, 
wagener@chem.ufl.edu. (1) Dept. of Chemistry, University of Florida, Gainesville, 
Florida, United States (2) Materials Sci. Eng., University of Pennsylvania, Philadelphia, 
Pennsylvania, United States  

A series of polymers containing oxidized sulfur functionalities were synthesized via 
ADMET. Sulfone, sulfonic acid, and sulfonimide functionalities were exploited to 
functionalize linear backbones with pendent and incorporated polar groups. The sulfur 
group concentrations were altered systematically by incorporating precisely known alkyl 
run-lengths ranging from 8 to 20 carbons between each placement. Precision 
polysulfones placed every 8 methylenes melt much higher (170 °C) than those placed at 
longer run-lengths of 14 and 20 carbons (165 °C and 115 °C, respectively), a trend 
opposite to that of other precisely functionalized ADMET materials. Polymers containing 
precisely placed pendent sulfonic acids were synthesized possessing acids every 9th 
and 21st carbon with weight-average molecular weights exceeding 50,000 g/mol. 
Contrary to pendent acids, acidic sulfonimides were incorporated into backbones 
allowing for morphological investigation and comparison. 

 
 
  



POLY 411: Tandem living radical polymerization with transesterification as 
modular synthetic approaches to gradient, telechelic, and pinpoint-functionalized 
polymers 

Takaya Terashima, terashima@living.polym.kyoto-u.ac.jp, Yusuke Ogura, Mitsuo 
Sawamoto. Department of Polymer Chemistry, Graduate School of Engineering, Kyoto 
University, Kyoto, Japan  

In this paper, we report modular synthetic approaches to gradient, telechelic, and 
pinpoint-functionalized polymers via concurrent or sequential tandem living radical 
polymerization with transesterification. Various gradient copolymers were directly 
prepared in one-pot by the synchronized tandem catalysis of ruthenium-catalyzed living 
radical polymerization and metal alkoxide-mediated transesterification of methacrylates 
(R1MA) with alcohols (R2OH). Here, R1MA (monomer) is selectively transesterified into 
R2MA with R2OH where the monomer composition in solutions gradually changes from 
R1MA alone to R2MA-rich mixture along with polymerization, resulting in gradient 
copolymers from R1MA to R2MA. Functional gradient copolymers with unique physical 
properties were thus effectively obtained with various alcohols [e.g., dodecanol, 
poly(ethylene glycol), fluorinated alcohols] and methacrylates (e.g., methyl 
methacrylate, perfluorinated alkyl methacrylates). The tandem catalysis further 
successfully provided sequence-controlled copolymers including random-gradient 
copolymers and gradient-block copolymers, in addition to conventional random 
copolymers and block copolymers. Selective post-transesterification of the terminal 
esters in chlorine-capped poly(methyl methacrylate)s was also achieved to give 
chlorine-capped telechelic polymers; living radical polymerization therefrom efficiently 
gave pinpoint-functionalized polymers. 
J. Am. Chem. Soc. 2009, 131, 13600; J. Am. Chem. Soc. 2012, 134, 4373; ACS Macro 
Lett. 2013, 2, 985; ACS Symp. Ser. 2014, 1170, 255; Polym. J. 2014, 46, 664. 

 
 
  



POLY 412: Novel preparation of hybrid thiol-acrylate/thiol-epoxy materials 
synthesized using a single base-catalyzed cure 

Elizabeth A. Dhulst1, lizdhulst@gmail.com, John M. Torkelson1,3, William Heath2, 
Nathan Wilmot2. (1) Chemical and Biological Engineering, Northwestern University, 
Evanston, Illinois, United States (2) B1608, Dow Chemical, Freeport, Texas, United 
States (3) Materials Science and Engineering, Northwestern University, Evanston, 
Illinois, United States  

Recently, the desire for new polymeric materials with tailorable properties has directed 
interest toward multi-component syntheses. In polymer science, multi-component 
chemistry is most commonly used in the field of interpenetrating polymer networks 
(IPNs). IPNs contain two or more polymer networks that are cured simultaneously using 
separate mechanisms to physically interlock. In contrast to IPNs, a hybrid polymer 
network (HPN) contains a monomer with functional groups that are capable of reacting 
with both networks, resulting in chemical crosslinking. Here, novel HPNs were 
synthesized using thiol-, epoxide- and acrylate-functionalized starting materials. While 
past research efforts on such systems have employed a combination of sequential UV 
and thermally initiated reactions of thiols with (meth)acrylate and epoxide functional 
groups, we have created hybrids using room temperature reactions and base catalysis 
with 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU). Both simultaneous and sequential 
curing approaches have been employed. Kinetics analysis demonstrates that thiol-
acrylate reactions are considerably faster than thiol-epoxy reactions in the presence of 
DBU. (In the absence of DBU, thiol-epoxy reactions exhibit little to no conversion at 
room temperature). With some low molecular weight reactants, single-phase materials 
are produced which exhibit the same thermal and mechanical properties when reactions 
are run simultaneously or sequentially. With some higher molecular weight reactants, 
microphase separated materials are produced, as evidenced by the presence of two 
glass transition temperatures. The microphase separated HPNs exhibit properties that 
are highly tunable by sequential reaction order. 

 
 
  



POLY 413: Particle brush materials: Building blocks for multifunctional 
nanocomposites with engineered properties 

Michael R. Bockstaller, bockstaller@cmu.edu. Carnegie Mellon University, Pittsburgh, 
Pennsylvania, United States  

Recent progress in the area of surface-initiated controlled radical polymerization (SI-
CRP) has enabled the synthesis of polymer-grafted particulates with precise control 
over the architecture of grafted chains. The resulting ‘particle brush materials’are of 
interest both from a fundamental as well as applied perspective because structural 
frustrations (that are associated with the tethering of chains to a curved surface) imply a 
sensitive dependence of the conformation of surface-grafted chains on the architecture 
of the particle brush. The opportunity to control chain conformation in hierarchically 
organized hybrid materials with precisely controlled microstructure renders particle 
brush materials intriguing building blocks for innovative material systems that could 
have a transformative impact on a range of ‘soft material’technologies.This presentation 
will showcase results of ongoing experimental studies that aim to harness the 
distinctively different property characteristics associated with ‘stretched’and 
‘relaxed’polymer segments to facilitate novel functional materials for applications such 
as high breakdown dielectrics, LED encapsulants or phononic crystal materials. 

 
 
  



POLY 414: Polymerizations with elemental sulfur 

Jeffrey Pyun1,2, jpyun@email.arizona.edu. (1) Chemistry, University of Arizona, 
Tucson, Arizona, United States (2) School of Chemical and Biological Engineering, 
Program for Chemical Convergence for Energy & Environment , Seoul National 
University, Seoul, Korea (the Democratic People's Republic of)  

We will discuss our recent efforts on the polymerization of elemental sulfur to prepare 
chemically stable copolymers with a very high content of sulfur (50-90 wt% sulfur). 
While the thermally initiated ring-opening polymerization (ROP) of elemental sulfur to 
form polymeric sulfur has long been known, this form of polymeric sulfur depolymerizes. 
Furthermore, polymeric sulfur formed from this process is an intractable, brittle material. 
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). The 
inverse vulcanization process is essentially a bulk copolymerization of sulfur and DIB 
that mechanistically is a thermally initiated thiol-ene reaction. We will discuss our recent 
effort to polymerize sulfur with novel comonomers based on functional alkynes and 
styrenics to improve the electrochemical and electrical properties of sulfur based 
polymeric materials. [figure1] 

 
 
  



POLY 415: Mimicking fibrous biological tissues and beyond 

Eugenia Kumacheva, ekumache@chem.utoronto.ca. University of Toronto, Toronto, 
Ontario, Canada  

Plants possess a unique ability to adapt their shape to the changing ambient 
environment. Shape transformations are governed by the non-uniform accumulation of 
elastic energy and the release of localized stresses in plant tissue. The self-shaping 
behaviour of plants offers a useful paradigm for creating adaptable, actuating soft 
matter materials by design, however complex 3D shape transformations in soft matter 
are challenging and are limited mostly to simple folding or buckling. Being inspired by 
the remarkable structure-property relations in fibrous tissues of plants, we developed a 
nature-inspired strategy for the generation of complex 3D structures by stimuli-
responsive composite hydrogels. In comparison with earlier works, large-scale shape 
transitions were achieved by utilizing small-scale fiber-like modulations in composition 
and structure of planar hydrogel sheets. A combination of different materials and stimuli 
was used to program well-defined shape transitions. Furthermore, small-scale features 
allowed us to "program" multiple stable shapes, each realized under a specific stimulus, 
and surfaces with multiple curvatures. This work constitutes a major step towards the 
preprogrammed design of adaptable soft materials with applications in sensing and 
actuation. 

 
 
  



POLY 416: Polymer-protein conjugates for the treatment of disease 

Bryan S. Tucker, Charles A. Figg, Brent S. Sumerlin, sumerlin@chem.ufl.edu. 
Department of Chemistry, University of Florida, Gainesville, Florida, United States  

This presentation will describe our recent work in the area of polymer-protein 
conjugates,1 with particular focus on the development of new synthetic strategies and 
the effect of polymer architecture on the in vivo properties of the proteins to which the 
polymers are attached. Both the grafting-to and grafting-from approaches were 
employed. Grafting-to was accomplished by conjugation of RAFT-generated polymers 
by copper(I) catalyzed azide-alkyne cycloaddition, thiol-ene Michael addition, or 
amidation of activated esters. Each conjugation method was highly efficient and led to 
polymer-protein conjugates in high yield. While the first two methods allowed site-
specific functionalization of thiols in cysteine residues in either bovine serum albumin 
(BSA) or ovalbumin, the latter approach targeted free amine groups contained in either 
lysine residues or the amine terminus of lysozyme. Conjugation of RAFT polymers to 
proteins was also accomplished by first immobilizing the R-group of a RAFT agent to a 
protein and subsequently conducting the polymerization of a vinyl monomer in the 
presence of the protein macro-chain transfer agent.2 In addition to using RAFT to 
prepare homopolymer conjugates, this presentation will also discuss examples of block 
copolymer-protein conjugates prepared by two consecutive grafting-from 
polymerizations. Our recent results regarding the application of controlled radical 
polymerization for the modification of therapeutically relevant proteins will also be 
discussed. 

 
 
  



POLY 417: Methods for diversifying protein structure 

David A. Tirrell, tirrell@caltech.edu. MC 210-41, Caltech, Pasadena, California, United 
States  

By designing and expressing artificial genes, polymer chemists can prepare 
macromolecular systems characterized by uniform chain length, sequence and 
stereochemistry. But the same molecular mechanisms that provide good control of 
chain architecture also limit the diversity of protein structure. This lecture will examine 
several complementary strategies for diversifying the products of cellular protein 
synthesis, including the incorporation of non-canonical amino acids, the preparation of 
non-linear proteins, and programmed post-translational modification. 

 
  



POLY 418: From new catalytic and initiating systems for ATRP to new materials 

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

New initiating and catalytic systems for ATRP (atom transfer radical polymerization) will 
be discussed. They include several new chemical reducing agents and also electricity 
and light. They have been applied to synthesis of various new advanced nanostructured 
materials. 

 
 
  



POLY 419: Mesoscale-structuring of polymeric ionic liquids 

Folikumah Makafui1, Clement Appiah1, Parvin Zare1, Anja Stojanovic-Marinow1, Frieder 
Kremer2, Wolfgang H. Binder1, wolfgang.binder@chemie.uni-halle.de. (1) Faculty of 
Natural Sciences II, Martin-Luther University Halle-Wittenberg, Halle, Germany (2) 
Physics, University of Leipzig, Leipzig, Saxony, Germany  

Polymeric ionic liquids (poly-ILs)1 display enhanced mechanical stability over many 
orders of magnitudes, addressing thermoplastic, duroplastic and even rubbery behavior. 
An additional level of mesoscale-structural complexity leads to the hierarchical 
organization of ionic clusters on several length scales, (e.g., crystallization, microphase 
separation, conformational constraints within a polymer chain). 
We discuss the different structuring effects of mesoscaled poly-ILs. Starting from the 
synthetic architectural design of poly-ILs2,3 and poly-IL-modified nanoparticles4, cluster 
formation in poly-ILs and its exploitation in self-healing materials,5 in polymeric fuel cell 
membranes (PFCMs)6 and as lubricants7 are discussed. Dynamic time-scales of cluster 
reorganization8 in eg. self-healing materials9 and charge transport-properties can be 
investigated and understood. 
1.Yuan, J.; Mecerreyes, D.; Antonietti, M., Progr. Polym. Sci. 2013, 38 (7), 1009-1036. 
2. Döhler, D.; Zare, P.; Binder, W. H., Polym. Chem. 2014, 5 (3), 992-1000 
3. Zare, P.; Stojanovic, A.; Binder, W. H. et. al., J. Polym. Sci. Part A: Polymer Chemistry 2013, 
1 (51), 190-202. 
4. Osim, W.; Binder, W. H. et. al., Chem. Commun. 2013, 49 (81), 9311-9313. 
5. Binder*, W. H., Self-Healing Polymers. From Principles to Applications. Wiley-VCH Verlag 
GmbH & Co. KGaA: Weinheim, 2013; p 425 pages. 
6. (a) Li, N.; Guiver, M. D.; Binder, W. H., ChemSusChem 2013, 6 (8), 1376–1383; (b) Li*, N.; 
Binder, W. H. et. al., Energy & Environ. Sci. 2012, 5 (7), 7888-7892. 
7. Pagano, F.; Binder, W. H.; Igartua, A. et. al., Proc. I. Mech. Eng., Part J: J. Engineering 
Tribology 2012, 226 (11), 952-964. 
8. Stojanovic, A.; Binder, W. H. et. al., J. Mater. Chem. A 2013, 1 (39), 12159-12169. 
9. Akbarzadeh, J.; Binder, W. H.; Peterlik, H. et. al., Bioinspired, Biomimetic and 
Nanobiomaterials 2014, 3 (3), 123-130. 

 



POLY 420: Molecular weight effects on ionic conductivity in diblock 
copolymer/ionic liquid mixtures 

Karen I. Winey, winey@seas.upenn.edu. Materials Sci. Eng., University of 
Pennsylvania, Philadelphia, Pennsylvania, United States  

A variety of block copolymer systems are being explored as solid polymer electrolytes in 
a variety of energy-related applications, particularly batteries. Mixtures of block 
copolymers and ionic liquids have produced ion conductivities that are unexpectedly 
high given the volume fraction of the conductive microdomains and the conductivity of 
the corresponding homopolymer/ionic liquid mixtures. To isolate the contribution of the 
diblock copolymer’s molecular weight on ion conductivity, we block copolymer / ionic 
liquid mixtures having the same overall compositions, morphology type (lamellar), and 
extent of morphology anisotropy. Specifically, we used two poly(styrene-b-methyl 
methacrylate) diblock copolymers with 31.5wt% PMMA and total molecular weights of 
31.5 and 67.1 kg/mol. Both block copolymers were combined with 1-ethyl-3-methyl-
imidazolium bis(trifluoromethylsulfonylimide) (SbMMA/IL), which preferentially swells the 
PMMA blocks, and the thermal transitions, morphologies, and ionic conductivities of 
these mixtures were characterized by differential scanning calorimetry, small-angle X-
ray scattering, and electrochemical impedance spectroscopy. The SbMMA/IL films 
prepared by solvent evaporation exhibit strongly microphase-separated lamellar 
morphology with long-range order. Two glass transition temperatures (Tg) are observed 
over a range of IL compositions, corresponding to PS and PMMA/IL microdomains. The 
Tg,PMMA/IL is comparable to the homopolymer PMMA mixtures at the same IL contents. 
Mixtures prepared using the higher molecular weight SbMMA gave higher ion 
conductivities by a factor of 2 at 25wt% IL and up to a factor of > 50 at 61wt% IL. This 
increase cannot be attributed to a difference in the glass transition temperature, the 
volume fraction or the swollen PMMA microdomain, or the morphology type or 
anisotropy. The molecular weight of the diblock copolymer impacts the composition 
profile of the IL across the PMMA microdomains, which in turn impacts the ion 
conductivity. 

 



POLY 421: Conductivity scaling relationships in nanostructured membranes 
based on protic polymerized ionic liquids 

Rachel A. Segalman2, segalman@engineering.ucsb.edu, Gabriel Sanoja1,3, 
Christopher M. Evans2, Bryan Beckingham1, Yanika Schneider1. (1) Lawrence Berkeley 
National Laboratory, Berkeley, California, United States (2) Chemical Engineering and 
Materials, UCSB, Santa Barbara, California, United States (3) Chemical and 
Biomolecular Engineering, University Of California, Berkeley, Berkeley, California, 
United States  

Proton conducting membranes are of interest for energy applications including fuel cells 
and in artificial photosynthesis. We have synthesized a new class of protic polymerized 
ionic liquids (PILs) based on imidazolium cations which exhibit high conductivities in the 
solid state. In contrast to other imidazolium based PILs, the ionic liquid moiety is 
attached via a carbon on the imidazole thus leaving the two nitrogens available to act as 
a proton donor/acceptor. The conductivies of these protic PILs, measured by dielectric 
spectroscopy, are orders of magnitude higher than the analogous non-protic PILs at a 
given distance above (Tg). These high conductivities are the result of a strong 
contribution from proton motion. A series of random and block copolymers containing 
the polymerized ionic liquid monomer and a non-ionic comonomer were also 
investigated to determine the role of IL spacing and morphology on the conductivity of 
these materials. Finally, the scaling of conductivity with IL loading, domain spacing, and 
temperature will be explored and compared to that of previously studied systems 
consisting of IL swollen block copolymers. 

 
 
  



POLY 422: Dynamics of polymerized ionic liquids and their monomers 

U Hyeok Choi2, ANUJ MITTAL3, Terry Price4, Harry W. Gibson5, James P. Runt1, Ralph 
H. Colby2, rhc@plmsc.psu.edu. (1) Penn State Univ, University Park, Pennsylvania, 
United States (2) Materials Science Engineering, Penn State University, University 
Park, Pennsylvania, United States (3) Virginia Tech, Blacksburg, Virginia, United States 
(4) Chemistry, Virginia Tech, Blacksburg, Virginia, United States  

Dielectric spectroscopy determines the static dielectric constants (εs) of polymers with 
imidazolium pendant structures containing a combination of alkylene and ethyleneoxy 
units as spacers between the backbone and the imidazolium cation. All monomers and 
their polymers exhibited two dipolar relaxations, assigned to the usual segmental motion 
(α) associated with the glass transition and a lower frequency stronger relaxation (α2), 
attributed to ions rearranging. While ion pairs in conventional (smaller) ionic liquids 
prefer antiparallel alignment (Kirkwood g ≈ 0.1 with εs ≈ 15), because their polarizability 
volumes strongly overlap, ion pair dipoles in the larger ionic liquid monomers display g 
of order unity and 50 < εs < 110. Longer spacers lead to higher static dielectric constant, 
owing to a significant increase of the relaxation strength of the α2 process, which is 
directly reflected through an unanticipated increase of the static dielectric constant with 
ionic liquid molecular volume. The ionomers consistently exhibit 1.5 ~ 2.3 times higher 
static dielectric constants than the monomers from which they were synthesized, 
suggesting that polymerization encourages the observed synergistic dipole alignment (g 
> 1). Comparison of dielectric and linear viscoelastic responses reveals a strong 
connection between the time scales of polymer segmental motion (α), ion 
rearrangements (α2) and the viscoelastic softening associated with the glass transition. 
For all polymers with imidazolium side chains and a wide variety of counter-anions, 
there is a strong correlation between glass transition temperature and repeat unit 
molecular volume. Large side chains have low Tg ≈ -50 oC and their ionic conductivity 
increases as ethylene oxide repeats are incorporated into the side chains. 

 
 
 
 



POLY 423: Multiresponsive porous polymer actuators: A matter of speed and 
sensitivity 

Huijuan Lin1, xmlhj89@gmail.com, Qiang Zhao2, Jiayin Yuan2. (1) Colloid Chemistry, 
Max Planck Institute of Colloids and Interfaces, Potsdam, Germany (2) Department of 
Colloid Chemistry, Max Planck Institute of Colloids and Interfaces, Potsdam, Germany  

Fast actuation speed, high sensitivity, large shape deformation and robust 
responsiveness towards external stimuli are critical to synthetic soft actuators. In this 
talk, we describe the unique design of synthetic actuators based on porous gradient 
poly(ionic liquid) membranes responding towards solvents either in a vapor phase or a 
liquid state.[1,2] The actuator is easy-to-make and survives even after harsh processing 
conditions, such as hydrothermal processing (200 oC, 24 h) and pressing-pressure (100 
MPa) treatments. Through the synergistic effect of the pores and the structure gradient, 
in response to acetone vapor (24 kPa, 20 oC) the actuator bends at a speed of an order 
of magnitude faster than the state-of-the-art actuators driven by chemical stimuli, 
coupled with a large-scale locomotion. In addition, in aqueous solution such porous 
actuators are highly sensitive towards a low fraction of externally added organic 
solvents. Finally, the beneficial responsiveness is transferable, being able to turn “inert” 
objects into actuators via surface coating. 
 
Reference 
[1] Q. Zhao, J. W. C. Dunlop, X. Qiu, F. Huang, Z. Zhang, J. Heyda, J. Dzubiella, M. 
Antonietti, J. Yuan, Nat. Commun. 2014, 5.: 4293. 
[2] Q. Zhao, J. Heyda, J. Dzubiella, K. Täuber, J. W.C. Dunlop, J. Yuan, Sensing 
Solvents with Ultrasensitive Porous Poly(ionic liquid) actuators, Adv. Mater. 2015, 
accepted (ADMA20150053). 

 
 
  



POLY 424: Cholinium based ion gels: Preparation, characterization, and 
application as electrolyte for long-term cutaneous recordings 

MEHMET ISIK3, isik.mehmet@ehu.es, Esma Ismailova2, Thomas Lonjaret2, Rebeca 
Marcilla1, George Malliaras2, David Mecerreyes3. (1) Electrochemical Processes Unit, 
IMDEA Energy Institute, Madrid, Spain (2) Bioelectronics, Ecole Nationale Supérieure 
des Mines de Saint-Étienne, Gardanne, France (3) Polymat, University of the Basque 
Country, San Sebastian, Spain  

Introduction of ionic liquids into ion gels makes them unique for various applications. 
Due to their high ionic conductivity, they have recently been utilized as solid electrolytes 
in electrode applications for long-term cutaneous recordings. In standard clinical tests, 
cutaneous electrophysiological recordings are used to assess and measure the integrity 
of an organ or a physiological function where electrodes placed on the skin are used to 
measure the activity of a specific organ. Currently used cutaneous electrodes have 
some shortcomings, especially for long-term recordings. Ag/AgCl electrodes are the 
current gold standard in cutaneous recordings and they require a liquid electrolyte to 
decrease electrode/skin impedance which bring about some drawbacks. When exposed 
to air, the electrolyte dries out after several hours causing an increase in the impedance 
resulting in the loss of meaningful recording. Ionic liquids bearing cholinium cation are 
considered as bioionic liquids due to their biocompatibility, biodegradability and low 
toxicity. For this reason, we report the preparation and characterization of cholinium 
based ion gels and their use as electrolytes for long-term cutaneous recordings. 
Recently, poly(ionic liquid)s bearing cholinium cation have been reported. Here we 
made use of that chemistry to prepare new type of ion gels through photopolymerization 
of 2-cholinium lactate methacrylate monomer in the presence of cholinium lactate ionic 
liquid. Ionic conductivity, rheological properties and thermal properties of the ion gels 
were investigated. These ion gels were incorporated onto electrodes as electrolyte and 
their ability for long-term cutaneous recordings were investigated. 

 
 
 
 
  



POLY 425: Shear localization in associating polymer gels 

Zhen-Gang Wang, zgw@caltech.edu, Ahmad Omar. California Institute of Technology, 
Pasadena, California, United States  

Despite the ubiquity of physically crosslinked polymer gels in natural and synthetic 
systems, a fundamental understanding connecting the dynamics and microstructure to 
the bulk rheological behavior under large deformations remains a challenging and open 
problem. To explore this connection, we perform startup shear computer simulations on 
physically associating polymer gels and track the temporal and spatial dynamical and 
structural response. For deformation rates exceeding the characteristic relaxation time 
of the gel, we observe stress overshoot corresponding to network yielding. Upon 
yielding, cage breaking results in a significant decrease in the chain relaxation time, 
which is reflected in the enhanced chain diffusivity relative to the quiescent state. Below 
a critical shear rate and upon yielding, we observe the formation of steady-state shear 
bands in the gradient direction that have a marked difference in the polymer 
concentration and are dynamically and structurally distinct. 

 
 
  



POLY 426: Hypervelocity projectile impact of layered materials: Lamellar block 
copolymers and multilayer graphene 

Edwin L. Thomas1, elt@rice.edu, Jae Hwang Lee2. (1) Materials Science and 
NanoEngineering, Rice University Brown Sch of Engr, Houston, Texas, United States 
(2) Mechanical Engineering, University of Massachusetts, Amherst, Massachusetts, 
United States  

Ballistic impacts induce strong material nonlinearity and multiple complex interacting 
deformation and failure mechanisms. Both block polymers and 2d graphene are 
nanoscale layered materials and are interesting candidate protection materials. 
Polystyrene -block- polydimethyl siloxane (PS-PDMS) with an approximately 50/50 
composition is a lamellar structure comprised of alternating layers of glassy/rubbery 
materials. Multilayer graphene is another layered material with exceptional anisotropy 
due to its two-dimensional carbon lattice structure. The high-strain-rate behavior of 
block polymers and of multilayer graphene is investigated using miniaturized ballistic 
tests. The laser induced projectile impact test (LIPIT) can propell micron diameter solid 
silica beads placed on a laser absorbing polymer coated glass substrate to speeds of 
up to 4 km/s by rapid expansion of gas produced by laser ablation of a thin gold layer. A 
time delayed series of probe pulses are used to measure the velocity and acceleration 
of the micro-projectile to determine its KE before/after the sample. For micron thick PS-
PDMS films, we employ focused ion beam cross sectional imaging to directly visualize 
the embedded projectile and the surrounding deformation field. For multilayer graphene 
(MLG) films of 30-100 layers, the superior in-plane speed of sound, the very high 
strength, stiffness and structural anisotropy make MLG an extraordinary armor material 
exhibiting excellent impact energy delocalization under a hypersonic penetration event. 
 
Our LIPIT approach provides a versatile and efficient method to study nanoscale 
mechanical deformation and failure mechanisms at high rates and large deformations 
on small samples and will help inform high fidelity modeling of lightweight materials for 
superior protection. 

 



POLY 427: Self-assembly and ion transport in sequence-defined block 
copolypeptoids 

Nitash P. Balsara3, nbalsara@berkeley.edu, Jing Sun1, Ronald N. Zuckermann2. (1) 
LBNL, Berkeley, California, United States (2) Molecular Foundry, Lawrence Berkeley 
National Laboratory, El Cerrito, California, United States (3) Univ of California, Berkeley, 
California, United States  

Microphase-separated block copolymer based materials have a wide array of potential 
applications ranging from nanoscale lithography to energy storage. Recently great 
efforts have been made on new generation of block copolymer materials by design at 
the atomic level control over the chemical structure. Polypeptoids that combine the 
advantages of sequence-specific proteins and traditional synthetic polymers perhaps 
provide the most convenient platform for achievement of precise architectures. We 
studied two structurally analogous ethyleneoxy-containing block copolypeptoids pNeh-
b-pNte (poly-N-(2-ethyl)hexylglycine-block-poly-N-2-(2-(2-
methoxyethoxy)ethoxy)ethylglycine), where the pNeh block is amorphous, and pNdc-b-
pNte (poly-N-decylglycine-block-poly-N-2-(2-(2-methoxyethoxy)ethoxy)ethylglycine), 
where the pNdc block is crystalline. Both diblock copolypeptoids self-assemble into a 
lamellar morphology; however, pNte chains are amorphous in pNeh-b-pNte and 
crystalline in pNdc-b-pNte. It is observed that precise control over the atomic structure 
provides unique insight into self-assembly and crystallization and further enables a 
direct comparison of the conductivity of chemically identical ethyleneoxy-containing 
polymers in both crystallinity and amorphous states. All these studies enhanced the 
understanding of block copolymer phase behavior and crystallization and proved that 
the sequence-specific polypeptoid materials are excellent candidates for studies on the 
effect of composition and sequence design on physical properties and self-assembly of 
block copolymers. 

 



POLY 428: Charge and energy transfer in conjugated block copolymers 

Enrique Gomez, edg12@psu.edu. Penn State University, University Park, 
Pennsylvania, United States  

Weak intermolecular interactions and disorder at junctions of different organic materials 
limit the performance and stability of organic interfaces and hence the applicability of 
organic semiconductors to electronic devices. Our approach has focused on utilizing 
block copolymer architectures –where critical interfaces are controlled and stabilized by 
covalent bonds– to provide the hierarchical structure needed for high-performance 
organic electronics from self-assembled soft materials. For example, we have 
demonstrated control of donor-acceptor heterojunctions through microphase-separated 
conjugated block copolymers to achieve 3% power conversion efficiencies in non-
fullerene photovoltaics (Figure 1). Characterization through X-ray scattering and 
electron microscopy reveals that the efficient performance of block copolymer solar cells 
is due to self-assembly into mesoscale lamellar morphologies with primarily face-on 
crystallite orientations. Furthermore, incorporating the donor-acceptor interface within 
the molecular structure facilitates studies of charge transfer processes. We 
systematically modulate the chemical structure and energetics to perturb exciton 
dissociation and charge recombination, and demonstrate that linking groups at the block 
copolymer junction can strongly affect charge photogeneration. 

 



POLY 429: Controlling microphase separation in globular protein polymer diblock 
copolymers 

Bradley D. Olsen2, bdolsen@mit.edu, Christopher Lam2, Aaron Huang1, Minkyu Kim2. 
(1) MIT, Boston, Massachusetts, United States (2) Chemical Engineering, MIT, 
Cambridge, Massachusetts, United States  

The self-assembly of protein-polymer conjugates and fusion proteins provides a 
powerful method to control the nanostructure of biofunctional systems, potentially 
producing a significant enhancement in the performance of biocatalysts and biosensors. 
We illustrate several examples using cytochrome P450 and myoglobin. However, 
proteins are molecules with a very large degree of structural diversity, and the 
application of block copolymers as a design strategy would be greatly improved by 
predictive knowledge of self-assembly behavior as a function of the properties of the 
individual protein such as its size, shape, and charge. 
 
Protein engineering can control the properties of model proteins in self-assembled 
nanostructures, including their surface patches, orientation relative to the nanodomain 
interfaceand the total charge on the protein. In a first set of experiments, we use 
structurally homologous proteins and proteins with surface charge mutations to explore 
the effect of surface patchiness and surface charge distribution on self-assembly 
behavior. Results show very similar self-assembly regardless of protein mutation, 
suggesting that more coarse-grained properties dominate the self-assembly process. 
Next, the interaction potential between proteins is tuned without changing protein shape 
by using supercharging mutations to create proteins with a dramatically different total 
charge. These structurally homologous proteins create comparisons with different 
primary sequences but common secondary and tertiary structures. 
 
We also attempt to change the shape of the protein without changing its potential by 
changing the conjugation site of the polymer to the protein. This effectively alters the 
projected interface occupied by the protein in a block copolymer nanostructure while 
conserving its total molar mass, charge, and virial coefficient. Here, we see a modest 
effect on the concentration at which ordering is first observed but a substantial effect on 
the quality of ordering, suggesting that shape effects on self-assembly are important to 
control. 

 



POLY 430: Microwave-assisted synthesis and characterization of polyurethanes 
from carbohydrates and diisocyanates 

H. N. Cheng2, hn.cheng@ars.usda.gov, Atanu Biswas1. (1) National Center for Agric 
Utilization Res, USDA Agricultural Research Service, Peoria, Illinois, United States (2) 
Southern Regional Research Ctr., USDA Agricultural Research Service, New Orleans, 
Louisiana, United States  

We have been using microwave-assisted method to prepare polyurethanes from 
selected carbohydrates and diisocyanates. As compared to conventional heating, this 
new synthetic procedure saves energy, significantly reduces reaction time, and yet 
entails product yields that are comparable to the conventional heating procedure. An 
example will be given in this presentation on the preparation of polyurethanes from 
starch or maltodextrin and tolylene-2,4-diisocyanate (TDI). The reaction products have 
been characterized with NMR, FT-IR, thermogravimetric analysis and scanning electron 
microscopy. From these analyses, the polyurethanes made with the conventional and 
microwave methods are shown to be similar in chemical structure and physical 
morphology. Furthermore, the 1H and 13C NMR spectra of the carbohydrate 
polyurethanes have been fully assigned. 
 
Figure attached. 13C NMR (left) and 1H NMR (right) spectra of polyurethanes from 
starch and TDI in d6-DMSO: conventional heat sample (lower plots) and microwave 
sample (upper plots). S= starch residue, T = TDI residue, D = DMSO, E = ethanol, F = 
N,N-dimethylformamide 

 
 



POLY 431: Preparation and characterization of solid state fluorescent conjugated 
polymer chemosensors for metal testing 

Anting Chen1, achen47@binghamton.edu, Wei Wu1, William E. Bernier1, Wayne E. 
Jones2. (1) Chemistry, Binghamton University, Binghamton, New York, United States (2) 
Department of Chemistry, State University of New York at Binghamton, Binghamton, 
New York, United States  

Fluorescent conjugated polymers (FCPs) have received significant attention because 
they can function as chemosensors to detect metal cations in environmental and 
biological systems with both sensitivity and selectivity. Previously, two FCPs, tmeda-
PPETE and tmeda-PPpETE (N, N, N’-trimethylethyleneamino receptor loaded on two 
different backbones: poly [(phenylene ethynylene) -alt- (thiophene ethynylene)] 
(PPETE) and poly[(pentiptycene ethynylene) -alt- (thienylene ethynylene)] (PPpETE) ) 
were synthesized and characterized in solution state. Solid state FCP sensors were 
prepared using different methods including dip-coating, spin-coating and 
electrospinning. Photophysical characterization including UV-Vis absorption and 
emission, fluorescent quantum yield and fluorescent quenching with metal cations have 
been investigated. The effect of backbone structure difference and fabrication methods 
difference were studied in terms of selectivity, sensitivity and reversibility of the sensors. 

 
 
  



POLY 432: Synthesis and self-assembly of amphiphilic hybrid nano building 
blocks via self-collapse of polymer single chains 

Weikun Li, Chung-Hao Kuo, Istvan Kanyo, Srinivas Thanneeru, Jie He, 
jie.he@uconn.edu. Dept of Chemistry, University of Connecticut, Storrs, Connecticut, 
United States  

Nano building blocks (NBBs) composed of nanoparticle (NP) cores with well-defined 
polymer tethers offer new possibilities to learn and understand the general principles of 
molecular interactions and organization behaviors at a larger scale, as well as to apply 
the well-studied molecular behaviors for the design of new functional materials. We 
present a facile strategy for preparing a new type of hybrids NBBs with silica-like heads 
decorated and well-defined polymer tethers via the self-collapse of polymer single 
chains. Using amphiphilic block copolymers (BCPs) of one inert block and one reactive 
block containing 3-(trimethoxysilyl)propyl methacrylate (TMSPMA), the intramolecular 
hydrolysis and polycondensation of silane moieties led to the formation of highly uniform 
hybrid NBBs with silica-like heads and PEO tethers. In a mixed solvent of THF/water, 
amphiphilic NBBs could assemble into spherical micelles, vesicles, and large compound 
micelles, depending on the size of silica heads and the length of polymer tethers. Given 
highly complex macromolecular architectures, the single chain self-folding of BCPs 
offers a straightforward synthetic strategy to manipulate the shape/size of nanomers 
cores and the length/number/location of their polymer tethers. Our study may present a 
general method to prepare polymer tethered NBBs with controllable geometries and 
topologies. 

 
 
  



POLY 433: Shape programmable materials from photoresponsive liquid 
crystalline elastomers 

Suk-kyun Ahn2, sukkyun.ahn@gmail.com, Taylor Ware4, Kyungmin Lee3, Vincent 
Tondiglia5, Timothy J. White1. (1) Materials and Manufacturing Directorate, Air Force 
Research Laboratory, Centerville, Ohio, United States (2) Materials and Manufacturing 
Directorate, US Air Force Research Laboratory, Dayton, Ohio, United States (4) US Air 
Force Research Laboratory, Dayton, Ohio, United States  

We report on the synthesis and characterization of main-chain type liquid crystalline 
elastomers (LCEs) incorporating azobenzene moieties. Upon light irradiation, the 
isomerization of azobenzene generates a mechanical output. The LCEs are synthesized 
using commercially available reactive LC monomers and n-butylamine via a two step 
process. By employing a surface photoalignment technique, we are able to spatially 
control the orientation of the LC director and write complex patterns. Importantly, the 
two orthogonal reactions (chain extension of LC monomers and cross-linking) can be 
carried out inside patterned LC cells, and the resulting LCEs align along the patterns 
written on photoalignment layer on glass substrates. LCE monoliths fabricated in this 
manner show complex and reversible actuation upon application of heat and/or light. 
Actuation strain as well as strain relaxation could be manipulated by adjusting 
azobenzene concentration and network structures of LCEs. The shape transformation 
of the LCEs from 2D into 3D shapes may enable self-folding devices in aerospace and 
biomedicine. 

 
 



POLY 434: Power of automation in controlled radical polymerization 

Lenny Voorhaar, lenny.voorhaar@ugent.be, Richard Hoogenboom. Supramolecular 
Chemistry Group, Department of Organic and Macromolecular Chemistry, Ghent 
University, Ghent, Belgium  

In this contribution, we will show how automated parallel synthesis can be useful for 
controlled radical polymerization. Several different experiments are reported to show the 
versatility of this system. In brief, stock solutions of all reactants can be prepared and 
automatically transferred to the reactors. Up to sixteen polymerizations can 
simultaneously be performed in parallel, while automatically taking samples at different 
times to follow the reaction kinetics. More specifically, we will report utilization of his 
technique for optimization of the Cu(0) mediated controlled radical homopolymerization 
of different acrylates, as well as the preparation of amphiphilic diblock and triblock 
copolymers. In addition, the synthesis of series of thermoresponsive statistical 
copolymers via reversible addition-fragmentation chain transfer (RAFT) polymerization 
will be discussed. Since the automated approach enables straightforward and 
reproducible systematic variation of the monomer ratios, a range of statistical 
copolymers was prepared allowing accurate tuning of the lower critical solution 
temperature (LCST). Automated parallel one-pot triblock RAFT copolymerizations will 
also be shown to make different types of supramolecular hydrogels with tunable 
properties. Finally, in-situ transformation of the trithiocarbonate end group after RAFT 
polymerization was also performed with different types of polymers. 

 



POLY 435: Radiopaque, iodine functionalized phenylalanine-based poly(ester 
urea)s 

Shan Li1, sl107@zips.uakron.edu, Jiayi Yu1, Mary B. Wade2, Gina M. Policastro3, 
Matthew Becker2. (1) Polymer Science, The University of Akron, Akron, Ohio, United 
States (2) University of Akron, Akron, Ohio, United States (3) Department of Polymer 
Science, University of Akron, Stow, Ohio, United States  

The synthesis and characterization of iodine-functionalized phenylalanine-based 
poly(ester urea)s (PEUs) are reported. 4-Iodo-L-phenylalanine and L-phenylalanine 
were separately reacted with 1,6-hexanediol to produce two monomers, bis-4-I-L-
phenylalanine-1,6-hexanediol-diester (1-IPHE-6 monomer) and bis-L-phenylalanine-1,6-
hexanediol-diester (1-PHE-6 monomer). By varying the feed ratio of the 1-IPHE-6 and 
1-PHE-6 monomers, the copolymer composition was modulated resulting in a wide 
variation in thermal, mechanical and radiopacity properties. Micro-computed 
tomography (µ-CT) projections demonstrate that increasing iodine content results in 
greater X-ray contrast. Compression tests of dry and wet porous scaffolds indicate that 
the poly(1-IPHE-6)0.24-co-poly(1-PHE-6)0.76 material results in the highest compression 
modulus. As most medical device procedures require placement verification via 
fluoroscopic imaging, materials that possess inherent X-ray contrast are valuable for a 
number of applications. 

 
 
  



POLY 436: Efficient synthesis of unimolecular polymers with absolute control 
over mass, monomer sequence, and stereochemistry 

Jonathan C. Barnes, jcbche3@yahoo.com, Deborah Ehrlich, Angela Gao, Frank A. 
Leibfarth, Yivan Jiang, Erica Zhou, Timothy F. Jamison, Jeremiah A. Johnson. MIT, 
Massachusetts Institute of Technology, Boston, Massachusetts, United States  

Nature relies on macromolecules with perfectly defined length, sequence, and chirality 
in order to direct and maintain the biological processes needed to sustain life. Chemists 
have long sought to synthesize artificial systems that mimic these biomolecules, but 
absolute control over the precise sequence and structure remains a key challenge. In 
an attempt to gain control over these features, we report a novel iterative exponential 
growth plus side-chain functionalization (IEG+) process that facilitates the efficient 
synthesis of a unimolecular polymer – comprised of 32 subunits – that is constructed 
from a library of oligotriazoles that possess uniform lengths, sequences, and stereo-
configurations. IEG+ begins from a key monomer that features an enantiopure epoxide 
and a silyl-protected alkyne at its termini. Each cycle of IEG+ effectively doubles the 
molecular weight of each iterative oligotriazole, while simultaneously introducing new 
functionality along the way, thereby generating products of n cycles that possess 2^n 
length, stereo-defined backbones, and variable side-chain sequences. Using this 
iterative synthetic methodology, we have synthesized a 32mer that possesses a 
sequence which is unobtainable using traditional polymerization techniques. We 
anticipate that these new macromolecules and the IEG+ strategy will find broad 
application in macromolecular science. 

 
 
  



POLY 437: Synthesis of poly(butylene succinate) and its copolymers for coating 
applications 

Bin Tan1, bin_tan@student.uml.edu, Kyla Emery2, Margaret J. Sobkowicz1. (1) Plastics 
Engineering, University of Massachusetts Lowell, Lowell, Massachusetts, United States 
(2) Chemical Engineering, University of Massachusetts Lowell, Lowell, Massachusetts, 
United States  

This research aims to create polymeric coatings for single-use, compostable packaging 
with sufficient oil and water resistance and good surface properties. By tuning the 
polymer architecture, a wide range of coating properties can be accessed. In pursuit of 
this goal, biodegradable poly(butylene succinate) (PBS) was synthesized from bio-
based 1,4-butanediol and succinic acid. Branched poly(butylene succinate-citric acid) 
and unsaturated poly(butylene succinate-co-itaconate) were also synthesized by 
incorporating citric acid and itaconic acid, respectively. The chemical structure, thermal 
properties and crystal behaviors of these polymers were characterized using 
viscometry, nuclear magnetic resonance (NMR), thermogravimetric analysis (TGA), and 
differential scanning calorimetry (DSC), wide-angle X-ray diffraction (WAXD). The 
resulting polymers showed good thermal stability and tunable crystal behaviors by 
varying monomers and monomer amounts. 
Additionally, stable latexes from these polymers were prepared by mini-emulsion 
method. Coatings were created from both polymeric latexes and bulk melts by a doctor 
blade coater. The morphologies of films were investigated using atomic force 
microscopy (AFM) and scanning electron microscopy (SEM). The results showed that 
good films were formed both from aqueous suspension and bulk melt, and film 
properties could be tuned by polymer structures. For instance, paper substrates coated 
with branching poly(butylene succinate-citric acid) showed improved mechanical 
properties compared with those coated from linear poly(butylene succinate). These 
results illustrate the potential of polymeric coatings to eliminate chlorinated solvents and 
volatile organic compounds (VOCs) typically used in the coatings industry. The coated 
paper can be used in durable, compostable packaging applications. 

 
 



POLY 438: Host-guest systems for supramolecular polymers 

Hanlie R. Wessels, hanliew@vt.edu, Terry Price, terryp24@vt.edu, Fiorella Mazzini, 
fioremm4@vt.edu , Harry W. Gibson, hwgibson@vt.edu. Chemistry, Virginia Tech, 
Blacksburg, Virginia, United States  

We utilize crown ethers and 4,4’-bipyridinium salts to form pseudorotaxanes, which are 
used to form various types of supramolecular assemblies. The crown ether systems 
have association constants, Ka, of 500 to 1000 M-1, which is adequate for some 
supramolecular assemblies.1 However, the formation of high molecular weight 
supramolecular polymers requires Ka > 104 M-1.2 We have developed crown ether-based 
cryptands with Kas from 104 to 107 M-1.3 
 
Recently we have improved the syntheses of dibenzo crown ethers and crown ether-
based cryptands. The improved syntheses resulted in increased cyclization yields, 
reduced the reaction times, eliminated the need for pseudo-high dilution conditions, and 
simplified the purification procedures. 
 
These improved syntheses should facilitate our production of supramolecular polymers, 
via both AA-BB4 and AB monomers.5 These new syntheses make it practical to produce 
these polymers in sufficient quantities to investigate their physical properties.The 
availability of cryptands also allows efficient and controlled formation of the non-
covalent versions of block, graph, star and brush polymers. 
 
References: 
1. (a) Lee, M.; Moore, R. B.; Gibson, H. W. Macromolecules 2011, 44, 5987-5993; (b) 
Gibson, H. W.; Shen, Y. X.; Bheda, M. C.; Gong, C. Polymer 2014, 55, 3202-3211; (c) 
Arunachalam, M.; Gibson, H. W. Prog. Polm. Sci. 2014, 39, 1043-1073. 
2. Sijbesma, R. P.; Beijer, F. H.; Brunsveld, L.; Folmer, B. J. B.; Hirschberg, J. H. K. K.; 
Lange, R. F. M.; Lowe, J. K. L.; Meijer, E. W. Science 1997, 278, 1601–1604. 
3. (a) Pederson, A. M.-P.; Vetor, R. C.; Rouser, M. A.; Huang, F.; Slebodnick, C.; 
Schoonover, D. V.; Gibson, H. W. J. Org. Chem. 2008, 73, 5570-5573; (b) Pederson, A. 
M.-P.; Ward, E. M.; Schoonover, D. V.; Slebodnick, C.; Gibson, H. W. J. Org. Chem. 
2008, 73, 9094-91013. 
4. Niu, Z.; Huang, F.; Gibson, H. W. J. Am. Chem. Soc. 2011, 133, 2836-2839. 
5. Wang, F.; Zhang, J.; Liu, M.; Zheng, B.; Li, S.; Zhu, K.; Wu, L.; Gibson, H. W.; Huang, 
F. Angew. Chem. Int. Ed. 2010, 49, 1090-1094. 

 



POLY 439: Liquid crystal thermosets: A new class of high performance polymers 

Leah M. Heist2, lheist@email.unc.edu, Theodorus J. Dingemans1, Edward T. 
Samulski2. (1) Tu Delft, Delft, Netherlands (2) UNC Chapel Hill, Chapel Hill, North 
Carolina, United States  

In the 1970s liquid crystal polymers (LCPs) were touted as the next generation of high 
performance (HP), high temperature polymers, but processing challenges attenuated 
the widespread adoption of LCPs. High melting temperatures and high melt viscosities 
above Tg are common drawbacks. However, there is a way to circumvent the limitations 
of LCPs: macro-monomers of liquid crystal thermosets (LCTs) may be readily prepared 
from LCP-like compositions such as VectraTM. 
 
LCT, a precursor to HP polymer matrix materials, exhibits a uniaxial phase that may be 
oriented in external fields. Phenylethynyl-endcapped macro-monomers have desirable 
processing characteristics and the reactive end-group effectively slows down radical 
formation which delays cross-linking until temperatures exceed 300°C. After-cure 
properties indicate that the curing mechanism involves chain extension in addition to 
cross-linking. A prerequisite to the introduction of LCT into the marketplace is an 
understanding of the curing process. 
 
To that end, we use ultra-high temperature 13C NMR to monitor thermally-induced 
curing. We have constructed a high temperature NMR probe (>400°C). In the nematic 
melt, the director spontaneously aligns along the spectrometer magnetic field identifying 
the reactive acetylene group by its distinct chemical shift anisotropy (CSA). The 
disappearance of the acetylene resonance indicates the formation of cure products in 
model compounds with phenylethynyl end-groups. NMR spectra taken at specified 
curing temperatures show that the curing chemistry follows first-order rate kinetics with 
rate constants of 0.011 min-1 and 0.023 min-1 at 300°C and 325°C, respectively. 
 
In addition to kinetic information, the NMR technique also gives information about the 
supramolecular structure of LCT as it cures because the CSA can be related to 
orientational order. We supplemented NMR results with Raman spectroscopy because 
the acetylene carbons give a strong Raman signal. With the aid of both of these 
analytical techniques, we gain a molecular and supramolecular picture of the curing 
process. 

 



POLY 440: Well-defined poly(epsilon-caprolactone) for X-ray imaging materials 
via oxime click reactions 

Samantha E. Nicolau3, Lundy L. Davis3, Caroline C. Duncan3, Timothy R. Olsen4, Frank 
Alexis2, Daniel C. Whitehead1, Brooke A. Van Horn3, vanhornba@cofc.edu. (1) 
Department of Chemistry, Clemson University, Clemson, South Carolina, United States 
(2) Dept of Bioengineering, Clemson University, Clemson, South Carolina, United 
States (3) Dept. of Chemistry and Biochemistry, College of Charleston, Charleston, 
South Carolina, United States (4) Department of Bioengineering, Clemson University, 
Clemson, South Carolina, United States  

X-ray radiography is one of the most widely accessible non-invasive imaging techniques 
available to medical professionals in the diagnosis and treatment of diseases and 
ailments. However, many of the commercially-available imaging agents and materials 
suffer from contrast leaching (from non-covalent attachment of the contrast agent) or 
from the non-degradability and incompatibility of the materials in vivo. Through a strong 
collaboration with researchers at Clemson University, our undergraduate-only lab at 
College of Charleston has prepared and characterized a series of well-defined 
functional poly(epsilon-caprolactone) systems with engineered levels of X-ray opacity. 
We have focused on utilizing oxime “Click” chemistry to attach recently synthesized 
iodoinated benzylhydroxylamines to poly(epsilon-caprolactone-co-1,4-oxepan-1,5-
dione). This presentation will focus on our synthetic efforts and our cumulative 
characterization of the novel materials by proton and carbon nuclear magnetic 
resonance (NMR), infrared (IR) spectroscopies, gel permeation chromatography (GPC), 
differential scanning calorimetry (DSC) and thermogravimetric analysis in addition to the 
X-ray imaging characterization of the polymer samples. 

 
 
  



POLY 441: Polyacetals: A new family of water-soluble, pH-degradable polymers 
with remarkable lower critical solution temperature behavior 

Jeffrey T. Koberstein, jk1191@columbia.edu, Sanjoy Samanta. Columbia University, 
New York, New York, United States  

While early applications called for polymers that were strong, light, resistant to 
chemicals and environmentally inert, today’s applications demand smart polymers that 
can change effectively any property in response to a host of external stimuli. 
Temperature-responsive polymers are of particular interest, especially in biological 
applications. For example, in hypothermia-targeted drug delivery, polymeric drug 
delivery vehicles must be stable in solution at physiological temperature but fall out of 
solution upon encountering a tumor with elevated temperature. Drug-laden micelles can 
thus be concentrated and immobilized within a tumor enabling controlled drug release. 
Unfortunately, such applications have been limited because available thermoresponsive 
polymers are not intrinsically biodegradable and their lower critical solution 
temperatures (LCST) are not highly tunable. 
We report an exciting new family of water-soluble polyacetals that have remarkably 
tunable LCSTs and are the first thermoresponsive polymers to be intrinsically 
biodegradable. LCST transitions are sharp, can be predicted from the molecular 
structure of the monomers and are tunable to high precision within a range of 6-80°C; 
LCSTs are linearly dependent on the number of methylene and/or ethylene oxide units 
ithin the monomers (see Figure-triangles indicate mixtures of two monomers). The 
polyacetals are biocompatible, degrading under acidic conditions to form neutral 
products, and both chain-end and main chain functionality is readily incorporated 
without compromising their extraordinary temperature response. 

 
 



POLY 442: Creating complex interfaces using orthogonal click reactions 

Jason J. Locklin, jlocklin@uga.edu. Univ of Georgia Riverbend Rsch, Athens, Georgia, 
United States  

Postpolymerization modification (PPM) is a rapidly growing methodology used by many 
groups over the past several years to immobilize two or more different chemical 
functionalities onto substrates that contain covalently grafted polymer films. PPM 
exploits monomers with reactive pendent groups that are stable to the polymerization 
conditions, but are readily modified via covalent attachment of the desired functionality. 
“Click-like” reactions are the most common type of reactions used for PPM because 
they are orthogonal, high yielding, and have rapid reaction rates. In this talk, we will 
describe our research combining PPM and click chemistry to generate complexity in 
polymer thin films. We describe sequential functionalization using iterations of the same 
click-type reaction, along with the use of two or more different click-like reactions 
performed either consecutively or in one-pot for surface patterning. Lastly, we will 
discuss a new methodology to generate reproducible nanoscale morphologies using 
PPM, that yields control over both domain size and morphology with a novel printing 
technique. 

 
 
  



POLY 443: Functional polymer surfaces via (sequential) post-polymerization 
modification reactions 

Harm A. Klok, harm-anton.klok@epfl.ch. STI-IMX-LP, EPFL, Lausanne, Switzerland  

Controlled radical polymerization techniques represent an extremely versatile toolbox to 
graft well-defined, thin polymer films from a multitude of surfaces. The resulting polymer 
films, which are colloquially referred to as polymer brushes, have attracted interest for 
applications ranging from biosensing and lubrication to non-fouling surfaces. While 
controlled radical polymerization techniques are tolerant to a wide range of functional 
groups, there are still functional groups that are not compatible with these 
polymerization techniques and which cannot be introduced via direct (co)polymerization. 
Post-polymerization modification reactions on reactive precursor films allow to 
circumvent these problems. In this presentation, we will present various (sequential) 
post-polymerization modification strategies that have been developed for the 
preparation of functional polymer brushes, discuss the scope and limitations of these 
reactions as well as some of the analytical challenges that are associated with the 
characterization of these thin polymer films. 

 
 
  



POLY 444: Use of hemiaminal organogels as processable templates for 
subsequent polymerization 

Mareva Fevre, mfevre@us.ibm.com, Gavin O. Jones, Musan Zhang, Jeannette M. 
Garcia, James Hedrick. IBM Almaden Research Center, San Jose, California, United 
States  

Hemiaminal organogels are produced by the reaction of α,ω-diamino-functionalized 
poly(ethylene glycol) (PEG) oligomers with paraformaldehyde in N-methyl pyrrolidone 
(NMP). The network forms by sequential condensations proceeding through imine 
intermediates that generate kinetically-trapped hemiaminal crosslinks, stabilized by 
hydrogen-bound NMP. Here, PEG-based hemiaminal organogels swollen in 
polymerizable solvents, namely N-vinyl-2-pyrrolidone (NVP) and ethylene glycol methyl 
ether methacrylate (MEGMA), were synthesized. Computational and rheological studies 
showed that the organogels swollen in NMP and NVP have similar properties, while 
MEGMA only allows for the preparation of gels exhibiting limited stability. The 
polymerization of the solvent was next carried out in the organogel by UV-induced free 
radical polymerization. Detailed studies of the mechanical and thermal properties of the 
obtained blends indicated that the UV-cured polymer was microphase-separated in a 
crystalline PEG network. The crosslinking density of the organogel precursor was 
modified by the deliberate introduction of network defects, in order to control the 
viscoelastic properties especially at higher temperatures. In this way, the organogel 
could be reworked at 80 ºC and recover its original viscoelastic behavior at room 
temperature. This allowed for the successful molding and unmolding of objects, the 
shape of which could be permanently retained by successive UV curing of the gel’s 
polymerizable solvent. We believe that this template polymerization process, together 
with the temperature dependent viscoelastic control, offer great promise for complex 
manufacturing, printing, sealants and materials repair. 

 
 
  



POLY 445: Widening the bicontinuous compositional window 

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

Phase-separated and self-assembled co-network materials offer a simple route to 
bicontinuous-like morphologies, which are expected to be highly beneficial for 
applications such as ion, charge, and oxygen transport. Despite these potential 
advantages, the systematic definition of co-network structures has not been achieved, 
largely due to the lack of well-controlled chemistries for their preparation. Here, a thiol-
ene end-linking platform enables the systematic investigation of phase-separated 
poly(ethylene glycol) (PEG) and polystyrene (PS) networks in terms of the molecular 
weight and relative volume fractions of precursor polymers. 

 
 
  



POLY 446: Thiolactone chemistry in macromolecular science 

Filip E. Du Prez1, filip.duprez@ugent.be, Pieter Espeel2. (1) Department of Organic and 
Macromolecular Science, Ghent Univ, Ghent, Belgium (2) Ghent University, Ghent, 
Belgium  

The reactivity features of thiolactones as functional handles for the synthesis and 
modification of various polymeric systems will be highlighted.[1] Generally, a (primary) 
amine is used to open the thiolactone ring, creating the corresponding thiol in situ as a 
functional handle for the subsequent thiol-X conjugation reaction. The versatility of this 
atom-efficient synthetic concept was demonstrated in (i) the synthesis of (functionalized) 
polyurethanes,[2] cyclic structures,[3] multi-functionalized sequence-defined 
oligomers,[4] and diversely substituted polyamides,[5] (ii) the formation of multi-
functionalized hydrogels,[6] (iii) the decoration of Au surfaces,[7] and (iv) the modular 
double modification of linear, narrow-disperse polymers.[8] 
 
[1] P. Espeel, F. E. Du Prez, Eur. Polym. J. 2015, 62, 247. 
[2] a. P. Espeel, F. Goethals, F. E. Du Prez, J. Am. Chem. Soc. 2011, 133, 1678; b. P. Espeel, F. 
Goethals, F. Driessen, L.-T. T. Nguyen, F. E. Du Prez, Polym. Chem. 2013, 4, 2449. 
[3] M. M. Stamenovic, P. Espeel, E. Baba, T. Yamamoto, Y. Tezuka, F. E. Du Prez, Polym. 
Chem. 2013, 4, 184. 
[4] P. Espeel, L. L. G. Carrette, K. Bury, S. Capenberghs, J. C. Martins, F. E. Du Prez, A. 
Madder, , Angew. Chem., Int. Ed. 2013, 52, 13261. 
[5] F. Goethals, S. Martens, P. Espeel, O. van den Berg, F. E. Du Prez, Macromolecules 2014, 
47, 61. 
[6] S. Reinicke, P. Espeel, M. M. Stamenovic, F. E. Du Prez, Polym. Chem. 2014, 5, 5461. 
[7] S. Belbekhouche, S. Reinicke, P. Espeel, F. E. Du Prez, P. Eloy, C. Dupont-Gillain, A. M. 
Jonas, S. Demoustier-Champagne, K. Glinel, ACS Appl. Mater. Interfaces 2014, 6, 22457. 
[8] a. P. Espeel, F. Goethals, M. M. Stamenovic, L. Petton, F. E. Du Prez, Polym. Chem. 2012, 3, 
1007; b. S. Reinicke, P. Espeel, M. M. Stamenovic, F. E. Du Prez, ACS Macro Lett. 2013, 2, 
539; c. Y. Chen, P. Espeel, S. Reinicke, F. E. Du Prez, M. H. Stenzel, Macromol. Rapid 
Commun. 2014, 35, 1128. 

 



POLY 447: Sequential postpolymerization modifications 

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

In the search for more efficient polymer transformations, scientists have turned their 
attention recently to highly efficient reactions, relying on multi-component and sequntial 
reactions. Herein, we present the utilization of two reaction classes: (a) Kabachnik-Field 
reaction and (b) sequential sulfoamidation and Mitsunobu reaction. Examples will 
highlight the feasibility of those reactions. 

 
 
  



POLY 448: Tandem post-polymerization modification: Routes to effective 
glycopolymer inhibitors of bacterial toxins 

Sarah-Jane Richards, S-J.Richards@warwick.ac.uk, David M. Haddleton, Matthew 
Gibson. The University of Warwick, Coventry, United Kingdom  

Glycopolymers offer many opportunities for interfacing synthetic materials with 
biological systems. However, the nature of the interaction between glycopolymers and 
their biological targets, lectins, and the structural features necessary to obtain high-
affinity materials are not yet fully understood. Furthermore, the application of 
glycopolymers as anti-adhesive therapies has been so far limited by their lack of 
specificity. 
 
Here we present a number of tandem post-polymerization strategies to systematically 
probe the multivalent inhibition of the cholera toxin, as a function of linker length, 
carbohydrate density and glycopolymer chain length.1 Guided by structural biology 
information, the binding-pocket depth is probed and used as a means to engineer 
specificity as well as high affinity for the target toxin. The effect of a branching unit is 
also discussed, in order to mimic natural glycan structure.2 A combination of active ester 
scaffolds and 'click' methodologies are used to explore a wide range of chemical space 
that would be difficult to achieve using direct polymerization.1-3 
 
 
1. S.-J. Richards, M. W. Jones, M. Hunaban, D. M. Haddleton and M. I. Gibson, Angew. 
Chem. Int. Ed., 2012, 51, 7812. 
2. M. W. Jones, L. Otten, S.-J. Richards, R. Lowery, D. J. Phillips, D. M. Haddleton and 
M. I. Gibson, Chem. Sci., 2014, 5, 1611. 
3. M. W. Jones, S. J. Richards, D. M. Haddleton and M. I. Gibson, Polym. Chem., 2013, 
4, 717. 

 
 
  



POLY 449: Polymer scaffolds with pendent blocked isocyanates for sequential 
postpolymerization modification 

Emily A. Hoff, Brooks Abel, Chase Tretbar, Charles L. McCormick, Derek L. Patton, 
derek.patton@usm.edu. School of Polymers and High Performance Materials, 
University of Southern Mississippi, Hattiesburg, Mississippi, United States  

Blocked isocyanates are obtained by reaction of electrophilic isocyanates with active 
hydrogen compounds such as phenols, oximes, or lactams. Blocked isocyanates have 
traditionally served a role in thermally-cured one-component polyurethane coatings; 
however, this versatile chemistry platform offers great advantages for exploiting the high 
reactivity of isocyanates in latent form for postpolymerization modifications (PPM). This 
presentation will report recent progress from our group aimed at using block 
isocyanates as latent reactive handles for thiol-isocyanate postpolymerization. 
Reversible addition-fragmentation chain transfer (RAFT) polymerization was employed 
to explore controlled polymerization of methacrylate monomers carrying pendent 
blocked isocyanates derived from various N-heterocyclic blocking agents. Ambient 
temperature displacement of the blocking agent using thiols was achieved by varying 
the structure of the N-heterocycle blocking agent. These pendent blocked isocyanate 
polymers serve as versatile scaffolds for sequential modification of macromolecular 
structures. 

 
 
  



POLY 450: Postmodification of polymers with borane functional groups and their 
applications 

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 polymers 
with applications ranging from sensing and detection of anions and biologically relevant 
species to self-healing materials, organic electronic materials, and supported reagents 
and catalysts. This presentation will provide an overview of the broad scope of Si/B and 
Sn/B exchange reactions for the efficient preparation of borane polymers with 
unmatched structural diversity. 
The first part of the talk will focus on PS-based materials, where selective 
functionalization at well-defined positions of the polymer chain results in new 
luminescent, responsive, and catalytically active materials. The second part of the talk 
will elaborate on the modification of polythiophenes with borane functional groups and 
the effects on the electronic structure and anion detection behavior. 

 
 
  



POLY 451: Fabrication of semiconductor block copolymers via ring-opening 
metathesis polymerization 

Elizabeth Elacqua, elizabeth.elacqua@nyu.edu, Marcus Weck. New York University, 
New York, New York, United States  

Owing to the ability of Nature to engineer complex macromolecules utilizing noncovalent 
interactions, supramolecular polymers have emerged as attractive modules that are 
capable of promoting directional self-assembly, while providing access to functional 
building blocks that are of interest for applications ranging from medicine and 
biomimetics to functional materials and devices. A focus in supramolecular polymer 
chemistry is the ability to reliably install, predict, and control self-assembly, thus leading 
to a wealth of modular materials with highly tunable properties. In this contribution, we 
discuss our bottom-up approach to fabricate telechelic poly(p-phenylene vinylene)s via 
exploitation of ring-opening metathesis polymerization and subsequent directional self-
assembly to supramolecular block copolymers using both hydrogen bonding and metal 
coordination. Our supramolecular polymers exhibit unique optical properties, with both 
metal coordination and hydrogen bonding leading to markedly different behaviors. The 
employment of a directional self-assembly strategy to fabricate supramolecular block 
copolymers also combats solubility and aggregation problems normally encountered 
with conjugated polymers based upon PPVs. 

 
 



POLY 452: Ring-opening metathesis polymerization as a strategy to prepare 
organic electronic materials via backbone-driven molecular self-assembly 

Sarah Moench, Minh Nguyen, Joshua D. Biberdorf, Bradley J. Holliday, 
holliday@mail.utexas.edu. Chemistry, The University of Texas at Austin, Austin, Texas, 
United States  

A promising class of high performance materials for use in electronic and optoelectronic 
devices is comprised of blends of donor and acceptor molecules. However, while ease 
of processing is a major advantage of these compositions, the simple mixtures of donor 
and acceptor organic molecules have extremely varied molecular morphology. 
Moreover, the molecular morphology lacks long range order and is sensitive to changes 
in deposition conditions, annealing conditions, molecular composition, and phase 
segregation under operating conditions. To realize continued improvement in these 
materials it is critical to increase fundamental understanding of structure-property 
relationships, especially those pertaining to mechanisms of charge separation and 
recombination in these materials. We have prepared and studied a series of block 
copolymer materials with donor and acceptor groups synthetically appended to the 
polymer backbone. These well-defined materials enable the detailed study of the 
electronic communication between the optoelectronically active donor and acceptor 
components. Additionally, the organization of the donor and acceptor groups on a 
polymer backbone allows solvent-dependent self-assembly of the groups across a wide 
range of structures, therefore providing well-defined models of the diverse and difficult 
to study local morphologies present in thin films of these materials used in 
optoelectronic devices. The synthesis, characterization, and study of these materials by 
various techniques such as optical spectroscopy, electrochemistry, and EPR 
spectroscopy will be presented. 

 
 
  



POLY 453: Renewable furan-based epoxy systems for self-healing applications 

Fengshuo Hu, fh83@drexel.edu, Giuseppe Palmese. Dept Chemcial Eng, Drexel 
University, Philadelphia, Pennsylvania, United States  

Thermosetting materials possessing self-healing capability are of particular interest for 
load-bearing applications due to their potential for enhanced durability and safety. Self-
healing systems based on the encapsulated multimaleimide solutions within epoxy-
amine networks containing pendant furan moieties have been reported [1]. Recently 
renewable furan-based epoxy systems that contain furanyl building blocks in place of 
the phenyl rings were investigated [2]. In these systems the furan ring becomes part of 
the backbone of a polymer network unlike the pendant architecture used for our 
previous self-healing work. In this investigation, the ability of network backbone furan 
rings to react with multimaleimide molecules in solution was investigated. Reactive 
solution-based healing was conducted on epoxy networks containing varying 
concentrations of furan-based di-epoxies. Preliminary results suggest that these 
systems provide significant capacity for healing. 
 
KEYWORDS: renewable, furan-based, self-healing, Diels-Alder 
 
1. Pratama, P.A.; Sharifi, M.; Peterson A.M.; Palmese, G.R.; Room temperature self-
healing thermoset based on the Diels-Alder reaction, ACS Appl. Mater. Interfaces, 2013 
5(23) 12425-12431. 
2. Hu F.; La Scala J.J.; Sadler J.M.; Palmese G.R.; Synthesis and Characterization of 
Thermosetting Furan-Based Epoxy Systems, Macromolecules, 2014, 47, 3332-3342. 

 
 
  



POLY 454: Controlling NCA ring opening polymerisation to achieve well-defined 
hydrogels 

Charlotte D. Vacogne1, charlotte.vacogne@mpikg.mpg.de, Helmut Schlaad2,1. (1) 
Colloids, Max Planck Institute, Potsdam, Germany (2) Chemistry, Potsdam University, 
Potsdam, Brandenburg, Germany  

Polypeptides having secondary structures often undergo self-assembly, which can 
extend over multiple length scales. Poly(γ-benzyl-L-glutamate) (PBLG), for example, 
can fold into α-helices and form physical gels, whereas PBLG’s deprotected 
counterpart, poly(L-glutamic acid) (PLGA) - also known as poly(L-glutamate) (PLG) 
when deprotonated - exhibits limited long range order in water. In an attempt to 
circumvent the inability of PLGA to gel in water, we explored two different routes: (i) 
gelation and deprotection of statistical copolymer poly(γ-benzyl-L-glutamate-co-
allylglycine), and (ii) self-assembly of glycosylated star-shaped poly(L-glutamate-co-
allylglycine). In the second approach, we studied a new synthetic pathway to achieve 
better control over the ring opening polymerisation of BLG-NCA monomers. Unlike 
traditional chemical gels, our gels originated from dilute solutions (< 2% w/v) of low 
molar mass polymers (typically, 10 kDa). The deprotection of our of dioxane gels 
yielded pH responsive, fibrillar and highly absorbent PLGA/PLG-based hydrogels, which 
are attractive as biomedical materials. 

 
 



POLY 455: Linear and branched polyesters with a high affinity to polyolefins: 
Synthesis, characterization, and their application 

Lidia Jasinska-Walc, Lidia.Jasinska-Walc@SABIC.com, Miloud Bouyahyi, Rob 
Duchateau. T&I , Sabic B.V, Geleen, Netherlands  

Polyolefins are of paramount importance in the world of polymers due to their 
technological and economic potential. However, their nonpolar character significantly 
restricts the compatibility and adhesion properties, which consequently limits their 
versatility. Moreover, an intensified demand for materials from renewable resources can 
also become a problematic venture for the current polyolefin industry. One of the 
interesting addition to petrochemical polyolefins are polymers with polyolefin-like 
properties based on renewable monomers that are plentiful available. Moreover, using 
alternative monomers might also help to improve the functionality of the polymers. 
A new class of polymers with the potential to address these challenges are fatty acid-
based polyesters, which can be produced by polycondensation of hydroxy fatty acids or 
by ring-opening polymerization of the corresponding macrolactones. As a consequence 
of the large number of CH2-groups between the ester functionalities, the properties of 
these polymers resemble those of polyethylene. The presence of labile ester bonds 
implies degradability under conditions found in the environment and in recycling 
processes. 
 
The topic of the current contribution are PE-like fatty acid-based polyesters. To unravel 
the composition of the polyesters, matrix assisted laser desorption/ionization time of 
flight mass spectrometry was employed. Furthermore, the combination of solid-state 
NMR and XRD techniques revealed the supramolecular and crystal structures of the 
materials. 
 
We will demonstrate different original strategies to produce novel copolymers by means 
of catalytic living and immortal ring-opening polymerization and further show 
applications of the obtained innovative materials. 

 



POLY 456: Tailoring hyperbranched polyether polyols with adjustable degree of 
branching and hydrophilicity by random anionic copolymerization of alkylene 
oxides and glycidol 

Jan Seiwert, jan.seiwert@uni-mainz.de, Martina Schoemer, Marius Bauer, Holger Frey. 
Johannes Gutenberg University, Mainz, Germany  

Due to facile access via oxidation of steam cracking products, ethylene oxide (EO), 
propylene oxide (PO) and 1,2-butylene oxide (BO) are inexpensive and commercially 
widely used compounds for polyether synthesis.1 Capitalizing on these common 
monomers, we have assembled a versatile construction kit for the controlled synthesis 
of multifunctional, hyperbranched polyether polyols with varied polarity via random 
anionic ring-opening multibranching copolymerization of either of these alkylene oxides 
with glycidol (G) as a branching agent. Moderate to narrow molecular weight 
distributions (PDI 1.1 - 1.8) were obtained. For the preparation of hyperbranched 
polyethylene glycol (hbPEG), a limited extent of control over the degree of 
polymerization was achieved by variation of the reaction media. Sedimentation and 
diffusion properties of hbPEG were investigated by ultracentrifugation and viscometry to 
determine absolute molar masses and scaling relationships.2 In order to synthesize 
hyperbranched polypropylene oxide (hbPPO) and polybutylene glycol (hbPBO) of 
different molar masses up to 8500 g mol-1, both bulk polymerization and slow monomer 
addition technique have been employed and compared. By variation of the comonomer 
type and ratio, both glass transition temperature, hydrophilicity, and the degree of 
branching of the resulting hyper branched materials were tailored. Thermoresponsive 
hbPPO and hbPBO copolymers were obtained, of which the lower critical solution 
temperatures (LCST) can be readily adjusted in a wide temperature range. The 
adjustable number of hydroxyl end groups provides options for further modification and 
a variety of applications, e.g. as soft segments for polyurethanes. 
 
[1] F.E. Bailey, J.V. Koleske, Alkylene oxides and their polymers, Dekker: New York, 
1991. 
[2] I. Perevyazko, J. Seiwert, M. Schömer, H. Frey, U. Schubert, G.M. Pavlov, 2015, 
submitted. 

 



POLY 457: Poly[caprolactone-ran-cinnamoyl modified caprolactone]-b-PCL block 
copolymer with light-actuated shape memory properties 

Haikun Xu, Haikun_Xu@student.uml.edu, Bridgette M. Budhlall. Plastics Engineering, 
University of Massachusetts, Lowell, Massachusetts, United States  

Shape memory polymers (SMP) are a new class of novel biomaterials that can undergo 
shape change upon exposure to external stimuli (light, heat, pH, magnetic field, etc.). 
Thermally-induced and light-induced SMPs are promising functional materials for 
biomedical applications such as surgical sutures and cardiovascular stents. Biomedical 
applications often require outstanding biodegradability and biocompatibility; however, 
biodegradable light-induced shape-memory polymers are not currently available. In this 
work, modified poly(ε-caprolactone) (PCL) tri-block copolymers were synthesized 
through ring-opening polymerization. The photoreactive cinnamoyl moieties were 
incorporated into the semi-crystalline copolymers to make the UV-light crosslinking 
networks. Furthermore, a nanocomposite containing the gold nanoparticles (AuNP) and 
SMPs were fabricated to introduce light-responsive shape memory behavior via surface 
plasmon resonance heating of the AuNPs. The polymer microstructures were confirmed 
by NMR, and the thermal properties of the polymer networks were characterized by 
TGA and DSC. The shape memory behavior was quantitatively investigated by cyclic 
thermomechanical tests using DMA. And the infra-red light-activated shape transition of 
the nanocomposite from a flat-film to a spiral coil was demonstrated. 

 
 
  



POLY 458: Grignard-based anionic ring-opening polymerization of propylene 
oxide activated by triisobutylaluminum 

Kevin Roos1,2, kevin.roos@enscbp.fr, Stephane Carlotti1,2. (1) University of Bordeaux, 
Laboratoire de Chimie des Polymères Organiques, UMR 5629, Pessac, Aquitaine, 
France (2) CNRS, Laboratoire de Chimie des Polymères Organiques, UMR 5629, 
Pessac, Aquitaine, France  

The anionic ring-opening polymerization (AROP) of cyclic ethers enables the synthesis 
of polyethers. The worldwide production of these polymers attains several million tons 
per year for commodity (precursors for polyurethanes, surfactants and lubricants) or 
high performance (biomedical or cosmetic) applications. 
Alkali metal derivatives like hydrides, alkyls, aryls, amides, and mainly alkoxides of 
sodium, potassium, and cesium, represent the most common initiators used for the 
AROP of epoxides. However this conventional AROP suffers generally from slow 
kinetics and transfer reactions for substituted epoxides. Others systems were therefore 
developed, in particular the use of ammonium (+NR4) or phosphazenium (t-BuP4H

+) 
counter ions combined with the monomer activation methodology. It enables the 
synthesis of controlled high molar mass α-functionnalized polyethers with fast 
kinetics.1,2 
 
On the basis of these polymerization processes, the discussion will focus on the 
Grignard-based anionic ring-opening polymerization of propylene oxide. Indeed, various 
Grignard reagents have been used and investigated as deprotonating agents and 
growing centers for epoxides polymerization. In presence of an alcohol, results show 
complete deprotonation leading to alkoxides of magnesium halide (ROMgX) and to the 
corresponding alkanes as by-products. These alkoxides were subsequently involved for 
propylene oxide polymerization in the presence of triisobutylaluminum. SEC, 1H & 13C 
NMR characterizations confirms poly(propylene oxide) formation, with molar masses 
controlled up to 10 000g/mol. Complementary MALDI-ToF-MS analysis allow to discuss 
the initiation step. Polyethers chains were mainly functionalized by halide and alkoxide 
due to a dual dissociation of ROMgX under X- +MgOR and RO- +MgX forms. An other 
initiation by an hydride coming from iBu3Al was also observed. 
 
1. Deffieux, A et al. Macromolecules 40, 7842–7847 (2007). 
2. Carlotti, S et al. Polym. Chem. 3, 1189–1195 (2012). 

 
 



POLY 459: Understanding organocatalytic ring opening polymerization 

Oleg I. Kazakov, okazakov@chm.uri.edu, Matthew K. Kiesewetter. Chemistry, 
University of Rhode Island, Wakefield, Rhode Island, United States  

Organocatalysts for ROP are among the mildest systems for the generation of 
macromolecules. In addition to the intrinsic benefits associated with being metal-free, 
these catalysts permit the construction of precisely tailored materials for specialized 
applications. Despite the great successes of these catalysts, their mechanism of action 
is still largely unknown. In this work, we focus on fundamental aspects of hydrogen-
bonding organocatalytic ROP. H-bonding catalysts for ROP are believed to operate 
through a bifunctional mechanism where an H-bond acceptor activates the polymer 
chain end for nucleophilic attack upon a monomer that is being activated by an H-bond 
donor cocatalyst. We have found that the cocatalysts preassemble in solution to form 
the catalytically active enzyme-like active site. The energetics with which these 
cocatalysts assemble in solution dictates the activity and selectivity of the cocatalysts 
for ROP. These patterns of reactivity suggest the characteristics of effective cocatalysts. 

 
 
  



POLY 460: Ionic liquids inspiring the design of phosphonium-containing 
polymers: From 3D printed objects to block copolymer elastomers 

Sean Hemp3, Ryan J. Mondschein1, Chainika Jangu1, Alison Schultz1, Nicholas 
Chartrain2, Christopher Williams2, Timothy E. Long1, telong@vt.edu. (1) Virginia Tech, 
Blacksburg, Virginia, United States (2) Materials Science & Engineering, Virginia Tech, 
Blacksburg, Virginia, United States (3) Michelin, Mauldin, South Carolina, United States  

Ionomers and polyelectrolytes represent families of macromolecules that incorporate 
cationic or anionic sites either pendant or within the polymer main chain. These charged 
compositions enable tunable physical properties such as ionic conductivity, thermal and 
chemical stability, water transport, and anion exchange capability. Ion-containing 
polymers are versatile materials that continuously enable emerging technologies such 
as water purification, gas separation, gene delivery, biosensors, fuel cells, and electro-
mechanical devices. Ionic liquids continue to inspire the design of new families of 
ionomers and polyelectrolytes. This lecture will present a library of novel monomer 
strategies wherein the monomers are tailored with a nitrogen or phosphorous site that is 
capable of efficient alkylation either using a functional monomer strategy or post-
polymerization modification. Living anionic and controlled radical polymerization 
methods enable the preparation of diverse families of ammonium, imidazolium, and 
phosphonium containing block copolymers, where the placement of the charged site in 
a low glass transition temperature sequence provides superior performance. The role of 
block copolymer morphology is critical in determining both water and ion transport 
properties. The lecture will also highlight an unprecedented step-growth polymerization 
process leading to a new family of melt processable phosphonium based ionenes 
whose diversity is further enriched upon anion exchange to finely tune 
thermomechanical and rheological performance. The design of charge containing 
polymers relative to tailored hydrogen bonding sites will be presented, and recent 
advances in nucleobase-containing acrylates will exemplify potential synergies. The 
impact of novel multiphase, hydrogen bond and ion-containing polymeric systems on 
adhesion, electro-active membranes, drug delivery, and 3D printing will be discussed. 

 



POLY 461: Evolution of cyclopropenium cations into functional polyelectrolytes 

Jessica Freyer, jlf2176@columbia.edu. Chemistry, Columbia University, New York 
City, New York, United States  

Modular polyelectrolytes have the potential to be transformative in applications such as 
energy storage and electronic devices, and materials that possess both inherent 
compositional modularity and accessibility via robust and scalable synthetic pathways 
are of particular import to the field. To date, development of cationic polyelectrolytes has 
focused on a limited menu of monomers, most of which bear charge formally localized 
on heteroatoms and lack chemical handles to tune their physical properties (e.g. 
imidazolium, ammonium, and phosphonium). The cyclopropenium (CP) ion scaffold 
could address these challenges, while offering a distinct structural architecture and 
electronic properties from the aforementioned cationic liquids. This presentation will 
focus on the facile synthesis of a series of polymers incorporating cyclopropenium 
building blocks with various functional groups that acutely affect physical properties. 
Synthetic routes to cyclopropenium ion-containing monomers are robust and scalable, 
and these monomers are easily polymerized by reversible addition-fragmentation chain 
transfer polymerization. Notably, we have developed a modular polymeric precursor that 
allows access to CP macromolecules via a post polymerization strategy with efficiency 
levels approaching those attained by click chemistry. Macromolecular assemblies of 
these materials can be used as ion-conducting membranes that offer mechanical 
integrity and well-defined conducting paths for ionic transport. Moreover, the electric 
double layer capacitance of CP polyelectrolytes bearing various counter ions was 
investigated by electrochemical impedance spectroscopy. 

 
 
 
 



POLY 462: 1,2,3-Triazolium-based poly(ionic liquid)s: A new class of functional 
ion conducting materials 

Eric Drockenmuller, eric.drockenmuller@univ-lyon1.fr. IMP@LYON1, Lyon, France  

Polymerized ionic liquids (PILs) are interesting polyelectrolytes that combine the unique 
properties of ionic liquids (high ionic conductivity, thermal and chemical stabilities) with 
those of polymers (mechanical stability, processing and tunable macromolecular 
design). We have investigated a new class of PILs having 1,2,3-triazolium cationic 
groups the repeating unit (TPILs, Figure 1). 
 
[figure1] Figure 1. Structural variety of 1,2,3-triazolium-based poly(ionic liquid)s. 
 
Their synthesis merges the robust and orthogonal nature of CuAAC, 1,2,3-triazole 
quaternization and anion metathesis together with chain growth or step growth 
polymerizations. Sharp structure/properties relationship studies allowed reaching TPILs 
having high thermal, chemical and electrochemical stabilities as well as high ionic 
conductivity. In addition, the use of the 1,2,3-triazole alkylation reaction for the 
introduction of diverse functionalities demonstrates the ability of 1,2,3-triazolium 
chemistry permits to tackle new synthetic challenges and broaden the structural variety 
of PILs. 

 
 
  



POLY 463: Imidazolium-containing ABA triblock copolymers for electroactive 
devices 

Evan Margaretta2, evanmarg@vt.edu, Gregory B. Fahs2, David Inglefield2, Chainika 
Jangu2, Zhiyang Zhang2, Dong Wang1, James Heflin1, Robert B. Moore1, Timothy E. 
Long1. (1) Virginia Tech, Blacksburg, Virginia, United States (2) Chemistry, Virginia 
Tech, Blacksburg, Virginia, United States  

Two-step reversible addition-fragmentation chain transfer (RAFT) polymerization and 
two subsequent post-polymerization modification steps afforded well-defined ABA 
triblock copolymers featuring mechanically reinforcing polystyrene outer blocks and 1-
methylimidazole-neutralized poly(acrylic acid)-based central blocks. Size exclusion 
chromatography and 1H NMR spectroscopy confirmed the molecular weights and low 
distributions. The ionic liquid (IL) 1-ethyl-3-methylimidazolium trifluoromethanesulfonate 
([EMIm][OTf]) was incorporated at 30 wt %. Thermogravimetric analysis, differential 
scanning calorimetry, and dynamic mechanical analysis determined the 
thermomechanical properties of the polymers and polymer-IL composites. Atomic force 
microscopy, small angle X-ray scattering (SAXS), and transmission electron microscopy 
(TEM) determined the surface and bulk morphologies, with poly(Sty-b-AA(MeIm)-b-Sty) 
exhibiting a change from packed cylindrical to lamellar morphology in SAXS upon IL 
incorporation. Electrochemical impedance spectroscopy determined the in-plane ionic 
conductivities of the polymer-IL membranes (σ ~ 10-4 S/cm). A device fabricated from 
poly(Sty-b-AA(MeIm)-b-Sty) with 30 wt % incorporated IL demonstrated actuation under 
a low applied voltage of 4 V. 

 
 
  



POLY 464: Polymeric ionic networks: Synthesis and application in catalysis 

Pengfei Zhang1, chemistryzpf@163.com, Xueguang Jiang1, Sheng Dai2. (1) Chemical 
Sciences Division, Oak Ridge National Labratory, Oak Ridge, Tennessee, United States 
(2) Department of Chemistry, University of Tennessee, Knoxville, Tennessee, United 
States  

Polymeric ionic networks (PINs) with high ionized density (Three cation-anion pairs per 
unit) have been synthesized by a SN2 nucleophilic substitution reaction. Owing to the 
electrostatic effect, those ionic networks can successfully stabilize Au nanoparticles 
(NPs) in 1-2 nm, and as-made Au@PIN hybrid materials with well-dispersed Au NPs 
were highly active in the aerobic oxidation of saturated alcohols. During cyclohexanol 
oxidation, the Au catalyst displayed turnover frequencies (TOFs) up to 2000 h-1, the 
highest value in this industrial process for Nylon 6 or 6,6. In addition, the counter anions 
of PINs can be easily exchanged to metal-containing [CuCl2Br]- anion for selective 
oxidation of phenol (TOF: 367 h-1), respectively. 

 
 
  



POLY 465: Cation-containing polymers with co-continuous microphase-separated 
morphologies for rapid transport membranes 

Frederick L. Beyer1, flbeyer3@gmail.com, Samuel Price1, Alice Savage1, Xiaoming 
Ren1, Natalie Pomerantz2, Walter X. Zukas2. (1) U.S. Army Research Laboratory, Rising 
Sun, Maryland, United States (2) Natick Soldier Research, Development, & Engineering 
Center, Natick, Massachusetts, United States  

Cation-containing polymer membranes are the subject of renewed research for their 
potential to enable the use of alkaline fuel cells, and are also of interest for their water 
vapor transport properties. Charge and water vapor transport are both heavily 
dependent on membrane morphology and the development of hydrophilic channels 
throughout the material. Reaction induced phase separation has been shown to create 
such morphologies when used with uncharged copolymers and crosslinking monomers. 
Here we have applied this same technique but used ion-containing block copolymers of 
4-vinylbenzyltrimethylammonium chloride and styrene to create a cation-containing 
polymer membrane having a microphase-separated, co-continuous morphology, as 
characterized by small-angle X-ray scattering (SAXS) and High-Angle Annular Dark 
Field Scanning Transmission Electron Microscopy (HAADF STEM). These materials 
show excellent charge transport behavior and water vapor transport properties, 
surpassing commercially available materials. These results and efforts to improve other 
important physical characteristics for membrane applications will be presented. 

 
 
  



POLY 466: Dodecagonal quasicrystalline morphology in a poly(styrene-b-
isoprene-b-styrene-b-ethylene oxide) tetrablock terpolymer 

Jingwen Zhang1, jingwen.zhang@exxonmobil.com, Frank S. Bates2. (1) Exxonmobil 
Corporation, Houston, Texas, United States (2) Chemical Engineering and Material 
Science, University of Minnesota, Minneapolis, Minnesota, United States  

A dodecagonal quasicrystalline (QC) morphology is identified in a poly(styrene-b-
isoprene-b-styrene-b-ethylene oxide) (SISO) tetrablock terpolymer based on evidience 
provided by transimission electron microscopy (TEM), small-angle x-ray scattering 
(SAXS), and dynamic mechanical spectroscopy measurements. The QC state occurs at 
temperatures between those associated with hexagonal order (HEX) and the sigma-
phase, THEX<TQC<Tσ<TODT, where TODT is the order-disorder transition temperature. All 
three morphologies are formed from spherical domains containing an O core 
surrounded by a shell of S that screens unfavorable segment-segment interactions 
within an I-rich matrix. TEM analysis reveals a QC morphology with 12-fold rotational 
symmetry but devoid of long-range translational order, along with locally cooridnated 
structures consistent with dodecagonal quasicrystalline approximates. The SISO 
molecular structure decouples control over the domain shape and interdomain 
interactions, leading to a multiplicity of packing symmetries. 

 
 
 
 



POLY 467: Cycloaddition strategies to polyhalogenated carbon-rich 
architectures: Ortho-arylene foldamers, polycyclic aromatics, and graphene 
nanoribbons 

Dan Lehnherr, lehnherr@cornell.edu, Joaquin M. Alzola, William Dichtel. Chemistry 
and Chemical Biology, Cornell University, Ithaca, New York, United States  

Polycyclic aromatic hydrocarbons (PAHs) are conceptually the building blocks of many 
carbon-rich based materials, such as graphene, fullerenes, and carbon nanotubes. Our 
interest in developing bottom-up synthetic approaches to subunits of these materials, 
such as graphene nanoribbons, has led us to develop new synthetic strategies to form 
carbocycles, including benzannulation strategies for the formation of PAHs. These 
strategies will be presented with a particular focus on unique methods of incorporating 
halides into aromatic frameworks. A catalyzed reaction of a haloalkyne with a 
halogenated benzaldehyde provides a rapid, convergent assembly of 
polyheterohalogenated naphthalenes with each halide substituent potentially being 
unique (X = F, Cl, Br, I). 
 
This synthetic method can be used either for the formation of truly unique monomers for 
polymer synthesis, or for the conversion of acetylene-based architectures into complex 
polyhalogenated polycyclic aromatic structures. For example, ortho-arylethynylenes can 
be transformed to ortho-arylenes, both in oligomeric and polymeric settings, enabling 
the exploration of hydrocarbon-based foldamers and their polyhalogenated analogs. X-
ray crystallography of the defined-length ortho-arylene oligomers confirms their ability to 
adopt helical structures with intramolecular pi-stacking. Traditional cross-couplings 
methods are typically ineffective for the formation of such ortho-arylenes due to the 
sterically congested architecture, in contrast our method does not suffer from this 
limitation and enables access to uniquely substituted precursors to graphene 
nanoribbons towards controlling edge functionality, including unsymmetrical edge-
substitutions with unique halogenation patterns. 

 



POLY 468: Fragmentable oligocationic materials assembled through anchimeric-
assisted nuleophilic substitution of thiabicyclo[3.3.1]nonane derivatives and thier 
application in transfection 

ZHISHUAI GENG, zhishuai.geng@gmail.com, M. G. Finn. chemisrtry and biochemistry, 
Georgia institute of technology, Atlanta, Georgia, United States  

WCL molecules are a class of cis,cis-1,5-cyclooctadiene derivative biselectrophiles with 
bicyclo[3.3.1]nonane backbone and internal nucleophile as bridge (such as S,N or Se). 
This class of compounds is privileged because of their ability to go through reversible 
substitution reaction. Here we tuned the fragmentation rate of WCL substituted adduct 
in a large time window by changing EWG (electron withdrawn group) on pyridine, the 
trapping nuleophile towards WCL electrophiles. When silver salts are employed in the 
reaction of WCL and bisnucleophiles, a new class of fragmentable cationic 
macromolecules with tunable fragmentation half life are built up effectively and quickly. 
These polymers are shown to bind DNA at low N/P and preliminary results from in vitro 
transfection test also confirm their potential to be used as gene delivery vector. 

 
 
  



POLY 469: Accessing block copolymers containing conductive and insulating 
segments through multitasking catalysts 

Kendra Souther2, kendrads@umich.edu, Edmund Palermo1, Anne J. McNeil3. (1) 
Materials Science Engineering, Rensselaer Polytechnic Institute, Troy, New York, 
United States (2) Chemistry, University of Michigan - Ann Arbor, Ann Arbor, Michigan, 
United States  

Block copolymers exhibit unique morphologies created by the interplay of the different 
blocks, and as a result, are being explored for a variety of applications. Block 
copolymers containing both conductive and insulating segments are uncommon, but 
have promise for organic electronics applications. Current synthetic approaches to 
these block copolymers require several post-polymerization transformations, which 
results in little control over the polymer yield. A streamlined synthetic approach can be 
used to generate versatile copolymers with multitasking catalysts. Because diimine-
based Ni catalysts have been shown to polymerize both α-olefins and thiophene, they 
are attractive candidates as multitasking catalysts. The homopolymerization conditions 
for olefins and thiophenes were, however, incompatible, which made accessing the 
block copolymer challenging. To alleviate this problem, we discovered that generating a 
cationic Ni (II) diimine catalyst using Grignard-compatible borane-based activator and 
using a non-ethereal solvent led to compatible conditions. Excitingly, high molecular 
weight homopolymers were produced under these conditions. This presentation will 
highlight these achievements, and describe our efforts at synthesizing the block 
copolymer of poly(3-hexylthiophene)-b-poly(olefin). 

 
 
  



POLY 470: Urea-containing ABA rtiblock copolymers from RAFT polymerization: 
High glass transition segments for thermoplastic elastomers 

Mingtao Chen2, mc7@vt.edu, David Inglefield3, Amanda Hudson1, Robert B. Moore1, 
Timothy E. Long1. (1) Virginia Tech, Blacksburg, Virginia, United States (2) Chemistry, 
Virginia Tech, Blacksburg, Virginia, United States  

As a well-studied structure, the urea group imparts unique properties to polymers, such 
as extended rubbery plateau, and metal particles conjugation. Urea hydrogen bonding 
alters polymer thermomechanical properties such as glass transition temperature 
significantly3, especially when the urea functionality is present in the polymer backbone. 
However, studies on polymers containing pendant urea groups prove largely absent 
from the literature. 
Reversible addition-fragmentation polymerization (RAFT) yielded well defined poly(urea 
methyl methacrylate-b-diethyleneglycol methyl ether methacrylate-b-urea methyl 
methacrylate) poly(UrMA-b-DEGMEMA-b-UrMA) ABA type triblock copolymers that 
feature urea groups within the side chains (Figure 1). Hydrogen bonding between urea 
groups promoted micro phase separation. Investigation of the thermomechanical study 
demonstrated two distinct Tgs from two different blocks, while atomic force microscopy 
(AFM) further indicated the micro phase separation by showing varied surface 
morphology with different weight percent of hard segments. Variable temperature fourier 
transform infrared spectroscopy (VT-FTIR) revealed that the hydrogen bonds 
dissociated at 75 °C. As such, poly(UrMA-b-DEGMEMA-b-UrMA) may prove useful in 
hot melt adhesive application. 

 
 



POLY 471: Living anionic polymerization of 4-vinylbenzyl piperidine ABC triblock 
copolymer thermoplastic elastomers 

Mingtao Chen2, mc7@vt.edu, Alison Schultz2, Chainika Jangu2, Timothy E. Long1. (1) 
Virginia Tech, Blacksburg, Virginia, United States (2) Chemistry, Virginia Tech, 
Blacksburg, Virginia, United States  

Polyelectrolytes afford a vast range of properties such as ionic conductivity, barrier 
properties and thermal stability, which find application in battery membranes, gas and 
water purification, and electroactive actuators. Previous research demonstrated living 
anionic polymerization of 4-vinylbenzyl piperidine (4VBP) to afford well-controlled 
homopolymers that exhibited high alkylation efficiency. 
Presently, sequential anionic polymerization of 4VBP with isoprene (I) and styrene (S) 
afforded the successful synthesis of poly(4VBP-b-I-b-S) ABC-type triblock copolymers. 
In situ FTIR monitored the anionic polymerization and confirmed the “livingness” of the 
polymerization process (Figure 1). With polyisoprene as a middle block and soft 
segment, poly(4VBP-b-I-b-S) behaved like a thermoplastic elastomer. Tuning the 
hard/soft segment ratio, poly(4VBP-b-I-b-S) exhibited significant change in 
thermomechanical properties. The presence of poly(4VBP) segment also affected the 
microstructure of isoprene block, promoting 3,4 addition (40%) four times greater than a 
typical isoprene homopolymer (10%). The piperidine functionality in the poly(4VBP) 
block proved readily quaternizable with various alkyl bromides to yield an ion-containing 
ABC triblock copolymer. Structure-property-morphology relationships for poly(4VBP-b-I-
b-S) and alkylated poly(4VBP-b-I-b-S) are presented. 

 
 
  



POLY 472: Synthesis of novel ketal functional ε-caprolactone (KCL) monomer and 
its polymerization to obtain poly(ε-caprolactone) with variable biodegradation 
rates 

Amit L. Garle, amitgarle@gmail.com, Bridgette M. Budhlall. Plastics Engineering, 
University of Massachusetts, Lowell, Massachusetts, United States  

As the field of medicine and biotechnology progresses, the demand for novel 
biomaterials with multiple functions is increasing. Modification of existing well-
established materials, instead of developing new materials, to induce new functionalities 
is a useful strategy. Poly(ε-caprolactone) (PCL) was developed as a synthetic polymer 
which could be degraded by microorganisms but was considered unsuitable for any 
practical application due to its hydrolytic instability. However, this disadvantage was a 
useful property in the biomedical field. PCL and it’s copolymers due to their tailorable 
degradation kinetics were utilized for slow degrading sutures and slow release drug 
delivery devices. PCL is not bioresorbable because the body lacks enzymes that can 
degrade these polymers. Biodegradation in the body mainly occurs by hydrolytic 
degradation of ester bonds. Ketal functional group is used in organic chemistry as a 
protecting group as it is stable with respect to hydrolysis in presence of bases as well as 
many oxidizing and reducing agents. In the presence of acid it readily undergoes 
hydrolysis. This degradation property of ketal group was used to synthesize a novel 
polymer which is acid sensitive. In the case of PCL, the degradation products are acidic. 
Rapid degradation of PCL will result in acidic byproducts which can cause inflammatory 
response. Ketal groups can take up the liberated acid and degrade the PCL without any 
acidic byproduct. Herein the synthesis of KCL was successfully performed. KCL is 
copolymerized with CL by enzymatic polymerization to obtain copolymers with variable 
amount of Ketal groups along the backbone. The hydrolysis kinetics of polyketal 
polymer was characterized at pH values corresponding to lysosomes (pH 5.0) and the 
bloodstream (pH 7.4) where the biodegradation rates were found to correlate to the 
sequence distribution and amount of Ketal functional groups in the copolymer. 

 



POLY 473: Novel polynorbornenes: Synthetic flexibility before and after 
polymerization 

Benjamin J. Sundell, benjamin.sundell@aramcoservices.com, John A. Lawrence, 
Tatiana Pilyugina. Advanced Materials, Aramco Research Center - Boston, Cambridge, 
Massachusetts, United States  

Polynorbornenes can be synthesized from the norbornene monomer, a bicyclic olefin, 
by several different methods, including addition-type and ring opening metathesis 
polymerization (ROMP).1 Each polymerization route offers its own advantages: ROMP 
polynorbornenes benefit from synthetic ease and preserve the unsaturation site in the 
backbone for further functionalization or hydrogenation, but results in a less rigid 
backbone structure. Conversely, addition-type polymerizations occur at the double-bond 
site, retaining the bicyclic nature of the monomer and imbuing more rigidity, but are 
often more synthetically challenging. The rigidity of the polymer backbone plays a 
central role in the packing of these polymers, a key attribute in thin film formation. 
Incorporation of pendant groups in the 5- position of the norbornene monomer prior to 
polymerization can also affect the packing of the final polymer when fabricated into thin 
films, depending on the size and nature of the substituent. As the relationship between 
polymeric substitution and backbone rigidity on film properties warrants further 
exploration, a series of four silane-substituted monomers of increasing size were 
polymerized. In addition, post-polymerization modification allowed further synthetic 
control and resulted in heightened backbone substitution and rigidity. The polymers 
were fabricated into thin films and thermally and structurally characterized by 1H-NMR, 
FTIR, SEC, TGA, DSC, and XRD. 
 
References 
(1) Janiak, C.; Lassahn, P. G. Macromolecular Rapid Communications 2001, 22, 479. 

 



POLY 474: Comparison of an oligomer mixture to pentafluorophenyl-terminated 
hyperbranched polyfluorinated poly(benzyl ether) by NMR and MS 

Faith J. Wyzgoski3, wyzgoski.1@osu.edu, Matthew J. Quast2, Anja Mueller1, Chun 
Gao4, Lydia Cool4, Chrys Wesdemiotis4, Peter L. Rinaldi4. (1) Dept of Chemistry, 
Central Michigan University, Mt Pleasant, Michigan, United States (2) Science of 
Advanced Materials, Central Michigan University, Mount Pleasant, Michigan, United 
States (3) Dept. of Chemistry and Biochemistry, The Ohio State University, Mansfield, 
Ohio, United States (4) Dept. of Chemistry, University of Akron, Akron, Ohio, United 
States  

Synthesis of hyperbranched polymers can result in a number of side products that affect 
physical properties, some of which may be desirable. For hyperbranched perfluorinated 
polymers, the presence of side-products may impact applications in thin film and 
membrane technologies. To better understand these reactions, a low (ca. 2000 g mol-1) 
mixture of oligomers and a higher (ca. 50000 g mol-1) molecular weight sample of 
pentafluorophenyl-terminated hyperbranched polyfluorinated poly(benzyl ether) were 
characterized by 1D 1H, 13C and 19F; 1 –and 2-bond 2D C-F HSQC; selective 19F-19F 
COSY and 19F detected diffusion ordered spectroscopy (DOSY) NMR experiments. 
Because previous MS approaches for characterizing fluorinated polymers were 
insufficient, new methods were developed to analyze the low molecular weight sample 
by ESI and MALDI mass spectrometry. Combination of NMR and MS results yielded 
new information about linear and cyclic product formation. 

 
 



POLY 475: ROMPing in and out: Synthesis and self-assembly of conjugated H-
shaped polymers 

Julia A. Kalow, jkalow@mit.edu, Timothy M. Swager. MIT, Cambridge, Massachusetts, 
United States  

The synthesis of polymers with well-defined composition and architecture is a key step 
in pursuit of materials with tailored functions and properties. Ring-opening metathesis 
polymerization (ROMP) has been shown to deliver highly functionalized block 
copolymers that serve as sensors, imaging agents, drug delivery vehicles, photonic 
crystals, and organic resistive memory devices. In the context of fluorescent sensors 
and imaging agents, the Swager laboratory has prepared a variety of linear tri- and 
pentablock copolymers based on conjugated polymer cores with polynorbornene end 
groups. To study the effect of polymer architecture on the properties and self-assembly 
of these multiblock polymers, general strategies for constructing a junction between 
three chemically distinct polymers are required. 
 
Towards this end, we have developed a straightforward synthesis of miktoarm H-
shaped pentabock copolymers using ROMP. A variety of norbornene monomers may 
be used in combination with a telechelic polymer that serves as the central block. 
Specifically, we have prepared norbornene end-capped poly(3-hexyl)thiophene with 
narrowly dispersed molecular weight using click chemistry. We have shown that grafting 
to and from this telechelic P3HT may be accomplished in one pot with minimal 
crosslinking. The properties and self-assembly of the resulting H-shaped polymer may 
be tuned by the choice of polynorbornene arms. We anticipate that this strategy, termed 
"ROMPing in and out", will be applicable to other conjugated polymers, nanomaterials, 
and surfaces. 

 



POLY 476: Novel architecture for stimuli-responsive liquid crystalline brush block 
copolymers and its phase behavior 

Lalit H. Mahajan1, lalit.mahajan@uconn.edu, Dennis Ndaya1, Prashant B. Deshmukh1, 
Youngwoo Choo3, Manesh Gopinadhan3, Chinedum O. Osuji2, Rajeswari Kasi1. (1) 
University of Connecticut, Storrs, Connecticut, United States (2) Yale Dept Chemical 
Engineering, New Haven, Connecticut, United States (3) Yale University, New Haven, 
Connecticut, United States  

A novel liquid crystalline brush block copolymer (LCBBC) architecture is presented here 
in order to study the phase behavior of these brush block copolymers based on the 
weight fractions of each block. While the phase behavior of linear block copolymer is 
extensively studied, the phase behavior of these side chain LCBBCs is of particular 
interest because of the hierarchical order arising by coexistence of microphase 
segregation of brush architecture and liquid crystalline ordering. Sequential Ring-
Opening Metathesis Polymerization of n-alkyloxy cyanobiphenyl and poly(D,L-lactide) 
(PLA) functionalized norbornene monomers yields low polydispersity block copolymers 
with its novel architecture. Alkyl spacer length for the cyanobiphenyl mesogen, 
molecular weight of the polylactide side chain are precisely controlled to obtain well-
ordered block copolymer morphologies at varying weight fraction of LC containing block 
(FLC). The morphologies of LCBBCs changed from spheres, hexagonally packed 
cylinders, lamellae, inverse cylinders to inverse spheres with increasing (FLC) from 0.15 
to 0.85. Block copolymer structure with FLC: 0.73 forming minority of PLA phase with 
cylindrical morphology and major phase of magnetically responsive cyanobiphenyl LC 
moieties can be subjected to magnetic field assisted self-assembely to obtain aligned 
cylindrical PLA domains which can be further degraded by selective hydrolysis to obtain 
nanoporous architecture. Polymers introduced here with FLC: 0.73 provides a versatile 
platform to obtain functional materials with well-ordered nanoporous films as templates. 

 



POLY 477: Regioselective acetoxylation of limonene: Access to renewable 
building blocks via catalysis and the Passerini three-component reaction 

Marc von Czapiewski, marc.czapiewski@kit.edu, Michael Meier. Institute of Organic 
Chemistry, Karlsruhe Institute of Technology, Karlsruhe, Germany  

Marc v. Czapiewski, Katharina Gugau, Lazar Todorovic and Michael A. R. Meier 
Karlsruhe Institute of Technology (KIT), Institute of Organic Chemistry (IOC), Laboratory 
of Applied Chemistry, Fritz-Haber-Weg 6, 76131 Karlsruhe, Germany. 
E-mail: m.a.r.meier@kit.edu; web: www.meier-michael.com 
 
The development of sustainable processes using renewable feedstocks is an important 
and urgent challenge, not only due to the depletion of fossil resources.[1] Among the 
available renewable materials, terpenes constitute a valuable and cheap biomass 
resource, which are available in large amounts from various essential oils or as by-
product from diverse industrial processes.[2] The remarkable structural diversity of 
terpenes, containing cycloaliphatic, aromatic or diene moieties, offers versatile 
funtionalization possibilities. Thus, in order to synthesize diverse value added terpene 
derivatives, the development of efficient and catalytic functionalization processes are of 
great interest. Within this contribution, a direct catalytic and regioselective acetoxylation 
of limonene was investigated.[3] The obtained acetoxylated limonene derivative, 
selectively functionalized at the exocyclic double bond, was saponified and 
subsequently isomerized under mild conditions into the corresponding aldehyde using a 
hydrogen-activated palladium catalyst. Subsequently, the thus obtained limonene 
aldehyde was applied in the Passerini three-component reaction (Passerini-3CR) using 
acrylic acid and a variety of isocyanides to produce several acrylate monomers. In 
subsequent free radical polymerizations, polyacrylates with molecular weights (Mn) up to 
30 kDa were obtained (Figure 1). 
 
[1] M. A. R. Meier, J. O. Metzger, U. S. Schubert, Chem. Soc. Rev., 2007, 36, 1788. 
[2] A. Corma, S. Iborra, A. Velty, Chem. Rev., 2007, 107, 2411. 
[3] M. v. Czapiewski, M. A. R. Meier, Cat. Sci. Tech., 2014, 4, 2318. 

 



POLY 478: Trichloroethanol functions as a bifunctional initiator for the synthesis 
of functionalized block copolymers utilizing orthogonal, sequential ring opening 
and atom transfer radical polymerization: Simulation and experiment 

Robert D. Miller1, rdmiller@us.ibm.com, Hans W. Horn2, Gavin O. Jones2, Julia E. 
Rice3, Victoria Piunova4. (1) IBM Almaden Res Ctr K17F, San Jose, California, United 
States (2) IBM Almaden Research Center, San Jose, California, United States  

Biodegradable, water soluble/dispersible nanoparticles of controlled size, shape and 
functionality are interesting vehicles for encapsulation and delivery of drugs. We have 
developed bottom up routes to such materials by organic catalyzed ring opening 
polymerization (OROP) using either macroinitiators or by orthogonal atom transfer 
radical polymerization from a functionalized nanogel core scaffold. For the latter, we 
have studied the bifunctional initiator trichloroethanol for both the ATRP and the OROP 
polymerization steps. The ATRP procedure provides a versatile platform for the addition 
of a variety of polymer blocks to provide available functionality and promote water 
compatibility. The ring opening polymerization has been studied both by experiment and 
computer simulation and various plausible transition states/intermediates on the 
pathway to linear polymeric product have been identified (Figure 1). The tandem 
sequence provides a simplified synthetic route to functionalized block copolymers as 
precursors to nanogel star polymers and potentially avoids many of the problems 
associated with the generation and subsequent functionalization of multiarm star 
polymers for subsequent transformation 

 



POLY 479: Synthesis, modeling, and micellization behavior of gradient and block 
copoly(2-oxazoline)s 

Bart Verbraeken1, bart.verbraeken@ugent.be, Paul H. Van Steenberge2, Marie-
Françoise Reyniers3, Dagmar R. D'hooge4, Sergey K. Filippov5, Richard Hoogenboom6. 
(1) Department of Organic and Macromolecular Chemistry, Ghent University, Ghent, 
Belgium (2) Department of chemical Engineering and Technical chemistry, Ghent 
University, Ghent, Belgium (5) Institute of Macromolecular Chemistry v.v.i., Academy of 
Sciences of the Czech Republic, Prague, Czech Republic  

In recent years 2-oxazolines have received considerable attention as monomers for 
living cationic ring opening polymerization (CROP) resulting in poly(2-oxazoline)s. The 
living nature of the CROP of 2-oxazolines leads to defined polymers with narrow 
dispersity and very high end group fidelity while variation of the monomer structures 
provides straightforward access to a broad range of polymer properties. This synthetic 
versatility combined with good biocompatibility make poly(2-oxazoline)s very interesting 
materials for, amongst others, biomedical applications. 
 
In this study, amphiphilic gradient and block copolymers were synthesized with different 
ratios of 2-methyl-2-oxazoline and 2-phenyl-2-oxazoline. Gradient copolymers were 
spontaneously formed during statistical copolymerization resulting from the large 
difference in reactivity of both monomers. Monte carlo simulations were employed to 
visualize and quantify this monomer gradient formation. Furthermore, the micellization 
behavior of the block and gradient copolymers was compared based on in depth 
dynamic light scattering, small-angle X-ray scattering and small-angle neutron 
scattering (SANS) in water and water-ethanol mixtures. 
 
In this study, amphiphilic gradient and block copolymers were synthesized with different 
ratios of 2-methyl-2-oxazoline and 2-phenyl-2-oxazoline. Gradient copolymers were 
spontaneously formed during statistical copolymerization resulting from the large 
difference in reactivity of both monomers. Monte carlo simulations were employed to 
visualize and quantify this monomer gradient formation. Furthermore, the micellization 
behavior of the block and gradient copolymers was compared based on in depth 
dynamic light scattering, small-angle X-ray scattering and small-angle neutron 
scattering (SANS) in water and water-ethanol mixtures. 

 



POLY 480: Controlled ROMP of cyclobutenes by tuning the steric bulk of the 
monomer pendant chains: An efficient route towards well-defined cyclobutene-
based diblock copolymers 

Jia Wei, Sergio Granados Focil, sgranadosfocil@clarku.edu. Chemistry, Clark 
University, Worcester, Massachusetts, United States  

Cyclobutenes containing pendant groups of varying size were polymerized via ROMP 
using Grubbs catalyst 2nd generation. The polymerization of these new molecules 
proceeded with first order kinetics, consistent with a living, well-controlled reaction. The 
“living” nature of the polymerization was confirmed by chain extension experiments and 
by the synthesis of diblock copolymers with PDIs below 1.3. The rate of polymerization 
depended on the size of the pendant groups attached to the cyclobutene rings, with 
longer side-chains producing slower polymerization rates and minimizing chain transfer 
side reactions. The synthetic methods in this report will allow the use of Ru-catalyzed 
ROMP to access new complex polymeric architectures with a higher density of pendant 
groups than those possible when using norbornene and cyclooctene derivatives as the 
starting materials. 

 
 
  



POLY 481: Cationic ring-opening polymerization of an epoxide: Effect of oxetane 
additives on dark cure and physical properties 

Sara Kaalberg, saramariekay@gmail.com, Julie L. Jessop. Chemical & Biochemical 
Engineering, University of Iowa, Iowa City, Iowa, United States  

Photopolymerization is used in many applications, such as adhesives, coatings, and 
inks. Free-radical photopolymerization, which dominates in these industries, has very 
high curing speeds but has trouble curing (polymerizing) thick or pigmented films and is 
inhibited by the presence of oxygen. The most commonly used cationically 
photopolymerizing monomers are cycloaliphatic epoxides, which undergo ring-opening 
polymerization. These monomers are able to overcome the difficulties faced by free-
radical systems, but do not reach cure rates as high as in free-radical systems and tend 
to form more brittle polymers. Furthermore, the cationic active centers created upon 
illumination are very long-lived, persisting for hours or even days after illumination ends, 
resulting in significant dark cure. During dark cure, monomer molecules continue to add 
to the polymer chains and increased conversion is achieved without additional energy 
from heat or photons. The goal of this project is to study the effect of cationic monomer 
formulation on the polymerization kinetics and physical properties of the resulting 
polymer. To follow the reaction kinetics, the most common cationically polymerizing 
monomer in industry, a difunctional cycloaliphatic epoxide, was mixed with varying 
ratios of four oxetane monomers. The monomer conversion was measured using real-
time Raman spectroscopy during both illumination and dark cure. Physical properties 
were measured for the neat epoxide and oxetane formulations using dynamic 
mechanical analysis (DMA) to determine the glass transition temperature (Tg) of the 
resulting polymer film. Increasing oxetane concentrations improved the epoxide 
conversion and significantly lowered the Tg of the films. Oxetanes as additives are 
promising for enhancing both the kinetics of cationic photopolymerization and the 
physical properties of the resulting films. 

 
 
  



POLY 482: Thermoresponsiveness and mechanical properties of highly 
concentrated aqueous poly(L-proline) solutions 

Manos Gkikas2, gkikas@mit.edu, Reginald K. Avery2, Bradley D. Olsen1. (1) Chemical 
Engineering, MIT, Cambridge, Massachusetts, United States (2) Chemical Engineering, 
Massachusetts Institute of Technology, Brighton, Massachusetts, United States  

The gelation behavior of the left helical N-substituted homopolypeptide poly(L-proline) 
(PLP) in water was explored, employing rheological and small-angle scattering studies 
at different temperatures and concentrations in order to investigate the network 
structure and its mechanical properties. Stiff gels were obtained at 10 wt. % or higher at 
5oC, the first time gelation has been observed for homopolypeptides. It was found that, 
with temperature, the network transitions in D2O from a homogenous to a two-phase 
network, with broad scattering features of similar correlation length for all the examined 
high concentration PLP samples. A thermoresponsive transition was also achieved 
between 5 and 35oC, with moduli higher than gelatin, collagen and collagen-mimetic 
peptide gels, and higher/comparable to β-sheets gels. The brittle gels could tolerate 
strains of 1 % before yielding, and the linear properties were also independent of 
angular frequency over the range 0.001-100 rad/s, similar to proline-rich proteins, 
showing that the gel structure is not dynamic. The secondary structure and helical 
rigidity of PLP has large structural similarities to collagen, but in gels, the two materials 
show a different trend with temperature. 

 
 



POLY 483: Cooperative hydrogen-bond pairing in organocatalytic Rring-opening 
polymerization 

Matthew K. Kiesewetter, mkiesewetter@chm.uri.edu, Elizabeth Kiesewetter, Oleg 
Kazakov, Patha Datta. Chemistry, University of Rhode Island, North Kingstown, Rhode 
Island, United States  

Hydrogen-bond mediated organocatalytic ring-opening polymerization (ROP) of esters 
has been widely employed to generate highly functionalized, well-defined materials. For 
most ROPs, a bis-trifluoromethyl bearing thiourea serves at the H-bond donor and any 
of a litany of bases the H-bond acceptor. The widely-accepted mode of action sees the 
TU moiety preferentially activate the cyclic monomer (vs polymer) and the base activate 
the propagating alcohol. Previous studies have observed binding between the 
cocatalysts and suggested that this interaction is primarily inhibitory in nature. In this 
presentation, the strong, base-dependent binding between cocatalysts will be discussed 
as will the ramifications of this productive interaction upon ROP. 

 
 
  



POLY 484: Enzymatic ring-opening polymerization of ω-pentadecalactone by 
reactive extrusion 

Stephen Spinella2,3, Giada L. Re3, Jean-Marie Raquez3, Philippe Dubois3, Manoj 
Ganesh4, Richard A. Gross1, grossr@rpi.edu. (1) 4005B Biotechnology Bldg, 
Rensselaer Polytechnic Institute, Troy, New York, United States (2) Biotech Center, 
Rensselaer Polytechnic Institute, Troy, New York, United States (3) Centre d’Innovation 
et de Recherche en MAtériaux Polymères , University of Mons, Mons, Belgium (4) 11 
University Place, SyntheZyme LLC, Rensselaer, New York, United States  

This paper describes the first enzymatic polymerization performed by reactive extrusion 
(REX). ω-Pentadecalactone (PDL) was converted to poly(w-pentdadecalactone) (PPDL) 
in bulk by reactive extrusion (REX) using immobilized Candida antarctica Lipase B 
(CALB) as catalyst. REX at 90 oC, 10% catalyst, 60 RPM for 15 minutes gave PPDL 
with Mn 163,000 g/mol and PDL conversion >99%. The reaction temperature (90 to 130 
oC), immobilized CALB concentration (2.5, 5 and 10%) and reaction time were varied 
and correlated with SEC and 1H NMR analyses to determine the effect of reactive 
extrusion parameters on PPDL molecular weight and PDL conversion. REX performed 
at 110°C was sufficiently above PPDL’s melting temperature to allow the material to be 
extruded out of the die. Consequently, REX was shown to be useful for conducting 
continuous enzymatic polymerizations. The enzyme-catalyst retained sufficient activity 
during REX at 130 oC for 15 min to give PPDL with Mw 163,000 g/mol and PDL 
conversion >99%. Enzymatic polymerizations performed using reactive extrusion is 
expected to result in a myriad of new environmentally friendly polymers for various 
applications at greatly reduced cost. 

 
 
  



POLY 485: Mechanistic investigation of lactide polymerization with 
cyclopropenimine catalysts 

Tyler S. Stukenbroeker2, tstuke@stanford.edu, Jeffrey Bandar1, Tristan H. Lambert1, 
Robert M. Waymouth2. (1) Columbia Univ Dept of Chem, New York, New York, United 
States (2) Dept of Chemistry, Stanford University, Stanford, California, United States  

Cyclopropenimines, a recently-developed class of superbasic organocatalysts, were 
employed to catalyze the ring-opening polymerization of lactide. Polymerizations with an 
alcohol initiator showed rapid conversion (89% in 30 seconds) and low polydispersity 
(Mw/Mn < 1.4), but a competing, alcohol-free pathway was discovered at low alcohol 
concentrations. NMR and MALDI-TOF analysis of the alcohol-free polymerization 
products revealed linear polylactide with no external endgroups. An enolate-driven 
initiation mechanism was proposed to explain the polymer structure. Polylactide 
initiation by an enolate anion was demonstrated with a model compound. Separately, 
the reactivity of the lactide enolate was explored. 

 
 
  



POLY 486: Combining ring opening polymerisation and ring opening 
copolymerisation to synthesise block copolymers 

Shyeni Paul1, shyeni.paul09@imperial.ac.uk, Charles Romain2, Charlotte K. Williams2. 
(1) Chemistry, Imperial College, London, United Kingdom (2) Imperial College London, 
London, United Kingdom  

Block copolymers are attractive materials and block copoly(ester carbonates) are 
interesting advanced plastics which can be applied in medicine. Block copolymer 
synthesis is best accomplished using controlled polymerization methods. The ring-
opening polymerizations (ROP) of lactones or cyclic carbonates offer efficient and well 
controlled synthetic routes to polyesters and carbonates. An alternative well controlled 
route is the ring-opening copolymerizations (ROCOP) of epoxides with carbon dioxide 
or anhydrides.1 Whilst a range of homogeneous metal catalysts for ROP and ROCOP 
have been reported, there are few catalysts reported to work for both processes and 
even fewer are effective using mixtures of different monomers. 
This presentation describes our recent discoveries of new homogeneous catalysts 
which enable both ROP and ROCOP to occur from a mixture of epoxide, lactone and 
CO2 to produce block copoly(ester carbonates).We have previously reported a series of 
homogeneous dinuclear zinc(II), cobalt(II/III) and magnesium(II) catalysts which are 
highly active and selective for the ROCOP of cyclohexene oxide (CHO) and CO2. The 
catalysts show efficient activity at one atmosphere pressure of CO2 and result in the 
formation of perfectly alternating polycarbonates. 
Here, a di-zinc catalyst, 1, is applied for both lactone ROP and cyclohexene oxide/CO2 
ROCOP. It is able to efficiently select ROCOP from mixtures of monomers, but can be 
‘switched’ to ROP cycles by controlling the nature of the growing polymer chain-metal 
end-group. Block copoly(ester-carbonate-ester)s are prepared by ‘switching’ between 
ROCOP and ROP pathways. 
 
1. Paul, S.; Zhu, Y.; Romain, C.; Brooks, R.; Saini, P. K.; Williams, C. K., Chem. 
Commun. 2015. 2. a) Kember, M. R.; Knight, P. D.; Reung, P. T. R.; Williams, C. K., 
Angew. Chem. Int. Ed. 2009, 48 (5), 931-933; b) Jutz, F.; Buchard, A.; Kember, M. R.; 
Fredriksen, S. B.; Williams, C. K., J. Am. Chem. Soc. 2011, 133 (43), 17395-17405; c) 
Romain, C.; Williams, C. K., Angew. Chem. Int. Ed. 2014, 53 (6), 1607-1610. 

 



POLY 487: Improved rate and selectivity in the synthesis of and ring opening 
polymerisation with initiators derived from sorbitol by application of microwave selective 
heating 
 
Frederic Hild1, Kirsty Walton2, Georgios Dimitrakis1, Sam Kingman1, Edward Lester1,3, harald 
liedtke4, Derek J. Irvine1, derek.irvine@nottingham.ac.uk. (1) Chemical and Environmental 
Engineering, University of Nottingham, Nottingham, Nottinghamshire, United Kingdom (2) 
Chemical Engineering, Nottingham University, Nottingham, United Kingdom (3) PPromethean 
Particles Ltd, Nottingham, United Kingdom (4) Evonik Industries AG, Darmstadt, Germany  
 
Amphiphilic polymeric oligomers often out-perform lower molecular weight species in 
applications requiring very high levels of interfacial stabilisation/pacification. Consequently, 
there is a significant need for amphiphilic oligomers which are biodegradable and synthesised 
from sustainably/agriculturally sourced components, to develop new robust medical coatings and 
biodegradable bio-composites. Derivatives of the sugar sorbitol (1,4-sorbitan/ isosorbide), have 
been used to produce interfacial species which retain the “sugar” structure as the functional head-
group. However, both the derivative synthesis by dehydration and the subsequent derivative 
initiated polymerisations are known to be slow and prone to result in a mix of products. 
Recently, the use of microwave heating/excitation (MWH) has been shown to both accelerate 
reaction rates and produce final products with reduced by-product content, by focussing the 
energy into specific target species in the reaction mixture (i.e. selective, volumetric heating) and 
so may overcome the barriers to the industrial production of such functional bio-oligomers. 
This paper reports the MWH dehydration of sorbitol and 1,4-sorbitan in absence of solvent to 
synthesise isosorbide (desired initiator for this study) and their subsequent use in ring opening 
polymerizations (ROP) to produce isosorbide functionalised poly(lactic acid) oligomers. The 
MWH dehydrations demonstrate both significant rate acceleration (hours to minutes) and greatly 
increased selectivity toward the double dehydration product (isosorbide), when compared to 
conventional heated (CH) routes at the same temperature. Subsequently, the MWH methods are 
also shown to produce similar levels of acceleration in ROPs to generate the isosorbide 
functionalised oligomers using several co-catalysis types. Thus MWH offers real potential to 
overcome the barriers to commercial production of these bio-interfacial structures and so deliver 
differentiated bio-coatings/composites. 

 



POLY 488: Polymerized ionic liquid block copolymers as anion exchange 
membranes 

Yossef A. Elabd, elabd@tamu.edu. Department of Chemical Engineering, Texas A&M 
University, College Station, Texas, United States  

Polymerized ionic liquid (PIL) block copolymers constitute a distinct set of block 
copolymers that combine the advantageous properties of both PILs and block 
copolymers and are synthetically highly versatile with numerous cation and anion 
chemistries available. Specifically, the unique physiochemical properties of PILs, such 
as high solid-state ionic conductivity, high chemical, thermal and electrochemical 
stability, and widely tunable physical properties (e.g., via anion exchange), are 
incorporated in the block copolymer architecture, which allows for self-assembly into a 
range of nanostructures, where morphology type and domain size are tunable. In this 
talk, a variety of PIL block copolymers synthesized in our research group will be 
discussed along with the impact of various chemistries and chain architectures on the 
solid-state ion conductivity. The application of these materials as anion exchange 
membranes for alkaline fuel cells will also be discussed. 

 
 
  



POLY 489: Ionic liquid-based polyelectrolyte membranes: Synthesis and 
applications 

Feng Yan, fyan@suda.edu.cn. Department of Chemistry, Soochow University, Suzhou, 
China  

Ionic liquids (ILs) are attracting significant attention in many fields of chemistry and 
industry because of their unique physicochemical properties, such as negligible vapor 
pressure, low volatility, high thermal stability and ionic conductivity. Recently, the 
number of polymerizable ILs is steadily increasing, and ionic polymers of polymerizable 
ionic liquid monomers have been produced as exotic polyelectrolytes.1,2 
This talk will report our recent results on the imidazolium-based ionomer 
polyelectrolytes for proton-exchange, anion-exchange membrane and stimulus-
responsive functional material applications.3-5 
 
References 
a) Lu, J.; Yan, F.; Texter, J. Prog. Polym. Sci., 2009, 34, 431; b) Mecerreyes, D. Prog. 
Polym. Sci., 2011, 36, 1629; c) Yuan, J. Y.; Mecerreyes, D.; Antonietti, M.: Prog. Polym. 
Sci., 2013, 38, 1009. 
Yu, S.; Yan, F; Zhang, X.; You, J.; Wu, P.; Lu, J. Macromolecules, 2008, 41, 3389. 
a) Yan, F.; Yan, F; Zhang, X.; Qiu, L.; Chu, F.; You, J.; Lu, J. Chem. Mater., 2009, 21, 
1480; b) Lin, B.; Cheng, S.; Qiu, L.; Yan, F; Shang, S.; Lu, J. Chem. Mater. 2010, 22, 
6718 
a) Lin, B.; Qiu, L.; Lu, J.; Yan, F. Chem. Mater. 2010, 22 6718; b) Lin, B.; Qiu, L.; Qiu, 
B.; Peng, Y.; Yan, F.; Macromolecules 2011, 44, 9642; c) Gu, F.; Dong, H.; Li, Y.; Sun, 
Z.; Yan, F., Macromolecules, 2014, 47, 6740. 
a) Guo, J.; Yuan, C.; Guo, M.; Wang, L.; Yan, F.; Chem. Sci., 2014, 5, 3261; b) Yuan, 
C.; Guo, J.; Tan, M.; Guo, M.; Qiu, L.; Yan, F. ACS Macro Letters, 2014, 3, 271. 

 
 
  



POLY 490: Polymer design of sterically-protected anion exchange membrane 

Andrew Wright, agw3@sfu.ca, Steven Holdcroft. Department of Chemistry, Simon 
Fraser University, Burnaby, British Columbia, Canada  

Ion-conducting polymers are important materials for many applications, such as fuel 
cells, water electrolyzers, and water purification. While there are many anionic polymers 
that can survive the very harsh environments they are needed to perform in, there are 
few, if any, cationic polymers that can survive caustic and high temperature conditions. 
This has led most research in technologies to primarily focus on using anionic polymers 
despite the fact that a cationic polymer could substantially lower the cost of the entire 
system. New methods for developing durable cationic polymers are presented, where 
steric hindrance plays a crucial role in protecting these membranes from strongly 
nucleophilic hydroxide. One such example is the ionene HMT-PMBI, shown below, 
which is based on polybenzimidazole (A. Wright, S. Holdcroft ACS Macro Lett. 2014, 3, 
444-447). As a membrane, this material exhibits high anionic conductivity, low gas 
permeability, and good mechanical properties. Additionally, it is soluble in low-boiling 
alcohols, allowing it to be spray-coated, which is another commercially-important 
property. These types of sterically-protected polymers show great promise and 
potentially open the door to many new areas of technology. 

 
 
  



POLY 491: Efficient removal of toxic cationic dyes from wastewater using 
disulfide-linked porous polymer networks 

Mehmet Sahin ATAS1, mehmetsahinatas63@gmail.com, Halit Cavusoglu1,2, 
hcavusoglu@selcuk.edu.tr, Aysenur Ozkaya1,2, Mustafa Selman Yavuz1,2. (1) Metallurgy 
and Materials Engineering, Selcuk University, Konya, Turkey (2) Advanced Technology 
Research and Application Center, Konya, Turkey  

Industrialization is considered as the main cause of environmental pollution as well as 
important for economic development. It contaminates many sources of drinking water, 
releases unwanted toxins into the air and reduces the quality of soil throughout the 
world. Industrial wastewater contains many toxic dyes and harmful pollutants. Among 
the most hazardous pollutants, dyes are released from the different industries 1. 
Unrefined dyes cause chemical and biological changes in our aquatic system. The 
presence of these compounds also make water pollution due to the direct destruction of 
metal ions and organic pollutants. Crystal violet, methylene blue and rhodamine B are 
typical examples of industrially relevant toxic cationic dyes with known harmful effects 
on humans. From toxicological and ecological perspectives, it is of prime importance to 
treat effluents containing these dyes. Various techniques such as precipitation, 
membrane filtration, coagulation, electrochemical, ion exchange, chemical oxidation, 
adsorption have been used for the removal of dyes from wastewater2. All of these 
methods have their own limitations; however, adsorption has major advantages such as 
its low cost, possibility of recycling and reuse of the adsorbent for dye uptake. Various 
kinds of adsorbents have been designed to remove dyes in water with considerable 
adsorption capabilities, such as carbon nanotubes, mesoporous silica, and zeolites. 
Recently, new covalent organic polymers (COPs) were tested as adsorbents for 
removal of dye effluents 3. 
In this study, novel disulfide-linked COPs were synthesized by oxidative coupling. We 
successfully and efficiently removed the cationic toxic dyes including crystal violet, 
methylene blue and Rhodamine B from wastewater. 
REFERENCES 
1. Mahto, T. K.; Chowdhuri, A. R.; Sahu, S. K., Journal of Applied Polymer Science 
2014, 131 (19), 40840. 
2. Wang, L.; Wu, X.-L.; Xu, W.-H.; Huang, X.-J.; Liu, J.-H.; Xu, A.-W., ACS Applied 
Materials & Interfaces 2012, 4 (5), 2686-2692. 
3. Patel, H. A.; Yavuz, M. S.; Yavuz, C. T., RSC Advances 2014, 4 (46), 24320-24323. 

 



POLY 492: Imidazolium- and triazolium-containing polyester networks as ion-
selective electrode membranes 

R. D. Johnson, Kevin M. Miller, kmiller38@murraystate.edu. Department Of Chemistry, 
Murray State University, Murray, Kentucky, United States  

A series of covalently crosslinked polyester networks containing an imidazolium, 1,2,3-
triazolium or 1,2,4-triazolium group have been prepared and characterized by 
differential scanning calorimetry, thermogravimetric analysis and dynamic mechanical 
analysis. The synthesis of each monomer type will be presented, highlighting 
specifically the use of the ‘click’ 1,3-dipolar cycloaddition in preparing the desired 1,2,3-
triazolium-containing monomers. As a part of this study, we specifically investigated the 
change in thermal and mechanical properties of the networks as a function of cation and 
crosslink density, as controlled by the acrylate:acetoacetate ratio. In general, the 1,2,4-
triazolium-containing networks were observed to have the poorest thermal stability, 
however this could be compensated for by increasing the crosslink density. Networks 
were also evaluated as membranes in ion-selective electrodes (ISEs) and the results 
will be described. Primarily, this study evaluated how the three different cationic groups 
influenced ISE/membrane behavior however the effects of varying counter-anions and 
the concentration of ionic groups in the membranes were also studied. Specifically, the 
impacts of these parameters on electrodes’ slopes, linear ranges, detection limits, and 
selectivities were explored. The behavior of ISEs based on the imidazolium and 
triazolium networks were compared to PMMA membranes plasticized with the 
analogous ionic liquids, as well as to plasticized PVC membranes. In addition to 
demonstrating the utility of these polymers in functional ISEs, the results of this study 
provide insight into intra-membrane ion transport, polymer/aqueous phase boundary 
chemistry, and coordination chemistry of the cationic groups. 

 



POLY 493: Synthesis of nanoporous asymmetric poly(ionic liquid) membranes 

Qiang Zhao, Karoline Taeuber, Jiayin Yuan, Jiayin.yuan@mpikg.mpg.de. Department 
of Colloid Chemistry, Max Planck Institute of Colloids and Interfaces, Potsdam, 
Germany  

Porous polymer membranes are utilized in broad fields, including catalysis, separation, 
filtration and energy applications.[1] There are a number of established methods for the 
preparation of porous membranes from neutral or weakly charged polymers. In 
comparison, porous polyelectrolyte membranes are far more difficult to prepare, 
especially when the pores approach nm scale.[2-4] Here we present how to fabricate 
porous membranes from poly(ionic liquid)s. 
Poly(ionic liquid)s (PILs) are the polymerization products of ionic liquids (ILs).[5,6[ They 
are recognized as a new subset of polyelectrolytes that combine the advantages of 
polymeric materials, such as durability and good processability with the unique 
properties of ILs, such as adaptive solubility, ion conductivity, reversible CO2 capture, 
and high thermal stability.[7-8] We have exploited these favorable properties to fabricate 
porous membranes by crosslinking imidazolium based PILs with multivalent organic 
acids. The pore structure and various gradients (ionic crosslinking density and pore 
size) will be discussed in this talk.[2,3] 
 
Reference 
[1] M. Ulbricht, Polymer 2006, 47, 2217-2262. 
[2] Q. Zhao, M. Yin, A. P. Zhang, S. Prescher, M. Antonietti, J. Yuan, J. Am. Chem. Soc. 
2013, 135, 5549-5552. 
[3] K. Täuber, Q. Zhao, M. Antonietti, J. Yuan, ACS Macro Lett. 2015, 4, 39–42. 
[4] K. Zhang, X. Feng, X. Sui, M.A. Hempenius, G.J. Vancso, Angew. Chem. Int. Ed. 
2014, 53, 13789-13793 
[5] J. Yuan, D. Mecerreyes, M. Antonietti, Prog. Polym. Sci. 2013. 38. 1009-1036. 
[6] J. Lu, F, Yan, J. Texter, Prog. Polym. Sci. 2009;34:431-48. 
[7] P. T. Nguyen, E. F. Wiesenauer, D. L. Gin, R.D. Noble, J. Membr. Sci. 2013, 430, 
312-320.. 
[8] B. J. Adzima, S. R. Venna, S. S. Klara, H. He, M. Zhong, D. R. Luebke, M. S. 
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POLY 494: Probing spin-exciton and spin-charge interactions in open-shell 
organic semiconductors 

Trisha L. Andrew, tandrew@chem.wisc.edu. Chemistry, University of Wisconsin-
Madison, Madison, Wisconsin, United States  

Stable organic radicals, net-neutral spin ½ molecules, are rarely invoked as useful 
materials, excluding isolated uses as molecular magnets and organic batteries. This 
deficiency is partly because the organic materials community largely ignored radical 
compounds and, instead, optimized closed-shell molecular and polymer materials for 
various device applications. Another factor is the invisibility of organic radicals to the 
device engineering community, to whom radicals are non-commercially-available 
specialty chemicals. Most importantly, the fundamental solid-state properties of these 
materials remain uncharacterized, effectively precluding radicals as suitable materials 
for devices. 
 
Our group is interested in synthesizing a tailored selection of radical-containing organic 
semiconductors, fabricating thin films of these materials and characterizing the effects 
of the spin ½ moiety on charge and exciton transport in thin films. I will discuss our 
group's efforts toward elucidating the structure-property relationships dictating the 
fundamentals of spin transport though films of organic semiconductors and the 
interfacial phenomena determining spin injection into films of organic semiconductors. 
Preliminary efforts at fabricating spintronic devices incorporating open-shell organic 
semiconductors will also be discussed. 

 
 
  



POLY 495: Photoredox catalysts, an efficient tool for living polymerization and 
post-modification 

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

ABSTRACT: The emergence of efficient photoredox catalysts using transition metals, 
such as iridium and ruthenium, have recently emerged as efficient catalysts to perform 
organic reactions under visible light. Such catalysts have allowed to carry complex 
organic reaction without the formation of side products. In this presentation, we expend 
their uses for the synthesis of complex macromolecules and the modification of 
macromolecules under visible light. According to the nature of photoredox catalysts, 
different polymerizations can be achieved using different wavelengths. In this 
presentation, we demonstrated that a large range of photoredox catalysts can activate a 
photoinduced electron transfer (PET) process, which initiates a reversible addition 
fragmentation chain transfer polymerization (RAFT) under blue LED and red LED lights 
(λmax = 435 and 625 nm). This process controls a large range of non- and functional 
monomers, including pentafluorophenyl acrylate, hydroethyl methacrylate, glycidyl 
methacrylate, N,N-dimethylaminoethyl methacrylate, etc. with an excellent control of the 
molecular weights and polydispersities. The end group fidelity was demonstrated by 
NMR, UV vis spectroscopy, and by successful chain extensions to prepare diblock 
copolymers. 

 
 
  



POLY 496: Initiatorless photopolymerization of liquid crystal monomers 

Kyung Min Lee1, Kyungmin.lee.3.ctr@us.af.mil, ware taylor1, Vincent Tondiglia1, 
Timothy J. White1, Matthew Mcbride2, Xinpeng Zhang2, Christopher Bowman2. (1) 
Materials and Manufacturing Directorate, US Air Force Research Laboratory, Dayton, 
Ohio, United States (2) Chemical and Biological Engineering, University of Colorado 
Boulder, Boulder, Colorado, United States  

We report on the initiatorless photopolymerization of commercially available liquid 
crystalline monomers. The initiatorless polymerization is shown to generate both bulk 
films as well as stabilize composites of polymer and low-molar mass liquid crystals. 
Using spectroscopy and other methods, we propose a potential mechanism for the 
unexpected absorbance and initiation of these materials. FTIR and EPR data confirm 
conversion and isolate radical generation upon exposure of 365 nm UV light. Through 
control experiments, we propose that the monomers undergo type II Norrish 
mechanism. The bulk liquid crystalline polymer networks synthesized without 
photoinitiators show good mechanical properties. Preparation of polymer stabilized 
liquid crystal devices may have some advantages relating to reduced voltage holding 
ratios (VHR). 

 
 
  



POLY 497: Photoinitiated cationic polymerization of 4-methoxystyrene in the 
presence of methanol: Kinetic and mechanistic studies 

Andrew Perkowski3, ajperkowski@gmail.com, Wei You1, David A. Nicewicz2. (1) 
University of North Carolina, Chapel Hill, North Carolina, United States (2) Department 
of Chemistry, University of North Carolina, Chapel Hill, North Carolina, United States (3) 
Chemistry, University of North Carolina at Chapel Hill, Carrboro, North Carolina, United 
States  

Despite the ubiquity of organic salts for photoinitiated cationic polymerization, few 
reports have appeared in the literature regarding the use of triarylpyrylium salts for 
photoinitiated polymerization. The polymerization of 4-methoxystyrene under visible 
light irradiation using 2,4,6-tri(p-tolyl)pyrylium tetrafluoroborate as a photoinitiator was 
studied. The predominant polymerization mode was investigated via additive probes 
and 1H NMR analysis of the poly(4-methoxystyrene) end groups. Alcohol additives were 
found to exhibit a marked effect on the resulting molecular weight. The influence of 
initiator loading and methanol loading on poly(4-methoxystyrene) molecular weight was 
investigated. Finally, kinetic study of the polymerization in the presence of methanol 
was carried out and a mechanism is proposed to account for the influence of alcohol 
additives. 

 
 
  



POLY 498: Design and synthesis of conjugated metallopolymers consisting of 
repeating main-chain tetradentate redox-active binding sites 

Sibo Lin2, siboster@gmail.com, Timothy M. Swager1. (1) MIT, Cambridge, 
Massachusetts, United States (2) Chemistry, Massachusetts Institute of Technology, 
Cambridge, Massachusetts, United States  

Conjugated metallopolymers have been previously studied in our group for their 
electrical and chemiresponsive properties. Their enhanced properties derive from 
redox-matching of the conjugated organic backbone and the metal centers. In this 
report, polymers with diaminodihydroxybenzene repeat units are synthesized and 
metallated. Owing to the electron-rich and rigid nature of the organic backbone, 
synthetic strategies to deal with insolubility and air-sensitivity will be addressed. 
Characterization of the metallopolymers will also be discussed and compared with non-
metallated polymers. Application of the metallopolymers in chemical sensors will be 
presented. 

 
 
  



POLY 499: Milling toward polymers: Solvent-free, Ru-catalyzed mechanochemical 
olefin metathesis polymerizations 

Louis Do, louis.do@mail.mcgill.ca, Tomislav Friscic. McGill University, Montreal, 
Quebec, Canada  

Ring-opening metathesis polymerization (ROMP) and acyclic diene metathesis 
(ADMET) have risen over the years to become powerful tools in the synthesis of 
materials of industrial importance. Despite a rich history of successful development and 
research activity,1 the methodologies for olefin metathesis polymerization have not 
deviated much from solution-based routes and, with exception of the pioneering 
exploration by Wagener’s group, there have been almost no explorations of olefin 
metathesis polymerizations in the solid state2. 
 
Mechanochemical reactions entail the use of mechanical force to affect a chemical 
transformation and have gained increased attention in recent years as opportunities for 
cleaner and more efficient reactivity. While it is known that polymers can be affected 
and even degraded under mechanochemical conditions, it has recently been shown that 
it is also possible to synthesize polymers under such conditions3. With our success in 
the synthesis of small molecules by mechanochemical olefin metathesis4, we present 
the application of our mechanochemical approach as a potentially attractive and 
versatile alternative to traditional synthetic methods in performing ROMP and ADMET. 
The described work shows the possibility of rapid, solvent-free, and room temperature 
transformation of liquid and solid precursor olefins using non-specialized, commercially 
available Ru-based catalysts. 
 
[1] B. K. Keitz, A. Federov, and R. H. Grubbs J. Am. Chem. Soc., 2012, 134 2040 
[2] G. W. Oakley and K. B. Wagener Macromol. Chem. Phys., 2005, 206, 15 
[3] J. B. Ravnsbæk and T. M. Swager ACS Macro Lett., 2014, 3 305 
[4] J. L. Do, C. Mottilo, D. Tan, V. Strukil, and T. Friščić, J. Am. Chem. Soc., 2015, 137, 
2476 

 



POLY 500: Isocyanate-free elastomers as replacements for isocyanate-cured 
polyurethanes 

Josiah Reams3, josiahreams@gmail.com, Andrew J. Guenthner2, Jacob C. 
Marcischak1, Michael D. Ford3, Tim S. Haddad3, Joseph M. Mabry2. (1) Aerospace 
Systems Directorate, Air Force Research Laboratory, Lancaster, California, United 
States (2) Aerospace Systems Directorate, Air Force Research Laboratory, Edwards, 
California, United States (3) ERC Inc., Air Force Research Laboratory, Edwards, 
California, United States  

Elastomeric polyurethanes are commonly produced by the reaction of a multifunctional 
“polyol”, such as hydroxyl terminated polybutadiene (HTPB), with a diisocyanate. 
However, isocyanates are a sensitizer causing respiratory irritation and occupational 
asthma. Therefore, increasing regulation and occupational exposure limits of 
isocyanates will increase cost and could result in eventual unavailability in the U.S. To 
ensure domestic production of polyurethane systems, alternative cure chemistries have 
been investigated that, because they are inspired by nature, are not likely to pose 
significant health risks now and in the future. Cure chemistries that have been 
investigated include nucleobase-pair binding and thiol-ene “click” chemistry. Although 
many different cured systems have been successfully produced based on these 
mechanisms, a major obstacle lies in producing a material with network architecture 
identical to that of isocyanate-cured HTPB polyurethanes. The synthesis of isocyanate-
free HTPB-based polymers and the effect of the resultant network architecture on 
physical and mechanical properties will be presented. 

 



POLY 501: Improvement in photocontrolled radical polymerization with 
trithiocarbonate: Facilitated by flow techniques and photoredox catalysis 

Mao Chen1, chemc5h5@mit.edu, Jeremiah A. Johnson2. (1) Chemistry, Massachusetts 
Institute of Technology, Cambridge, Massachusetts, United States (2) MIT, 
Massachusetts Institute of Technology, Boston, Massachusetts, United States  

Photopolymerizations have witnessed significant progress in past years, and have been 
widely applied in areas of both academia and industry. Although the most frequently 
used photopolymerizations are based on non-living free radical chemistry, metal-free 
photo-controlled/living radical polymerizations (photo-CRP) were reported since 1980s, 
and it was one of very earliest known CRP methods. Over the past decades, photo-
CRP variants of the most common living radical polymerizations such as atom transfer 
radical polymerization (ATRP), reversible addition fragmentation chain transfer 
polymerization (RAFT), nitroxide-mediated radical polymerization (NMP), as well as 
other related processes, have been developed to synthesis polymers with various 
interesting architectures. 
In 2013, our group has reported the synthesis of telechelic poly(N-isopropylacrylamide) 
(PNiPAAm) through a trithiocarbonate (TTC) -mediated photo-CRP process. However, 
challenges such as limited irradiation, limited reaction scale, slow polymerization rate, 
and the requirement of UV irradiation, etc. are still remained. To solve these problems, 
we have developed related photo-CRP with continuous-flow techniques, and also 
combined this old chemistry with photoredox catalysis. Herein, we report: 1) the simple 
flow reactor designs that enabled photo CRP from TTC with significant enhancements 
in scalability and reaction rates compared to the analogous batch reactions; 2) by 
employing an organic photoredox catalyst, we developed a new photo-CRP with TTC 
under visible light using CFL bulbs as the light source. Features such as accurate 
control over molecular weights, narrow molecular weight distributions, and high fidelity 
of the TTC-linking unit was also proved in this new method. 

 



POLY 502: Cooperative capture in polymer synthesis 

Chenfeng Ke, chenfengke@gmail.com, Xisen Hou, James F. Stoddart. Northwestern 
University, Evanston, Illinois, United States  

Click chemistry, especially the Cu(I) catalyzed alkyne-azide 1,3-dipolar cycloaddition 
(CuAAC), has been widely used in polymer synthesis. A supramolecular approach, 
namely cucubit[6]uril-catalyzed alkyne-azide 1,3-dipolar cycloaddition (CB-AAC), was 
discovered more than three decades ago.1 Although the CB-AAC reaction yields a 
1,2,3-triazole in the same manner as the CuAAC reaction, the slow reaction kinetics and 
narrow substrate scope limit its applications in polymer synthesis. In my Poster, I will 
present a new strategy which will show that, by introducing another macrocyclic 
component to form an inter-ring hydrogen bonding network with cucurbit[6]uril, I am able 
to accelerate the CB-AAC reaction2 and expand the substrate scope.3 On introducing 
cyclodextrins2 into the CB-AAC, the alkyne-azide 1,3-dipolar cycloaddition was found to 
be accelerated greatly and to produce oligorotaxanes in near quantitative yields. This 
synthetic method - namely, cooperative capture - can be extended to the synthesis of 
polymers/polyrotaxanes. Compared with CB-AAC polymerization, the reaction time, 
yield and the degree of polymerization (DP) of the polymers/polyrotaxanes obtained by 
cooperative capture have been improved dramatically. I will also demonstrate the 
synthesis of linear and cross-linked polymers by means of cooperative capture. 
Incorporating rings on the polymer backbones leads to the polymers possessing 
different pore sizes, a property which is not present in analogous polymers without the 
rings. 
1.Mock, W. L.; Irra, T. A.; Wepsiec, J. P.; Manimaran, T. L. J. Org. Chem. 1983, 48, 
3619–3620. 
2.Ke, C.; Smaldone, R. A.; Kikuchi, T.; Li, H.; Davis, A. P., Stoddart, J. F. Angew. 
Chem., Int. Ed. 2013, 52, 381–387. 
3.Ke, C.; Strutt, N. L.; Li, H.; Hou, X.; Hartlieb, K. J.; McGonigal, P. R.; Ma, Z.; Iehl, J.; 
Stern, C. L.; Cheng, C.; Zhu, Z.; Vermeulen, N. A.; Meade, T. J.; Botros Y. Y.; Stoddart, 
J. F. J. Am. Chem. Soc. 2013, 135, 17019–17030. 

 
 



POLY 503: Discovery of a Family of New LCST Peptide Polymers: Phase Behavior 
and Self-Assembly 

Ashutosh Chilkoti, chilkoti@duke.edu. Duke Univ, Durham, North Carolina, United 
States  

 
Proteins and synthetic polymers that undergo aqueous phase transitions mediate self-
assembly in nature and in engineered material systems. Despite this widespread 
interest, little is known about how phase behavior of a protein is encoded in its amino 
acid sequence to specify lower critical solution temperature transition (LCST) phase 
behavior. To address this lacuna, we synthesized intrinsically disordered peptide 
polymers to test motifs that we hypothesized would encode phase behavior and show 
that, consistent with predictions, they exhibit tunable LCST behavior in physiological 
solutions. These data also provide heuristics to design new LCST exhibiting peptide 
polymers that consist of biologically active peptide repeats. A subset of the newly 
discovered LCST polymers also show significant thermal hysteresis in their cloud point 
behavior. CD studies as function of temperature suggested that the origins of hysteresis 
may lie in the emergence of secondary structure upon desolvation of the more 
hydrophobic, hysteretic blocks. To test this hypothesis, different fractions of (Ala)25 
helical domains were encoded into an ELP that show no thermal hysteresis. Consistent 
with our hypothesis, these polymers display varying degrees of thermal hysteresis (Tt-
cooling < Tt-heating) that is likely driven by inter-chain hydrogen bonding of the 
structured domains. We have also synthesized diblock copolymers with a hysteretic and 
non-hysteretic block, and have found that they show temperature triggered self-
assembly into rod-like nanoparticles that retain their shape upon cooling for extended 
periods of time. This shape memory effect strongly depends on the degree of hysteresis 
exhibited by the core-forming block and persists upon prolonged incubation at 
temperatures below the critical assembly temperature. 

 
 
  



POLY 504: Materials construction through peptide design and solution assembly 

Darrin J. Pochan, pochan@udel.edu. Univ of Delaware, Newark, Delaware, United 
States  

Self-assembly of molecules is an attractive materials construction strategy due to its 
simplicity in application. By considering peptidic molecules in the bottom-up materials 
self-assembly design process, one can take advantage of inherently biomolecular 
attributes; intramolecular folding events, secondary structure, and electrostatic 
interactions; in addition to more traditional self-assembling molecular attributes such as 
amphiphilicty, to define hierarchical material structure and consequent properties. 
These self-assembled materials range from hydrogels for biomaterials to nanostructures 
with defined morphology and chemistry display for inorganic materials templating. The 
local nano- and overall network structure, and resultant viscoelastic and cell-level 
biological properties, of hydrogels that are formed via beta-hairpin self-assembly will be 
presented. These peptide hydrogels are potentially excellent scaffolds for tissue repair 
and regeneration due to inherent cytocompatibility, porous morphology, and shear-
thinning but instant recovery viscoelastic properties. slight design variations of the 
peptide sequence allow for tunability of the self-assembly/hydrogelation kinetics as well 
as the tunability of the local peptide nanostructure and hierarchical network structure. In 
turn, by controlling hydrogel self-assembly kinetics, one dictates the ultimate stiffness of 
the resultant network and the kinetics through which gelation occurs. During assembly 
and gelation, desired components can be encapsulated within the hydrogel network 
such as drug compounds and/or living cells. The system can shear thin but immediately 
reheal to preshear stiffness on the cessation of the shear stress. Studies revealing an 
advantageous drug release profile after weeks in vitro will be discussed. In addition, 
peptide nanostructures can be used to template the growth of inorganic materials as 
well as the assembly of inorganic 
nanoparticles. 

 




